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FICX-RE I.-Coast and GeodeTic Survc3- ship E;olGrrr.  The E-2io-ci is IPS.; feet ion?. 3 :?et heaE, and 15 fee: drai:. Her r!nrmn! compl~ment i5 2.3 officers and 6s men: she has four 31Hoot launches, 
four P+-fmt n-haleboats. and several smaller boats. She is eqllipptd with the most modern surver equipment. One or trro auailiarr vessels usually operate in conjunction Kith this ship. 
The Erp2orcr is briefly descrihed in 112. 



PREFACE 

Tho Hydrographic Manual has bcen prepared and is issued to providc a tcxtbook 
in which modern methods of hydrographic surveying and oquipment arc described. 
In  it &re stated the general rcquiroments of tho United States Coast and Geodetic 
Survey for the cxccution of hydrographic surveys. It is onc of a scrios of manuals 
covering the various survey operations of tho Bureau. 

This Manual dcscribcs in detail for tho first timc instruments and methods used in 
echo sounding and Radio Acoustic Ranging. Many of the methods and details con- 
tained herein arc bascd on thc reports of officers and cmployecs of the Bureau, too 
numerous for individual mention, who by their zehl and ingenuity in devising or develop- 
ing new methods and cquipmcnt havc contributcd largely to the progress of hydro- 
graphic surveying during recent years. This is particularly true of the Radio Acoustic 
Ranging method of locating the positions of soundings, which has been braught to 
its present state of efficiency by this Buroau through the untiring eflorts of personnel 
interested in attaining greater accuracy and roliability. 

Tho subject matter in this Manual has bcen idcntificd by a decimal numbering 
system and all rcforencing is ’by these numbers., The readcr should undcrstand the 
significancc of those numbers. Thcrc are nine chapters, each of which is divided 
into not morc than nine sections. Each scction is subdividcd into not more than 
ninc subjects and each subject into not more than ninc numbered headings. The 
first digit of a number identifies the chapter, the sccond digit the section; the third 
digit the subject, and the fourth the hcading. For cxample 7326, Verification of the 
Projection, is the sixth heading under the second subject in thc third section of chapter 
7, cntitled “The Smooth Shoot.” 

This edi tion of the Hydrographic Manual has boon prepared undcr tho direction 
of Captain Gilbcrt T. Rudc, Chicf of the Division of Coastal Surveys. Much valuable 
assistance and advice have been roceivcd from officers and persouno1 both in the field 
and Office. Several officers contributed to tho actual compilation of the text, but 
special credit is duo to Commandor Honry B. Campbcll who wrote section 91, Coast 
Pilot, and to Lieutenant Commandor John C. Mathissop and Mr. Thomas J. Hickley, 
associate electrical engineer, who wrote most of chapter 5 ,  Echo Sounding, and chapter 
6, Radio Acoustic Ranging, and to Mr. Aaron L. Shnlowita, principal cartographic 
engineer, Division of Charts, for his collaboration in writing chapter 7, The Smooth 
Sheet, and for his assistance in reviewing and editing the entire manuscript. 

PAGE 111 



L 

Blank page r e t a i n e d  for p a g i n a t i o n  



C 0 N T E N T S 

CHAPTER 1.-PRELIMINARY 

11. General statement ------....-----------------.-------------------..-------..---------- 
111. Introduction. 112. The nautiial dhart. 113. The hydrographic survey. 
114. The Hydrographic Manual. 

12. P r o j e c t - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
121. Project instructions. 122. Offshore limits. 123. Survey scales. 124. Units of 
measurement. 125. Confidential surveys. 

13. Project planning- - - - _  _ _ _  _ _ _  _ _ _ _ _ _ _ _  _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
131. Data from prior surveys. 132. Nautical charts. 133. Project study. 
134. Operational plan. 135. Division of operations. 136. Project layout. 137. S u p  
plies and equipment, 

14. Organization of operations--- - - - - - - - - - - - - _ _  - - - _ _  - - - - - - - - - - - - - - - - - - - - - - - - - - - _ _  - - - - - 
141. General reconnaissance. 143. Tide stations. 
144. 'Compass deviations. 145. Weather. 

151. Standard time. 152. Tide predictions. 153. Magnetic observations at sea. 
154. Survey numbers. 155. Landmarks for charts. 156. Statistical and cost data. 
157. Current surveys. 158. Navigation and seamanship. 159. Coast pilot reports. 

16. Geographic names.. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
161. Geographic names on the hydrographic survey. 162. Investigation of geographic 
names. 163. special report on geographic names. 164. Assignment of new n p e s .  
165. List of geographic names in Descriptive Report. 166. Examples of geographic 
name information. 168. Ter- 
minology for submarine relief. 

17. Operations beyond project limits.. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - -  - - - -  - 
171. Sounding en route. 172. Reported shoals. 173. Erroneous soundings on the 
chart. 174. Aids to navigation. 175. Coast pilot data. 176. Field examinations. 

142. Personnel of survey units. 

15. Miscellaneous project operations _ _ _ _ _  - - - - - - - ~'------------------------------------- 

167. United States Board on Geographical Names. 

CHAPTER 2.-CONTROL AND SIGNAL BUILDING 
21. Control ________________________________________- - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  

211. Definitions of control terms. 212. Frequency and spicing of control. 213. Ac- 
curacy of control. 214. Recoverable stations. 215. Control station names. 
216. Control stations of other organizations. 

22. Triangulation _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ r _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - -  -------- 
221. General statement. 222. Reconnaissance. 223. Requirements. 224. Connec- 
tion with triangulation of other organizations. 225. Recovery of stations. 226. sta- 
tion marks. 227. Description of stations. 228. Pseudo-triangulation methods. 

23. Topography____ . . , _______-____- - - - - - - - - - - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
231. General statement. 232. Accuracy of topography. 233. Aluminum-mounted 
topographic sheets. 234. Hydrographic signals. 236. Recoverable topographic 
stations. 237. Graphio control 
surveys. 238. Special topographic methods. 239. Air photographic surveys. 

24. Shore hydrographic stations _ _ _ _ _ _  - - _ _  - - - - - - - - - - _ _  - - - - - - - - - - - - - - - - - - - - - - - - - -  - - -  - - - - 
241. General statement. 242. Frequency of stations. 243. Methods of location. 
244. Accuracy of location. 246. Station marks and descriptions. 246. Hydro- 
graphic stations in inaccessible places. 247. Natural objects located from the vessel. 
248. Reoords. 

217. Datums. 

286. Connection with control of other agencies. 

Page 
1 

8 

15 

27 

36 

46 

56 

59 

69 

88 

103 

PAGE v 



PAQE VI CONTENTB 

25. C o n t r o l b u o y s _ - - - _ - - - - - - . . - - - - - - - - . . - . . - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
251. Sextant location of a single buoy. 252. Directions and sun azimuths in locating 
a single buoy. 253. Other methods of locating a single buoy. 254. Planning buoy 
control. 255. Buoy-control schemes for location by sextant. 256. Buoy-control 
schemes for location by taut-wire traverse. 257. Buoy-control schemes for location 
by other methods. 

26. R.A.R. stations ______-_________________________________- - - - - - - - - - - - - - - - - - - - - - - - -  
261. R.A.R. shore stations. 262. Ship stations. 

27. Signal building - - - , - - - - - - - -_-________________________________-- . . - - . . - . . . . - -_________ 
271. General statement. 272. Tall signals. 273. Steel towers. 274. Water signals. 
275. Signal cloth. 276. Whitewash. 

28. Survey buoys---------------____________________--------------------------------  
281. Buoys in general. 282. Buoy construction. 283. Anchoring gear. 284. Sono- 
radio buoy. 

258. Statistics of buoy-controlled surveys. 

285. Handling buoys from the ship. 286. Record of buoy positions. 

CHAPTER 3.-HYDROGR!APHY 
31. General statement ________________________________________- - - -  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _  

312. Project limits. 313. Project and survey junctions. 31 1. Depth measurements. 
314. Systems of sounding lines. 315. spacing sounding lines. 

32. The boat sheet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
321. Definition and purpose. 322. Construction of boat sheet. 323. Preparation of 
boat sheet. 325. Details on completed boat 
sheet. 326. Shipment of boat sheet. 

33. Horizontal control of hydrography _ _ _ _  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - _ _  - - - - - - - - - - - 
331. Positions. 332. Methods of control. 333. Sextant three-point fixes. 
334. Large-scale surveys. 336. Bearings and distances. 
337. Dead reckoning. 338. Astronomic sights. 

34. Hydrographic operations- - - - - - - - - - - - - - - - - - - - - - - _ - _ - - - - - - - - - - - - - - - - - - - - - - - - - - 
341. Personnel and their duties. 342. The operation of sounding. 343. Frequency 
of soundings (sounding interval). 344. The operation of position fixing. 345. Mis- 
cellaneous operations. 

35. Adequacy of hydrographic survey-- . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
331. A basic survey. 352. Previously known dangers and' shoal soundings. 
353. Depth curves. 354. Adequacy of the general system of lincs. 355. Development. 
356. Ranges, bearings, and sailing lines. 

36. Dangers andshoals---__-_l_______________________------------------------------- 
361. Danger of surveying shoals. 362. Sources.of evidence. 363. Bare rocks and 
rocks awash. 364. Sunken rocks and breakers. 36b. Wrecks and obstructions. 
366. Examination of shoals. 367, &qrelopmerit of large shoal area8. 368. Dcvelop- 
ment of an offshore shoal. 

37. Large-scale offshore surveys _ _ _ _ _ _  - - - - _ _  - - _ _  - - - - - - - - - - - - - - _ -  - - - - - - - -  - - - - - -  - - - - - - - - - 
371. Derivation of formulm. 373. Preliminary layout. 
374. General case. 376. various methods 
of use. 

38. Contemporary operations _ _ _ _ _  - _ _  _ _ _  - _ _ _ _  - - _. - - _ _  _ _  - - - - - - _ _  - - - - - - - - - - - - - - - - - - - - _ _  - 
381. Shoreline by hydrographer. 383. Aids to navi- 
gation. 384. Character of the bottom. 385. Descriptive report and const pilot notes. 

39. Special types of surveys- - -__- - -_________________________-- - - - - - - - - - - - - - - - - - - - - - - -  
391. Wire-drag surveys. 393. Isolated harbor 
survey. 394. Reconnaissance survey. 

324. Use of boat sheet .during survey. 

335. Positions by estimation. 

346. Haridling the survey vessel while sounding. 

357. Crosslines. 

372. Preparing circle sheets. 
375. Modifications of the general case. 

382. Form lines from the ship. 

392. Survey in advance of control. 

CHAPTER 4.-EQUIPMENT AND INSTRUMENTS 
41. Survey ships and auxiliary vessels _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - -  

411. General description of a survey ship. 412. Ship Explorer, 413. Motor 
vessel E. Lester Jones. 

Page 
109 

147 

151 

162 

191 

203 

211 

250 

267 

275 

286 

296 

307 

31 1 



CONT.ENTS PAQE VII 

42. Survey launches and small boats ___________________-_____________________  .___-_---  
421. 'General description of survey launches. 422. Launch eauipment. 
423. Leased launches. 424. Small boats. 

43. Equipment and instrurnents---_--------_---------------_---_-------_-----------_- 
431. Care of equipment and instruments. 432. Instrument requisitions. 433. Ac- 
countability for instruments. 434. Shipments of instruments. 

44. _Navigation and position-location equipment--- - - - - - - - - - - - - - - - - - - - : - _ _ _  - - - - - - - - - - - - - 
441. Magnetic compass. 442. Gyrocompass. 443. Compass auxiliaries. 
444. Radio direction finder. 445. Ship logs. 446. Taut-wire apparatus. 

45. Navigation and position-location instruments-- - - - - - - - - _ - - - - _ _  - _ - - - - - - - - - - - - - - - _ _  - _ _ 
451. Sextant. 452. Sextant angles. 453. Protractors. 454. Timepieces. 
465. Rangefinder. 

46. Depth finding equipment and instruments- - - _ _ - _  _ - _ _  _ - _ _  - _ _ _  - _ _ _ _ _ _ _ _  _ _ _  - _ _ _ _ _ _  - _ _  
461. Sounding pole. 462. Leadline. 463. Sounding machines. 464. Registering 
sheaves. 465. Sounding wire. 466. Sounding leads and weights. 467. Tide 
gages. 

47. Oceanographic instruments-- - - - - - - - - - - - - - - - - - - - - _ _  - - - - - - - - - - - - _ _ - - - - - - - - - - - - - _ - - _ 
471. Deep-sea thermometers. 472. Reversing thermometer frames. 473. Bathy- 
thermograph. 474. Water specimen cups. 475. Hydrometer sets. 476. Bottom 
sample devices. 477. Roberts radio current meter. 478. Other oceanographic 
instruments. 

48. Drafting instruments- _ _ _ _ _ _ _ _ _ _ _  ._______________________________________-------- 
481. Dividers. 482. Scales. 483. Miscellaneous drafting instruments. 484. Pens. 
485. Other drafting instruments. 486. Requisitions for drafting materials. 

CHAPTER 5.-ECHO SOUNDING 
51. General statcment ________________________________________- - - - - - - - -_ -_ - - - - - - - - - - -  

511. Principles of echo sounding. 513. History 
of echo sounding in the Coast and Geodetic Survey. 514. General limitations 0f echo 
sounding. 515. General classification of echo-sounding instruments. 516. Descrip- 
tion and function of parts. 

52. Echo-sounding instruments used by the Coast and Geodetic Survey _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
521. 312 Fathometer. 522. Simplex-Bludworth. 523. 808 Fathometer. 524. Dorsey 
Fathometer No, 1. 525. Dorsey Fathometer No. 2. 526. Dorsey Fathometer No. 3. 
527. Veslekari. 528. Hughes MS 12 D. 529. Bludworth depthometer. 

53. Foreign echo-sounding instruments- - - - - - - - - - - - - - - - - - - - - - - - - - - _ - - - - - - - - - - _ - - - - - - - - - 
531. French instruments. 532. English instruments. 533. German instruments. 

54. Echo-sounding instrumcnt installation- - - - - - - - - - - - - - - - - - - - - - - - - - - - _ - - - - - - - - - - - - - - - - 
541. Dorsey No. 1 installation. 542. Dorsey Nos. 2 and 3 installation. 
543. Veslekari installation. 544. Semiportable installation. 545. The advantages 
of two echo-sounding instruments. 

55. Adjustment and verification of echo-sounding instruments- - - - - - - - - - - - - - - - - - - - - - - - - - - - 
551. Draft. 552. Instrumental error. 553. Settlement and squat, 554. Adjust- 
ment of index. 555. Motor speed. 556. Separation effect. 557. Bar check. 

56. Corrections to echo soundings _____________- -_________________________- - - - - - - - - - - - -  
561. Velocity corrections. 582. Mechanical corrections to fathogram soundings. 
563. Errors caused by bottom slope. 

57. Echo-sounding instrument operation- - - - - - - - -  - - - - - _  - - - _ _ _  - _ _  _ _  _ _  - _ _ _  _ _ _ _  - - _ _  - _ _ _  _ _ _  
571. Fathogram interpretation. 

58. Echo-sounding expedients __-__ ---  - - - - - - - - - - - -  - - - -  - - - - - - - -  - -  - - - -  - - - -  _ -  - - _ - - -_ -  - -  - - 
581. Deep-water sounding with the 312 Fathometer. 

512. History of echo soulding. 

572. Instrument tests and maintenance. 

582. Sounding with bombs. 

CHAPTER 6.-RADIO ACOUSTIC RANGING 
61. General statement-- _ _  _ _  - - _ _  - - - - _ _  - - - - _ _  - - - - - - -_  _ _  - - _ _  - - _ _  _ _ _ _  _ _  - - _ _  - _ _ _  _ _ _ _  _ _ _  - - 

611. History of development. 612. Theory of R.A.R. 613. Practical use of 
R.A.R. 

Page 
322 

330 

335 

361 

383 

400 

418 

437 

455 

499 

503 

507 

527 

542 

552 

555 



PAGE VIII CONTZNTB 

PEg8 
62. Phys icsofsound-- - - - - - - , - - - - - - - - , - - - I -r - - , - - - - -~- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  557 

621, Physiml laws of sound. 622. Propagation in an ideal water medium. 
623. Propagation in a heterogeneous water medium. 

63, Velocity of sound ____--___--__-c__.-_ - _ _ _ _ _ _ _ _  _ - -_ -__ - - -  - _ -  - - - -  - - -__  - _ _ _ _ _ _ _ _ _ _ _  
831. Practical use of velocity of sound. 632, Temperature of sea water. 
633. Salinity of sea water. 634. Records and computations. 635. Determina- 
tion of velocity. %36. Methods of applying velocity data. 

64, R,A.R.stat ions,----- , - - - - - - - - , - - - - - , - - - - -~-----~-------- - - - - - - - - - - - - - - - - - - - -  595 
641. Shore R.A.R. atstions. 642. Ship R.A.R. stations. 643. Sono-radio buoy sta- 
tions. 

66. Sono-radio buoys- - --_ - - - - - - - - - - - - - -" - - - - I - - - - - - - - - - - - - - - - - - - - - _ _  - - - - I - - - - - - 
651. Vincent sono-radio buoy, 652. East Coast sono-radio buoy, 663. Com- 
parison of East Coast and Vincent sono-radio buoys. 654. Adjustment of a 
sono-radio buoy. 666. Operating difficulties. 666. Hydrophones. 

66. R .A.R.bombsandexplos ives ,_ -______~_ . ._ -_ - - - . - - , - - - - - - - - - - - - , - , , _ , , ________ ,__ . .  618 
661. Types of bombs. 662. Bomb containers. 663. Construction of bombs. 
664. Deep-sea bomb. 665, Storage of bombs. 666. Trinitrotoluene(TNT) , 
667. Detonators. 668. Fuse, 669. Precautions in handling explosives, 

87. Ship personnel and equipment- - - - - - - - ~ - - - - _ - - _ _ _ _  - - - - - - - -- - - - - - - - - - - - - - - - - - - - - 
671. Personnel organization, 672. Ship equipment for Radio Acoustic Ranging. 
673. The chronograph. 674. Communication system. 

681. R.A.R. positions. 682. Plotting R.A.R. positions. 
684. Bombing operations. 686. Chronograph tapes. 

CBAPTPR 7.-THE SMOOTH SHEET 
71, The Gheet _ _ - _ -  - - - -  - - - - -  - - _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ . . _ _ r  - - - - -  - - - - - - - - -  - - - _ _ _ _ _ _ _ _  

573 

644, Radio frequencies and power. 
601 

626 

68. R.A.R. operat ions - - - - , - - , - - , - - - - - -________- - - - - - - - - - - - - - - - - - - - - - - - - - - , , , - - - - , - - -  630 
688. R.A.R. sounding lines. 

657 
711, Smooth-sheet paper. 712. Smooth-sheet size. 713. Auxiliary plotting sheets. ' 

714, Tracing mediums. 
72. Drafting and lettering- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

721. Character of the drafting, 723. Lettering. 
724, Selection of pencils. 726. Selection of pen points. 726. Inks. 727. Erasing 
and cleaning. 

73. Preparation of the smooth sheet ________________________________________" - - - - -  - - - -  
731. Protection of smooth sheet. 732. The projection. 733. Hydrographic sheets 
from air photographic surveys. 734. Projections for R.A.R. sheets. 735. Plotting 
large-scale offshore surveys. 736. Changing datum of survey sheet. 737. Projea- 
tion constructed after surver. 

74. Plotting the control- -- - - - - ----- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ _  - - - - - 
741. Plotting the shore control. 743. Station 
symbols. 744. Station names. 745. Verification of the control, 746. Projeotion 
and control d~ta .  

75. Transfer of the topography--- _r--_______-__-__-__^_______________^__I------------ 

751. Omission of topography. 752. The shoreline. 763. Revisions by hydrographic 
party. 754. The low-water line. 755. Offshore detail, 766. Methods of transfer. 
767. Verification of transfer. 

781. Smooth-sheet covers. 762. Protracting three-point fix positions. 763. Plotting 
R.A.R. positions. 764. Plotting astronomic positions. 766. Plotting the deed 
reckoning. 767. Use of boat sheet in smooth plotting. 
768. Identification of positions. 769. Plotting supplementd data, 

77. Soundings and depth curves- - - - -  - - -  - - -_  _ -_  - _ _  - _ _ _  - - - - _ _  - _ _  - - - _ _ _  - I __I_ - _ _ _ _  _ _  
771. Depth units. 772. Plotting the soundings. 773. Penciling the soundings. 
774. Errors in soundings and positions. 776. Congested areas. 776. Depth curves. 
777. Inspoction of plotting. 

663 
722. Orientation of smooth sheet. 

666 

683 
742. Plotting the floating control. 

691 

76. Plotting the positions- - - - - - - - - - - - - - - - - - - - - - - - - "---I - - - - - - - - - - - -" __"  - - - - - - - 697 

706. Detached positions. 

714 



CONTENTS PAQ 

78. Additional details on smooth sheet ________________-_______________________- - - - - - - - -  
781. Explanatory notes. 782. Rocks, reefs, ledges, and rocky areas. 783. Bottom 
characteristics. 784. Aids to navigation, 785. Symbols for smooth sheet. 
786. Miscellaneous data. 787. Geographic names. 788. Limits of adjoining surveys. 

79. The completed smooth sheet _-_-. . - - . . - - - - - - - - - - -  - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
791. Completion of the smooth sheet. 792. Schedule of penciled and inked details. 
793. Registry numbers and titles. 794. Final inspection. 795. Principal deficiencies 
of smooth sheets. 796. Shipment to Washington Office. 

CHAPTIOR &-RECORDS AND REPORTS 
81. Sounding Record,------------- ,--------"----_,----------------------__-----_ 

811. Recorder's duties. 812. Page headings. 813. Information a t  beginning of day's 
work. 814. Column entries. ,815. Remarks and miscellaneous entries. 816. Infor- 
mation at end of day's work. 817. Other Sounding Records. 818. Supervision and 
inspection. 819. Completion of Sounding ReEords. 

82. Reduction of soundings- _ _  __________________________________. . . . . . . . . . . . . . . . . . . . .  
821. Correction units. 822. Corrections to recorded depths. 823. Units of final 
reduced soundings. 824. Verification of reduced soundings. 825. Errors detected 
during plotting. 

83. Miscellaneous records - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ _  - - -\_ _ - - - - - - - - 
831. Position records. 832. Control records. 833. Velocity of sound records. 
834. Survey data of other organizations. 835. Completion of records and reports. 
836. Shipment of records. 

84. Descriptive Report, - _ _ _ _ _  _ _ I _ _  - - _ _ _ _  _ _  _ _ _ _ _ _  - _ _ _ _  _ _ _  _ _ _ _  _ _ _  _ _ _ _  - _ _  _ _ - - _ -  _ _ _  - _ _ _ _ _  
841. Sequence of contents. 842. Descriptive Report text, 843. Separates following 
text. 844. Additions a t  Washington Office, 845. Deficienoies in former Descriptive 
Reports. 

85. Miseellancous reports- - - - - - _ _  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ _  _ _ _  - - - - - - - - - 
851. Progress sketches and reports, 853. Aids to 
navigation. 854. Descriptions of stations. 855. Coast pilot report. 856. Go- 
graphic name report. 857. Ranges for compass deviations. 858. Special reports. 
869. Reports required from hydrographic parties. 

852. Navigational information. 

CHAPTER 9.-MISCELLANEOUS 
91. Coast Pilot _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - ~ - - - - - - - - - - - -  

911. Sources of coast pilot information. 912. Coast pilot reports from field parties. 
913. Preparation of a new edition of a Coast Pilot. 914. Intracoastal Waterway 
Pilots. 915. Supplements. 916. Coast pilot glossary. 917. Nomenclature and 
terminology. 

921. Personnel at Processing Offices. 922. Transfer of recorda. 923. Preliminary 
office work by field parties. 924:Completion work by Processing Offices. 925. In- 
spcction of office work by chief of field party. 926. Accounts, reports, and corre- 
spondence. 

93. Hydrographic surveys at the Washington Offlce _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
931. Receipt and registry. 932. Miscellaneous opertltions. 933. Verifioation of 
hydrographic surveys. 934. Review of hydrographic surveys. 936. Approval by 
administrative officers. 

94. Computation of buoy positions _ _ _ _  - _  - - - - -  - _  _ _  _ _  _ _  - _ _ _  _ _  .___ _ _ - _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  - _ _  
941. Reduction of sun-azimuth observations to true horiaon. 942. Back azimuth 
correction. 943. Scope of buoy anchor cable. 944. Buoy traverse. 

95. Forms and publications, _ - - - - - - - - - - - - - - - - - - - - - - - - - _ _ r  - - - - - - - - - _ _  - _ _ _  - - - - _ _  - _ _ _  _ _ _  
961. List of forms. 952. Publibations of the Coast and Geodetic Supvey. 953. Ref- 
erence books. 954. Rubber stamps for hydrographic surveys. 

92. Processing Offices _ _ _ _  - - - - - - - - _ _  - - _ _ _  - - - - - - - - - _ _  _ _  _ _  _ _  - - - - _ _  _ _  - - - - - _ - -  - - - - - - - - _ _  - 

466882-44-2 

,H) IX 

Pago 
733 

747 

753 

770 

774 

786 

793 

809 

842 

847 

860 

868 



PAGE x CONTENTS 

Page 

96, Tables_-------- - - - - - - - - - - - - - - - - - - - - - - - - - -_-------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
961. Velocity of sound. 963. Miscellaneous convcr- 
sion tables. 964. Trigoilometric functions for circle-sheet construction. 965. Three- 
letter station names. 

97. Symbols and abbreviationa for nautical charts . ._______.._____--- - _ - - - - -  - - - _  - - _ _  _ _  _ _  _ _ _  

962, Standard widths of line. 

I L L U S T R A T I O N S  

Figure 1. Coast and Geodetic Survey ship E.cplorer- - - - - - - - - - - - - - - - - - - - - - - -Frontispiece 
2. Typical layout of hydrographic survey sheets-- --- - - - - - - - - - - - - - - - - - - - - - - - - - - - 
3. Organization chart of a survey ship- - - - - - - - _ _ -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
4. Construction of predicted tidc curve.... _ _  - - _ _  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
5.  Additional lines observed with repeating thcodolitc- - - - - - - - - - - - - - - - - - - - - - - - - - - 
6. Reco:d of horizontal angles (direation theodolite) - - . - - - - - - - - - - - - - - - - - - - - - - - - 
7. Record of horizontal angles (repeating theodolite) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
8. Location by range' and one observed angle.. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
9. Establishing shore control by the ship-intersection method- - - - I - - - - - - - - - - - - 
10. Establishing shore control by the buoy-intersection method- - - - - - - ~ - - - - - - - - - 
11. Where offset traverse can be used advantageously along the shore.. - - - - - - - - _ _  - 
12. The offset traverse m e t h o d ~ _ - _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - ~ - - - -  
13. Sextometer rod --__________________________-----------------...--__-____-_ 
14, Displacements on air photograph due to relief - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
15, Radial displacement of elevated objects on air photograph- - - - - - - - - - - - - - - - . - 
16, Methodpf adjusteddistances _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -:------------- -_I_______ 

17, Paper-strip method _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  _ _ _ _ _ _ _ _ _  - _ _ _ _  - - - -  - - -  - -  - - - - - - - - -  - _  _ _  - - - - - 
18. Sextant location of stations along a precipitoua shore.. - - - - - - - - - - - - - - - - - - - - - - - - - 
19. Buoy location from ship stations in range with shore stations- - - - - - - - - - - - - - _ _  - - 
20, Buoy location by cuts froin ship stations- - - ~ - - - - - - - - - - - - - - - - - - - - - - -  - - - - ._ - - - 
21. Buoy location by one angle a t  buoy and one cut from a ship fltation- - - - - _. - - - - - - 
22. Buoy location by an angle at buoy and a direction from a shore station-- - - - - - - 
23. Buoy location from one angle a t  the buoy and 811 azimuth to a shore Station- - - - - - 
24, Buoy location by sun azimuths to shore stations.. - _ _ _  _ _ _ _ _ _ _ _ _ _  - _  _ _ - - - -  - - ~ ... _ _  
25. Buoy location by taut-wire distances ________________________ l_______F_______  

26. R.A.R. station located by subaqueous distanccs from three-point fix positions- - - - 
27. Buoy station located with reference to submarine relief- - _ _  - - _ _ _ _ _ _  _ _ _ _  _ _  - - - ~ _ _ _  
28. Alongshore buoys located by three-point fixes at buoys _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
29. Offshore buoys located by cuts from throe-point fix positions nearer shore- - - - - - - - 
30. Buoy positions strengthened by interbuoy observations- - - - - _ - - - - ~ - - - - - - - - - -. - - 
31. Line of buoys located by simultaneous sextant angles _ _ _ _ _ _ _ _ - _ _  _ _ _  - _..-____ _ _  
32. Buoys located by sextant triangulation (single triangles) - - - - - - - - - - - - - - - - - - - 
33. Buoys located by sextant triangulation (quadrilatoral8) - - - - ~ - - - - - - - - - - - - - 
34. Line of buoys parallel to the coast - _ L _ _ _  _ _ _ _  - - _ _ _ _  - - _ _  - - _ _  _ _  - - - - - - - - - _ _  - 
35. Buoy control for three-point fixes _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ I _ _ _ _ _ _ _  

36. Buoys located by traverse with additional shore connections-_- _ _  - ~ - _ _  ~ - - - - - - 
37. Taut-wire sun-azimuth traverse to extend geodetic datum _ _ _ _ _ _  ~ - _ _  _ ~ _ _ _  - _ _  
38. BUOY control for an isolated offshore shoal _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ c _ .  _ _  _ _ _ _ _ _  _ _  _ _ _  
39. R.A.R. stations located by three-point fixes and acouetic distmces- - - - - ~ - - - - - - - 
40. Sono-radio buoys located by traverse and acoustic distarlces - - - -  _ _ _ _  - ~ - - - - _ _  - 
41. Sono-radio buoys located by acoustic distances.. - - - - - - - - - - - - - -. - - - - -. - - - - - - 
42. R .A.R. shore station (general arrangement) - - - . - - - - - - - - . - - - - - -. - - - - 
43. Tripod signals- ----------..- - - _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _  - _ _  - - - ~ _ _  _. __.  - - _ _ _  
44. Water signgls _.-_ _ _ - _ -  - - - -  - - - _ _ - _ - _  - - _ _  - _ _ _  - - - . - - - - - - - ~ - - 
45. One-barrel survey buoy--- - - - - - - - - - _  _ _ _ _ _ _ _ _  - _ _ _ _ _ _ _  _ _ _ - _ _  _ _ _ _ _ _ _ _  _ _  _ _ _ _ _ _ _  
46. Two-barrel survey buoys (three arrangements) - - - - - . - ~ - - - - -. - - - - - - - - - - - -. 
47. Arrangements of buoy anchor cahles _ _ _ _ _  ___. _ _  _ _  _ _  _ _ _  - .  _ _ _ _  _ _ _  _ _  - _ _ _ _ _  - 

872 

888 

24 
30 
37 
72 
73 
73 
84 
85 
86 
87 
87 
97 
99 
00 
102 
102 
107 
114 
115 
116 
118 
119 
119 
121 
124 
126 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
142 
143 
145 
148 
150 
169 
107 
109 
175 



CONTENT13 PAGE XI 

Figure 
Page 
176 
177 
1 80 
180 
182 
188 
196 
20 1 

222 
229 
246 
246 
255 
279 
287 
289 
29 1 
292 
202 
293 
314 
31 5 
316 
318 
321 
324 
329 
353 
362 
363 
373 

389 
390 
391 
392 
401 
402 
404 
405 
407 
41 I 
416 
419 
423 
427 
427 
428 
431 
433 
450 
486 
462 
463 
467 
470 

387 



PAQE XII CONTENTS 

Page 
174 
i75 
179 
180 
182 
197 
506 
515 
521 
525 
534 
536 
544 
545 
547 
548 
550 
559 
561 
562 
504 
569 
570 
571 

572 
577 
578 
585 

691 
602 
005 
609 
612 
614 
617 
021 
629 
051 
655 
660 
668 
009 
670 
072 
679 
680 

681 

682 
686 
689 
091 
692 
696 



CONTENTS PAQE XI11 

Fig. 157. Reduction of topography by radial-line method, - _ _  - - _ _ _  - _ _  _ -  - - -  - - - - -  - - - -  - - - -  - 
168, Protracting three-point fixeswith three-arm protractor- - _ _  - - - - - - - - - - - - - - - - - - - - - 
159. sextant fix plotted by intersection of loci. No common center object- - - _ - - - - - - _ 
160. Plotting R.A.R. positions with Odessey protractor _ _ _ _ _ _  - - _ _  _ _  _ _  - - - - _ _  - - _ _  - _ _ _  - 
161. Dead reckoning adjusted to astronomic sights- - - - _ - - - - - - - - - - - - - - - - - - - - - _ - - - 
162. Reduced sounding equivalents for smooth sheet and chart- - _ -  - - _ _  - - - _ _ _  _ _  - _ _  - 
163. sizes and placement of sounding numerals and other data on smooth sheet:---- - - - - 
164, Right-hand page of Sounding Record with corrections properly made--- _ - - - - - - - _ - 
165. Subplan of small cove on smooth sheet _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
166. Subplan of pier with soundings alongside _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  
167. Depth curves in vicinity of shoals ________________________________________- -  
168. Relationship of rocks to tidal datum planes _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

170. Orientation of names on survey sheets _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
171. Section of completed smooth sheet _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -following 
172. Record of handlead and wire soundings-sextant fixes _ _ _ _  - - - - - - - - - - - - - - - - - - - 2 - - 
173. Record of echo soundings-sextant fixes- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
174. Rccord of echo soundings-R.A.R. control- - - _ _  - - - - - - _ _  - - - - - - - - - - _ _ _ _  - - - - - _ _  
175. Facsimile of Personnel stamp _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . _ . .______  
176. Facsimile of Sounding Apparatus stamp _ _ _ _ _ _  - - - - - - - - - _ _  - - - - - - - - -  - - - - - - - - - - - 
177. Facsimile of Stamp No. 34- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _____. ._ -__  _ _ _ _ _ _  _ _  - 
178. Facsimile of stainp for comparison of sounding apparatus-- - - - - - - - - - - - - - - - - - - - - - 
179. Facsimile of stamp for log and revolution-counter readings- - - - _ _ _  - - - - - _ - - - - - : - - - 
180. Facsimile of Line Begins stamp- _ _ _ _ _ _ c _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  - _ _ _  - - - - - _ _ _ _  _ _ _  
181. Facsimile of stamp for verification of sextants and clock- _ _ _ _  _ _ _  - _ _  _ _  _ _ _ _ _ _ _ _ _ _ _  
182. Facsimile of Statistics stamp- - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - -  - - _ - _ - _ _ _ - _  
183. Facsimile of Processing stamp ________________________________________- - - - -  
184. Record of Radio Acoustic Ranging data _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ . . _  .---_-----..------__ 
185. Symbols for progress sketches _______________________________L________- - - - - -  

186. To locate a large closure error in a buoy traverse _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _  -__-_.._ 
187. Nomograph for derivation of velocity of sound in sea water (0' to 15'C)---. _ _ _  
188. Nomograph for derivation of velocity of sound in sea water (15' to 30' c) - - - - - - 
189. Symbols and abbreviations for nautical charts- - - - _ _  - - - - - - - - - - - - - I  - - -following 
190. Section of finished nautical chart _ _ _ _ _ _ c _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  following 

169. Special symbds for use on hydrographic sheets _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  facing 

T A B L E S  

Paire 
696 
698 
702 
703 
708 
717 
723 
726 
727 
728 
731 
735 
743 
746 
748 
764 
755 
756 
759 
760 
760 
761 
765 
766 
767 
768 
774 
776 
794 
866 
877 
878 
888 
888 

26 
28 
75 
98 
147 
20 1 
,304 
312 
313 
382 

431 
452 
469 
488 
490 
400 
491 
492 



PAGE XIV CONTENT8 

Page 
517 
532 
55 1 
654 
059 
609 
670 
710 
730 
760 
763 
804 
872 
873 
874 
876 
879 
881 
882 

’ 883 
883 
884 
885 
887 



Blank page r e t a i n e d  for p a g i n a t i o n  



DEPARTMENT OF COMMERCE, 
UNITED STATES COAST AND GEODETIC SURVEY, 

Washington, D, 0. 
The requirements for hydrographic surveying in this edition of the Hydrographic 

Manual supersede all previous manuals, instructions, and circulars on the pertinent 
subjects and, together with the Regulations for the Government of the United State8 
Coast and Geodetic Survey, shall be complied with in executing all hydrographic 
surveys unless divergence therefrom is authorized in: the instructions issued for eich 
project. 

LEO OTIS COLBERT, Director 

PAGE XVI 



Hydrographic Manual 
CHAPTER 1. PRELIMINARY 

11. GENERAL STATEMENT 

Every important maritime nation surveys its coasts and territorial waters and 
publishes nautical charts of the world sea routes. Nothing has been of more importance 
in the establishmont and development of a merchant marine than the production of 
nautical charts, which in turn must be based on accurate hydrographic surveys. As 
long as son-borne commerce continues, hydrographic surveys will be required. 

Few of the coasts of the world have been adequately charted and tne depths in 
most of the water areas are still only imperfectly known. Furthermore, even where 
adequate charts have once been made, man and nature are constantly changing the 
depths of the water, the coastline, and tho adjacent structures, so that frequent revision 
surveys are required. Moreover, the increased draft of vessels and the importance of 
maintaining schedules call for more critical surveys, and render ch@s and surveys 
obsolete which once were considered adequate. 

Formerly, no extensive survey' of the bottom configuration was made except in 
the losser depths near the shore, in channels, and in the vicinity of shoals. Today, a 
detailed hydrographic survey is required regardless of the depth, for the bottom con- 
figuration where accurately indicated on a chart may provide a simple means of locating 
a vessel underway from a series of soundings taken with an echo-sounding instrument. 
The same instrument allows the detailed surveys to be made expeditiously, it  being no 
longer necessary to stop the ship to obtain the deeper soundings. 

111. INTRODUCTION 

The first hydrographic'information available for the use of mariners was in the 
form of writton doscriptions of the coasts along which they sailcd. These were crude 
boginnings of what we now know as Sailing Directions, or Coast Pilots. At first, 
they probably consisted of the merest details of headlands. AS the early seafarers 
ventured farther from home, it was found desirable also to preserve information con- 
cerning the channels and harbors, and the dangers to be avoided along such routes. 

These descriptions wore primttrily for the snfety of the mariner and were first 
prepared by the mariners themselvcs, who passed from one to another the details 
of the routes to be followed and the places visited. They may have been accompanied 
by crude sketches and if so, these were the first maps prepared especially foT the use 
of seafarers. That they were of utilitarian value only,may account for the fact that 
they were not permanently preserved. 

The first marine charts of which there is actual record are those constructed by 
Marinus of Tyro during the second century. He was followed by the Egyptian 
Ptolemy who made use of his charts. Ptolemy published a list of places to which 
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he tried to assign proper geographic positions and included in his work the mathe- 
matical principles for the scientific construction of maps. He refers to maps which 
are supposcd to have been a part of his original work. A t  any rate maps werc de- 
lineated from his data a century or more later. 

During the next thousand years there was little progress in cartographic knowledge. 
In  fact there was retrogression, for tlie knowledge that the earth was a globe was 
largely lost sight of and there was a return to the popular belief in its flatness. The 
Crusades, the development of commerce by the cities of Italy, and a knowlrdge of the 
properties of the magnetic needle, all combined to revive an interest in cartography 
ancl led to the development of the Portolan Charts in about the fourteenth ccntury. 

The P,ortolan Charts were intended primarily for the use of mariners, and Italy 
and Catalonia, the, two forcmost maritime countries of the age, wore principdlly rcspon- 
sible for their dcvelopment. They were compiled from the exploratory surveys of the 
period but were most notable for the loxodromic, or rhumb, lines with which they were 
covered. No projection was used in tlie construction of these charts but they werc 
generally drawn with considerable care. An attempt was evidently made to represent 
the coasts of the various countries in mutual relationship to one another based on the 
distances and courscs actually run between points. Tho oldest Portolan Chart now 
extant, which can be accurately dated, is credited to Petrus Vesconte in 1311. 

The era of exploration and discovery which immediately preceded and followed 
the discovery of America by Columbus, and the invention of printing in tho fifteenth 
century, contributed to the renaissance of map and chart making in tho fifteenth and 
sixteenth centuries. It was during this era that Mercator published his well-known 
world mnpcin 1569, on the projection which bears his name. His was the first rcal 
attempt to base a map on a mathematical projection. The meridians and pnrallels 
are represented by straight parallel lines intersecting one another a t  right angles. 
The meridians being equally spaced on this form of projoction, the intervals between 
the  parallel^ ol latitude are increased proportionally to compensate for the actual 
convergence of the meridians on the earth. This projection is now almost universally 
used for the construction of nautical charts, since it facilitates rhumb-line navigation. 
Mcrcator was certainly the foremost cartographer of his generation and, in the opinion 
of some, his projection is the greatcst contribution of all time to the modern nautical 
chart. 

112. THE NAUTICAL CHART 

A nautical chart is a rrproductjon, on a rcduoed scalc, of somc portion of tho 
navigable part of the earth’s surface. It is a map constructcd to scwo the needs of 
the mariner. It usually includes the adjacent land area, but its principal function is 
to show the depths of tlie wuter and thc menaces to navigation which are to be avoided. 
It should emphasize the shore featurcs of most use to  the marinor arid must include 
all arbificial aids to  navigation. 

The earth’s surface is spheroidal and any portion of it, no matter how small, is a 
convex surface. For convenience in construction and use, the portion included on a 
chart must be represented on a plane surface. Since it is impossible, even by curving it, 
to make a flat piece of paper coincide with thc surface of a sphere, it is obvious that 
a strictly accurate representation of a portion of the cnrth’s surface, is not possible on 
a piece of paper. Some distortion is inevitable, but the smallcr tlie arca embraced, 
the less appreciable will be the errors of representation, until in harbor charts and others 
of large scale and small extent these errors are scarcely measurable. 
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A modern nautical chart, compiled from an accurate survey, is necessarily based 
geographically on some definite form of projection. Numerous types Of  prOjCCtiOnS 
have been devised, each with a particular purpose in view, but the two which have 
Properties peculiarly useful in navigation are the Mercator and the gnomonic. 

1121. The Mercator Projection 

The Mcrcator projection was invented by Gerliard Kriimcr (Mercator) in 1569, 
and practically all modern small-scale nautical charts and many large-scale oms are 
constructed on it. For nautical charts, then, except in high latitudes, the Mercator 
projection has attained an importance far above all otliers. I t  is a type of projec- 
tion, derived by mathematical analysis, in which the meridians are straight equally 
spaced parallel lines, and the parallels are straight parallel lines at  right angles to them 
but whose distances apart for a sphere increase at  a rate varying with the secant of 
the ‘latitude. 

The projcction has a number of advantages, among which are simplicity of con- 
struction, convcnicncc in plotting positions from the bordcr divisions, and the fact 
that on it alonc a course can be laid off from any meriGian or compass row within its 
borders. Its principal advantage, howcvcr, and the one responsible for its world-wide 
use for nautical charts, is that any straight line drawn on it in any direction is a rhumb 
line, or loxodromic curvc. The track of a ship on a constant course is a straight line 
on the projection and it will, thcorctically at least, pass all features along that line 
exactly as they are chartcd. This is a great advantage in extensivc coastal navigation, 
in that tho straight line representing a constant course made good will indicate at  once 
the distance abcam dangers will be passed. 

Disadvantages of tho Mercator projection are that it exaggerates areas appreci- 
ably-scriously where an extensive north and south area is included-and that the 
scale is constantly changing with latitude, so that a graphic scale cannot bc used on tho 
smaller-scale charts, making it nccessary to mcasurc distances along the border divisions 
for the latitudes in which tho distancc lies. 

Most of the nautical charts published by the Coast and Geodetic Survcy and all 
newly constructed charts arc on the Mcrcator projection. The most rcccnt and best 
tables, and thosc uscd by the Coast and Gcodetic Survey, for the construction of 
Mcrcator projections are those issucd by the International Hydrographic Burcau at  
Monaco, 1928. 

Much information about the Mcrcator projcction and its construction is contained 
in Tho American Practical Navigator (Bowditch), pages 38 to 40, and in Coast and 
Gcodctic Survey Special Publication NO. 68, Elcmcnts of Map Projection. Tho latter 
publication also contains tables to throe decimal places, which accuracy is sufficicnt for 
all practical purposcs. 

1122. The Gnomonic Projection 

Tho gnomonic projection is a pcrspcctive projcction upon a tangent plane, the 
projecting lines radiating,from the center of the sphore. Obviously only a limited 
portion of the globe can be rcprcsentcd on this projection. 

Its one special property of valuc to scamen is that any line of sight, or part of a grcaf 
circle, is represented by a straight linc on the projection. Thus a11 plotted bearings, 
either visual or radio, are straight lincs, and by it a mariner can readily dctormine the 
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shortest route between any two points. In  almost every other respect the projection is 
faulty. The scale is not constant, but increases from its constructional center outward, 
so that distances, areas, and shapes are very much distorted near its boundaries. 
Azimuths, except a t  the point of tangency, can be plotted only by means of a specially 
constructed compass rose. 

Gnomonic charts are used principally in connection with great-circle sailing for 
finding the shortest possible track line between any two points and the course at any 
point along the track. Polar regions, where the Mercator projection is nearly useless, 
are also charted on this projection. 

The projection and its mathematical theory are treated more fully in Special 
Publication No. 68. 

1123. The Design of a Nautical Chart 

A nautical chart is designcd solely with reference to the necds of navigat'on in a 
certain area. But even in one area thcre is a variety of needs; 8 transoceanic liner 
entering a port and restricted to the main channels does not need the same information 
on a chart as a tugboat which may not follow the regular channels and may be required 
to venture into unfamiliar places. A variety of scales of charts to meet various needs 
is required. 

The nautical charts published by the Coast and Geodetic Survey are constructed 
on certain convenient standard scales, which are almost invariably multiples of the 
proportion 1:10,000. The standard scale of a Mercator chart gencrally applies to its 
middle latitude. For convenience in navigating on adjacent charts, some are grouped, 
and the standard scale applies to an appropriate latitude of the series; thus the scale of 
adjacent charts is the same in the overlapping area, but the scale at  the middle latitude 
of each chart of the series may differ from the standard. 

The limits of a nautical chart must be decided by the needs of navigation. Each 
must include near its limits suitable features for use as points of departure, and adjacent 
charts must overlap so that they include a common promincnt feature. Because of 
these requirements it is customary to plan charts in a series, even though there is no 
mmediatc prospect of needing more than onc or two of the series. 

1124. Compilation of Charts 

Nautical charts are compiled from the field surveys of the Bureau and from miscel- 
laneous data from various sources. It is extremely rare that a hydrographic survey is 
directly reproduced as a nautical chart, even at a reduced scale. Compilation is a 
process of evaluation of the available data, from which selection is made. Those fea- 
tures that are of little interest to the mariner are genoralized or omitted altogether if 
they interfere with, or obscure, data of navigational value. By contrast, those features 
of greatest navigational importance are accentuated so they will not be overlooked. 

Some chart users erroneously believe that a multitude of soundings on a chart is 
evidence that the region has been thoroughly and dequately surveyed. Of course, if 
only a few soundings were taken, only a few can be charted and the reconnaissance 
nature of the survey is clearly indicated by their arrangement on the chart, But, if 
there is a sufficient reduction from the scale of the survey to the scale of the chart, the 
area may appear to be well covered and the mariner is lulled into the belief that the area 
has been well surveyed and that he may navigate it in safety. 
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1125. The Datums of a Nauticul Chart 

A nautical chart may be said to have two kinds of datums; vertical datums to 
which the depth  elevations are referred, and a horizontal datum to which features 
are referred by latitude and longitude. 

The sounding datum, or the chart datum as it is sometimes called, is the plane 
of reference for the charted soundings; it is a tidal plane. The sohnding datum is 
noted prominently in the title of each chart published by the Coast and Geodetic Survey; 

exceptions, all depths on charts in the Atlantic Ocean are referred to mean 
MLW) and those in the Pacific Ocean to meaq lower low water (MLLW). 

(See also 2172.) 
The vertical datum for elevations, with minor exceptions, is mean high water 

(MHW) for all nautical charts of the Coast and Geodetic Survoy (see 2173). 
The geographic datum, also called horizontal or geodetic datum, is the adopted 

position in latitude and longitude of a single point to which the charted features of a 
vast region me referred. Charts of waters bordering the United States are either on 
the North American datum or the North American datum of 1927; other charts are on 
various other datums, not connected with the continental triangulation. (See also 
2171.) Most charts ‘of the Coast and Geodetic Survey do not indicate the datums 
they are on, but the legend “N.A. 1927” in the upper right-hand corner of the border of 
any chart, signifies that it is on the North American datum of 1927. 

1126. Chart Accuracy 

The most important criteria by which the value of a nautical chart may be judged 
are its accuracy, adequacy, and clarity. A lack of any one of these may result in a 
marine disaster with consequent loss of life and property. Except for blunders in 
compilation, accuracy depends directly on the quality of the field surveys; the hydrog- 
rapher and the cartographer are equally responsible for the adequacy, but the cartog- 
rapher alone can embody clakity in a chart. 

The nautical charts of the Coast and Geodetic Survey are noted for a clarity of 
which the cartographers and lithographers may well be proud, a quality toward which 
the Bureau has ever striven. And where the charts are based on modern surveys, 
their accuracy and adequacy are second to none. 

The accuraoy of a nautical chart is dependent on the accuracy and adequacy of 
the hydrographic surveys from which it is compiled; it cannot be more accurate. In 
general, it may be said, that tho date of a survey is an indication of its thoroughness 
and accuracy. A century ago there were such vast unsurveyed areas that the hydrog- 
rapher was sometimes obliged to subordinate completeness and accuracy to speed , 
for even an inadequate chart is better than none at all. Since that time, decade by 
decade, standards have become stricter, and new methods and instrumental equipment 
have been devised and the former ohes developed to greater perfection. 

The scales of most hydrographic surveys are at  least twice, and often several times, 
as large as the publication scales of the charts on which the information appears. The 
effect of this reduction in scale is to reduce the errors of plotting to an amount which, 
for all practical purposes, is not measurable at  the chart scale. 

1127. Dates on Charts 

The dates of the surveys from which a chart has been compiled- are an important 
indication of the present trustworthiness of a chart, and this is especially so in a change- 
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able area. In the legend of Coast and Geodetic Survey charts under the heading 
“Authorities” will be found information of value relative to the datcs of surveys. It 
should be noted that limits of surveys do not necessarily correspond with chart limits, 
and on small-scale charts, especially, the results of many surveys of various areas and 
dates may be embodied. 

In addition to the dates given in the authorities note, there are threc important, 
publication dates on every chart issucd, whose significance should be understood. 
These nre termed edition date, print date, and hand-correction date. 

The edition date appears in the publication noto in tho center of thc lower margin 
of the chart. It is changed whcn a new edition is issued. A new edition is issued 
whenever corrections to the chart are of such extent and importance as to make all 
prcvious copies of the chart ~ b s ~ l e t e .  The date docs not necessarily indicata that the 
chart has been reconstructed, nor does it necessarily havc any rcfercnce to the datcs of 
the surveys. 

The print date is the date, or the farthest to the right of a series of dates, appearing 
in the lower left-hand margin of tho chart. The printing plates are corrccted for all 
essential applicable information received prior to this datc. 

The hand-correction date, or datc of issue, is impressed by rubber stamp in the lower 
right-hand margin of the chart near the printed note which reads “Lights, beacons, 
buoys, and dangers corrected for information received to date of issuc.” All changes 
in aids’ to navigation, newly discovcrcd dangers, and othcr important data which are 
published in the Notices 60 Mariners subsequent to the print datc are added by hand 
before issuc. 

113. THE HYDROGRAPHIC SURVEY 

The principal object of all hydrographic surveying is to securo information con- 
cerning the water areas and the adjaccnt coasts for the compilation of nautical charts 
and Coast Pilots and for their correction. 

11 31. Combined Operations 

Hydrography is that branch of applied science which dcals with tho measuromont 
and description of the physical features of the navigablc portion of tho oarth’s surface 
and adjoining coastal areas, with special roforrnco to  their use for the purposc of 
navigation. As such, it embraces a gen t  varicty of activities including: Astronomic 
observations, triangulation, and topographic surveys of the co‘asts; tho observation and 
study of tides and currents; magnetic surveys; oceanography; tho measurcmcnt of the 
depths of navigable waters; and the collection of various kinds of data needed in 
compiling and correcting nautical charts and Coast Pilots. 

In a broad view, all of the above activities are included in hydrographic survoying, 
and a hydrographer will eventudly be called on to perform each of them. In tho 
Coast and Gcodctic Survey many of them opcratibns at  timcs are conducted by sepa- 
rate parties, each organized and instructed ospecially for onc specific duty, and bccausa 
of thie not all of the operations are considcrcd as being included in hydrographic 
surveying, 

In  thc Coast and Geodetic Survey tho comhincd activitios of a hydrographic party 
arc termed combined operations, and a survey party whose principal work is sounding 
is said to be engaged on combined operations when its dutics include othcr activities 
such as triangulation, topographic surveying, tide and current observations, and 
magnetic observations. 
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1132. Hydrographic Surveying 

used in the Coast and Geodetic Survey, hydrographic surveying is one phase of 
combined operations and in this limited sense may be said to consist of three essential 
operations-sounding; location of soundings, and aids and menaces to navigation; and 
records: 

(a)  Depth measurements, usually called soundings, are made throughout the area being surveyed. 
This includes the determination of the nature of the bottom at selected intervals, and the measure- 
ments of some of the physical Characteristics of sea water, such as water temperatures and salinities 
at various depths. Data may be collected for oceanographic research; such as specimens of bottom 
inaterial and water samples. 

(b)  The positions of the soundings are determined by reference to  control stations; numerous 
features, such as rocks, reefs, wrecks, and aids to navigation, are located and examined so that they 
may be charted for the guidance of navigators. 

(c )  All data are recorded and plotted to provide permanent records of all the information ob- 
tained during the survey and to  serve as a basis for the construction of nautical charts and the com- 
pilation of Coast Pilots. 

11 33. Survey Projection and Scale 

Although most nautical charts arc constructed on the Mercator projection, all 
original field surveys are plotted on the polyconic projection which is especially useful 
for this purpose (see 7321). 

The scales of the surveys are chosen with respect to-the amount of detail in tlie 
area and are usually a t  least twice as large as that of the largest-scale chart to be pub- 
lished of the area. The scales are almost invariably multiples of the proportion 
1:10,000. (See 123.) 

1134. By-product Value of Surwys 

In  addition to their use in chart compilation, hydrographic surveys and other 
combined operations have an important by-product value. For many parts of the 
coast the topographic stirvcys are on a larger scale than are available elsewhere, and 
for some areas, especially outside the continental limits of the United States, they are 
the only topographic surveys existent. The results of the surveys are valuable for 
milit'ary defense, for planning harbor improvements, for the study of physical hydrog- 
raphy, beach erosion and other shoreline changcs, and for oceanographic studies. 

For much of the coastal area the early topographic surveys of the Bureau are the 
earliest authentic records .of sliorclirie conditions and' the detailed topography of tho 
adjacent terrain. These and tlie periodic revision surveys of tlie constantly changing 
shoreline have a historic value, in addition to tlieir value in land disputes. 

The periodic hydrographic and topographic surveys arc of great and increasing 
importance in the study of shoreline changrs. The history of bench evolution during 
the past century can often be deduccd from tho records of the Bureau, with the rcsult 
that the engineer can frequontly determine tlic charactcr of tlie forces which he seeks 
to control. 

Students of the earth sciences have been handicapped in the past by their 
inability to investigate the vast milmown areas beneath the ocean surface. Except for 
the fringe along the coasts, soundings, even whcre talren, were so widely spaced and so 
inaccurately controlled in position as to give littlc basis for scientific conclusions, 
Gradually, with the perfection of echo sounding and more accurate methods of control, 
tho submarine relief is being revealed, particularly that of tlie submerged continental 
margins. It is now possible not only to discover and chart the submarine features 



114 HYDROGRAPHIC MANUAL PAQBI 8 

but to  survey even the precise details of form. In recent years submarine valleys along 
the continental slopes which were only partly known or suspected have been disclosed 
in surprising detail. 

The hydrographic surveys have an extremely interesting and important significance 
for the geomorphologist; the submerged portions of the opntinental masses are being 
slowly revealed, and a better understanding of that part of earth history hidden beneath 
the sea is in prospect. 

114. THE HYDROGRAPHIC MANUAL 

This Manual is one of a series published by the Coast and Geodetic Survey to 
describe the methods and equipment and to state the general requirements for the 
various survey operations. As explained in 1132, hydrographic surveying is considered 
to be only one phase of combined operations, for each phase of which there is a separate 
manual. 

To avoid duplication, this Manual treats principally of the operation of sounding 
and of the details of hydrographic surveying after a topographic survey has usually 
been made and is available. It does include some important phases of other operations, 
particularly as applicable to hydrographic surveying, and supplements other manuals 
where the requirements have been .changed. 

For combined operations each hydrographic survey party needs continually at 
hand the following manuals, and frequenbly has use for many of the publications of tho 
Bureau listed in 952: 
Special publications 

No. 118. Construction and Operation of the Wire Drag and Sweep. 
N ~ .  144. Topographic Manual. 
No. 146. Manual of Second- and Third-Order Triangulation and Traverse. 
No. 196. Manual of Tide Observations. 
no. 216. Manual of Current Observations. 

Serial No. 166. Directions for Magnetic Measurements. 

It should be noted that in this Manual the expression “hydrographic surveying’’ 
is almost always used in its limited sense, to refer to operations desoribcd in 1132, 
although occasionally i t  may be used in the broad sense to include combined operations. 
Likewise, the term “hydrographer,” as used, almost invariably refers to the officer in 
immediate charge of the hydrographic survey unit, For a survoy ship, the hydrog- 
rapher is, of course, the Commanding Officer; but for smaller units, the officer responsible 
for the daily operations of the unit, even though only temporarily assigned to such duhy, 
is the hydrographer. 

12. PROJECT 

The field operations of a hydrographic survey in a specified area are considered a 
project, and to each project is assigned a number such as CS-253, the letters being the 
abbreviation for Coastal Surveys. Former numbers of the series were preceded by the 
initials HT-, which stood for Hydrography and Topography. 

Each project is considered a “project of combined operations,” since contem- 
porary surveys of other types are usually required in connection with the hydrographia 
surveys in any area. 

A project may consist of two or more minor surveys of a sirrilar type in nearby 
areas even though the areas are not adjoining. The size of any one project is such 
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that it usudly takes one survey party at  least one season and perhaps several consecu- 
tive seasons & finish it. 

121. PROJECT INSTRUCTIONS 

Instructions, how as project instructions, are written for each numbered project 
to supplement the published manuals. The details of the instructions vary from 
specific to general, depending on the locality, whether there have been prior surveys 
by this Bureau in the area, and whether these were of a reconnaissance nature or were 
adequate at  the time they were made. The instructions define the limits of the project 
area and indicate specifically what operations are to be performed, by what methods, 
and to what degree Of accuracy. Frequently the purpose of the project is mentioned. 

opy of a chart of the area on an appropriate scale is usually furnished with the 
instructions, on which the limits of the project and the limits of all applicable prior 
hydrographic and topographic survcys within the area are indicated. The Chief of 
Party is furnished, without request, with copies of all existing data which are believed 
to be required for the operations. He should exaniino these thoroughly, 011 receipt, 
in connection with the instructions, to assure himself that all the necessary data have 
been included. If omissions are discovered or the data forwarded are considered in- 
sufficient, he should request from the Washington Office any additional dItta required, 

Occasionally it becomek necessary to issue supplemental inst,ructions to modify 
or supplement the original instructions, as where the progress of the survey discloses 
additional facts regarding the chpracteristics of the area. In all correspondence, all 
Descriptive Reports, season’s reports, and special reports, which refer to the operations 
of the project, reference shall be made to the project number, followed, in parentheses, 
by the year in which the instructions were issuod, as for example) CS-!251(1939). If 
supplemental idstructions ha<ve been issued, reference to these shall also be made when 
they are applicable. 

The Chief of Party shall aclrnowledgo the receipt of all project instructions and 
supplemental instructions. He is required to make a careful study of them as soon 
as the instructions and the accompanying data are received. He should report to the 
Washington Office immediately any revisions of the requirements which he recom- 
mends, any parts of the instructions which are not clearly understood, or any subjects 
relative to the project about which he desires more complete or additional information. 
The Chief of Party is urged, if the progress of the operations discloses the need therefor, 
to make specific recommendations for amendments to the original instructions or 
recommendations for the requirements of succeeding seasons’ operations in the same 
or adjoining areas. 

Ordinarily the project instructions will be divided into and treat of the following 
subjects : aeneral,. control, topography, hydrography, tides, and miscellaneous. Oc- 
casionally additional subjects are included, among which may be magnetic and current 
observations. 

121 1. General Instructions 

In the general part of the project instructions the limits of the areas which are to 
be surveyed are specified, the offshore limits sometimes being defined by depths. The 
part of the &re& in which operations are to be begun is specified and the desired direction 
of progress. When two or more Chiefs of Party are assigned to operate in the same 
area on the same project, their respective operations and the division of authority 
are defined. 
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1212. Instrmtions'for Geodetic Control 

Copies of progress sketches of all previous triangulation within thc area will 
ordinarily be forwarded with the project instructions, as well as copies of all geodetic 
positions and descriptions of stations which the Chief of Party is likely to need to 
carry out his instructions. The project instructions will ordinarily state whether 
new triangulation is necessary, and if so, the requirements as to ordcr of accuracy. 
If arcs of new triangulation are contemplated, the junction to be made with previous 
triangulation will be specified. 

The instructions will often require that a search be made for, or that dcscriptions 
be written for, specific stations concerning which there is a known dcficiency in the 
records at  the Washington Office. Where geodetic control of other organizations is 
known to exist within the area, specific instructions for a connection thereto are generally 
included. Where there are objects of particular landmark value or important stations 
whose geodetic positions are known to be desired, the instructiona will specify that 
these be located. 

Unless otherwise specified by the project instructions, the principal geodetic control 
for a11 coastal hydrographic projects shall consist of stations locatcd by sccond-order 
triangulation a t  intervals of about 5 milcs along the coast, supplemented by intcr- 
mediate stations located with thiid-order accuracy at  intervals of about 2 miles alcng 
the coast. Tf the character of the terrain makes triangulation impracticable, the p in -  
cipaJ. geodetic control of hydrographic projccts may consist of second-ordcr traverse with 
stations established at  intervals of 2 miles along thc coast. 

All gcodetic control shall consist of recoverable stations pennancntly marked by 
standard station marks, and natural objects which are recoverable without special 
marking. All geodetic control shall be established in accordanec with h e  specifications 
and instructions contained in sppcial Publication No. 145, 'Manual of Second- and 
Third-Order Triangulation and Traverse, except as amended by section 22 of this 
Manual and by the project instructions. 

1213. Instructions for Topography 

The project instructions will ordinarily specify to what extent topographic surveys 
are to be made, whether air photographic surveys of the arca arc anticipatcd in tho 
near future, and whether the survey is to consist of a graphic control survcy mcrely for 
the location of the hydrographic signals, a complcte planetable survey of the shorclinc 
and adjacent topographic features, or a revision survoy of the sliorolinc and a verificn- 
tion of the other details from former topographic surveys of the area. 

The scales of the topographic surveys are usually specified, even though they are 
ordinarily dictated by the scales of the inshorc hydrographic surveys of the respective 
areas. A Chief of Party has the authority to mako the topographic survey of any 
important part of the area at a larger scale than specified if, in his opinion, the larger 
scale is needed to provide for an dequate and fully dcveloped hydrographic survey of 
the area. 

The project instructions will generally specify where junctions aro to be made with 
prior surveys and what steps arc to be taken, if a check is not obtained at the junctions. 

Photographic copies of prior topographic survcys which may bo needed by thc 
Chief of Party arc furnished with tho instructions. Blue-line prints of pla.nimctric 
maps, if available, will ordinarily bo furnished for possible revision of tho shorclino and 
adjacent topographic detail. 
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All planebablo topographic surveys Shall be n a d e  according to the requirements 
and instructions contained in Special Publication NO. 144, Topographic Manual, except 
as amended by section 23 of this Manual and by the project instructions. They shall 
always be made on aluminum-mounted She& unless otherwise specified. 

1214. Instructions for Hydrography 

The project instructions Will ordinarily specify: 
(a) The limits of the area to  be surveyed, the junctions to be made with prior surveys, and the 

overlap required if a satisfactory !heck is not obtained a t  the junctions. 
(b) The scales of the hydrographic surveys in different parts of the area. For coastal surveys 

the offshore limit of each scale is often defined by the depth of the water. Sometimes only the basic 
scale for the inshore hydrographic surveys is specified and the Chief of Party will be expected to  
select the appropriate offshore scales for an adequate systematic survey and development of the 
area, taking into consideration the available control. The Chief of Party is always authorized to 
use larger scales for any small parts of the area for which he deems it essential, as for example, iin- 
portant small harbors and anchorages. 

(c) The maximum spacing between sounding lines for different parts of the area, sometimes only 
in a general way. The limits of the zones may be defined by distanccs offshore or by depths. It is 
to be noted that these are maximum spacings and the hydrographer is expected to reduce them if, 
in his opiqion, this is necessary for an adequate development of any part of the area. 

(@ The desirable direction or azimuth of tlie principal system of sounding lines to be run in the 
area, although the hydrographer should use his judgment regarding this, in order that the area may 
be most adequately and economically surveyed. 

(e )  The percentage of crosslines to be run, if any, as a check 011 the accuracy and adequacy of 
the survey. 

(f) The depth curves which are to be drawn on the boat sheet, to aid in determining whether 
the area has been adequately surveyed and whether all indications of shoals and dangers have been 
investigated. 

(Q) That all critical depths and dangers to navigation on existing charts be proved or disproved. 
Reported shoals that require investigation may be individually mentioned. 

( h )  That certain areas which are periodically surveyed or have recently been surveyed by anotlior 
ageiicy be omitted, if such survey appears adequate and a satisfactory check of the depths can be 
obtained at the junctions. 

(i) Any special development which may be required to delineate certain submarine features mor0 
completely than is otherwise specified for S U C ~  depths. 

(j) The interval between recorded soundings when the depths are to be read visually from 
an  echo-sounding iristruinent. In the absence of such instructions a t  least as many soundings must be 
recorded as are ordinarily inked on the smooth sheet (see 7724). 

( k )  The number of R.A.R. (Radio Acoustic Ranging) returns considered adequate to fix a posi- 
tion, where this method of control is used. 

(1) The required frequency of bottom characteristics. 

Photographic copies of all prior hydrographic surveys with which junctions are 
required are furnished with the instructions, as well as photographic copies of thc 
most rcccnt hydrographic survcys of the entire area, if thc latter aro believed to be of 
value to the hydrographer. 

121 5. Instructions for Tide Bations 

For the vortical control of the hydrographic survcys a lrnowlodge of tlie height of 
the tidc above tho sounding datum is nccessary at  all timcs during hydrographic sui'veys. 
For this reason tide observations must be made at sclected places within the project 
mea, both for use in reducing soundings to the sounding datum, and for use in deriving 
data for the prediction of tides. 
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The project instructions will ordinarily specify what tide station is to be used as 
a standard for the project and where it is located if an existing station can be used, 
or where it is to be located if it  is to be established by the survey party. An inspection 
of and a report on an existing standard gage may be required. 

Supplemental tide stations are generally required and the instructions will specify 
how many of these are necessary and the desired locations. The minimum length of 
time each supplemental tide station is to be maintained will be stated. A Chief of 
Party is aut-horized to depart from the specified locations if, on examination, they 
appear impracticable. 

Copies of the descriptions of previous tide stations in the area, with the eleva- 
tions of tho bench marks and the heights of the datum planes at  each, will be furnished. 

’ After the receipt at  the Washington Office of the records of the establishment of a 
new station, including the level records and at  least 2 weeks of satisfactory tide observa- 
tions, a preliminary plane of reference can usually be derived for use in the determina- 
tion of the tide reductions to be applied to the soundings. This plane of reference will 
be furnishsd to the survey party on request, but the request should be deferred until 
the datum is actually needed. 

All tide stations shall be established in accordance with the instructions contained 
in 143 and in Special Publication NO. 196, Manual of Tide Observations (revised 1941 
edition), except as amended by the project instructions. 

1216. Shore Magnetic Observations 

The project instructions may require magnetic observations at  certain existing 
stations or at new stations to be established within the project area. The Washington 
Office will either specify a standard station a t  which the instrument used for ths mag- 
netic observations shall be standardized at  the beginning and end of the mason, or 
issue instructions to return the instrument to the Office for standardization. 

In  the absence of any specific instructions, magnetic observations shall be made 
with the compass declinometer, or equivalent instrument, at  intervals of not less than 
10 miles along the coast in areas where no magnetic anomalies are found, and at  lesser 
intervals in magnetically disturbed areas. Where a magnetic anomaly of more than 
2 O  is discovered, a sufficient number of additional observations shall be made in the 
area to delineate the extent of the disturbance. 

The magnetic observations should be made at, or in the immediate vicinity of, a 
triangulation station, if possible. If the observations are not made a t  a triangulation 
station, sufficient data must be given to determine the approximate position of tho 
magnetic station. An azimuth determined to the nearest minute is required at  every 
magnetic station. If one is already available, dofinite information should be given so 
that it can be determined from data in the records a t  the Washington Office or from 
the records of the current field season. If an azimuth is not available, one must be 
observed to a natural object or a nearby recoverable station whose position is known, 
Three-point fixes should not be used for determining the azimuth, if other methods 
are available. If used, the stations mcst be positively identified, and the fix must bo 
strong. 

All magnetic observations shall be made in accordance with the instructions 
contained in Serial No. 166, Directions for Magnetic Measuroments, e m q t  that, if the 
observations are made with a transit magnetometer, thc special instructions which 
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A -  

followed. 
have! beon DreDared by the Washington Office for the use of this instrument shall be 

121 7. Current Observations 

Where current observations are to be made, the project instructions will specify: 
(a) Where they‘aro to be made; ( b )  the period of continuous observations required at  
each station; and (c)  the instrument to be used in obtaining the data. 

Current observations shall be made in accordance with the instructions contained 
in Special Publication No. 215, Manual of Current Observations, except as amended 
by the project ,instructions. 

121 8. Miscellaneous Instructions 

Under a miscellaneous heading the project instructions will specify other details 
of the operations. Among these are the scales to be used for the monthly and season’s 
progress sketchos. On the monthly progress sltotch the Chief of Party is required to 
includc the limits of the topographic and hydrographic sheets as these are determined 
during the field season. The standard size of the annual progress sketch is specified. 
If coast pilot notes are known to be required for the revision of or to supplement the 
Coast Pilot of the arca, this will be stated. The instructions may specify that special 
reports be made regarding the use of certain new instruments or methods concerning 
which information is desired. The instructions may require that a report of dangers 
to navigation discovered be made elsewhere than to the Washington Office (see 8622). 
Consultation with officials of certain organizations may be required. 

122. OFFSHORE LIMITS 
The use of echo-sounding instruments now permits the extension of hydrographic 

surveys far beyond the limits formerly considerkd practicable. Commercial and naval 
vessels equipped with some of these instrumonts are now able to obtain soundings a t  
will in the greatest depths of the oceans, with the result that they are virtually always 

Unless o therwise specified in the project instructions, hydrographic 
surveys should be extended as far seaward as it is practicable to control adequately 
the positions of the soundings. 

Modern hydropaphic surveys have disclosed numerous offshore submarine features, 
which are of incalculable value on the published charts for use as landmarks, from 
which vessels with ccho-sounding instruments navigating these areas may determino 
their approximate positions when approaching a coast. On the continental slopes of 
the Atlantic and Gulf Coasts qf the United States many submarine valleys have been 
discovered in recent yoars. On the Pacific Coast of tlie United States submarine 
canyons have been discovered, and submarine mountains have been found here and 
in the offshore waters of the Alaska Coast. It is considered dosirable that the liydro- 
graphic surveys be carried far enough seaward to survey such features completely and 
adequately for charting purposes. 

on soundmgs.” ( I  

123. SURVEY SCALES 

The scale of 11 map is thc proportion by which distances on the map represent 
respective distances on the earth. The scale of a hydrographic survey is that scale a t  
which the positions of the soundings in the area are plotted on the hydrographic sheet. 

The terms fractional, natural, numerical, and linear are used more or less inter- 
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changeably as descriptive of this scale ratio. On published charts and gonerally on 

The same meaning is exprcssed in drawings it is represented as a fraction, as - 
text cither by 1:10,000, 1-10,000, or 1/10,000. 

The basic scale for hydrographic surveys of the Coast and Gcodctic Survey is 
1:20,000 and almost all other scales used have a simple rclationship to  it. No inshore 
survey adjacent to  the coast shall be on a scale smallor than 1:20,000, exccpt by author- 
ity of the project instructions. 

Larger scales shall be succcssivc multiples of 1:20,000, cauh larger scale being 
double that of the preceding scalc (i. e., 1:10,000, 1:5,000, and 1:2,500). All important 
harbors, anchoragcs, channels, and n;lally parts of the coast whorc dangors are nu- 
merous or navigation is difficult, shall bo plotted on scales of 1:1O,OOO or larger. 

Scales smaller than 1:20,000 shall be those whoso denominators are multiples of 
20,000 (i. e,, 1:40,000, 1:G0,000, 1:80,000, 1:100,000, etc.). 

The choice of scale is obviously dictated by the amount of detail required on the 
hydrographic shcet. The larger tho scale the more dctail can bo shown. The scnlos 
selected for important harbors, anclloragcs, and restricted navigable watorways must, 
be large enough to show bhe maximum amount of dctail desired on the smooth sheet 
and to permit as'close a systcm of sounding lines and development of thc area as may 
be necessary. 

It is an inflexible rule in chart construction that data on a smooth sheet must 
never be enlarged to the scale of the publishcd chart. A scale should, therefore, be 
selected for the smooth shcct larger than-and prcforably at  loast twice as large as- 
that of the largest-scalc published chart of the area. 

For the inshore survey along nn open coast, thc scnlc will vary according to tho 
importance of the area and the number of dangers which may bo encountered. 

Varying scales must be selected for offshorc surveys according to the depth of 
thc water and the distanco offshorc. In thc first zonc offshore lrom the inshore surveys 
the usual scale is 1:40,000, adjoined by surveys on a scale of 1:180,000 or 1:20,000 in 
the area farther offshore. 

If the survey is comparatively distant from the shoro tho choice of scale may bo 
limited by the necessity of including shore stations on tho smooth sheet, unless circle 
sheets (see 37) arc used. A smaller scale than would otherwise bc profcrablo must be 
selected occasionally in order to include within the limits to  the smooth shcct an ade- 
quate number and arrangement of shore stations, so that strong sextant iixes may be 
obtained throughout the area. Thc advantage thus gained in being able to plot tho 
positions of the survey vesscl with assurcd accuracy more than offsets tho labor in- 
volved in inking congestcd *soundings at tho smaller scale, or even the disaclvaritnga 
of having to omit a pcrccntage of the recorded soundings. 

1 
10,000' 

In  summation, the survcy scale should luc large enough: 
(a) TO provide for a sufficiently close spacing of the systematic lines and soundings. 
(b) TO provide for an adequately intensive development of the dangers and shoals. 
(c) To provide for a reduction t o  the scale of the largest-scale publielied chart-it should gen- 

(d )  Tb show all details clearly. 
erally be at least twicc tho scale of thc  chart. 

And 'the survey scale should be small enough: 
(a) To include the necessary shore control within the limits of the sheet, 
(b)  To include control which will give strong well-conditioned fixes. 
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124. UNITS OF MEASUREMENT 

The following units of measurement, with fractional pwts in decimals of the samc 
unit,, shall be used in survrys, rcports, a’nd statistics of the Coast and Geodetic Survcy: 

(a) Depth of the water-IN FATHOMS, 6 R  FEET. (For smooth-sheet plotting, see 7711 and 

( b )  Measured horizontal distances on land or in the water, and short estimated horizontal dis- 

(c) Long estimated distances Over the water and ship’s run distances-IN NAUTICAL MILES. 
(d) Elevations above the topographic datum plane or above the sounding datuin-rN FEET. 
(e) Subaqueous distances-IN SmCONDS OF TIME (at a given velocity of sound), OR METERS. 
(f) Statistics of horizontal distances, except for ship’s run (see (c) above)-m STATUTE MILES. 

( h )  Current velocity and speed of vesse1-m KNOTS. 
(i) Bearings from zero a t  true north clockwise through 360’-1~ DEQRFIES. (Not to be confused 

with geodetic azimuths, which are reckoned from zero at true south.) 

It is to bc noted that the short distanccs cstimatcd during a hydrographic survey 
and cntered iri the Sounding Record sliall be in mcters. This pertains to the estimated 
distancc of the sounding boat or launch from tho high-water line or the estimated dis- 
tancc tho sounding vessel passes dbeam of any object, danger, or aid to navigation. 

7712.) 

tances over the water-IN M E ~ R s .  

(g) Statistics Of  surveyed areas, either Water O r  land-IN SQUARE STATUTE MILES. 

125. CONFIDENTIAL SURVEYS 

Surveys of a Confidential nature are occasionally made by the Bureau and the 
results of surveys of certain arcas are at  times made confidential at the request of one 
of the Military Services. Special instructions, stating tlie precautions to be taken, 
will be issued whencver confidential field operations arc to be esocutcd. 

Such surveys are classified and marked as confidcntial when they are registered, 
and no copies of Lhese sball be furnished to the public. Photogmpbic copics of con- 
fidential surveys will be furnislicd to.field partics who have nccd for them in conncction 
with their survey opcrations. Each Chicf of Party is responsible’ for those forwardcd 
to him, although when necessary he mny pcrmit their use by rcsponsible assistants. 
These pho tograpliic copics arc always plainly marlied “confidential” and they must 
be returned to Lho Washington Office for disposal, after tho operations have been 

Whenever any confidential matter is forwarded through tho mails it shall first 
bo enclosed in a package marked CONFIDENTIAL and addressed personally by name 
to the person who is to be responsible for its custody. This cnvclopc or wrapped 
parcel is then pilcloscd in an outcr wrapping and addrcsscd to that pcrson in the usual 
manner for official mail. The outer wrapping must contain no rcfcrcncc whatsoever 
to the confidential nature of thc contents. Such matrrial must alwnys be sent by 
registered mail. 

completed. (See also 1321.) 

13. PROJECT PLANNING 

131. DATA FROM PRIOR SURVEYS 

Copies of all prior survey data that are considorcd ncccssary in connection with 
the combined operations of tlie project will be furnished with tho project instructions. 
Photostat, lithographic, or blueprint copies of tho control data-geographic positions, 
descriptions, and triangulation sketches-will be furnished when these have not been 
published in tho geodetic publications. Copies of all topographic rind liydrographic 
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surveys, with which junctions are to be made, will always be furnished, as well as 
copies of the most recent ones of the entire area, if the latter arc believed to be helpful. 

When inshore hydrographic surveys are to be made after air photographic surveys 
of the area have been completed, printed smooth and boat sheets may be furnished, 
or tracing paper prints or ozalid prints will bB furnished from which to transfor the 
shoreline and control points (see 733). Lithographic oopics of planimetric mdps 
within the area will be furnished as well as copies of the field prints of the photographs 
if the latter are believed to be of valuc in connection with the oporations. 

If any of the survey data are confidential, the Chief of Party shall be responsible 
for their custody and for their eventual return to the Washington OfIice (see 125). 

1311. Photographic Copies of Field Data 

When the Chief of Party has reason to believe that the data furnished with the 
instructions are not complete, he should notify the Washington Office immediately, 
requesting the additional data. If, during the course of his field operations, copies 
of additional field data are found to be desirable they should be requested from the 
Washington Office in ample time for tho photographic reproductions to bo made and 
forwarded to him. Usually either photostat or bromide copies of field data aro 
furnished, 

1312. Photostat Copies 

Photostats made in the Washington Office are limited to a paper size of 18 by 24 
inches and to a subject size of 17 by 22% inches; a reduced photostat is ordinarily 
limited to no smaller than one-half the scale of the original; and an enlarged photostat 
is ordinarily limited to no h g e r  than twice the scalo of the original. A photostat is 
normally a negatiw in that tho black and white of the original is reversed but the copy 
is otherwise correct. Positive photostats may be made from the negatives and have 
white backgrounds. ' 

When a request is made for a photostat, a negative will always be furnished unloss 
a positive photostat is specifically 'requested and the reason for the need for the latter 
is given. Photostats cannot be relied on to be a t  correct scale, and when such copies 
are used for the transfer of shoreline or control stations, extreme care must be used. 
If the quadrilateral formed by the meridians and parallels enclosing the area in ques- 
tion is measured, and found to check with the values in the Polyco~ic Projection 
Tables (see 7321), i t  is safe to assume that tho details within that area are true to scale. 

1313. Bromide Copies 

When photographic copies larger than 17 by 22jh inches ure required, bromide 
copies are usually made. A bromide is made by first photographing the original a t  a 
reduced scale on a glass or film negative, and then making an enlargement on bromide 
paper, usually at  approximately the same scale as the original. The bromide papor 
docs notacome in contact with the negative. Since the size of most survey sheets, 
except aluminum-mounted sheets, is a t  least 31 by 52 inches, bromides arc necessarily 
made when copies of entire surveys are required to scale. They are limited in size to 
38 by 72 inches. 

A bromide can be made approximately to any desired scale. I t  is one of tho most 
unsatisfactory of all copies insofar as clarity and true scale are concerned. Bromidos 
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should not be used for the accurate transfer of control stations and rarely for the transfer 
of shoreline, if any other type of copy can be substituted. Bromides are always positive 
copies. 

1314. Celluloid Prints 

Contact prints can be made on low shrinkage celluloid. These have the advantage 
of R very low shrinkage factor which is practically uniform in all directions. Such 
prints are the most accurate copies. for use in the transfer of shoreline and control sta- 
tions, Celluloid prints are considerably more expensive than paper prints and will 
ordinarily not be furnished unless a reason is given justifying their need, 

1315. Photographic Colors 

Most data are inked in black on the survey sheet, but various colored inks are 
used for special purposes. In  “Line Photography,” which is used in chart reproduc- 
tion, the colored inks do not reproduce equally well, and in using any photographic copy 
of a survey this fact must be taken into consideration. In  general, the colors in the blue 
end of tho spectrum are photographed with difficulty on ordinary emulsions, especially’ 
when an artificial source of light is used; while those in the red end of the spectrum are 
reproduced relatively well. Yellow photographs almost as well as black. For practical. 
purposes, it is enough to remember that the blue colors, especially blue and violet, 
photograph’poorly and may not be reproduced a t  all; that tho red and yellow colors, 
especially yellow, orango, and red are reproduced relatively well, sometimes as well as 
black; and that grecn and brown are intermediate colors, generally but not always 
reproducing well. The intensity of reproduction of a color seems to depend on the 
Percentage of yellow in it; for example, an orange rcd or a yellow green will reproduce 
better than tho purer red and green shades. The amount of pigment in any color has 
much to do wit11 the intensity of the reproduction. 

1316. Requests for Photographic Copies 

Requests for photographic copies of surveys should state specifically the kind 
desired, or tho purpose for which they are to be used. In  the latter case, copies prepared 
by the most suitable method will be furnished. (See also 1314.) When photographic 
copies of surveys are requested it will be assumed, udoss otherwise stated, that thoy are 
desired a t  the scale of the original. When they are for use in the transfer of data to 
other sheets, they should be requostod at  the scalo of the new survey; if an enlargement 
is required, the reason for this must be stated. For many uses copics at  reduced scales 
will be found satisfactory if the reduction is not so great as to make the detail illegible. 
In general, copies of surveys reduced one-half are perfectly legible, 

A request for photographic copies of surveys should specify: 
(a) The registry number of the survey, if known; or in lieu thereof, the approximate latitude and 

(b) The kind of copy desired. 
(c) The scale of the desired copy. 
(d )  Whether a topographio or hydrographic survey, and the approximate date thereof. 

The following examples of requests contain the required information: 

longitude of the area, in addition to any field number or reference to named geographio features. 
(See also 1314.) 

“A full-soalo photostat oopy of a seotlon of tho most recant hydrographic survey off Point Judith, R. I.; photostat to bo cantered at 

“A half-scnle photograph10 oopy of hydrographic survoy by John Doo, Bold number 004234, located In approximato latltude 
latitude 4l020‘ N., longitude 71’26’ W.” 

41”ZO’ N., longltudo 71O26’ W.” 
40538244-3 
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132. NAUTICAL CHARTS 

Copies of the largest-scale nautical charts of the project arca, of the latest print 
dates, should always be on board the survey vessel during its operations. It is not 
sufficient to have charts of the most recent edition. The print dates are located in the 
lower left-hand corner of the chart and the latest is the right-hand one of a consecutive 
series of dates (see 1127). In  all Descriptive Reports, special reports, and correspond. 
ence, in which a comparison is made between the field data and the published chart, 
this print date must be stated. This is the only positive means of reference to the 
data which were on the chart when the comparison was made. 

1321. Confidential Charts 

When survey vessels are opcrating in an area of which confidontial charts have becn 
published, copies of these are obtained from the United States Navy Department for 
use on board the vessels during the survey operations. Each chart contains a serial 
number. Chiefs of Party are responsible for the custody of the confidential charts 
sent to them and must render a semiannual rcport, on March 31 and September 30, 
listing these with their serial numbers. This report shall be made on Form N.H.O. 
698a, and be forwarded to the Director. (SCC also 125.) 

1322. Complimentary Copies of Charts 

At the request of a Chief of Party coinplimcntary copies of new charts or new cdi. 
tions extensively corrected from a survey will be furnished for distribution to members 
of the crew who had a responsible part in the survey operations. Officers engaged OD 
the survey will be furnished such copies on request. It must be realized that there i8 
often a considerable lapse of time between the date of the survcy and the issuance of 
new charts or new editions embodying thc rcsults of tho survey. 

133. PROJECT STUDY 

As soon as the project instructions and the accompanying survey data have beell 
received, a preliminary study of the project should be made in as great detail as is 
possible from the available data in order to formulate a general plan of operations. 
If the project is of an unsurveyed and comparatively little known arca, rocourso must 
be had to reconnaissance survey data. Much of value in planning the operations can 
often be found in publislied exploratory and other reports of scientific expeditions which 
have operated in tho arca. 

1331. Study of Charts and Prior Survey Datu 

If the project is for the resurvey of an arca, a thorough study of the published 
charts and the photographic copies of prior survey data shall be made in ordar to plan 
the operations effectively and economically. These data may bo used to determine the 
approximate limits of thc arca to bc surveyed by cach unit o€ the party and tho probable 
limit to which the hydrography may be controlled by the various methods. 

If the project instructions call for new triangulation in the area, a paper recon- 
naissance can be made for use as a general layout for the scheme, dnd from which t h o  
actual stations can be selected after the party has arrived in the immediate locality. 
If the existing charts of the area are based on reconnaissance surveys or sketches, little 
confidence can bc placed in the charted data for such a purpose, because, evcn thougb 
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the charts present a general idea of the aroa, the representation of specific details may 
be considorably distorted. 

1332. Air Photographs for Study of Project 

Good air photographs will furnish extraordinarily dotailed information, thus supple- 
menting prior surveys and reports, particularly when those using them are experi- 
enced in the interpretation of photographs and acquainted with similar typos of terrain. 
Thc photographs available may vary from a few nonstereoscopic obliques, talren casually 
during flights over the area for other p’urposcs, to complete stereoscopic coverage by 
vertical photographs taken for plotting on the samo scale as the intended hydrographic 
survey. The information obtainablo for planning tho project will vary correspondingly 
from general data on the character of the region to detail almost sufiicient for planning 
day-to-day operations. The project instructions will indicate the available air photo- 
graphs, mosaics, maps, or hydrographic sheots prepared from air photographic surveys. 
Usually an index chart or mosaic will be furnishcd from which the approximate loca- 
tion and area of each photograph may be determined. 

In the absence of sufficiently dotailed prior surveys, the following data for advance 
study and planning of the project may be obtained from an examination of suitable 
photographs or preliminary maps and mosaics compiled from them: 

(a) The approaches to the coast and routes along it both for the ship and thc m a l l  boats; whether 
there are off-lying islands, rocks, reefs, or shoals, and the probable clear channels between them; 
protected areas possibly suitable for anchorage, and the best landing places for small boats. 

(b)  The locations of sites suitable for camping; the boats and equipment which will be needed for 
landing and for inshore hydrography; objects available for hydrographic signals; the proportion of 
control stations that may be expected to be furnishcd by the photographic survey and the amount of 
supplemental planetablc surveying likcly to be needed; the kinds and amounts of the various signal- 
building matcrials required; and the probable rate of progress of the inshore operations. This infor- 
mation may bc determined from the appearance of the shore with more or less certainty depending on 
previous experience. A detailed discussion of control from air photographs for use in hydrographic 
surveys is included in 239, and the use of air photographs to detect dangers to navigation is discusssed 
in 3624. 

(c) The photographs of the terrain adjacent to thc shore will show the roads, trails, rivers, settle- 
ments, etc.; special means of transport and supply other than by water, which may be desirable; 
whether the terrain is bare or wooded; the relief, landmarks, and sites suitable for triangulation or 
signals to control offshore hydrographic surveys; the distances and best routos to such sites, and the 
character of signals, materials, and outfit needed for the operations ashore. The use of photographs 
in connection with triangulation reconnaissance is discusscd in 2221. 

A stereoscope, if available, should bo used in studying the photographs whorever 
they have suitable ovorlap. Landmarks, tho tentative locations of old and new sta- 
tions, landing places, campsites, and any quostions regarding the interpretation of the 
photographs should be noted in pond on them, or on tho mosaics or preliminary 
compilations, during the advance study. 

Tho field reconnaissance required to complete the information needed to conduct 
the season’s operations (such as the depth of the channels indicated by the photographs, 
depth and holding bottom of protectod anchorages, doubtful lines for triangulation 
observations) will become apparent during tho advance study. Aftor arrival on the 
working ground; the notes made during tho advanco study will facilitate the detailed 
study of the photographs for the planning of day-to-day operations. As tho party 
becomes familiar with the locality, additional precision in interpretation end benefit 
from tho use of the photographs will be obtained. 
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1333. Weather Conditions 

No part of planning is more important than that based on the prevalent weather 
conditions in different seasons. In  northern areas, or other areas where bad weather 
prevails during a large part of the year, it is necessary to utilize to the fullest extent 
the season during which survey operations may be conducted economically. It is 
essential that the survey party arrive on the scene of operations as early as practicable 
and remain there until survey operations are no longer economical. 

Special attention should be given to selecting an appropriate part of the season 
during which to conduct those operations requiring unusually favorable weather con- 
ditions. When the season of most favorable weather for certain operations is lmom 
in advance, economy will result if the entire project is planned so that these can be 
undertaken at that time. 

Where the project is located in a region with which the Chief of Party is unfamiliar, 
he should study in advance the available information regarding tho prevalent weather 
conditions in the area. Meteorological data may be available, but if not, much infor- 
mation of value may be found in the reports of survey or exploratory parties who have 
previously operated in this or similar adjacent areas. 

Exceptionally clear woather is needed for certain operations such as triangulatioD 
observations, the control of offshore hydrography by visual fixes, and sun-azimutb 
observations between buoys. Exceptionally smooth weather is needed for other oper- 
ations, among which are landings on very exposed portions of the outer coast, the 
installation of tide gages, the establishment and location of buoy control, and the 
installation of hydrophones and cable laying if R.A.R. shore stations are usad. Some 
of the above operations must necessarily be performed at  the beginning of the seasOD 
or prior to certain other operations, but when there is a choice, they should be planned 
for that part of the season during which prevalently good weather for those operatione 
may be expected. (See also 145.) 

1334. Anchorages 

Before proceeding to the project area, it is dcsirable to determine in adva 
whether or not safe anchorages are available at  which the survey vessel may ba 
If the area is well known, a selection can be made without difficulty, There may be 
many possibilities, the choice often depending merely on the facility of obtainid 
supplies and the adequacy of the mail and communication service, 

m e n  the project is in an area where dangerous weather conditions may be expected, 
the work must be planned so that a protected anchorage is always accessible, and 
ordinarily such anchorages can be selected in advance from a knowledge of the area? 

134. OPERATIONAL PLAN 

From the study of the project, a general advance plan should be formulated fof 
the accomplishment of the early operations of the project. This plan should be based 
on the results to be attained, the size of the party and the various units which may be 
organized, the weather conditions, and other factors that may affect the operation01 
Such a general plan will, of course, be subjecbto frequent change as the work progresses4 

Where the area to be surveyed extends offshore from the coast and various zoned 
of the project are to be surveyed by separate hydrographic units and by differed’ 
methods of control, the hydrography should be planned so that the various units m d  
be given the limits to which their FuIteys are to extend. 

1 
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Careful study and planning will result in a logical sequence of operations so that 
each phase of the work accomplished will give as much information as practicable on 
which to base the subsequent phases of the work, A project so Flanned will be com- 
pleted without ~*as te  of time or effort and without any of tho essential work having 
been omitted or neglected. 

1341. Priority of Operations 

The project instructions may call for priority in certain phases of the operations 
and these must be planned for completion at  as early a date as practicable. 

The nature of combined operations is such that the effective accomplishment of 
certain phases of the work will depend on the prior accomplishment of others. If no 
triangulation exists in the area, it will probably be necessary to plan and execute a 
complete new scheme to control the other operations. It is necessary that the work 
be planned 80 that the triangulation will always be in advance of other operations. 
If the size of the project is such that the work will continue for several yem,  efficient 
planning will provide for the accomplishment of triangulation sufficiently in advance 
so that control will be available at  the start of each season for the first topographic and 
hydrographic surveys. * 

The topographic surveys, which serve to locate the control stations for the hydro- 
graphic surveys, should always be planned so that the hydrographic parties will not 
be delayed waiting for control to be established. 

Where unknown dangers to  navigation are likely to exist in the area, the harbors 
and anchorages should be surveyed in advance of the time they may be needed by the 
survey vessel. The inshore surveys should be carried to a depth in which it is safe for 
the larger vessel to operate. 

1342. Parallel Progress of Operations 

Except for the priority described in 1341, it is desirable that all classes of work 
be completed to the same general limit at the end of each season. It i s  inefficient to 
have topographic surveys completed at the end of a season too fa r  in advance of tho 
hydrographic operations, because signals are likely to be destroyed before the next 
season. Even where signals have not been built but the stations merely marked, it 
would be necessary to go over the same ground the next season in order to build them. 

1383. Incomplete Sheets 

The work should be planned, if practicable, so that any topographic or hydrographic 
sheet begun will be completed during that season, barring unforeseen circumstances. 
The results of the field operations are not available for charting until the surveys have 
been verified and reviewed in the Washington Office and it is usually not practicable 
to do'this for a sheet partly completed. 

All necessary developmerit and investigation of shoals should be kept up to date 
as they are revealed through the regular system of sounding lines. During the early 
part of a season, it is essential to do this for reasons of economy in operations, otherwise 
the party is likely to find such work not conveniently located to be undertaken economi- 
cally in connection with the other operations. During the latter part of the season, 
this procedure is quite important in order to avoid closing the season with incomplete 
surveys. 
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135. DIVISION OF OPERATIONS 

The division of operations, between the various units of the party, should be made 
so as to secure the greatest possible progress consistent with economy and safety 
the use of the survey Ship and launches. It is obvious that the number of separate 
units which can be operated at  one time, either from tho ship as a bas0 or from shore 
bases, depends on the size of the party and the available floating equipment. In  weuO 
developed parts of the country it is frequently economical to have a portion of the 
work, espccially triangulation and topography, performed by a shore party independ- 
ently operated but responsible to the Chief of Party. In  such areas trucks are bein& 
used extensively for the transportation of the survey units to and from their work, evoa 
where the shore party is engaged in hydrographic surveying. In undeveloped area% 
wherc there are no available living quarters, similar parties are usually operated fron1 
camps, but since there are no highways in such arcas thc camp parties must be furnished 
o thcr kinds of transportation than trucks. 

such a way that parallel progress is maintained. This is especially true with rcspect to  
the division of sounding between the ship and the launches or small boats. It is obvious 
that prudence restricts the shlp to thosc areas which can be navigated in safety and, in 
general, it  is most usefully employed in the survey of the offshore and more exposed 
areas. Exposed areas far from shore should not be surveyed with unattended launcliesr 
because of the danger involved and because the lower elevation of the observers limits 
the range of visibility af the control signals. 

The operations should be SO planned that all large-scale surveys are made by the 
launches and small boats, bccause of the impracticability of controlling the course and 
position of a large survey ship accuratcly enough to run the necessary survey lines eco- 
nomically. 

1351. Shore Party Operations 

When a part of the operations is performed by a shore party in a populatcd part 
of tho country the shore party may be established so as to be almost independent of the 
mother survey ship, except for very general supervision by the Chief of Party. Where 
such partics have to be based a t  camps in undeveloped country, thcy must bo supplied 
and provisioncd from the survey ship, and it is frequently necessary to bring the entire 
camp on board for transfer to another locality. In  undaveloped areas on oxposed 
consts, cumpsitcs must be selcctcd in harbors or protcctcd anchorages where tha floating 
equipment will be safe. 

If land operations only are performed from a camp on an cxposcd coast where 
there arc no highways, horse transportation may bo usod in tho survcy opcrations and 
in an emergency for moving the camp to another locality. The us0 of horses is undesir- 
able because of the special pcrsonncl required to  care for them, and bccause of the large 
amount of fccd with which t h y  must bo provisioned if natural fccd is not available in 
the locality. Fbrthermore, it is gcnorally not practicable. to have sufficient horses to 
move a camp in less than several trips between the campsites. A light reconnaissance 
truck, of Army specifications, is being tcsted as a substitute for horse transportation. 
It can probably be operated along most of the coasts even whorc thorc is no semblance 
of roads or trails. 

Where launch hydrographic surveys are made by a party based ashore, the camp- 
sites or anchorages must be choscn so that the time requircd for runs to and irom tho 

All the various operations in which a survey party engages must bo equalized 
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working ground will be at a minimum. This also applies to the selection of harbors 
and anchorages for the ship, although its safety is the first consideration. 

In  isolated arcas, whcro a shore party is supplied and provisioned from the survey 
ship, it is essential that thcre be means of communication between them. In  recent 
years all such shore parties have been equipped with a sending and receiving radiophono. 
This has proved very effcctive since it enables tho chief of the subparty to report to the 
Chief of Party on his daily progrrss, on tlio status of his supplies and provisions, and 
on any accident, sucli as damage to floating equipinont or injury to personnel, and on 
any sickness requiring transfer of pcrsonnol to tho ship for medical attention. It also 
pormits plans to be madc in advance for moving the camp if that is to be dono with the 
aid of the ship. 

136. PROJECT LAYOUT 

To plan and carry out offoctivrly and systematically oxtonsivo combincd oporations 
it will gonerally be nocessary to lay out on a cliart of suitable scale tho limits of tho proj- 
ect, tho limits of proviously surveycd arras with which tlie instructions specify a junc- 
tion, t h  principal control stations, arid any otlier data which may bo of importance. 
If tho ~rc’a is an unsurvoyod ono and tho  only oxisting cliart is of small scale and of a 
rcconnaissance natiirc, it may bo ncccssary to mako this layout on a reconnaissance 
sketch especially constructed thrrcfor. 

1361. Sheet Layout 

Sinca diBcrent scalcs are gonerally necessary for the surveys of difforcnt parts of 
an arc&, and sincc tho size of a slioet is limitcd, mom tlian ona shoot will usually be 
required for tlio survey of an cxtc.nsivo aroa. In order that tliose slioats may be planned 
practicably and economically, a sliC(1t layout) should bo mado on a chart of suitable 
scala, or in an unsurveyed arcs on a reconnnissance slrotch, 011 which arc outlined all 
or a part of tho shccts required to cover tho arm. , (Scc fig. 2.) 

Each hydrographic shect should bo laid out in such a miinncr that it will includo 
8s largo a watcr nroa as practicablo, a t  t h o  siiine timo providing for adcquato overlap 
with adjacent shoots and onsuring that all of tho required control stations will bo includad. 
Slwwod projections must bc avoidod if it is practicablo to do SO (see 1362). Tho OVCI- 

lap of adjacent shoots sliould gonorally bo no rnoro than is roquircd to provide for a 
suitablc jubction of adjacont survoys and to include tho nocossary control stations 
( ~ o o  123). Hydrography must not bo cxtondod to tho offslloro limits of a sheet wlion 
i t  can bo more strongly controlled 011 an adjoining offshore shoot; neithor should it be 
extcndod pnrallol to  the shore to the oxtronie limits of a sheet where it can be more 
strongly controlled on an adjacent alongshore sheet. I n  thcse cases the oxtent of the 
ovorlap should bo suffcieiit to provide hydrography controlled with equal strength on 
both shoots. 

If tho project is for tho rasurvoy of an area fairly wcll roprcsentod on oxisting charts 
it may be practicable, a t  tho start of tho projcct, to lay out slieots covoring tho ontiro 
area. If tho project is for the survoy of a comparatively unknown area, it may bo 
proforable to extend tho shoot layout from tinno to timo, as more dctailed information 
rclativc to the aroa bocomos available. 

A convoiiicnt mothod for making this layout is to construct on tracing cloth an 
outline of eacll approprintely sizcd shoot according to the scalo of the publishod chart 
on which tlie layout is to be made. Tho tracing cIoth containing tho limitsmay then 
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be Placed on the chart and shifted about until the best positioq for the sheet is deter- 
mined, In  a simplo area it will be easy to lay out successive sheets by this method to 

Where the area is complex it is frequently neces- 
sary to try various successive layouts of sheets before the most practicable and eco- 
nomical one is found. As tho best position for each shoet is determined, the four corners 

be pricked through the tracing with dividers and joined by straight lines on .the 

the entire area of tho project. 

layout . 
TABLIII 1.-Scale equivalents for laying out sheets 

Scale One inch equals 

Nautica 
miles 
0.034 
.069 . 137 . 274 . 548 
.822 

1.096 
1. 371 
1. 645 
2. 741 
5.482 
6. 853 

13. 706 

Statute 
miles 
0.039 
,079 . 158 
.316 
. 631 
.947 

1. 263 
1. 578 
1.894 
3. 157 
6. 313 
7.891 

15. 783 

One centimeter 
equals 

Nautica 
miles 
0.013 
.027 
,054 
, 108 
. 216 
, 324 
.432 . 540 . 648 

1.079 
2. 158 
2. 698 
5. 396 

Statute 
miles 
0. 016 
.031 
.062 . 124 
, 249 
.373 
.497 . 621 . 746 

1. 243 
2.485 
3. 107 
6.214 

One nautical mile 
equals 

Inches 
29. 185 
14. 593 
7. 296 
3. 648 
1. 824 
1. 216 
0. 912 . 730 . 608 . 365 . 182 . 146 . 073 

Centi- 
meters 
74. 13 
37. 06 
18. 53 
9. 27 
4. 63 
3. 09 
2. 32 
1. 85 
1. 54 
0 93 
.46 
.37 
. 18 

One s ta tute  milo 
equals - 

Inches 
25. 344 
12. 672 
6.336 
3. 168 
1. 584 
1.056 
0 792 . 634 . 528 
. 317 . 158 . 127 
.063 

Centi- 
meters 

64.37 
32. 19 
16.09 
8. 05 
4. 02 
2. 68 
2. 01 
1. 61 
1. 34 
0. 80 
.40 . 32 . 16 
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1364. Subplans 

Sheets containing small detached areas of hydrography shall be avoided, if practi- 
cable. This can usually be accomplished by placing a subplan, or insert, on the 
smooth sheet, a t  the same or an enlarged scale. 

If it is impracticable to include, in the original sheet layout, an entire area on 
several standard size sheets, and a small section remains that is necessary for effecting 
a junction with a prior survey, it is frequently practicable to include such area a9 

a subplan on an unused portion of the adjacent sheet. Such subplans must always 
be included on the sheet of comparable scale closest to the area. 

Where a small harbor, anchorage, or other area needs to  be surveyed at  a larger 
scale than the remainder of the inshore coastal waters, it likewise may frequently be 
included as a subplan on the sheet which includes the area. 

It is to be noted that boat sheets are not necessarily similar in layout to the 
smooth sheets and there is no objection, and in many cases there is a decided advantage, 
in surveying on separate boat sheets such areas as are discussed under this heading. 
The results of several boat sheets may be included on one smooth sheet. (Sce 3222.) 

(See 7751.) 

1365. Layout Made in Washington Ofice 

Infrequently the sheet layout for the project is made in the Washington Oflice 
a t  the time the project instructions are writton, and is furnished with them. This 
may occur when the results of the survey are urgently needed and it is necessary to 
furnisb the boat and smooth sheets to the field party without delay. 

It is also necessary if lithographic reproductions of planimetric maps are to be 
furnished for use as boat and smooth sheets. 

To take advantage of the economy of lithographic reproductions it is often nec- 
essary to sacrifice certain desirable features of layout. When a proposed layout, based 
on planimetric maps, is made in thewashington Office, it  will be submitted to the 
Chief of Party for inspection and approval, if time permits, before the boat and smootb 
sheets are constructed. (See 733.) 

1366. Dog-Ears 

It is sometimes impracticable to determine in advance the exact limits of a hydro- 
graphic sheet. Because of developments during the progress of the survey or the 
location of control, it is occasionally desirable or necessary to use a control statioD 
which falls a short distance bey.ond the limits of the sheet as originally laid out, Thi@ 
is accomplished by adding a small section of paper, called a dog-ear, to the boat shed 
and plotting the station thereon. While there is no Objection to the use of dog-ear@ 
on a boat sheet, there is serious objection to their use on smooth sheets, and they ara 
not to be tolerated on the latter except in en emergency. (See 7121.) 

137. SUPPLIES AND EQUIPMENT 

. After the receipt of the project instructions, a review must be made to dotermine 
whether the ncccssary survey equipment and instruments are on board, and if not, 
they should be requisitioned from the Washington Office in ample timo for their a8’ 
sembly, possible overhaul,. ,shipment, and receipt before needed for nctual survey 
operations (see 432). 





Personnel 

In  charge (plotting)---- 
Left angleman - _ _  - _ - - - - 
Right angleman _ _ _ _  - _ _ _  
Recorder _ _ _ _ _ _ _ _ _ _ _ _ _  
Fathometer attendant_- 
Leadsman _ _ _ _ _ _ _ _ _ _ _ _  
Leadsman’s assistant--_ 

Engmeer _ _ _ _ _ _ _ _ _ _ _ _ _  
Additional seamen _ _ _ _ _  
Chronograph attendant- 
Radio technician- - - - - - 
Bomber- - - - - - - - - - - _ - - 

Coxswain or helmsman- 

TABLE 2.-Personnel of survey units 

1 1 
- - - - - - - - _ - - 
_ _  _ _ _ _  1 

1 1 
- - - - - - _ - - - - - 

1 1 
1 1 
1 1 

_ _ _ _ _ _  1 
2-4 _ _ _ _ _ _  

_ _ _ _ _ _  _ _ _  _ _ _  
_ - - _ _  - - - - - - - 
- - - - - _ - - - - - - 

11 Launch 11 Ship 
hydrography. hydrography 

Personnel 

Officer-in-charge, conning ship- 
Officer, bridge attendant, re- 

cording .___ - - _ - - - - - - - - - - - - 
Observer reading T-W sheave.. 
Observer checking T-W sheave 

readmg____-______-_______ 
Inclined angle observer- - - - _ _  - 
Vertical angle observer_- - - _ _  - 
Recorder (for sun azimuth) _ _ _ _  
Pelorus attendant- - _ _ _ _ _ _ _ _ _  
Helmsman__________________ 
T-W apparatus attendant- - - - 
Chronograph attendant - - - - - - 
Chronometer attendant - - _ - - - 
Bomber__-___-_____-_- - - - - -  
Fathometer attendant _ _ _ _  - - - - 
Radio technician _ _ _ _ _ _ _ _ _ _ _ _  
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datum. The number of stations required depends on the character of the area; where 
the flow of tide is restricted, numerous gages may be required to determine accurate 
tidal constants. 

1431. Sites for Gages 

The selection of sites for the tide gages to be used in a hydrographic survey is usu- 
ally made in the Washington Office and is specified in the project instructions. If on 
arrival at the working ground the selected sites are found to be impracticable, the Chief 
of Party may make necessary substitutions, but he must advise the Office of such 
changes and the reasons for making them. 

1432. General Plan for Tide Stations 

In  establishing tide stations in an area, the general plan is to install a standard 
automatic gage at  a central point to serve as a control station to be maintained in 
operation during the entire period covered by the survey. In some cases, an existing 
primary tide station in the general vicinity of the project may be used as the control 
station. As the work progresses, secondary tide stations are established at  other places 
in the immediate locality being sounded, the distribution depending on the change in 
the tide from place to place. When practicable, observations at  each secondary station 
shall be continued over a period of not less than 2 weeks. A portable automatic gage 
is usually used for this purpose. A discussion of locations for the secondary tide stations 
is contained in paragraphs 168 to 177 in Special Publication No. 196, Manual of Tide 
Observations. Detailed descriptions of the tide gages with full instructions for their 
installation p a y  be found in the same publication. Officers must thoroughly familiarize 
themselves with both types of gages and their operation. 

1433. Bench Marks and Leveling 

A t  each tide station there must be a tide staff conncctcd by levels with a t  least 
three substantial bench marks, so located that they will not all be likely to be destroyed 
by a common cause. Search shall be made for all old bench marks in the general 
vicinity, their present condition shall be noted, and the old descriptions revised if 
necessary. So far as practicable there should be maintained in every locality where 8 
tide staff is installed, or where tide observations have previously been taken, at least 
five bench marks in good condition. Any deficiency found at  the time of visiting such 
a site should be corrected by the installation of new bench marks. New bench marks 
should be clearly described so that they may be readily recovered and identified. All 
the bench marks recovered and established should be connected by levels with tho 
tide staff. 

In  assigning numbers to new bcnch marks, the duplication of numbers previously 
used in the same locality for othor bench marks, whcthcr destroyed or extant, shall be 
avoided. When a bench mark of anothor organization is recovered and connected by 
leveling with the Coast and Geodetic Survey bench marks, the number or name assigned 
it by the organization is to be rctained with such additional abbreviation as may bo 
necessary to identify the organization. 

When a tide gage is discontinued, check levels between the tide stair and not less 
than three bench marks shall be run to ascertain whether there has been any change in 
the elevation of the tide staff during the observations. These levels shall bo recorded 
on F~rm 258, Leveling Record-Tide Station, and immediately forwarded to the Wash- 
ington Office. 
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Instructions relating to tidal bench marks and levelinglare contained in paragraphs 
97 to 112 of Special Publication No. 196, Manual of Tide Observations. 

1434. Tide Station Reports 

A report on the establishment of each tide station shall be made in duplicate on 
681, Report-Tide Station. , The record of levels, with descriptions and reports 

On bench marks, shall bo entered on Form 258, Leveling Record-Tide Station. The 
report on the establishment of the station and the record of levels should be forwarded 
to the Washington Office hmediatoly after the installation of the tide station has been 
'OmPleted. The location of each tide station and the points at  which tide observations 
are taken with the Dorsoy Fathometer (see 1436) must be plotted on the hydrographic 
sheet (see 7865). 

1435. Tide Records 

Records from the automatic tide gages are to bo forwarded to the Office as promptly 
" Possible after the data required by the field party have been extracted. When the 
Observations at  any tido station are terminated, a notation of the hour and date of the 

1436. Offshore Tide Observations 

should be entered on the last marigram tdmn from the gage. 

Because of the high precision of the Dorsey Fathometer (see 524, i t  is possible to 
To obtain results of acceptable accuracy, 

the sea should bo relatively calm, the position for the observations should be selected 
where the bottom is lcnown to be level, and the vessel should be anchored with a 
l n i n h m  length of chain. 

Tide observations by this method are of vdue for determining the characteristics 
Of the tide at  a considorable distance from shore and in areas nearer shore where differ- 
ences in range and time of tide are suspected. When such observations are correlated 
with simultaneous tide records at  shore stations, th6 latter may be adapted for use in 
the reduction of offshore soundings. The observations to be of most value should be 
~ontbuous Over at  least a 25-hour period, and a considerably longer continuous series 
"highly desirable. As a on the accuracy of the results, repeat observations 

For observing tides, echo soundings should be read at regular consecutive intervals 
Of not Iess than 15 minutes, recorded on Form 277, Tides, and plotted on cross-section 
paper, Irregularities in recorded heights can then be eliminated by sketching a smooth 
Curve from the plotted values. Both recorded and adjusted heights should be included 
In the data fornard4 to tlio Washington Office. A report should accompany the 
record, giving the latitude and longitude of the observations, the condition of the sea 
(height of waves, swell, otc.), the depth of water, amount of chain used in anchoring, 
and an interpretation of results with an estimate of accuracy obtained. When n graphia 
yecorder is used, the originalfathogram should also be sent to tho Office to aid in the 
interpretation of results. 

Tide observations in oflshore areas have been made with apparatus of European 
Operated from a ship at  anchor or installed on the ocean bottom and marked 

with a buoy for future recovery. The principle of operation consists of the measurement 
Of 'he change of pressure as the tide rises and falls. 

A proposal has been made by the British that tides be measured by placing tho 
and receiving unit of a recording echo-sounding instrument on the sea 

with it the tide in offshore areas. 

be made during different pcriods at  the same position. 
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bottom, directed vertically upward, to obtain an echo from the water surface, thus 
measuring the rise and fall of the tide. 

14.37. Tide Observations by Radio 

Tide observations, especially in flood-control work, are also obtained by means of 
an automatic gage that broadcasts the height of the, tide by radio to the survey party. 

14,4. COMPASS DEVIATIONS 

For the accuracy of hydrographic surveys and the safety of the survey vessel it 
is essential that the errors of magnetic compasscs be kept to a minimum and that 
their amounts be accurately known (see 4414 and 4415). 

Each survey ship and auxiliary vessel equipped with a magnetic compass shall be 
swung to determinc the compass errors, which shall be compensated for, so fnr as 
practicable, at  the following times: 

(a) After any extensive lay-up period in port, before proceeding to  ea. 
(b )  On the working grbund a t  the beginning of each 8etwon’s work. 
( c )  During the field mason whenever there is evidence of an important change in the deviations. 

The ship shall be swung and the compass compensated according to the instruc- 
tions in Special Publication No.,96, Instructions for the Compensation of tho Mag- 
netic Compass. The results of the ship swing are recordcd on Form 354, Observation 
of Compass Deviations, and coniputed on Form 355, Computation of Compass Devia- 
tions, and Form 356, Analysis of Compass Deviations. 

The deviations of the magnetic compass uscd in hydrographic surveying shall be 
entered on page 1 of the first volume of the Sounding Records of each hydrographic 
survey and, if changed during the survey, the new values shall be entered in the 
appropriate volume, with the date of their applicability given (see 819c). 

A deviation table on Form 261, containing the mosh recent values, shall be posted 
in the pilothouse or chartroom of every survey vcssel. 

1415. WEATHER 

A study of the meteorological conditions is of paramount importance, not only for 
the safety of the vcssel, but also for efficient planning of the survey operations (see 1333). 
For the safety of the vessel, tho regular Government forecast will usually suffice. 
Major weather bulletins are issued daily via tho United Ststcis Naval Radio Stations 
and many special local brondcasts are made by certain spccified radio stations. 
Condensod data pertaining to the broadcasts are contained in chapter 1 of cach 
United States Coast Pilot. Additionnl information on wcntlicr broadcasts will be 
found in the publications issued by the United Statcs Weathcr Bureau, and in Rydro- 
graphic Office Publication No. 206, Radio Weather Aids to Navigation (1941). 

1451. Transmission of Weather Reports 

Regular weather reports should not be sent from vcsscls of the Coast and Gcodctic 
Survey unless specific arrangements have been made with tho United States Weather 
Bureau. When engaged in offshore operations or whon surveying in isolatcd localities, 
the Chief of Party shall ascertain from the Weather Bureau if rcgular rcports are 
desired and, if so, he shall collaborate in furnishing them. Such reports should be 
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are accompanied by a pearly translucent appearance of the sky to seaward for a few 
degrees above the horizon. 

When operating in an island area, i t  is frequently possible to find clear and com- 
paratively calm weather on one side of an island or group of islands when there is fog or 
stormy weather on the other side. 

Fog, haze, smoke, and other atmospheric conditions seriously interfere with most 
survey operations, and when these are prevalent, the few days of good weather which 
intervene must be taken advantage of to the fullest extent. A shift in the wind, or 
change in barometric pressure, is often accompanied by local clearing weather which 
cannot be foreseen from the Government weather broadcast. 

When a survey vessel operates in an area of consistently bad weather, concerning 
which there is little information, a detailed report of the conditions found, and how 
best to take advantage of them, shall be made in a special report, in order that the 
information may be utilized by future survey parties operating in the same locality. 
(See 8584.) 

15. MISCELLANEOUS PROJECT OPERATIONS 

151. STANDARD TIME 

Standard time shall be used in all hydrographic surveys, the hours being numbered 
consecutively from 0 (midnight) to 23 (1 1 p. m.), When applicable, tho standard 
meridian used must always be noted. This is important in all records to  be reduced 
for tide and in records of astronomic observations. 

It is not necessary that the standard meridian used be that of the standard time 
zone in which the project is located. A party may keep its clocks set to daylight- 
saving time or any other time, if desired, but the standard meridian corresponding to 
the clock time must be noted. If the project is locatcd in two standard time zones, 
one standard time shall be selecbd for use, and the standard meridian noted in the 
records. 

152. TIDE PREDICTIONS 

A knowledge of the approximate tide is necessary in connection with almost all 
operations of a hydrographic survey party. This is essential for planning work that 
should be done a t  a certain stage of the tide. No party should ever be permitted to 
leave the ship or a shore base without these data. It is frequently sufficient to know 
the predicted times and heights of the high and low waters, a mental interpolation 
sufficing for intermediate values. 

For some of the operations more exact values are necessary. When the hydro- 
graphic survey is of an area with a comparatively large range of tide or whcre the bottom 
is even, predicted tides must be used for the preliminary reduction of soundings for 
boat-sheet plotting. They are necessary also when determining the least depth on 
a shoal. These predictions may usually be obtained with sufficient accuracy from the 
Tide Tables (see 1521), but in some instances a predicted tide curve may be needed and 
will be furnished by the Washington Office, upon request. 

1521. Predictions From Tide Tables 

When the Tide Tables are used, the procedure is as follows: 
(1) From table 2 find tbe tide differences applicable to the area being surveyed. Apply these 

differences to the tide predictions for the reference station and obtain the corresponding times and 
heights of the high and low waters covering the poriod of tho work. 
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(2) On cross-section paper, as illustrated in figure 4, plot the low- and high-water points A and E 

(3) Divide the connecting line AE into four equal parts at points B, C, and D. 
(4) Take point B' vertically below B and point D' vertically above D, at a distance equal40 

(6) Draw an approximate sine curve through points A, B', C, D', and E. This curve will closely 

On the tide Curve thus constructed the points at  which CLmges in reducers occur 
Thus, when the reducers are desired in integral feet, 

in accordance with the time and height coordinates. 

One-tenth of the range of tide. 

approximate the actual tide Curve and the required data may be readily scaled from it. 

can then be marlred (see 8224). 

-10 i-l"ri----. 

- 

- 

- 1  

- 8  

-1  

-. 

- 2  

- 1  

0 

+ I  

+ 2  

15 -+-*- 

(When they are to be entered 
in Integral feet.) 

~ +1 fwt until 0624 - 
0 foot until 0990 

- 1 foot until 0936 
- 2  feel unlil 10:05 
-3 feet until 10:3T __ 
-4  feet until 11:OO 
-5 feet until 11:26 
-6 feet until 11:52 
- 7  leet until 1220 
-8 feet unlil 12:48 - 
-9 feet until 13:52 
-10 feet until 1420 

etc. 

- 

- 

I I I 

F I O ~ ~ E  4.-Oonstruation of predicted tido ~UVO. 

the curve should be marlred a t  points 0.25 above each foot tind the corresponding times 
A tabulation of reducers and times of change can then be talren from the 

and furnished to each unit before starting each day's work. 

1522. Predicted Tide Curve 

men a predicted tido curve for a reference station is furnished by the Washington 
Office, a time correction and rmgo factor will usually be necessary to make the curve 
'PPlicable to the project area. These corrections will generally be indicated on the 

by the Office. 
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The predicted tide curve furnished by the Washington Office is on a long roll of 
paper 6 inches in width. If it is to be used extensivcly it will be convenient to construct 
a small wooden box containing two spools, each of which can be turned by a crank. 
By these cranks the roll of paper can be wound from one spool to the other, passing 
over the flat top surface of the box where i t  is exposed to view between the two spools. 

a. Time correction.-If the tides in the area sounded occur earlier or later than 
a t  the reference station, the original numbering of the hour marks must be decreased 
or increased, respectively, by a corresponding amount. The hour marks on the tide 
curve are usually not numbered, but the beginning of each day can be identified by 
a double downward jog in the datum line. With a time allowance of $1 hour this 
double jog will be taken as 1:00 to adapt the curve to the working ground, but if the 
time allowance is -1  hour the double jog will be taken as 23:OO of the preceding day. 

b.  Range factor.-The allowance for the difference in range can be most conven- 
iently made by the usc of an improvised scale, on a strip of celluloid or paper, repre- 
senting the product of the original marigram scalc by the reciprocal of the ratio of the 
ranges, as takcn from the Tide Tables. Thus, if the marigram scale is 1/30 and the 
ratio of the ranges 0.8, then the improviscd scale will be 1/30X 10/8=1/24. The datum 
line of the marigram represents the mean sea level, which on the outer coast may be 
taken as practically the same as half-tide level. To obtain the heights of tho tide a t  
a given place, the improvised scale is placed on the marigram with its zero at  a dis- 
tancc below the datum line equal to the dcprcssion of tho plane of rcfercncc below 
mean sea lcvel or half-tide level. For the Atlantic Coast, this depression is approxi- 
mately the half range of tide at  the working ground. For the Pacific Coast, it wil1 
be the half range of tide plus the diurnal low-water inequality. Where there have 
been previous tide observations in the locality, the relation of the plane of reference 
to half-tide level can usually be taken directly from thc bench-mark data. 

Where previous tide observations are not availablc, an approximate setting of the 
improvised scale on the datum line can be obtained by multiplying the ratio of the 
ranges for the working ground by the dcprcssion of the datum plane below mean sea 
level a t  the reference station. The depression can be found in the List of Reference 
Stations preceding the daily predictions in the Tide Tables. Thus, if the ratio of 
the ranges a t  Oakland (the working ground) is 1.2 and tho plane of reference a t  San 
Francisco (the reference station) is 3.0 fect below mean sea level (from List of Reference 
Stations), then the setting of thc! scale on the datum line of the marigram would be 
3.0 fcet X 1.2=3.6 feet. 

153. MAGNETIC OBSERVATIONS AT SEA 

Magnetic observations at  sea with special instruments will ordinarily be taken 
on a nonmagnetic vessel or on a survey vesscl 'by an observer especially trained for 
this work. When such observations arc desired, special instructions will be issued for 
them. 

Recent experiments have discloscd that, under the bcst conditions, a ship swing 
may be made in a nonmagnetic small boat which will givc a reasonably accurate value 
of tho magnetic variation. If practicable, the swing should be made where there is 
a depth of water of 50 fathoms or more so that the compass is not likely to be influ- 
enced by any local magnetic attraction in the ocean bottom. 

The boat selected for this purpose should be as free as possible from magnetic 
materinl. Bronze fittings should be substituted for iron fittings whcre practicable, 
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as for cxamplo the iron oarlocks. Two wooden outriggcrs are constructed from 4- by 
4 - k h  by 16-foot lumber and installed tomporarily athwartship on thc gunwalcs, one 
formud and one aft. TO tho four ends of the outriggers are hung four canvas sea 
anchors, cach approximately 36 inches in diameter. The sea anchors should be sus- 
pended wcll bolow the surface of the water, so they will be beneath any wave 
motion, and bc weighted by 16-pound sounding leads to ensure that tho lines supporting 
them will bo taut a t  all times. Thcsc sca anchors are for tho purpose of minimizing 

rolling motion of tho boat. 
Tho obscrvations may be made on a ship standard magnetic compass, but a special 

sPhcrical-typc com1)ass is prefcrablc if availablc. Tho spherical glass top magnifics 
the compass card, wllich is oquippcd with a shadow pin of sficient height to pcrmit 
the magnotic bearings of the sun to bo read directly, provided its altitude is not too 
great. Tho compass should bo mounted on a stand in the center of the boat. No 
lrOn nail$, bolts, or other magnetic mota1 should be within 4 feet of the compass. 

Tho same mothod is used in swinging a small boat as in swinging ship (see 4415). 
man a t  thle stcoring oar stands whore he can scc the compass and steadies the boat 

oac11 desired ]loading. A swing to thc right on 24 headings is immcdiately followed 
by a similar swing to t11c left on tho same headings, four obscrvntions on tho sun being 

on cach hcading. 
This mctllod 07 making magnotic observations should be attomptcd only when 

the S C ~  is comparatively calm. When the survcy ship is engaged on offshore sounding 
it is frcquontly practicable to Iowcr a boat party to makb the obsorvations, pick- 

ing it up again on a return sounding linc, with very little delay to the progress of the 
work. A complete sct of such observations can bo made in about 2 hours. . 

Azimuths may bo obtained by observations from tho boat, on the sun or on a 
distant land object whoso position is accurately known, or from land by an obscrver 
at a known position. In  thc second case tho position of thc vessel or boat should bo 

a t  tho time of cach observation. 

154. SURVEY NUMBERS 

1 ~ 1 .  Field Numbers 

For convenicnt reforoIlcc during tho scason, cach hydrographic shcet sh l1  bo 
assigned a field number. This field reference number shall be composed of tho first 
two lctters of the name of thc survey vcsscl, followed by a 4- or 5-digit number, the last 
two digits of which represent tho year, the third from the last representing tho number 
Of the shoat in tho series, a11d tho first onc or two numbcrs reprcsenting tho scale, 

For examplo: 
Oc--S341 would designate third 1: SO,OOO scdc shcot initiated by the ship Oceanogra- 
pher in 1941. Tho final two digits roprescnt tho calendar year in which the survey was 
jnitiatcd, or the number was assigned, nnd arc not to bo changcd if the survey extends 
into the following calendar year. 

For tho Sam0 use each topographic shcot shall bo dosignatcd by a capital letter 
assig.ncd in alphabetical order during tho scason, a new scrics starting with “A” each 
sca90n. The coInpleto rcfcrencc shall be composed of the first two lettors of tho name 
Of Ihe survey vcsscl, followed by the capital letter, followed by tho last two digits of 

For cxample: Ex-B-41 would indicate tho second 
topographic shoot initiated by thc ship Explorer in 1941. 

Scr~lc largcr than 1:10,000 being indicatcd by a zcro as the first digit. 

Year, all connected by llyphcns. 
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Prior to the assignment of registry numbers, the field designation shall be used to 
refer to a survey in all correspondence and reports relating to it, and on all applicable 
progress sketches and sheet layouts. The field number shall be shown in one or more 
places on the back of each sheet when it is forwarded to  the Washington Office (see 
3213 and 793). 

For surveys of the Philippine Islands, registry numbers are assigned by the Manila 
Office a t  the time a project is planned and there is, therefore, no need for the use of 
field numbers. 

1542. Assignment of Registry Numbers 

Each season, as soon as it can be ascertained with reasonable certahty, the Chief 
of Party shall request from the Washington Office the assignment of registry numbers 
to the hydrographic and topographic surveys that will be completed during the current 
season. A registry number will then be assigned for each field number. Such a 
number consists now of four digits preceded by the capital letter H- or T- idcntifying it 
as a hydrographic or topographic survey. Thesc numbers have no geographic or cal- 
endar significance. Numbers should not be requested for surveys which have been 
started, but of which there is some doubt as to their completion during the season. 

Topographic surveys made on both sides of aluminum-mounted sheets should be 
definitely identified on the list requested, as each aheet is assignedone registry number, 
its two sides being identified by sub-a and -b letters. Topographic surveys made on 
Whatman’s paper should also be identified on the list as they ar? assigned numbers 
from a different series than that used for aluminum-mounted sheets. 

The request for registry numbers should be accompanied by a complete sheet lay- 
out diagram showing the field numbers, unless such layout has been shown on the 
monthly progress sketch. The diagram should be made in black ink so that photo- 
graphic copies may be made. 

1543. Use of Registry Numbers 

After a registry number is known, it shall be used in lieu of the ficld number in all 
correspondence, .reports, etc. The registry number shall be clearly shown in one or 
more places on the back of the boat sheet and smooth sheet (see 3213 and 793), when 
they are transmitted to the Washington Office. It shall likewise be shown in the appro- 
priate space on every record relating to the survey. In all correspondence and in the 
text of all Descriptive Reports, etc., each reference to registered hydrographic and 
topographic surveys shall include the year of the survey in parentheses aftcr the registry 
number, thus: H-6381(1939). 

When hydrographic and topographic surveys are received and registered in the 
archives in the Washington Office, the registry number is stampod prominently on the 
back of each sbeet in all four corners and is placcd on the face of thc sheet as part of the 
title of the survey. Infrequently, due to unforeseen circumstances, the registry number 
assigned to the field party is changed in the Office. In  such cases, appropriate correc- 
tions will be made in all the records and reports pertaining to that survey. 

155. LANDMARKS FOR CHARTS 

A report on landmarks for charts on Form 567 is required from practically all Chiefs 
During the progress of the survey, each member of the party should note all of Party. 

objects which will scrve for this purpose. 
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Landmarks on charts are for the aid of the mariner navigating the adjacent waters, 
and the objects recommended for this purpose should be selected with this fact in mind. 

should be such as could be used for control objects by a hydrographic survey 
Party, except that o d y  the most prominent of these are of value. 

The selection of objects should be made as the offshore water area is sounded, 
since from this viewpoint an adequate selection is relatively easy. When the selection 

made by a survey party based on shore or engaged in land operations, extreme care 
necessary in making a selection. Objects not visible from the water should seldom be 

if practicable, an inspection should be made from the water area to determine 
the value of tho objects reported. The report should state whether or not this inspection 
has been made. 

The report on landmarks should cov'er the entire area surveyed during the season 
and should be based on an over-all study of the area. Form 567 should not be submitted 
fop each hydrographic or topographic survey. Where there is a plethora of landmarks 
ln U Y  given area only those of special importance or prominence should be reported. 

contrast, howcver, objects of Iessor prominence may become important in an area 
where there is a paucity of landmarks. It is desirable that there be a proper distribu- 
tlon of landmarks rcportcd rather than a concentration of a large number in a small area. 

Usually landmarks important enough to be listed in the report will have been 
located by triangulation or topography during the progress of the survey. For land- 
marks not so located, in areas covered by the planimetric maps of this Bureau, it will 
usuallY be practic&le to locate them with sufficient accuracy by reference measuroments 
to identifiable detail on the maps. In  one test of this method, seven landmarks were 
located which were subsequently located by triangulation. A comparison of the 
resulting positions gavo an average difference of location of only 1% meters, with the 
largest discrepancy 4 meters. 

A report of landmarks to be deleted from the charts because no longer existent 
Or not promincnt is also important, and should be submitted on Form 567 at the end 
Of A systematic check should be made of the charted landmarks tis the season. 

progresses. 
Instructions for the preparation of Form 567 are given in 8534. 

1551. Objects for Use in Locating Aids to Navigation 

The personnel of United States Coast Guard tenders use the three-point fix method, 
\uherever possible, to locate floating aids to navigation and to replace them on their 

For their use in this work a special chart shall be prepared by each hydro- 
graphic party on which shall bo shown the objects, natural or artificial, best suited for 
th's Purpose (see 8533). 

During the survey each floating aid to navigation shall be visited for the purpose 
Of selecting by inspection the most suitable objects. These need not be restricted to 
landmarks recommended for charting; if there is an insuificicncy of these in the most 

locations, they should be supplemented by less prominent objects, visible 
from the respective aids, and located specifically for this purpose. Permanent objects 
not likely to bo destroyed or moved shall be selected. The use Of beacons, range marks, 
targets, etc., should be avoided. If threc suitable objects cannot be seen, two objects 

be noted, if practicnble, to which bearings can be measurod. 
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156. STATISTICAL AND COST DATA 

Each Chirf of Party is required by the Regulations to submit certain statistical 
and cost data relative to his field work. Among the forms required for this purpose 
are: Form 20a, Monthly Report and Journal of Field Party; Form 21, Statistics, Cost, 
and Summary of Field Work, and Form 615, Summary of Monthly Rcports and Jour- 
nals of Field Party and Cost Apportionment, the two latter required a t  the end of 
each season; and Form M-1133-5, Annual Statistical Report, which is submitted at ‘the 
end of the fiscal year. 

For use in preparing the required seasonal and annual reports Form 208 should be 
complete and accurate; the cost data should correspond with those on Form 474, State- 
ments of Allotment Balances, and the sums to date of the entries for each fiscal year 
should agree with the total encumbrances or total payments appearing on the State- 
ments of Allotment Balances for the various appropriations. 

As a convenience in the preparation of these and other forms, each Chief of Party 
should have memoranda kept of the various items involved as the work progresses, as 
this will save extensive examination of the records and will avoid a rcliance on memory 
a t  the end of the season. Planning of the field operations with the preparation of 
these reports in mind will aid in their compilation. 

A commendable practice is the inclusion in the season’s rcport of a chronology of 
the important events occurring during the season. Memoranda kept of these as they 
occur will greatly facilitate the preparation of this report. 

(See also 851.) 

157. CURRENT SURVEYS 

A knowledge of tidal and other currents is of great importance to the mariner, and 
current observations are required upon which to base published current predictions. 
Systematic current surveys are usually made by survey parties especially organized 
and instructed for this work, and long series of current observations are made from time 
to time by the personnel of lightships through the cooperation of the United States 
Coast Guard. 

In  areas where currents of importanoe to navigation occur and detailed current 
surveys have not been made, current obscrvations should be obtained by the hydro- 
graphic party. Especially valuable are current data obtained in calm weather from 
survey vessels at  offshore anchorages. The current should be mcasurcd with current 
pole and line in accordance with the procedure outlined in Special Publication No. 215, 
Manual of Current Observations. To be of material value the observations should 
cover a period of not less than 25 consecutive hours, although shorter series, such as 
overnight observations, will have some value when the longer series cannot be sccured. 

158. NAVIGATION AND SEAMANSHIP 

A knowledge of and experience in the technique of surveying is of little practical 
value in hydrographic surveying unless supplemontcd by a proficiency in navigation 
and seamanship; in fact, skill in many phases of hydrographic surveying can scarcely 
be attained, or is almost useless, without an accompanying ability in navigation and 
seamanship. The operation of sounding from a vessel underway frequently requires 
navigation of the highest order, and many of the conditions which are encountered 
almost daily by the hydrographer arc met by the average mariner only in emergencies. 
A knowledge of how to navigate and handle his vessel under all conditions and of the 
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(6) It must not be assumed that the ship will pass at a safe distance from a danger just because 
the ship's position plots at what seems to be a safe distance from the charted or plotted position of 5 
shoal. Charted positions of shoals are occasionally inaccurate from having been charted from reports 
or inadequate data. 

(7) When approaching a possible danger at the time of relieving the watch, the officer-in-charge 
of the bridge shall remain in charge until the danger has been passed, or until the relieving officer has 
familiarized himself thoroughly with the situation and feels entirely competent to  assume charge. 
Any subordinates from the first watch whose services are deemed desirable shall likewise be retained. 

1582. Small-Boat Landings 
(8) Refer also to 361. 

Therc is perhaps no one phase of seamanship so essential in hydrographic surveying 
as competency in handling srnall boats and making landings on exposed coasts. Most 
hydrographic surveys consist of operations hlong the coastal a k a  where the sea meets 
the shore, and where the greatest danger lics. The very nature of the operations re- 
quires the use of small boats and repeated landings on the shore. An important feature 
of the training of new membcrs of a crcw a t  the beginning of each field season is to 
familiarize them with these duties and to provide evcry opportunity for them to acquire 
practice. 

Officers and a crew who are experienced lifeboatmen and seamen are essential in 
hydrographic surveying, but it must not be assumed that one who is an otherwise 
competent seaman has the necessary knowledge and experience to make small-boat 
landings under dangerous conditions. This is an art in itself, requiring a special knowl- 
edge and skill only acquired by practical experience and which many seafaring men never 
have occasion to practice. When undertaken by the inexperienced, the danger involved 
can scarcely be overestimated. 

The subject is adequately treated, insofar as practicable in text, in many treatises 
on seamanship, and these should be studied thoroughly and revicwed a t  the start of 
each field season (see 9532). The rules published by the Royal National Lifeboat 
Institution on the subject are very helpful. Some valuable comments on coast landings 
are included on page 2, Alaska Coast Pilot, Part IL. An almost infinite variety of 
conditions may be encountered, and the method adopted must vary to meet them 
successfully. This Manual can only emphasize the importance of the following in 
connection with small-boat landings under diacult conditions: 

Use only experienced personnel. 
Conditione never appear a8 dangerous from seaward as they really are. 
Always use a steering oar, never a rudder. 
Keep the boat under control at all times. 
The outermost of a series of breakers is much the heaviest. 
In  a strange locality, lie-to outside the breakers to study the particular conditions before attempt- 

The one great danger, when running before a broken sea, is that of broaching-to. 
A number of heavy swells are often followed by a short and comparatively mild interval. 
Launching a boat through breakers is a more difficult and exhausting operation, though not 

An entirely different technique is required on a steep rocky shore from that required on a gently 

ing a landing. 

necessarily a more dangerous one, than making a landing under similar conditions. 

sloping sand beach. 
2'583. Flags 

Flags shall be displayed by vessels of the Bureau as follows: The national ensign 
at the flagstaff and the Union Jack a t  the jack staff in port or at  anchor from 8 a. m. to  
sunset; the national ensign a t  the gaff at  sea during daylight when in sight of land or 
other vessels; and the service flag a t  the fore truck when the national ensign is displayed. 
The commission pennant shall be flown at  the main truck at  all times. 
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unit ,and the survey ship, all gathered into one comprehensive report (see 385). 
The report should be submitted in duplicate, the information to be contained therein 
and the manner in which it should be furnished being described in 912 and 916. In 
all cases where the information in the published Coast Pilots is found to be accurate 
and adequate, a statement to this effect should be included in the report. 

Such data should not be made a part of the Descriptive Report or if they are 
included therein they should be rcpcatcd in the special coast pilot report. 

Important information and especially anything affecting the safety of navigation 
should be forwarded to the Washington Office a t  once and dangcm to navigation dis- 
covered should be reported by radio. 

1591. Photographs 

Photographs of field activities, personnel, and equipment, particularly when they 
illustrate actual survey operations, are of considerable value. ChioEs of Party are 
directed to have such photographs taken whenever practicable and forwarded to the 
Washington Office. Photographs are particularly needed illustrating new equipment, 
new types of apparatus, and the various kinds of signals and buoys. Photographs w e  
also needed illustrating new techniques of actual field opcrations. 

Photo- 
graphs should be comparatively large or be taken with a camera that will permit 
subsequent enlargement. An effort should be made to obtain sharp distinct ‘outlines 
and decided contrasts. A photograph of a piece of equipment or othcr inanimate 
object should include a person standing nearby or an object of lrnown size to show 
relative size. 

Photographs intended for illustrations in Coast Pilots should bo taken from a 
position where the view would likely be most useful to the mariner, such as when mak- 
ing a landfall. In  a region where the coast may be closely approached with safety, 
photographs of distinctive features which can be identified during low visibility are 
especially useful. The titlo 
of a photograph intended for a coast pilot illustration must always include a statement 
of the distance of the feature and the direction toward which tho camera was pointed. 

The negatives or duplicate prints of illustrations for a season’s or special report 
should be submitted scparatcly so that the report will not be mutilated by removing 
the photographs for registration and filing. 

A photograph is useless unless it is accompanied by certain descriptive and his- 
torical data. Each photograph or ncgativc should bo accompanied by Form 6238, 
Photographic History, on which information should be furnished for items 3 to 8, 
inclusive, and item 13. The descriptive title should br, sufficiently comprehensive to 
leave no doubt regarding any feature of the photograph. After a negative has been 
registered, prints may bo ordered by reforoncc to the registry number. 

Negatives are preferable to prints since they afford better reproduction. 

In  this case they should be taken close to the feature. 

16. GEOGRAPHIC NAMES 

Correct geographic names are essential on evory nautical chart. In  wcll-populated 
areas many geographic names are soon well established in local usage because of the 
need people have for referring to the features in their vicinity. But oven in un- 
populated regions distinctive names for the more important geographic features are 
necessary for the intelligent use of charts and Coast Pilots. It is distinctly annoying 
and conducive to error to have to use latitudes and longitudes or long descriptive 
phrases to refer to geographic features. 
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as well as any authentic local maps. Copies of the latter, if obtainable, should be 
forwarded to the Washington Office with the special report on geographic names 
(see 163). 

For names not found on published maps and charts, well-established local usage is 
the best and practically only authority. It is sometimes difficult, howevcr, to ascertain 
whether or not a name is well established. Markers placed by an official agency 
such as a State highway department can usually be accepted as reliable evidence. 
Judgment is necessary in determining the reliability of persons questioned about names. 
Only those who have been long established in locality should be accepted as authori- 
ties; those whose business has an intimate connection with the land should be consulted 
about names of topographic features, but only those living near or who have interests 
connected with the water should be consulted about names of hydrographic fcatures. 
Newcomers in a locality may either not know or be indiffercnt about giving correct 
information, while others may intentionally mislead the inquirer for personal reasons. 

This is almost as 
important as knowing what the name is. Many common proper names may be cor- 
rectly spelled in two or more ways; for example, Jouett and Jewett, Anderson and 
Andersen, Paynes and Paines. The pronunciation of a name, no mattcr how common 
it seems, cannot be trusted as a guide to the spelling; for example, Reaves Point on Cape 
Fear River is not Reeves Point, Jourdan River in Mississippi is not Jordan River, and 
Centers Point in Maine is not Senters Point. Well-established local usage can gener- 
ally be accepted for the correct spelling of a new name, although it must be accepted 
with reservation for names that have historic background, particularly if the language 
of the present inhabitants differs from that of the original settlers. If the only authority 
for the spelling is local inhabitants, care must be taken to impress on them the im- 
portance of this feature. The spelling of new names may often be settled authori- 
tatively by reference to legal documents, 

Where names on federal maps and charts are found .to be in disagreement or to be 
in disagreement with local usage a rather complete report of the facts is required. Many 
such cases may be traced to careless spelling. There was a time when comparatively 
little attention was given to the spelling of names, and during the settlement and early 
development of the country the spelling of even the commonest words was unsettled 
and capricious. Even today the spelling of the names of some of the prominent 
citizens of that period is still in dispute because they themselves signed their own 
names variously to different documents. The spelling of foreign and Indian names 
which have been applied to geographic features is often particularly confused. 

A geographic name is usually applied to some particular feature which has identity 
like an individual. If the feature should cease to exist that name becomes meaningless 
and should be deleted from the charts. The practice of transferring a geographic 
name from one feature which has ceased to oxist to another similar feature in the 
locality leads only to confusion and should be abolished. A typical example is where a 
previous inlet through a barrier beach has been closed permanently and another similar 
inlet breaks through a few miles away. However, this objection does not apply to  
an inlet or point of land that has migrated from its original position. 

Errors in geographic names may occur because the name was incorrectly appliod 
to a feature by the surveyor. It may appear on a map or chart as referring to one 
feature whereas as used locally it applies to a different feature in the immediate vicinitj’. 

The correct spelling of a geographic name must be ascertained. 
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the Board on Geographical Names without further local inquiry by the Washington 
Office. 

164. ASSIGNMENT OF NEW NAMES 

In an unpopulated area which is being thoroughly surveyed for the first time on B 
large scale, names may be needed for previously unnamed features. When such 
features, in the opinion of the hydrographer, are important to navigation and will need 
to be referred to by navigators, in the Coast Pilots, or elsewhere, he should list them iD 
the Descriptive Report, recommending suitable names (see 165). 

So far as practicable, names of the type already in use in the area and that have 
some historic, incidental, or descriptive significance should be selected. Names with B 
historic significance are preferable and a little research will often disclose satisfactory 
names connected with the history or traditions of the place, some characteristic of its 
inhabitants, or some outstanding happening in the vicinity. Descriptive names are 
generally unsatisfactory because most of them have been used repeatedly and their 
assignment to new features only adds to the confusion instead of providing names 
which identify m intended. Such names as Grassy Point, Round Island, Green 
Island, Mirror Lake, and many other similar names are in such frequent use that they 
provide no useful identification. When the form or character of the feature is so unusual 
that a certain descriptive name identifies it beyond doubt then that name should be 
recommended. 

Generic 
terms are applied differently in different regions and predominant local usage in this 
respect should be followed. In 168 definitions are given of a number of water features 
and some guiding rules for other features, For shoals and submarine features the 
rules should be followed for all new recommended names; for all other features they should 
be followed where there is no conflicting predominant local usage. 

The recommended names should conform so far as practicable to the guiding prin- 
ciples of the Board on Geographical Names (see 1671). All recommendations will be 
reviewed in the Washington Office and when considered inappropriate others will be 
substituted before the cases are submitted to the Board for decision. 

The correct generic term should likewise be recommended for the feature. 

165. LIST OF GEOGRAPHIC NAMES IN DESCRIPTIVE REPORT 

In  addition to any other report or reports on geographic names (see 163), each 
Descriptive Report shall contain an alphabetical list of all of the geographic names 
lettered in pencil on the sheet when forwarded to the Washington Office (see 8433). 
If a special report covering all of these names has been or will be submitted, the infor- 
mation should not be duplicated in the Descriptive Report,'but the latter should 
contain a reference to the special report as the authority. The Descriptive Report 
should supplement the special report if new facts have been discovered relative to any 
of the names previously reported on. When the alphabetical list contains geographic 
names which were not reported in the special report, the Descriptive Report should 
contain all of the information available relative to them. 

Besides the above, the Descriptive Report should contain the hydrographer'@ 
-recommendations for names for important previously unnamed features (see 164). 
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1671. Decisions of the Board 

The full Board is composed of a number of federal employees representing the 
principal map and chart making agencies and a few rrprrscntatives of norifederal insti- 
tutions.’ 

The decisions of the Board are made by an executive committee of three members 
whose actions are from time to time reviewed by the entire Board. The drcisions are 
made available in mimeograph form to the pcrsons principally interested soon after they 
have been made. The decisions made each fiscal year are published in leaflet form, 
and a t  long intervals all of the decisions of the Board since its establishment uru 
published complete in ona consecutive alphabetical list. The sixth report of tho Board, 
published in 1932, is tho latest complete report. 

I n  general, the Board renders decisions only for cases which are submitted to it by 
the various federal agencies. The cases fall into three major classifications: first, 
where differences exist in name, spelling, or application on federal charts, maps, and 
publications; second, names for which cstablislicd local usage is found to din’cr from 
federal usage; and third, assigned names recommended by a federal agency for Iicrctoforc 
unnamed features. 

name is reported separately on n form to the Board, with 
all the information which the agency has nvnilnble relative to the various usages found 
on maps and locally. 

Many of the (mly dccisioris of tlic Board were i*athrr routine-atton tioii wtis 
mainly 011 varia tioris in spelling, local usagc was oftcn not  dctcrmincd, and definitions 
w e r ~  ixicomplete or indefinite-the tendency was to base decisions sololy 011 the informa- 
tion furnished by the agency submitting the case. In  recent years cach case lias been 
thoroughly invcstigated by the Board before a decision has been made. A thorough 
examination of past and prcsrnt map usage is made, with special emphasis placrd 011 

federal map usage. If it has not been done by the submitting agency, the Board also 
solicits information from local residents who am most likely to be familiar with the 
facts. Formcrly only the proper- names were considered by tlic Board, but current 
decisions include tlic generic terms as well. 

The Board follows certain guiding principles, which are not to be considered rules 
and from which it dcparts whonctvctr. it deems it advisablo to do so. The following a1*0 
some of the more importan t principlrs: 

Each case involving 

Euphonious and suitable names 01 foreign or Indian origin shoulrl he rc-tairied. 
me excessive duplication of extremely common names, cspocially withiu oiic Btatc, should be nvoidod. 
~ o w l y  aas4gned namcs in honor of living ~~cr8ons are not approved. 
Long and clumsily constructed names and nanios composed of two or morc words are to be avoided. If a two-word name is rswn 

only one name should be applied to a stream throughout ils entire irugth n u d  tlir nfliuo shoalti gcmc~rully follow up its longutrt 

Where practicable, indi’pondent names should he given to the branches of a river-such names as East Fork and North Prong 

The sprlling und ~~ronunciation which is in undisputed local usage should geocdly be adopted. 
The possossive form should be avoided when It cau bo done without destroying tho euiJhony of thc name or chnnRlng its mranlr1P 

Where two or mnre names lor the samp feature appear to bo eriually estahilsliod in lord 11% that which Is n i c ~ t  nppro1)rinte, 

tial, consideration I8 glvon to combining tho two words into one. 

branch. 

being avoided if 11ossible-unless thoro Is thoroughly established usage to the contrary. 

Whpn the possessive “s” is retained the or)ostror~he is invariably omitted. 

euphonious, and older should ho adoptep. 

There is some misconception regarding the application of a few of the principles. 
The restriction against naming features in honor of living persons is applicable only in 
the cast? of names which arc newly assignod to previously iiiinamcd features; the prin- 
ciple docs not apply whore names of living persons have bccome cstnblishd as geo- 
F cqsphic. names tjithor through local or map usage. A geographic name in undisputed 

I ‘I’ho Iloard on ffeographicnl Names way reorganized and its s ta f f  arlrl the scopa of itY functions wero vastly enlarged in 1943. Its 
rlrtivjtien are under the Bcwetary of the Interior, and I h r  Ilosrd as d w r i b e d  in the t rx t  serves in u n  advisory capacity. 
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local usage for a feature previously u1iiiamcd on maps and charts is invmiably approved 
without. change; oxCoptions arc when it is in the possessive form, indecent, objectionably 
maPPropriate, and sometimes to rcstore R I ~  original spelling or a name with a historic 
baclcground. 

1672. Cases That Should Be Submitted to the 

Most geographic names may be used without being submitted to the Board on 
‘eographical Names for a decision. Among these are the following, when tliey are 
not known to bo in disagree1nent or in conflict with the principles adopted by the Board: 

Names used on federal maps and charts publishcd since 1920. 
Names in undisputed local usage. 
Names which have beon “provisionally adopted” by the Board. (Baker’s Geographic Dictiollary 

Of Alaska, Special Report on Geographic Names in the Philippine Islands published in 1901, and the 
of the Philippine Islands published in 1900, have been provisionally adopted.) 

Official names of post offices appearing in the United States Postal Guide. 
Names of ‘structural features such as highways, bridges, and lighthouses. 
Names in undisputed usage except for errors that are acknowledged as such, or are obviously 

The following classes of names are to bc submittcd to  the Board for a decision: 
All new names recommended for previously unnamed features. 
New names for previously named features and old names that arc to be applied to features 

Names for which there is an existing decision of the Board which appears to be incorreet or in- 

Names wllose usages differ in fedora1 or other publications, or whose local tlsage differs from 

Names of towns and villages which differ from the names of thc post offices or railroad stations 

Names of places (cities, toWIIS, villages, and settlemcnts) which are duplicated within the samc 

typographical or accidental. 

differing from tlie original ones. 

adequate from latest information. 

P‘lbliShcd usage, 

located therein. 

State. 
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generally comprise features of specific navigational importance as well as a few coastal 
and inland features, the terms for which heretofore have been used in a loose, confusing 
manner, The common terms referring to embayments and streams .are often used 
locally with specific meaning applicable only in that region. From the standpoint of 
regional uniformity, it  is often advisable in specific instances to follow such local or 
regional usage. 

1681. Primary Features 

a. Marginal continental features: 
BANK.-A detached, broad, and relatively shallow area on the continental shelf or in greater 

depths, not constituting a danger to navigation in itself, but from which may rise a reef, shoal, or 
other secondary feature, which is a danger to navigation. 

CONTINENTAL SHELF.-The zone of the submerged continental margin from the coast 
offshore to the continental slope (in depths of about 100 fathoms). 

CONTINENTAL SLOPE.-The declivity from the offshore border of the contineiital shelf 
at depths of approximately 100 fathoms to oceanic depths. It is characterized by a marked increase 
in gradient. 

INSULAR SHELF.-The zone of the submerged margin of a11 island or group of islands from 
their coasts offshore to the insular slope (in depths of 50 to 100 fathoms). 

INSULAR SLOPE.-The declivity from the offshore border of the insular shelf at depths of 
50 to 100 fathoms to oceanic depths. It is characterized by a marked increase in gradient. 

(See Bank in 1682.) 

b.  Deep-sea depressions: 
BASIN.-A large submarine depression of 4 general circular, elliptical, or oval shape. 
DEEP.-The well-defined deepest area in a submarine depression. 
DEPRESSION.-A general term signifying any depressed or lower area in the ocean floor. 
DEPTH.-The maximum sounding measured in a deep. 
FOREDEEP.-A deep, elongated depression froiiting a mountainous land area. 

TRENCH.-A long and narrow submarine depression with relatively steep sides. 

TROUGH.-A long and broad submarine depression with gently sloping sides. 

c. Deep-sea elevations: 
PLATEAU.-An elevated feature having an extensive flat top, Usually with rather steep side 

RIDGE.-A long and narrow elevation with steeper sides than those of a swell. (Converse of 

SEAMOUNT.-A submarine mountain rising more than 500 fathoms above the ocean floor. 

SWELL.-An extensive long and broad elevation which rises gently from the ocean bottoI11. 

(A geologic 

(Converse 

(Converse of 

term which can include a submarine trench or trough,) 

of ridge.) 

swell.) 

slopes. 

trench.) 

(See Knoll in 1682.) 

(Converse of trough; eupersedes former term rise.) 

1682. Secondary Features 

a. Embayments (application of specific terms varies with locality) : 
BAY.-An extensive arm of the sea which i s  usually smaller than a gulf. 
BIGHT.-A small open bay formed by an indentation in the coast; a minor feature wliiel' 

COVE.-A small sheltered recess in a shore or coast, generally inside a larger embayment, 
HARBOR.-A natural or artificially improved body of water providing protection for vessels! 

INLET.-An arm of the sea, aomparatively long with respect t o  its width and not restricted 

affords little protection for vessels. 

and generally anchorage and docking facilities. 

its entrance, 'which may extend a considerable distance inland; or a relatively narrow passage con- 
necting a virtually enclosed body of water with the,sea. 
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C. Streams (app1il:ation of specific terms varies with locality) : 
BAYOU.-A millrrr sluggish waterway or estuarial crcek, generally tidal or characterized by a 
Or imperceptible current, and with its course generally ,through lowlands or swamps, tributary 

to O r  Connecting 0th :r streams or bodies of water. I n  the Gulf Coast region, Florida Peninsula, and 
lower Mississippi valley, inany specific meanings have been implied. 

BROOK and RUN.-Minor streams always tributary to creeks and rivers. 
CREEK.-A Stream, less prominent than a river in any region, generally tributary to a river 

LAGooN.-A sllallow body of Water, as a pond or lake, which usually has a shallow restricted 

RIVER.-A stream relatively prominent in any extensive region. 
SLOUGH.-A minor muddy marshland or tidal waterway which usually connects other tidal 

Or another creek. 

Outlet to the sea. 

areas. 
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always menaces to surface navigation. Similar continental or insular shelf features of greater depth 
are usually termed banks.) 

SPUR.-A prolongatiori of a land ridge onto or across the continental or insular shelf; or any 
minor submerged ridge; or a submerged ridge of lower elevation projecting or radiating from a larger 
and higher feature. 

17. OPERATIONS BEYOND PROJECT LIMITS 

Survey vessels when proceeding to or from their project areas should take every 
opportunity to verify the published charts and coast pilot information along their route, 
in ports a t  which they may call, and particularly in arcas immediately adjacent to  
their project. Echo sounding has made it possible to obtain soundings along the 
route without material delay to the vessel. 

171. SOUNDING EN ROUTE 

Advantage should be taken of the transit of vessels to obtain information in blank 
or insufficiently sounded areas on the charts. It is frequently possible to make fi 
slight deviation from the direct course between two places in order to pass over such 
areas. With echo sounding one line may be run across the area without delay in passage, 

If the area is offshorc and out of sight of land the voyage should be planned, if 
practicable, to arrive a t  the area shortly after sunrise so that an adequate astronomio 
fix may be obtained shortly before arrival, 

Soundings obtained en route may be plotted on a copy of the largest-scalc chad 
of the area, on which should also be shown the lines of position, if astronomic obser- 
vations have been obtained. The chart should be forwarded to the Washington 
Office with a report discussing in full the circumstanccs and giving complcto datB 
regarding the control used. 

172. REPORTED SHOALS 

Each survey vossel should investigate any reported shoals or dangers to navigation 
along a route, especially those marked ED (existence doubtful) or PD (position doubtful) 
on the charts. Circumstances will determine to what cxtcnt deviation from a pi%’ 
arranged route is justifiable in a givcn case. Such shoals or dangcrs as lie immediatelY 
adjacent to the project area should be thoroughly examined as opportunity affords, 
The project instructions will specify the type of examination to be made for thosc area9 
known to require special investigation. 

There may be reported locally to the Chief of Party dangcrs to navigation con* 
sisting of rocks, reefs, shoals, or sunken wrecks either not charted or incorrectly charted 
and each of these should be investigated if the information is bclicved reliable enough 
to warrant it. Experiencc has shown that many such reports are untriistworthj’ 
either bccause they are based on discolord water or floating debris having bcen 
sighted or because the position reportcd is far from the true one. It is oftcn very 
difficult to prove or disprove the existence of a reported danger, especially if it i9 
out of sight of land. A preliminary investigation may only tend to prove or disprove 
its cxistcmx, requiring subscqucnt arrangcmerits for a more thorough examination, 
In  such cases the facts should be rcported to the Washington OEcc by radio a d  
instructions rcqiics ted. 

sight of land, it is almost essential to use onc or more survey buoys to ensufO 
adequfi to  coverage of the area (see 2535 and 2571). Survey buoys can now be anchored 

To make a thorough investigation to prove or disprovc a rcportcd danger out 0 f 
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the position of a new aid to .navigation, (c) the determination of the least depth on 8 
shoal of small area or the investigation of an area in which one has been reported, 

there is one of the area, or on a section of the largest-scale chart of the area. 
The results may be transmitted to the Office on a section of a planimetric map, 

1761. Advance Information 

It is sometimes required that survey data in a small but important part of the pro1° 
ect area be submitted to the Washingion Office in advance of the completion of t@ 
entire survey. The required data may be traced on a piece of tracing paper containid 
meridians and parallels at the scale of the survey. These may be used for a preliminad 
porrection of the chart but will be destroyed at a later date after the complete su rd '  
has been received and verified in the Washington Office. 



CHAPTER 2. CONTROL AND SIGNAL BUILDING 

21 

21, CONTROL 

, control is the framework of a survey by which land and marine features.are held 
In their true relationship to each other, and so determined by latitude and longitude 
that any area surveyed can be reproduced in its correct geographic position on any 
lnaP Qr chart, regardless of scale or size. 

At the start of any survey, available data of ~1 higher order arc the control for that 
'?'BY For example, fist-order triangulation is control for second-order triangula- 
tlon ; second-order triangulation is control for thisd-order triangulation; and third- 
Order triangulation is control for topographic, air photographic, and graphic control 
surveYS. The conlrol stations used in the hydrographic survey are ordinarily located 
" Part of one of tho last three surveys mentioned, but of course any or all of the con- 
trol may be so used, 

The control for a survey is a number of accurately located points marked on the 
These 

must be fixed geographically in order that they may be plotted on a projection 
Or grid. The principal control points are most accurately determined by triangulation. 

are areas, however, where triangulation is diacult and it is more practicbble to 
locate control points by traverse; for example, dong a stretch of sand beach, bordered 
by an adjacent precipitous mountain area. 

Previously established control is a very important asset in a coastal survey. 
SomQtimes a.sufficient numbor of former stations will be recovered to control a revision 
'yrveY and no new control will be necessary. Most surveys, however, require new 
trlangUlation of second- or third-order accuracy, supplemented by topographic and 

If triangulation control does not exist, a base must be measured for length control 
and astronomic observations must be made to determine the latitude and longitude 
Of a station and an azimuth. The astronomic observations should bo made preferably 
at 

Topographic control based on existing or new' triangulation is nocossary, of course, 
after the positions of the triangulation control stations are known and available. 

Burface, strategically situated and spaced with respect to the survey. 

stations. 

of the base stations 01: at  one of the stations of the base net. 

211. DEFINITIONS OF CONTROL TERMS 

Control terms as they apply to hydrographic surveys aredefined in order that their Precise application may be more thoroughly understood and to prevent ambiguity 

general, tho correct terminology is dependent on the method of location and 
of instrumental equipment used, modified in certain cases by the accuracy attained 

whether or not an adequate check on the location has been provided. 
4 triangulation station must be of third-order accuracy or higher, and any sta- 

tions, located by geodetic methods, which do not comply with the requirements nor 
attah third-order accuracy, are classified as topographic stations. Among the latter 
are: (a> Intersection stations located by singlo triangles, one angle of which i s  con- 

their use. 
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cluded; ( b )  intersection stations located by an insufficient number of directions to 
provide an adequate check of their positions; (c) stations located by theodolite by the 
t,liree-point problem, without a check; (d) temporary stations, located by geodetic 
methods, but which are unmarked and nonrccomrablc; and ( e )  stations located by any 
mcthod or scheme, which depends in part on floating or movable stations. Thc last 
classification applies particularly to stations locatcd by the ship- and buoy-intcrscction 
methods, described in 2282 and 2283, or similar methods. 

Distinction is made between topographic and hydrographic stations according to 
the mctliods of location. 

21 11. Stations and Signals 

A station is a definite point on the surfacc of the carth whose gcographic position 
has been detcrmincd for control purposcs. 

The tcrm signal denotes the object, existent or especially ercctcd, which indicates 
the location of the station, and is used as a target toward which survey instruments 
may be pointed. 

Stations may be marked points (pcrmancnt or temporary) or they may be con- 
spicuous artificial or natural objects. If the lattcr, the station is the c(vit('r of t110 
object which is the signal. 

2112. Triangulation Station 

A triangulation station is a rccoverablc point on the surface of thc earth, whoso 
geographic position has been determined by angular methods with gcodctic instru- 
ments. It must be located with first-, sccond-, or third-order accuracy (srr pp. 1 to 5 ,  
Special Publication No. 145). 

A triangulation station is a selected point, which has becn marked-la tely always 
with a standard station mark--or it is a conspicuous natural or artificial objcct. 

Descriptions are written of all triangulation stations. 

2113. Traverse Station 

A travcrsc station differs from a triangulation station only in that its position is 
detcrmincd from another known point by lincnr mcasuremcnts controllcd in cizimutll 
by angular mcasurcments, instcad of by angular mcthods solely. 

2114. Topographic Station 

A topographic station is a definite point on the surfacc of thc carth, whoso gco- 
graphic position has been dctermincd by graphic methods, usually by planctabl~ 
travcrse or graphic triangulation. 

Classcd also as topographic stations arc those points Iocatcd by geotlotic methods 
but with less than third-ordcr accuracy, as montioned in 811. 

Points locatcd by tho radial-line plot of an air photographic survey, spccificull4' 
for use in a hydrographic survoy, are also classed as topogsaphic stations, as well a5 
all stations that are symbolized by a rcd circlc in accordancc with 2393. 

A topographic station may be recoverablc, if it is marked by a standard station 
mark os is a conspicuous natural or artificial objcct; or it may be temporary, usualb' 
for use in the subsequent hydrographic survey: 

Descriptions are written of recoverable topographic stations. 
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21 15. Hydrographic Station 

A hydrographic station is one whose geographic position has been determined by 
methods ordinarily used only in hydrographic surveys and with an accuracy usually 
Iess than that of a topographic station. 

The positions are generally determined by sextant observations-three-point 

A180 classed as hydrographic stations arc those located by taut-wire traverse, 
"g-distance runs, R.A.R. distances, and other less accurate methods. 

Hydrographic stations arc ordinarily not permanently marked; but if they are 
marked, a standard topograpliic station mark is used and a description is written 
(see 245). 

21 16. Hydrographic Signal 

intersection of cuts, or astronomic observations. 

A hydrographic signal is any signal used as a target in measuring sextant angles 
for the control of 8 hydrographic survey, irrespective of the method by which the station 
was located.' 

212. FREQUENCY AND SPACING OF CONTROL 

Tho spacing of control depends on the nature and character of the coastline. 
number and distribution of stations shall ba such that all topographic and hydro- 

graphic features and soulldings within the area of the survey can be located with 
s'@Cicnt accuracy for chartkg at the largest scale lilrely to  bo nccessary. 

Triangulation or traverse stations must bo frequent enough along the coast to  
Control the planetablo or air pllotographic surveys. The required frequency depends 
On scales of the surveys and the configuration of the coastal arca, or the area covered 
by air Photographs. 

Bases must bo measured at  intervals along the arc 01' scheme of triangulation in 
Order that the strength of the triangulatiori may be in accordance with the specifications 
for the class of triangulation being established, as *specified in the requirements for 
horizontal control given in table 3 in 223. 

Wllere practicable, main-scheme (second-order) triangulation stations shall be 
about 5 miles apart along the coast, with supplemental stations of third- 

Order fwcuracy about 2 lniles apart for topographic control (see 2231). 
In addition to the triangulation control, a considerable number of intermediato 

Experience is the best guide in the 
Stations should be locatod a t  

points and at  tho heads of small bights, and in general SO spaced that strong 
But all oxccss of stations 

be avoided, for it leads to confusion and increases the difiiculty of identification 
"''en talcing sextant angles. 

Por hunc11 hydrograp11y, stations spaced about 400 meters apart a101lg tho shore 
W usually suffice. Stations sllould bo located well inshore from the beach, if prnctic- 

80 that strong sextant fixes may be obtained when t h o  launch is nom the shoreline. 
. offshore visual ship hydrography, control stations may be several miles apart 
If struchwos are built over them, or if tlloy consist of pofLks, mO~lIltaill hps, O r  prominent 

NYdrograpllic surveys of moderate depths, out of sight of land, are usunlly con- 
tro!'ed. by soxtallt 6x0s 011 buoys, spaced from 2)8 to 5 milos aptLrtJ depending on tho 
v'S1bllltYJ the scale of tllc survey, and the importance of the nroa bring surveyod. 

are noccssnry for hydrographic control. 
of adequate control for this purposo. 

Will bo available tllrougllout the area of the survey. 

objects, 
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For offshore surveys controlled by R.A.R., the required spacing of the stations 
depends on (a) the size and scale of the suryey, (b )  the efficiency of reception of sub- 
aqueous sound, and (c) whether shore stations or sono-radio buoys are used. Sono- 
radio buoys are usually spaced 10 to 20 miles apart, while shore stations are spaced 15 
to 30 miles. 

213. ACCURACY OF CONTROL 

The accuracy of the control stations of a hydrographic survey depends almost 
directly on the method used in locating the control. The accuracy requirements for 
control located by triangulation or traverse are given in 223, and the requirements for 
control located by planetable or air photographic surveys are given in 232. 

When nonstandard methods of locating control are used in plac'es where standard 
methods are impracticable, they are expected to result in a lesser accuracy than the 
standard methods for which they are substituted, but special care taken in making the 
observations and special attention to details should in each case result in an accuracy 
no less than that bf the next lower order of control. 

Definite objects along the shore located by the topographer for the hydrographic 
party should be located with the accuracy required in 232. A lesser accuracy may bo 
tolerated in the positions of indefinite objects such as hills and mountain peaks, becauso 
they will be used by the hydrographer only when he is at  a considerable distance from 
them. 

Survey buoys, which are used for control beyond the range of shore stations, should 
be located by the most practicable and accurate method for which the vessel is equipped. 
Tau t-wire sun-azimuth traverses are considered to give an accuracy of approximately 
1 meter per mile. 

Whether offshore hydrography is controlled by visual three-point fixes on shore 
stations, mountain peaks, or a system of survey buoys connected to shore control, 
the accuracy of location of any sounding is almost inversely proportional to its distance 
from the shore. 

214. RECOVERABLE STATIONS 

Stations artificially marked by recognized surveying organizations and well-defined 
natural or artificial objects, whose geographic positions have been accurately determined 
by triangulation, trmerse, topography, sextant angles, or other accurate means, and 
which have been described, are termed recoverable stations. 

Control stations located approximately a century ago were marked by various 
means such as: redwood stakes on the West Coast; cypress poles, center marked by 5 
copper tack, in marshy areas of the Southern States; earthenware crocks and flowerpot9 
buried in the ground in the Middle Atlantic States; and buried bottlcs in arid areas# 
In rocky areas they were marked by chiseled crosses, plain drill holes, and drill holes 
into which molten lead was poured or brass bolts or plugs were set. Numerous ingenious 
types of marks were used which were considered the best practicable with the material9 
and equipment available. Many of these stations have been recovered in the past and 
some of them quite recently. When recoverod now they are always re-marked accord- 
ing to present standard specifications (see 2261). 

As the value of more permanent marks became apparent, the trend changed toward 
marks of a more durable character. Metal marks began to be used in areas where there 
were no rocks. Among those used were cones, capped rods, and trough-shaped mark@ 
for sand beaches pnd similar areas. Since most of these marks were made of cast iron, 
it became obvious that, because of rust and corrosion, the problem of permanent mark0 
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\Yas'far from solved. Cement was then used to cast concrete blocks and posts for 
marks, with crosses or bolts in the top defining the center. This type of mark 
the problem of corrosion, but only a very limited amount of lqttering could be 

cut O r  molded into the top of the mark to provide future identification, and to inform 
the Public of the purpose of the mark and the importance of not moving or destroying it. 

small metal disks Were designed about the beginning of the twontieth century 
for use as station marks, These can be set in concrete blocks orvcemented in drill 

in Outcropping rock, boulders, etc. The legends on the marks have been changed 
from time to time. At present, the disks of the Coast and Geodetic Survey have 
Identifying symbols denoting the type of station, and have legends giving the Bureau's 

as the establishing agency, explaining how to obtain information relative to the 
stations and the penalty imposed by law for malicious destruction. The name of the 

and year it was established are stamped in the space provided near the center 
Of The standard disks of the Coast and Geodetic Survey are of cast bronze, 
3? ulches in diameter, with a shank 2y6 inches long split at  the end for spreading to 
?nchor it more securely when placed in a concreto block or drill hole. Other survey- 
Ing Organizations use similar metal disks of bronze, brass, or aluminum. 

Many natural and artificial objects whose positions are determined require no 
?arkhg to make them recoverable. Some of these, such as sharp mountain peaks, 
Pinnacle rocks, and conspicuous boulders will very probably last for eternity. Others 
are lono treos, boacons, water tanlcs, smolrostacks, church spires, radio towers, light- 
houses, etc., and will last only a few generations or, less. Isolated objects are especially 

2141. Frequency of Recoverable Stations 

. In changeable areas, where resurveys are expectable because of natural or arti- 
fic'al changes, recoverable stations shall be established at I-mile intervals along the 
Coast, conveniently locat&j to serve as control for future topographic or hydrographic 
surveys. 

In isolated areas, along difficult coastlines, and where natural or artificial changes 
are not expected, recoverable stations shall 'be established a t  not less than 2-mile 
'nterpals. 

2142. Descriptions of Recoverable Stations 

. All triangulation stations shall be described on Form 525, Description of Triangula- 
tlon Station, in accordance with 227. All recoverable topographic and hydrographic 

shall be described on Form 524, Description of Recoverable Hydrographic or 
The detailed descriptions of well- T 

defuled natural or artificial objects may be brief but must bs thorough and made with 
care, to avoid confusion or doubt about their recovery at some future date. 

The descriptions of structures, such as lighthouses, flagpoles, and water tanks 
'l" Pa)%icularly important. These are subject to removal twld replacement in adjtG 
'pnt locations, where the new structure may be mistaken for the former one unless the 
C"cuQtances are known. Errors may thus be introduced in the survey which may 

e d@cult to detect and, when detected, the source of the error may be very difficult 
b 
to Descriptions of lighthouses shall include the dates of their establish- 
nnent, their heights, and brief doscriptions of their appearance. Descriptions of water 
tanks must be mado with even more care, and must include the names of the companies or 

orghizations owning them; their locations, with measured distances to adjacent 

disk. 

and easy to recover, 

'Poghphic Station, in accordance with 2351. 
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streets, roads, or other features; and their heights and structural appearances. A 
description such as “Water Tank, Port Angeles, Washington,” is inadequate and not 
acceptable. T p  or twenty years later a new survey mdy be made in the vicinity a d  
there may be two water tanks in the locality where only one was expected. Thoro 
will be doubt as to which was the one located. Still worse is the possibility that there 
may be only one water tank in the town, as expected, but the described water tank 
has been torn down since the prior survey and a new one erected in an adjacent locatioa* 
If this is not known and the water tank is used as a control station in a hydrographic 
survey, before its position is checked, serious errors may result. 

All objects of a recoverable nature, particularly lighthouses, church spires, cupola% 
towers, stacks, flagpoles, etc., whose positions are worth determining are considered to 
be of sufficient importance to require descriptions, especially if they serve as land* 
marks or will be of value as control stations for future hydrographic surveys. To 
obtain adequate data for a description, it is essential to visit the site of the object 
be described. Likewise, when objects of this type, whose positions have been deter’ 
mined by prior surveys, are used for the control of revision or new surveys, each sit0 
should first be visited for positive identification, and to establish beyond doubt that it 
has not been moved id location since the date of the original description. The neces‘ 
sary information may sometimes be obtained by correspondence or by personal inquirhs 
from reliable sources, but certain identification is assured only by an actual visit to 
the site. 

Unmarked whitewashes, banners, clumps of bushes, and signals located for tempo’ 
rary use in hydrographic surveys are, of course, not recoverable stations and need not 
be described. 

215. CONTROL STATION NAMES 

For purposes of identification and convenient reference, names are assigned to 
the control stations used in a hydrographic survey. In  the assignment and use of such 
names, the following general principles should be observed, irrespective of the typo of 
station being considered (see 2151): 

(a) All references to a station shall be by the name assigned to it. 
(b) The same name shall be retained for a station during its existence or as long as it is used, 
(c )  Different names shall never be assigned to  the same station, evcn in different surveys. 
( d )  Descriptive, geographic, or personal names which contain a natural reference to tlio statioD 

For example, where a station is on or near a named goo’ 

(e) Recovered stations used in a survey shall always retainthe original names assigned to tbefl’ 

The new name may consist of syllables of the original nam’ 

(E) A duplication of names must be avoided in the same locality and especially within the l i d t s  

are preferable to arbitrary ones (see 2161). 
graphic feature, or is an artificial object such as a spire or tank. 

except in the case of triangulation stations with unneccmarily long names, when a short name 
be substituted for hydrographic use. 
(e. g., NIKOL for NIKOLSKI, 1938). 

of the same hydrographic sheet. 

(See 2154 and 744.) 

2151. Types of Station Names 

The length of an arbitrary name assigned to a control station shall reflect in a 
general way the relative importance of the station named. Certain definite advaw 
tages accrue from such a system of naming. To  accomplish the purpose, names for 
the various types of control stations shall be selected in accordance with the following 
rules : 

(1) NAMES OF FWE OR MORE LETTERS-triangulation and traverse stations. 
(2) NAMES OF FOUR LETTERS-marked topographic stations; sono-radio buoys; R.A.R. shore 
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and temporary topographic and hydrographic stations used in ship hydrography. 
(3) NAMES OF THREE LETTERs-tcmporary topographic and hydrographic stations used in 

Where the inshore hydrography precedes the ship hydrography, the requirements 
The small-boat 

shall anticipate, if possible, the stations likely to be used by the ship, and assign 

small-boat hydrography; and ordinary survey buoys. 

Of rules (2) and (3) shall be complied with as far as practicable. 

four-letter names to them. 

2152. Seht ion of Station Names 

To avoid confusion in the records, names should be selected that can bo spelled 
and Pronounced ill only One way.' The use of combinations of letters that are pro- 
nounced the same other more Common words but are spelled differently, should 
be avoided. For oxample, and TUN should not be used because they are pro- 
nounced the same as TACK and TON, respectively. 

The hydrographer should ]<cop current an alphabetical list of names as they are 
adopted for use on liis ~ 1 1  t1iree-lettcr names must be selected from tho list in 

42 in 965. Copies of this list can be obtained from the Washington Office and 
!an be used as a A study of this list will also be llelpful 
ln the correct selection of four- and five-lettcr combinations. 

list of assigned names. 

2153. Assignnbent of Names on the Hydrographic Sheet 

so far as practicable and insofar as it does not conflict with other provisions herein, 
the control stations on a hydrographic survey shect shall be assigned names that 
Proceed alphabetically along the shoreline from left to right as viewed by the llydro- 

The names shall be so selected thal the one a t  the approxi- 

Where ordinary survey buoys arc used for control, the names shall be arranged 
"phhtically for ea& line of buoys to satisfy the above requirements as nearly as 
Practicable. 

Such an arrangement of names lias many advantages, both durillg the survey 
Operations and during any future use of tlie survey sheet where quick identification of a 
Particular station is necessary. 

This method of assigning names docs not supersede the general principles of 

during his survey. 
midpoint of the survey begins with a middle letter of the alphabet. 

stations outlined in 215(c), (d), and ( e ) .  

2154. List of Stations in  Sounding Records 
An alphabetical list of the stations used on a hydrographic survey shcct, together 

urlth their origins, shall be prepared and pasted in volume 1 of the Sounding Records 
The list should be in the following form: 

. 

tho title page. 
Ltst o/8tation8 on 11-6574 

Name usbd in 
hydrographic survoy 
NIKOL ................................... 

Origln of station 
NIKOLSKI, 1038 

.................................. PAW.. T-6800 
IWV. ...................................... II-0373 

....................................... TOM Volrlnlo I 
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station which originates with the instant hydrographic survey shall be refercnced by 
“volume 1,”which will contain an index of the cuts used to locatethat station (see 8194. 

21 55. Assignment of New Station‘ Names 

All marked control stations as well as triangulation stations that are natural 
objects or artificial structures, must be named a t  the time of their establishment or 
location. Other stations established for hydrographic control shall be named by the 
hydrographer, insofar as practicable. 

2156. Names of New Triangulation Stations 

New and distinctive names shall be assigned to all new triangulation and traverse 
stations, except as provided in the fourth paragraph of this item. Where possible, 
names with individuality shall be selected. If practicable, a station shall be named 
after some natural geographic feature near which the station is located, such as a bay, 
river, mountain peak, or town; or it may be named after the owner of the property on 
which it is located. The use of the property owner’s name gives him a personal interest 
in the station and may aid in the preservation of the station mark. I t  is essential 
that such nBmes be spelled correctly and every effort must be made to this end. Once 
the name has been stamped on the disk and becomes a part of tho records it cannot 
be changed. 

Where arbitrary names are selected they shall follow the rule in 2151(1.) 
Long descriptive phrases applied as names to artificial landmarks, in an attempt 

to malm the names serve as descriptions of stations, are particularly objectionable. 
A station which replaces a lost station shall always be given the name of tho 

original station followed by the numeral 2, 3, etc., depending on the sequence 
of establishment of the new station. Thus, if station NOLAN is lost and a new station ‘ 
is established nearby, the assigned name must, without exception, be NOLAN 2. 
If the latter is lost and a third station is established the name must be NOLAN~3. 
,This practice shall also be followed when, for any reason, it becomes necessary to 
establish a new station within an easily taped distance of an existing station. Under 
no circumstances should such a new station be named NOLAN ECCENTRIC (see 
2261). 

All triangulation and traverse station names shall be followed by the year of 
establishment. 

2157. Names of Relocated Buoy and Hydrophone Stations 

A buoy station is the position of the anchor and therefore any station names 
assigned to buoys are the names of the anchor positions. 

When for any reason a survey buoy is movod to a new anchor position and red 
located, a new name shall be assigned to the new location. This applies to buoy9 
and R.A.R. shore hydrophones that have draggod or have been picked up for servicing 
and relocated in a position slightly different from the original location. 

If desired, the last three letters of a shore hydrophone name may be ’cornposod 
of the radio call letters of the shore station, prefixed by a single letter which s h d  
be changed for each different location of the hydrophone. 

2158. Names of Natural Objects or Strupures 

Natural objects, whose locations have been determined for use in hydrographio 
surveys, shall be named according to 2161, except where a geographic or a descriptive 
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is more desirable (see 2156). When the natural object is identifled by a geo- 
graphic name, it is almost invariably preferable to use the geograpbic name 9r a part of 
It for the station name. ShjJarly with structures, it is preferable to select 8 station 

Which will identify the structure by description or proper name. 

216. C O N ~ O L  STATIONS OF OTHER ORGANIZATIoNs 

. menever  colltrol stations established by other organizations are known to exist 
'? an area to be surveyed, an offort shall be made to connect the new control to a suffi- 
'lent number of tlie stations of the other organization so that the two surveys may be 
'"dinated. These connections shall be made unless the progress of the party would 
be materially delayed thoreby, or the cost of the project would be materially increased 
because of the necessity of building and establishing intermediate stations or extending 
the scheme any considerable distance in order to make the connections. . Such connections should be made by triangulation or traverse for geodetic coordina- 
'lo'* If a geodetic connection is impracticable, a graphic connection should be made 
by The use of marlced stations of other organizations as a part of the 
'Control, instead of establishing new stations in the immediate vicinity, is authorized 
and provided they are connected to the federal control network, that their 
locations are satisfactory for control purposes, and that the station marks are ingood 
Condition and conform to tho usual standards. as to method of establishment, size. 
strength, and durability. (See 224.) 

217. DATUMS 

2i 71. Geodetic Datums 
a A geodetic datum coiisists of five quantities: the latitude and longitude of an 
initial Point, the azimutli of a line from this point, and two constants necessary to 
define the terrestrial spheroid. I t  forms the basis for the computation of. horizontal 

The Coast and Geodetic Survey has used two principal spheroids of reference 
for its geodetic work. Bessel's spheroid of 1841 was used from 1844 to 1880 when it 

replaced by Clarke's spheroid of 1866, Clarke's determination is considered 
the sore precise, and lator observations have shown that for this part of the globe it 

During tho early years of the Bureau's operations many detached triangulation 
existed in the United States, each based on independent astronomic observa- 

tl:ns within its system. With the completion of the first transcontinental arc of 
trlanW1ation in 1899, the various detached systems were connected and a coordinated 
system based on a single geodetic datum was established for the whole country, 

Station MEADES RANCH in central Kansas was selected as tho basis for this 
sQ& geodetic datum because it was near the center of area of tho United States and 
bscause it was common to two groat arcs of triangulation extcnding across the country, 
One &long the 39th parallel and the other along the 98th meridian. 

The best theoretics] position of this station on tho adopted spheroid of rcference 
found to be SO near the value obtained by continuous triangulation from the New 

'%land States that tho latter was adopted to save the labor of a vast amount of 
The adoption of this datum, therefore, did not change thd geographic 

of the then completed triangulation in New England and along the Atlantic 
to North Carolina, nor in the states of New York, Pennwlvania, New Jeersoy, 

surveys in which the curvature of the earth is Considered. 

the true figure of the earth somewhat better than the spheroid of Bessel. 

. 
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and Delaware. In  1901, the adopted datum was officially named the “United Stat05 
standard datum,” and in 1913, with its adoption by both the Dominion of Canada and 
the Republic of Mexico, its designation was changed to the “North AmericiLn datum.” 

In 1927 a unificd adjustment was begun of all the first-order triangulation in the 
country in order that certain unavoidable discrepancies that had accumulated in tho 
various arcs of triangulation would be systematically distribu tcd throughout the wholo 
network. In this adjustment the latitude and longitude of station MEADES 
RANCH were held fixed, .but a now value of the azimuth to station WALDO wa9 
adopted based on the various Laplacc azim.uths distributcd through the network, 
To distinguish between values on the North Amcrican datum and values in the ned 
adjustment, the term “North American datum of 1927” was adopted. The position 
of MEADES RANCH on this datum is: 

Latitude ....................... 39’ 13’ 26’’. 686 
Longitude ....................... 98 32 30. 506 
Azimuth to WALDO ............. 75 28 09. 64 
Computed on Clarke’s spheroid of 1866. 

A station is said to be on the North American datum of 1927 when it is rigidly 
adjusted to the scheme of the readjusted triangulation. 

All hydrographic surveys in waters bordering continental United States arc nofl 
made on the North American datum of 1927. However, independent geodetic datum5 
exist in the territories an4 insular possessions of the United States and the survoY8 
therein are, with minor exceptions, based on the datums listed below: 

Hawaiian Islands- .................................. -.  ........ Old Hawaiian datum 
Philippine Islands ................................................ Luzon datum 
Puerto Rieo and vicinity- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Puerto Rico’ datum 
Canal Zone--_ ............................................... Panama-Col6n datufl 
Alaska: 

Bouthoast Alaska~ ........................................................ North Arnerlcon datum of 10’ 
West of Glacier Bay to Mt. 8t. Eiias .............................................. Bouthoast Alaska datum 
The 141st moridi am.. .............................................................. Yukon datum 
Cape Et. Elias to Wide Bay on tho Alaska Prnlnmln (including Kodiak I.). ...... Valdgz datum 
Latitude 57fi0, Alaska Peninsula to Atka I., Aleutian Islands. ...................... Unalaska datum 

And various independent astronomic datums. 

To differentiate between an independent datum and the North American datum of 
1927: An independent datum is established primarily for horizontal control over a 
limited arca with reference to an assumed starting point, whose position on the spheroid 
of reference by latitude and longitude and whose azimuth to an adjacent station have 
been determined astronomically, but which has not been connected to tho standar d 

d 
datum of the continental arca. 

The hydrographic surveys bordering thoso 1im.itcd areas arc naturally control10 
by their respective datums. However, all independent datums on the North Americap 
Continent will probably be connccted to the North American datum of 1927 at solno 
future date, thereby making it possiblc to bring them into the general adjustment. 

21 72. Sounding Datums 

For usc on tlic nautical charts of the tidal waters of tho United States and its 
insular possessions and territories, planes of rcfcronce or sounding datums have booD 
chosen in accordance with existing conditions. The sounding datum for depths i4 
mean low water (MLW) for tho Atlantic Ocean and Gulf of Mexico; and mean low0’ 
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In  planning the establishment or extension of a scheme of coastal triangulation, 
there are certain requirements, common to all projects, which may be enumerated 3 
follows : 

(a) Efficiency in reconnaissance. The scheme should be the strongest practicable under existing 
conditions. 

(b)  Economy in stations and signal building. The scheme should not contain more stations th@’ 
needed to provide the required control. 

(e) Permanence of stations. 
(d) Accurate and systematic observing. 
(e) Coordination of triangulation with other ship or shore party operations. 
cf) Accessibility, not only for the observing party, but for the topographic party and those other 

organizations and individuals who, at some future time, may wish to make use of the stations and line 
established. 

(g) Prdvision for future lateral expansion of the scheme and for possible additional stations i n d B  
the figures themselves. 

The stations should require a minimum of signal building. 

221 1. Principal Scheme 

The principal scheme of triangulation shall be carefully planned. New triangule’ 
tion, except in areas where a geodetic datum has not been established, must be start0 d 
frbm a previously established line of first- or second-order triangulation. All necessd 
lines of the principal scheme must be observed, if practicable. Superfluous lines m d  
not be observed, however, for not only is valuable observing time thus lost but the 
resulting triangles are useless and complicate the office adjustment. 

In  the principal scheme, an occasional unoccupied station may be tolerated, but 
should be avodied if practicable. Too many oonclpded angles in the principal ache@? 
are objectionable. 

The computation of triangles must be kept up with the observations in order to 
verify their accuracy by the length and side checks. The field computations througb 
the determination of geographic positions, with accompanying list of goographic ~091’  
tions, should be forwarded to the Washington Office with the other records. 

There is no restriction on the number of unoccupied stations and concluded tri’ 
angles which may occur in the location of supplemental or third-order stations, provide d 
the length and side checks are satisfactory. 

2212. SpherkZ &cess 

Spherical excess is often a factor in the computation of triangles. The ratio of 
spherical excess to the area of a triangle is 1 second for 75 square statute miles. I@’ 
preliminary use in closing triangles, the spherical excess can be computed from $be 
graphically scaled lengths, in statute miles, of the base and altitude of a triangle by 
applying the formula: 

baseXaltitude 
150 

Spherical excess (in seconds) = 

For the computation of triangles, spherical excess is computed by logarithms and for 
second- and third-order triangulation need be carried only to tenths of seconds. (soe 
specimen of computations, page 94, Special Publication No. 145.) 

2213. Observing Weather 

Consistently good results can be obtained only by the use of the best grade O‘ 

It is wasted effort to attempt observ” instriiments in the best observing weather. 
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tions in storms, heavy rain, or strong Winds, and survey parties should not be detailed 
ashore for triangulation observations in threatening or inclement weather. Poor runs, 
c108Ures, and checks usually result from such observations, and it is quite probable 
Fhat a station occupied under such conditions would have to be reoccupied. Accuracy 
lS the first requisite of a traingulation survey and, as it is obtained, speed and progress 

It should bo realized, however, that the great accuracy of triangulation is required 
p r h r i l Y  to avoid accumulations of errors in the extension of the triangulation, and 
not to control tho topographic and hydrographic surveys in a limited area. Where 
these await the advancement of the triangulation, no opportunity should be lost in 

I n  such Cases it may even be advisable for a time a t  least 
to take preliminary observations of a lower accuracy in order to provide control quicldy. 

In regions where good visibility is infrequent and its duration short and uncertain, 
?wing to changeable conditions, low passing clouds, shifting fog patches, etc., economy 
ln Observing is obtained with the use of direction theodolites. 

naturally follow. 

the observing. 

2214. Instruments 1 
Among the instruments used by the Coast and Geodetic Survey in establishing 

t+ngulation control for hydrographic Surveys are the 9- and 6%-inch direction theod- 
‘lltm and tho 7-inch repeating theodolites. The direction theodolites most frequontly 
‘sed Were designed by D. L. Parl&urst, Chief of the Instrument Division of the Bureau, 
a’’d are called Parl&urst theodolites. They are manufacfurcd to ordcr by reputable 

instrument companies. A manufactured tripod is not used with the 9-inch 
theodolite; the instrument is ordinarily used for- observations from steel towers, but 
for Observations from the ground it is mounted on a specially built wooden stand. 

The distinctive features of this thoodolito are its nonbinding centers, ball-bearing 
rings, illumination through the central axis, electrically illuminated glass 

micrometer drums, discontinuous conical bearings for horizon tal circle, and the use of 
threads for the cross ]lairs of the telescope and for the micrometer wires. The 

‘-?ch direction theodoltios reading to single seconds on the horizontal circle are used 
PnnciPally for first-order observations when highly accurate results are required. 
The 6X-inch direction theodolites reading to 2 seconds on the horizontal circlo are used Principally for second-order triangulation and as much third-order work as prac- 
t!cab16. Tripods constructed by the manufacturer are provided for the 63-inch direc- 
tlon theodolite, 

The repeating theodolites, reading to 10 seconds on the horizontal circle, are 
generally used for fl~ird-order triangulation when direction theodolites are not avail- 
able Or cannot, be used because of the unstable condition of the ground or support of 
the instrument, or the limited space available for the observer, in which instances it is 
advantageous to be able to observe with a minimum of Walking around the tripod. 
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firmly driven into the ground. Where tundra or heavy moss is encountered, the roots 
should be cut around each tripod leg so the pressure from walking around or standing 
near the tripod legs will not disturb the azimuth of the instrument during observations. 

The instrument and, if practicable, the stand or tripod, should always be shaded 
from strong sunlight. 

2216. Sum Angles 

When additional 
lines must be observed from a station previously occupied, the new observntions must 
include one and only one of the previously observed lines, except when check angles 
are observed to prove the recovery of old stations (see 225). 

Sum angles must not be observed with a repeating theodolite. 

For tho observing program illustrated in a in flguro 6, It is assumed that tho observer at A obsorvcs tho anglcs DAE, EAI?, FAB 
and, being unablc to scc station C, closes the horizon by observing tho anplc BAD, as shown by solid lines and arrows. A t  a later 
date the observer returns to A when C is visiblc and correctly supplrments his former observations by observing the anglcs BAC 
and CAB as shown in b in figure 5. 

a b C 
FIGURE 5.-Additional lincsobserved withropeatingthcodolito. (Thecorrect proccdurcis illustrated in aand b: theincorrect inaandc. 

'Fhc wrong method of observation is illustrated in c in figurc 6. Tho angles BAC, CAD, and DAB must no/ be observed since 
they include two previously ohservcd lincs A B  and AD. This results in a 8um anglc, sincc the sum of tho anglos BAC and CAD 
is cquivalcnt to the prcviously measurod angle BAD and will rcquirc a least squarc ndjustment to distributc tho dilfercnce in valUo9 
properly. If tho observations arr made as stated in the previous paragraph, thc anglc CAD may bo obtained by subtracting tho angle 
BACfrOm the prcviously obtained value of the anglo BAD. 

When a direction theodolite is used in second- or third-order triangulation, tho 
horizon is not to be closed by repointing on the initial. This results in a second value 
for the initial which must then be meaned with the first mean and is entirdy unneces- 
sary. Such observations are made only occasionally to test the plate for drag. (Sea 
figures 6 and 7 for methods of recording observations by direction and repeating 
theodolites .) 

222. RECONNAISSANCE 

The project instructions will specify the order and types of control to be cstab- 
lished, the connections to cxisting stations, and tho astronomic stations to be occupied 
or the bases to be measured. Special Publication No. 225, Manual of Rcconnaissanco 
for Triangulation, dcscribos mcthods of ground reconnaissance for triangulation, corn- ' 

putations for intervisibility of stations, strength of figures, etc. 
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Dtostionu 

FiauIm 7.-Rct:ord of horirontal angles (rrponting theodolite). 
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2221. Use of Air  Photographs in Reconnaissance 

Reconnaissance for the selection of sites for control stations may be greatly f a d '  
tated by the use of suitable air photographs. Unless the air photographs are of the 
nine-lens type on a scale of 1:20,000 or smaller, or a carefully made mosaic is available, 
it will be advisable to make a preliminary compilation of the photographs and reduce 
the compilation to a small enough scale so that the control scheme may be plotted OD 
a single sheet. 

Generally a simple inspection of this plot, supplemented by e*mination of the 
photographs under a stereoscope, will be aufficient to select the sites for the triangda' 
tion stations along the shore. If the adjoining terrain has much relief or obvioud! 
advantageous means of access, it may also be practicable to select the sitos for most of 
the inshore stations by simple inspection. 

Approximate heights'of tentative station sites may be determined from the photo' 
graphs if a point of known elevation and the proposed station sites appear in the zonO 
of overlap of two of the photographs. Heights may be bridged from one overlap to 
another, but large errors are likely to accumulate from the use of instruments an d 
methods ordinarily available to the hydrographor in the field. Generally this will be 
unnecessary, since most of the air photographs taken in connection with hydrograpbiO 
surveys will show portions of the coastline, thus affording ready reference to sea leveli 

To determine an approximate difference in elevation, the two overlapping photographs shod d 
be oriented very carefully under a stereoscope. Then the distance between the two photograpbio 
images of the point of known elevation and the distance between the two photographic images of the 
point whoae elevation is desired should be measured to the nearest tenth of a millimeter. 7%' 
difference between these two distances is called the difference in stereoscopic parallax dp .  The 
distance between the centers of the two photograph8 on thepreliminary plot, or base B, should also 

is obtained from the ratio-focal length of camera f divided by scale of plot 8. The focal length Of 
the camera and scale of the preliminary plot will be furnished with the photographs and other advancO 
data, 

be scaled in meters. The symbol used for the known elevation is h. The altitude of the airplane # 

Thus for the nine-lens camera and a 1: 20,000 scale plot: 
209.75 mm (f) 1g=1/20,000 (s) =4,186 meters 

The difference in elevation dh is given by the equation: 

dp (in mm) x (Z1-h)Z (in meters) 
f (in mm) x B (in meters) dh= 

Tfius for dp equal to 2.0 mm, I$ equal to 4,185 meters, rcference point at sea level, B equal 
2,000 meters, and f equal to 209.76 mm: 

If straight lines are drawn, preferably with white ink, between possible sites for 
triangulation stations on each photograph, the lines will fuse to  form lines in space whoP 
the photographs are viewed under the stereoscope. It will then be immediatelf 
apparent whether the lines are clear, blocked, or grazing. Reconnaissance on tho 
ground may then be reduced to visiting the sites from which the doubtful lines radidO' 

Study of the photographs under the stereoscope will also furnish valuable infoflv 
tion relative to the types of signals needed, the best landing places, and routes to the 
stations. 

223. REQUIREMENTS 
In table 3 are given the requirements for triangulation and traverse control, whiob 

shall be strictly complied with, except as amended by the project instructions. 
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TARLE 3.-Requirements for triangulation and traverse 
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2231. Frequency of Triangulation Stations 

The frequency of second-order triangulation stations needed for the control Of 
third-order triangulation and other control surveys of a lower accuracy cannot be 
governed by any fixed rule. Visibility, the character of the coastal area, and the 
practicable distance inshore from the coast at  which the inshore side of the sclieme 
be established to give strong figures, are the main controlling factors, However, tI 
scheme consisting of stations established 80 that the lengths of the side lines average 
about 5 or 6 miles will usually suffice. 

For the control of planetable topography, second- or third-order triangulatiofl 
stations shall be established along the coastline at  intervals not to  exceed 2 miles, excop' 
in areas of extremely unfavorable terrain where this would be exceedingly difficult and 
costly. In  such cases the spacing may be increased, but shall never exceed 5 miles. 

The control required for air photographic surveys will vary wiyith tlie type of camera 
used, the scale of the photography, and the character of the terrain. 

To control survcys made from air photographs taken with the ninc-lcns carnerel 
recoverable triangulation stations shall be spaced as follows: 

(a) For coastal surveys of comparatively flat areas a t  a scale of 1:10,000, stations shall be spaced 
not more than 4 miles apart along the shore, supplemented by inshore stations spaccd ]lot mor0 t@ 
6 miles apart. 

(b)  At intervals of about 8 miles an additional station, or stations, shall be established so a8 to 
furnish a t  least three stations within an area about 4 miles in diameter ip order that each fifth photo' 
graph in the line of flight may be fixed by at least three control points within its limits. 

(c) Approximately two-thirds as many stations must be established along the inland portion of ths 
photographic strip as are provided along the shore. 

(d )  In  harbors and in areas of special importance, at least 50 percent morc control shall be provided 
than is required elsewhere. 

(e) For a photographic survcy on a scale Of 1: 20,000, the spacing may be illcreased to approx" 
mately twice that which is required for a 1: 10,000 scale. 

Where the triangulation scheme spans a waterway with one side of thc sch(qne 00 
each shore, the same general spacing of stations, as outlined in (a), (a), and (c), is 
required, with additional or supplemental stations provided at  intervals of 6 to 8 milee 
along the inland edge of the photographs for a survcy on a scale of 1:10,00o. Tho 
supplemental stations may be intersection or three-point fix stations. 

The nine-Iens photographs are 35.4 by 35.4 inches in sim, and if the approximat' 
centerline of a flight is known, the limits of the area photographed can be doterm,incd 00 

a map or projection of suitable scalc. Hnvjng determined these limits, the triangulatiop 
stations can be more eff cctively located to control the photographs. Tho spacing betwoe0 
centers of successive photographs along the line of flight will be 7, 12, or 14 inch@! 
depending on the ruggedness of the terrain. The spacing bctwecn parallel fliglit lilJes 
will bc 12 or 14 inches. If there are two or morc parallel flights, the fixed p1mtograpl14 
required in ( b )  should prcfrrably be staggered along adjacent flights. 

That an area is to  be pbotographcd for mapping docs not exempt tho observer of a 
triangulation unit from obtaining the usual cuts to conspicuous 11atura1 find artifici? 
objects. Thew intercscction stations will serve ns valuable checlis to the pl~otograpblc 
plot and may considwably exprdite the office compilations. In tireas wJiprc accurntclf 
'contoured topographic maps arc not available, vertical anglcs should be mcasurod to 
determine the clcvations of thc principal scliemc and intcrscction stations, wl~cnc~~I '  
this is feasible without materially delaying the progrctss of tlir trinngulibtion purt,v 
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224. CONNECTION WITH TRIANGULATION OF OTHER ORGANIZATIONS 

hdepcndcrit schemes of triangulation, wliicli have been established in the project 
area by other organizations, shall be connected to the triangulation of this Bureau 

figures in such a way that their positions may be computed and adjusted on 
the North American datum of 1927, provided this is feasible. This provides additional 
CantrOl for the contemporary surveys and for any future surveys in this particular area 
” ?nY agency. Such connections are especially desirable to the control stations of tlie 

‘lted States Corps of Engineers, which are located in harbors and along inland navi- 
tl 

waterways, and tile positiolis of their stations are valuable to the Bureau both for 
the control of siirveys and for cartographic purposes. 
* where a connection is to bo made to triangulation of other agencies, a line connection 
’sPreferablo to a point connection, because a comparison of the length and azimutli will 

.Valuable data to  bo used in adjusting tlie scheme (see last paragraph on page 15, 
I Declal Publication No, 120, Manual of First-Order Triangulation). If neither method 
la feasible, a connection by topographic methods should be made (SCC 236). 

Representatives of other survey agencies should be contacted personally or by 
Cor:esPondence to ascertain what control exists within the project area, and to obtain 
Pasltions and descriptions of stations and copies of the schemes. The latter will show 
the disposition of the stations and tlie area covered by the survey. To tie in the schema 
Prop@rlp, a connection sllould bo inado at three plhces strategically selected SO that 

adjustment of tho triangulation of tlie otlier agency can be made to fit t ~ l e  trinngula- 
of this Bureau. 

d If Practicable, the positions of stations establislicd by other organizations should be’ 
Otermined ill lie11 of cstablislling llcw stations nearby, provided the station marks are 

I‘ good conditioll alld the station sites are in suitable locations. In such instances, two 
standard Coast and (&odctic Survey rcfcrence marks shall be cstablislicd at  each station. 
’he disks sliall be stamped with the name given to the station by the cstablisliing 
OBanization, followed by t11e initials of that agency and the ycnr’thc refcrcnce marks 
be ‘et, Pnd numberpd 1 and 2, provided 110 otlicr Coast and Geodetic Survey reference 
“larks have been previously cstablislied at the station. 

under no circulnstanccs sllall survey station marks of 0 t h  organizations be 
‘ltered 01’ amended by stamping. Neitlier shall they be moved, replaced, or reset unlcw 

@ Project instructions SO specify. However, they should be reinforced with concrete 
other m&ods that will tend to prolong their existence, cspccially if the mark is a 

lttlelOO~e or in danger of being dislodged from its original position. special precautions 
‘‘st be taken not to disturb or move the station mark in any way. 

225. RECOVERY OF STATIONS 

th 

11 Where new triangulation is connected to prkiously ostablished triangulation, it is 
dFcesSarY to vcrify tlic idcntifcation and recovery of the old stations, and to chcck 
I,lstences and directjol~s to referenee marks to msure that the Station inarks have not 
:@n moved. Tho two stations at tlic ends of the old line must be occupied and obser- 

If the measured SI&S ~ h c c k  the 
origlnQ1 observations, tll’o recovery of tlio old stations is assurcd. 

To assist in Ircoping current tbc records of descriptions of triangulation stations, 
as to provido cont)rol for llydrographic surveys, the sites of all previously estab- 

lihcd control stations within the area of thc survey should be visited, if practicable, 
A roport sliall &nd 

made to a tllird statio11 of original scheme. 

w 

a thorough search mado for each station and its refcrenco IWW~S.  
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be made of this search (see 2272>, but no station shall be rcportcd “lost” unless 84 
exhaustive search, or a change in the locality, establishes this fact beyond reasonable 
doubt. If such a search is impracticable, a statement relative to the extent of the 
examination shall be furnished so that all available information as to the status of the 
station may be properly noted in the office records. 

Ephemeral objects such as flagstaffs, beacons, and signal towers, whose positione 
have been previously determined, shall not be used for control until they have be@ 
positively identified or their original positions have been verified (see 214). 

226. STATION’ MARKS 

Each new station which is to be located by triangulation shall be marked with 
a standard bronze station-mark disk and at  least two standard reference-mark die@ 
of similar material, except well-defined natural or artificial objects located by inter’ 
section and substantially constructed objects, such as lighthouses and water tank$, 
where disks are unnecessary or marking impracticable. 

When feasible, subsurface marks shall be established at  all principal scheme second* 
order stations where there is any probability that the station mark may be disturbed, 
The subsurface mark shall be set in accordance with paragraph c, page 39, Specid 
Publication No. 145, Manual of Second- and Third-Order Triangulation and Traver@ 
The disk in the subsurface mark shall be stamped identically with that of the surfaoO 
mark. Subsurface marks are generally not required at  third-order stRtions. 

Azimuth marks shall not be established at  second- or third-order triangulatio” 
stations unless the project instructions so specify. Because of the close spacing Of 

stations, an adjacent station or some natural or artificial object will usually be visibl‘’ 
and suffice for an azimuth mark. 

Infrequently, marks are set for the location of a station but, before its position hfiO 
been determined, the station is abandoned because the site is unsatisfactory due to 
obstructed lines or other causes. In  such cases, the marks must be removed and tbe 

t 
station destroyed. 

In  selecting a site for a station, it is always important to consider both the pres@ 
and future use of the station. It is essential to have a location where the control statio” 
is the most effective for immediate use. For the control of subsequent surveys it ie 
important to have a location and type of station mark that will remain intact ap d 
undisturbed for generations. 

Triangulation stations shall be marked as permanently as possible, because, at ’ 
cost of several hundred dollars per station,, it is poor economy to establish a statioP 
in a hasty haphazard manner so that it may soon be lost, when a little more effort &D d 
care would have resulted in a more permanent station. Each disk should be secured 

lettering shall be stamped on the disk before it is set in concrete to avoid the possibility 
of breaking the inital set, thus loosening the disk. Where stations are established io 
locations frequented by the general public, they should be located where they will be 
most protected from acts of vandalism. Where they are established along the sbOrO’ 
they should be located, if practicable, where they will be immune from destruction bf 
normal beach or riverbank erosion. Experience has proved that small terra-cotte 
tile, filled with concrete into which a standard disk is set, is a poor material for markiog 
a station. The tile is easily broken, the core of concrete soon crumbles, and the statio’ 
is lost. Further specifications and particulars for marking triangulation stations d 

effectively in rock or concrete, to resist removal, change of elevation, or-rotation. Alr 
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be found in pages 38 to 41, Special Publication No. 145, Manual of Second- and Third- 
Order Triangulation and Traverse. 

PA,, 79 

2261. Resetting Station Marks 

m e t h e r  an old station is to be re-marked or not, often depends on the judgment 
Under the following conditions, however, a station 

I ('1 The old station is marked by a chiseled cross, a drill hole in rock, or some'other method not 
In such instances the station should be re-marked by a standard disk, 

Practicable, so that the station will be better perpetuated and more easily identified and 

The disk in the recovered station mark is loose, the concrete block is cracked or is in poor 

('1 The station mark is destroyed but the subsurface mark is recovered without a question of 

@) The'station mark is destroyed but two or more reference marks are recovered. A new 
station-mark disk can be established in the geographic position of the Original Station if: 

(') Two reference mark8 are recovered m d  sufecient evidence of the original station mark is found to 88sure the re-marking of the stat'on 8 doubt by the intersectton of distance arcs swung from the reference marks, Using the horizontal distances given in 
desorlRtion of station. 

d (2) Three reference marks are recovered and the three distance arc8 intersect at a point', using the horizontal distances given in the 

Of Person recovering the station. 
always be re-marked: 

a standard bronze disk. 
If this 
'QQovered. 

''Qdition. 

doubt. 

eacrlption 01 Btatlon. 

If the station mark is missing but the requirements in (c> or (4 

the original station with the number 2 added as a S U ~ X .  

not met, and 
a station is needed in this locality, a new monument should be set and given the same 
4aQe (See paragraph 4 of 
21s6*) This station must then be located by triangulation or traverse from adjacent 
8tations. If the station marlc is missing but none of the requirements in (c) or (d) is 

and the station is not needed in this locality, then the marks should be left as 
found* (See 2272 relative to recovery reports.) 
beno? ensure that the station is re-marked precisely. in the original geographic position, construct a 

The bench is constructed from a Piece of 1- by &inch soft 
lbber by 2- by Cinch stakes driven in the ground far enough away from the station so as 

to be disturbed by the removal or resetting of the station mark. One end of the bench is nailed to th an e top of a Stake by a single nail and the other end is swung into position on the other stake so that 
f edge Of the bench is directly Over the center of the old station-mark disk+ In this Position the 
ree end lightly nailed to its corresponding stake 80 that the nail penetrates the stake not more than 

ane-fourth inch. With a plumb bob suspended directly over the station mark and the string running i:ty the @dge of the bench and across the top, the position of the string is marked by a small notch 
The lightly nailed end of the bench is then pried Off its stake, swung 

"Ound The old mark is then removcd, reinforced and. 
feset, or replaced by a new mark and the disk set in the exact location of the original position by ewing- 
lng the bench back into position, fitting the nail into its former impression and plumbing down from 
the n!'tCh in the edge of the bench. See illustr&,ion On page 5, Serial 638, The Preservation Of Trian- 

The stamping of station and reference mwlcs at  control stations of other organiza- 
"Oris discussed in 224. 

1 foot high over the station. 

In the edge of the bench. 
of the way and temporarily supported. 

Station Marks. 
* 

2262. Relocating Station Marks 

.@en instructions are issued to a party to preserve, or move and relocate, a 
endangered by a new highway, or other construction,ona of the followingmethods 

('1 If the original horfsontal position can be retained, but st a different elevation, and the bench 
than 30 meters and never 

be used: 

ethod in 2261 is impracticable, set two stakes preferably 
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more than 100 meters from the station, so that lines from them to the station will intersect approxi’ 
mately at right angles. The stakes must be located where they will not be disturbed by the local 
construction, and spaced apart from each other and the station so that the focus of the instrument 
will not have to be changed during the measurements of the angles. This is important, for any change 
in focus when pointing from one station to another will likely affect the accuracy of the observations. 
Drive a projecting nail vertically in the top of each stake. With a theodolite centered over each nail 
and the station in succession, measure all three angles of the triangle formed by the two stakes and the 
station. Three positions with a 6>4-inch direction theodolite or one set of 3D and 3R with a 10-second 
repeating theodolite closing the horizon, will be sufficient. Measure accurately the horizontal dis- 
tance between all three points in the triangle. 

After the construction has been completed, the station is re-marked by setting up again at epCh 
stake, preferably using two iristruments simultanoously, sighting on the nail in the other stake and 
turning off the angle previously determined. At  the intersection of the two lines of sight, mark @ 

temporary point at any desircd elevation. Check this location by measuring the angle a t  each stake 
with thc same accuracy as bcfore. If thcy are in agreement with the angles measured bcfore toll' 
structiop, the station Will be in its exact original geographic position when replaced. If onc or more 
of the angles do not agree move the temporary mark slightly and repeat the mcasurements until 80 
agreement is reached. Before measuring the angles, the horizontal distances previougly measured 
should be checked. If more precise measurements are degired and if azimut,h control is availabl0, 
the geographic position of the replaced station can be computed and compared with the original 
geographic position. 

( b )  If the station has to be moved horizontally, establish a new mark or move the old one to @ 

new position. The new location shall be determined by azimuth and distance measuremcnts frofl 
the old station with at least third-order accuracy. The azimuth should be mcasurcd with three 
positions with a 6j/-inch direction theodolite or one set of 6D and GR with a 10-second repeating 
theodolite, and the horizontal distance taped twice (forward and backward), checking with an accuracy 
of at least one part in 5,000. Before or after the taping, the tape shall be compared with one which 
has been standardized. In determining the aximuth, another triangulation station should bc uscd @ 

t,he initial. If 
neither is available, use a natural or artificial object whose azimuth from the original station has 
been determined or can be computed. When moving 8 
station mark, it is essential to hold the original position by a bench or other means, until the azimuth 
observations and distance mcasurements have been made to detcrmine the position of thc new statioos 

After the station mark has been established in the new position, occupy it to 
measure a direction to the azimuth mark, if there is one. Another triangulation station 
should be used as an initial, or the old station may be used if it is not too near. 

Should an azimuth mark be available, it  can be used in lieu of another station. 

Sllould this be lacking use a reference mark. 

2263. Rules and Examples 

All triangulation stations shall be marked or re-marked, and the disks stamped; 
accordance with the following rules: 

(a)  Each newly established triangulation station shall be marked with a standard station-mark 
disk which shall be stamped with the name of the station and the year of establishment. 

( b )  Each reference-mark disk shall be stamped with the name of the station, the number of tho 
reference mark, and the year. 

(c) Each recovered station which is re-markcd shall be stamped with the original name of the 
station, the original date of establishment, and the year in which it is re-marked, 

(d )  Additional reference marks may be established when a station is recovered and reoccupied‘ 
The name and date, or dates, on the rcferencc-mark disks shall be the same as those on the statiov 
mark disk a t  the time the reference mark is established. 

If it is in poor condition, citlier reinforce it or destroy 
i t  and set a new reference mark which will be numbered with the next consecutive unused Il\irnber’ 
regardless of the existence or absence of any of the reference marks established previously. 

(f) The abbreviation “Ecc.” (for eccentric) should never be stamped on a disk. Its use in the 
records should be solely to indicate that the observations made a t  that  point must be reduced to the 
center station to close the triangles before being used in the subsequent computations, 

(9) All stamping on disks for new station and rcference marks shttll be done with ?(,,-inch dieFi 

(e) Do not renew an old refcrence mark. 
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CASE VI.-The station mark is not re-marked or moved but one or more of the reference marks are 
moved or one or more new reference marks are added. 

The original station name shall be preserved, The number of the reference mark moved shall be 
canceled and the next consecutive unused number stamped on the disk. 

Ezample.-Reference mark No. 2 for “RAVEN 1926” is moved In 1940 but the station mark is not remarked or moved. 
The reference mark shall be stamped “RAVEN No. 3 (or next consecutive unused number), 1926.” If both reference marks d 

moved, the new reference marks shall be designated Nos. 3 and 4, or the next consecutive unused numbers, and the year 1926. Tbe 
same shall apply if one or two new reference marks are established even though the two old reference marks are in good condition and 
their positions are not disturbed. 

CASE VII.-The station mark in not re-marked or moved but the azimuth mark is moved. 
In this case the azimuth mark shall be stamped with the name of the station, theyear of the origins1 

establishment, and the year it is moved. 
Ezamplc.-The disk in the azimuth mark for station “MIAMI, 1926” shall be stamped “MIAMI, 1926, Reset 1040.” 

227. DESCRIPTION OF STATIONS 

Descriptions of triangulation stations shall be typewritten on Form 525, Descrip. 
tion of Triangulation Station, and submitted to the Washingt’on Office in single cop1 
at  the close of each season. When typing, it is advisable to make a carbon copy for 
the party’s records and for possible future reference. 

Notes pertaining to the description shall be made a t  the station at  the time of 
establishment or occupation, either in the record book or in a separate notebook carried 
for that‘purpose. The complete description shall be written as soon as possible after 
leaving the station. Do n o t  defer writing the descriptions until the end of the season, 
because the topography a t  the station sites may not be clearly visualized a t  that time, 
resulting in vague and inadequate descriptions. 

In writing a description, first enter, a t  the top of the form, the data relative to tho 
name, State, county, Tear, reference-mark information, etc., and then write the detailed 
description. If the space on the card is insufficient, continue the description on another 
card, but n o t  on the back of the same card. When more than one card is used for on0 
description, identify each additional card by the station name at  the top, followed bY 
the word “continued” and number the series, (‘No. 1 of 2 cards,” “No. 2 of 2 cards,“ 
etc. 

In  writing the detailed description] begin with a statement showing the class of 
triangulation used in locating the station, and its general location with reference to 
some well-known geographic feature, such as a city, town, village, island, cape, or point. 
Follow with the detailed description and how to reach the station. If the station must 
be approached by water, emphasize the best place to  make a landing and the route to 
follow to reach the station, should this information be of any advantage. (See also 
2142.) Conclude the description with a line or two concerning each reference mark, 
giving: 

First, the general direction (true) each is from the station mark, and 
Second, a brief description, should there be any essential divergence from the type as indicated 

For standard classification of marks and the appropriate note  to  use in each par- 
ticular instance, see pages 112 to 114, Special Publication No. 145, Manual of Second- 
and Third-Order Triangulation and Traverse. 

All descriptions of stations established near the shore shall include distances 
measured from the station, normal to the high-water line, to  characteristic and identi’ 
fiable features of the beach, top of bluff, riverbank, or any other erodable featurer 
provided the distances do not exceed 200 meters. Since this information is for possiblo 

by the general note. 
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in erosion studies, the feature to which the measurement was made must be described 
'II some detail. 

A station which is abandoned before its position has been determined, all marks 
being removed and destroyed, does not require a description. 

2271. Description of Stations Of other f&enc~s 

Any existing marked control station or boundary monument, originally established 
by some other agency, federal 01 otherwise, whose position is determined by this 

Among 
the federal agencies, whose statjons are most frequently encountered, are the Geological 
'yrveY, Corps of Engineers, General Land Office, and International Boundary Com- 
Qlssion. 

The description shall state clearly whether the existing station was used as a station 
the new scheme, or whether a new station was established nearby and the position 

Of the existing station determined by distance and angular measurements. The name 
Of the agency (abbreviated) which established the station shall be placed in parentheses 
after the name of the station and thereafter shall form an integral part of the station 
name; e. g., WILKES (U.S.E.). Form 525 must contain a complete description of the 

just as for a new station, since the descriptions of stations established by other 
'gencies are ordinarily not on file in the Washington Office. The description shall 

ckmrly what former ma&s &ere found, the stamping or inscription on them, 
whether the station was reinforced or marked and, if SO,  how, and what additional 
reference marks were established. 

for the first time, shall be described as a new station on Form 525. 

(See 224.) 

2272. Recovery Notes 

A report shall be made on Form 526, Recovery Note, Triangulation Station, for 
each station recovered or searched for. If a station is recovered exactly 8s previously 
described and all marlrs are in good condition and the description is entirely adequate, a 
statement to that effect will be sufficient on the recovery note. If the station is removed, 
!'-"larked, reinforced, reset, replaced, or new reference marks are established, this 

with a brief description of the new mark, referencb measurements nnd 
dlyeCtions, and stampings on the marks must be submitted. If the original description 

lnadequate or changes have taken place since the station was established, such as 
roads, real estate development, erection of new structures, changes in property 

Ownership, changes in natural topography due to storms, erosion, excavation, improve- 
?e'ts, etc., the recovery note sllall contain a complete new description of the station, 
lust A specimen recovery note is given on page 
' " 9  Special Publication No. 145, Manual of Second- and Third-Order Triangulation 
and Traverse. 

All reference distances and directions in the original description shall be verified 
and The initials of the person responsible for the 
d 

would be written for a new station. 

discrepancies specifically noted. 
escriPtion should appear in the lower right-hand corner of the card. 

228. PSEUDO-TRIANGULATION METHODS 

In a hydrographic survey it is occasionally necessary to determine accurately 
the Positions of one or moro'stations where conditions preclude the use of the conven- 
t'?Q'l triangulation mothods usually described in manuals. Necessity and ingenuity 
galned through experience will generally produce some substitute method by which* 
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accurate positions may be determined in such cases and often a situation, which at first 
appears almost insurmountable, may be satisfactorily solved. Generally, stations 
located by such methods must be considered topographic stations, and marked .and 
described as such, for although the methods often more nearly resemble geodetic 
methods, psually some phase does not meet one of the requirements for third-order 
triangulation (see 211). The few typical substitute methods described here are only 
illustrative of what may be accomplished in this manner. 

2281. Location by One Angle and Range 

A station is often needed in a locality where its position may be readily and quickly 
determined by placing it on range with two existing stations and occupying it to 
measure the angle between the range and a third existing station. 

In flgurc 8, the old stations MARION, RUDOLF, and DEVON have been ~rcviously rccovcrcd and signals have been built 
over them. A station on an island is needed quickly for the control of the topography, when it Is discovcred that the limits of tho 
topographic sheet are such that a satisfactory topographic position cannot be obtained. 

DEVON 

F i a u n ~  8.-Location by rango and on0 observed angle. 

Investigatfon discloscs'that a new Station ALBINO can.be convcniently locatcd on range with RUDOLF and MARION at a 
point from which DEVON can be srcn. This is accomplished hy sctting UP a thcodolito on range by eye, and thon shifting it slightly 
until the signal poles at the two stations are ~ r c c i s e l ~  on range whcn viowed through the tcloscopc, their vcrtlcality being chocked 
at the same time. 

The angle at ALBINO betwecn thc rangc line and station DEVON is mcasurcd, this bcing the only mcaauremcnt nocessnry to 
determine the position of station ALBINO. Thc angle at RUDOLF is obtained from tho forward nzimuth of the line to 1)EVON 
and tho back azimuth of the line to MARION, and tho angle at DEVON IS concludcd to complctc the trlanglo. Tho pavitjon of  
ALBINO can be computcd from tho triangle ALBINO-DEVON-RUDOLF or tho triangle ALBINO-DEVON-MARION. 

If the three old stations havc been indisputably recovered (their rcforonce marks 
having also been recovered and the reference distances cliccked), no additional check 
angles need be observed. In this case there is no check on the position, and a statioii SO 

determined shall be marked with a standard topographic station-mark disk and 
described on Form 524, Description of Recoverable Hydrographic or Topographic 
Stations. It is not to be considered a triangulation station since the method does not 
mwt tho requirements for third-ordcr triangulation. 

If all three recovered triangulation stations had come within tho limits of tho 
tppographic sheet, a station could have been Iocatcd graphically by setting up the 
planetable on the range and rcsecting on the third station. 
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2282. Ship-Intersection Method 

There arc stretches of coastline dong which control cannot be established either 
triangulation or by traverse, except with extraordinary difficulty and a t  grcat 

exPensc. Along short sections of such a coast, control can often be established with 
Satisfactory accuracy by the ship-intorsection method, provided the stations SO located 

not uscd for the extension of control beyond the limited areas in which they occur. 
The method is illustrated in figure 9. A and B arc triangulation stations, whose 

geographic positions are known and which have been indisputably recovered and 
?hich are intcrvisible. To oxtend control wcstward along the shorc, a new station C 

Selected which is visible from B and from which a strategic point farther west can 
be Seen. To locate C’from the line AB, observers must occupy all three shore stations 
siQultanoously. The vessel is anchored a t  position 1. A black-and-white target onla 
2- by %inch pole is secured to a stanchion on the flying bridge, or elsewhere, where the 
target will be distinct and quickly detectable. 

PlQunE g.-Establishing shore control by the ship-intorsection method. 

The observing procedure is as fo]lows: Each observer 8rst orionts his instrumont on tho triangulation station immediately adjacent 
to his station; that is, A orients on B, B 011 A, and Con  B. 1x0 then signals to tho \OSSOl by a White flag that he is ready to begin 
observin& when all signals have boon rccoivcd, onr long blast is blown on the whistle. This signal is the Zoro hour and is so recorded 
by Onoh Of tho three sholo obsorvors, whose watches have beon sot in ngroenient Within 8 few seconds. A mhut0 latOr, a flag iS raised 7 tho veSSCl, whcro it is vfsiblo to tho observers, to signify stand 61. Thirty soconds lalor, it is rapidly loworod. As soon as tho signal 
ag starts down, sinlultaneous angle observations me mado on the target by the three shoro observors. On0 ininute Inter, the signal 

‘lag Is again raised for aiand h l ,  and 30 secotlds ]&tor It is hauled down for mark. This procoduro is ropoatod for dlroct and roverse 
Dointings for as mally positions DS required. fiix to eight positions with a second-ordor direction thoodolito am considerod suUlcient. 

In addition to tho above obsorvatlons, the observer at B must measure the sum angle ABCIn ordor t O  provide data for cornput. 
Ink the triangle OB 1. 

To obtain a length check on tho line BC, tho vessel is moted to position 2 where 
the Procedure is repeated. Best results are obtained when the sea is very calm and 
there is a minimum of rolling and swinging of the vessel. The same identical part 
?f the Pole or tdrget must bo pointed on by the throe shore observers. Whcre long 
!nes ‘me to  be observed, the observations are facilitated and their simultaneousness 
Is by the use of a scilding and receiving radio sot at  each shore station ,to 
Qintain communication with the vcssel. 

The control can bo subsequently extended beyond C by establishing additional 
stations and repeating the procedure. At the end of such a schemc, a connoction should b 
e e to  a line of tllc sc1lcme of triangulation established by conventional methods, 

Order to determine the accuracy of the locations and permit adjustment if dcsircd. 
The advantagc of this motllod is obvious, for tho building of tall signals, the 

of the necessary lumber, and probable extcnsivc clearing are slow and 
“pensive. Unless the importance of the area is sufficient to require triangulation by 
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standard methods, it is doubtful if the difference in accuracy obtainable would warrant 
it, since results approaching third-order accuracy may be obtained by this method. 

This type of control does not meet the requirements for third-order triangulation 
because the ship stations are not stationary and there is one concluded angle in every 
triangle. Stations located by this method shall be termed topographic stations, and 
shall be marked. by standard topographic-station marks and be described on Form 524. 
(See 211.) 

2283. Buoy-Intersection Method 

A method similar to the ship-intersection method is by the use of a row of buoys, 
or floating signals, anchored a t  strategic positions along the coast to form one side of 
a scheme for a short distance. This method should be resorted to only when the type 
of coast is such that the positions of the desired stations cannot be determined economi- 
cally by standard methods and the water is not too deep to prevent anchoring buoys far 
enough offshore to provide good strength of figures. The buoys shall be placed 
sufficient distance offshore so that the smallest distance angle in any triangle shall not 
be less fhan 30'. 

FIGURE lO.--Establlshing shore control by the buoy-intersection method. 

In  flgure 10, A, B, and Fare established triangulation Stations and control is desired between B and F. Intorvisiblc stations N e  
located at f7, D, and E and floating signals are anchored at W, X, Y, and Z The metbod of observation is apparent from the flguW. 
Enough consecutive stations should be occupied at one time to permit simultaneous observations on any one buoy. six to eight p d  
tions with a wcond-order direction theodolite should give results approaching third-order accuracy. No length checks obteind 
by this method, unlaas twioe 88 many buoys are wad for control (see 2282). A check on the work is obtained, however, when the 
scheme is closed on F. Any discrepancg between the two determinations of Fshould he adjusted and proportioned among stations GI 
D, and E. If a topographlc survcy by planetable travcrse IS contemplated, a flcld check of the positions will also be obtained as the 
traverse proceeds from one station to another, the principal check being when tho traverse reaches station F. 

Stations located by this method shall be marked and described RS in 2281. 

2284. OJset Traverse 

Traverse is not tb be considered a satisfactory substitute for triangulation whon 
the location of important control is involved. 
localities where triangulation is impracticable, or along stretches of shore where the 
principal scheme of triangulation veers inland away from the . coast. Complete 
instructions for third-order traverse may be found in Chapter 4, Special Publicatioa 
No. 145. 

Where the terrain makes both triangulation and traverse by taped distant@@ 
impossible, a careful offset traverse may be substituted, which will approximate third. 
order accuracy. A typical area where offset traverse may Be advantageously used ifl 
illustrated in figure 11. 

A sqheme of triangulation is impracticable along the shore of the southern end of 
Onward Island but it can be carried overland, spanning a depression between two 
divides, to make a connection between the triangulation on the east and west'coasts, 
The coast between A and M rises abruptly to an elevation of about a thousand fee6 

It may be resorted to, however, 
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preventhg any inland triangulation stations from being viyible from the shore. Also 
d' the beach is so rocky and the shoreline SO indented that measurement by taped 
Ztanc@s is impossible but, since the beach is not inaccessible, control fop planetable 

Po@aPhY can be established by offset traverse. 

FIQWEE ll.-Where offsot traverse can bo used advantageously along the shore (between A and M). 

FIGURE 12.-The offset traverse method. 
t of Onward Islend hetwoen trlangulatlon station8 at A and M .  The distanm between ' : ~ ~ ~ ~ ~ ~ ;  are derived from taped offsets and distanoo ItnlrlOS , Referring to flguro 12, trlangulatlon station A is occupied with 

nY of the other triangulation stations is usod for orlentation, and a direction angle for aeimuth is meesurod to B, the %kFrd station solocted. An offset station a is then astahlishod at exactly right anglOS to tho llno AB where it will be f:2 B, and about aa maters distant from A.  The angle nAB Is then observed and the horieontal distance An 1s t awd  m u -  
dl en hVerW station B Is ocoupiod and dlmotlons to A, n, and C tho next forward treVeW3 St&tiOn are obsorved. The 
tnstaoeang10 ABa combinod with the Wo nngle at /A and the measured dlstance An are the elements neodod to compute tho slender 

and to obtaln tho distance AB. At B then an offset station b Is solooted at exactly right Snglos to the line BC, the angle 2 Is obsOrvod and the distance Bb meesurod. Tho procedure is followod in 00CUPying subsequent tr8VOISO stations. The 
the o*Wt statlons should not be inoluded In the same horizon olosure with the othor angles, if WOatlng thoodollto Is usod. 

la run along tho 

with offsets always normal to the direction of the forward station, the logarithm 
Of the distance between traverse stations is the difference between tho logarithms of the 

.rf the horizontal distance to an offset station cannot be measured, moasuro the 
"lned distance and correct it for inclination. The difference in elevation between a 

tr'verso station and its offset station may be determined by bringing the eye in the 
Of one station and tho visible sea horizon and noting the depression of the other 

Another method of obtaining the hod- tpl distance is to stretch tho tape between tho horizontal axis of the tolescope and 
Offset station, measuring the inclined distance accurately. Sight tho telescope Pg the tape to the offset station and measure the angle of elevation or depression. 

distance and the tangent of the distance angle. 

below the plane on a graduated pole. 

% these data the horizontal distance is computed. 
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The offset traverse method may be expected to result in accumulated errors no 
greater than 1 meter per mile. Stations located by this method shall be marked and 
described as in 2281. 

2285. Three-Point Fixes 

Infrequently on combined operations and occasionally on air photographic surveys, 
three-point fixes may be used for locating supplemental control stations in which one O r  
more of the stations observed are intersection points, such as spires, tanlcs, etc. The 
observations shall consist of at  least one set of 3D and 3R with a 10-second repeating 
theodolite or two positions with a second-brder direction theodolite. 

The computation of the three-point problem should be made on Form 655, &@ 

described in detail on pages 98 to  100 in Special Publication No. 145, Manual of Second’ 
and Third-Order Triangulation and Traverse. Because there is no check on the posi. 
tion, it is considered a topographic station and shall be marked and described 8s 

explained in 2281. 
If observations are made on a fourth station so as to give a check, and all four 

stations are third-order or better, the suppleme6tal station shall be considered of third’ 
order accuracy, provided the observations consist of a t  least one set of 6D and 6R with 
a 10-second repeating theodolite or four positions with a second-order direction theodd 
olite, Standard triangulation station-mark disks shall then be used for marking. 

23. TOPOGRAPHY 

A topographic survey is the determination of the positions, bn the earth’s surfacer 
of the natural features and the culture of a locality and the delineation of them bY 
means of conventional signs and symbols on a plane surface called a topographic map, 
Such a map shows both the horizontal distances between the features and their ele~a’ 
tions above a certain level called the datum plane. The representation of the variatioD@ 
in elevation is called relief. 

Although the depths in the water area are the most important data on a nauticd 
chart, the topographic features of a coast are only second in importance because, ia 
sight of land, the mariner is chiefly guided by, and determines his position from, the aids 
to navigation and the shore landmarks which he can identify. Contours or form lines 
must be included so that the topographic relief of the area will permit the mariner t o  
identify quickly and with certainty the rivers, valleys, hills, mountains, etc. A chart 
should include the topographic details of the adjacent shore and all the salient featureS 
of landmark value that are visible from a ship a t  sea. 

Complete instructions and specifications for topographic surveying are contain0 d 
in Special Publication No. 144, Topographic Manual. Except as modified in tho 
,project instructions and in this Manual, those requirements shall be strictly followe d 
by hydrographic parties engaged in topographic survoying. Only the briefest dis 
cussion of the subject can be included in this Manual, which is particularly concerned 
with the establishment of control for hydrographic surveys, and which describes soPo 
special applications and methods of planetable and air photographic surveys wllich firo 

peculiarly adapted to hydrographic surveys. 

231. GENERAL STATEMENT 

Topographic control is necessary to supplement the triangulation control for us0 
in launch and visually controlled ship hydrography. 
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There are two general methods of locating signals for hydrographic control. One :ethod i s  by planetable, alidade, and stadia rods. This is the older method but is 
pg to a considerable extent by a new method, namely, air photography. ’ both methods stations along or just inshore from the beach are located for use as ytrol Points for the hydrography. The positions of these stations are plotted on tho 

Oat sheet from which the hydrographer determines his position on the water by means Of 

when survey parties are engaged in combined operations, the topographic surveys 
i:*’Y Precede the inshore hydrography. The signals, shoreline, and other detail 

generally located on aluminum-mounted sheets by conventional topographic 
‘CthodS, and are transferred to the boat sheets in sections as they are completed. 
“ the average area one plan&,able party can keep well ahead of one launch party 
”“““d!ng with handlead or wire. The recent use of portable graphic-recording O C ~ O -  

soUndlng instruments has doubled and, in spme areas, more than doubled the progress 
Of launch hydlography, and consequently its progrcss is now dependent to a great 

231 1. Reference Plane 

angles observed between three such stations. 

the speed a t  whicll the topographic parties operate. 

The plane of reference used by tile Coast and Geodetic Survey for the elevations 
for topographic surveys along coastal areas is mean lligll water (MHW), 

Pegnrdless of locality. It is mean 1Iigher 11ig11 water. The plane of reference for 
elsvations must not be confused wit11 the plane of reference for depths, which is depend- 

On the locality (see 2172), or the plane of reference for the control of precise leveling, 
\Yhich is mean sea level. 

2312. Offshore Details 

The topographer shall locate all rocks, pinnacles, reefs, etc., along the slloreline, if 
th Posslble* * Brealcers or sunken rocks, when noted, shall be located approximately, if 
k @Ir Positions cannot bo dctefmined definitely, so that the hydrographic party may 

advance of the existence of such dangers in ordor to locat6 thorn definitely ‘“‘“ working in tlmt area. (See also 363, 364, and 365.) 

‘Ow 

2313. Method of Location 

Except for air plloj,ograpliic surveys, j t  is assumed that conventional planetable 
issathods Will be used to locate tl1o topographic stations, and since a survey by planetable 

survey tllere are no notes nor record of any of the measurements by which 
the Positions are determined. 

wlm special or unconventional methods are used to locate a station or group of 
in an area, special mention of &]lis shall be made in the Descriptive Report 

If all stations are located by conventional 
planetnble methods, a statement t o  t]& offset shall be included in the Descriptive 
Beport. 

Pp Then a new method is used successfully, a special report sl~all be made to the 
QshlngtOn describing metliod in detail with particular OlnphaSiS On tho b o b  

PanYhg the topograpllic survey. accoln 

accuracy obtained by its use. 

232. ACCURACY OF TOPOGRAPHY 
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men& shall be used that 90 percent of these control stations will be within 0.5 mm Of 
correct geographic position, and no station shall be in error by more than 0.8 mm. 

Except as otherwise provided in the project instructions, topographic surveYS 
(either planetable or air,photographic) to locate control stations for hydrography s h d  
be on a scale equal to  or larger than the largest-scale hydrographic survey to which 
they apply. 

Planetable traverses, and graphic triangulation by planetable or by means of 
air photographs, shall start from and end a t  control stations of third order or higher. 
Exceptionally, miner control may be extended for short distances up relatively unim- 
portant waterways without ending a t  a control station of third order or higher, where 
compliance with the rule would be uneconomic. In such case extraordinary pro- 
cautions must be taken to ensure the accuracy of the work; the figures in any graphic 
triangulation must be strong, and the length of sights in any traverse must be neither 
excessively long nor short, with check distances measured a t  every traverse set-up. 

To attain the required accuracy in planetable and air photographic surveys, the 
following precautions are essential: 

(a) Projection lines shall be fine and shall check within 0.15 mm. 
(b) Basic control stations shall be plotted and checked within 0.15 mm, with reference to the 

(e) Control stations (basic and minor) shall be identified on air photographs within 0.2 mm. 
( d )  Triangles of error at minor control points located shall never exceed 1.0 mm, regardless of 

the method of location. 
(e) Closing errors of planetable traverses, prior to adjustment, shall not exceed 0.4 mm per mile, 

at the scale of the sheet; and in no case shall the total closing error, which may be adjusted, exceed 
2.0 mm at the scale of the sheet. 

Closing traverse errors within the limits prescribed in (e )  may be adjusted grapbi- 
cally on the sheet. Traverses resulting in larger closing errors shall be partly of 
entirely rerun to obtain the prescribed accuracy. 

Most planetable traverses are short, since basic control stations are usually only 
2 miles apart and never more than 5 miles apart (see 2231). Aluminum-mounted sheets 
(see 233), which are used for practically all planetable surveys, eliminate errors due to 
distortion. This amount of control and the elimination of distortion make compliance 
with the requirements relatively easy; in fact most traverse closure errors should not 
exceed one-half the allowable error. 

list of all traverses, with their lengths and closures before adjustment, and the names 
of the control stations a t  the ends of each traverse, 

nearest projection lines. 

For planetable surveys, the Descriptive Report shall contain in tabular form 

233. ALUMINUM-MOUNTED TOPOGRAPHIC SHEETS 
The distortion of the topographic sheet has been one of the most serious handicaps 

in planetable surveying. Prior to 1932 cloth-mounted Whatman sheets (see 7111) 
were used almost exclusively in the Coast and Geodetic Survey for topographic surveys, 
An aluminum-mounted topographic sheet, designed especially for topographic work, 
is now being used for practically all planetable surveys. Unless special instructions 
are issued to the contrary, these aluminum-mounted sheets shall be used for all future 
planetable topographic and graphic control surveys. 

The aluminum-mounted sheet is constructed of highest quality Bristol board 
mounted on both sides of a flat aluminum sheet 0.04 inch thick. The size commodY 
used is 24 by 31 inches, which is identical with the size of the planetable board, A metal 
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!lamping device designed in the Bureau is used to hold the sheet rigidly in place while 
u1 use. The edges of the Bristol board extend approximately ope-half inch beyond the 
&luminum and are hermetically sealed to exclude any moisture which might destroy 
the permanent bond between the paper and the aluminum. The Bristol boards on 
the two sides of the aluminum must be of identical materid and quality to preclude 
a differential expansion or contraction which might warp the sheet. Ordinarily only 

side of the sheet is used for the planetable survey although both are sometimes used. 
The Bristol board of which the mounted sheets are made has R smooth hard 

The absence of any noticeable distortion under any climatic conditions or over 
long periods of time makes the use of this sheet a joy to the topographer. A sheet 

Under the same 
%ditions R Whatman cloth-mounted sheet underwent R percentage change from plus 
O.50 percent to minus 0.82 percent. 

which is exceptionally suitable for drafting with either pencil or pen and ink. 

in Alaska in 1932 showed no measureable dimensional change. 

In 1834 an aluminum-mounted sheet, on which the topographic survey was prsctioslly complete, dropped overboard in 8% fathoms 
Or The sheet was retrieved by the topographer by being pierced by nails fastened to the lower end Of 8 IO-pound sounding lead, 
lour nail holes being made In the sheet before I t  was recovered. I t  was in the water rbout 46 minutes. After recovery it was dried 
c B ~ f u l ~ Y ,  and when the projeetlon wm checked it showed practically no measurable change in length and but 0.02 to0.04 Wrcent con. 
traotiOn in width. Today, in the archives of the Washington Ofllce, this sheet shows no Stains nor Sign of disintegration and no addi- 
tional change has oocurred in Its dimensions. 

Actual performance in the fleld, together with a number of spedal tests, has proved beyond question that the problem of dlstortion 
solved by the aluminum-mounted sheet. In 1934 a topographer located a number of beacons by planetable on an aluminum. 

mollnted sheet, scale 1:1O,ooO, and the distances between these were scded from the topographic sheet a t  the time. Eubmquently, 
fdenticai beacons were located by triangulation and a comparison of the computed geodetio distances with the scaled distances 

dlsQhsed an average difference of only 0.7 meter, the largest difference being 1.6 meters In 8 distance of 2340 meters. The distances 
Parled from 1164 to E876 meters. 

Other advantages of the aluminum-mounted sheet are that the wind cannot blow 
the sheet and the planetable board to disturb the topographer as was the case 

with the Whatman sheet, and the sheet can be used under adverse climatic conditions, 
!Wh 8s exposure to heavy mist or light rain, which made the use of the Whatman sheet 
'hnprac ticable. 

I t  has bcen proved that ti considerably higher accuracy can be attained with the 
of the aluminum-mounted sheets and almost every topographer who has used them 

has exprcssed pleasure and satisfaction with them. The absence of distortion makes 
it ti pleasure to use the thee-point problem without the tedious procedure of adjusting 
the position for distortion, and careful cen tering and orientation practically assure 

234. HYDROGRAPHIC SIGNALS 

cuts taken to an object will intersect in a point. 

In the absence of air photographic surveys, the necessary hydrographic control 
aaY be located accurately and economically by means of the planetable. 

The locating of various hydrographic signals, shoreline, and off-lying detail is of 
Primary importance, as inshore hydrography cannot be done without a large number 
Of temporary signals necessary for sextant fixes close inshore and elsewhere. 

When topographic and hydrographic parties are operating in the same immediate 
&rea, from the same ship or shore base, the topographer shall daily make a tracing of 
his results for transfer to the boat sheet, thus providing the hydrographer with the 
Positions of all newly located signals for use in his next day's work. 

Since the topographic survey usually immediately precedes and locates control for 
the hydrographic survey, the topographer must have an intimate knowledge of tho 
'equirernents of the hydrographor in order to provide him with stations a t  desirable 
locations and frequency. The topographer should plan the stations from the point of 
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view of a hydrographcr surveying. the adjaccnt waters from a launch. He should placo 
the tcmporary signals,. whitewashes, banners, tripods, etc., at  points best situated to 
give strong fixes throughout the entire area. If the topographer succecds in this, 
excellent control will be available for the hydrographic survey, and the hydrographer 
will not be delayed by having to build and cut in supplemental signals nor by the dif- 
ficulty of identi€ying one signal from another as where they arc unneccssarily numerous 
and similar in appearance. 

2341: Hydrographic Signal Buildi~g 

Stations along a sandy beach or a low flat area should be placed wcll back from 
the beach, where practicable, to provide strongcr sextant fixes with fewer stations to 
control the hydrography close to the shore. In any case they should be a t  least far 
enough from the beach so they will not be dcstroyed by wave action due to high water 
or storms. 

Where signals are built along an irregular coast, one should always be located at 
the head of each inlet or small cove. Stations on cliffs, high hills, or bluffs are unsatis- 
factory for scxtant fixes close inshore, because the sextant may have to be tilted so far 
from the liorizontal plane to measurc tho anglcs that corrections have to be applied 
(see 3338). 

The signals nccd not be erected with more permanency than is required to rcmain 
intact until the hydrography in the area has bccn complctcd. Whitewashes, driftwood 
tripods, flags, banners on stumps, wreckage, and numcrous other obj cots make splendid 
signals for launch hydrography whcn properly dressed. 

Care must be takcn to vary tho shapes, sizes, and spacing of the signals to prcvent 
confusion. Too much importance cannot be placcd on the spacing of stations, sizc of 
the signal, and range of visibility. When viewed from a mile or two offshorc, signals 
spaced too close together, espccially if they are small, dim, and of similar appearance, 
may bc difficult to identify when reflected in scxtant mirrors. 

In the spacing of stations, one evcry half-mile may be sufficicnt if they can bo 
located a quarter of a mile inshore from the beach. Where the bcach is irrcgular and 
vision inland is obstructed by trees, bluffs, cliffs, ctc., stations spaced 300 to 400 meters 
apart will usually be sufficient. Signals widely spaced, unless they are wcll back 
from the bcach, furnish wcak fixcs for positions close inshorc. 

Signals appropriately located and crccted are a very important prelude to successful 
launch hydrography. The ease and smoothness with which a launch unit operatcs 
Idepcnd to a large extent on the competency with which the signal-building party docs 
its work. Whitewashing or signal building in tho fog is unsatisfactory and should not 
be resorted to; vision is limited and distances cannot be judged correctly, with the 
result that the stations arc frequcntly too close together and often arc all of similar 
appcarancc. 

Where the stations arc located and spaccd so that strong fixcs will be availablc at 
any point in the area and are varied in size and shape so as to be quickly and unmis- 
takably identified, then the control will be adcquatc for hydrographic survcying. 

235. RECOVERABLE TOPOGRAPHIC STATIONS 

I 

i 

Changcs in topography and culturc occur as the country develops, or as a particular 
area increases in importancc, and revision surveys bccome necessary. Such surveys 
should not be undertaken until a thorough scarch has bcen made for stations cstablishod 
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during prior surveys. The number of stations recovered may be sufficient for control 
Of the new survey. 

To provide for future use in revision surveys, the topographer &all supplement 
existing control by establishing additional recoverable stations SO that there are cdh trol 
stations a t  l-mile intervals along the coastline; except along rugged O r  swampy coast- 

bordering areas unfavorable to habitation or industry, where the interval may be 
lncrcascd to  not more than 2 miles (see 2141). 

Thesc recoverable stations may be natural or artificial objects when available, or 
standard topographic disks set especially for this purpose, and together with other 

When practic- 
able, stations,should be est,ablishcd where they can be easily identified, and in the most 
Permanent places available. Conspicuous points, rock outcrops, large boulders, etc., 
are Cxcellent places to  set station-marl< disks. Often natural or artificial objects exist 
which make splendid topograp11ic stations that are recoverable without special marking. 
Some of the natural ones have remained intact for generations and are very,lilrely to  
’emain 80 for years to corne. The establishment of a Station at  its most h . d y  location 
will aid a latcr party in its recovcry. 

All topographic stations specially marlrcd for future recovery shall be marked 
uith standard bronze topographic station marks, stamped with tho name and year. 
Reference marks are not set a t  topographic stations. Paragraph 29, page 7, and line 8, 

52 of Special Publication No. 144, Topographic Manual, are hcrcby amended by 
the substitution of the word ((topographic” for the word “hydrographic.” Hydro- 
graphic station marks are no lo1lger used by the Coast and Geodctic Survey and hence- 
forth shall be considered obsolete. 

stations provide recoverable control a t  the required intervals. 
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236. CONNECTION WITH CONTROL OF OTHER AGENCIES 
Permanently marked triangulation and traverse stations established by the 

United States Corps of Engineers, other agencies, or local engineers, encountered during 
the normal progress of a topographic survey that have not been connected to the federal 
network of control established by this Bureau, shall be located by the topographic 
survey so that their positions are available on the established geodetic datum. Such 
stations should be located with particular accuracy-locations as follows will be con- 
sidered satisfactory: 

(a) By graphic triangulation with a perfect intersection of at least three cuts. 
(a) By a closed traverse which requires no adjustmentprovided that adjusted traverses oom- 

plying with the requirements may be tolerated in areas where a 6-mile spacing of the triangulation 
control is permitted (see 2231). 

Permanently marked bench marks, and control stations of other agencies known 
to .have been connected by triangulation to the federal network, but for which the 
topographer does not have the positions, which are encountered during the topographic 
survey shall also be located. Bench marks of the first- and second-order level not and 
tidal bench marks established by this Bureau, as well as bench marks established by 
the Corps of Engineers, other agencies, and local engineers should be included. NO 
special effort need be made to locate these with an accuracy greater than that ordinarily 
obtained in the topographic survey. 

The triangulation and traverse stations and the bench marks which are located 
by topography shall be described on Form 524, in accordance with 2351. 

2361. Uncontrolled Maps and Blueprints 

Existing maps or blueprints of surveys of special areas may be submitted to 
supplement tppographic surveys or as indicative of changes which have taken place 
in the areas. In  either case a field inspection shall be made on the ground to determine 
and note which features shown on the plan represent actual conditions; planned im- 
provements or construction, if nonexistent a t  the time of the inspection, shall be 
plainly indicated on the copy transmitted. Explanatory notes shall be made wher- 
ever necessary for a complete understanding of the conditions at  the time of the 
inspection. The date of the examination shall be noted. No map or blueprint should 
be submitted in lieu of making a topographic survey unless it complies approxi- 
mately with the requirements for topographic surveys of this Bureau, taking into 
consideration the larger scale of the plan. The topographer or Chief of Party shall 
state over his signature that an examination has been made on the ground, and thak 
the plan, as corrected or amended, represents actual existing conditions at  the time. 

If the map or sketch is submitted to supplement a topographic survey it should 
be submitted at the same time and be considered a part of the records accompanying 
the topographic survey. 

Complete details shall be given as to the source of the map or blueprint and if 
this has an identifying number it should be included; the date of the survey and the 
scale shall be furnished if known. 

Maps and blueprints of surveys of local areas are frequently uncontrolled goo- 
paphically or are based on a local control which is not connected with the federal 
network of triangulation. Such a map or blueprint is useless unless a sufficient num’ 
ber of points shown on the map or blueprint are located by triangulation or topographj’ 
to permit its correlation with the surveys of this Bureau. Three accurately deter- 
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Q?ed Points separated as widely as possible, preferably near the margins of the blue- 
Or map, and forming a weu-shaped triangle, ordinarily will provide excellent 

Control. These points must be tied into the control net by triangulation or located 
by the topOgrapher,at the time of his planetable survey and identified both on the "' Or blueprint and on the topographic sheet. Features which are to be recommended 

landmarks for the use of the navigator are important and shall be located by the 
"mapher independently from the plan. 
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237. GRAPHIC CONTROL SURVEYS 

A graphic control survey is a skeleton survey made by planetable for n e  Purpose 
Of (a) locating the hydrographic signals, (b)  locating additional control for air photo- 

surveys and clarification of indefinite detail on the photographs, or (c) a com- 
blnatiob of the two. 

Since much of the topography on nautical charts is now obtained from air photo- 
'aPhic surveys, graphic control surveys are frequently made in connection with the 
( survey. These surveys are usually made on aluminum-mounted sheets 
la@@ 233) which not subject to distortion and on which the desired control can be 
Ocated most accurately. Any of tho conventional planetable methods may be used. 
t Such surveys ordinarily do not contain enough topographic detail to be considered 
oPo@'aPhic surveys and they are not registered as such in the Washington Office. 

is If a hydrographic survey is made in an area where an air photographic survey 
in the near future, tlie graphic control surveys consist almost exdusively 

Of the locations of the hydrographic signals. If the hydrographic survey is made p, the Photographs are available, but before they have been compiled into plani- 
et?c maps, the graphic control surveys may contain, besides hydi.ographic signals, 

Ilddlti0nal points for controlling the photographs, as well 88 the delineation Of certain 
:dehite or indistinct features on the photographs. Among the latter are the high- 

line along gently sloping sand beaches, intricate waterfront detail, and rocks 
awash, It may be desirable in some cases to delineate the shoreline in critical 

areas* as- in narrow passages or where channels border ,the shore closely. Where fre- 
quent changes in signals are necessary during the hydrographic survey, the shoreline ? Often aid in identifying the signals-even a sketched shoreline may be useful in 
"8 respect. 
h* FraPhic control surveys should also include the location of all aids to navigation 
t IthQ the area which have not beon located by triangulatioll-and Cannot be unmis- 
akablY identified on the photographs. 

238. SPECIAL TOPOGRAPHIC METHODS 

Q The use of the planetable and alidade has been found a most efficient and adaptable 
ethod of making ground topographic surveys, but in special circumstances the use of a 

z t u t e  method will bo found advantageous, especially in places where the principal 
bill la to h a t e  stations for the hydrographic control. experienced topographer 
b learn when and where the use of substitute methods is of advantage or can 

@ accuracy as 
"@at Or greater than that obtainable by the usual planetable methods. - A method 
hhlch PrOhib* result in a lesser accuracy can bo tolerated only whero conditions practically 

Generally, any method may be used which will result 

It tho more conventional methods. 
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2381. Wire Traverse 

Distance measurements by wirc, instead of stadia, may be used to  advantage @ 
planetable traverse in areas of low flat tcrrain and sparse vcgetation, especially where 
heat waves are prevalent and are likely to decrease the visibility and the accuracy Of 

stadia distances. Under such conditions wire traverse distance measurements increag' 
the progress of 'the planetable traverse considerably, not to mcntion the increased 
accuracy obtained. This method is very efficient along broad, straight beaches, which 
are low and flat, where the principal object is to locate hydrographic signals. 

Ordinary stranded sounding wire (SCC 4651) in a 100-meter lcngth has bcen found 
very satisfactory for this purpose. Thc wirc is marked a t  25-mcter @tervals by tbs 
insertion of small pieces of cloth bctween thc wire strands. Extra lcngth is a l Io~@~ 

d 
a t  each cnd of the measuring wirc for holding toggles. 

Pins about 20 inchcs long are uscd for marking the 100-mctor lengths on the group 

is to use six pins. Thc rear chainman retains one pin a t  thc starting point and tbO 
hcad chainman starts out with the other five. Whcn the lattcr has uscd his five pins b0 
has advanced 500 metcrs. The rear chainman then conics forward and givcs thO 
forward chainman five pins and thc measurements arc resumcd. A plus or mind' 
distancc a t  thc end of a travcrsc, or a t  a signal, is measured with a stcol tape and tbs 
total distancc plotted along tho azimuth linc drawn on tho planetable shcct. TI1' 
topographer, sighting through thc alidadc, can kccp the chainmen on line by signaling 
to  t h m  with a white flag on a long polo. 

Interrnediatc points may be locatcd along the traversc whcre ncccssary for locatifli 
detail, the positions of other objects being detcrmined by intersection cuts as the 
traverse progresses. 

A calibrated wire can bo used in a similar manner over the surface of the watef' 
15 to span narrow waterways and to measure from one rocky point to anothcr, if it 

equipped at short intervals with fittings to which floats may be attached. It can@' 
be used where there arc crosscurrcnts. Tho azimuth can be carried forward with ' 
planetable or a transit. 

when measuring. A convenient way of accounting for the numbcr of lengths measur ed 

2382. Sextometer Method 

The sextometer mcthod is a substitute for planetable travcrsc for sbort d i s t d "  
in unimportant areas whcrc tho usc of thc planctablo is impracticable. Tho surVOf 
party opcratcs in a launch, with skiffs for transportation of t h o  rodmcn. Azimuth is 
carried forward by mcans of angIcs accurately measured with a navigating sextank 
Distance is determined by measuring, also with thc navigating sextant, the small bor" 
zontal angle between fixed targets on a special rod held horizontally; such angles shoU1' 
be measured to the nearest 10 seconds. Thc angle may be convcrtcd into a distance 
in meters by moans of a hypsograph. 

The method is not accuratc and is rcsortcd to only to locate the high-watc.r lip' 
and hydrographic signals for short distances up minor strcams or tributaricw, whie~ 
arc too narrow and crooked and where thc vcgctntion along thc bnnlrs is too dense 

is overhanging for the planetable to be uscd economically, and the watw beyond 
too docp for water set-ups. It is useful in sloughs through swamps and in nnflo'' 
channcls tlhough mangrove growths. Thc use of thc mcthod is authorized only wlioro 
thc waterway is unimportant, its width is less than 200 metcrs, and a morc accura" 
mcthod would be uncconornic; and for the occasiondl location of an isolated hydro' 
graphic signal. (See also 2462.) 

(See Special Publication No. 144, pp. 20-23.) 
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TABLE 4. Correction8 to sextometer distance8 

172.6 
, 155.4 

141.3 
129.6 

86.4 

64. ‘l 
51. 9 

111.1 
.97.1 

74. 0 

25. 7 

[Thk table g i v s  the correctha to sextometer dfatsnoes lor a standard Coast and aeodetlo Hurvey mvlgathg sextant, and tbo 
corrected dktances lor a sextometer rod with 16-foot spaced targets. All dhtances are tn meters.1 
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239. AIR PHOTOGRAPHIC SURYEYS 
Air photographs are replacing the planetable as the most efficient means of topo- 

graphic mapping. The displacements and distortions, whioh at first limited the use 
of air photographs to revision of former accurate ground surveys and to the addition 
of inaccessible detail, have been gradually eliminated by improvements in materiale, 
,instruments, and methods. In  addition to yielding more complete information at 
lower costs, modern air photographic surveys now give fully as accurate results with 
no more control than that required for the planetable. In the Coast and Geodetic 
Survey, a nine-lens air camera has been developed which gives the high accuracy 
needed for the location of hydrographic signals with one-half to one-fourth the geodetic 
control needed for the planetable. The nine-lens composite photographs are 35.4 
inches square or 11.2 miles square on a 1:20,000 scale. Each photograph includes 
an area of 125 square miles ’at this scale, from 4 to 20 times as much as a single-lens 
photograph. 

- 

2391. Air Photographs in Mapping 

Photographs record directions from the position at  which they are exposed. A 
perfectly vertical photograph of perfectly flat land would give map positions directly, 
but the two conditions are practically never attainable. In  a perfectly vertical photo‘ 
graph of land that is not level, only the points vertically below the camera and poinu 
in the datum plane will appear in their true map positions (fig. 14). All other points 
will be displaced radially from the point vertically beneath the lens by distances pro. 
portional to their elevations and distances from the plumb point (fig. 16). Note t h d  
the trace of the direction from the lens to the object on the plane of the photograph 
is a line radiating from the principal point. The principal point is the foot of a par- 
pendicular from the rear node of the lens to the plane of the photograph. It is usually 
marked by a small cross near the center of the photograph or may be found at the intep 
section of straight lines connecting marks at the middle of the sides or near the corne@ 
of the photograph. If the photograph is taken when the camera axis is not vertical, 
the angles between the radial lines will not be exact; but if the axis is within a degree 
of the vertical and the elevation differences do not exceed b percent of the altitude of 
the camera, radial lines to control points may be used as a multiple-arm protractor for 
plotting without graphically appreciable error, the center of the photograph on 8 
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FIOURE 14.-Displacements on air photograph due to relief. 

@ 
ls*-Radlal dbplacement of elevated obJect8 on air photmaph. (Note that straight road8 PaaShg over hill appear straight 

when radlal but ourved when not radlal.) 
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map containing the control points. Radial lines to other objects on the photographs 
may then be used as cuts, intersecting other lines through identical points on overlappin,b 
photographs to give true map positions. 

I n  the radial-line method of mapping, the radial lines are traced on celluloid 
templets. These templets are then adjusted to the ground control stations on a base 
sheet containing the usual polyconic projection, the radial lines forming a graphic 
triangulation. Important detail such as control stations for the hydrographic survey1 
buildings, and road crossings are located by the intersections of their respective radials 
in the plot. Less important detail is adjusted to position between the intersected 
points by simple proportion, as when transferring detail between map projections 
which differ slightly in scale. Care is taken to locate by intersection a sufficient num- 
ber of points a t  the changes in slope, so that the correct position of the less important 
detail will be a simple proportion of the distances between the positions on the map 
obtained by radial intersection and the distances between the corresponding points 
on the photograph 

Probably about 80 percent of the photographs taken for mapping fall within the 
limits of tilt and relief to permit the use of radial lines for graphic plotting without 
correction. For shoreline and for stations only a short distance above it, the radial 
lines will be graphically correct for probably 98 percent of mapping photographs, 
even for tilts of the camera axis up to 3'. An excessively tilted photograph may ba 
recognized by the displacement of images away from its principal point on one side 
and toward it on the opposite side, as shown by a radial plot or comparison with over- 
lapping photographs. Space is not available in this Manual for a discussion of correc- 
tions to radial lines for tilt and relief, or the plotting from oblique photographs. 
good text on photogrammetry should be consulted for the method of making sudl 
corrections and for descriptions of the many ingenious machines and methods of 
mapping from photographs (see 9533). 

2392. Planimetric Maps 

Most of the air photographic surveying of the Coast and Geodetic Survey hits 
been done in coastal areas of low relief where simple graphic radial-line methods are 
efficient. The maps compiled have been planimetric only, that is without heights of 
contours determined from the photographs. The maps show the shoreline and objects 
visible from the water in full detail, usually on the same scale as tlie hydrographic 
surveys of the adjacent waters. Roads, railroads, important public buildings, and 
otlicr detnil €or a short distanca jnshore are also shown. The compilations are mad0 
on cellulase acetate a t  the average scale of the photographs, and are then reproduced at 
standard scale and printed by photolithography. 

When practicable to make tlie field inspection of tlie photographs and compile the 
maps in advance of the hydrography, special prints of the maps are made for tlie hydro- 
graphic pnrty to use for boat sheets and smooth sheets (sce 733). ' IdentifiabIe objects 
suitable for hydrographic signals and identifiable locations at  which hydrographic 
signals may be built are marked on the photographs during the field inspection and 
located by interscction in the radial plot. The positions so obtainod nre indicated by 
black circles (2.5 mm in diameter) on the printed maps furnished to the hydrographic 
party. The limits of slioals and cliannels which appear in the photographs are indi- 
sated by fine dash lines. Much that is irrelevant to  the hydrographic survey, such 
as names and notes in water areas on the printed maps, is deleted during reproduction 
of the copies for hydrographic use. Generally the boat 'and smooth slieels made frofl 
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(8) The sextometer method (see 2382), where thedistance to be measured from the stationlocated 
The distance and asimuth shall be shown on the bo& 

Stations so located shall be symbolized by blue circles on the boat and smootb 
by the radial plot does not exceed 250 meters. 
sheet aa in method (21). 
sheets aa in (e). 

2394. Supplemental Stations 

Infrequently and in extraordinary circumstances, the hydrographer will require 
supplemental stations which he is not prepared to locate by one of the methods listed 
in. 2393. These can sometimes be selected from, or located by reference to, the map 
or photographic detail as described here. All stations so located shall be symbolized 
by circles, 3 mm in diameter, in green ink on the boat and smooth sheets. 

A. SELECTED FROM MAP DETAIL 

If necessary, points on the planimetric map or boat sheet, which have not been 
indicated by circles but which are well-defined detail, such as small buildings, dock 
corners, sharp rocky points, and forks of streams may be used as hydrographic signals. 
Supplemental stations may be located by reference measurements to such detail, if 
the objects themselves are not convenient for use as signals or as sites for the erection 
of signals. Since some of the objects may have been located by proportional adjust 
ment rather than by intersection when the map was compiled, signal location f roa  
such detail must be avoided whenever practicable. 

B. LOCATED FROM PHOTOGRAPHIC DETAIL 

If the photographs are available in the field and are of recent date, photographic 
Sucb detail may be identified on the ground at, or near, which signals may be built. 

FIGURE 113.-Method of adjusted distances. FIGURE 17.-Paper-strip method. 

detail may include small detached rocks, ends and forks of small sloughs, intersections 
of fences or ditches, small clumps of brush, sharp or distinctive points of land or 
vegetation, and other ground detail which can be located on the photographs within 0.3 
to 11.4 mm. 
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After the selected point on the photograph has been pricked, its position may be 
transferred to the printed boat sheet by one of the following methods: 

(l) ojadjuslcd dfslancer.--Beleot two pairs of points, all four of which can be positively identifled on the photograph and 
the boat sheet. The lines connecting each pair should intersect approximately s t  right angles and fairly close to the new 
station (see f& 10) The points themselves should be not fw from the station and should bo in the same Plane (not necessarily level) 

"It mekWue A X  on the photograph, correct the measured distance for the relationship in that direction and swing an arc on the 
"lnted map. Then repeat the p m d u r e  for ox and the.lntor8eotion of the arcs on the boat sheet Will he the location of the new 
'tation* Cheok by waq from points B and D and adjust proportionally to distance. 

(') PaDer-atrlp metholl.-This mothod is especially ugtgul for low oblique photographs or photographs whose scales differ consider- 
the hydrographlc sheet. Select four known points (as A, B, C, and D, flg. 17) which 0811 be positively identitled on both 

PhotoEraph and the map or hydrographic shoot, and which we nearly in the same Plane (not neBmaruY level) with the new Sta. 
tion' weight down a paper strip at a oonvenient pl- across tHe photograph, and with a straightedge mark on the edge of the paper 

where radiating )has from one of the known points (as A), passing through the other known Points and through the new station, 
meet the edge of the paper strip (ab, ac, ad, az). Then draw lines from point A on tho map or sheet through the other known points 

and D, continuing them a short distance beyond each point (see flg. 17). Next place the paper Strip on the map or sheet and 
ad'ust It in Position so that the marks on its edge coincide with the corresponding lines on the map or sheet. With the strip in t h b  
pos'tlon draw a l h e  on the map peasing through the mark on the paper strip corresponding to the new Station (W AX). Rowat this 
prooedure Ulng other known points &S origins (as B, c, pnd n, and making marks ba, bc, bd, b, etC.), thus locating the new station 
by Intersection. 

(a) Radialdine method.-If overlapping vertical photographs are available and a considerable number of points are to be lorsted, 
a 8uppJementsl radial plot should he made. A piem of tracing paper is placed over one Of the photographs and fine lines are drawn 
'*lating from the center (prlnclpal point) of the photograph through the images of Points shown on the sheet and through the new 
stat'ons whom locations are desired The tracing is then oriented on the sheet by moving it about until the radial lines corresponding 
to 'he known points pass through them. The radial lines to objects whose positions are desired are then transferred to tho sheet. This 
hwure 1s repeated using the other overlapping photographs. The intorsection of the lines to each object, radietlng from the centers 

(4) l h f l e  method.-It should be kept in mind that any perspective of a stralght line 1s a stralght line. Any three objects whioh are 
In 'lac with caeh other in nature (not necessarily st the same height) should be in line on any photograph whether vertical or oblique, 
Bnd*on any map projection used for surveying. Full of this principle to locate stations or check the BOcuTBCY Of the swveys should 

be whenever practicable. 

'Ith Mef&e'AB and CD on both the photograph and the printed map in order to Ostahlish two PrOPOrtiOnd relationships. 

the several photographs, is tho new position deslred. 

2395. Graphic Control S U T  

If Photographic survey data are not available, or if temporary marks for the hydro- 
eaphic signals are missing throughout an extensive area, a graphic control survey by 
'lanetable (see 237) may be necessary to locate signals for the hydrography. If the 
Pmject instructions do not specify the amount of shoreline or other topographic detail 
to be mapped under such conditions, supplemental instructions should be requested. 

24. SHORE HYDROGRAPHIC STATIONS 

A hydrographjc station is a dofinite point on the surface of the earth whose geo- 
graphic position has been determined by methods ordinarily used only in hydrographic 
8urv~YS and with an accuracy less than third-order and often less than that of a topo- 
graphic station. Hydrographic stations on shore are generally located by sextant 
Observations. 

241. GENERAL STATEMENT 

The shore stations used to control a hydrographic survey are ordinarily located 
by triangulation and topography. One of the purposes of the topographic survey 

the coast is to locate tho control for the inshore hydrographic survey. It is only 
occasiondly to supplement this control located by triangulation and topography that 
the hydrographer needs to determine the positions of stations by hydrographic methods. 

From the hydrographor's offshore viewpoint a natural or artificial object unnoticed 
topographer may appear ParticularIy desirable for use in controlling the hydro- 

graphic survey, and if the topographic survey has been completed it is only by hydro- 
graphic methods that its position can be conveniently determined for such use. 

In general, hydrographic stations shall not bo usod a8 control from which to deter- 
QhO the positions of other hydrographic stations. 
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Stations located by hydrographic methods shall be symbolized on the boat and 
smooth sheets by circles in blue ink, 3 mm in diameter. 

If a hydrographic station, during or after use as control for the hydrographic 
survey, is relocated by geodetic or topographic methods it shall be symbolizcd on tho 
smooth sheet according to the latter more accurate method of location, and so listed 
in the Sounding Record (see 2154). Its  symbo1,on the boat sheet need not bo changed, 
but an appropriate note should be made in the Sounding Record or notebook whcro 
the cuts obtained by the hydrographic party were recorded that these data have been 
superseded. 

2442. FREQUENCY OF STATIONS 

A sufficient numbcr of hydrographic signals is required so that the hydrographer 
may determine thc position of his vessel a t  any point in the area of the survey with 
sufficient accuracy for purposes of charting on the.largest-scale published chart and with 
sufficient accuracy to control the development of any shoals in the area as closcly as 
may be required. 

The numbcr of hydrographic stations which may be required depends cntircly on 
the deficiencies in the topographic survcys. If the topographer has provided the 
control for the inshore hydrography from the viewpoint ttf the hydrographer and tho 
hydrographic survey follows immediately, the hydrographer should have to locat0 
few, if any, stations. 

243. METHODS OF LOCATION 

The sextant is the instrument commonly used by a hydrographic party to doter- 
mine positions and there are tlircc general methods in which this instrumcnt is uscd 
to locate hydrographic stations. 

Combinations of the methods may be used, of course, when this can be dono to 
advantage and will result in greatcr accuracy than would be attained by the use of one 
method alone. 

Many. of the methods described in section 23, Topography, may also be usad 
by hydrographers, the stations being classified according to the mothods used. Refer 
particularly to the methods listed in 238 and 2393. 

Shore hydrographic stations shall be located by other methods only in emergencies 
and as a last resort, when it is impossible to utilize on6 of the prescribed methods. St&* 
tions so located must be kept a t  a minimum and an effort should be made to locate tho@ 
subsequently by some more accurate method. For each station so located the method 
used shall be described and the circumstances explained. 

2431. Three-Point Fkx at Station 

The observer occupies the new station and, with a sextant, measures angles bo* 
tween control stations that will provide a strong three-point fix at the new station. 
Two angles measured between three control stations appropriately located with refer- 
ence to the now station (see 333) will provide the data for the fix. A check angle should 
always be moasured to a fourth station. A navigating sextant should be used for 
this purpose and wherever practicable the angles should be observed to triangub4 
tion stations. 

The position of .the new station can then be plotted on the boat and smooth sheets 
by means of a three-arm protractor, or may be computed by the three-point problefl 
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245. STATION MARKS AND DESCRIPTIONS 

Stations located by hydrographic methods shall' ordinarily not be permanentb 
marked, but if the frequency of the marked topographic stations is not sufficient for 
the requirements of 235, selected hydrographic stations may be marked to supply the 
deficiency where they are located by methods complying with the requirements for 
topographic stations. Such stations shall be marked with topographic station mark@ 
and be described on Form 524 just 'as if they were topographic stations (see 235 and 
2351). 

246. HYDROGRAPHIC STATIONS IN INACCESSIBLE PLACES 

The framework of a hydrographic survey must be provided by triangulation and 
usually the control stations for the sounding are accurately located by the topographer, 
but occasionally the configuration and the character of the coastline prevent the 
topographic party from landing or traversing along the shore, or from it the main control 
stations cannot be seen. Under such conditions along unimportant shorelines or 
waterways the control may often have to be located by less acdurate means. The 
ingenuity of the experienced topographer or the hydrographer will' ractically alway@ 
discover a means of locating the control stations needed in such i reas by method@ 
sufficiently accurate for the purpose. 

Under this heading a few unconventional methods which have been successfullj' 
used in the past are described or mentioned merely as a guide to what may be accom- 
plished under such circumstances. The list is not intended to be complete. Sucb 
methods should be used only as a last resort. 

2461. Stations on a' Precipitous Shore 

Occasionally a stretch of inaccessible shoreline at the base of steep cliffs is encorn- 
tered which presents a special problem to the surveyor, especially on open coasts. It 
is frequently impossible to make laadings from small boats at  such places or to travefle 
the shoreline or to see the main control stations from the shore. 

In  such casessmall boats, in periods of flat calm, can generally be maneuvered 
close enough to the base of the cliffs to place whitewash marks on them by the use of 
spray gun or by hurling glass bottles filled with whitewash against the cliffs, which, OD 
breaking, leave the spot whitewashed, The whitewashing should be done a t  high tide 
and every effort should be made to place the signals on the cliffs as high above the higb. 
water line as possible in order to prevent their being washed away by the seas before 
they have been used. 

When it is impracticable even to place whitewashes as described above, i t  i@ 
often pdssible to identiQ natural objects such'as rocks, discolored spots on the cliff@, 
clumps of bushes, or trees which will serve for signals in lieu of anything more definite. 

The whitewashes or natural objects are then cut in by the method described in 
2432. Figure 18 illustrates such a condition and the method used. 

Another method of establishing control for the inshore hydrography along an 
inaccessible coast, provided the depths are not too great, is to anchor a series of buoys 
comparatively close inshore. These are located in the same manner described above 
for locating the shore stations. This method is described in 2551. 
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first. They usually consist merely of small banners tied on the branches of trees or 
mangroves at  points and other places where good views are obtained, and so arranged to 
form thc best figures. In  executing the sextant triangulation all triangles should be 
closed by thc observation of all three angles and adjusted for closure. Navigating 
sextants should be used, but closing errors of several minutes may be expected. If at 
all practicable the sextant triangulation at  its farther end should be joined to control 
points located by more accurate methods t o  determine the closing error and provide 
for  an adjustment of the scheme. A geodetic computation of such a scheme is usualb' 
unwarranted, but to obtain sufficient accuracy it should be plotted on an aluminum 
sheet and at  a scale several times larger than that of the hydrographic survey of the 
area. 

Sextant triangulation may be advantageously combined with the sextometer 
method or with distance measurements with a floating calibrated wire, described in 
2381. In  any case, advantage should be taken of long vistas to observe directions to 
stations as far ahead as possible. These will strengthen the azimuth of the schem0 
appreciably. 

247. NATURAL OBJECTS LOCATED FROM THE VESSEL 

The offshore distance to which hydrography can be controlled visually depends 
directly on the elevations of mountain peaks, hillocks, and other natural and artificial 
objects visible from offshore, and the number of these which are located for use as control. 

The positions of some of these are determined by triangulation and by topographic 
methods, but since the perspective is entirely different when viewed from seaward a 
number of definite points, excellent for use as hydrographic stations, generally remain 
unlocated. During combined operations the hydrographic party frequently detects 
these in time to have them located by the topographer or the triangulation party, bot 
when these parties have completed their operations in the area thc only recourse, if 
they are to be available as hydrographic signals, is to locate them by hydrographic 
methods. 

They are usually located from the ship by sextant cuts by thc method described 
in 2432. Vertical angles to  any peaks or hilloclis should be observed at  each position 
at  which cuts to them are observed. The elevations computed from the vertical 
angles serve to  verify that the cuts have been taken to the same object. 

Sincc many of the objects useful in controlling offshore hydrography are only 
visible at a considerable distancc offshorc, proper identification is one of the important 
problems of location. Each object should be thoroughly described at  the time of the 
first cut, and a perspective sketch made of the object and its surroundings for use in 
identification at  thc time of future cuts. When cuts are taken for the location of natura1 
objects thc vessel should be brought to a full stop in the water and anchored if practi- 
cable. After tlic vessel has swung to her anchor a number of cuts can be obtained to b0 
plotted or computed from tlic samc fix if they are taken in rapid succession. Each 
fix should be verified after the cuts have been taken to ensure that the angles have not 
changed appreciably. When the vessel is stopped but not anchored, as many observers 
as practicable should be used so that the angles of the fix and the cuts may be GI@ 
simultaneously. At each stop several fixed positions may be required where a num' 
ber of cuts is to be taken. A check angle should be taken at  each position, It is 
important that the cut be refcrenced to a control station close to the object, if available; 
the fix itself need not necessarily include this control station. 

(See 382.) 

' 
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If sOme of the cuts are taken from positions comparatively closeinshore, considerable car@ be exercised to avoid mistaking shoulders of hills for the hilltops. At the 
'?@ from which these arc observed a shoulder projecting seaward frequently resembles 1" hllltop. Hills and peaks located for use as control for the hydrography should be 
'cat@d from the arc8 in which they are to be used; or if greater accuracy of position 

be obtained closcr inshore, each of the objects should be viewed from various 
byections throughout the offshore as well as the inshore arca to ensure that the top is 

B Rounded indefinite hilltops should rarely be used as control in hydrographic sur- 
@"' but in lieu of better objects they may be used with sufficient accuracy in thc off- ''"@ area or when combined with two much nearer dontrol stations (See 3336~) .  
In addition to pcalrs and hilltops othernatural objects ao t  noticeable to the topog- 

along tho beacll frequently sllow up very distinctly from considcrable distances 
''ahore* d Among thesc are waterfalls, rock slides, scars on hillsidcs which have beon 
e?'ded of trees, and discolored spots on cliffs. I n  populated areas most artificial ib]@cts useful as hydrographic stations, such as water tanks, stacks, and conspicuous 

But occasionally there are 
tWdings, lone trees, or clumps of trees, etc., which do not appear distinctive from the 
'PographCf~ nearer viewpoint but wllich make excellent hydrographic stations for 

''ahore use. 

viewed from both areas. 

will have bccn locatcd by the topographer. 

248. RECORDS 

25. CONTROL BUOYS 

OP t: sy5toln of accurately located buoys on which thrce-point fixes can be observed, 
@cono . distances can be measured by radio acoust'ic metliods, furnishes tho most 

mlc moans of extending accurate hydrographic surveys bcyond tho limit of 
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visibility of shore control, or of developing shoal areas out of sight of land. This type 
of control has increased in importance with the need for carrying surveys farther and 
farther off shore, and with the necessity for controlling such surveys more accurately 
than was possible by dead reckoning or astronomic methods. Until recently the areas 
in which buoy-controlled surveys were practicable were limited by the necessity of 
anchoring buoys in comparatively shoal depths. The Coast and Geodetic Survey 
has recently adapted ground tackle equipment for use in deep water. With it buoys 
have been anchored in depths as great as 1,300 fathoms and the same equipment can 
probably be used in depths of 2,000 fathoms. 

In areas of comparatively shoal depths, in which dangers to navigation may exist, 
a thorough hydrographic development is necessary. In such areas the survey is best 
controlled by sextant fixes for position dete:mination. Such surveys must be extended 
a considerable distance offshore along much of the Atlantic Coast and even more 
extensively in the Gulf of Mexico. In  these areas the approved practice is to control 
the hydrography as far offshore as practicable by sextant fixes on shore objects, and 
then to establish a system of buoys to which sextant angles are observed to control the 
remainder of the required survey. 

Offshore surveys in areas of moderate depth, beyond the visibility of shore stations 
or where the development does not require sextant fixes on survey buoys, are controlled 
by R.A.R. methods or accurate dead reckoning or a combination of the two. A system 
of buoys may be used in each case to provide greater accuracy and to coordinate the 
survey as a whole. The buoys may be sono-radio buoys or survey buoys, or both, at  
stations of known position and at which the dead-reckoning lines are started and 
ended. Frequently shoals, small or extensive in area, are found far offshore on which 
close development is required in order to determine the least depths. If the area is 
extensive, a system of buoys is required t o  provide the control. If the shoal is small, 
a single buoy located near its center will suffice if bearings to it can be obtained from 
any part of the area. If R.A.R. methods can be used, distances obtaiqed from a sono- 
radio buoy near the center of the shoal, combined with visual bearings, provide an 
excellent method of developing the area. Short distances to  a buoy m,ay be determined 
from depression angles observed to the waterline of the buoy, provided the height of 
eye of the observer is appreciable and accurately known (see 3362). 

Other uses of buoys are to extend or supplement shore control. A buoy tpverse 
may be used to carry control along an inaccessible coast where triangulation is imprac- 
ticable. Buoys may be used to  furnish control for inshore hydrographic surveys along 
a coast where it is impossible to  make landings to build and locate shore stations. 
Also a buoy traverse may be used to extend control across a body of water to  an island 
or shoal area to which it cannot be extended by conventional land methods. 

In the establishment of the various systems of buoy control there are many details 
which are common to several, and to avoid repetition this section treats first of the 
most simple case, the location of a single buoy, and expands to  the most complex, the 
location of an extensive buoy system by traverse and acoustic distances. 

Any system of buoys used for the control of offshore hydrography beyond the 
visibility of shore stations must be connected with established shore control or located 
by astronomic observations. A buoy station within the visibility of shore stations 
may be located almost as accurately as a shore station by various combinations of 
sextant angles and azimuths. There are various methods of locating a station beyond 
the visibility of shore stations, the accuracy attained being dependent on the method 
and instrumental equipment used. The method selected to  locate any offshore buoy 

(See 2834.) 
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'Fation will be dictated by the equipment available, the type of survey, and the de- 
accuracy of position. In  the survey of an offshore area of deep water, a lesser 

of location may be tolerated than would be acceptable for R survey Of an area 
Of relatively shoal water which may contain dangers to navigation. One should dways 
seek to attain the mazimum practicable accuracy of position regardless of the 
Qthod selected to locate control-judgment and care should be oxercised in executing 

The choice of a method of location is governed by the following factors: (u)'Avail- 
of existing shore control, ( 6 )  depth of water to anchor the buoy, (C) Purpose Or 

Use of the station, (d )  availability of instrumental equipment, and (e) accuracy desired. 
rrreaPective of the method chosen, buoy stations should be selected a t  positions relative 
to the shore stations from which they are to  be located so that a maximum strength of 
location will result, taking into consideration the safety of the survey vessel while 
anchorkg and locating the buoy. 

The position of a buoy station may be determined from the observeil data by 
methods or by computations. In  general, graphic methods furnish the required 

accWhy for small buoy-control systems, provided accurate methods are used, but it is 
ffequently more desirable and easier to compute positions in the larger systems, par- 
tlcularly in those extending a considerable distance offshore. 

The relative advantage of each method of determining positions of buoy stations is 
discussed in the descriptions of the various methods in 261, 262, and 263. These need 
'lot be considered to exclude other methods which might be used or combinations of 

methods which may be employed. They are listed in the approximate order of 
Probable accuracy of the resulting position, with the most accurate method first. It so 
happens that this corresponds in general to  the order of simplicity of location and the fat%' with which the final position is obtained. 

251. SEXTANT LOCATION OF A SINGLE BUOY 

Sextant angles may be used in numerous ways to locate survey buoys and a few of 
the more common methods are described under the following headings. Sextant angles 
lnaY also be combined wit11 other observations in locating survey buoys, a few of the 
41ethodS being described in 252 and 253. It is good practice to repeat all observations, 
Particularly sextant angles, as a check, and it should be understood that this is required, 
'herever practicable, although it is not specifically mentioned in each instance. I n  

observations, the intercliange of angles among the observers is a good practice to the identification of the objects. 
For most precise results all sextant angles should be observed at, or vertically above, 

the Poshion desired. Manifestly tliis is often impracticable, but where the observations 
are made a t  an eccentric location, the eccentric distance and direction should be noted. 

In locating buoys by sextant, ea& series of angles should be observed simultane- 
""3' and, where practicable, the horizon should be closed. Theoretically all of the 

should be observed from the same point, but practically this is not feasible 
from a ship's bridge. GLnerally the several observers will station themselves around 
FhO Periphery of the bridge wllere nothing will interfere with their view. The result 
I' that the sum of the angles is greater than 360' by a few minutes, generally 6 or 8. 

An&les measured by sextant are not precise like angles measured by theodolite, ' certain precautions can'be taken to increase their accuracy. Each observer should 
'tatlon himself toumrd his angle from a central point on the bridge, the distances of all 
"bserve*s from this point being as nearly equal as practicable. ' Then when the horizon 

phases of the procedure. 
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is closed and adjusted, all corrections will be subtractive. Theoretically the correc- 
tions to the angles, from the horizon closure, should be proportional to the sizes of the 
angles, but such refinement is rarely warranted. 

2511. Three-Point Fix at Buoy Anchor 

To locate the anchor position of a buoy, it is usually preferable to observe the three- 
point fix at the time the buoy is anchored. When this is done, both angles of the three- 
point fix and a check angle to a fourth station should be observed at  the rail of the ship 
over the point where the anchor is dropped, and the angles should be marked when the 
anchor is released or when it touches the bottom. 

Depending on the character of the shore stations and their visibility and distance, 
the added height of the ship’s bridge or crow’s nest may be needed from which to ob* 
serve the shore stations. When angles are measured thus, from a point an appreciable 
horizontal distance away from the anchor position, it is necessary to measure the eccen- 
tric distance and direction between the observers and the point where the anchor is 
released. With this in view, the observers will, when practicable, take a position near 
the ship’s pelorus or gyro repeater on the wing of the bridge or on line between tho 
pelorus and the point from which the anchor is released. The bearing between these 
two points is measured simultaneously with the observation of the three-point fix. The 
distance between them is measured to the nearest meter with a steel tape. If there is t@ 
appreciable difference in elevation between the two points it may be necessapy to reduce 
the measured distance to the horizontal. If practicable, the place from which the angles 
are observed should be selected SO as to facilitate the measurement of this distanco. 

The position of a buoy located by this method may be plotted most easily by the 
hydrographer. If the angles have been taken from a position vertically above the buoy 
anchor and the position is to be located graphically, it is only necessary to plot the 
position with a three-arm protractor on an appropriate sheet. An aluminum or aa 
aluminum-mounted sheet with accurate projection should be used for this purpo@ 
(see 713). When the observations have been made eccentrically, the position may bo 
determined by graphic methods or by computations. If the scale of the sheet is su@ 
ciently large and care is used in plotting, the accuracy of the position determined graphid 
cally will approach, if not equal, that of a computed position. 

The position may be computed on forms designed for the computation of geodetic 
positions. Natural objects, and structures such as tanks, lighthouses, and building 
cupolas, are often more useful than marked triangulation stations when such threo’ 
point fixes are required. The geographic position data seldom include all the required 
information for such objects and it is often necessary to make inverse computation9 
for azimuths and distances between the stations used. These computations should be 
made on Form 662, Inverse Position Computation, or on Form 27, Position Cornput@’ 
tion, Third-Order Triangulation. After the azimuths and distances between the respec. 
tive stations have been computed, the three-point fix is computed on Form 655, 
Computation of Three-Point Problem. The resulting data are then entered on Form 
25, Computation of Triangles, and the triangles are solved. The actual geographic 
position is computed on Form 27, using the data derived on Forms 662 and 25, Addi. 

To obtain the position of thc buoy anchor, when the observations are eccentric, it 
is best to compute the position for the throe-point fix and then reduce the latter to the 
anchor position on Form 27, rather than make an eccentric reduction to the observed 

’ tional information relative to buoy-control computations is given in 94. 
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2513. Three-Point Fixes on Range With Shore Stations 

The position of a buoy may be determined by observing threc-point fixes a t  three 
or more ship stations, each of which is on range with the buoy and a sllore station (fig* 
19). This method is particularly useful on larger vessels which are difficult to  maneuVef 
alongside a buoy to obtain a fix. The position of a buoy so located is easily deter 
mined by graphic plotting; it may be computed, but such computations are ratlier 
involved. 

The shore stations, with which the buoy is to be brought successively on rangeJ 
d must be selected to give the best possible intersections at  the buoy. A fix is observe 

when the ship observation station is exactly on range with the buoy and shore statioar 
a t  any convenient distance (usually a fourth to a half mile) from the buoy. 
on each range may be repeated several times, if desired, while steaming slowly directlJ' 
away from, or toward, the buoy but keeping the observation station exactly on ths 
range. The observers should stand together but, by shifting their position on board' 
they can keep the point of observation on range as the ship veers across it. In  order 
that the angles will be observed when exactly on range, the observer who is v i e d &  

The 

SHIP STATIONS 

FIGURE lQ.--BuoY location from ship stations in range with shore stations. 

the buoy direct-not reflected-should give the mark. This is not possible when tbs 
h buoy is on range with the right object, but in this case the ship is generally far e n d  

from the buoy so that it is possible to view the buoy reflected and thus mark the a d e 5  
t at the proper instant. One observation for the direction and velocity of the cur@ 

is usually sufficient, but this should be taken immediately before or after the othBf 
to 
d 

observations. 
determine it should be obtained, one before and one after the angle observations, 0 
the mean of the two should be recorded for the determination of the scope during tibe 

period of observation. 

it11 fix is plotted, a line is drawn from it toward the shore station which was in range 
the buoy. If more than one fix was obtained on a single range, a mean of the rcsdtlfl' 

fig* 
* t  

lines should be used if they do not coincide exactly, rejecting any questionable 
If the observations have been accurate, the rangc lines will intersect a t  one polo 

O{ which is the position of the buoy. If desired or neccssary, the correction for scope 
anchor cable may be applied graphically before scaling the position €rom the sheet. 

Of The position 
cach fix on each range must be computed in the manner doscribed for the con@' 
tation of the position of the buoy anchor (see 2511) using Forms 655, 25, and,2'' 

ti15 
t 

From these computations are derived the azimuths of the ranges, or the azimu 
from the buoy to the respective shore stations, and the differences between adjacep 

If the direction of the current is changing rapidly, two observation9 

The .ship positions may be plotted graphically as explained in 2511. Aftcr ea GI' 

The computation of such a position is very time consuming. 



, . . . . . . , 

FIGURE zO.--Buoy location by outs from shiP stations. 
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warrants (see 2513). Unusual care must be exercised in plotting the positions of the 
three-point fixes and the respective cuts to the. buoy. Three or more cuts will seldoa 
intersect a t  a point, and considcrable judgment is ncccssary in analyzing them and 
accepting tho most probable position, 

251 5. One Angle at Buqy and One Cut From Three-Point Fk 

A buoy station may be established during hazy weather, with the expectation Of 

determining its position by a sextant fix a t  the buoy when observing conditions become 
favorable. When this is attempted, only two of the three necessary shore stationB 
are found to be visible from the buoy station and it is impracticable to move the buoy 
inshore where all may be seen. I n  such a case the angle between the two may be meas- 
ured, and a t  a point farther inshore, selected to give a good intersection with the 10~11~ 
of the angle obtained a t  the buoy, a three-point fix is obtained simultaneously with 
cut to the buoy (fig. 21).  The position of the buoy may be determined from these data, 
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FIGURE Zl.-Buoy location by one angle at buoy and one cut from 8 ship station. 

When the obscrvations have boon obtained in this manner, thc position is best 
dctermined graphically (see 251 1). The three-point fix position should bc plotted first and 
the cut drawn at  the approximate location of the buoy. Thc angle a t  the buoy is nodt 
plotted on the direction line with a metal protractor, the center of the protractor being 
moved along the direction line until the protractor arms intersect the rcspectivc shore 
stations. The center of the protractor will be the position of the buoy. TO obtain 
the position of the buoy anchor, the buoy position must be corrected for the scoPo 
determined from the current observation. This 
correction cannot be made accurately for both observations, since the current a t  the ti@ 
of the three-point fix will be unknown, but if the latter is obscrved immediately after tho 
angle a t  the buoy, the current may be assumed to  be the same for both observationg' 
With these observations only, there will be no check on thc location, so care is cssentifl' 
in observing, recording, and plotting the data. 

This may also be done graphically. 
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252. DIRECTIONS AND SUN AZIMUTHS IN LOCATING A SINGLE BUOY 
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locus of the vertex of the sextant anglc observcd at  the buoy (see fig. 22). The site 
of the buoy should be selected SO that a good relation between tlie shore stations is 
obtained. The strength oflocation also depends on the size of the angle at  tho buoYj 
a strong location being obtained with an angle of approximately 90”. Angles lcss tllnl1 
45” are likely to result in poor positions and should not be used. 

FIGURE 22.-Buoy location by an angle at buoy and a direction irom a shore station. A. Where one of the shore stations betW@n 
whirh thr B D R ~ C  n t  thn huoy is mrspured rfln he orcupied. B. Where tho ocrupied shore station Is not ohaorved from tho  buoY. 

Two cases involving the above principle may be encountered in practice: (1) Where one of the stations between which the a d e  
a t  the buoy is measured can be occupied (seeA in flg. 2 3 ,  and (2) where the occupied station is not used at the buoy (see B in flg. 22)* 
In both cases the direction at the shore station should be observed simultaneously with the angle at the buoy. An observation of tire 
direction and velocity of the current at the buoy should also be made. 

The position of the buoy may be determined by computation or by a graphic solution. In (1) the computatlon is relatively simPle’ 
the two observations furnishing sueicient data for the solution of the triangle. The anchor position may be obtained by redudng the 
buoy position as described in thc last paragraph of 2511. I n  (2) the computations are iuvolved and laborlous and the buoy positlo” 
best determined graphically as in 2515. 

If the observations a t  the buoy and tlie shore station are not simultaneous, they 
must be reduced to the anchor position which is common to both. Having the data 
necessary to compute the eccentric distance and direction, the reduction of the observ@ 
tions may be made on Form 382; the computation being for an eccentric station in the 
case of the angle a t  the buoy, and for an eccentric object in tlie case of the directjon 
from the shore station. After the two observations have been reduced tho goograpbic 
position of the buoy anchor may be determined as described above. 

Where the observation station on board ship is eccentric to tho buoy, the redudion 
may be made by solving the triangle between the observation station, the buoy, and 
the buoy anchor by computation, or graphically on polar coordinate paper. 

2523. Sun Azimuth and One Angle 

It may be desirable to obtain all observations on board the ship where there 0.1’~ 

only two shore stations from which to fix the position of a buoy. It may be impossible 
to land an observer to measure a direction from shore, as described in 2522, or iiiexp0’ 
dient to  do so, especially if the sohre station is inaccessible. Under these condition’ 
the position of the buoy may be determined, as in figure 23, by observing tile an$ Bt 
the buoy and observing a sun azimuth of the direction from the buoy to one of the 
shore stations (see 4526). 

From these data the position may be computed to obtain a more accurate dotermi’ 
nation than is possible graphically. The azimuth between the two shore stations is 
known, or may be computed by an inverse computation (see 2511). Tho azimutl’ 
between the buoy and one of the shore stations was obtained from a sun-azirnutl’’ 
observation. This latter is corrected by A a  plus 180’ to  obtain the reverse azimut” 
and the difference between this and the azimuth between the shore stations is the a d e  
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.One of the stations between the buoy and tho other station. To obtain the reverse 
aZ'Quth from the observed azimuth it is necessary to make a prelimiiiary position 

Using this angle 
and the angle observed a t  the buoy the triangle may be concluded and the position 
Cornputation made in the usual manner. 

at 

or make an approximate computation of Aa (see 942) .  
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FrGurcE %-Buoy location from one angle at tho buoy and 

en azimutti to a shoro station. 
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FIGURE 24.-hoy location by sun azimuths 
to shore stations. 
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For supplemental distances in an area where the principal control hns been established 
by more accurate methods, relative distances between buoys may be determined by 
single or double log runs (see 3374 and 4453). The accuracy of log distances is 
definitely limited, and except in emergencies they should be used only to measure 
relative distances, which may be adjusted to other data. 

The azimuth between two intervisible buoys is determined by sun-azimuth obser- 
vations while on range with the two buoys. Tlie geographic position of one buoy 
referenced to another is determined by computation on Form 27, using the measured 
distance and the observed azimuth between buoys, the latter being reduced to geodetic 
azimuth, that is, to rend from the south. The azimuth from the known position to 
the new buoy must be used. This azimuth is frequently measured in the reverse 
direction and in such case a correction is necessary (see 2523). 

253. OTHER METHODS OF LOCATING A SINGLE BUOY 

2531. Referencing One Buoy to Another Close By 

When a sono-radio buoy (see 643) becomes insensitive during use, it is practically 
impossible to service it in situ, when weather conditions are unfavorable, because of 
the likelihood of dragging the anchor. I n  these circumstances it is preferable to anchor 
n new buoy near the inoperative one and locate the former by a distance and nn 
azimuth from the latter, whose position is lmown. This method is also used in locating 
a reference buoy near an isolated sono-radio buoy when there is a possibility of the 
latter’s anchor dragging. The relation between the two may be used later to check 
their relative positions for any indication of a shift, in position. The geographic positioll 
of the new buoy is computed on Form 27. 

Before referencing one buoy to another, both buoys must have been anchored 
for sufficient time for the current to affect both buoys similarly ; otherwise appreciable 
inaccuracies will be introduced into the measured distance and bearing. 

Thc azimuth between the two buoys may be determined by several different 
methods, thc choice being dictated by the distance between them, tlic scalc of the 
survey, the purpose of the determination, the known accuracy of tlie instrumental 
cquipmcnt, and other factors which might influence the accuracy of the determination. 
If the two buoys are comparatively close together, a compass or gyro bearing may be 
sufficient; but if the distancc between buoys exceeds thrce-fourths of a mile, a sun- 
azimuth detcrminntion is preferable. In eitlicr cnsc the observed valuc is reduced t,o 
geodetic azimuth. 

A short distance between buoys may be determined either by measuring depressioll 
angles (see 3362) or by the use of a rangefinder (see 455). The shorter distances may 
be measured more accurately by rangefinder than by depression angles, but only with 
clear observing conditions, a smooth sea, and, most important of all, an experienced 
observer. In measuring distances thus, the ship may be placed close to one of the 
buoys and on range with the other, and angles or distances may be measured to both 
buoys simultaneously. The distance between buoys is the difference between the two 
resulting distances. 

If the distancc between buoys is so great that the data so obtained are not sufficient- 
ly accurate, depression angles, or rangefinder distances, to each buoy may be measured 
from a ship observation station on line midway between the two buoys. There is some 
difficulty in placing the ship exactly on the rangc between the two buoys. If there are 
g p o  repeaters on both wings of the bridge, the ship may be maneuvered so that the 
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difficult to determine and, in addition, depends on an accurntc mcasiircmciit of tho 
time element (see 6352 and 685).  Bccause of the uncertain knowlcdgc of the velocity, 
distances should be dctermincd from three or more R.A.R. stations and frcquently it 
is necessary to supplement thc method by taut-wire measurements. 

The timc intervals may be nieasurcd from a sound ol-iginating at tlie buoy wliosc 
position is desircd or a t  three or more stations of known positions. In  the former, 
R.A.R. stations arc a t  the known positions and an ordinary buoy is a t  thc positioll 
to bc determincd and all thrcc distances arc measured simultaneously. In the latter, 
an R.A.R. station is a t  the position to be detcrmined and time intervals are mcasured 
succcssively a t  each of thc known positions. Thc latter method is advantageous wlicn two 
or more stations are to bc located, the number that can be located bcing limited only 
by the number of returns that can be recorded on a chronograph tapc without confusioll. 

I n  addition to the above methods, if both are R.A.R. stations the time interval 
between them may be measured in other ways. The source of the sound may be located 
a t  (1) a point directly on line between the two stations or (2) at a point on the exten- 
sion of the line between stations. Tho first method is qot recommended unlcss freque~it 
positions of the ship can be determined fTom other R.A.R. stations to  ensure that the 
ship is kept on the line. I t  is to be noted also that any error in the ship’s run corrcction 
is doubled. If the time intervals arc so measured thc distance between the stations 
will be derived from the sum of the two time intervals. The second method is not 
recommended for use unless experience has proved that short acoustic distances may 
be accurately detcrmined, although i t  does eliminate any error from the ship’s run 
correction. Thc acoustic position in the second case will probably be closc to o m  of 
the R.A.R. stations, and accurate measurement of short distances by acoustic methods 
has been generally difficult (see 7636d). If this method is used the desired time 
interval between stations will be the difference between the two recorded time intervals. 
To use either of these methods, fairly accurate dead-reckoning positions of the two 
stations arc rcquired, so the acoustic position may be located as nearly as possible in 
line with the stations. 

In measuring a time intcrval in order to  determine a subaqueous distance, bombs 
must not bo exploded at  stations occupied by sono-radio buoys. A bomb explosion 
near ,the liydroplionc may cause thc armature of the electromagnetic unit to become 
displaced so that it is no longer ballunced between the pole pieces (see 6565) and the 
unit becomes inopcrative. Before bombing a t  a station occupicd by a sono-radio buoy, 
it must be replaced with an ordinary buoy or, if a rclieving buoy is uscd, the sono-radio 
buoy must be removcd and tlic bombs cxplodcd a t  the relieving buoy. 

Regardless of the metliod uscd to determine the time interval, a scries of tlirec to 
fivc measurements should be made to provide for tlie elimination of erratic results. If 
reliable returns are difficult to obtain from a required station, it may be necessary to 
obtain a much longer scries. A single determination is seldom tobc dcpendedonbccauso 
of the uncertaintics in the process. As each measurcment is made, tlie chronograph 
tape is scalcd and the results are tabulated on Form 715, Abstract of Bombed Distances, 
and cornpared to nsccrtain when there is a sufficicnt number of satisfactory determina- 
tions. In these measurements bombs containing the same quantity of explosive should 
be uscd for an entire series. A change in the size of bomb will frequently affect the 
time interval slightly, but enough for the result to appear erratic when compared with 
the results obtained from bombs of a different size. 

The determinations may be made while the ship is lying-to a t  the proper positiollj 
or they may be made while undrrway. If t h y  are made from the ship lying-to, largo 
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distant from each arc by an)amount proportional to its distance from each fixcd posl’ 
tion. The velocity of sound used should be verified beforc the .proportional metho d 
of determining the position is resorted to; any distance arc suspccted of being in error 
should be rejected. The true position of the station is always inside the rough figure 
formed by the nonintersecting arcs, and if the station is farther from the fixcd position@ 
than the arcs are, this is an indication that too low a velocity of sound was uscd, an d 
if nearer, then too high a velocity was used. (Fig. 26.) 

0 
0 0 

0 
1 5 1 w 5 

0 :  ; O 0  3 4  . o  
2 3  

VELOCIN TOO HIGH VELOCITY TOO LOW 
FIOURE 28.--R.A.R. station located by subaqueous distances from three-point flx positions. 

2535. Astronomic Observations 

Isolated shoals far from shorc stations must be surveyed and they oftcn rcquir’ 
extensive developmcnt but arc located wherc it is impossible to cxtcnd shorc control 
to them. Taut-wiye traversc, for instance, from the shorc control to a shoal area 
surrounded by cxtcnsive areas of deep watcr would bc impracticablc. An isolate d 
shoal area in the open ocean far from land is an example. Local control to coordinatO 
the survey is more important than a prccise dotermination of the latitude and longitud’ 
of the arca. In  such arcas, where it is impracticable to locatc control by othcr Illor’ 
accurate methods, it may be located by astronomic sights. This mcthod has a raWf 
large probable error, and should bo rcsorted to only whcn this lesser accuracy can bo 
tolera ted. 

In order that the position of a station located by astronomic observations may bs 
as accurate as possible, the methods and observations must necessarily bo of a highar 
standard of accuracy than is requircd in ordinary navigation. Thc accuracy whit'' 
can be attained will vary considcrably, dcpcnding on the conditions at  the time tbO 
obscrvations are made. Accurate obscrving under the bcst conditions should deter’ 
mine the position of a station with a probable error not grcatcr than one-fourth nauticfil 
mile. Poor observing conditions will incrcase the probable error considerably. Under 
ideal conditions sufficicnt accuracy will bc attained by sets of six obscrvations on foul 
well-distributed cclestial bodies taken independontly by two or more experienGBd 
observers a t  cvcning and morning periods of observation. W h o n  obscrving condition5 
are poor or the observers are inexpcricnced, the observations should be extcndcd over 
several days in ordcr to obtain thc desired accuracy. To obtain this accuracy, a c c r t a ~  dcfinite procedure must be followed in the sclcction of stars, observing schcdulc, an d 
elimination of errors. 

of watcr permits, is to anchor the ship a t  the position whore the buoy will bc anchorod 
later and obtain all observations while a t  anchor. The ship’s hcading should be rocordad 
to detcrminc the dircction of currcnt a t  each scrics of obscrvations. Tho scope of tbO 
anchor chain should bo noted for USC with the dircction of the current in transforring 

(See also 3384 and 3387.) 
The best mcthod of locating a station by astronomic observations, whcre the doP til' 
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conditions, should be used with extreme caution. Likewise, features that are tho 
result of scouring action of currents and features on banks and shoals, where the existing 
currents or other conditions are such that there is a probability of chango, s l lo~ld  be 
eliminated from consideration. 

In an arm where the submarine relicf is brokcn and moderately ruggccl, a station 
may be locakd ncar a locality where the general direction of the depth contours chan&@ 
(station A, fig. 27). The change in direction of the contours should be at  least 50' in 
order to obtain an accurate location in bot11 directions. In  an arca of similar typo a 
station may be located a t  a change in bottom gradient where thc distance between 
depth contours changes (station B ,  fig. 27). Tlic accuratc position of a station at  such 

BIQURE 27.-Buoy stntion locnted witii rcferoiicc to  submarine relief. 

a location may be obtained only a t  a pronounced change in bottom gradient. A tita' 
tion may be established on a shelf near the edge of a vallcy, to be located in one dire&' 
by depth with respect to the depth contours on the shelf and in the other direction by 
distance from the edge of the vallcy; provided the axis of the valloy is approxim&lf 
normal to the depth contours on the shelf and provided the depth of water is withi' 
the accurate' range of the sounding equipment. A site in the vicinity of a small COD* 
fined crest or small caldron with rather steep sides is generally suitable. If such a 
feature is small enough, the new survey duplicates the survey of the entire feature 
and not only fixes the position in each direction but also affords a check on the probable 
accuracy. Satisfactory sites in a suitable depth of water may generally be found at til1' 
upper edge of the continental slope. Irregular submarine features are frequently foUDd 
there, provided the break of the slope is abrupt. 

Before the buoy is anchored, some preliminary sounding lines may be necessarJ' 
to find the feature, but it will generally suffice to run an accurate dead-rcclconing lip0 
from a known inshore position across the previously surveyed area on a course so as to 
traverse the intervening area approximately a t  right angles to the depth conto@' 

will generally be found to be near enough to the submarine feature, but its position Nil' 
have to be changed if it is not. 

If the survey of the features to which the buoy is to be referenced is extensive, a ]io' 
of buoys may be required which are accurately referenced to one another by trav0rS0 
methods (see 2525). The soundings may then be located with reference to the buoy8 
sextant or by R.A.R. methods. Such a survey is without datum, the stations being 
merely plotted accurately with refercncc to onc mothcr by graphic methods with only 

When the required depth is reached, the ship is stopped and Ihe buoy anchored. It 
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Small distinctive features near the offshore limits of the area of a season's field 
work should be developed intensely with a view of possible future use as definite re- 
coverable locations from which hydroghphic surveys may bc extended. 

254. PLANNING BUOY CONTROL 

Buoy stations are established for use in controlling the subsequent hydrographic 
survey, and a buoy system must be planned not only to serve this purpose conveniently 
and adequately but so that the buoys can be accurately and economically located. 
The first consideration is how the buoys are to be used to control the hydrographic 
survey. On this depends to a large extent the choice of type of buoy structure and 
anchor gear, the general method of anchoring, the distance between adjacent buoy 
stations in line and the spacing of adjacent lines, and the accuracy of position 
de termination, 

From thc increased use of buoys to control offshore surveys ti number of schemes 
have evolved, each adapted to the particular conditions encountrrcd. The use of tn'ut- 
wire measuring apparatus has resulted in greatcr accuracy in this typc of control and 
has made the use of buoy schemes feasible for thc cxtension of control wherc i t  was 
otherwise impossible. 

While i t  is recognized that each project presents its individual problems and no 
definite requirements can be stated which are applicable to all, a general discussion of 
the subject and an outline of the methods that havc provcd satisfactory should be 
helpful in all projccts. Conditions to be particularly considcred are the depth of 
water, thc character and gencral configuration of the bottom, the average visibilitY 
for the season of the year in which the work is done, the maximum currents to be 
encountered, the frequency of severe storms; and, if R.A.R. is to be used, the conditiolls 
affecting the transmission of sound in sea water. 

2541. Spacing os Buoys in Line 

The distance between adjacent buoys in a line of buoy stations depends on the 
prevailing visibility, the size of the buoy superstructures, and the purpose for which the 
buoys are to be used. In  general it is better to underspace rather than overspace 
buoys. The delay incurred in anchoring and picldng up a few extra buoys while 
engaged on this class of work is usually less than that caused by inability to obtain 
azimuths when needed. 

If the line of buoys is solely for the purpose of carrying control by traverse to all 
offshore area to be surveyed, the buoys may be spaced a t  approximately a mile less 
than the limit of average visibility of a buoy in that locality. Except in areas where 
stable, clear atmospheric conditions prevail, the maximum limit between buoys is n d  
recommended, because of the difficulty and consequently the delay, often serious, 5 
measuring the azimuths between them during less than perfect visibility. Buoys 
should never be spaced so far apart that there will be difficulty in seeing the far buoy 
when azimuths are observed. In  areas where exceptionally clear atmospheric condi- 
tions prevail, 10 nautical miles is a suitable maximum distance between adjacent buoyst 
provided the observers may occupy an observing station of sufficient elevation. 

The theoretical distance that a buoy of a certain height above the water surface 
may be seen from an observing station on a vcsscl may be calculated with the aid of 
Table 8, Distance of Visibility of Objccts at Sea, in the American Practical Navigator 
(Bowditch). To find the distance from which a buoy may be seen, the distance given 
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east-west buoy lines are to be avoided wherever possible; north-south lines are to  be 
preferred. I n  a latitude and a t  a time of year when the sun’s azimuth changes appre- 
ciably without its reaching.too great an altitude, azimuths may be observed a t  any 
time during the day except near noon, and the direction of the buoy line is not $0 
important. 

If practicable, the azimuth of buoy lines should be planned so that thc inclined 
angle may be measured by looking at  the buoy direct and reflecting the sun’s image. 
The methods of observing inclined angles are discussed in 4526 and reference should be 
made to this item so that buoy lines may be planned to facilitate observing the azimuths. 

2584. Buoy-Control Schemes 

Survey buoys used as control for an offshore hydrographic survey are usuallY 
anchored in lines throughout the area and oriented so they may be located in the 
most accurate, effective, and economic manner. A buoy scheme must be arranged 
so that each buoy station can be accurately located and that a maximum relative 
accuracy can be obtained throughout the scheme. Since this typc of control is cofl- 
paratively expensive, no more buoy stations should be used than are needed to control 
the hydrography and the development of an area adequately by the selcctcd method. 

A buoy scheme should be planned which will provide cffcctive control throughout 
the area to be surveyed according to tho method to be uscd and the accuracy LO bo 
attained. Schemes of buoy stations depend also on the type, scale, and purpose of the 
survey, and on the physical characteristics of the area, which differ wit11 each p r o j d .  
A scheme particularly adapted for the control of one area may be entirely unsuitable 
for another of different character. A system of control €or the survey of an are@ 
from shoal water to deep water on the East Coast Continental Shelf would probably 
not be satisfactory to control the survey of an extensive and critical area of shofil 
water. The latter area would require closer development than the former and a scheflo 
of closely spaced buoy lines would be necessary. Similarly, where some uncertaintY 
in the positions of the control stations can be tolerated, there is a wider choice of 
method of location which, in turn, cxtends the choice of a scheme of control. TbC 
size of the area, the depth of water, the character of the bottom relief, the required 
accuracy, and the instrumental equipment available are the principal controllitl& 
factors governing the choice of a buoy schcme. 

Typical schemes of buoy control which may be employed either’as control for 
hydrographic surveys or to extend control to isolated localities are described in 2559 
256, and 257. Combinations of the different schemes may often be effectively employed 
in the establishment of buoy control for extensive hydrographic surveys. 

254.5. Buoy Struclures and Ground Tackle 

Thc selection of an adequate typc of buoy structure and ground tacltlc of satis- 
factory weight and strength is of utmost importance when preliminary plans for a 
system of buoy control are made. The choice of a buoy structure should bc mado 
with a thorough knowlcdgc of the area to be surveyed, so that a buoy of sufficient 
sjze may be selected for visibility and to support the suspended anchor cable, and the 
countcrwoight required to keep it upright against thc wind and water currents. TI10 
different typcs of buoy structurcs are doscribed in 281, 282, and 284. 

The anchor cable uscd to anchor buoys should be strong enough to withstaad 
any reasonable strain to which it m.ay be subjccted, but it should not be of such hrnvY 
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cost, it  is advisable to replace a sono-radio buoy with an ordinary buoy structure d d g  
extensive periods in port, especially during stormy seasons of the year. 

255. BUOY-CONTROL SCHEMES FOR LOCATION BY SEXTANT 

2551 Buoys for  Control of Inshore Hydrography 

Along precipitous shores where it is impossible, for any reason, to build or looate 
shore stations adjacent to the water, a line of buoys may be anchored ofishorc and ased 
to control the inshore hydrography between them and the coastline. Control est@' 
lished in this manner is especially useful in localities whcre rugged interior topograPbf 
prevents the establishment of triangulation stations on the shoreline, and along beao~sS4 
coastlines where planetable traverse is impossible or where boat landings to build sigllals 
can be made only with great difficulty. To locate these buoy stations, establiSbed 
control stations a t  interior points aro necessary to  which the three-point fixes at  tho 
buoys can be observed. The principal triangulation scheme along the coast U S U ~ J '  
provides stations on the tops of hills and the prominent interior features which can be 
used for this purpose. 

. '  . : .  . . .  
. ,  : . .  

0 5 Miles 

Approximate Scale 

FIGURE 28.-Alongshore buoys locatod by threo-point fixes at buoys. 

The buoys are anchored in a line from A to E (fig. 28) paralleling the shore, at  ' 
sufficient distance offshore so that at  least three shore stations are visible from each 
buoy station. Each should be located by a three-point sextant fix taken a t  the bud! 
with a third angle to be used as a check if sufficient shore stations are visible. Eaob 
buoy station should be locatod by observations on shore stations exclusively; none Of 

the observations should be on other buoy stations. 
The positions of the buoy stations may be computed but such precisioll is rady  

warranted. Sufficiently accuratc positions may be obtained by plotting the thrce-pd' 
fixes with a metal protractor on an accurate projection on an alumihum-mounted sheet' 
When an aluminum sheet is not available, the fixes may be plotted on the smooth 
sheet, but this must be done immediately after the projection is made to avoid tho 
possibility of distortion in the sheet. For immediate use in tho field tlie tlirco-poin' 
fixes may be plotted directly on the boat sheet. In  such a scheme, corrections for tbO 
scope of the anchor cable arc an overrefinement unless the stations are in deep watar 
and long anchor cables are used. If scope corrections are applied to the plotto(' 
positions of the buoy stations they should be made as explained in 2511 and 943. 

It is interesting to note that the Hydrographic Service of Canada makes rathel' 
tensive use of this method for controlling inshore survcys along heavily wooded cod'' 
l<nes. Instead of using specially constructed buoys, howevcr, they anchor s r d '  
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trees buoyed and weighted to float upright; the tree branches and folia@ 
'Ilake a Perfect signal against the horizon. 

'his Same method will sometimes serve to locate buoys much farther Offsl10re, Fh are treated in 2552, especially wlien the atmosphere is exceptionally clear. 
blnce the buoys are much farther off, .bore in this case, the sextant angles may have to 

e Observed from a higher elevation on the ship to be able to  observe on shore stations ? The three-point fixes at  the buoy stations can sometimes 
1 e ObFdoEVod from tho crow's nest at  the time the buoy anchors are dropped, or at it 

2552. Satant Locations Beyond the VisibiZity.of Shore Signals 

great distances. 

date whcn the ship is maneuvered to a position alongside ehch buoy. 

. .  . . . . . . .  
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d The .ship positions should bc selccted so that at  least thrcc cuts intcrsecting at  60' 

be cut in, in order that there may be as many cuts to each buoy as possible. All tl10 t angles at  each ship position must be measured simultaneously and with the greatas 
accuracy, because any slight error in position is magnified proportionately in the C@" 

The strongest cuts are those normal to  the shore but their intersections are ofteo 
rather acute. This results in the positions of the buoys being better coritrolled in 
alongshore direction than in a direction normal to the shore; that is, adjacent buoys 

rcmcdy this, sun azimuths should be measurcd betwccn thc buoys, or thc small horisoll' 
tal angle at  cach buoy betwoen the ncxt two buoys in linc may be ineasurcd. TbesB 
latter should bc obscrvcd a t  thc time the buoys are anchored. Referring to figuro 2g' 

P horizontal angle between buoys B and A is measured; in like manner the angle betwee 
buoys B and C is measured when buoy D is anchored, and so forth until the last buoy 

t is anchored. 
The gcographic positions of tlic buoy stations arc bcst dctcrmincd by n gra,phic PI0 

to of thc three-point fixes and cuts on an aluminum-mounted slicct. 

angles are observed to each buoy. All buoys visible from each ship position silo d d  

locatrd with reference to one another morc definitely in distnncc than in azimuth. To 

after buoys A and B have been anchored and as buoy C is being anchored the all 

After the cut5 

0 / 
r " 0 

FIGURE 3O.-Buoy positions strengthened by interbuoy observations. Lower line shows interbuoy azhuthr. Upper line she\" 
them adjusted to buoy cuts. (Preliminary positions marked 0; adjusted positions marked 0.) 

tho buoys havc becn plotted on thc aluminum-mounted shect thc' incasurcd aaim~@ 
or the horizontal anglcs a t  tho buoys arc used to plot n succession of azimuths 
buoys. Thcsc are plotted by mcans of a metal protractor on a piccc of tracing paPC" 
the prcliminary positions of tllc buoys dctcrmincd by thc cuts bcirig used as a 
upon which to lay down thc azimuths. This plot should bcgin a t  the buoy positrod 
having thc bcst intersection of cuts. With the protractor ccntcr at  this position "d 
the small angle between the next two buoys in line set on the protractor, it is rotate 

fs until the two arms intersect the respective groups of cuts in the best possible mano' 
From these three tentative positions, the successive azimuth lines are plotted in bot: 
directions. After the plot is completed tlie entire tracing is adjusted to the plott0 
cuts and the most probable positions are accepted, always on the azimuth lines @" 
fig. 30). 

2553. Line of Buoys Perpendicular to Shore 
O f t  A single linc of buoys ancliorcd along thc axis of a narrow shod cxtcnding oifsb 

will often furnish adequate control for the closcly spaccd lines of soundings rclquircd 

Ilk this purpose or for any extension of control by buoys, may be dcterniined by sifl 
taneous angle observations, when such accuracy is warrnnted. This scllcme rocpIir$ 
no special distance-measuring apparatus and it may be executrd by any ship thfit 

the development of the area. The positions of the buoys in such a line, established for 
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The positions should be computed on forms designed for the computation of 
geodetic positions and the observations on each side of the buoy line should be computed 
independently to obtain the distances between successive buoys, but the mean length 
between buoys should be used each time to compute the advance triangles, unless the 
positions are to be corrected for scope. Where the buoys are anchored in comparativeb' 
shoal water, the aqchor cables will usually be so short that no appreciable error f ro0 
this source will enter into the positions. If it is necessary to correct the positions for 
scope, two sets of positions should be computed from the observations on the two sides 
of the scheme. The corrections for scope should be made after the positions have beon 
determined from each set of observations and the mean of each pair of corrected positions 
should be taken as the accepted position. (See 2511.) 

2554. Buoy Triangulation-Single Triangles 

A scheme of buoys arranged in triangles, may be used to furnish the control for 
hydrographic surveys in water areas from which shore signals are not visible. . If 
such accuracy is warranted and there are triangulation stations on two land areas 
with a water area between, the buoy control may be located from the shore stations 
by a chain of well-shaped single triangles, as illustrated in figure 32. This method 
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FIGURE 82.-Buoys located by soxtant triangulation (singlo trianglos). 

and the method of buoy triangulation by quadrilaterals described in 2555 are especialb' 
useful when the survey vessel is not equipped with a taut-wire apparatus for measuring 
accurate traverses. 

For greatest accuracy of positions in a scheme of this sort, the buoys should be 
arranged in a series of equilateral triangles, as in figure 32 between buoys A and B &ad 
buoy J whose positions may be strongly determined by obscrvations on shore stations. 
The buoys must be anchored SO that those in any onc triangle are intervisiblc; hence the 
size of the triangles depends on the visibility at  tho locality. The scope of the anchor 
cables must be kept as short as possible and they should be moored, as explaincd in 
2836 and 2851, if there are strong erratic currents in thb locality, or if a large-scale 
survey is planned. Mooring should not be necessary, however, where the direction and 
qelocity of the current are approximately uniform throughout the entire area, because 
the buoys would maintain the same relative positions to one another. 

Three-point soxtant flxes are 5rst observed at buoys A and B a t  ono end of tho sohomo. A chock anglo on a fourth shore st@" 
should be measured a t  each of these dxw, if praotlcablo. Curront obscrvatlons should bo mado In tho vicinlty at tho tlmc theso fires 
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256. BUOY-CONTROL SCHEMES FOR LOCATION BY TAUT-WIRE TRAVERSE 

2561. Line of Traverse Buoys Parallel to the Coast 

Buoys anchored in a line approximately parallel with the general direction of the 
coastline can often be used advantageously to supplement the shore control in areaS 
where the latter alone docs not provide strong three-point fixes. This type of scliefl’ 
provides economic offshore control between two coastal localities a t  which the ODd 
stations of a line .of buoys may be located by sextant fixes to  prominent shore objects’ 
the hydrography in the intermediate area being controlled by buoy stations. Tile 

establish control for inshore hydrography. 
scheme may also be used to advantage along a brokcn coastline where it is neccssarY to 

A 

FIQURE 34.-Line of buoys parallel to the coast. 

03 The scheme consists of a numbcr of buoys anchored in a line between A and H (flg. 34) where strong position deterdnati0 
may be made by sextant fixes. A uniform accuracy of the positions of all buoys in aschemeof this character is obtained by obmrV” 
sunazimuths betweenadjaeent buoys,mcasuring thedistances between buoys with taut wire, and computingand adjusting tbescbO$ 
as a traverse. The position of buoy A is computed from the sextant angles by the threc-point problem and reduced to tho position 
the anchor. (See 2512.) This position is used to compute the succeeding positions through tho traverse, using tho observed sua 
azimuths and measured taut-wire distances, to arrive at a traversc position of buoy I I .  The three-point sextant nx at buoy I1 is ”” 
computed by the three-point problem and reduced to the position of the anchor, which is held flxed. The dlflorenco between ed 
latter and the traverse position of buoy If is the traverse error. Tho position of each intermediate station in the traverse is correct 
by a proportional amount of this crror according to its distance from the orlgin of the traverse at buoy A. (Bee 26a.) 

llle 

G In  some such schemes it may be possible to mcasurc a t  each buoy.one large sext9 
angle whose locus is approximately parallel to the line of buoys. Whcrp this is p ~ ~ s i b ”  
the azimuth of theline can be controlled much better by the angles than by s u n  azimutll” 
I n  such cases the positions should be determined from a graphic plot on an alumin@‘ 
mounted sheet. The 16cus of the angle a t  each buoy station is plotted on the sheet (9” 
7625) and the distances between successive stations are plotted on these loci, from tb’ 
fixed position a t  one end of the line to the fixed position a t  the other end, the adju9’ 
ments for closure being made graphically. The three-point fixes and the loci a’’ 
plotted with a metal protractor. 

I n  such a scheme,weak three-point fixes of doubtful accuracy should not be usedfor 
locating intermediate buoys nor used to adjust the traverse in sections, because larger 
errors are probable than should result from an adjustment betwccn the two end statio” 
where reliable positions are obtained. 

5 
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2563. Traverse With Added Shore Connections 

Where buoy stations are established for inshore hydrographic control it is frequcntb' 
possible and advisable to obtain additional shore connections where the configurnt,iOll 
of the coastline permits. Occasional shore connections increase the accuracy of posl- 
tions in a buoy traverse and should be made when they require little additional time. 

In  the scheme illustrnted in figure 38, established for the control of hydrography beyond the visibility otshorc signnls, it is possible? 
or necessnry, to establish additional buoys io two lines extending inshore from buoy Cand nt each inshore buoy it is possible to obtRI1' 
n strong three-point flx to shore stntions. The  same tnut-wiro sun-azimuth measurements are required in this typc of scheme, but 
he computations differ in thnt a mean position of buoy C is determined to which nll the lines are adjusted. 

7 
dtl 

0 5 IO 20 Miles 

Approximate Scale 

FIGURE 3G.-Euoys locnted by traverse with additional shore connections. 

Ench buoy line, from A to C, F to C, 8 to C, nnd E to C, is computed from the axed position of tho inshore buoy in the reslwcti'.e 
line, resulting in four independent positions of buoy C. A mean position of buoy Cis  found b y  weighting the four positions inrerSel! 
nccording to the lengths of the respective lines. The positions in cneh traverse line nre then ndjusted proportionally to the fixed PSI' 
tions of thc inshore buoys and the mean position of buoy C. 

Also illustrated in figure 30 is a short line of buoys extending from buoy B to buoy If. This is cnllcd a spur line nnd nll oft*' 
positions in such a linc nre located with the same accurate observntions, hut i t  is ndjusted by npplying the correction to buoy B to 
all buoy positions in the spur line, without ndditional ndjustment. 

2564. Traverse to Establish Datum 

A ca.refully plnnn,cd buoy travcrsc may be used to extend a geodetic datum to nl' 

isolated island, whcrc it is impossible or difficult to do so by triangulation. If t h e  
distances are measured with an accurately calibrated taut-wirc apparatus and the sllll 
azimuths are obscrved carefully, the datum provided by the traverse will bc sui- 
ficiently accurate for charting purposes. 

The lines of buoys should be planned to cxtcnd from thc adjacent land areas to 
t,he isolated island by the shortest; practicable distances, and from points where stroPg 
determinations may be obtained from established triangulation stations. (See fig. 37.) 
Each buoy traverse should be practically straight and the two should be approximatel)' 
a t  right angles to each other. The interval between buoys should be IL maximum 
order to reduce azimuth errors to a minimum. The sdn azimuths must be observed 
with unusual care an.d the necessary data must be obtained for correcting the azimutlls 
to the anchor positions of the buoys (see 9432). Each buoy t,raverse must be measured 
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mic observations. 
principal objcct is to coordinatr tlie survey as a whole. 

This gives sufficient accuracy for charting tlir survey, but the 

, - 
x -  

- - \  , -  - -  
/ - - -  '. ., 

Appro" mate Scale B 

FIGVRE 38.-hoy control for an isolated offshore shoal. 

Tlic buoy station to be located by astronomic obscrvutioiis should be ancliorcd 
n ~ n r  the  center of the area or in shoal watc.r near tlic critical dcptlis, as  at  A in figure 
38. Observations to determine the position of this buoy should be made as described 
in 2535. Prom this buoy ns an origin, buoys arc ancliorecl in lines npproximately a10116 
tlic axis of thc shoal so as to furnish control in the most efficient manner. Taut-wirc 
sun-azimuth measurements arc made along thew lilies of buoys, which arc computed 
ns unadjusted traverses. It is wasted effort to locate the end stations by 
sextant astronomic observations for the purpose of adjusting the traverse betweell 
them, because the traverse rncasurements are much more accurate than the astro- 
iioniic observations. 

2572. Stations for R.A.R. Control 

Along certain types of coasts i t  is practicablc to cstablisli R.A.R. stations ftU 
onougli offsliorc so tliat surveys can be controlled by this mctliod to tlic dcsircd offsliore 
limits. Along the Pacific Coast and tlic coast of Alaska tlic positions of sono-radio 
buoys may be determined on clear days at a considerable distance offshore by threc- 
point f i ~ c s  on high mountain pealis whosc positions are known. 

(See 2525.) 

p , 2Q , , M MI imw,  
A9pm.m.1. *,e 

FIGPRE 30.- R.A.11. stntions located by t h e - p o i n t  flxes and acoustic distances. 

Frcqucntly only one line of R.A.R. stations is necessary to furnish the control 
for tlic desircd offshore area, but stations must be so distributed that returns from 
11 t lciist thrw R.A.R. stgations may bc cspcctcd throughout tlic area to be survcycd. 
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the R.A.R. method. Sono-radio buoys placed 12 or 15 miles apart will usually furnish 
adequate control in an avcragc area, but thcy must be spaced a t  closer intervals where 
the R.A.R. method is Iimitcd to short acoustic distances. 

Other sono-radio buoys are anchored offshore from the traverse linc and these are 

is important to place these stations close enough to the traverse line to be well withip 
the limits of reliable returns, and each should be anchored at  unequal distances frofl 
the traverse stations from which distances are to be measured, to prevent the returps 
from two stations being rccordcd simultaneously on the chronograph tapc and being 
unidentifiable (see 6814). 

The time intervals are usually measured with the source of sound locatcd at tho 
stations whose positions are to be determined, but where the buoys to be locatcd firs 
sono-radio buoys, the source of sound may be located at  any ordinary buoy station 
the traverse. It is frequently possible and desirable to measure the time intervds ia 
both directions; first when the offshore stations are anchored, and subsequently j1lS9 

before tthe sono-radio buoys in the traverse line are weighed, or at  any time the veSgO 
is in the vicinity of a station at  one end of a line whose length is to  be determined’ 
I t  is advisablo to measure the time intervals between two stations as often as it is cop’ 

t vcnient to do so without consuming too much time, for each additional measuremCII’ 

(see 2533). 
till 

farther offshore, and where the R.A.R. method operates eficiently the positions of thego 
may be located by acoustic distances from the stations first so located. If the acouf~”‘ 
distances are not sufficiently reliable for this, the positions may be materially str?ngtl” 
ened by measuring, with taut wire, the offshore distance from a station in the trav0@ 
line. In figure 40, the distance from buoy F, in the traverse line, to buoy L and 
distance from buoy L to buoy P, the offshore sono-radio buoy, would be measured bf 
taut wire. These measurements will serve to strengthen tho entire scheme for they 
will provide comparatively accurate offshore distances of buoys L and P. In an are’ 
controlled by R.A.R. methods a dependable offshore distance has an additional ~ d ” ’  
for it may bo used for an expcrimental determination of the velocity of sound (sec 636’)‘ 

The adjusted positions of the stations in the traverse arc determined by 
regular computations for a traverse (scc 2525 and 2561). The positions of the stat@’ 
located by acoustic distances are determined from a graphic plot on an alumin@ 

slightly larger than the smooth sheet. If aluminum-mounted topographic shcets ’re 
used, two or more may be required, or a grained aluminum sheet of sufficient size flaf 
be used (see 7131). The computed positions of only the required traverse stations ’‘i 
plotted by dms. and dps. and the acoustic distances to each station are plotted witb 

$4 
beam compass, the required positions being determined as explained in 2533. 
taut-wire distances are also plotted with a beam compass but they are accepted 
correct, and the positions of the respective stations must be accepted on tho arcs r@’’ 
senting taut-wire distances. 

2574. Subaqueous Quadrilaterals 

In offshore areas where the general depths permit anchoring buoys but are not 

located by acoustic distances from the sono-radio buoys in the traverse (see 2533). It 

increases the strength of the position determination, if reliable data are obtain Cd 

In  an extensive area it is frcquently necessary to establish R.A.R. stations 9 

mounted sheet of sufficient size to include the required traverse stations on a 5 040 

60 
J -shoal as to require closely spaced lines, a system of control by R.A.R. methods 

be located entirely by subaqueous sound ranging. The method is limited to locditiFs 
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be practicable to connect the offshore end of the scheme with another similar schefle 
approximately parallel to it extending offshore from the adjacent land area. 

At times when, and in areas where, the R.A.R. method of control operates efficientb’i 
the size of the quadrilaterals may be large, but they must be correspondingly reduced 
in an area in which the method is not so efficient. Banks and irregular depths in the 
inshore areas frequently interfere with the measurement of subaqueous distances d 
it is necessary to start the scheme from a closed taut-wire traverse. The traverse need 
extend offshore only far enough to establish reliable positions beyond the area of irregu’ 
lar depths, the remaining stations in the scheme being located from the positions Of 
sono-radio buoys in the traverse (see 2573). . 

In  a scheme of this character it is likely that the lengths of certain lines cannot bs 
measured by subaqueous methods because of shoals or intervening irregular depth4 
within the area. Such a line may be measured by taut wire or by one of the two metk 
ods illustrated in figure 41. The diagonal between buoys E and U could not bo meas’ 
ured, but the position of buoy U, determined by measurements of the distpnces fro@ 
F to U and H to U, may be verified by a distance to  buoy U obtained from position 
which in turn has been located by acoustic distances from C, F, and E. A position for 
this purpose must be carefully selected so that it may be accurately determined and thO 
measurements must be made with extra care. 

A position on the shoal, as shown a t  position 7, should be used with extreme 
tion. A return will probably be received from buoy U but, because of the intervening 
shoal, the path of the sound wave is uncertain and consequently there will be uric@ 
tainty in the computed distance. 

I n  the adjoining quadrilateral neither of the diagonals could be measured directly 
because of an intervening shoal, but from the supplementnl buoy 1 it was possible to 
measure distanccs to the four buoys at  the corners of the quadrilateral. With these 
and the sides of the quadrilateral measured, an adjusted graphic plot will determine the 
coordinated positions. 

Positions in a scheme of this type are determined by a graphic’plot on one or mor0 
aluminum-mounted sheets as explained in 2573. 

Offshore areas are likely to contain shoals which require thorough developmeat 
and lines of soundings more closely spaced than is practicable by R.A.R. On or ned 
such an area a line of buoys may be anchored to furnish control for three-point fixes’ 
The buoys should be established in a line parallel to the axis of the shoal. The end 

.buoys, L and M in figure 41, are located by subaqueous distances from the adjacd’ 
sono-radio buoys. The intermediate buoys in the line are located by sun azimuths afl d 
taut-wire distances and their positions are computed as an adjusted traverse betw@’ 
the end buoys (see 2561). The positions of the survey buoys, when located in this 
manner, are referenced with sufficient accuracy to the positions of the sono-radio buoy’ 
so that the positions in the entire scheme are adequately coordinated. 

258. STATISTICS OF BUOY -CONTROLLED SURVEYS 
Hydrographic surveys in areas where buoy stations are required for the control1 

either for sextant fixes or R.A.R. methods, are different from’ hydrographic s u r ~ e l ’ ~  
G controlled from shore stations. They require a different planning and a differell 

technique of execution. The tabulation is intended as a guide to the requirements d 
possible results to be expected under different conditions in different areas. The statlg’ 
tics are from actual typical projects controlled by the different types of buoy schemO’ 
described in 255, 256, and 257. General information regarding each project is given. 
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quirements for a shore station site, in the approximate order of their importance, BrB 
as follows: 

(a) The shore station site must be within a reasonable distance of the hydrophone (see 261z) 
and usually convenient thereto. If practicable the hydrophone site should be visible from it SO the’ 
the station operator can notify ,the ship perBonnel when small boats. causc interference. 

(b )  It must be accessible by water or overland transportation. 
(c) Fresh water should be available at the station and supplies should be obtainable in 

vicinity for the station personnel. 

house must be built or tents erected for this purpose. 
(d) It is desirable to house the station and personnel in existing facilities on shore, otherwise B 

FIGURE 42.--R.A.R. shore station (general arrangement). 

2612. Hydrophone 

The hydrophone unit used in the shore station equipment must be in a light Go’ 

with a valve and be strong and tight enough to contain air under pressure (see 6 5631 
Vincent Hydrophbne). A large container, 24 inches in diameter, made of %-inch bogd 

it 
plate, has been used successfully with about 35 pounds of air pressure. 

floats submerged 7 to 10 fathoms below the surface of the water. An anchor of @” 
tb0 
B iron, weighing from 60 to 100 pounds, is attached 5 to 13 fathoms from the end,of 

cable to which the hydrophone is attached. 
below the surface. ‘One end of a length of %-inch wire rope, about as long as the v d O ’  

boat anchor for use in recovering the hydrophone. The hydrophone and the buoy 
must be separated far enough so that there is no likelihood of the hydrophone becoOYg 

tbO fouled. All connections and shackles must be mado tight so that the motion of 
water cannot possibly make them clank or rattlc in the slightcst, to  ca11se unw@ 
noises in the hydrophone. 

factor in the establishment of a shore station. The hydrophone should be located ’ 
tbO 

the edge of a slope into deep offshore water. Shoals and submarine valleys betg 

to the hydrophone and the area being surveyed are apt to interfere seriously with 
transmission of sound. The hydrophone should be located as close as practicable 
the beach so that only a short length of cable is necessary. 

tainer of sufficient size and displacement to furnish buoyancy, It should be provl *dd 

Thc hydrophone is anchored in depths of 15 to 20 fathoms (see fig, 42) SO that 

This holds the unit a t  the desired deP 

is deep, is attached to the hydrophone anchor and stretched dong t h o  bottom, a SO 83’ 
boat anchor being attached to the other end. A small marker buoy is secured to ibO 

cod 

a.  Hydrophone &e.-The selection of the hydrophone site is the most impor t d  t 
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The survey ship, or a launch, should anchor at the approximate position of thO 
hydrophone. The tested cable, wound on a reel with the heavy-duty cable on top, is 
placed in a whaleboat or motor sailer so that it may be readily unreeled. The s r d  
boat with the cable proceeds to the beach, or to a safe anchorage just offshore from thO 
breakers from where the cable is hauled ashore by a heaving line. Heavy surf 01‘ a 
wide stretch of breakers may necessitate the use of a Lyle gun to shoot the line ashor’, 
or the laying may have to be postponed until sea conditions are more favorable. After 
the end of the cable has been pulled ashore and secured, the small boat beads toWard 
the anchored ship, paying out the cable. When the ship is reached, the end of the 
cable is passed aboard where it is spliced to the hydrophone, and the anchoring assernbly 
as described in 2612 is attached. The hydrophone anchor is first lowered by a trip 
line, followed by the buoy anchor which is anchored as far from the hydrophone anohof 
as the wire rope connecting them will permit. 

2614. Electric Equipment 

The electric circuits of the amplifier and transmitter may be idcntical with the SODO’ 
radio buoy circuits (see section 65), except that 6-volt transmitting tubes are Used 
because they are more reliable and there is not the same need to conserve power. A d  ’ 
separate bomb-listening circuit may be incorporated in the amplifier. There are nu&’ 
ous advantages to be gained from the latter. Sonic of these are: the gain of the listening 
circuit may be controlled independently from the main amplifier, interaction betWOea 
the listening circuit and the main amplifier is reduced, and spurious noises caused by 
the operation of the keying circuit and radio transmitter are eliminated from the listell’ 
ing circuit. 

Another useful arrangement is t o  connect the radio transmitter to  the amplifi” 
so that the circuit may be kept open at  all times except while held closed m a n u d ~ ”  
as by a push button in the circuit. The push button can be pressed a few secoP d9 
before the expected arrival of a bomb signal, the time being judged from the appro”” 
imate distance of the ship from the hydrophone. I n  this way the radio transmittBr 
is kept inoperative until just before the arrival of the bomb signal, thus reducing tbO 
likelihood of its being operated by water noises. 

Where the shore station is a t  some distance from the inshore end of the hydrophOoe 
cable, a two-stage amplifying booster is usually inserted about midway between the f hydrophone and the station equipment. The booster is contained in a waterpro! 
box, located well inshore from the high-water line a t  a protected place. It may contall’ 
its own power supply or be supplied with power from the shore station. The inshofO 
end of the hydrophone cable is connected to the booster, a land line extending fro’ 
there to the shore station. The gain of the booster amplifier is fixed and any necessaff 
change in gain is made at the shore station amplifier. 

The electric equipment is battery operated, because an a-c power supply is rarely 
available where shore stations are needed. A portable gasoline-driven generator i9 
needed for charging the batteries. 

261 5. Antenna 

The antenna may be erected between two trees from which the interfering brancfi” 
If trees are not available it is generally nccessary to erect t@ 

The axis of the antenna should b0 

have been removed. 
well-guyed masts a t  a suitablc distance apart. 
approximately at right angles to the area to be surveyed. 
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described in chapter 6 ,  an indirect method which does not depend on the visibility 
of objects. 

For the first method either a sufficient number of natural objects must exist Or 

artificial objects must be constructed. It is with the construction of these latte: 
signals and buoys, that this section and section 28 deal. In  the Coast and Geoddl’ 
Survey, the term signal is used loosely to indicate any sort of artificial object erected 
or established on the land for use in measuring sextant angles to locate the positions Of 

survey launches and vessels engaged in sounding. A signal may be a white wasbed 
rock, a 100-foot tower, or a handkerchief-sized banner on a bush. The term is s o ~ W  
times even used to indicate a natural object used for control. (See 2111.) The to@ 
buoy is likewise used loosely to indicate any anchored floating object, with or without 
superstructure, used for control purposes. 

It is obvious that hydrographic surveying is greatly facilitated when the objects 
a t  the control stations are conspicuous enough to be seen readily by the observers’ 
For this reason, as well as for economy and durability, natural objects such as lone 
boulders, pinnacle rocks, waterfalls, lone trees, and distinctive marlcs on cliffs, and 
artificial objects such as tanks, lighthouses, spires, and building gables, should be usad 
for control wherever available. 

Signal structures erected at  stations vary in type and size, depending on their Wa’ 
tion, purpose, and the materials available. Their size and elevation above high w d d  
depend on whether they are to be used for launch or ship hydrography and at  whet 
distance they need to be visible. Advantage should be taken of natural elevations ’’ 
the ground upon which to erect signals, where they need to be seen at  considerable 
distances. 

Where a signal is to be used at  a long distance, the target not only must be of d’ 
sidcrable size but must be constructed and dressed so that it will stand out in contraet 
to the background and be as conspicuous as possible. In  this respect White is beet 
against a dark background and black is best against the skyline, provided the trtr&Ob 
is elevated sufficiently or constructed so as not to blend in with ground object’’ 

as possible. Thc principal advantage is to be gained from a white target only Wbap 
the sun shines on it, and one which must be pointed away from the sun can be seep 
ordinarily only from comparatively short distances. But under certain conditiong’ 
a white target illuminated by the sun on its inshore side will stand out c o n s p i c ~ ~ U ~ ~ ~  
against a nearby dqrk background of trces or cliff. A sloping target will reflect tbO 
most sunlight and consequently will be visible at  the maximum distance. The dopi  
should be from 4 5 O  to 60’ and the signal should be constructed and dressed in accord@‘ tb with the conditions encountered. A tripod structure dressed with white signal d o  
to resemble a 9- by 9-foot tent of the centerpole type makes an excellent signal. 

Where shore signals are needed to control offshore ship hydrography in are’@ 
be where the coastline is low and flat, targets have to be placed on high structures to 

visible from any appreciable distance offshore, TO obtain better reflection from tbO 

shoreline, rather than have it face directly offshore. This angle should not exceed l6’i 
To construct the target at  an angle to give it greater reflecting power, the target board be 
slightly sprung around the tower to prcsent. a convex surface to seaward. 

For the control of launch hydrography, i t  is seldom necessary to construct signa1’ 
qill at any appreciable elevation above the high-water line. 

When white targets are used, they should be Constructed to reflect as much sunlig bt 

sun, it is sometimes advisable to orient the signal and target at a slight angle to  tb8 

,can be shimmed at the bottom to give the target a Venetian-blind effect, and can 

Almost any type. of signal 
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serve hot that Can be identified from a distance of several miles. Where natural objects are 
the most satisfactory and economic types of signals are those made of 

$0 khltewash O r  white signal cloth. These show very distinctly against a dark back- 
d’ ‘nd when direct sunlight is reflected from them, but will be visible only a short 
’ Consequently, it  is very 
bportant to dress the signals in direct contrast to the background, i. e., white against ‘ dark background and black against the skyline, or a combination of black and white 

the signal shows against a light background from one direction and a dark back- 
ground from another. Red is the most satisfactory color to use against 8 background 
Of “7, for a black targot is easily confused with protruding rocks. 

Or marking stations and erecting whatever types of signals may be needed in any 
region, the stores of survey v ossels should include ample supplies of unslaked 

signal cloth, canvas, slats, lumber, cement, cast-iron soil pipes, wire, bolts, nuts, 
Muslin signal notices (Form 51) shall also be carried and used 

there is a likelihood of signals being disturbed or destroyed by persons 
bh 

areaBhere stations and signals are to be established on private property in inhabited 
Pr ’ Permission must be obtained from the owner, and no damage to or defacement of 

OPerty shallbe made without his consent. 
surveys are made along tho shores of publicly owned areas, such as public 

Or National or State forests, reservations, and wildlife refuges, the superintendent 
Other official must be contacted to oxplain the nature of the survey and to request 

This is especially important where marks are to be established, signals 
Satisfactory cooperation can erected 

;;?’’’ be obtained when the nature of the work is understood, and arrangements can 
be made to have one of the caretakers accompany the Party for 8 day Or two to 

‘pprOve the necessary clearing and help dispose of the resulting wood and brush. Be “’ be hired for this purpose except when he is a federal employee. 
Signals are erected over marlred stations, precautions must be taken not to disturb P 

8’ Or building, reference should also be made to  Special Publication No. 234, 

* 

lf they are in shadows or during overcast wcather. 

“‘” tools, et&. 

of .their purpose. 

Or Observing lines cleared through wooded areas. 

the station and reference marks. 

Budding. 
272. TALL SIGNALS 

8’ v ulce the extensive use of buoys for offshore hydrographic control, the need for 
Burtrg In recent hydrographic 
‘UQi$ low flat coasts, 40 feet has been about the maximum height needed to 

control for distances of 5 to 10 milos offshore, from which limit the 
h’drographY is extended by buoy control. 
p ~ o ~ ~ t h O  of tall signals used by the Coast and Geodetic Survey in the past, 
Portah1 structures approaching 100 feet in height were used very frequently, and 

It is with these tall 
structures that 272 and 2721 deal. 

2o0 :ILfrequ@ntly, signals have beon constructed for use in triangulation to heights of 
le& Or more, but these have not been to specifications as each one has been more or 
tr Of an individual case. These range from targets erected in the tops of tall redwood ipJo towers made from bamboo poles. Other organizations have used various 18?!:2L2 of erecting $811 signals, one of which appears to have particular merit. 

e mounted clumps of cabbage palm leaves on the tops of tall tubular 

‘3 tall signals has diminished during the last 10 years. 

e steel towers of tho same height were used occasionally. 
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steel poles for use in hydrographic surveys off low islands in tropic areas. The poles 
are in sections, each fitting into the other, and the height of a signal may be increased 
as desired by adding additional bottom sections, tlie poles being held upright by guys 

For offshore ship hydrography, a signal must havc an elevation great enough to 
overconie tlie curvature of tlie cartli arid be sufficiently large to be seen in a sextant at  
the required distance. The elevation above the water of the tower to be constructed 
can be computed from the formula: 

D = 1 . 1 5 4 R  

H = 0 . 7 5  0' 
where H i s  the height of the tower in feet above the water, 1.15 is an approximate constant for curva- 
ture and refraction, and D is the distance in nautical miles at which the signal must be seen from the 
water level. Thus, the elevation of a signal to  be just visible from the waterline 10 miles a t  sea 
would be 75 feet. Sextant angles are usually observed from the ship's biidge and assuming the 
height of the eye to  be 23 feet above the water, then the same signal can be seen 536 miles farther, O r  

a maximum distance of 15% miles. This extra distance of 534 miles is computed from the same 
formula by solving for D, the value of Z-I being the height of the eye above the water. 

In perfectly clear weather a signal, especially if i t  sliows against the slrylinc, can be 
observed until it disappears below tlie horizon and often, just before disappearing, 
refraction actually makes i t  appear larger than i t  appears a t  a slightly cfoser distance. 
Wlieii the sea is rough, signals cannot be seen as far, by a considerable distance, as in 
calm weather, because of tlic waves between the observer and the signal. 

hlany different factors must bc takcn into consideration in determining tlie lieigllt 
and size to build an object to be seen tlie rcquired distance, some of which are as 
follows: Thc background, whether wooded, open sky, or intermittent trees and sky, 
and wlielber the tree line is close to or far from the signal; thc direction of tlie shoreline, 
and whctlicr a signal will reflect tlie sunlight; and tlie prevalcnt weather, whether clear 
or cloudy and overcast. A much largcr target is required if cloudy or overcast weathet' 
is prevalent or i€ the signals must be so placed that there is no reflection from the sun 
during the grcater part of the day. If thc background behind a white signal is intcr- 
mittent woods, a much larger and more distinct signal is neccssary, €or a small one 
cannot bc distinguished from an opening or break in the tree line. 

There is little use in making any part of the target black unless i t  projects well 
above the trees or skyline, in which case the entire target should be black. 

or 

2721. Ninety-Eight Foot Signal 
The construction of a wooden signal of this type is started by building, on the ground, a quadri- 

lateral section 16 feet high and 4 feet square, which is raised into place in a hole about 8 feet square 
and 6 feet deep, so that  the entire base of the tower can be buried in the ground. The bottom braces 
are doubled (onc inside and one outside the legs) and are extended about 2 feet beyond the sides of the 
structure. Scrap lumber or drift wood is laid across the bottom horizontal braces. It is important 
that  the first section be set exactly vertical before the hole is filled and the building continued. Its 
verticality can be ensured by setting up and leveling a small theodolite and sighting up and down 
the sides of the signal with the vertical cross hair or by sighting along the string of a plumb bob SUS- 

pended at arm's length from a position a little above the height of the eye. The structure is held in 
this vertical position by temporary guy wires while earth is tamped firmly around the base of the signnl 
and the hole is filled. 

Construction is then continued, the verticality of successive sections being checked in the sa1118 
manner as the first section and more temporary guys used, if necessary, to pull the structure a little 
one way or the other. The scaffold is 4 feet square in its horizontal section, the legs and sides being 
parallel throughout its height. Horizontal braces are nailed to the tower at 4-fOOt intervals and 
diagonal braces nailed between these 4-foot sections. Leg pieces, braces, and guy wires are added until 
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2722. Forty-Foot Signal 

The type of construction of the 98-foot signal can be used to build hydrographic signals of various 
heights. The 16-foot base section is identical and the signal may be built up in sections to the 
vation desired. For a 40-foot signal, guys are fastened at the 25- and 40-fOot levels. The target 
may be similar to that of the taller signal. If desired, one corner instead of a side of the scrtff0ld 
may be pointed seaward. In such a case, the target boards are cut in 8-foot lengths and nailed on t10 
sides to form a V whose apex points seaward. 

The choice depends mainly OP 
the quantity of lumber available, especially if there are no roads for transportation and all materi@ 
have to  be landed from the ship. Pole signals constructed of 2 by 4'8, in cross sections of 4 by 4 i d e s  
or 4 by 6 inches, with targets made from 36- by 6-inch boards, have been erected 40 to 60 feet bigb' 
Tripods 40 feet high have been erected, but generally lumber in lengths longFr than 16 feet is required 
for the horizontal braces a t  the base. If native trees are available, pole tripod signals can be 
constructed. The various types of tripods can be dressed with whitewash, painted boards, can@' 
or signal cloth. 

Numerous types of signals can be built up to heights of 40 feet. 

2723. Ordinary Tripod Signal 

I t  semes as a triangut' 
tion signal, being constructed in such a manner that an observer can set up his theodOl@ 
under the tripod and make ohservations without moving any of the structure. And 
it makes an ideal signal for inshore hydrography at distances of 3 to 5 miles, and 
farther, if the elevation of the ground is sufficient and the tripod is properly dressed' 
(See fig. 43.) 

The ordinary tripod signal usually serves a dual purpose. 

CENTERPOLE CROSS BRACING 

0 5 IO 

SCALE IN FEET 
I 

FIQURE 43.--Trlpod slgnals. 
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(A) LIST OF MATERIALS FOR ORDINARY TRIPOD SIGNAL 

Number reguired DeUCriptiOn Size 
Centerpole, 948 ... . . - - .. . . - _  - -  .- - -  - -  _. - -  3” by 3” by IO‘.---. . . .. - - - - - -. . -. . - - -. - - -. - - _ _  _ _  _ _  _ _  1 piece. 
Target, olsignalcloth .---- ----------.--- 1”by4”by3’.  .------ .-----.---..-.____. ~ _ _ _ _ _ _ _ _ _ _ _ _  4 pioces. 

or of slats ___-__. _.__ _ _  ___.- ~ --.----- %“ by 0” by 3’. -.- - - -  -. - .-.--- _ _  .. _ _  _ _  _ _  _ _ _ _  -. .___ or 8 pieces. 
Legs .-.--.---.-.---...-..-- _ - - - - - - - _  --.- 2” by 4” by IO’.. -.--....----.-_.....~~~~~~~~~...~~-~~ 3 pieces. 
Braces for centerpole . ._ -. .- - - -  - -  . - -_. .. 1” by 4” by 10’ --~. - - - - - -- -. - - -  - - -. . . -. . ~ - - - - - - - ~ ~ - - 1 piece. 
For stakes.-. - - _ _  ...--- __._----..--__._ 2” by 4“ by 16‘ - ~. .  -.- ---_..._ _ _  _ _  . .. _.__..________ 2 pieces. 
Dressing for tripod: 

for whitewashing .... . ._------- 1” by 0” by IO’.- --. . -..-- _ -  - -.. ..--”- _ _ _ _ _ _  .____ ~ _ _ _ _  16 pieces. 
or for signal cloth ...____._____.___ 1” by 0” by 10’ 

or 2,, by 4,, by lo,} .... --.-.-__ _ _  _._...______ _ _ _ _  _.___ .-- 4 or 5 piocos. 

Bolt, with nut and washers .-..----.--.. $6’‘ by 12” -.-. ~- -------------...-.-____ ~ ___._...___._ 1 each. 
Guy wire (4 guys). . - ~ - - .-. _ _ _  ----..-.-. No. 8 or 10. .-. - ~ -  -----..- _ -  - -  .... . . -. ___. _ _  _ _ _ _  -. . -. 4 lengths of 45 feet. 

4 lengths of 46 feet. { 4 lengths of 30 fect. 
or 8 guys if neoded ...- - - - _ _ _ _  - - .-- - - - ~. - - -. .._. _ _  _ _  .- _ _  - - - - - - - - - -. ~. . -. __. . --.--.or 

bit, Tools and equipment .___.____----..---- Signal cloth or whitewash, nails, tacks, pliers, axes, saws, hammers, brace an 
plumb bob, shovels, etc. 

273. STEEL TOWERS 

Portable steel towers, identical with those designed for and used in firskod” 
triangulation, have been used for tall hydrographic signals wliere they were needed at 

The towers are designed in 14-foot sections. This permits tlicim to be dismtm tleJ 

Transportation is an important factor in getting the steel for the towers to t P  

the same time for establishing triangulation control. 
struction, see Special Publication No. 158, Bilby Steel Tower for Triangulation. 

and re-erected a t  other sites. The total height desired is gained by the addition Of 

omission of the lower sections. 

station sites. A shore building party operating independently from the ship is flosl 
satisfactory. Tho steel can be landed from the ship in small boats if there is no 0 thef 
means of transportation, but this is slow work and pieces may be lost overboard. 

For use as hydrographic signals, targets arr neccssary, either of canvas or board5 
bolted LO the frame of the tower facing seaward. Since any type of target exposes 
comparatively cxtarisive surface to the wind, the tower should be guyed accordingly‘ 

hi0 Since the development and extensive use of‘ buoy control for offshore BydrograP 
surveys, it is doubtful whether steel towers will be used by the Coast and. Goodetir 
Survey for this purpose in tho futuro. 

For details of design and 

P 

274. WATER SIGNALS 

Hydrographic signals must occasionally be cwctcd in shallow water scvcral fl il@ 
d* from land. 

~ o m c  are partly constructed ashore, towccl to  .tlw desired location, wciglitc(i do@’”’ 
and thc construction completed. Others arc entirely built in the water and still othor5 
are built on board vessels and lowered into place. t io 

bo‘ 
The United States Navy has constructed steel towers up to  100 icet in hei& 

dB 
depths to 10 fathoms. The material used is similar to  tliat of the Bilby stccl towfir 
the structure is four- iristoad of tlircc-sidrd. Tlic thrcc lowclr srctions of thc tower 
constructed on the dock of thc survcy vt:sscl*and Iowcwtl ovor t h o  sidr by tho boat boo’ 

fir0 
tho 

With the tower suspended in the water from the siclc of the vessel, other sectiorls 

tbO 
added until the tower rests on the bottom. The vessel is thon backed away, 
remainder of the construction being completed from motor sailcrs. The base of to 
tower is weighted wit11 wooden mattresses f i l ~  wit11 scrap iron. 

Numerous typcs of signals and mcthods have brcn successfully Use 

It can be gupd 
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anchors if necessary. Observations with a repeating theodolite can be made froD 
the tower, if desired, when the sen is extraordinarily calm. 

A simple tripod signal that will stand in a moderate depth of water may be made 
from lengths of iron pipe wired together through tee-fittings at  their upper ends. Whea 
the exposed part is wrapped with cloth and flags are erected on top of it, it may be 
seen at  a considerable distance. Such signals may be made more secure by pumpkg 
the legs into the bottom by means of a water jet, Where this is not possible, as in 
rocky areas, weights with wire loops around the pipes may be slid down the legs to 
secure them. Each pipe leg should be provided with a fitting near the bottom to 
engage the wire loop and hold the weight in place. Long poles and saplings have 
also been pumped into ocean bars by means of a water jet and have withstood moderate 
storms. 

A type of water signal that is constructed on land and then towed out and sunk in 
position is described in detail on pages 35-38 of Spccial Publication No. 234, Signal 
Building. 

The details of two wooden structures that  have been used successfully for hydrographic control 
on off-lying shoals are illustrated in figure 44. One is a simple tripod with centerpole, crossed bmnerSp 
and flag; the other is a simple four-sided tower with the top of the flag 42 feet above the surface of the 
water. The legs are jetted into the bottom by means of a double-action hand pump with a 2$4-inoh 
suction and 2-inch discharge, mounted in a launch in such a manner that four men can handle the 
brakes. A 2-inch fire hose is connected to the discharge end of the pump t o  which is added a length 
of 1%-inch iron pipe to  act as a reducer. 

When a signal is to  be erected, the launch is moored in position by four anchors leading fore and 
aft and from each side. One of the legs of the structure is then held upright and the pipe is placed 
alongside it, with the nozzle held loosely alongside the bottom of the leg by a thin metal stop nailed 
to  the leg. A 4- by 6-inch leg can be jetted into 6 feet of mud or loose sand in 5 minutes. After the 
legs are in place and the horiaontal braces nailed to  them, the men can mount the structure and 
complete it as if it were on land. If the bottom material id very soft it is best to  nail crosspieces OD 
the legs to  prevent any of them from sinking deeper than desired. 

Water signals of the above types may be located by any of the conventions1 
methods. Theodolite observations from three triangulation stations are preferable, 
but if impracticable, sextant fixes or cuts should be obtained. 

This type of signal has been used to depths of 13 feet. 

A short piece of %-inch pipe forms the nozzle. 

275. SIGNAL CLOTH 

Signal cloth is used to dress signals to make them conspicuous an‘d easy to identify 
No color except white or black should be used on a signal which is to  be observed frofl 
any considerable distance. The choicc of color depends almost entirely on the back- 
ground and the greater the contrast, the more distinctive will be the signal. Unless 
the signal is viewed against varying backgrounds €rom different directions, it  is best *lo 

use only one color for a target-i. e., all black or all white rather than half black and 
half white. White is best against a dark or green background and black best agaid’ 
the skyline, water, or a light background. Red and orange may be useful as ~ariatioI*~ 
on signals to be used a t  close range, being especially effective against a background of 
snow or a glaring white beach. Black is objectionable on signals in the snow as it is 
difficult to distinguish from rocks or other black spots when viewed even at  a shol*t 
distance. White is valueless against the skyline unless the sun’s rays are reflecte d 
from it. 

White signal cloth is a superior reflector to either whitewash or white paint. 
slanting surface is a better reflector than a vertical one, except in the early morning of 
late afternoon. 
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that will remain in good condition for one season. It will usually be recoverable tho 
following year but ought to be re-whitewashed ii' i t  is to be used to any appreciabl' 
extent. The shapes and sizes should be varied to niake tlic sigrials distinguishable d 
easy to identify. 

28. SURVEY BUOYS 

Where buoy stations are rcquircd to control 11ydrogr.aphic surveys beyond tho 
visibility of shore signals, they must be marked with a suitable buoy structure. A 
design for a buoy s t r~c ture  for use in a particular area depends Insgely on the cliaracte' 
of the area and the visibility rcquired. Shallow water a t  the station will limit the lenf.$' 
of the underwater portion of the buoy structure. 
weathcr conditions, arid the depth of water are factors which influence thc amount of 
buoyancy required in a buoy. Tho weight of the anchor and tlic weight and sizc of the 
buoy structure are limited by the ability of thc ship's cquipmcnt to liandle thorn wheD 
they arc bcing anchored and weighed. The conditions influencing the sizc and dc@ 
of buoys are likely to vary with difl'erent survey projects and the dcscriptioris and 
specifications in this section should be considered gcncrnl, subj cct to modification to 
suit th e particular conditions cnco un tered. 

The general designs of buoy structures are influencod by a number of clcmcnts, 
Buoys are generally constructed on board ship by the ship's pcreonnel and a simplo 
design that may be made from readily acquired materials and with ordinary tools js 
neccssary: The design must be such that thc buoys may be built in tlic space nvaild '  
on board ship. They should bc built of light but strong matcrial-light for buoyancy 
and easc in handling, yet strong cnougli to withstand tho strains and stresses to whicb 
they arc subjected while being handled and during stormy periods while anchored, 
The design should allow for partial disassembly so that they may bc easily handled 
and stored compactly on board ship. They should also bc constructcd of inexpensiVo 
materials that are commercially available and should not require parts of special design* 

Buoys of various dcsigns, embodying many unique ideas, havc been construct0 d 
to me$ the conditions encountered in various nrcas, but thcsc dcsigns havc recently 
become more or less standardized. Thc buoy structures in most common use at  preseo' 
are described herein in somc detail; others that arc seldom uscd arc included, but in 
lcss detail, for possiblc use in unusual circumstances. 

Expcrimcnts with streamlined buoys liavc given promising results ant1 tlicir US0 
is probably indicatcd where thcrc arc strong currcnts (see 2843). 

The strength of current, t h o  prevaleD t 

281. BUOYS IN GENERAL 

The essential parts of a survey buoy structure arc: One or more drums (or barrels) 
for buoyancy, which support a ccntrrpole or.light framcwork forming the body of ih' 
structure, on whose uppor cnd is a target or flag to incrcasc the visibility, arid on wllOSo 
lower cnd is a counterweight to hold the structurc upright, and suitable ground tacklo 
for anchoring. Each of thesc parts varics with the type of buoy and its intended Uso! 
and also with the material availablc for its construction. Only materials of p o d  
quality should bc used to build buoy structures. It is poor economy to us0 cheap 
materials of doubtful quality that are liltely to fail and result in the loss of a buoy 
aftcr it has bccn placed on station and its position has bccn dctcrmined. The valUo 
of the ship time lost in replacing a single cssential buoy is cquivaloiit to the cost of tb' 
material for scvcral buoy structures. 
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281 1. Different Types of Buoys 

Buoys of various types and sizes may be required in the different survey operatiOD’’ 
and various buoyancies are needed to support the anchoring gear depending on 
depth of water. A survey buoy may vary from an ordinary 5-gallon can or sphere’ 
or a single barrel with no superstructure, to an elaborate buoy structure constructed 
of four standard 55-gallon barrels. There are at least seven different types of buoy 
for ordinary use. These are: (I) Small marker buoy with no superstructure, (2) s a  all 
buoy with target used by launches and auxiliary vessels, (3) shoal-water buoy, (4) 
standard one-barrel buoy, (5) two-barrel buoy, (6) three-barrel buoy, and (7) four’ 
barrel buoy. There are two types of structures for sono-radio equipmelit: one is ’ 
wooden frame built around one or more steel barrels, and the other is an all-oe’’’ 
construction using a single steel barrel. 

2812. Various Uses of Buoys 

In addition to their general use for the control of extensive areas in offshore surVe~’ 
and as R.A.R. stations, buoys are used for other purposes in connection with hydrv 
graphic surveys. As a marker buoy, anchored at  the approximate center of a shoal Or 
reef, a buoy furnishes leading mark for a system of radiating lines for the close develor 
ment of the area. It is especially useful for this purpose in areas where there are Do 
ranges that can be used in running the lines. Where there are strong currentst tbO 
least depth on a small shoal or rock can scarcely be found without the use of a markd 

to buoy. 

vicinity, or until it  can be more permanently marked by the United States GOes 
Guard. In  R.A.R. surveys, in addition to their use for control, buoys are often uged 
as references for important positions. 

2813. Lights for Buoys 

In  unsurveyed areas a buoy may be used as a temporary aid to navigation 
mark a submerged rock or dangerous shoal while the survey vessel is operating in t b 0  

Survey buoys must often be anchored near shipping lanes where they may be rU’ 

“Notice to Mariners,’’ nevertheless losses occur. An inexpensive flashing light 
stalled on a buoy minimizes such losses. Such lights are also useful for tying a I d g  

I dead-reckoning line to control after nightfall, and for finding buoys to be serviced ’ 
Ut? 

picked up at  night. 
Various commercial companies manufacture simple, inexpensive lighting a p p a d  

must be a minimum to avoid making the buoy top-heavy. The light should be vis1 
for a distance of at  least l ) h  miles and should operate for a long period on a miniflub 

U0 supply of electric current. A waterproof installation is required since the appad‘ 
is mounted outside the barrel on the superstructure of the buoy, A waterproof bok 

superstructure but high enough above the top of the barrel so that it will not be Go’’ 
Btantly submerged at any time. A watorproof fixture containing the light should be 
mounted at  the top of the buoy structure so as to be visible in all directions. 

A satisfactory light bulb for use in the assembly is an “Amglo Batrilite No. 75-C3R,” menufe; 
tured by the Amglo Corporation of Chicago, Illinois. It has a characteristic neon color. The bdl 

into, especially a t  night. Although notices of survey buoys are published in tbe 

which may be adapted for use on buoy structures. The total weight of the app@+, td 

containing the batteries and flasher unit, should be mounted on the lower part of 00 
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made to be used in a standard four-prong radio tube socket and it should be mounted under a yard Watertight launch masthead fixture. An “Eveready Luminous Tube Operating Unit,” 
TZufactur@d by the National Carbon Company has been found a very satisfactory flasher pnit 
*Ih type Of flasher unit is made in three different models, classified according to the flashing frequency. 
Wh:? are for 80, 200, or 400 flashes per minute which will operate for 110,100, or 40 days, respectively, 
and ipPPlied with current from a 6-volt ho&&ot battery. The flasher unit is permanently sealed 
C The Amglo 
cporatlon also manufactures a flasher unit called ‘‘Flasherpak.” The flasher unit and battery 

be contained in a watertight box whose inside dimensions are 6 by 8 by 18 inches. Exterior 
connections must be made with waterproof cable, such as “Tyrex.” 

‘qust be mounted in an upright position for the switch to operate efficientb. 

2814. Buoy Identifying Mark 

Ih ’Or identification during field operations, the name of tho station is painted on 
248 sUperstm&ure of each survey buoy or on a piece of signal cloth tacked thereon: 
Of addition, ordinary survey buoys (not sono-radio buoys) may be identified by flags 

va‘iOuS colors used in various combinations attached to  a short staff at the top of 
Sufficient combinations of three colors are possible SO that 

ld@ntifying flags on survey buoys are of particular value in starting a sounding 
The stations may be identified from a distance SO that it is not necessary to 

&leU,er close to them in order to read the names. The flags also aid in identifying 
dnSt1n!2 buoy seen during survey operations. 

A sOno-radio buoy is marlcod with the name of the R.A.R. station but flags- should 
Each should be marked with a sign, however, warning vessels to keep not b 

8t These sims are made of balced enamel on a metal base and are designed to 
p On the wooden buoy structure. They contain a legend, ‘‘Survey Buoy, KEEP OFF, 
firoPorty of u. s. Coast and Goodetic Survey,” that not only serves as a warning to 
‘hermen and curious yachtsmen, but also aids in the recovery of the apparatus if the 

T ~ ~ S O  signs may be obtained from the Washington Office 
Ch quest- Ordinary buoys may be marked with the same sign or, if they are not, 
” should be marked with a muslin “Signal Notice” (Form 51) tacked to the wooden 

“P‘htructure. 

superstructure. ’ 
* 

“@* m 
in a locality will have the same combination. 

e used. 

should go adrift, re 

282. BUOY CONSTRUCTION 

2821. Small Marker Buoy 

! 5-gallon gasoline (or oil)’can, anchored by a light line or piece of stranded sound- 2 \une attached to a small anchor or grapnel, makes an admirable small marker buoy 
s a  launch hydrographic party, Such a buoy is light, occupies little space, and is zplY satisfactory for temporary use in marking a shoal or other area during investiga- 

b suitable object, a life ring or cork life preserver, may be substituted for 

5 to If additional visibility is required, the 5-gallon can may be secured to a light pole, 
8 long, with a flag on the upper end and a counterweight on the lower end. 

have withstood heavy weather, and they are much more easily sighted 

‘Olancy. 

uch 
a distance. 
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Small spherical buoys, or 55-gallon barrels without superstructure, anchored Nitb 
the same ground tackle used for survey buoys, are frequently needed for marker bU0f5 
in R.A.R. or buoy-control surveys. The 18-inch spherical buoy used in mooring Sew 
planes or small yachts is convenient and will generally have sufficient buoyancy to bold 
the weight of the anchor cable without submerging. Such buoys, without superst@‘ 
tures, are difficult to see at  a distance and should be painted a brigllt yellow, or White’ 
to increase their visibility. Suitable rope loops should be rigged on top of them in’ 
which a hook may be inserted when they are being lowered or raised over the ship’s side’ 
(See also 2835.) 

2822. Small Buoy 

The smaller auxiliary vessels frequently require buoys to  control offshore hydro. 
graphic surveys but the standard survey buoy cannot be liandled by their limited 
equipment. For such use a miniature of the one-barrel buoy (see 2824) may be @’ 
structed. A 10- or 20-gallon barrel is substituted for the 55-gallon barrel and all ~ t h ~ ~  
parts are made correspondingly light for ease in handling. The design of the SI$ 

buoy should be similar to  that of the standard buoy but lighter lumber should be US0 
and the counterweight should not exceed 35 pounds in weight. The over-all length Of 
the small buoy structure should be about 15 feet, the small barrel being 8 feet above the 
lower end. A 10-foot staff with target Bags is secured to the upper part of the buoy 
structure to increase the over-all height of the buoy, when afloat, to about 16 feet. Tho 
counterweight is shackled to an iron plate which is bolted to the lower end of the woodeP 
structure. 

2823. Shoal- Water Buoy 
Buoy control may be required in extremely shoal areas where the long subme$ 011 

part of a standard one-barrel buoy might ground in the shoal water. A special buoy 
structure, with a short submerged section, is required in such aocase. 

e 
d The shoal-water buoy is built by enclosing a 55-gallon steel barrel in a short square wooden Wfl 

from which a mast extends. Two frameti, about 10% feet long, made of 2- by 4-inch lumber, are crosse 
at right angles around the stecl barrcl, extending 5 feet above the top but only 3 feet below the boh!Ola 
of the barrel. Each frame is secured to  t h e  barrel by two iron rods bolted through the frame, one 1”’ 

of below and one just above the barrel to  hold it firmly in the structure. 
iron rods is made with a 2-inch eye to  which the anchor cable may be attached. 

A lo-foot mast i s  stepped on the top of the barrel and secured vertically to  two pairs of 1- by 4ing 
cross braces at right angles to  each other at the upper end of the barrel and two similar pairs of CCog9 

th@ braces at the top of the framework. 
top of the mast. 

To  reduce the draft of the buoy the  counterweight is incorporated in the buoy structure. 
lower end is built as a box form, which includes the lower 20 inches of the framework, into which sup 
ficieut concrete is pourcd to  furnish the desired counterbalance. 

2824. One-Barrel Buoy 
I The use of the one-barrel buoy has become practically standard in buoy-contfO 

surveys. It is simple to construct, economic in cost, and its size and height are Suf4 

ficient to be seen at the required distance. The design has developed from many years 
of field experience in building buoys on shipboard. It can be constructed and stow 
in the limited space available and its lightness gives it buoyancy and makes it easy 
handle when it is being anchored or weighed. 

One erld of one of the UPP 

Crossed banners of suitable size and material arc added to 

ed 
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(A) SPECIFICATIONS FOR ONE-BARREL BUOY 

of The one-barrel buoy, illustrated in figure 45, consists 
a 55-gal10n oil or gasoline barrel secured in a frame of 2- 2 4-1nch lumber, cross braced with 1- by 4-inch lumber. 

* lther finished pr rough lumber may be used; the former 
Is lnore easily handled and painted but the latter is 

by reason of its greater cross section. A nonre- 
barrel is secured in the frame by two cross braces, grooved b to fit over the chimes of the barrel, and a half-inch 

between the vertical frames at the top and bottom of Lhe barrel a8 shown in the figure. If t h o  heavier returnable 
used, the cross braces fitting over the chimes may 

e dispensed with, but the I-bar hoops of the rolling tracks 
‘Fst be cut out on opposite sides so that  the vertical frame 
wlll fit flush against the barrel. The recesses thus formcd 

serve to hold the barrel securely in the frame without 

The lower end of the buoy is fitted with suitable fix- 
b tu’es to which a counterweigllt may be attached. A n  iron 

Plate is placed on eacli side of the verticd frame and :: iron Coulhrweight plate between the frame members, 
Of Which arc held together by two half-inch through 

t Three holes are drilled in the couritcrwcigllt plate 
take the two half-inch bolts and a three-quarter inch 

Fkle Which is used, to  attach the couIltcrweight to  the 
‘ “OY’ A railroad car coupler weighing 180 to  200 Pounds b”,g2:p11Y used for the counterweight, but any iron mass 

height. shape of small bulk and equivalent 

A mast, at the top  of which are nailed crossed banners 
eet ‘quare, is incorporated in the superstructure of the 

surmoUnted. by a flagstaff from which flutter flags of 
numbers and colors which serve to  identify the 

::[‘ The banners and flagstaff are nailed to  the mast 
nails so that  they may be easily removed. A 

sQa? Piece of signal cloth, 011 which the name of the buoy 
is Painted, is tacked 011 eaoh sidc of the super- 

L ? three-quarter iiich eyebolt is bolted to  one of the 
frames at a position about 1 foot belaw the bottom 

Of the barrel, and t o  which the anchor cable is attaqhed. 
?exact Position of the eyebolt is chosen so that  the buoy 
L ‘!‘.lllaintain as vertical a position as possible in the pre- 
fro@ wind and current. To prevent the buoy structure 

the eyebolt should be placed higher for use 
strong winds prevail than for areas where Only 
Currents prevail. 

fr rope sling is fitted on the opposite side of the buoy tho eyebolt, by which it is lowered into the water in 
::;>g and hoisted fro m the water in weighing. This 

+ “lng is made of 3-i1~ch Manila rope scoured to  the 
pal frame just below and just above , the barrel by 
hz:  Of double half hitches and lashings . After the buoy 

in the water a short time, the salt will stiffen the 
‘Ope ” It Will stand out from the frame in a position to  be . Being on the opposite . FIOURE 45.-Ono-barrol survoy buoy engaged a hook or grapnel 

bracing. 

. 

In Water may be substituted. 
I 3 

st’ucture* 



(C) METHOD OF CONSTRUCTION, ONE-BARREL BUOY 

The one-barrel buoy is designed so that it may be built on board ship, including the special pert6 
required; washer plates, counterweight plate, and threaded rods. 

A clear deck space approximately 36 feet long is needed, and two sawhorses, or boxes, are required 
to support the buoy frame while it is being built. 

The first step in the construction of the buoy is to prepare the two vertical frame members, eeoh 
of which is made of two %foot pieces of 2- by 4-inch lumber. Each pair is spiked together with. ' 
5- or 6-foot overlap, so that the overlapped length will extend 12 to 18 inches above and below the 
barrel when the frame is attached. The two pieces of lumber must be in alinement when they ere 
nailed together in order to obtain a symmetrical construction. Two %e-inch holes are drilled through 
the overlapped portion of each frame member through which to insert the two tie rods, one just 
above and one just below the barrel which is placed between and with its axis parallel to the fra@ 
members. 

On the sawhorses, with the barrel between the two vertical members, the two tie rods are inserted 
with washers and nuts on both ends and the nuts are drawn tight to hold the barrel firmly in the center 
of the frame. Two wooden cross braces of 1- by 4-inch lumber, grooved to fit over the chimes of the 
barrel, are next nailed between the vertical members, two at the top and two at the bottom of the 
barrel. 

The upper and lower ends of the projecting vertical members are next drawn together by loa$ 
wood clamps. This must be done carefully so that their junctions are on the centerline of the fr5me0 
The lower ends are sawed off evenly and two 946-inch holes are bored through them to correspond to 
the holes in the washer plates. The washer plates are placed outside and the counterweight $ete 
between the vertical members and the bolts are inserted and drawn tight. The upper ends of the 
vertical members are trimmed to equal length and beveled to fit the mast which is placed betweep 
them. A %-inch hole is bored through the three pieces of lumber at this point and a bolt inserted 
and drawn tight. 

The clamps may now be removed and horizontal cross braces of 1- by 4-inch lumber are nailed 
on both sides of the frame 5 feet above its bottom and 4 feet below its top. Crossed diagonal braoesl 
one brace on each side, of 1- by 4-inch lumber are nailed on the upper and lower parts of the frefie 
between the horizontal cross braces and the barrel. The upper diagonal braces are also nailed to the 
mast which is stepped on the top of the barrel and nailed to the cross braces previouflly placed there' 

The eyebolt is inserted through a l&inch hole bored through one of the vertical members Of 

These serve to hold the barrel in place and prevent it from slipping out. 
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described for the one-barrel buoy. The additional buoyancy provided by the two barrels will PbaiLj e,d‘ 

The centerpoles for these structures are made of rough 2- by 4-inch lumber spiked together to for$ .4d, 

the use of a heavier counterweight. 
and with it the buoy will float with about one-half of the upper barrel above the surface of the *$ 
figure 46. Iron bands, bent to  fit around the barrels, are used to hold the barrels to the centerPo” 

a 4- by 4-inch cross section, except for the uppermost 8 feet. 
the barrels are held more firmly in place by wooden lugs made to fit over the chimes of the b 
at top and bottom. One bolt through the centerpole is used to hold each pair of lugs in place. 
construction represented in C, figure 46, requires two wooden blocks, one to fit on each side 
centerpole. These blocks are cut from 2-inch lumber approximately 6 inches wide with their oPP b 
sides shaped to fit the curve of the barrels and are secured to the centerpole by wood screws or throUg 
boIts. 

One weighing 450 or 500 pounds will provide adequate st8 

Two methods of attaching two barrels to a single-pole buoy structure are shown in B and 

In the scheme represented in B, figure ,rr$ 
fbO 

of tb6 
osiv 

(A) ADDITIONAL MATERIALS FOR TWO-BARREL BUOY 

(Arrangement A in fig. 46) 
Number 

Descrfptlon Size required 
Lumber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ _ _ _ _  2” by 4” by 12’-- _ _ _ _ _ _ _ - _ _ _  ~ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _  ~ - .  1 each. 
BsrrCl, 0. I .___ - ~ - _. - - - - - - - - - - -__ -_ - - - - - -  ~ - - - - -  ~ - - - - 66 gallon. - - - - ~ - ~ - - - - - - _ - - - -  - - - - - - ~ - _ _  - ~ ~ _ _  ~ - _ _  ~ ~ 1 each. 
Rod, tie, both ends threaded--- ------- - - - - - - - - -  ~ ..-- $4” by 32” ... - _ _  _ _  _ _ _ _  _.-. - _ _ _ _ _ _ _ _ _ _  _ _ _ _  ~ _ _  _ _ _ _ _ _ _ _  ~ 1 each. 
Nuts, heXftgOn81- _ _  - - - -  -_. _ - _ - _ _ - - _  -------- _ - - -_  _ _ _ _  %”___._._-__________ _ _ _ - -  ~ -____________. _ _  _ _  _ _ _ _ _  ~ _ _ _ _  2 cach. 
Washers. _ _ _ _ - _ _ _ _ _ _ _ _  _-- -  _ - - -  - -_- - - - - - -  _ -_  -___.____ 1 %” by H e’‘ ($1 8’’ hole) _ _  ~ - - - ~ - - - - ~ ~ - - - - ~ ~ ~ ~ - - ~ -. 2 each. 
Strap, drilled for 34‘’ bolts as shown ..----------_____ %” by 2” by 0’ .... _ _ _ _  _----__.___ _ _ _ _  _ _ _ _  _ _  _ _ _ _ _ _ _ _ _ _ _  2 each. 
Bolts, with nuts and washer. .------------ - ---- ~ _ _ _ _  $4’’ by 6”.. _ _ _ _ _ _ _ _ _ _ _ _ - - - - _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  7 each. 
Counterweight of car couplcrs or scrap iron .-....... 454 pounds total. 

2826. Three-Barrel Buoy 
Three-barrel buoys have been used in the past. Their use is not recomn@ dod 

under ordinary circumstances because their larger, more cumbersome size nlalros the’ 
more difficult to build and to handle on board ship. The three-barrel buoy does Cf$ 
larger banners which result in somewhat better visibility, but a heavier counterwe 
heavier anchor, and stronger anchoring gear are required. 

00 
buoy. Two of the barrels are laid side by side on their bilges and temporarily secured. The Cent’; 
pole is placed on top and parallel with the barrels, with two of its sides tangent to their bilge9 $11 
feet of its length projecting above the tops of the barrels. 
so that, when the third barrel is placed on top and parallel to the lower two, it rests on them and 4 er trimmed pole simultaneously. 
turns of %-inch galvanized wire cross lashed in the three spaces between barrels and made tight ’ 
Spanish windlasses. 

Wooden wedges are driven between the barrels and the centerpolo to prevent movement of tbb 
barrels along the centerpole. Four pieces of 2- by 4-inch lumber, long enough to extend 6 iflob! 

at right angles, are nailed to the centerpole just above the barrels, and two just below, and the proj 

i d  ing ends are tightly lashed with wire from top to bottom. 
A 2- by 4-inch mast, 13:$ fect long, on one end of which are crossed wire-screen banners, is SP 18, 

to  the centerpole with an overlap so that the top of the banner is 16 feet above the top of the berrsd 
The centerpolesis braced by four pieces of 2- by 4-inch lumber extending diagonally from its upp loo‘ end to the outer ends of the cross braces a t  the tops of the barrels. The mast is also braced bY d~ 

pairs of galvanized guy wires, each tightened by a Spanish windlass, extending from about the @id j 
of the crossed banner t o  the outer ends of the hross braces. The centerpole below the barrele 
braced by four 2- by 4-inch by 6-foot diagonals to the lower cross braces. 

Crossed banners as large as 6 by 8 feet in size may be used, but then a counterweight of a t 1  d 

Three 55-gallon barrels and a 4-inch square centerpole, 23 feet long, are used to construct 

The centerpole is then trimmed $116 

The three barrels arc tightly bound together a t  each end with 86‘ 

beyond the edges of the barrels, are notched to fit the chimes of the barrels, TWO of these, ~ r ~ . ~ ~ t ,  $98 

700 pounds is required even for ordinary conditions of wind and current. The counterweight 8 bodl 
be attached by suitable fittings to the lower end of the centerpole, SO that it is readily detachable. 
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There are two general types of railroad car couplers, one incorporating a head 
steel spring used on passenger cars, and another without spring used on ordin ad 
freight cars. The latter are shorter, stow better on deck, and are recommended W ll8 

d a choice is available. 
Junked car couplers are frequently available only at  ports with extensive railroe 

yards. At other ports other material will have to be substituted. A suitable anob0‘ 
may be made from condemned anchor cable. A 750-pound anchor may be made fro’ 
7% fathoms of 1%-inch chain, faked in lengths of about 4 feet and securely wired tog@@ 
to form a solid mass. This forms an anchor that is easily handled and, because of its 
many irregularities, has good holding qualities. 

An anchor or counterweight may also be cast from concrete, but a mixture 
cement, sand, and gravel only has too light a specific gravity. A mixture of one P 
cement and two parts sand should be used as a binder to hold together solid pie@ 
scrap iron to furnish the desired weight. A concrete anchor is usually cast in a sq”@” 
shaped block in which an inverted U-shaped rod is embedded to which the anchor i& may be attached. fof iron cast in concrete in this manner will weigh 450 pounds. 

be spliced tightly around the block to serve as skids when the block is moved a@’ 
the deck. 

Danforth anchors have recently been used successfully to anchor survey ba0p io The Danforth anchor is a patent anchor of new design intended principally for USe, 
anchoring yachts and motorboats. I t  is claimed to have a much superior hol dflg 8, 

power for its weight than other anchors of conventional design. Tho manufactur 

UP anchors are made of cast alloy steel or nickel-chrome steel in sizes from 15 pounds 
The manufacturer is R. S. Danforth, Berkeley, California; other manufacturers flake 
anchors of similar design. 

would seem to be most advantageous. One survey party substituted 30-pound 
forth anchors for 750-pound car-coupler anchors on two survey buoys and reported d$ 

’they held through 50-mile gales. That survey party enthusiastically recornflap 
their use. 

Of 

A 12- by 12- by 26-inch form fillcd with 300 pounds of scrap O r  f’ 
This size is suitable 

the counterweight of the two-barrel buoy. Two grommets of 4-inch Manila line Sh Odd d 

claims a holding power of 200 or more pounds per pound of anchor weight. TbO 

The design makes the anchor self-burying in mud or sand bottom, where its Dav 
@fit 

2832. Wire Rope and Chain 
The anchor cable with which a buoy is anchored is generally a combination 0 f vii; , 

rope and chain, but variations in the typep and sizes of these are necessary in 
depths of water. In  general, a larger diameter cabla may be used for buoys anohori~, 
in shoal or moderate depths because they do not have to support such a long length Ofof, 

which will chafe on the bottom. It is generally also used to join a relieving , $ 
to the buoy structure, if the former is used. tbi5 with %-inch galvanized boat chain and its use has become almost standard for 
purpose. 

is used extensively. The two sizes in general use are 96-inch and 34-inch diafl” 
both of 6 strands of 37 wires each of extra strong cast steel. 

may consist of 78-inch chain exclusively. In moderate depths, to 50 or 60 fathorns, 

Chain should bo used for that portion of the anchor cable adjacent to the @Ob 

Satisfactory results have beon obta”” 

b d  

In order to keep the weight of the anchor cable at  a minimum, galvanized w 3  6 roPB 6, 

In  general, the anchor cables of buoys, anchored in depths of 20 fathoms 0 r 10’‘ $8 
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conditions encountered, but in general the following should prove satisfactofl to‘ 
buoys in the open ocean, except where unusually strong currents prevail: 

as follows: 
(1) I n  depths less than 16 fathoms.-A total length approximately three times the depth, comP osed 

For ordinary buoys-three times the depth of %-inch boat chain. 
For sono-radio buoys-twice the depth plus 2 fathoms of %-inch boat chain, plus the depth m ipus 

2 fathoms of wire rope. 
( 2 )  I n  depths from 16 to 60 fathoms.-A total length that is approximately twice the depth’ 

composed of the depth plus 5 fathoms of a//s-inch boat chain, plus the depth minus 5 fathoms of do 
rope. 

(3)  In depths from 60 to 100 fathoms.-A total length that is approximately one and one-half t i@ 
the depth, composed of one-half the depth plus 10 fathoms of ?&inch boat chain, plus the dePtb 

100 
minus 10 fathoms of wire rope. 

(4) I n  depths greater than 200 fathoms.-A total length that is approximately the depth plysflirs 
fathoms, composed of 110 fathoms of %-inch boat chain, plus the depth minus 10 fathoms 0 

od 
rope. 

When a buoy is to  be used for only a short period of time or when it is anchor 
in an area where exceptionally good weather conditions prevail or in protected pbce9’ 
shorter lengths of anchor cable may be used. 

A proportionately longer anchor cable must be used in shoal water because bc 

For deeper water enough chain sh0 
surges are likely to cause the anchor to drag, but in deep water the greater 
the suspended cable dampens this effect. 
be used adjacent to the anchor so that the wire rope will touch noither the bott(@ 
nor the anchor at  any time. 
wire rope excessively and it is likely to  become kinked if allowed to come in coDteG’ 
with and wrap around the anchor. 

Continual dragging over the bottom soon abrades tb0 

2834.. Parkhurst Anchor-Detaching Apparatus 

Considerable time is required and the hoisting equipment is subjected to  ex^@^^^^ 
strain in weighing buoy anchors from depths of a thousand fathoms or more. The’’ 
is also the danger of parting and losing the anchor cable. It is frequently more 
nomic to detach and leave o n t h e  bottom the inexpensive anchor to ensure the 
and certain recovery of the more expensive stainless steel anchor cable. To dfect 
this an anchor-detaching apparatus has been designed consisting of three parts; a C0’? 
shaped clamp, a detaching housing, and a heavy messenger. These can be requid’ 
tioned from the Washington Office. 

The brass cone-shaped clamp, 4 inches long and 2 inches in diameter, consists of two h 
between which the wire rope lies in a lengthwise hole of small diameter. The halves are bolted @dl 
gether around the wire by four stud bolts in a recessed section of the cone. 

,teff pointed end uppermost, to the lower end of the wire rope which is to be retrieved. 
The detaching housing of cast brass is projectile-shaped, 11 inches long by 2% inches in d i d  8 tb 

and it too is constructed in two halves, called fingers. The two fingers are pinned together at 
lower square end by a half-inch diameter hinge pin, which also passes through the end link of the @*; 
chain, which is to  be left on the bottom. The interior of the upper tapered end of the housing 
machined to fit the cone-shaped clamp. The fingers are held firmly together around the clamp bl’ 9 0  ’ 
fixed cross pin into a hole in which a trigger pin is inserted through a longitudinal hole in one ofe0d 
fingers. The trigger pin is held in place by a lead shear pin. 

by the messenger on its downward trip as it passes over the housing. 
The messenger is a 50-pound oval-shaped iron weight cast in two halves, which are 

one‘side and may be clamped together on the other side by two toggle-type trunk clasps. 
clamped, it has a hole through the center about 3 inches in diameter, through which the housing 
pass easily. 

&I@ 

The clamp is attach 

The trigger is formed by the lower 
of the trigger pin being bent a t  right angles to extend well outside the housing, where it will be 8 trucb 

00, 

cfiv 
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it ise asier to engagq and there is less likelihood of losing the larger screw pin. Because 
buoys are in continual motion, the screw pin of every shackle used should be secured 
by seizing wire through the shackle and the hole in the pin. 

The anchor cables of buoys used in shoal water and at places where the currents are not strong 
may be attached directly to  the eyebolt in the buoy structure. A ?&inch swivel is shackled to  the 
chain (or wire rope) by a %-inch shackle, the other end of the swivel being shackled to the eyebolt 
with a %-inch shackle. The same arrangement of a swivel and two shackles should be used to  attach 
the cable to  the anchor. A buoy anchored in this fashion is sketched in A, figure 47. 

A sono-radio buoy is generally anchored with an intermediate buoy (relieving buoy) to  support 
the entire weight of the anchor cable in the prevailing current. Ordinary survey buoys are frequently 
anchored in this fashion where strong currents are known or suspected to exist. All of the strain 
of the anchor cable is on the reIieving buoy which aIIows the survey buoy to float upright so that the 
visibility will not be reduced. The relieving buoy is 
a 55-gallon steel barrel around each end of which ?$-inch chain is fastened between the end and the 
rolling tracks, drawn tight by connecting pieces of chain. The relieving buoy is connected to the 
survey buoy by means of a 4-fathom length of chain using a swivel at the survey buoy and a shackle 
or a ?&inch lap link a t  the relieving buoy. A shackle and swivel assembly is used on each end of the 
ma in anchor cable between the relieving buoy and the anchor. 

Discarded United States Navy buoyant mine casings may be obtained from junk 
yards in some localities, for use as relieving buoys. These casings are pressed steel 
spheres, 30 inches in diameter, with a swivel to which the anchor cable may be attached. 
To adapt them for use as relieving buoys, a U-shaped stirrup, with a 1-inch eye in the 
top, is welded to the side opposite the swivel. This stirrup may be made of ?&inch cold- 
rolled steel rod and made large enough (at least a 4- by 6-inch opening) so that it mN' 
be readily engaged by a hook when weighing. 

The buoyancy of the unit may be increased by the arrangement shown in C, figure 47. A short 
pendant of ?&inch chain (about 1 or 1% fathoms) from the relieving buoy supports a ring to which 
the anchor cable and the connecting chain between buoys are secured. The pendant allows the strain 
of the anchor cable to be carried by both buoys. The length of the pendant chain should always be 
somewhat shorter than the connecting chain so that  the buoys will not be brought together. TILis 

This general scheme is shown in B, figure 47. 

0 1 2 
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FIGURE 48.-Arrangement for a detachable buoy 
anchor cable. 

- - 
arrangement should not be used on sono-radio buoyY 
because their heavier weight leaves little reserve buoy- 
ancy availabk t o  carry the weight of the anchor cable, 

Occasionally the anchor gear of a buoy must be 
hoisted on board before the buoy itself, and when this 
is necessary a substitute method of attaching the anchor 
cable to  the buoy structure, as illustrated in figure 4% 
has been used to  advantage, Three eyebolts are uscd 
in the buoy structure, one above the waterline and t\vo 
spaced 2 inches apart at tlie position where the Single 
eyebolt is usually placed on the one-barrel buoy (see 
2824 (A)). An iron rod, bent at right angles at one CIldp 

passes through the three eyebolts and is of sufficiCnt 
length so that  its lower end extends a few inches bc1o5' 
the lowest one. 

The upper end of the anchor cable is made with a'' 
eye which is placed between the two lower eyebolts When 
the rod is inserted, thus securing the anchor cable to  tbe 
buoy so that  it can be easily and quickly detached. 
lanyard, of the same material as the anchor cable, is 
spliced into the eye at the end of the anchor cable by 
nieans of an eye splice. Tlie lanyard is long enough to 
extend above the waterline, and the upper end, in which 
there is a large eye splice, is secured to  the buoy struCtUre 
with a light lashing. After a hoisting line has been 
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284. SONO-RADIO Buoy 

The sono-radio buoy, which is used to replace shore and ship R.A.R. stations 
most of the offshore surveys, is a comparatively recent innovation. 

The possibility of using a sono-radio buoy to replace a ship R. A. R. station Wae 
first proposed in 1931. Actual development was started in 1932-3, postponed, filld 

resumed in July 1935. A sono-radio buoy was first successfully tested at  sea on 
13, 1936, and they were in actual field use by the ships Lydonia and IJydrographer io 
July 1936. This was after the design of survey buoys had been more or less standard. 
ized., SO it  was natural that the first sono-radio buoy should resemble the survey buoy 
that had proved to  be so satisfactory. 

There are two types of sono-radio buoy structures: One is an adaptation of tbe 
standard one-barrel survey buoy, modified to enclose the electric equipment and to 
serve for the sono-rsdio buoy structure. It is used principally on tho Atlantic and 
Gulf Coasts and is known as the East Coast sono-radio buoy. The qther, k11oWr1 &’ 
the Vincent sono-radio buoy, is of all-metal construction and is adapted for use on tbO 
Pacific Coast and in Alaska. These buoy structures cannot be considered standard! 
as further developments and improvements are to be expected. The electric cquip1110n’ 
for these buoys is described in section 65. 

2841. East Coast Sono-radio Buoy 
The sono-radio buoy that has been developed for use on the East Coast (fig. 5O) 

is similar to the one-barrel buoy described in 2824, but is of heavier construction to 
adapt it for use in any locality and to support a heavier counterweight and the So5’ 

pendcd hydrophone. The superstruct,ure is made slightly longer to  accommodate the 
required length of antenna. 

1 In localities free from strong winds and currents, a sono-radio buoy similar to the one-bs;’re 
survey buoy but somewhat lighter in construction, has been satisfactorily used. The superstructure 
is made of 1- by 4-inch lumber instead of 2- by 4-inch as is used in the one-barrel buoy. &speoiel 
150-pound cast-iron weight, cast to fit between the lower ends of the vertical members, is used flB 
counterweight. 

The following spccificatioris and list of materials are for the standard East Coast sono-radio buOJ” 
The electric equipment is describcd in 652. 

(A) SPECIFICATIONS FOR EAST COAST SONO-RADIO BUOY 

The lower parts of the vertical members are 4 by 4 inches in size, each formed of two pieces O’ 
2- by 4-inch by 18-foot lumber, spiked together, to which the counterweight is attached. The ope 
car coupler, with added weight, composing the counterweight is held firmly between the two vertiGel 
members by two through bolts. Wooden wedges are driven between the upper end of the car c o ~ p l ~ ’  
and the frame at the upper bolt, to prevent any movement in the frame which might result in a soupd 
that could be picked up by the sensitive hydrophone. 

Two barrels, a large and a small one, are generally uscd for greater stability, but it may be Cow 
strutted with the larger barrel alone, in which case the size of the counterweight must be limited to 
one standard car coupler of 180 or 200 pounds weight. The large barrel, made of 16-gage galvanired 
iron, is 40% inches high, 22 inches in diameter, has a capacity of about 65 gallons, and contains all tbe 
radio equipment and batteries. The barrel usually used for this purpose is Wilson and Bennett COW 
pany No. 65468, or equal. 

The smaller barrel is made of 19-gage galvanized iron, is approximately 38 iIiches high and 
inches irl  diameter; it  contains no equipment and it is used only for additional buoyancy. Wibop 
and*Bennett Company barrel No. 35398, or equal, is satisfactory for this purpose. 

The large barrel has a detachable cover, 15 inches in diameter, held in place by twelve y&-inG* 
bolts and made watertight by a tubular rubber gasket that fits under the cover. In the center Of 
the detachable cover is a 2g-inch threaded opening, fitted with a screw plug, through which the @’ 



CONTROL AND SIGNAL BUILDING 2841 



2841 HYDROGRAPHIC MANUAL 

b 6 

SCALE IN FEET 

FlOURE KO.-East Coast sono-radio buoy structure. F I I ~ U I L E  
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61.-Vincent sono-radlo buoy st:uoture. 
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(B) LIST OF MATERIALS FOR VINCENT SONO-RADIO BUOY 
Number 

Description Size required 
Barrel, bilge type, full removable head _.____________ 65 gallon..-. _ _ _ _ _ _ _ _ _ _ _  ____. _ _  -. _ _ _  _ _ _ _ _ _  _ _  _ _  _ _  .___ _ _  1 each. 
Tubing _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _..__ ~ _ _ _ _ _ _ _ _ _ _ _ _ _  20 g. 1%” diameter _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  ___.._______ 12 feet. 
Tubing (optional) _ _ _ _ _ _ _  ____i__ _ _ _ _ _  _ _  -. __. . _ _  -. -. -. 26 g. %’‘ diameter -.-... _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  ____. _ _ _ _ _ _ _  4 feet. 
Pennant (optional). .._____.__________. __.__________ 26 g. 12’’ by 16”- ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _.__ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _  _ _  1 each. 
Insulator, bakelite _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 2%” i. d. by 3%’‘ 0. d. by 12” long. 

~ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  1 each. 
Pipe flange and pipe cap, cast bronze, for insulator-- 3”, standard pipe thread. _ _ _ _ _  ~ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _  :... 1 each. 
Guy, cable, stainless steel.---<.. _ _  _ _ _ _ _ _  ~ ___-.._____ %a”, 7 by 7 construction. ________._ ._____ _ _ _ _ _ _  _ _ _ _  _ _ _ _  25 feet. 
Insulators, guy, airplane, porcelain _ _ _ _ _ _  _ _ _ _ _ _ _ _  ..-- 2” _ _ _ _ _  ..._______ ~ _ _ _ _ _ _ _ _  ~ ____. _ _  ________. _ _  _ _ _ _  _ _ _ _  12 each. 
Turnbuckles, 0. I. - _ _  - _ _  _ _  _ _  - ~ - - - - - - - - - - - - - - - - - - - a/$”, 6” opening- - _ _ _ _  - -. . -. ~ ~ - 3 each. 
Guy collar clamp _____...__________._...-------.-.-- 1%’’ by $4‘’.-- _..__._._._______.__--...-. _.___________ 1 set. 
Btrap iron _ _ _ _ _ _  ~ _ _ _ _ _ _  _ _  _ _ _ _  _ _ _ _ _  ~ _ _ _ _ _  ~ _ _ _ _ _ _  _ _  _ _  ._ 1” by W’- - - - ~ - .  ~ ____. -. -. _ _  _ _  _ _  _ _  _ _  _ _  _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _  12 feet. 
Btrap iron..-..--.--. _ _  _ _ _  ____. --. . . _ _  _ _ _ _ _ _  _ _  _.__ - 1%‘’ by %”______  _____. _ _  .- -. -. _ _ _ _  _ _ _ _  ______. _ _  _ _ _ _  _ _  18 feet. 
Eyebolts _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _________. _ _ _ _ _ _ _ _ _ _ _  _ _ _  _ _  _ _  $6” by 4”. _ _ _  - _ _  _ _  _ _ _ _  -. _ _ _ _  -. _._____ ~ .___ ._.__ _ _ _ _ _ _  3 cach. 
Bolts and nuts _ _ _ _ _  _ _ _  _ _  _ _ _ _ _ _  _ _  _ _  _ _  ..._____._ - .- _ _  ~ %” by 3”. _ _  _ _  _ _ _ _  _ _  _ _  ._.___. -. _ _ _ _  _ _ _ _  ~ -. _ _ _ _  ~ _ _ _ _ _  6 each. 
Plate _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _  _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _  ~ ___. ~ _ _ _ _ _  $6’’ by 6” diameter ... . . _ _  _ _  _ _  .. . __. -. _ _  _ _ _ _ _ _ _  _ _  _ _  _ _  2 each. 
Pipe, water, 0. I. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ __________..___ _ _ _  2” __._ _ _  _ _  _ _  _ _  - _ _ _  _-- ._____ _ _  .. . - . - ~  . - ~  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  7 feet. 
Pipe flange _________________.________ _ _  _ _ _ _ _ _  ~ _ _ _ _  _ _ _  for 2’’ water pipc .... ___. _ _ _  _ _  -. . _ _ _  _ _ _ _ _  _ _  ___. _______. I each. 
Lead, pig, for counterweight in bottom of pipe _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  _ _ _  _ _ _ _ _  .____._____ _ _ _ _ _ _  ~ _ _  __._______ _ _ _ _ _ _ _  25 pounds* 
Hoist loop, steel cable __._________ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .___ %” with two eye spliccs _ _ _ _ _ _  ~ _ _ _ _ _  ~. _ _  _ _ _ _ _ _  _ _ _ _  _ _  _ _ _  40 inch@ 

2843. Streamlined Buoy 
buoy A streamlined buoy has been designed for use as a sono-radio or radio-ciirrent 

Preliminary use of this.buoy indicates that it may have many advantages where StroDg 

0 2 4 6  

APPROX S C A L E  IN FEET 

_ _ _ _  

TO ANCHOR -7- - 

PIQURE 62 -Streamlined buoy for use in strong currents 

. D  
currents are prevalent. Figure 52 indicates its general appearance. ConstrU@. d dle specifications and drawings are available. 
places 1,450 pounds; fully equipped as a sono-radio buoy it weighs 450 pounds. 1 

comparatively rough sea and strong current, and it floats steadily without ya 
When used as a soao-radio buoy, it seems .to produce no objectionable water noiga9 000’ 
be picked up by a hydrophone. The strain on the anchor line is less than with 

The buoy itself weighs 250 poonds an 

This buoy maintains an antenna nearly vertical, well out of the water, ? 
g d  
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and after each is completed, he should, on his own initiative, obtain the implement Of 
material required next and stand by ready to perform his next duty at  the re@ ’ 0d 

time. The officer on the bridge should watch every detail of the operation, to 606 
that i t  is correctly executed, and so that he can assist by mnneuvering the vessel Cor’ 
rectly at  the proper time. Shouted instructions between the bridge and the deGkJ 
which risk being misunderstood, should be unnecessary. The required maneuV@ 
should be anticipated and the officer on the bridge should always have tlie ship in 
proper position to facilitate the operations. 

tb0 
g 

screw vcssels. The heading can be more easily maintained and the direction of , 
heading may be changed without changing the ship’s position appreciably by w o r v  
the cngines against each other. Maneuvers must be made with greater caution @d 

t a t  a slower speed with a single-screw vessel. 
Regardless of the type of vessel, buoys are anchored with the wind or curl*@ 

acting against the side of the ship from which the buoy is to be released. The fl@d 
should preferably be about four points on the bow so that the ship will drift a d  
from the buoy when it is placed in the water. The ship should always have a little 

buoys are handled from the bow. As the ship moves slowly astern the anchor o& bls 
is payed out, until it is all clear, when the anchor is released. The ship should W0 

latter sinks to the bottom. 
The maneuvers required to go alongside a buoy to weigh it or change the buoj 

structure are more difficult. 
downstream or lee side of the buoy. This may be determined by the direction betwe’ 
the buoy and its relieving barrel or, if no relieving barrel is used, by the rope hoistlpg 
sling which is always located on the opposite side from the anchor cable. 

buoy, and the speed reduced. The approach should be painfully slow in order not 
overrun the buoy, but steerageway must be maintained. The approximate sped 
the ship may be judged by the ripple marks, bubblcs, or small pieces of floating mattsf b* cm the surface of the water as they are passed. The last hundred meters s h o d  

the buoy is on the bow and the ship will be almost stationary when the buoy is Is 
lo 

benciath the cargo boom, and can be maintained in that position until the b u d  
hooked. It should never be necessary to give the ship sternway as this is like~f 
turn the bow too far away from the buoy. If the buoy can be hooked quickly enO~@ 
a very little headway is advantageous to avoid putting a strain on the anchor Cab’! 
since the anchor is still ahead of the ship. 

with a single-screw vessel without damaging them. 
In general, the necessary maneuvers are more easily m’ade in moderate curr@’ 

way. Surprisingly enough a calm sea with no current nor wind is not a pRstiould 

Twin-screw vessels are generally easier to maneuver into position than s h &  le. 

sternway when the buoy is released; never under any circumstances, headway, if tbe 

sufficient sternway to clear the position, for the buoy is towed toward the anchor as the 

The ship should be maneuvered to a position on t b e  

ship is in the appropriate position it should be headed into the current, directly for 90 
When 

traversed with the engines stopped, so that they may be reversed momentarily 7 ll’ 

This requires delicate maneuvering, @ 
considerable experience is necessary before buoys can be regularly weighed expeditiou 019 

and moderate winds, because steerageway can be maintained with little or no he ad. 

The following de advantage in weighing buoys, especially with a single-screw vessel. 
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of the cable must be payed out with caution to ensure that i t  does not kink during 
maneuver. Several men assist in this operation; one man uncoils the wire rope, anotbef 
straightens it, and a third, at  the rail, watches to see that it is not payed out too fast8 
The chain, previously faked on deck, is payed out much more easily. In  the meantiflo 
the anchor, held by a trip hook, has been hoisted over the side and is released de” 
the end of the anchor cable is reached. . 

Where a buoy must be anchored exactly at  a certain preselected position, the 
above method cannot be used because of the impossibility of releasing the anchor 
the desired position. The procedure must be reversed and the anchor lowered firgt’ 
The buoy and all of its gear are assembled on deck in readiness, the anchor with 
cable attached is hoisted over the side, secured at  the rail by a trip rope around 

pay out freely. When the approximate position has been reached, the buoy gib 
anchor cable attached, is hoisted over the side and lowered to the surface of the water 

go, the anchor is dropped by releasing the trip rope from the anchor cable. The 
should be given sternway and the remaining anchor cable allowed to run out. wbeo 
it is all clear, the buoy is released by means of the trip line and allowed to float free’ 
This method is generally used for only moderate depths; it  is not rccommended for 

personnel as the anchor cable runs out at  great speed. 

over the side of the ship from forward to aft or by carrying the cable out in a laWcb* 
In the first method the cable is drawn taut and secured over the side by light r n d f l e  
lashings a t  the ends of the loops and lashings of double sail twine at  three intermodifit’ 
points between loop ends. The upper fleet should be placed over the side low enough 
to be free from all obstructions on the ship’s side. Each successive fleet shoidd be 
about 2 inches lowcr than the preceding one. The anchor is attached to the end of tb 
cable in the lowest fleet and is suspended over the side by a trip rope. 

The buoy and its relieving barrel arc lowered into tlie water and the ship is b d O  
away while about a hundred fathoms of the upper part of the anchor cable, not inclUdBd 

i5 in the fleets, are payed out. When all of this anchor cable is over the side, the anchor 
released by the removal of the rope stop and allowed to drop. As it sinks, its we1g bt 
breaks the lashings on each successive fleet, but its descent is retnrded so that the Ca ble 
is payed out gradually. It may be necessary to cut the last few lashings if the anohof 
reaches bottom before all of the cable is payed out, 

In  the second method the anchor cable is towcd out by a launch in a dircotjoo 
against the wind or current. A barrel or several spherical buoys are attached to tW’ 
end of the cable and when the cable has all been payed out, the barrel is set adrift fro’ 
the launch simultaneously with the release of the anchor from the ship. 
supporting the end of the cable is later replaced by the desired buoy structure. 

Buoys are moored with two anchor cables by a combination of methods. 
anchor of the first mooring cable is released and allowed to rcach the bottom. The sWp 
is allowed to drift with the current while the cable is payed out, the buoy is lowered io’ 
the water and the ship continues to drift while the second cable is payed out. wBp 

anchor cable, and the wire rope and chain are faked in loops on deck in a manner to 

by a trip line and held in readiness. Upon receipt from the bridge of the signal t o  let 

in deep water because of the risk of kinks in the anchor cable and possible injury to 

In deep water, buoys are anchored either by stretching the anchor cable in flee t$ 

t?J The bafl 
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in the structure or around the buoy so that it may be drag’ 

the chain between the buoy and the relieving barrel for the sa’8 
purpose. After the buoy is brought alongside, a light line 1 eS tied bi 

around the top of the mast to guide i t  while it is being brO‘g 

tbe aboard. 
A special hook is required on the hoisting line to engage 

rope sling on the buoy structure. This type of hook is i l l ~ s f l ~ : ~ ~  
in figure 53. An ordinary cargo hook is adapted for this 
by welding a tube to the back of the shank a t  the angle 
trated. The inner diameter of the tube is such that a pia a 4 
end of a long, light-weight pole fits into it loosely. 
buoy, the hook on the hoisting line is fitted to the end of the p 

tbb by use of the pin and tube and held in place by a strain on $1 
hoisting line. 
pole is removed and the buoy hoisted. 

alongside. A light grapnel on a light line may be throw Of6 

To 

After the hook is engaged in the rope sling FIOURE 63,-Speoial hook 
for use in weighing 
buoys. 

2853. Record of Buoys Anchored 

Buoy station names are assigned from a prepared alphabetical list when t b d  BIB 
7141 anchored (see 215 and 286). The name assigned to each is recorded on Fom 

Abstract of Buoys Planted, which con‘tains columns for entering all pertinent 

the depth of water, reduced for tide, in which it is anchored; and its dead-recko 
position. 

Under the heading “Cable” should be recorded: first, the length of chain bet@! 
the buoy and relieving barrel; second, the length of chain in the main anchor G5 
and last, the Iength of wire rope in the main anchor cable. The scope of the ano$ 
cable may be computed and entered in meters in the column headed rrHoriZoP 
Scope” (see 943). Under the heading “Description” a brief description of the bUQf 

structure should be recorded. In  the first column headed “Banner,” the color, Bi’:i 
and material of the crossed banners are recorded. In  the next column headed 
the color of the flags and, if more than one, the order of the colors from top to bot’; 

0d’ 
are recorded. Symbols and abbreviations must be used in these two narrow co ld  
In the last column headed “Anchor” the total weight of anchor used should be enter tbe Under “Remarks” space is provided for any other pertinent information, such as 

eda character of the buoy, if i t  is other than an ordinary survey buoy. 
Od’ The form should be used continuously during the season as buoys are mobor 

It is not necessary to use a separate sheet for each date on which budys are anob0’sarl 
The separate sheets of the form are bound in a loose-leaf “Buoy Data Book” (see 
which is kept on the ship’s bridge whenever field work is in progress. 

Opposite the station name should be recorded the date when the buoy is 

bb’f 

286. RECORD OF BUOY POSITIONS 
When many buoys are anchored and weighed a t  irregular intervals by difl BrPC 8 

officers, it is difEcuIt to keep track of the buoy8 in position a t  any time unless a d’!& 
record is retained. A complete record of the names of the buoys and the dates OD flbblu 
they were anchored and removed is valuable to ensure that some buoy will Dot 

t@ forgotten and left a t  its position. The record is also used as a basis for rep:‘: io 
to the Washington Office the establishment and removal of buoys for publicat@ 
the weekly “Notice to Mariners.” (See 8524.) 
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less than 11 fathoms accurately within one-half foot and greater depths within 1 P# 
cent, unless specifically authorized by the Director. 

In rapidly changing depths and over irregular bottom the requirements ma9 be 
lowered to 1 foot for depths less than 11 fathoms, and 2 percent in greater depths. It io 
recognized that a depth measured in a submarine valley or on a steep submarine Slop0 

under the survey vessel. If it is important to know the vertical depths ’ 
echo soundings. 

by a nondirective echo-sounding instrument may be less than the depth vertic tdY 
(See 563.) 

such &reas, the project instructions will specify that wire soundings supplement tb0 

d All depths shall be measured, and the results recorded, either in fathoms @ 
do tenths or in feet and tenths. The double unit, fathoms and feet, shall no longer be use tb Only one depth unit shall be shown on each hydrographic survey s h e e t t h e  de? 

unit to be used depending on the genom1 and specific locality, the depths, and WNc 
unit is used on existing charts (see 771 to 7712). This does not require that the de? tbg , 
for each hydrographic sheet be medsured and recorded in only one unit, but when this" 
practicable the reduction of the records will be facilitated (see 8143). 

The following rules shall be followed in measuring and recording depths insofar 
as practicable: 

i o  (a) All depths of 11 fathoms or less-IN FEET (AND DECIMALS). 

(b) Echo soundings with the Dorsey Fathometer for a hydrographic survey to be plotted 
feet-IN FEET (AND DECIMALS). 

(c) Echo soundings with the 808 Fathometer or the Hughes M S l 2 D  for a hydrographic S@’ 

io to be plotted in feet-IN FEET (AND DECIMALS), except for (d). 
(d )  When shoal-water graphic-recording echo-sounding instruments, which can be opereted 

record in either feet or fathoms, are used in areas of irregular bottom, the first phase in feet shall * 
if 

used to i t s  limit (about 50 feet) but fathoms shall be used for greater depths. 
The purpose of this rule is to avoid the numerous changes in phase that would be required 

depths were recorded in feet, to the extent that confusion might result and the record be unnecess 

by difficult to interpret. 
(e) All depths measured by other echo-sounding instruments, described in this Manual as Used 

the Coast and Geodetic Survey-IN FATHOMS (AND DECIMALS). 
(f) Handlead soundings interspersed with echo soundings-in the same unit as the echo soundingB‘ 

31 12. Depth Uniu 

Whenever a change of depth unit occurs during the day’s work, the change fl Id 
be emphatically indicated by writing the new unit in the “Soundings” column when tbO 
change occurs, and appropriate notation must be made in subsequent column head@@ 
(see 8143). . 

31 13. Approved Range !or Methods and Instrument 

The most accurate method and instrument available, whose uses are practica 
shall be used in all depths less than 11 fathoms; but care must be taken not to extend 
use of a method or instrument particularly adopted to shoal inshore areas beyon 
practicable limit, where other methods or instruments are more suitable. 

blot 
tbO 

d iu 

31 14. Approved Methods of Depth Measurement 
No method of sounding or type of sounding apparatus, not approved by LbS 1 

to Washington Office, shall be used in hydrographic surveying, except for experhen 
purposes. 

The three general methods, now approved, for measuring depths are; (a) in@ 
measurement by sound (echo sounding) treated e5haustively in chapter 5 ,  

* got 

(4)  
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3122. Inshore Limits on Open Coasts 
On open exposed coasts the hydrographic survey should extend as close to the 

the low-water line accurately delineated by the hydrographic survey, but on mad of 

shore as possible without jeopardy to life or property. It is always desirable to hd8 

open coasts this is manifestly impossible-for exRmple, in regions where the range 
d tide is extremely small, as along the coast of the Gulf of Mexico. 

Along regular sandy beaches the lines should be run paraIleI to tho shore aD 
l i d  
d be 

advantage should be taken of periods of high tides and calm wcather to run the 
nearest to shore. Under such conditions where the range of tide permits, it shoul 

f tids practicable to delineate the low-water line. In  areas of cxtrcmely small range 0 

r@ 
there may be a wide band of very shoal water offshore from the low-wat,er line 
is difficult and uneconomic to develop. I n  such areas the inshore lines shall be 
as close as practicable to the shoal area, supplemented by a few widely spaced SOun 
ings on the shoal area obtained by wading or from a pulling boat. 

On rocky coasts, especially where seep-to, it  is frequen tly impracticable to delinea’ 

to the low-water line even in part and when it is dangerous to  attempt this, the fact do’ 
be stated in the Sounding Record. Where it is dangerous for the sounding launch 

b d  
d ttO 

enter a rocky area along the shore, or where kelp is so thick that the sounding 

ul’ cannot navigate through it, the fact should be stnted in the Sounding Record an 
area accurately outlined on the boat sheet. If the kelp area is of importanco to ne d 
gation a flat-bottomed skiff should be used in calm wcathcr to investigate the area 
determine the least depth. 

Where the low-water linc cannot be dclinoated by the hydrographic survey! 
areas should be fully described in the Descriptive Reports with an explanation of $ 
conditions preventing the extension of the survoy closer inshore, Copious notcs sholjg 
be made in the Sounding Records in such cases to show clearly that the inshore lifl 
being run as close to the shore as safety permits, and estimated distances to the brea k0’ 

or to the shore should be frequcntly noted in the Rccord. From these data the line io1 breakers, kelp, reefs, or other irnpedimcnta should be sketchcd on the boat sheet in 

Id 

the 

3123. Navigable Streams and Estuaries 

Within the project limits all streams shall be surveyed to the head of navi&’i4 lo“ 
8 for small boats, and all tidal sloughs and estuaries to the same limit or until tho 

water line has been accurately delineated, unless the project instructions sPe 
otherwise. 

313. PROJECT AND SURVEY JUNCTIONS 

The project instructions will state specifically with what prior surveys juWtl gig are to be made. 
the instructions (see 131). 

Photographic copies of these surveys will ordinarily be furnished 

3131. Surveys of Other Organizations 

Where large-scale hydrographic surveys of other organizations cxist in a pro] CbS area, such surveys shall not be duplicated if they are comparable in accuracy to oj 
surveys of this Bureau and can be utilized for charting. The Unitcd States Gorp' eJ 
Engineers makes periodic surveys and examinations of dredged channels, and occ@l]8d 
surveys of navigable streams and other inside waters. Such areas shall not be survey 8 B by this Bureau when a suitable agreement in depths is found a t  the junctions with 
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FIGURE 64.-8yslonis of sounding linw. The solid lines represent dopth curves, and the broken lines represent sPProPria@ syewld 
of eoundlng lines for the various conditions encountered. 
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A system of parallel lines, whose direction is at  4 5 O  to the depth curves, is Of 
advantage in certain areas. For the same spacing between lines, such a system prodes  

in this connection that the axes of off-lying shoals of this nature arc frequently approp 
mately parallel to the trend of the coast. Likewise, oil'-lying sand and mud banks Of 

ridge form usually have their longer axes parallel to the coastline or parallel to tbs 
prevailing coast a1 cum en ts . 

In  most modern hydrography, the depths are measured by echo sounding from a 
survey vessel traveling at  standard speed so that accurate compass courses can be 
steered. Under such conditions systems of parallel lines arc usually most convenj@', 
for approximately the same course will serve to follow alternate lines of the systefl' 
For inshore hydrography, especially if by handlcad, the sounding vessel is limited 
a slower speed, making'the use of shore objects to control the position of the vessel O? 

line frequently advantageous or necessary. There are two general ways by which tN4 
is done-(1) by the use of ranges,and (2) by the use of distance angles (see 3143). 

lines, but to do this both the front and the reas range marks have to be changed for eacb 
line. Coxswains with considerable experience in this type of work can be trained to 
select objects for this purpose. The selection is facilitated by using a sextant to Pick 
up a,front range mark toward which the sounding line leads. Immediately after 
sounding vesscl has been placed on the outer end of the sounding line, and the positiop 

t fixed, the angle between the direction of the proposed line and a prominent con 
station is scaled from the boat sheet, and with this angle set on the sextant, a frop 
range mark can be sought a t  the correct point on shore, the corresponding rear rang0 
mark being farther inshore. 

For a close systematic development of comparatively large offshore shoal a M g  ' 
reas range mark can often be selected far enough inshore so that for all practical P"' 
poses the sounding lines across thc shoal arc parallel to one another, 

a better development of long, narrow, steep-sided ledges os troughs. I t  is to be not. ed 

Id Ranges can be used to keep the sounding vesscl on each of a system of pard 

t d  

(See 3453.) 

A. ON OPEN COASTS 

For surveys along open coasts with gently sloping bottom, the principal systefl Of 

or a combination of the two directions may be used. The directions of the lines sho uld 
be chosen to give a complete and economic survey. Whcrr thc shore is a fairly stralg bt d 

farther offshore where the slope of tho bottom is gentle, may he survcyed by a sy9 t@ 

rocks and steeply rising shoals or ridges may be expected, a systom of lines norma1, to 

normal to the depth curves will provide an adequatc survey. But if tho axes of tb0 

sounding lines should be either normal to or parallel to the general trend of the 

beach, the launch survey should generally consist of at loast a few lines run closc in 

zone for the launch to turn in when running the lincs normal to tho shorc. 

of lines run in the most convenient and oconomic direction. 

parallel to the shorc. At least enough parallel lincs should be run to provide a  SOU^ ded 
Tho area 

Where the slope of the bottom is irrcgular or steep, and in arcas whore pinnacle 

Where the submarine relief is in the form of a SOdee the depth curves should be run. 
of narrow steep-sided ridges, or is indented by steep narrow troughs, the direct@ 
the system of lines must be such that the lines will cross these features at  an angle,, 
the axes of the features are parallel to the surrounding depth curves, a system of 1la0 

features are perpendicular to the surrounding depth curyes, as is the case with 

Of s 

of the submarine vulleys and canyons along the continental slope, a system of l'l 09 
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direction is approximately 450 to both the depth curves and the axes should be 

' the continental slope itself, where the gradient is comparatively steep, a 
Of lines perpendicular to the depth Curves gives the best and most economic 

An extensive shoal 'area wit11 no pronounced axis may be adequately surveyed 
th System of parallel lbes run in any convenient direction. If it has a definite axis, 
th: best development will be obtained by a system of lines run a t  an angle of 45' to 
' a'is~ by several closely spaced lines along the asis. A shoal of 

::22 whose least depth may be expected near the center is best developed by a 

p% 199 

0 

a 

radiating lines converging near the shoalest spot (see 3142). 
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The develppment of an isolated shoal is frequently best accomplished by runnio& 
a series of lines radiating from a buoy anchored near the center of the shoal. mere 
the coast forms a background to the buoy used as a front range mark, part 0 f tbt 
radiating lines can be run on ranges, the remaining being run by compass course. ($0 

also 3453.) 
3143. Systems of Circular Arcs 

The development of an isolatcd shoal area can be very effectively controlb d by 
the use of distance angles. Two control stations should be selected, so located tWk to 
the loci of the angles between them cross the shoal area in flat arcs, 
the survey a series of such loci can be drawn on the boat sheet spaced as desired (”, 
37). At one end of each arc the value of the angle between the two stations is noted 
With this angle set on a sextant the sounding vessel may be readily maneuvered OD’ 
the line and maintained there by periodic observation of the angle, the course be” 
changed slightly to maintain the angle on. Distance angles are particularly 8 dv@ or 
tageous when the sounding vessel must proceed a t  slow speed and either the wind ,, 
current is strong and variable. Only by the use of this method, or ranges, OB’ 

lee1 system of closely spaced lines be run without having the sounding vessel get to* 
off line. Where the principal system of lines has been controlled by distance a d  
any required split line can be accurately run by using the mean of the two distance 
angles used for the lines on each side of the split. 

Preparatofl 

315. SPACING SOUNDING LINES 

The proper spacing of sounding lines depends on the scale of the survey! tbe d 
depth of the water, the proximity to shore, the character of the submarine relief, ” 

ff the importance of the region. The general spacing should give a methodical rep 
sentation of the depths and generalized depth durves in the area, and be sufficle 
close to give indications, at  least, of all banks and dangers therein. Subse4:$o 

abjO sp,litting of the general system of lines and additional development must be a d d  
to locate all dangers md shoals, to determine the least depths on thcm, and t o  

it the hydrographer to draw all depth curves with assurance. 

tbO 
tP ordinarily prescribed in the project instructions. It is to be noted that this i9 

maximum spacing, and it is the responsibiIity of the Chief of Party to reduo0 

project area. If the Chief of Party is of the opinion that tho general spacing spec$$ 
in the project instructions should be changed for the cntirc area or for large parts pf 4 
he shall make suitable recommendation to the Washington Office and ask for additlo’ 

Bs instructions. 
It is obvious that, although sounding lines can be run with refined methods at d to close intervals as desired, there is a practicablc limit to  the number which can be plot b0 

at any given scale. 
plotted and the soundings inked without difEculty, and in small areas at  least j ,  od 
as many to an inch can be shown legibly if sufficient care and patience are exert'@ 
in the inking. Tho scales of the surveys should be selected with this in mind SO blf 
the closest spacing of lines expected to be required in an area can be convedeD 

which should ordinarily be allowed for various scales, and the.minimum distfiD 

* &I9 

The maximum spacing of lines for the vmious zones or depths of the project 

spacing as necessary to obtain an adequate development in any specific part 0 f tP 

In  gcneral, four or five sounding lines to an inch on the sheet 

tbol 
s h o p  at the scale chosen. Table 6 givcs the distances between lines (in m et@) (t$ 

’between lines which can sometimes be toleratcd for the same scales. 
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Ordinary spacing 
(4 to 5 lines t o  the inch) Scale 

\ 

TABLB 6.-Spacing of sou,nding lines 
I I 

Closest spacing 
(8 to 10 lines to 

the inch) 

1: 10 0 
1:2oJOoo----- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  

O0----- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
- - -  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _  
- - -  - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

1:'20Jooo---- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

1:4~Jooo 
1'80Jooo:: 

\--- 

Meters Meters 
50 t o  60 _ _ _ _ _ _ _ _ _ _ - -  - - - - - - - - - - - - - - - -  25 t o  30. 
100 to 125 _ _ _ _ _ - - _ -  1---------------- 50 to 60- 
200 to 250 _ _ _ _ _ - - _ - -  - - - - - - - - - - - - - - - -  100 to 125. 
400 to 500 _ _ _ _ _ - _ _ - -  - - - - - - - - - - - - - - - -  200 to  250. 
600 to 750 _ _ _ _ _ _ _ _ _ _ - - - -  - - - - - - - - - - - -  300 to 375. 

Flnuna: 65.-Maxlmum sounding-line spaoing. (See text.) 
AA Flat sand or mud bottom without rocks, banks, or shoals. 
BB Band bottom with banks, but without rocks. 
CC Area8 with occssional rocky formations. 
DD Areas with frequent steop rooky shods and dangcrs. 
IE Gcerchcs for shoals or dangers in owarlic m85. 
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Graph AA in figure 55 is applicable $0 coastal areas of monotonously flat sand or mud botto@i 
where rocks are unknown and sand banks and shoals are not to be expected, such as the Gulf Goes 
of the United States. 

Graph BB should be used for coastal areas where the bottom is predominantly sand, and rocky 
’formations are unknown but banks may be found, such as the East Coast of the United States SOut’ 

B 
of New York. 

Graph CC is applicable to areas where dangers and rocky formations are likely to exist, such 
off the West Coast of the United States and Alaska. 

Graph DD should be used in areas where there are frequent dangers to navigation and steep rocky 
formations rising‘from the bottom, or where these may be expected from a study of the adjacent terr6inJ 
such as in the waters of f  the coast of Maine, and in some of the inland waters of Alaska. 

It will bc noted that all of the above-mentioned graphs coincide at a spacing of 5 miles, which is 
the maximum to be tolerated for the deeper depths of any survey which is part of a project dofig 
a coast. 

In a search for an oceanic danger or a steep submarine mountain rising from oceanic dePtm’ 
10 
by 

the lines must be a t  closer intervals in the shoaler depths, but may be at intervals of as much 
miles in depths of 3,000 fathoms. 
graph EE. 

llel 
lines normal to the depth curves, it is obviotls that a spacing which is adequate at 
inshore ends of the lines will bc closer than required by the same formula for the offshore 
ends of the lines. To attain economy i n  surveying where such a system of lines is Usedr 
the interval between lines must be changed correspondingly with the changes in depth’ 
The most satisfactory method of doing this economically is to fix the intervals betwee’ 
lines at  multiples of one another. 

If an area is to be surveyed on one sheet from one sounding vessel, in most case’ 

the lincs until the required spacing is attained. For example, suppose the proJoe’ 
’I instructions specify the following spacing-200 meters at  5 fathoms, 400 metcrs 

fathorns, and 800 metcrs at  30 fathoms. (It is to be noted that these arc the maximu: 
allowable spacings at the respective depths, and that a proportional spacing is require 

60° 
64 

at other depths-for example, a t  21 fathoms the spacing should be not more than 
meters.) To meet the requirements most economically with a system of parallel 1in 
normal to tlie depth curves, lines 800 meters apart should be run first, from the Sbof’ 
to the offshore limits of the project. 
depths of 30 fathoms (necessary because bhe allowable spacing of 800 fathoms Ody 

fathoms, using as a guido the depths obtained on lines already run. By this method’ 
the positions of tho dcpth curvcs will be known approximately from the 800-metd 
system and the hydrographer will know just how far offshore to run thc,splits. If tibe 

offshore in order to ensure that the roquired depth curvc has been rcaclied and th’ 
there is no shoaling outside of this which requires the closer spacing. FurtheraoreJ 
the hydrographer runs the risk of having to run additional splits if an area of shea'" 
water is subscqucntly disclosed offshore from tlic outer ends of the closely spaced 
inshore lines. 

3152. Sounding-Line Spacing for  Inside Wuiers 

For any depth, the maximum required spacing is given 

Since the most economic survey of a coastal area is usually by a system of para 

it will be more economic to  run tho most widely spaced lines first, succcssivcly split! ‘n& 

These should then be split from tho shore 

begins in depths of 30 fathoms), and then split again from the shore to depths Of 19 

reverse procedure is followed, the inshore lincs will almost invariably be run too far 

The general spacing for inside waters is 100 meters in bays, passages, cha@ 019’ 
rivers, etc. This spacing may be increased to  200 meters in areas of considerable 
extent where uniform bottom without dangers is anticipated. 
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321 1. Use of Boat Sheet in Smooth Plotting 
After the completion of the field survey a boat sheet has a use which shodd be 

It serves f i e  

fact that the hydrographer was present a t  the time the survey was being made, f 
the vessel’s position and, regardless of the recorded data in the Sounding Reoor ’ 

kept in mind by the hydrographer during the progress of the work. 
guide and reference record during the plotting of the smooth sheet and its data sbo dd 
therdore be free of ambiguity. When plotting the smooth sheet, weight is given to tbb 

plotted the positions on the boat sheet and connected them in accordance with tbe 
known facts$ even though lack of time may have prevented extreme accuracy. ($0 

767.) 
3212. Use of Boat Sheet at the Washington Ofice 

The boat sheet is referred to constantly during verification of the smooth she ,id a t  the Washington Office. If often contains supplemental details and notes which 

iof 
in interpreting the Sounding Records, including some which should be transferred 
the smooth sheet. Occasionally the boat sheet is the sole source of or authority 

It 9 however, be used with discretion, especially if it  is not inked on the boat sheet. 
incumbent on the verifier to see that all data of permanent value are already on or @ 

transferred to the smooth sheet, 

to 

the positions of rocks, limits of breakers, areas of kelp, etc. Such information sho dd f 

connection with the survey, until after the review has received final approval bY tbs 

18 

ifl The boat sheet shall be available to the reviewer and for any other purpoge 

administrative officers of the Bureau. 

3213. Boat-Sheet Numbers 
A field number shall be assigned to each boat sheet in accordance with 1541. rcbt ,]I 

correspondence, records, and reports until the registry number is assigned (see 1 $41)1 

Where the limits of a boat sheet are not identical with the corresponding sm OOtb , 

survey and all the records pertaining to i t  shall be identified by this number iD 

after which the latter shall be used in lieu of the field number. 

sheet, the smooth-sheet number is the controlling factor in numbering the boat sWet 
If several boat sheets are used for a survey, which is all included on one smootb 
the several boat sheets shall bear the same survey number followed by identifying 
bers in parentheses, as H-5281 (l), H-5281(2), etc. 

If, for any reason, the field survey for which one boat sheet was used has to 
plotted on two smooth sheets, the numbers of both smooth sheets shall bo shown on 
boat sheet and on the Sounding Records involved. 

Before a boat sheet is transmitted to the Washington Office, both its regislry D‘’ 
ber and its field number shall be shown in one or more places on its reverse side. 

322. CONSTRUCTION OF BOAT SHEET 
A boat sheet is ordinarily constructed in the same manner as the smooth ab$ 

(see 73 to 75) and with limits in approximate agreement with the latter. A layout 0 tb 
ess the projection with distances noted thereon (see 7324) may be used in oonstructid 

boat sheet and saved for use again when the smooth sheet is made, if the grojectioDe 
to bo identical. 

Id 

be 
tbe 

3221. Boat-Sheet Paper 

A good quality of cloth-backed paper obtained from the Washington Office 
be used for boat sheets. Where the sheet is to be used in bright sunshine, a bd 



HYDROGRAPHY 3222 

?lored Paper has been found most satisfactory to reduce the glare of the reflected 
lght* A IOO-percent rag paper, of comparatively smooth surface and heavy weight, 
'Ounted on the best grade of cotton sheeting is required. Boat-sheet paper is pur- 
bl the Federal Government in accordance with standard specifications. The 
t Of Paper complying with these specifications are subject to change from year 

The General Schedule of Supplies should be consulted for the make of paper 
at  any given time. 

'hen accuracy of plotting js an important factor, as in Radio Acoustic Ranging 
the paper recommended for smooth sheets should be used for boat sheets 

711'). 
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If the limits of the hydrographic survey extend beyond those of the topographic s u d ’  
Ghe transferred portion of the projection may be extended to the limits of the boat sbeeL 

In the rare case when a smooth sheet is prepared first, a boat sheet may be COD’ 

structed by superimposing the smooth sheet on the boat sheet and pricking the projeo’ 
tion intersections and control points through with a fine needle, other details 
transferred by tracing. This same method may be ,used with a topographic supey 
which is not on an aluminum-mounted sheet (see 233). 

The accuracy of construction obtained by the use of the projection ruling maChiue 
(7327) is not warranted in a boat sheet, and requests should not be made to the IA‘n Sb. 
ington Office for their construction. 

When the area to be sounded has bcen preceded by an air photographic surVef’ 
boat sheets will sometimes be printed or prepared in the Washington Office by one “ 
the methods described in 733, 

323. PREPARATION OF BOAT SHEET 

A hydrographic survey can be made with a boat sheet on which appear only tb0 
positions and names of the control stations, but for an efficient and complete surVefr 
the details described in 3231 to 3237 should be placcd on the boat sheet for each 
before the survey of that part is started. 

3231. Control Stations 
d All control stations, whose positions are known at the start of the survey, shod 

d Namcs of control btations may bc lcttcrcd on the boat sheet in freehand, provide, 
Existing names of control stations, such as tri@@ 

$0 
be 

be plotted on or transferred to the boat sheet. 

they are unmistakably legible. 
lation stations, marked topographic stations, and previously named topograP 
or hydrographic stations, must bo retnincd with thcir cxact spelling and should 

hydrographer in accordance with 215. They may be assigned to all the unn@ 
stations and lettered on the boat sheet when the control is plotted, or during 
progress of the survcy as each station is used. 

tl Where the control stations are numerous, as on an inshore hydrographic sbeoa 
identification will be aided and confusion avoided if descriptions of those having 
characteristic appearance, either in form or color, are written on the boat sheet. 

For each control station in the water area, notation should be made on the bo$ 
sheet as to whether the feahre on which it is erected is permanent or temporary, @’ 

a short description of the feature should be added; for example, that it is a pile, a rook: 
a shoal spot, a menace to navigation, or a signal erected temporarily by the hydro 
graphic party. 

Each control station that is a natural object shall likewise be briefly describod* 

lettered when the control is plotted. New station names are to be assigned by tb0 

If conspicuous enough for use as a landmark, that fact shall be included in the 
description. 

3232. Topogruphic Details 
A boat sheet for an inshore hydrographic survey should contain the high-w at* d 

line, the low-water line, the approximate limits of shoal areas, rocks (bare, awash, as 
sunken), aids to navigation, arid any suspcctctl dangers which the topographer I@’ 
have noted but may not have bcen able to vcrify or locate, The scale of an ins1lors 
hydrographic survey is almost invariably thc same as that of the corresponding topv 
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speed scales described in 4826. These may be inked on the boat sheet in spaces where 
no sounding is expected. 

324. USE OF BOAT SHEET DURING SURVEY 
It is frequently not practicable to handle the boat sheet as carefully as one would 

handle a smooth sheet, nor is it necessary. The boat sheet is unavoidably subjected 
to somewhat rough treatment, especially in launches and small boats, but it should not 
be treated carelessly. The more carefully it is handled, the better wilI it  retain itg 
original dimensions diad accuracy, and the more useful will it be as a guide in plotting 
and verifying the smooth sheet. 

It is essential, however, that the best possible care be taken of an R.A.R. boat 
sheet for reasons mentioned in 3223. 

A boat sheet should not be rolled to a diameter smaller than 3 inches. 

3241. Proposed Sounding Lines 

To survey an area thoroughly and effectively, systematically planned lines of 
soundings must be run. The desired system is usually indicated in a general way a 
the project instructions, but if not, it should be planned in accordance with 314. The 
proposed sounding lines of the general system are ruled in pencil on the boat sheet so 
a guide to the hydrographer; only a few lines, however, should be ruled in advance 
because, as the survey progresses and additional knowledge is acquired of the depth0 
in the area and of the character of the submarine relief, it  may be necessary to shift the 
entire system slightly from time to time or to adopt a different spacing of lines. 

Where the use of ranges is practicable, proposed lines can usually be followed v d  
closely. In other cases the sounding vessel can often be kept only approximately 0’ 
the proposed lines, especially where there are strong irregular currents or where the 
control is relatively weak. Thus two adjacent sounding lines frequently deviate fro@ 
the proposed lines to such an extent that a split line is required to comply with the 
spacing requirements. 

Additional lines which split the specified spacing, or  lines of a superimposed syst@ 
in an entirely different direction, are usually laid out on the boat sheet to guide the 
development of extensive shoal areas encountered during the survey. 

3242. Proposed Development 

should be emphasized on the boat sheet by encircling the area with a red pencil, or other' 
wise, as a reminder that further investigation or development is required, As tbe 
soundings are inked during the progress of the survey, all danger indications and sound’ 
ings which are suspected of being in error should likewise be noted for further deve1oF 
ment or investigation (see 3621). The least depths on shoals found by prior ~ u r M ‘ ~  
and areas in which dangers or shoals have been reported, or are suspected, should be 
similarly marked in color for future attention. 

Every shoal indication disclosed by the systematic sounding lines (see 316 4) 

3243. Plotting Positions 

The principal use of the boat sheet is, of course, to enable the hydro$rapher 
plot each position of the sounding vessel as the observations are made; to deterfliae 
whether on line or not, and if not, to indicate the change in course required. AS tb0 
consecutive lines of the system are surveyed and the soundings are plotted, the results 





325 HYDROQRAPHIC MANUAL PAGn 210 

have been adequately proved or disproved, and where additional work appears nece9' 

development and investigation up to date with the progress of the systematic soundd' 
and to avoid uneconomic returns to areas supposedly completed. 

subordinates daily by a similar critical and thorough examination of the boat 
(see 3411). 

sary. Such a daily examination enables the hydrographer to keep all the necess ttcJ' 

When practicable to do so, the Chief of Party should review the work of bis 

325. DETAILS ON COMPLETED BOAT SHEET 

3251. Positions and Numbers 

The positions and the numbers of the positions should be inked legibly and 
assigned color as the work progresses, or a t  least before another day's work is begua' 
Expert lettering is not required. 

3252. Lines Connm'ng Positions 
The successive positions of the survey vessel along a sounding line should be 

connected by pencil in accordance with the instructions for tho smooth sheet (see 7682)' 
The connecting lines should reflect any appreciable changes in course between positiOD8' 

ta 
indicate the approximate course of the vessel, with an arrow a t  the midpoint indicatsg 

be omitted except where there would otherwise be no sounding. In this case 
vessel's track around the turn should be plotted more accurately and in accords@ 

be 
der 

with the instructions in 7682. On turns in shoal water continued sounding 
needed so that the hydrographer can be kept informed as to the depth of water fl 
the vessel, even if these soundings are not needed for the survey. 

Where a sounding line parallels the sinuosities of a narrow waterway where it 
impracticable to maintain straight courses between positions, or where large ch@@ 

00 

t b e  
in'course are made between positions, the actual track of the vessel shall be shofl 
the boat sheet with great accuracy because only by reference to this record can 
soundings be correctly plotted on the smooth sheet, 

3253. Soundings 

(See 3311 and 3312.) 

The end and beginning of adjacent lines shall be connected by a pencil line 

the direction. Sounding around turns between ends of lines is not required and sb odd 

The soundings, reduced to the approximate sounding datum (see 152), shd 1 b0 ed 
inked on the boat sheet in black a8 the work progresses; each day's work shall be id 
daily. 

It is usually practicable to ink the soundings of small-scale ship surveys ah@ 
the sounding is in progress; by contrast, it is generally impracticable to do this on lefgv 
scale launch surveys because of engine vibration and because the soundings and posjtlo'@ 

tbo' 
are taken so frequently there is no time for inking. 

When it is practicable to ink the soundings as they are taken, a carbon copy of 
part of the Sounding Record which contains the soundings, the clock times, an 
position numbers will be found of advantage (see 81). 

(3 tv 

3254. Depth Curves 
Depth curves are required on a boat sheet for an adequate study of the results of 

survey, and to ensure that the area has been effectively sounded and satisfact! 
developed (see 353). The intervals between depth curves should follow the rules gl' 
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for. charting purposes without a knowledge of the geographic position at  which the 
depth was measured, or its relative position with reference to the land. 

The problem of hydrographic surveying is twofold, one part consisting of the 
various methods of measuring the depths of the water and the second part consisting 
of the measurements to determine positions in the horizontal plane. This latter is 
called position Jinding, or the horizontal contrpl of the survey. 

To determine the position of any point in a horizontal plane, a t  least two measure’ 
ments are required, and in all methods of control, except by astronomic observations, 
these measurements must be to points (control stations) whose geographic positions 
are known, or whose relative positions to one another are known. Each measurement 
may be considered as resulting in a line of position on which the desired point is locatedo 
It is obvious, then, that it is neoessary $0 have two intersecting lines of position, straight 
or curved, to determine the horizontal position of the point. 

This principle is applicable both to land surveying and to hydrographic surve@g* 
In  the latter the two measurements may consist of azimuths, or directions, from Or 
to known control stations, which result in straight lines of position; or angles measured 
on board the survey vessel between control stations, each of wliicli results in a curved 
line of position which is part of the circumference of a circle passing through the two 
known points and the observer’s position; or distances to known control points, r e d t ’  
ing in distance arcs which are parts of circles of position. Analysis shows that, except 
for surveys controlled by astronomic observations, all position finding consists. of e 
determination of the position of the vcssel by one of the three methods or combinations 
of two of them. 

Theoretically, the strength and accuracy of any position determination depends 
directly on how closely the angle of intersection of the lines of position approaches 
90’. Practically, the accuracy of position determination obtainable in hydrograP1llG 
surveys decreases almost proportionately to the distance from the land, until astropomiC 
observations are used. 

331. POSITIONS 

For proper identification, hydrographic positions shall be numbered consec1” 
tively, starting with number 1 at  the beginning of each day; and each day’s work S d  
be identified by a letter, or combination of letters assigned in alphabetical order. 

When hydrography is continuous, on a 24-hour basis, the fimt position after aid. 
night shall be considered to start a new day and shall be numbered and lettered accord’ 
ingly, except for long dead-reckoning lines (see 3311). 

3311. Day Letters 

When hydrographic surveying is on a daily basis, each day’s work shall be iderttl’ 
fied by a letter, or combination of letters assigned in alphabetical order, starting db 
the letter A on each survey sheet. Capital letters of one color shall be used to iden: 
tify the hydrography surveyed from the ship or the major survey vessel of the party: 
and lower-case letters to  identify the work of the supplementaiy launches or v@l 
of thc party, a different color being assigned to each separate unit. These distincti‘: 
letters and colors ?re to be used to identify the hydrographic positions througho‘ 
the records and shokts. 

Until the alphabet is exhausted, single letters shall be used for day letters, ,mittiJ’& 
the letters 0 and I. After the letter 2, double letters shall be used, the first series 
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b -  ftfng BA, CA, DA, etc., the second series being AB, BB, QB, etc., and likewise 

blueThe ' colors to be used to identify the numbers and day letters of the positions are 
Neither black nor yellow "'" be 

t' .A dead-reclconing line, controlled by astronomic sights, run in one general direc- 
!On a'd of not more tllan a few days' duration, shall be considered as an entity and a a"g1e letter shall be used to identify a11 the positions on it regardless of calendar days. 

in R.A.R., day Ictters 
$l:G:hanged a t  midnight, the first position after midnight being assigned a new 

331 2. Position Numbers 

$'" d The Positions of a hydrogpphic survey shall be numbered consecutively for each 
J'or this purpose positions shaIl be understood to include, in addition to 

1 ed Positions, a11 positio ns at  which control data of any kind are recorded, including Os astronomic sights, bearings, etc., and time data required in the plotting. 
positions shall bo recorded under all of the following circumstances, 

'hethe' or not accompanied by control data, when this is practicable: 

series. 

green, and red, in that order of preference. 

Primed lettors, as A', B', etc., shall not be used. 

used for this purpose. 

hydrography is continuous, on a 24-hour basis, 

(a) At the beginning and end of each line. 
the Sounding vessel has attained sounding speed at the beginning of a line or is slowed 

' (') et all changes in course larger than IO" , When the vessel is small and the change in course 
Otherwise, a position 

taken just before the course is altered and just as soon as the vessel is on the new course. 
are not recorded around turns between the ends and beginnings of adjacent lines, 

contr&ed by R.A.R., or any other means where fixed positions in quick succession 
a fixed position should be obtained in the vicinity of each turn Where i t  will best 

Own "Or the end of a line and at all other times when the speed is changed appreciably. 

ahauld "lhedlatelY b effective, the position may be taken at the middle of the change. 
kh e ."' 

are not required between the last and first sounding of each line. ' 
*Ol Plot the th  sounding lines, otller positions based 011 clock times or other data  being recorded, by which 

e [' lit course accurately (see 6812). 
all abrupt and considerable changes in depth. 

'h ere e) ?t each detached sounding, including the least depth on a shoal which is being investigated. di.lft soundings are taken Over a shoal for the purpose of determining the least depth thereon, 
No record 

I' the 
Peed be of other soundings obtained during the investigation except that  a note must be made 

Sounding Record stating the length of time spent in the investigation. (See 3666.) 
"r$1 each sounding taken by any means with the vessel stopped, except as  noted in 3313 for 

'hethe' ') Each time a position is fixed for any purpose wliatsoever in connectioll with the survey, 

at which the shoaler depths are found shall be recorded in the Record. 

( We soundings taken close together. 

Or not to fix the  position of a sounding. 
incident t o  which i t  may be necessary to  refer. * I  n 'ecording surveys run on preestablished ranges, as in 334, it may bo desirable to 

'UQb each Position by tho range it is on, rather than use tho customary Consecutive 
PO ' The day letters should be uscd as usual, but 
1 be identified as range la-l,range la-2, etc., in which theletter is the day 
'f th etter' first number is the number of the range, and the second number is the number 
8 tq ;pecut ivo  position on that range, In  the records and 011 the sheets the control 

should be marlcod to correspond wit11 the identification usod in the Sounding 

Positions of the soundings are determined by linear measurements along a 
Consecutive sounding may be identified by its distance from the front range 

system throughout tho day. 

' 
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mark or control station, as range lu-Sm, range lu-16m1 etc., in which 8m and lern 
represent the distances in meters along the sounding line from the control station, 

3313. Frequency of Positions 

The regular interval between consecutive fixed positions along a sounding 

rarely be necessary and there will be little uncertainty about the placement of the 
soundings between fixed positions. Thus the frequency of position will depend 
the depths, the spacing of the lines, the scale of the survey, the bottom relief, the speed Of 

the vessel, the length of the sounding lines, and the constancy of the current. It is apP&’ 
ent that some of the above are complementary; for example, where the depths are greater 
the lines are spaced farther apart, and the survey is usually made on a smaller scale. 

A uniform frequency of position should be chosen, which can be generally I&” 
tained throughout most of the survey. This will be of advantage in plotting and spaC&g 
the soundings and will aid in detecting errors in plotting. 

For handlead sounding on large scales a t  the proper speed of vessel, the intervB1 
should seldom exceed 3 or 4 minutes, but may be increased somewhat for offshore Work 
on smaller scales. 

A position should generally be taken a t  each vertical wire sounding, but when 
soundings are close together and there is little likelihood of the vessel’s being deflected 
from her course by currents or other causes, a position may be taken on every second 
or third sounding. 

I n  an echo-sounding survey of an area of fairly even bottom, the maximum dig’ 
tance between adjacent .positions on a line should be about 1 X to* 1 X inches on the sWVey 
sheet, regardless of scale. 

Where the bottom is irregular, the slope is steep, or there is difEculty in keeping 

should be such that the proposed lines can be followed closely enough so that splits 7 ill 

sounding vessel on line due to current, or for any other reason, positions shoddl Of 
course, be taken more frequently. 

When echo soundings are taken from a vessel proceeding a t  standard speed 
distance traveled in any interval of time will be longer than a t  a lesser speed,*but tb0 

ded 

proposed lines can be followed more closely because of this increased speed. 
I n  most hydrographic surveys controlled by three-point fixes, the signals 

bY 
readily visible and positions can be taken almost as frequently as they can be recof 
and plotted. For a vessel with a speed of 8 knots, taking echo soundings controlled 
fixed positions on a 1:10,000 scale, the maximum time between positions should ordi’ 
narily be about 1% to 1% minutes. For smaller scales, the times between positions fl’? 
be increased slightly less than proportionately. For a 1:20,000 scale and other COP dl* 
tions as before, the maximum interval should probably be between 2% and 23C minutag’ 

For surveys controlled by R.A.R., there is a practicable minimum time betfl.eOp 
successive positions because of the time needed to receive the returns, take the tlrne 
intervals from the chronograph tape, and plot them on the boat sheet. In  1941 
required about 4 minutes, although developments in methods and equipment 
reduce this somewhat. Only rarely are surveys controlled by R.A.R. plotted ‘i 
scales larger than 1:80,000, and for this and smaller scales an i’nterval less than 
minutes should seldom be required. (See 6812.) 

On dead-reckoning lines controlled by astronomic sights, positions with log read3g’ 
be should be taken a t  regular intervals of about 10 minutes each. These should 

supplemented by positions at  times when control data are observed, as for instance 
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each astronomic sight which is to be used as a separate line of position. 
mere' an area has to be developed by a system of lines more closely spaced than is 

CU't?marY at the scale of the survey, a proportional reduction in the interval between 
Positions must be made. 

The maximum interval between positions should be reduced when there is any 
likelihood of its use resulting in misplaced intermediate soundings or errors in the 

Although there is no objection to the use of unrecorded trial positions to check 
the course or distance while sounding, valuable control data are lost if they are not 

The fact that a trial position is required is evidence of uncertainty between 
In such case the trial position should be observed at  the time of a 

of the depth cmves. 

positions. 
and recorded. (See 3452.) 

332. METHODS OF CONTROL 

The methods usually used to control hydrographic surveys depend on the distance 
'Om land and the depth of the water. In general, the accuracy with which any sound- ? Can be located in latitude and longitude also varies proportionally with the dis- 

mere the survey vessel is close to the shore, its position, or the positions of the 
may be determined most accurately from observations at  control stations 

shore. This method is slow, its reliability depends on the correlation of observa- 
tlons taken at widely separated points, and the accuracy attained is U S U ~ I I ~  unwar- 
ranted at the scale of most inshore coastal hydrographic surveys. Its use maybe 
warpanted, however, in harbors, in dredged channels, in the vicinity of docks and piers, 
and where subsurface construction is to be undertaken in the area. 

from the land, until astronomic sights are resorted to. 

3321. By Three-Point F k s  

th The usual method of$&g hydrographic surveys within sight of land is known as 
e three-point fix method, described in dotail in 333. This method is a h o s t  univer- 

It consists in measuring simultaneously on board 
. !UrV@Y vessel two sextant angles between objects or signals whose geographic 

the 

Positions are known, m e r e  moderate depths extend a considerable distance from the 
this method may still be used to determine the position of the survey vessel 

sight of land with reference to anchored control buoys, whose geographic 
Poeltlons have been determined with reference to the shore control stations (see 

3322. By Radio Acoustic Ranging 

the limit of visibility of shore objects and where the use of buoys for three- Edoiqt fix control is impracticable or unwarranted, a number of methods of control have 
@" used in the past-all considerably less accurate and consequently less satisfactory 
an fixed Positioll determinations. The limit of visibility may be imposed by the th 

:t2:2 of the earth, but generally it is dependent on the atmospheric conditions in 

th Radio Acoustic Ranging (R.A.R.) is the method employed beyond the range of 
pt!%ee-Point fix method. It is described in detail in chapter 6. By this method the 

'ltlon of the survey ship is determined by the indirect measurement of distances 
The method may be thought 

for position finding, 

'@ctiou 261, 

or more previously located control stations. 
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of as the determination of an unknown position by the measurement of two sides of ' 
triangle when the length*of the h i rd  side is known. Each control station is equiPP ed 
with a radio transmitter and a subaqueous sound receiver. 
survey ship from the control stations are determined by exploding a small bomb lo 
the water near the ship and measuring the interval of time required for the sound 

and the radio signals which are transmitted automatically by the control stations WheD 
the sound from the bomb arrives at  the respective stations. If the velocity of souod 
through sea water is known, the distances can be computed and the ship's positioa 
thus determined. 

Beyond the range of R.A.R. and in areas where such accuracy is unwarrcLnted' 
soundings are fixed in position by the well-known methods of dead reckoning and *' 
tronomic observations as used in navigation, with refinements. (See 337 and 338'' 

The distances of 

to travel to each station. A chronograph on the ship records the explosion of tho born b 

3323. Other Methods 
fd 
,d In addition to the two methods ubed most to fix the position of the survey ve9$ 

during a hydrographic survey, there are a number of other methods used in spec' 
circumstances or to supplement the two more common methods. Those most 
quently used are: 

* 8d (a) Shore observations-used solely or partly to control large-scale inshore surveys-de8crlb 

04 
in 334. 

( b )  Estimation-where the positions are determined in whole or in Dad bv estimated did@ 

to and directions to shore detail, or control stations-described in 335. 

control stations (see 3361), or by a bearing and distance, as in the following typical examples: 
(c) Bearings-where the position is determined wholly by bearings from the survey vessel 

(1) One bearmg and one sextant angle. 
(2) One bearing and R.A.R. distance. 
(3) One bearing and distance by vertical angle (see 3363 and 5364). 
(4) One bearing and distance by depression angle (see 3362). 
(6) One bearing and distance by rangeflnder (see 455). 

OSi' (d)  Dead reckoning-where positions are determined by the ship's run from the last fixed p 
tion-described in 337. / 

(e )  Astronomic observations-where positions are determined by observations of celestial objecbs 

333. SEXTANT THREE-POINT FIXES 
described i n  338. 

Hydrography shall be controlled in horizontal position, in arcas where a suficl d, 
numbcr of suitable control objects are visible, by the well-known three-point fix metho 

tb8 
using sextant anglcs, unless more precise methods are requircd. 

bi0 survey vessel is the most satisfactory and commonly used method for hydrograp 

observers measure two angles simultaneously with scxtants; one measures tho aDdB 
betwecn the left-hand and center objcct, and the other the angle between the ceD" Id and right-hand object. 

00' 
OS' 

a three-arm protractor (see 4534). 
point problem. 
formed on board the survey vrsscl, thc required data are known immediately, an 
position may be determined quickly. 

(Scc 334.) 
Position determination by two or more sextant angles taken by obscrvcrs OD 

surveys when the required objects are visible. To observe a three-point fix, t@ 

The position of the vessel is thcn found machanically by us' 
This is in cffcct a graphic solution of the @ 

The advantages of the method are that all of the opcrations are p 
d tho 
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3331. Principles of the Three-Point Fix 
Th: t h x y  of the three-point problem is well known. It depends on the foIIowing 

(') The circumference of a circle can be described through any three given points. 
(*) If two of the points are fixed in position, the angle between them measured at a third point 

1' be the for all points on that part of the circumference of the circle on the same side of a 

t o  t,;! If* in addition to the first angle, a second angle is measured from the same unknown point 
ti Points, one of which always, and bot11 of which occasionally, differ from the first two, the posi- 
o n  Of the unknown point will also be defined by a second circle. Since the unknown point lies on the Circumferences of two circles, its pos ition will be defined by the intersection Of these. 

3332. Strength of Three-Point Fix 
d' Theoretically, the strength of a position detcrmination by thrce-point fix depcnds 
'ectly on the angle of intersection of the two circumferences dcfincd by the two 

"Ies and the three known points. The more nearJy this intersection approaches 90°, 
e Stronger is the fix. Conversely, the nearcr the circles approach tangency, tho  weaker 

th 
th 
t e Position becomes until it is indoterminate when the two circles coincide. An inde- 
*ep?nate fix is called a revolver or swinger because, when an attempt is made to plot 
It "Ith a protractor, the protractor will swing along the arc of the coincident circles, 

~ r l n c i p l ~ ~ :  

lne joining 
the two fixed points. 

the conditions. The strength of a three-point 
relative positions of the three fixed points and 

can visualize almost automatically the cir& passing 
two fixed points and his position. m e n  he realizes that the two circles 

Qv "?ed Will intersect a t  an acute angle, ha knows that the objects responsible for this 
$'ldltIon must be avoided, if another choice is available. The three-point problem 
b in various treatises on surveying m d  this need not be repeated here, but 
E eglnners who may have Some difficulty in selecting the most suitable objects should 

(I) The strongest fix is when And 

2Fh case, the fix is strongest when the three objects form an equilateral triangle, the observer is at 

(2) The fix is strong when the sum of the two angles is equal to or greater than 180' and neither 
is lese than 30'. The nearer tho angles equal each other the stronger will be the fix. 

the (3) The fix is strong when the three objects are in a straight line, or the center object lies between 
Observer and a line joining tile other two and the center object is nearest to the observer. 

bh (*) The Sum of the two angles sllould not be less than about 50°, better results being obtained 

eo (5) The fix is strong when two of the objects a considerable distance apart are in range or nearly 

fPora(6) A fix is strong whell a t  least OIle of the angles changes rapidly as the survey vessel moves 

'Id the following general rules useful: 
observer is inside the triangle formed by the three objects. 

and the objects are close to the observer. 

neither of the angles is less than 30". 

and the angle to the third is not less than 45'. 

One location to another. 
'3333. Sokction of Objects 

th The theoretical strength of tho tlu.ce-point fix is based on the supposition that tcs e W be no more than a certain angular error in any measured angle rcgardlcss of 
s12e of Them arc other practical limitations 

'lna1l angles should gonerally be avoided as they result in weak fixes in most Cases 
ape UsUally difficult to plot, A strong fix will be obtaincd, however, with onc small 

"hen the vessel is a little oif a range and the nearer of tho two objects in range is 
In  this cas0 tile small angle must be observed very accurately, and 

thc angle or tho distance of tho objects. 
be considered. 

a'd 

object. 
405@2-44-1 (1 
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the positions of the two range objects must be very accurately known and plotted Or 

comparatively large errors in position will result. It should also be noted that, W 
such a fix continues strong as long as the near object i s  in the center, it may becoo’ 

ig very weak as soon as the vessel moves to a position where the more distant object 
the center object. 

Avoid using at  close range an indefinite object or one .whose position is unced’’ 
Errors from such sources decrease rapidly as the distance of the uncertain object $’ 
creases relative to the other two. In other words, two nearby definite objects do: 
positions are accurate may be combined to good advantage with a right- or left-h@ 
distant object which is inde-finite or whose position is not so accurately known. 

The definiteness of the objects and their accuracy of position being equal, Deafer 

3% 

objects should always be preferred to more distant ones, since slight errors in the la le 
to use nearer objects. For inshore hydrography, control stations on the adjacent Or’e 
affect a position less. Possible distortion of the plotting sheet also makes it 

provide greater accuracy than distant stations as, for instance, those on the OpPOgic 
side of a wide channel or large bay. 

There are numerous advantages in using off-lying signals, or those on an opP 
shore, however. In  many cases angles are easier to observe and plot. It is not neG0’ lo‘ 

be sary to change objects so often as when using nearby signals and the necessifY 
numerous closely spaded signals is avoided. The extent to which such signals c@ d 

elel  
used is therefore important and requires good judgment. In general, for ordin 
hydrographic surveying it is satisfactory, and in fact preferable to use such sign 
provided their positions are accurately determined, that they are so distributed tb$’ 
strong fixes may be obtained from them, and that they are not so far away as to re4 6 
the use of extension arms in plotting. Under these conditions one or more diet5 
signals can be used advantageously in conjunction with nearby signals, The st@g 

d9 
sd of an inshore fix may be increased considerably if one distant offshore signal is use 

conjunction with two signals along the shore close to the observer, the survey Ve9 

stations determines the distance of the vessel offshore, the angle to the offshore st& tioP 
determining the position along the shore. 

I f  practicable, the distmces between the center and the right- and left-hand ob1 
should be longer than the observer’s distance from the center object. But a very 

l0fP 
l@ center object is a disadvantage when usyd in combination with distant right- and 

hand objects from a moving vessel becatme of the rapidity with which the two 
,tell 

tbe change. Unless the observers stand close together and mark their angles accd 
and simultaneously, there is likelihood of introducing a relatively large error in 

tWfe 
tb0 sum angle which will affect the position considerably. In such cases, however, 

will be less likelihood of appreciable errors of position being introduced if one of ,or 
observers measures the sum angle and it is used in combination with either the right 
left angle. (See 7625.) 

Avoid a selection of objects which results in a revolver (see 3332). Sometimes dd 
the inshore end of a line there is no other choice; but in such a case a third angle shO d, 
be taken, if practicable, to a distant definite feature such as a tangent or point of 1”41d 
When the hydrographer expects such a situation, a constant course and speed Shou9 
be maintained from the previous position, so that the dead reckoning may be used 
conjunction with the angles in plotting the position in its correct location. 

along the sounding line. I t  should be noted that the fix is strong if, in plotting, @ Bbg 

being inside the triangle formed by the stations. The angle between the alongsb Of6 

‘0019 

p0flf 

Of* A weak fix is indicated when both angles change slowly as the survey vessel m, bt 
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Qopement of the center of the protractor moves the arms away from one or more of the 
; F s ,  and it is weak if such a movement does not appreciably disturb the relation of 

3334. Changes of Fix 

are Generally the strongest fix available should be observed a t  each position. There 
Other Practical limits, however, to the frequency with which changes in fix should 

be Qade* Rrequent changes of objects are conducive to recorder’s errors as well as 
th It is considerably easier for an observer to repeat angles between 
$same two objects than it is to find two new objects in his sextant a t  each observation. 
6~ en si@&lS are faint, due to distance, haze, etc., it  is often much better to hang on to a 

’ !ather than attempt a change to a stronger fix. Some observers, however, tend to ttan the use of the same three objects long after a change to a stronger fix should have 

e arms to the three points. 

errors. 

made. 
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object may be combined to advantage with two comparatively near objects to form 
very strong fix. For the control of offshore hydrography by three-point fixes, indefinite 
objects are frequently the only ones available. 

a. Hilltops.-The tops of hills or mountains are often uscd as control for the 
offshore hydrography. Definite and conspicuous points shall be selected and these 
shall be accurately located so far as practicable. Round indefinite summits appear 
smaller and sharper at increascd distanccs. Angles should never be taken to  round- 
topped peaks from such short distanccs that there is doubt about seeing the summit* 
At close range, nearer points, such as shoulders and tho lower slopes of the summit, 
are often mistaken for tbe actual summit, causing errors in the positions, 

b. Tangents.-Regardless of the number of accurately located definite objccts, it 
is occasionally necessary to  include in a fix an angle to  the well-defined tangent of ~IIJ 

island, point, or other feature. Where the topography is accurate and the shoreline 
t steep, such features can generally be used with tolerable accuracy, if they arc disk@ 

d 
be avoided. 

and the water is below the horizon and cannot be seen, an error may be iDtroduce4 
owing to  the fact that the observation is taken to a part of the feature some dista@ 
above the water and consequently some horizontal distance from the true tangent 
the waterline. Even for offshore hydrography such a feature should bo used odJ’ 
where no ketter objects are available. If its use is unavoidable the elevation of the 
feature above the true high-wdter line should be computed from its distance and the 
height of eye above the water (see 272), the latter being recorded in the Sounding 
Record. The observed angle should then be plotted on the tangent of the contour 
that is probably on the observer’s horizon. If the feature has not previously beeD 
well contoured it may be ngcessary to contour it especially for this purpose in order 
to obtain the desired degree of accuracy of position. If such a tangent needs to  be 
used repeatedly i t  should be scrutinized carefully to see if there is not some distinctive 
natural feature at  a sufficient elevation to be always visible, which may be speciallf 
located for use as a control station. 

as compared with the other objects. Tangents to sandy and low-lying points shou id 

Where the angle is measured to  a tangent so distant that the juncture of the 180 

3337. Sextant Fixes on Buoys 
d 

objects on shore, and the scope of the buoy around its anchor is an additional factor 
of uncertainty in position at  any particular observation. Because of this, propof* 
tionately stronger fixes must be used for sextant observations on buoys or the plotted 
positions may be considerably in error and difficulty will be expxienced in running the 
sounding lines. 

Considering a zone of hydrography to.be controlled by thrcc-point fixes on b d 4  
establishcd in a line, the position of tho sounding vessel near the line of buoys can 
determined more accurately where they are correct in azimuth with reference to  OD’ 
another, irrespective of the accuracy of their distances apart; and the positions far frog 
the line of buoys can be determined more accurately where the distanccs between the 
buoys are correct, irrcspectivc of the absolute accuracy of thcir azimuths with reference 
to one another. If sounding lines are run pormd to and through the line of buOJ’” 
large jumps will occur when the vessel passes from one side of the line of buoys to  
other, unless the buoys are accurately located in azimuth with rcfercnce to onc anotller’ 

The positions of survey buoys cannot be determined as accurately as those of fixe 

If the distanccs between buoys are inaccurate the extreme outer end of a straig bt 
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334. LARGE-SCALE SURVEYS 
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shore observations should be noted to the nearest second and recorded in the Sounding 
Record on the vessel and in notebooks at  each shore station together with the respect’‘’ 
observations. 

The directions measured with the theodolites or transits on shore must be refer 
to a known direction or azimuth and the object used for orientation should be verifi 
and noted a t  the beginning of each page of the record by recording a pointing on 
reference object. For plotting the positions of the soundings graphically, it  is adv 
tageous, although not essential, that the control stations be within the limits of , 
survey sheet; and it is convenient, although again not essential, if the reference statlor 
uscd for orientation is to the shore observer’s left as he views the area being s u r d e d  

Directions measured with theodolites or transits should be read and recorded to 
nearest half-minute; additional accuracy is unwarranted for graphic plotting. 

The disadvantages of the method are that the hydrographer cannot plot the Po’“ 
1lid tions of the vessel as the work proceeds and that ranges must be provided for contra 

the course of the vessel; otherwise a straight line of soundings cannot be run. 

red 
8d 

0 0  

3343. Surveys Controlled Partly on Board and Partly Ashore 
The survey may be accurately controlled by stationing one shore observer 5t 

&* 

filled 

eaab 
each 

&,Of0 
erl‘ef 

control station with a theodolite or transit to  observe a direction to  the vcsscl at op position, while on board the vessel a sextant angle is simultaneously measured betg0 
two objccts so located with reference to the occupied shore station that the circle de pt 
by the locus of the observed angle will intersect the observed direction as nearlJ’ 
right angles as practicable. The positions are plotted by laying off 
direction line from the shore station and, with a three-arm protractor, plotting 
sextant angle so that its vertex falls on the respective direction line. 

If a series of equally spaced control stations are accurately located along the 
and successively occupied for measuring directions to the vessel, the shorc ob$ d 
can also direct the vessel on course with his instrument, if sounding lines are run tog’ 
and away from him, thus eliminating the need for ranges. 

(See 2522.) 

3344.. Soundings Located by Measured Distances 
e$d 

bd 

For still greater precision and on larger scales, e. g., 1:1,000, it is generally nec 
to stop the boat for each sounding a t  predetermined distances from the front @ge irol 
marks. 

tb0f 
points may be establishcd by taped distances along the edge of tho pier or * 
The sounding lines are generally run normal to  the line of control points although 4 
can be run a t  any selected direction therefrom. The boat is controlled on line by. 
observer a t  the control point who marks its progress with a transit or sextant, signfi” 
it from time to time to.kecp it on line. 

control points by direct measurement with a line, eithcr marked at  equal intervals Orf’ 

over a registering sheave. Stranded sounding wire fastened to a ring or loop, m tb$ 
a t  equal distances by white rags inserted in the strands, will serve admirably 
purpose. A reel should bc provided by which to pay out or reel in the sounding 
The zero end of the wire may be on the boat or at the control mark. If on the boa 
a man is stationed a t  the control point with the reel; the boat procecds slowlY 
the predetermined line and at  the proper intcrvals it is stopped for soundings by bra ed 
the reel. If the zero end is at  the mark, the reel is on the boat and the boat is stop$, 
by a member of the crew applying the brake. 

For an accurate survey in the vicinity of a pier or wharf, equally spaced COD 

tbe 
Equally spaced soundings are generally taken at  predetermined distances frop 

arkd 

,loa& 

All lines must bo run away frofl 
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d be obtained at  the time of slowing down, the same course should be maintained, ” 

angle, or a bearing, can often be obtainod and combined with the dead reckoning 
provide a more accurate position than can be obtained by estimation (see 7625). 

Along an irregular coast it  is impracticable to provide a sufficient number 

An estimated distance to tho high-water line 

at the end of the line the distance from the high-water line should be estimated. One to 

signals to fix the beginnings and ends of lines in all of the small bights and indeD be’ or 
oj 

tions into which lines should be run. 
distances and directions to irregularities in the shoreline will provide sufficient con troll 

3352. Curved Sounding Lines in Winding Waterways 
In  narrow winding waterways it is often impracticable to provide a sufficient UP b 

ber of signals from which to fix the position of the sounding vessel frequently 
to define its exact course. The sounding lines frequently parallel the shore and w+tb here 

gi$ 
the course of a narrow stream is winding, the hydrographer must fix his position 
reference to control stations when practicable, at  other times estimating positions 

‘OP 
OP 

reference to the adjacent shoreline features and from his sense of dead reckofl 
The sounding lines must frequently conform to the curves of the shoreline, even betd’ 
fixed positions where it is impracticable to run a straight course from one position to ’” 
next. The hydrographer must estimate the course and position of the  SOU^ d$g 
vessel, plotting this course on the boat sheet from estimated distances and dead roc k0” 
ing. In  such cases notes should be made in the Sounding Record that the cofled 
between fixed positions are not straight and direct, and that they should be taken froat 

LI 
the courses sketched on the boat sheet. 

Such a lack of control is authorized only where t;he waterway is unimpol;tBoj 
its average width is less than 200 meters, and the establishment of the required coat$ 
would be exceedingly uneconomic. The lack of fixed positions should be compensalip 
for by additional positions referenced to natural features and most complete notes oP 
the Sounding Record, but irrespective of this, the smooth plotter will have to re11 
the boat sheets to an unusual degree for the positions of the sounding lines. 

3353. Distances to Objects Abeam 

The hydrographer must note in the Sounding Record the distance each object ip 

the water area is passed close abeam. The distance should be referenced to the SO 
ing line or lines that pass nearest the object. Such distances should be measure 
depression angle (see 3362), when this is practicable, rather than be estimated. 8’ exact height of eye must be recorded in the Sounding Record, together with the dePra 
sion angle. Among objects to which this applies are navigation and survey buOJ’B’ 
rocks (sunken, awash, and bare), isolated clumps or streamers of kelp, piles or fish st8 kd‘ to 
and in fact any fixed or anchored object which may be a danger or an aid 

v navigation. 
It is very disconcerting in plotting the smqoth sheet or in chart compilatio? 

find that the hydrographic party has passed close to an object of the nature descrlb 
above without mentioning it in the Sounding Record. Some doubt is raised as to 
actual existence, or whether it was visible a t  tho time of passing. 

should never bo substituted for a more accurate means of location, when such is Pre 
ticable. 

od 
i W  

td Such data are intended to verify the existence and positions of such objects c, 
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of value to assist in controlling a dead-reckoning line of soundings. If the survey Of' 
offshore area is controlled by astronomic observations, the positions of the 

isolated island which is passed by the sounding line a t  a considerable distance. 

approximate center of the shoal, the area being developed by a system of sounding 

relative to the buoy, the distances from the buoy being determined by vertical Or 
depression angles or dcad reckoning, as described in 368. 

3362. Distance by Depression Angle 

lines may frequently be strengthened by the Observation of numerous bearings on aJI 

For the survey of an isolated shoal one survey buoy is frequently anchored a t the 

radiating from the buoy. Bearings are useful to control the sounding lines in azi@ Ubb 

Dot 
t of 

d e  

The distance between the survey vessel and an object a t  sea-usually, but 
necessarily, a survey buoy-may be determined by the measurement with a sextan 
the small depression angle between the waterline a t  the object and the horizon bePn 
The distance varies with the observed angle and the height of eye of the observer; for 

determination. 
a given horizontal distance the greater the height of eye the morc accurate will bo tb8 

The distance may be computed from the furmula 
H cot (a+d) 

3.28 D= 

in which D is the distance in meters to the object, I3 is the height in feet of the 
above sea level, a is the observed angle, and d is the dip of the sea horizon. 

The dip may be taken from a table which will be found in any epitome of @'l' 
gation (e. g., table 18 in the American Practical Navigator-Bowditch) or ma7 b0 
computed from the formula 

d = 59 ff @r 
d and H being the same as above. 

for 
if Tables or curves as illustrated in figure 57, showing the distances in meters 

various angles and heights of eye may be prepared to facilitate the computatioD 

11 
frequent use is to be made of such angles. 

This formula does not include any correction for curvature or refraction. 
should be used only for short distances. Table 11 in Bowditch (page 138) is basad 
on this formula. 

The height of eye should be determined and the sextant angles should be measured 6 accurately. The sextant should be in adjustment or a correction made for any ind 
error. The vessel on which the observer is stationed is unstable, and if the ObJoG' 
is a survey buoy, it too is unstable, due to the motion of the water. The a d 0  

thO should be marked a t  a time when the vessel is on an even keel and when 
level of the sea a t  both the vessel and the buoy is as near average as can be estimated' 

tb0 The buoy rises and falls with the W ~ V C S  and an attempt must be made to measure 
angle to  the mean position at  which the buoy would rest if tlie sea were cdm. 

tb* will usually give the rcquircd accuracy; and if an observation from the bridge of 
vessel would result in a smaller angle, an attempt should be made to measure tlie &lo I from a greater elevation. I n  general, a depression angle of 1' or less will be too 
accurate for use in connection with any kind of well-controlled hydrographic surveying 

tb0 An angle of l0*will correspond approximately to a distance 50 times as great as 
height of eye. 

Used in conjunction with three-point fix control, a depression angle of 3 O  or fl Of0 



HYDROGRAPHY 
229 3362 



3363 HYDROGRAPHIC MANUAL P A ~ F  23’ 

3363. Distance by Subtended Vertical Angle 
it 

for any other reason the depression angle method cannot be uscd, distances to  ne’‘ 
tb0 by objects or buoys may be determined from vertical angles measured between 

waterline and the top of the object, the height of the object being known. In 
structing survey buoys, the banners on each type of buoy should always be placed 

l e s e  a t  the same height absve the barrel for possible use in the measurement of such an& 
The formula for determining the distance is 

When the horizon is indistinct, or there appears to be abnormal refraction, Or 

h cot a D=- 
3.28 

in which 13 is the distance in meters to the object, h is the height in feet of the obi0:; 
and a is the observed angle. This formula includes no correction for curvatU0 
refraction. 

The variables in the formula are the observed angle and the height of the objecbt 
neither the dip nor the height of eye entering into it. The accuracy of the ob@$ 
tion is increased by having the eye as close to the water as practicable and, of co 
the object or buoy must be vertical at the time of the observation, Such observatio’ 
are often impracticable on buoys because they are usually canted m’ore or less bY 
current or wind. If tho object is nonfloating and its elevation above mean high der 

and the height of the tide before applying the formula; the difference being add@’ 
when the height of the tide is below the plane of mean high water. 

Table 9 in Bowditch (page 131) is based on this formula. 

is used as the height, it  m p t  be corrected for the difference between mean high yI: at* 

3364. Distance by Vertical Angle Above Horizon 

Where the object is comparatively distant and the formulas in 3362 and d are inapplicable, the distance may sometimes be determined by a vertical angle mea911CBl 
to the object above the visible horizon. Distances so determined are rarely of sufici’ 

3369 

accuracy to be used in conjunction with control by three-point fixes or R.A.R. Z‘Wf 
of value to supplement sounding lines controlled by astron O l d 0  
reckoning. 

may occasionally be 
observations or dead 

The formula is 

i l 4  in which a is the vertical angle in minutes of arc; D is the distance in nautical 
d (or dip) equals’ 0.984%; h is the elevation of object in feet above sea level 6 the 
time; and H is the height of eye in feet above sea level. 

The fopnula is adequate for most distaices and convenient to use; refraction 
curvature are included. The formula is applicable whether the visible horizon 

visible horizon. Table 10 in Bowditch (page 133) covers this case but has not bee’ 
computed from this same formula and does not cover all possible conditions. 

d 

between the observer and the object or the object is between the observer and the 

3365. Ship Stations 

In  launch or small-boat hydrography it may sometimes be desirable to suppleflO” 
84 the existing control, because of its distance, by using the foremast of the survey sbiP 
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ship where the tracks of both ships are plotted on the boat sheet. Unexpected shoal 
soundings should also be radioed to the R.A.R. ship. 

To assist the auxiliary vessel in maintaining station, all changes in course made 
by the R.A.R. ship should be communicated to thc auxiliary vesscl by flag signals or 
by radio. 

At the end of a pair of sounding lines a standard maneuver should be followed to 
place both ships on the next pair of sounding lines to be run, without risk of collision. 
In  such operations the auxiliary vessel is always kept on the same side of the 
survey ship regardless of the direction of the lines. In  turning at the ends of lines to 
start a ncw pair of lincs, assuming that the turn is to the left, the right-hand ship turns 
about 90° to the lcft, passing astern of the other ship, which maintains its c a m e  for a 
distance equal to the spacing between lines. The latter then turns goo to the left 
and runs to  the next adjacent sounding line, turning again 90° to the left and steadying 
on the new course. Mcanwhilc thc ship which was to tlic right originally has continued 
on its course for a distance equal to three times the spacing between lines and then 
turns to the left onto the new course. When this maneuver is correctly executed the 
ships will be cxactly abeam at all turns and at  a distance from one another equal to 
the spacing betwccn lines. By maintaining relative distance by rangefinder an d 
executing the turns accurately both are in position to start thc next pair of lincs very 
close to the desired positions. To malm a similar turn to the right the maneuvers Of 
the two ships are, of course, exactly reversed. 

When it is nccessary to turn onto new lines where the above maneuvers are ifl- 
practicable, the auxiliary vessel should be instructed by radio to fall back to the quartel' 
or astern of the survey ship and maintain position there until the survey ship has got 
into the position desired to start the new lines. The auxiliary vesscl can then take 
her position. 

Some disadvantages of the method are: 
(a) That it cannot be used at  night or when the two ships are not clearly inter- 

( b )  The officer-in-charge of the auxiliary vessel cannot plot his data at  the time, 
His 

(e) More than ordinary care and judgment arc required in making turns where a 

visible. 

nor know how much development is required, nor whether it is being achieved. 
job is merely to follow instructions. 

close spacing of lines is required. 

337. DEAD RECKONING 
Dead reckoning in hydrographic surveying is neither more nor less than dea d 

reckoning as practiced in navigation, with refinements. Dead reckoning enters, in 
more or less degree, into practically all of the methods for determining the position of 
tlic survey vessel. Rarely is each individual sounding fixed in position, and when this 
isnot done, the positions of thc intcrmcdiate soundings are determined by dead reckoning 
with reference to the fixed positions. Dead reckoning is used to verify positions of 
doubtful accuracy, and in Radio Acoustic Ranging it is frequently used to aid in 
evaluating the data (sec 7634). 

Dead reckoning is navigation 6y account, or reckoning, from the last known position' 
It is the procedure by which the position of a vessel a t  any instant is dctcrmined'by 
applying the ship's run to  the last well-dctcrmincd position, using for thc purpose tbo 
course stccrcd and the distance travclcd, gcncrally as indicated by log. 
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or depression angles, the remainder being controlled by dead reckoning. Positions 
should be spaced approximately 6 or 7 minutes apart, the logs and time being recorde d 
in addition to any other data. If a sono-radio buoy is used, a distance to it can ba 
obtained a t  each position and supplemented by other dead-reckoning data. 

I n  this case the lines are long, With 
no more than minor changes in course between the astronomic data. Such dead reckon' 
ing is dimilar to  that used by every mariner, except that it is carried out with greater 
precision. 

3372. Importance of Accuracy 

(3) To supplement astronomic observations. 

The accuracy and hcnce the value of dead reckoning depends on the precision 
with which the various elements entering into it are known and am observed. The 
true course should be known within 1' and, if a gyrocompass is not used, the deviatiorf' 
of the magnetic compass should be from a recent ship swing; and, if a gyro pilot l9 

not used, an experienced helmsman must be selected who can be trusted to maintain 
an average course within a fraction of a degree. The officer on watch should check the 

d 
course frequently. 

of the line may be deduced from the fixed positions, and its estimated effect, as gel1 
as the estimated leeway, must be applied throughout the dead reckoning. The possr 
bility of a change in current during the run must not be disregarded. Leeway 
probably the most uncertain of all corrections. The log factor should bo knowD 
within two decimals. 

The probable error in each of these elements is smdl in comparison with the 
length of the lines, but to attain the required accuracy all must be observed with mor' 
than average care and precision. 

Currents are not observed, but the effect of the current a t  the beginning and e* 

3373. The Dead-Reckoning Course 

If the vessel is not equipped with a gyrocompass, it is essential to keep the magnetiG 
compass adjusted SO that courses steered by it will be nearly magnetic. Unless the 
deviation card is based on a recent ship swing, several of the values used should be 
verified either before or during the running of the dead-reckoning line. 

The courses on long dead-reckoning lines can be set by reference to the standard 
compass, but where comparatively short loops are involved it is advantageous to m0' 
the deviations of the steering compass accurately enough so that all courses may' be 
set directly by it. 

It is important that the course be accuratcly steered and an experienced helmsfl.an 
should be selected to steer all dead-reckoning lines, unless the ship is provided ,Itb 
a course recorder, from which the average courses steered can be subsequently deter' 
mined. 

The course can be more easily and accurately steered in a smooth sea and, sinGs 
dead-reckoning loops are usually only a small percentage of the entire survey, the? 
should be undertaken only during the most favorable weather. I n  a rough sea it l5 
very difficult to maintain the ship on the correct heading on certain courses, for example' 
when there is a following sea. 

Large changes in course should be kept at  a minimum in dead reckoning and 
proposed lines should be planned with this in mind. Changes in course of 15' or less 
can be assumed to be effective at  the middle of the ship's swing and a record of the ti@' 
and log reading a t  this point is sufficient. When the change is more than 15" the ti@' 
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3375. Wind and Current 

Dead reckoning can be run most accurately in a dead caIm, but this condition 
cannot always be waited for. Experiments should be made to determine the amount 
of leeway which will be caused by winds of different velocities at various angles to 
survey ship’s heading. 

An allowance must be made for current and, lacking observational data, an estimate 
may be based on the following general information: 

t qith (a) Observations have demonstrated that  a persistent wind will set up  a wind-driven currcn in a velocity approximately 2 percent of that  of the  wind. 
coastal areas and in the open ocean. 

(b) The direction of  a wind-driven current in the Northern Hemisphere has been found to be b, generally about 20’ t o  the right of the  wind in coastal areas, but  theoretically this deflection is Prole 
ably nearer 40’ t o  the right of the wind in the open ocean. The rule for coastal wind-driven curreo & 
is not always applicable, especially when near the shore where the direction of the current dePeP 
on the angle between the wind direction and the coastline, 

This ratio can be expected to  hold both 

3376. A Dead-Reckoning Line 

In  running a dead-reckoning line, certain precautions must be observed and certeio 
data must be obtained. These involve (a) the initial position, ( b )  thc terminal positioo’ 

be 
and (c) intermediate data. 

selected which is correct beyond doubt. If data complete enough to fix positions are Id obtained farther offshore, but about whose reliability there is some doubt, they shot‘ 
be used merely as intermediate data to assist in the final adjustnient of the deed‘ id rcclroning loop, but the line resulting from the first adjustment of the dead reckon 

d should not be moved far from its natural position in order to utilize such data,. 
When practicable, each dead-reckoning line should start from a series of fige io positions, a constant course and speed being maintained during the several positions) 

tb0 order that these positions mdy establish thc course made good and a log factor for 
initial part, of the line. 

i g  
b .  The terminal position.-As the dead-reckoning line approaches its end, a p0S 

must be fixed by conventional means as soon as practicable. If the offshore c~ntr~’ , ,~  
by R.A.R., an attempt should be madc to get bomb returns even before these 

be used in adjusting the dead reclroning. 

it is essential that the most experienced officer available be on the lookout for 
signals to come into view as the survey ship nears the control. The observation 
visual fix while the signals are still extremely distant or indistinct and when 
whereabouts is unknown, is one of the most difficult phases of hydrography. 
an experienced officer can locate two of the objects and set a sextant on the ando 
tween them, passing the sextant to another observer who can maintain that aDgJ; ill while the more experienced one finds the otlier object. The end of the line, lilcO OrO 
beginning, should be fixed by a series of reliable fixed positions, and they and the fl 
doubtful data should be utilized in the adjustment as described for  the initial posit$ 

c. Intermediate data.-Bctwcen tlie initial and the terminal positions all ~0: 
data such as single bomb distances, angles, and bearings must be observed an d10 
corded, in addition to the dead-reckoning data, for use in tho final adjustment of io 
loop. When the adjustment is made, some of these data will be found to be eithof 

a. The’ initial position.-An initial position for a dead-reckoning line should 

expected to givc results. A single bomb return will provide a distance arc which I4 

When the terminal position is to be a visual fix, especially if observed to buoy’’ 
8 0  

e 
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lines of buoys and were controlled by bearings taken at 10-minute intervals on the buoys visible. 
bearings were plotted and. the dead reckoning was adjusted to the bearings. 

Neither of the above methods is now used and they should be considered obsolete. 

338. ASTRONOMIC SIGHTS 

Hydrographic surveys beyond the limit of visibility of terrestrial objects and Sfl 
vey buoys or beyond the range of R.A.R. shall be controlled by dead reckoning &ad 
astronomic observations. 

In general, where the sounding line is beyond the range of control stations for 
more than 8 hours, it shall be planned so as to be controlled by astronomic sigh@’ 
weather permitting. 

At least one and preferably several positions a t  both the beginning and end of 
sounding line ccntrolled by astronomic observations must be well fixed from the O’ 

shore control, which may be shore objects, survey buoys, or R.A.R. stations. The 
beginning and end of the line should be fixed as required in 3376. 

their use in navigation, except that the sights are taken with greater precision and OBfe’ 

and they are used more accurately to control the sounding line. It is not the intent 
explain fully in this Manual all details of observation, computation, and use of a9tro’ 
nomic sights as these are usually well known and are adequately explained in any g,“’ d 
epitome on navigation, such as Bowditch. 
to refinements of observation and the best methods of using the observational data 
to control hydrography. 

3381. The Use of Logs 

Astronomic sights are used in hydrographic surveying in a manner similar to 

The information in this Manual is liml ted 

At least two well-rated logs should be in operation at  all times that sounding linf 
are controlled by astronomic sights. The log factors of these must be accurately bo@’ 
the method of determining these log factors is described in 4464. The use of the 10gb 
is similar to their use in dead reckoning which is described in 3374. On long I@’@ 
controlled by astronomic sights logs should be read at  10-minute intervals or oft@”’ 
and each log reading recorded as a fix. 

The log reading at  each astronomic sight must be determined to correlate the 
latter with the depth measurements. When the astronomic sight consists of a serie6 

midpoint of the series of observations. This is generally not as satisfactory as ’ 
subsequent computation to determine the log reading at  the time of the sight. Unless 
the series consists of an odd number of observations, the midpoint will come bet@” 
two observations, and even when the series consists of an odd number, the mean tiae 
of th‘e series will not correspond exactly with the time of observation of the midd” 

that for all practical purposes it may be assumed to represent Mean Time. After 
sight has been computed, the Greenwich Civil Time of observation may be used ’ 
conjunction with the times of the log readings before and after a sight to determine 

d the log reading at  the sight by interpolation. 
At morning and evening star sights the several lines of position are run for@’ 

or backward to a selected central time for which a position is dctermined. 
observations the log reading for each sight must be computed as described above fro’ 
the series of regular 10-minute log readings extending over the time during W hi4 
all of the sights were taken. I t  is convenient to select a central time for the series 
which is a regular 10-minute position. 

(See also 4453.) 

of several (generally six) observations on one celestial body, the log may be read at tb0 

sight. The ship’s time which is used to record the log readings is kept so nearly corre G6 

At 
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noon line of position. Further adjustments may be required when the intermdata  
lines of position are considered. I n  some circumstances the procedure should be 
reversed and the position of the line made to agree with the noon sight first, the log 
factor being determined afterward. The above example is oversimplified because 
sounding lines are rarely run exactly east or west and morning and afternoon sun sights 
are rarely obtained whcn the sun is exactly on the prime vertical. It will serve, hoN” 
ever, to explain the method which, of course, has to be modified to meet each individual 
case. 

W e r e  the direction of the line is such that it is neither parallel nor perpendicular 
to lines of position which can be used as described above, the preliminary log factor to 
be used during the day must be determined from the interval between the fixes obtained 
at morning and evening star sights. Otherwise the lihe must be adjusted by a trial’ 
and-error method, trying various log factors and positions of the line until its most 
probable relation to the lines of position has been determined. 

3384. Accuracy of Astronomic Observations 

Astronomic observations should be made with navigating sextants, read to the 
nearest 10 seconds, and tlhe time of each observation‘marlied to the nearest fifth of a 
second. When only one person is observing a t  a time, tlie times of the observations 
may be marked by the rccorder on the chronometer, if it is convcnicntlp located* 
Mlien two or more obscrvcrs are engaged simultaneously in taking star sights, it is 
impracticable to use the chronometer for all obscrvations. In such cases and when the 
chronometer is not accessible, best results are obtainctl by the usc of a stop watch 
which should be compared with the chronometer imrnediatcly before and after a series 
of observations. For stcllar observations cacli observer should llavc liis own recorder 
and stop watch. 

In  astronomic observations a change of 1 minute in altitude moves the line Of 

position 1 nautical mile, a fact which should always be borne in mind. An obsprVa- 
tional error of 15 seconds in altitude will Innlie an error of one-fourth nautical mile 
the line of position. 

minute of arc in 4 seconds of time. Therefore, if the time of observation is 1 second 
in error, the resulting line of position will be in error one-fourth of a nautical Jaile’ 
For other latitudes and other azimuths the error; in position caused by an error in t ~ ’  
is correspondingly less, varying with the cosine of the latitude and the sine of tbe 
azimuth measured from the pole. 

Position crror (in nautical miles)=.;i. cos 4 sin a 

in which t is the t h e  in seconds, 4 is the latitude of the observer, and CY is the azdu tb  
of the observed body east or west of tlic elevated pole of tlie obscrver. 

It is probable that a careful obscrvation on onc star, made under the best conditioDs 
with an accuratc sextant in good adjustment, can be counted on to give a line of positio’ 

observcd under similarly good conditions is somewhat greater. 
A series of star sights which was analyzed in 1930 had an average intcrccpt of (Iag3 

nautical mile. These sights wcre made by several observers; unreliable sights were 
rejected from the average; the sights were observed from a vessel a t  anchor; but sonze 1 of the other conditions were not the best. The results showcd practically no persona 
error. 

At tbc Equator tlie altitude of a celestial body on the prime vertical changes 1 

This is represented by tile following formula: 
t 

corrcct within one-half mile. And, in general, the accuracy of an individual sun ’ llt 
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Owing to the more rapid rate of change in altitude, the vertical angles measured 
on east and west celestial bodies are less accurate than those on north and south oneg* 
Observers are likely to bave a personal error, so that they always mark a little late 
a little early. This seems to be more pronounced for stars a t  greater altitudes sad 
when the vessel is rolling, and is probably due to the rotary motion customarily giv’ 
to the sextant in attempting to make certain that the observation is marked when 
sextant is in a vertical plane. 

The effect of an error in time or a personal lag in observation is to translate 
lines of position east or west of their true positions by an equal amount. Such @ 

error is not eliminated by a series of star sights selected to plot in a symmetrical figd0 
(see 3387A). 

observers and worked up independently almost invariably differ more in longitUd 

consistently of about the same magnitude and in the same direction, 

eJ1 

Experience has shown that positions derived from star sights taken by sev erd 

than in latitude, and hhat the difference between any two observers is likely to be 
6 

C. THE IMPORTANCE OF A DISTINCT HORIZON 

A distinct and clear horizon is probably the most essential of all requiram@’ 
for obtaining accuracy in astronomic observations. Only in very clear and os* 

height of the seas makes the horizon noticeably irregular, better results may be obtain' 
by taking the observations from as high a station as practicable in order to inore@ 
the distance to the horizon. In  weather which is not perfectly clear, dark clouds lo: 
on the horizon often render it indistinct and a t  times sizeable errors have been fled 

the actual horizon. In hazy weather, or when the horizon is indistinct, obser~atiO’~ 
from a low elevation will give better results. 

The brightness of the horizon is a most essential requirement in stellar obseflv 
tions. For this reason it is extremely important that evening stars be taken as 
and morning stars as late as practicable, when there is sufficient daylight to illum~ete 

latitude, during morning and evening twilight which is best for stellar observatiODg’ 

observations in the limited time available. The use of predicted altitudes and 8:’’ 
muths of selected stars will assist greatly in getting the evening observations fl €de 
the horizon is still sufficiently bright (see 3387B). 

weather is the horizon perfectly distinct and sharp, In stormy weather when, tb0 

in observations by mistaking the upper edge of a low narrow band of cloud or fog for 

the horizon reasonably well. There is a period of 15 to 40 minutes, varying with tb0 

In extremely low latitudes rapid observing is necessary to get the required number Of , 

D. OBSERVING PRECAUTIONS 

For best results certain precautions should be taken in observing astronOflio 
sights, which will give additional accuracy. The observer is stationed on a ~ e 5 ~ ”  
which is pitching and rolling more or less a t  all times. This disturbs the observb 

practicable an observer should station himself near the centerline and amidsblp’’ 
When the vessel is pitching or rolling, each observation of a series should be mar ked 
at a moment when the effect is a t  a minimum and the vessel is on an even keel. 

Astronomic sights should not be observed from a station where the line of 9 igb’ 

and continually varies the height of eye. To eliminate the effect of this as muoh la4 

passes through or near the rigging, or near the masts, smokestack, etc., because the 
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in which 4=latitude and a=azimuth of body from the pole, and the resultant ch ad8 o~ 

similarly, the number of seconds of time for 1 minutc change in altitude; 9 and CY beid 

in altitude is in minutes of arc per minute of time, or seconds of arc per second of time; 

in which X = the number of minutes of time corresponding to io change in altitd', 

be 
as above. 

A table prepared for each 5' azimuth and for two or throe selected latitudes 
found satisfactory. The table may be entered by interpolation, or a graph for e'ob 
latitude may be constructed with the azimuth for one argument and time for the Otb 

argument. 
The difference between any two consecutivc observations of a series should far' 

it is differ from the computed value by more than 15 seconds of arc. 
The altitude rate-of-change table may be used to weight observations, fol. ifif 

obvious that the more adverse most of the conditions of observation are, the 6f051fl 
will be the discrepancies between the observed and tlie computed differences. 
addition to serving as a means of judging the relative quality of the observations! 
use of the rate-of-change table will dctcct small accidental errors in the recorded tlfl 
or the readings of the sextant. 

X=4 sec 9 cos a: 
Of 

tbO 

3386. Sun Sights 
t 

When the sun is visible, observations should be made on it at least five dieef0' 

preferably when the altitude of the sun is between 12' and 25'. Tlle noon sight Sb'dd 
be taken a t  local apparent noon and the mid-morning and mid-afternoon sights she, 
be taken at  times approximately halfway bctween the noon sight and the early 
and late afternoon sights. 

thrce observers. 
at  least two obscrvcrs although, of course, not necessarily at  the same times. 

It is only when clear skies are prevalent that the sun sights can always be ibje, 
near the times desired. In stormy and overcast weather sights may be irnpoSsfig0 
but in partly cloudy weather the observers must be on the watch to take advafi' 

obt@ 
of the sun's momentary appearance through a break in the clouds in order to aog 
the sight as nearly as practicable at  the time desired. The quality of the obserVaFajr 
is probably more important than the time at which it is taken, and if a poor or only 
sight is obtained near the time desired but conditions are better some little time 

tbe the sight should be repeated and the first observation rejected. 
The most valuable lines of position are those resulting from observations whoD pg 

sun is on the prime vertical and the meridian. In certain latitudes and at certain Sea$,ig 
the sun is never on the prime vertical and at other times its altitude when near tbO 
azimuth is not appropriate for a sight. It is considorcd mor0 important to  obSorVet,io 
five sights at the times of day and altitudes prescribed above than it is to try to Ob 

sights when the sun is on the prime vertical. 

times during the day. The early morning and late afternoon sights should be t3@ dd 

,fist 

t5@ 

The meridian altitude sight dt noon should be taken independently by s t  b j  
Sights at the other four times should be talccn independen@ 

la@' 

3387. Position From Star Sights 
hQ 

Each observer's morning and evening star sights shall be used independently d are determine a probable position of the ship, after which the results should be CODP of 
and weighted if necessary arid an official ship's position adopted. The star sigbtP,, 
one observer'should never be combined with those of others in determining posit' 
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be Other things being equal, observations on north and south stars are likely to o{ 
more accurate than those o n  east and west stars, because of the more rapid rate 
change in altitude of the latter (see 3384B). For this reason if more than four 
are observed it is preferable to combine lines of position to a resultant recW 
figure of error whose sides are roughly north-south and east-west. 

.- ---Is 

I 
I 

d ID1 
FIOUBE 68.-Probable position of ship from stellar observations: A and C-by moving lines of position away from Or 

observed bodies by equal amounts. B and D-by the bisoctrlx method, &by the bisoctrix method when there ere 
than four observations. 

0 

l-excallsnt 

4-pmr 

ODf 
FIOUBE 6Q.-Positlonfrom star sights, using B known flgure of emor. A. Characterlstic flgure of error from past experience* B'@! 

acteristic flguro of error used to determine most probablo position from only two star sights. C. Position if lines Of 

'opposite directions are weighted without taking into consideration characteristic flgure of error. D. Position from @metb;$ 
position as in C, but taking into consideration the characteristic figure of error. Note that the position is actually nears' 
west line of position than the ezcellcnt east one, and that it is almost equidistant from the north and south lines, dthoUgp 
excollent and one only falr. 
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altitudes between 10’ and 35’ may be considered satisfactory. The lower limit flay 
be reduced in tropic latitudes, for good results have been obtained there with altitudes is as low as 5’. 
abnormal refraction. 

The group of celestial bodies selccted need not be the same for all observers butuo is advantage is gained in using different ones. 
for one observer to observe stars which have already been found by some Oth’ 
obsqrver. 

When observations on bright stars or planets have to be combined with those OP 
faint stars, comparable conditions may be approximated by obsrrving thc bright star’ 
first, as soon as they become visible in the telescope in the evening. In thc morning ”’ 
sequence should be reversed, the faint stars being obscrved first and the bright Opes 

tb’ later when they have dimmed somewhat. 
horizon is indistinct, but better results can be obtained under such conditions by 119iag 

bt a sextant equipped with a binocular telescope. 
night, using a moonlit horizon, because of the likelihood of a falsc horizon. 

In  higher latitudes the lower limit may have to be increased if there 

The tendency, at  least in the evcniM, 

Observations should not be made when 

Observations should ncvcr be made 

R.  STAR IDENTIFICATION 

9 An observer experienced in taking stellar observations should have no difficulty 
identifying the principal stars in the heavens on a clear night, but an observer who b@ 

avo 
tb* 

never taken such observations or who docs so only a t  infrequent intervals must JI 

this some method of identifying thc stars which he observes. Even onc familiar wit11 
heavens occasionally takes an observation on a star which he cannot identiiy, 

ber0 occurring most frequently whcn most of tho heavens is obscured by clouds and t 
is an insufficient pattern of stars visible in the vicinity of the one obsrrvcd to ako 

Of 
identification certain. 

As a matter of routine, beginners should always notc the approximate azimuth d 
each observcd star, and experienced observers should notr the azimuths of any observe 
stars whose identification is doubtful. Obscrvcd stars may be idcntificd vislIally’ 
graphically, or by computation. 1%. 0. Chart No. 2100 may bo used for visual idop;; 
fication. 

1 tfY compared with the same area on the star chart will disclose in most cases the 
of thc star observcd. Unfortunatcly, this chart includes only the brightrr stars and It 

St@ few of tho fainter ones which form the pattcrns of the various constrllations. 

*tlld’ 
Stars may be identified by computation, using IT. 0. Publication No. 127, 

Identification Tablcs, or tho  star identification table following tach dcgrcc of la61 
in H. 0. Publication No. 214, Tablrs of Computrd Altitude and Azimuth. Enter‘’’ 

and dcclination may be found. Interpolation by inspection will suflicc. The boor 
angle is convertccl into right ascension, and with tlie declination and right ascension 

hifie’ 
the body may bc identified in thc  Nautical Almanac. 

1939 
If no tablcs are availablr tho right ascension and declination of an unidca 

star can be computed by the formulas arid mc!thods given on pagc 187, Bowditch, 

,ad edition, under the heading “St:w Idcntification.” 
Tlic briglitcr stars may be idrntificd by tlic iiso of the Rude S$r Findel’ 

Idcntificr, 13. 0. No. 21020, or H. 0. No. 21026. The lattcr is hascd on tlie :$ 
principle as 2 1 0 2 ~  but the star chart and thc templates are on a smaller scale an 
results cannot be obtained ns accurately as from 210%. 

The pattern of thc stars in any constellation or any section of the bcav‘t: 

the tables with thc obscrvcd altitude and azimuth of tlic celrstid body, its hour * D&’* 
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Of mate time in order to obtain a fixed position at the time of sight, when the lines 
position intersect at  angles greater than 45’. Otherwise they should be used a9 adi’ 
vidual lines of position. 

34. HYDROGRAPHIC OPERATIONS 

341. PERSONNEL AND THEIR DUTIES 
The personnel required for various survey units has been briefly outlined 1 4 2 8  d 

The specific duties of the various personnel are described here, except for those perso@ 
required only for th’e R.A.R. method of control, whose duties are described in 671. 

It is .to be understood that the duties described under two different heading. 
may be performed by one person or by two persons, depending on conditions. 

bdO 

341 1 .  Supervision by the Chief of Party 
a4@ During the progress of the survey the Chief of Party is required to SUP 

closely the field work and to inspect frequently the boat sheets and Sounding Record’’ 
He shall assure himself, by personal inspection of the field operations when  ne^^^^"' 
that all units in his party are carrying on such operations in accordance with 
requirements contained in the various manuals and in the project instructions. 

The Chief of Party should examine each boat sheet daily, if practicable, pd?j 
particular attention to the adequacy and completeness of the survey with sPod 

daw 
b d  

reference to the determination of least depths on shoals, the location of and 
relative to rocks and dangers of all kinds, the least depths on and the extent of 4 obstructing a fairway, and the development of all navigable channcls. Each cb@zr0 
should be studied carefully from the soundings plotted on the boat sheet to en 
that the intensity of the soundings is sufficient to show the limits and navigable daf’ by of the channel throughout its extent or to determine where additional hydrog@ 

to is required. 
From this daily examination of the boat sheet the Chief of Party should idiG5 

to the hydrographer where additional lines, more intense development, or any 

ed9 data are required. Sounding Records and other recorded data should be ex@ 
occasionally to make sure that they are being kept in accordance with thc rcquirefl 
of the Hydrographic Manual and are complete and satisfactory in all respects. OD9’ ida general examination of the Sounding Records is reqyired, the hydrographer in imrWd 
charge being specifically rcsponsible for the day-to-day examination and for the apPfoCB 

dag{ 
of each day’s recorded data (see 3246). 

#@ 
When it is impracticable for the Chief of Party to examine the boat sheets 

because of the detached work of a unit, he should mako his examination at as freq 
intervals as practicable. 

Any general instructions issued to the hydrographer by the Chief of p 

The supervision by the Chief of Party during the season and a final in~pect~~’$ 

a d  

Of 

E f O f l  

should be written in the Sounding Record and signed by the Chief of Party. 

the boat sheet when it has bccn completed must be in sufficient detail t o  ensura 
final adequacy and completeness of the survey before the departurc of the part9 

tbO the working ground at  the end of the season. 
The Chief of Party need not sign the Sounding Records, but in his ,approval Of d 

survey (see 7941 and 8437) he shall include a statement as to the amount of pBfT:Bb 
supervision of the field work and as to the frequency with which he examined tho 
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After the regular intervals between soundings and betwecn positions have be’ 
ordered by the oficer-in-charge, the recorder is the one who sees to it that the soundog9 
and positions are taken a t  tho required intervals, so long as constant intervals ffe 

b maintained. The recorder repeats aloud, for verification, all important data d l C  

are called out to him to be recorded. When a sounding is rcported, which, by CoV 
&e 

th 
parison with previous soundings, appears to be possibly in error, the rccorder must m 
a special point of having the leadsman or thc fathometer attendant vcrify %lie dep 
which he is recording, and must indicate that the recorded depth has bccn verse d by 
making a checkmark alongside it. The recorder must call to the attention of the 

01 officer-in-charge any unusual circumstances, such as a sudden unexpected deepening 

d shoaling in tlie soundings. 
It is the duty of the rccordcr, assisted by tlict lcadsman, to  vcrify the length 

markings of the lcadlinc against tlic standard cach day bcfore and after hydrogrd’ 
and to cnter tho results of tlic comparison in the Sounding Record (see 4622). I t  if ilis 

US duty to  see that the data arc obtained and recordcd which are requireafor the v@rlo 

813 and 816). 
standard rubber stamps used a t  tlie beginning and end of cadi day’s hydrography (See 

tlie fathometcr attendant and tlic recorder may frcqucntly be combined, cspeC1 *,11Y I 

341 5. Fathometer Attendam 

When surveying in deep watcr, using an echo-sounding instrument, the duties Of 

where the bottom is comparativdy even, thc depths arc easily obtained, and tho int(3Iq5h 
d@’ 

t11e 
betwcen the soundings is not too short. Generally, howcvcr, the fatlioincter atten 
should have no other duties and sliould bc frcc to dcvotc liis wholc attention to 

as. instrument so that the depth of tlic water is obsrrvcd a t  all times and tlicrc will bo 
NiJI surancc that no shoals nor least depths go unnoticcd. 

o’ no other duties must be providcd at the following times, rcgardlcss of whcthcr the ecb 

u ires 
d for 

rnoderatc depths, whcre the submarinc relief is irrcgular, when the instrument reel 
frcquent adjustment for optimum rcsults, when rcdings arc diEcult to obtain, en 

111 all echo sounding in launches. 
This is USua nbe‘ 

for dictatrd by the scale of the survey and the s p e d  of the vcssel and finally by thc nu 
of soundings which can be shown lcgibly on the smooth sheet or which are required 

howcvcr, it is the duty of tlic fathomctcr attendant to note tlic shoalcst and thc de 
soundings, and in cach case thcse shall be reported to the recorder and recorded if 
differ by more than 5 pcrccnt of tlic dcpth from the gcncral s l o p  of the bottom 
soundings a t  regular intervals (see 343). 

sounding instrument so that tlic bcst and most accurate results aro obtained at Id 
times. 
notify tlie officer-in-charge immediately. 

sounded along each line and that the instrumcnt has operated and the f a t l d ’  

the contrary is true, the fathomcter attendant must notify the rccordcr a d  
nroper cntry must be mado in thc “Remarks” column of the Sounding Rccord. 

A fatliomctcr attendant 

sounding instrument is visual or graphic recording: when surveying in shod afld 

A rcgular sounding interval is ordercd by the officer-in-chargo. 

an adequate reprosentation of the bottom profile. Regardless of the regular inhe *d’ 
opESt 
tb09 

The fathometer attendant must bc familiar with the adjustmcnts of the ecbV ,jj 

attendant has obscrvcd it continuously bctwccn recorded soundings. If for any &JP tl,O 

Jn case of operational dificultics with which hc is incapable of eopirg, he sbo’ 

beea Where ccho sounding is used in a survey it is assumed that a profilc has otef 
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soundings. The echo method has replaced the use of the wire and lead almost COa' 

pletely and is rapidly replacing the handlead. Vertical direct measurements by botb 
handlead and wire are still required for purposes of comparison. The handlead is Still 
most effective for feeling over shoals and is used on launches or small boats when Do 
echo-sounding apparatus is available. The sounding machine and wire, except for 
comparisons, are used mostly in obtaining temperatures and water and bottom samPles' 

3421. Handlead Sounding 

Handlead soundings are usually taken from a slowly moving vessel. They are 
practicable only in depths where the leadsman can heave tho lead far enough ahead !o 
obtain a vertical cast from a vessel proceeding at an economic speed. This depth l i d  
will vary considerably, depending on the skill of the leadsman and the height of the 
sounding chair above the water. 
will be approximately 10 fathoms and on ships and auxiliary vessels approximately 15 
fathoms, although an exceptional leadsman can obtain soundings in depths of 20 fatb 
oms. On ships and auxiliary vessels where the height of the sounding chair above 
water is sufficient, the elevation and the stability permit the leadsman to throw the lead 
farther ahead than is practicable from lesser heights and from small launches and boats' 
The end of the leadline should always be made fast to the sounding chair. 

To obtain a sounding the leadsman stationed in a sounding chair heaves the had 
far enough ahead to give it time to sink to the bottom just before the loadsman is Over 

that point. A right-handed leadsman coils in his left hand as much line as must 
heaved out to obtain a vertical cast. He grasps the line at the toggle with his ridit 
hand and swings the lead over his head in a vertical arc for onc or two complete circles to 
give the lead sufficient momentum, releasing it at the bottom of one of the swings go 

that it is cast ahead in the direction of progress. As the lead is thrown ahead he Pays 
out the coiled line in his left hand. When the lead strilcas the water it begins to Bid 
vertically, but the speed of the vessel is often greatcr than the rate the lead sinks, so 
that the leadsman has to gather in the slack line as the vessel approaches the spot 
where the lead hit the water. If the proper amount of line has been thrown out 
lead will have sunk to the bottom just before the vessel arrives over it. The leads@' 
then hauls the line taut and raises the lead slightly off the bottom to straighten tho li?' 
and lead, lowering it again to touch the bottom just as the sounding chair comes vert'* 
cally over the spot. Immediately after the depth has been measured the line is hauled 
in by an assistant, except in shallow depths, and coiled in rcadiness for the next soundbg' 

From a rolling launch or small boat where the sounding chair is only a few fBet 
above the water, theleadsman generally cannot swing the lead over his head; otherw" 
the procedure is the same. 

After a sounding has been obtained and the line is being hauled in, it trails @ft 
along the side of the vessel. During this time the hydrographer must be careful ' 
changing course not to risk fouling the leadline in the propeller. When a right-handed 

the right with impunity, but changes of more than a few degrees to the left should 
made with caution, until after the leadlinc has been hauled clear of the propeller. 

The leadsman should be trained to gage the probable depth from the soudDg9 

much may be just as objectionable as too little. When sudden clianges of depth @re 
expected by the hydrographer, tho leadsman should be warned and given an estim'" 
.of the amount of shoaling or deepening (see 3234). 

Under average conditions in small launches the 

leadsman is sounding from the starboard sounding chair the courso may be changed to 

immediately preceding in order to heave out just the right length of leadline. T O O  
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W h n  thcrc arc waves or swells tlie lcadsman mus t  be careful to allow for their 
So that  the reading of the lca,dlinc will give tlic depth from the mean water 

The leadline should always be read a t  the surface of tlic water. TO read 
the handlead at night from a ship, a floodlight should bc installed wllerc i t  can be 
dlrectcd 011 tllc water below t]le sounding chair. The depth should never be obtained 
by Subtracting tlic. estimated height above thc water of n lcndliiic mark in tllr lcadsman's 
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appreciable error in the length of the line than there used to be. However, each lead’ 
,din$ line used must be compared with standard marks before and after each day’s sou 

and the results noted in the Sounding Record (see 4622). 
length of the leadline the recorded soundings must be corrected for them when reduced 
(see 8221). 

With the wire-core tiller rope now used for leadlines there is less likelihood of 

the If errors are found in 

3422. Wire Sounding 

To obtain a vertical wire sounding the ship or launch must be stopped whde 
19 wire is running out. I n  lesser depths the lead should not be released until the vess’’ a 

stationary in the water; in greater depths it may be released while the vessel has 
the 
ob 

slight headway. 
wire vertical until the lead strikes the bottom. I n  sounding from a launch, the laun 
proceeds ahead as soon as bottom has been reached and while the wire is being *eeled 
in. I n  greater depths sounded from the ship the wire must be reeled in to  within a ”‘ 

100 
hundred fathoms of the surface before going ahead. 

0f fathoms per minute. From a ship it can be payed out a t  rates up to‘150 fathornasp 
minute for about the first 1,500 fathoms, a t  rates not to  exceed 100 fathoms per mlnutO 

50 for the second 1,500 fathoms, and in greater depths a t  a rate not exceeding about 
i d  
8 fathoms per minute. At rates faster than these there will be danger of the wire jump 

off the reel during the descent or when the lead strikes the bottom. m i e n  soundidat 
rough weather these rates must be decreased. The wire should never be reeled in 
a rate faster than 100 fathoms per minute. 

Considerable skill and experience are required to operate the sounding machi$ 
especially in letting the wire run out and in braking when the lead strikes bottofl d 
that the wire will not jump off the reel and become entangled around the d r o  ” 

600 shaft. For use in such accidents a stopper should always be kept available which 
be attached to the wire to take the weight of the wire and lead while tlie snarled 

j0 
is being cleared. I n  extreme casos it is necessary to cut the wire to clear it, making 
temporary splice in order to heave in the lead. When sounding in rocky bottom andba 
rough weather, particularly from a launch, it is almost inevitable that the wire Will 

tP  
on hand. 

I n  great depths, and when the sea is rough, it is often difficult to  detect when 
lead strikes bottom. If the wire is allowed to continue to run out after the lead S trikes 

gitb 
bottom, the wire is likely to kink and may then part when i t  is reeled in. 

On modern survey ships, sounding machines are installed on the bridge deck 
d i d  
dPg 

the wire led outboard to a fair-lead a t  the end of a boom (see 4633). When SOun 

tbO 
are taken with such an installation the ship can maneuver at will to  lteep the soan 
wire vertical. To obtain a decp sounding the ship sliould be hove-to, hcadcd into 

rJlbi4 wind, with the wind slightly on the bow over which the sounding wire leads. , j 5  

will ensure, if the ship falls off the wind, that the wire will not lead under the SblP tb* bottom. With a twin-screw vessel no difficulty will be encountered in keeping d wire vortical. More skill is required with a single-screw vessel, but better results 

t tho 
be obtained by keeping the vessel heading nearly into the wind a t  all timcs. 

drod 
In  addition to leeway there will often be surface currents which will afTcC 

position of the ship but will not influence the lead after it has descended a few hun 1 
fathoms. In  such cases the ship may have to steam ahead continuously into the cUrr0;5 
or wind to keep tlic wire vortical. 

During the descent of the lead the vessel is maneuvered to keep 

From a launch the wire should not be allowed to run out a t  a rate exceeding 

’ 

parted occasionally and the lead lost. A supply of spare leads should always bo LOPt 

If, in spite of the care which is taken, the wire lo’ 
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Shorter intervals are desirable to obtain a more accurate delineation of irregular 
submarine relief, as in channels or when crossing bars, reefs, and shoals. These inter’ 
vals should be uniform between consecutive positions when practicable, but in depth’ 
of critical importance to navigation where the bottom is very irregular, the uniforfl 
intervals should be abandoned and soundings taken as rapidly as accurate vertical 
soundings can be obtained. When the uniform spacing is abandoned, the exact tW 
at which each sounding is obtained must be noted in the Sounding Record. 

3432. Frequency of Wire Soundings 

Intervals betwecn vertical wire soundings, with the survey vessel stopped, shou Id 
not exceed one-half the distance between sounding lines. 

3433. Frequency of Echo Soundings 

I n  echo sounding, depths are measured continuously along each sounding line, 
but when the echo-sounding instrument is of the visual typc, there is no permanen’ 
record of the profile except that provided by the recorded soundings in the Sound&& 
Record. The fathometer attendant shall observe the depths rcgistcred on a visual 
instrument a t  all times and, except as provided in 3415, shall have no other duties 
which will prevent this attention. 

Where the depths are uniform or the slope is uniform, the maximum interval 
between recorded soundings shall be that which will provide soundings for tlic srnootl1 
sheet in accordance with 7724. Wherever tlic depth varics more than 5 percent frorn 
thc uniform slope between the soundings a t  regular intervals, additional intermdata 
soundings must be recorded a t  their exact times. 

In arcas of irregular submarine relief, too much importance must not be attached 
to the maintenance of a uniform interval. A uniform interval facilitates the plotting 
of the smooth sheet, but it is more important that the rccordcd soundings give a true 
representation of the irregularities of the profile. In such areas thc least depths Of 
all the irregularities must be recorded and between them the decpest depths, with 
many intermediate soundings as are required to define the profile accurately. At 
least as many soundings must be recorded as can be shown on the smooth sheet (see 
7724). Particular care shall be exercised to obtain and record a t  their propcr times 
all the critical soundings, such as the least depths on shoals or other elevations of the 
bottom, and the maximum depths between these features and in troughs and valleYs’ 
Soundings must also be recorded a t  each abrupt change of slope of the bottom. 

M’hen echo soundings are obtained with a graphic recorder, a pcrmanent recol*d 
of the profile is obtaired, from which the soundings for the‘smooth sheet s l d l  be scaled' 
For the immediate use of the hydrographcr during his survey a t  least as many soundin@ 
must be plotted on the boat sheet as are required to determine the adequacy of the 
survey and the areas which need additional development. These soundings may be 
recorded in a temporary Sounding Record or taken from the fathogram, a t  the discre’ 
tion of the hydrographer. 

3438. Soundings at Wharves and in Docks 

Where there me wharves and docks within the area of a hydrographic survey, 
accurate sounding lines shall be run close to and along the outer faces of the wharves and 
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be substituted, as for instance the recorder may use a bell, or a sounding clock with a 
bell, to indicate to the leadsmali when to sound. 

(The  anglemen pick up their sextants, find the re* 
spective objects in their sextants, and keep their angles approximately on.) 

(Th i s  order may  also be given bfj whistle, bell, or other 
signal. The  recorder issues this order a n  appropriate number of seconds before the end of the time interval, 
dependzng on  the depth, speed o j  the boat, and skill of the leadsman, so that the leadline will be vertical 
the desired time. The lead sinks. 
The launch approaches the lead. The anglemen prepare lo 
mark the angles.) 

The  anglemen mark the 
angles. 

(The  recorder repeats and records 9.8 (fatho?nS)’ 
The  leadsman‘s assistant starts hauling in the leadline, and the leadsnian coils it fireparatory f o r  the fie$’ 

sounding. 
(The  recorder repeats and reCol‘db 

67’ 15‘. 
(The  recorder repeats and records 

the right angle 41” 08’. The ogicer-in-charge sets the right angle on the protractor and plots the position. 
-4s he plots he announces the names of the stations used in the three-point jx.) 

10:00:20 OFFICER-IN-CHARGE to  recorder: “The fix is BAT-FIG-OLD.” (The  recorder repeals and 
records the names of the stations. After the position has been plotted the position number i s  frequently 
verified. 

The course is now three twenty-seven.’ 
The recorder repeals and 

9:59:45 RECORDER to  anglemen: “Stand by!” 

9:59:50 RECORDER to  leudsman: “Souiid!” 

The leadsman swings the lead and heaves it out ahead of the boat. 
The leadsman hauls in the slack leadline. 

(The  leadline i s  oertical. 1O:OO:OO RECORDER to anglemen: “Mark!” 
Ttke leadsman reads the depth and . . . . . .) 

10:00:02 LEADSMAN to  recorder: “Nine-eight.” 

The anglemen read their angles, and . . . . . .) 
10:00:04 LEFT ANGLEMAN to  recorder: “Sixty-seven fifteen.” 

10:00:08 RIGHT ANGLEMAN to  recorder: “Forty-one oh-eight.” 
The oflcer-in-charge sets the left angle on the protractor.) 

A change in course i s  ordered if necessary.) 
10:00:40 OFFICER-IN-CHARGE to  coxswain: “Right two degrees.” 

COXSWAIN (repeating) : “Right two degrees. 
1 

(The  coxswain is now steering a course 2” to the right of the previous course. 
records the new course 397”. For a considerable change in course he also records the effective time.) 

3442. An R.A.R. Fix 

Hydrography is most complicated when thc soundings are obtained by the ecl10 
method and the control is by R.A.R. The sequence of events that precedc and 
follow one R.A.R. position and thc approximate times a t  which these events occur On 

the average are given in the following relation. It is to be understood thdt the clock 
times preceding and following 1O:OO:OO are varied depending on the efficiency of tll.‘-‘ 
personnel, the distance from the R.A.R. stations, and the amount of difficulty cxp~1’~’ 
cnced in interpreting and plotting the results. The time of the position is 10:OO:oo 
and all of tlie data obtained are recorded in the Records as of this time; othcr times 
given bclow are merely to illustrate the approximate timing of the various activities 
in connection with obtaining the fix and sounding a t  1O:OO:OO. 

Tlic various operations in connection with obtaining an R.A.R. fix take placc in 
different parts of the vessel; the bomber is located a t  a station on thc quartcr-ckd; 
the radio technician and the chronograph attendant arc stationed in tlie radio room Or 

in adjacent rooms wlicrc they can communicate orally witli one anotlicr; thc otllcr 
personnel are u s u d y  stationed on the bridge or in the chartroom adjacent tllrrctO* 
The personnel at  cadi of these stations can communicate with the other stations only 
by signal or by telcplionc, voice tubc, or loudspcalicr communication system. 

As in 3441 tlie seqiiencc of events is only carried through one complete positioIl! 
and it is to bc understood tlmt continuous souiiidings arc obtninrd nt regular intc>TVals 
and the sequence of events described herein is repeated a t  each succcssive R.A.R. 
position during hydrography. 
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if three-point fix control is used, the three objects to be observed are selected an d 
agreed upon. 

Where the beginning of the proposed line is so close inshore that, for purposes of 
safety, it is necessary to start it from a standstill, that fact must be entered in the 
Sounding Record. A complete time record of the changing speed of the vessel must 
be kept, and another position fixed as soon as the vessel is traveling through the water 
a t  a standard and uniform speed. 

3452. Trial Positions 

A trial position is’a position taken to determine tho progress or course of the vessel? 
or its position relative to the proposed sounding line, but which is not recorded as a part 
of the official record. Such positions are, of course, frequently necessary before starting 
a line and often between lines. Their use should be unnecessary while running a sound- 
ingline. The purpose of taking positions is to  enable the profile being sounded over to 
be plotted accurately. If the regular interval between positions is so long that the 
position of the vessel is so uncertain as to require a trial position, the regular interval 
should be reduced. If an intermediate or additional position is believed advisable to 
verify the vessel’s course or speed, it should be taken and recorded as a part of the official 
record. 

3453. Ranges and Distance Angles 

In surveying with the handlead, and at  other times when an cxccedingly slow speed 
is required, ranges will be found very useful, especially when there is a cross wind Or 

current. Two shore objects separated by some distance should be selected for use as 
range marks to assist in running the proposed lines (if practicable, without unduh’ 
delaying the work). 
be determined from the offshore end of the sounding line by measuring with the pro- 

the line being run. This angle is set on a sextant, and with the sigiial to  which tho 
angle was measured in view, a search may be made for a suitable object along the 
shore which may serve as a front range mark, the corresponding rear range mark bekg 
farther inland. 

Starting at  the inshore end of a line the selection of a front object is easy but it is 
only after the vessel has advanced some distance offshore that a rear object can bo 
selected to  give the correct range. 

Distance angles may be used for the same purpose as ranges except that the result’ 
ing lines will be flat curves instead of straight lines. Ranges used for systems of radiat’ 
ing lines are described in 3142 and the use of distance angles is discussed in 3143. 

When a range is desired the correct point on the shoreline 

tractor on the boat sheet the angle between some control station and the azimuth 0 f 

3454,. Turns at Ends of Lines 

At the end of a sounding line, which is one of a system of parallel lines, the sur14 
vessel turns and runs to the next proposed line. Most systems of soundiiig lines shod d 
be planned so that soundings are not required wliile the vessel is turning between adja- 
cent lines. The exact positions of such soundings are usually in doubt and there is less 
confusion if they are omitted. When soundings around turns are not recorded or ar: 
not intended to be used on the smooth sheet, a note should be entered in the "Remarks,, 
column of the Sounding Record opposite the last position of a line that the “Line ends, 
and oppositc the first position of the next line a note should be entered that thc “Line 
begins.” The cxprcssion “Line turns right” .or “Line turns left” should be cntere d 
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slow for handlead sounding. When thc slowest spced at  which a launch will O P  er@ be 
satisfactorily is still too fast for handlead sounding, funnel-shaped canvas drags flu be 
found an efficient means of slowing the launch to thc desired speed. 

e d@ 
d v  

towed astern by a simple arrangcmcnt of lines to adjust the amount of cffectiv 
or to spill them when desired to make them noncffective. Thcy may also be use igg 
obtain a shorter turning radius than is normal for thc launch and to assist in stoPP 
for wire soundings in order to reduce wear on tlic clutch. For temporary use, if cfinvfi5 

]i& sounding should be operated a t  a standard spced which is cfficient as to  accomP od 
ments and is economic as to fuel consumption. The standard specd must be Soduc 

Go the interval between fixed positions cannot bo shortencd, tllc speed must bo redu bo 
so that the proposed sounding lines can be followed reasonably well alld there fli1' 
'no uncertainty in thc positions of the intermediate soundings. 

When soundings are obtained between fixed positions a uniform spccd of the So". 
ing vessel must be maintained betwcen consccutivc positions so that the intern od~fit' 

only at  the times of fixed positions, and an additional position should bo takcn for is 
purposc, if necessary, as when approaching thc sliorc or wlicn a dangcrous shod area 
encountered uncxpcctcdly. In  such cascs the launch may have to  bc turned, stoPP ,,t 
or backed instantly and a fix should be obtained at  tho timc tI1is occurs. If it can' 
be obtained, the timc must be notcd. 

Record whether or not a position is obtaincd, the amount bcing noted in tlle "Reflas*9 
column. 

The construction and usc of graphic speed scales in hydrograpl-ly arc dcsCflb 
in 4826. 

3462. l i b l l o ~ i ~ g  Proposed Lines 

In  hydrography, an effort should always bo madc to follow tllc proposcd lines 

$id' indicated on thc boat shcct (sce 3241). 
The greatcst care should be taken to malrc the actual sounding line coincide 

thc proposcd linc when the lincs arc parallel to thc coast and, when a position plots 
sucli a line, to return to it as soon as practicablc. For other lincs coincidcncc is noiiofi 
cssential as is uniformity in spacing ovcr the cntirc area. In  many cascs, if a P O ~ ~ ~ ~ Q  

plots somc littlc distance off tho proposed line, it may bc dcsirablc to chango COUI@ 

enough to parallel thc lattcr and thcn to shift the entirc systcm of futurc lincs to I@' 

with thosc actually run. 
Where the use of ranges or distance angles is impracticable, the sounding vos5 ,de 

ltcpt on, or as near as praclicablc to, thc proposcd linc by small changes in course 
aftcr oach fixcd position has becn plotted and the rclation of tho vcssel's position ty 8 
proposcd sounding linc has becn determined. It is only aftcr considcsablc cspC1*le$o 
has bccn gained that this can be done quiclrly and by lhc corrcct amount. Byllfi$ 
time thc data arc available on which to basc tlic amount of thc changc, tho vcSSel ifi 
movcd beyond tho plottcd position and this fact must be taken into considcratjor' 

]ino' judging the amount of change necessary to bring the sounding vcsscl back on th 
Whcn the positions arc fixed by strong thrcc-point fixes, thcb plotting of whidl 

Most modern survey launches are capable of operating steadily a t  speeds suffiClen 

They maS' 

drags are not available, one or two buckcts can be substituted to  obtairl the same reS UlV' 

in areas where dangers are suspected or where thcre is danger of grounding. lwi 

Echo soundings may be taken a t  any practical rate of speed. A vcsscl using 

nb 

soundings may be spaced with reasonablc accuracy. Changes in spccld sliould bo ma40 tp 

Tho timc and amount of any changc in spccd must be cntcrcd in the SO11 Ild$ 

6dl 

. 

' ob 

a5 

01 9 (Sce also 3141.) 
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with the depth. It is assumed that a bight is formed in the leadline by the Cf16  
acting on the submerged portion of the line and the lead, so that when tlie line 8Pp 
ently leads vertically down from the leadsman’s hand the lead is actually slightly do# 
stream and the bight of the submerged portion of the line is still farther downstr0@ 

believing he is getting a vertical cast. 
To eliminate such discrepancies, therefore, handlead sounding should be do@ , es 

at slack water or from a boat drifting or running slowly with the current. Cros@$ 
or lines nearly normal to the channel should be run only at slack water and linss 
the direction of the current always run with it. 

A similar type of error can be introduced in handlead sounding in strong c 
by the leadsman permitting the lead to remain on the bottom for a short into’ 
before reading the depth. In  such cases the leadsman should be instructed to 
the depth the instant the lead touches bottom. When searching for least depths d 

afi an area where current prevails, the lead must be rapidly lifted off the bottom eip 
dropped until the least depth has been found. The lead must not be allowed to 
on the bottom appreciably because the current will form a bight in the leadline 
indicate a depth greater than the actual depth. 

The force of the current puts a strain on the bight so that the leadsman is deceived iav 

Odf 

*d 

tlJ9 Echo soundings are not affected in the above manner; and, when practicab10, 
method of sounding should be used in areas where strong currents prevail, both be 050g8 
errors in verticality are eliminated and a faster speed and better control of the 8 l lf lef 
vessel may be maintained. 

Another error may be introduced when sounding in strong currents that a@$ 
the spacing of soundings between positions and thus is applicable whether the so@ 0 
ings are handlead, wire, or echo. If a launch used in running sounding lines acroeg9g 
channel where there is a strong current is kept on line by the use of ranges, prOg$, 
along the line will not be at a uniform rate of speed due to the varying strength Of e$ 
current at  various places in the river or channel. In the strongest current the pro<# 
across the current is slowed because the vessel must be headed into it more to cofl 
act its effect. 

the and there will be some places where there is no current at all. Insofar as practice 
fixes should be taken at short enough intervals and at places where the strength Of ]dod current changes so that the correct spacing of the intermediate soundings will go t& 
be in doubt. If this is impracticable, such crosslines should be run at slack wap 

Varying currents are found in the vicinity of shoals and rapidly changin 
Even far offshore these erratic currents make the running of the proposed lines 
This is especially true where a sounding line crosses the edge of a shoal ar 
currents of different velocities or directions are found. Sometimes there is vi 
dence of such a change in the current, but frequently the evidence is not pro 
or sufficiently noticeable to give warning of its presence. An experienced hydro 
will suspect the presence of such currents from the submarine relief, and an at 
should be made to anticipate their effect on the track of the vessel. It is often 
ticable to make a change in course which will at  least partly counteract the 
the current before evidence of its effect has been given by the consecutive plotted 
tions. In  localities where strong curronts of this nature are apt to be encount 
especially if the spacing of the l i e s  is comparatively close, the greatest difEC 
experienced in running the proposed lines accurately enough to avoid the ne 
for splits. 

On tho contrary, this force will diminish near the edges of the 
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4 
for 
fer 

be 

A basic survey is fundamental; it must be so complete and thorough that it does 
need to be supplemented by other surveys, and it must be adequate to supersede, 
charting purposes, all prior hydrographic surveys of thc area, cxcept for some few 
tures which may bo retained from the old survey (see 9343 and 9344). It must 

ciently intense to discover and dctciminc the least depths on all dangers to navig 
it must verify or disprove beyond question all dangers, critical depths, and other 

sub’ important to navigation appearing on the charts or prior surveys; it must devebP 
marine features of importance in navigation; and it must provide sufficient perman ePb of 

control so that future revision surveys will require the establishrncnt of a minimurn 
additional control. 

It need not cover channels and other inshore areas, recently surveyed adeqUateJY 
ttl@ 
etsd 

on as large or a larger scale by a surveying organization such as the United s 
Corps of Engineers, provided that survey is adequately controlled and can be c o r d  
with the basic survey and a satisfactory agreement of depths is obtained a t  the junctio” 
of the surveys. 

d Doh 
S4Z)l 

The project instructions will specify any features of rr’or surveys that ne0 
be vcrified or disproved, or superseded, as for example, bottom characteristics (3 
least depths found by prior wire-drag surveys (3523), etc. 

adequatcly controlled by thc best practicable mcans in current usc; it must be Sa 

352. PREVIOUSLY KNOWN DANGERS AND SHOAL SOUNDINGS 

All previously known or reported dangers and shoal soundings must be proved, Or 

disproved by the hydrographic survey unless the project instructions specify othcrQ4~ 
The prior surveys and the published charts covering tlic project area shall be scrutiniz0~ 
for such featurcs. 

pletely the old data if such is thc case (see 842L). When a dangcr or shoal indicabiod 

d tbe the examination must b 1 thorough cnough to disprove positivcly its existence, an 
csiP’ 
PO rcco ds must show tlic kind of an examination made and its duration, and the Des 

tivc Report must state why the danger is believed to bc disproved; o t h e r d o  

Pel 
previously reported dangcr can bc removcd from any publication. 

Where a slioa’ is discovered during the new survey closc to  a prrviously know11 
sufficient examination must bo madc to detcrminc definitely whether the new fc  
is a separate shoal, an extension of the original one, or a morc accurate location 
original one. 

Thc Descriptive Report shall contain a statement that a 
comparison has been made and that the new survey is adequate to supersede C O T  

shown on a chart, survey sheet, or publication is.not found during the current SW v0Y’ 

(See 842N.) 

&tu‘0 
of tl@ 

3521. Verijication of Prior Hydrographic Surzeys 

A suflicient examination must be madc to prove or disprovc tho existence ofevfY 
wit@ 

t110 
danger, shoal sounding, shoal indication, barc ‘rock, and wreck on prior surveys 

t b0 
the project arcn. It is not sufficient merely to  verify their existence; their positions! 
least depths on tlic submergcd featurcs, and the elevations of the exposed ones mus 
determincd. It should bc bornc in mind that many prior survcys werc made dur@$f 
pcriod of cvolution of both field and oflice practices. 

with new well-con~rollcd surveys difficult. 
, Where the existcncc of a fcaturc is disproved, or where the cxamiiiatioii is, 8 
considered adrquate to disprove its existcnce, the Descriptive Rcport must cont51:10 
full cxplann tion ant1 a rccommcndation for disposition of the previous data. 

Field rncthods were freque? 
below prpent standards and control was somctimcs insufficicnt, making coordin atlog 

POt 

If 
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Of so, a new least depth on each of those so affected must be obtained from that agm0y d 

a hydrographic examination made to determine it. Rocks and obstructions supPose 
tbBt 

ed 
to have been removed .by blasting should be wire-dragged, if possible, to ensure 
they have been removed in their entirety, unless they have been properly drag& 
after removal by the agency responsible for the removal. 

353. DEPTH CURVES 
Depth curves are indispensable for interpreting and examining a hydro@@biC 

-survey. There is no better gage of its completeness, adequacy, and accuracy thaa 6d 
ability t b  draw closely spaced depth curves with an assurance that the submarine dl 
is accurately depicted. 

where ,the lines have not been spaced closely enough, where additional developmePt 
required, and where errors have been made which require investigation. 

similar to the representation of land topography by contours, except that the top 
0r0a4 rapher has the opportunity to examine visually the topography of the area wb 

the hydrographer has only the measured depths as his guide. The hydrographer Sh 
make a study of the characteristic bottom forms, as such forms usually repeat tWfl 
selves in the same region and in similar regions. 

Abnormal or improbable depth curves are strong evidence of inaccuracies, &dY 
dU@' 
0fdf 

quacies, or possible errors in the hydrographic survey or the inking of the soun 

alJf and where they result from the data, the soundings and positions should be car 
scrutinized. On extensive coastal shelves, such as exist on the Atlantic and 
Coasts of the United States, the depth curves are generally smooth and regular bOcaUee 

te&' the bottom forms are the results of wave or tidal current action on the loose ma 
generally found on the bottom. d, than about 100 fathoms, the bottom forms are generally similar to those found OD '$b 
In general, an interval of 25 fathoms between depth curves is adequate for the Go 

nental slopes and the deeper waters off the Pacific and Alaska Coasts. (See 3533.) 
To draw closely spaced depth curves carefully and accurately requires the iDsp8@g 

tion and consideration of each sounding not only once but often several times, WbOr 

gitf be considered at  all and important indications may be overlooked. 

to recognize predominating physiographic shapes from preliminary sketched d0Ptb &%d 
curves. The ability to represent submarine relief by means of depth curves is a04 bOofi 
only by intensive training and practice and by study of similar work which has 
done by an experienced hydrographer. 

proaching one another they tend toward parallelism. In  general, the infor0 
ar@+ 
&do 

from sounding lines should be sufficient to permit the delineattion of continuous 0 
Special care must be exercised to avoid excessive spacing of the sounding lines 
their direction is parallel to the depth curves. 

the 

the The depth curves should be drawn on the boat sheet by 
hydrographer as the work progresses, and a careful interpretation of the data will d19 0 1 0 ~ ~  

An adequate representation of the submarine relief by depth curves is a pr ob]@ 

Odd 

On the continental slopes, however, in depths 

in sketching widely spaced depth curves many of the intermediate soundings IM' POG 

In  this respect some topographic experience is a great asset as is also the ab 

Depth curves ordinarily cannot cross or run abruptly into each other. or, tttiop BP' 

A study of the nature of the land adjacent to the project area is often helPao#i fd 
3531. Similarity of Submarine Relief to Adjacent Land 

developing the depth curves. The submarine relief is likely to be similar to the ad1 
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The specified system of sounding lines is based on an expected type of subp fir@( be 

Harbors and anchorages are ordinarily surveyed at  larger scales and wi tb C j o S ~  

No holidays should be left in the hydrographic survcy. A holiday is n o ,  t 1ik8’f $1 

topography and where unexpected irregularities are disclosed the spacing must 
reduced in these areas. 

spacing of sounding lines than is specified for the general area. Additiorial SO mdflg fl 
lines shall be run in any bight or indentation in the coast in which a vessel &hi$ 
chor, even though a larger scale is not specified nor is deemed necessary by the 
of Party. 

354~1. Holidays 

to occur within the area of systematic sounding lines on one survey sheet but It’ 
occur a t  junctions with prior surveys, a t  junctions between surveys on different “ 
or by different sounding units, and sometimes where a change is made in the 9P ff 

of the lines. Before leaving the working ground, and in the case of buoys before Ilo 
moving them from their positions, the Chief’ of Party must assure himself tha:fer 
holidays have been left in the project area which might necessitate a return to  the 
or the reestablishment of expensive control. 

a@ 
a’@ 

3542. Missed Soundings 
s d e d  

No bottom lcadlinc soundings are not satisfactory and if they cannot be avo’ cb 
in important areas, definite measured depths must be obtained later. Where ’$1 
soundings occur near the outer limits of an area due to the general depths bcafbb6 
great for the method of measuremen€, the arm surveyed on the adjacent sheet by 

Echo soundings are sometimes missed because the apparatus is not functloa 1 

areas whcre soundings are missed because of improper functioning of the apPd bd 
the line should be repeated at  a later timc and additional soundings taken. la ‘;i+ 
cases they need not be repeated except where consecutive misses along a sounding 
create a gap longer than the space between adjacent lines. 

I n  deep water, when the apparatus is functioning properly and no echo can bo hs@ 
one additional attempt shall be made to obtain the soundings at  a later dato, a d  If fgb 

is not successful, the area may be omitted if of not too great an extent. If Of la 
extent, wire soundings should be taken. 

Each tirne that echo soundings are missed the reason therefor shall be stated ’ 
“Remarks” column of the Sounding Record. dlf 

When the echo-sounding apparatus intended for use in deep water rePaotsdi 
fails in such depths the Washington Office shall be notified iI1 a report containinB 
the facts and the supposed reasons therefor. 

methods must overlap to a junction with defmite soundings. . 
properly or because the conditions prevent the echo from being received. In imp art@ etgst 

dl 

355. DEVELOPMENT 
A greitt responsibility rests on the modern hydrographer. Vcssels of grea t sab 

and value navigate areas with a minimum depth of water under their 
implicitly in the charts to avoid dangers. The possibility of the loss of or 
a vessel by striking some uncharted danger must always be borne in mind 
hydrographer. 
thorough examination of all irregularities of the bottom that there can be any reasou5 
assurance of the completeness of a survey. 

I t  is only by a close spacing of soundings and sounding lines 
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isolated or extending from a reef or point of land may exist between two lines of SO Id* 
ings, even though these are closely spaced. 
siderably diminish the chance of missing such an extension. 

the closest development is especially necessary. 

wire drag (see 3663). 

A few crosslines in such places will 

Particular attention must be paid to‘the areas within the 10-fathom curve 

Extensive development may often be avoided if an area can be examined with tb8 

356. RANGES, BEARINGS, AND SAILING LINES 

In the project area all useful rangcs, bearings, and other marks for clearing d@$ 
or passing close by them shall be noted. Ranges which are established by the “ltbO 
States Coast Guard, and ranges, sailing lines, and courses which are recommended b3’ 
hydrographer must be closely sounded over. 
the centerlines of channels and along ranges and recommended courses, and this , ~, 
shall be paralleled by one or more lines closely adjacent on each side of the centerllPd 
Where bars exist a t  the entrances to rivers these shall be sounded over thoroughly, ’’ 
the best course across them determined and sounded over as specificd above. 

lo also 3833.) 
In areas where there is little navigation and consequently few established aids tbs navigation, leading and clearing lines are especially valuable to the mariner, and 

hydrographer should be constantly alert to select and recommend any that niaY bobo 
value. One of the most essential requirements for such marks is that they should 

which indicate the leading or clearing line should be a considerable horizontal dlS 
apart so that the range will be quite sensitive, but rear range marks which are high 

alodg 
’ liD0 

(See 

One line of soundings shall be run 

readily recognized by a stranger from the given description. The two range ,,&9 
* t&D@ 

of 

very distant should be avoided as they may often be obscured in hazy or cloudy W eather’ 9he?]l 
All ranges, bearings, courses, etc., recornmended for use by the, hydrographer Ni$ 

be described in the Descriptive Reports and shown on the sheets in accordance 
7845 and 8420. 

In  the project area all prominent natural objects and natural ranges that Jn 
useful in determining deviations of ship magnetic compasses and in verifying #?’ 

aY bS 
PO’ 

compasscs shall bc Iocatcd and the azimuths of thc rangcs determined. to 
The Chief of Party shall determine such azimuths from piers and wh~rvegtbo 

prominent natural objects, as are desired locally for use in setting gyrocompasses in b1isp true meridian. jf ear ment, and commercial shipyard, and of each compass adjuster operating in the ar ,Bd 
these are desired, and from which places. He shall cooperate by determining these dlv 
shall report the results directly to  the interested person or establishment. Tho res be 
need not be sent to the Washington Office, but mention of what was done should 
inchded in the season’s report. 

The Chief of Party shall inquire a t  each navy yard, naval est@ 

357. CROSSLINES 
hf 

Crosslines are intended to disclose discrepancies resulting from the use of a laU’d, 
plane of reference ; discrepancies produecd by surveying in unusual conditions 0 f 4 ,laof 
sea, and current; a temporary operational fault in the sounding apparatus; inadeq 
or weakness in thc control; and incorrcct reduction of the records. (See 7771.) 
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361. DANGER OF SURVEYING SHOALS 
The survey of dangers and shoals is one of the most important phases of hY dfl 

graphic surveying, but it is also by far the most dangerous, and where this constitutOe 
a considerable portion of the work the hydrographer must beware of an overconfidO* 
which may lead him to take unnecessary risks with the survey vessel. Whetbar e 
search is being made, a least depth being determined, or the existence of a rep orbed or 
shoal being disproved, there is always the danger that the survey vessel may strike 
ground and be damaged or sunk with possible loss of life. 

816 

d be 
In the survey of dangers and shoals, then, the hydrographer must always be 

to the potential danger. Areas where shoals are known or suspected to exist shod 
surveyed from launches to where a junction can be made safely from the survey &’’ 
The ship should not be endangered just because a launch is not available at  the 
Whatever vessel is used to survey in the vicinity of a potential danger, it must be r@ 
at  a conservative slow speed whenever there is risk of striking bottom or groun did’ 

gll8fl 
&d Safe passing distances. cannot be prescribed for survey ships, or launches, 

tb0 surveying in the vicinity of a danger, because of the great variety of conditions 

s& 
circumstances which may arise. Each case must be decided on its own merits b9 
Commanding Officer, or the hydrographer, who may be expected to have gained ed 
ficient experience to exercise his own judgment. In general, shoals must be surVOf P and developed, but property and life shoidd not be unnecessarily risked to do SO. e 
vessel should ever be endangered wheh the duty can be adequately performed fro’ 
smaller one; no potential danger should be approached or surveyed from a ship 
a laundh can be used; and no launch should be risked when a whaleboat or Pu 
boat can be used. 

When surveying a potentially dangerous area from a launch the same precau 
should be taken as when surveying in the vicinity of one from a ship (see 1581). b$ 

When surveying in the vicinity of a known danger or shoal, the hydro@‘@ d 
must beware of overconfidence arising from the fact that he has a position of it plot;g 
on his sheet and that a previous depth was obtained on it. He must not endanger 
vessel by surveying too close to a danger, trusting to the fact that the position of 
vessel plots a t  what is apparently a safe distance from it. Any one of a numb 
factors, or a combination of them, may endanger the survey vessel, although 
hydrographer believes he is keeping well clear of the danger. 

Before approaching or surveying in the vicinity of a potential danger, the hY 
rapher should review all the facts and make a careful study of all depth curves ad 
previous soundings in the vicinity and take into account all possibilities. Sop0 
the factors that may contribute to a vessel being endangered when in the vicinity 
known shoal are the following: 

ioipi~l” 
,,@ (a) Although the danger is visible, other submerged dangers may be in the immediate V 

(b )  Although a danger has been previously reported as visible, or indicated by breakers, tide 
or kelp, it may not be visible at the time approached, owing to a difference in tide, current, OrgeB’ 

(d )  Abnormal currents are likely to be found in the vicinity of a shoal, which may set the s’ 
vessel toward the danger between fixed positions. 

(e) The known position may be in error; the danger may have been charted from a report! bl@ 
a reconnaissance survey, or from a survey controlled by less accurate methods than are now aVaif’ i o  

(f) The position may have been transferred wrong, due to an error in plotting, a chap’’ 
datum, or a misinterpretation of the data. 

(e) There is likely t o  be less water than the least depth previously reported. ,d 
’ 
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In the selection, hydrographers should be guided by the following consideratioDs: 
ed- (a) In general depths of 10 fathoms or less in a navigable area, all indications should be exami” 
eT ( b )  All shoal indications rising more than 10 percent from the general depth should be 

amiiied. 

dangerous shoal and consequently it is more important that all indications be examined. If the bottora 
&e is of sand or mud it is probable that the least depth may already have been determined or a t  8W’ 

ID 
there is little likelihood of the existence of an important danger or shoal. 

(d) The importance of the region from the point of view of navigation should be considered. 
channel, harbor, or area frequently navigated every slightest indication must be examined; Wheree9 
in a region little frequented for navigation the number of indications to be examined may be some*”t 
reduced. 

3622. Local Reports of Shoals 
d In all project areas pilots, fishermen, mariners, yachtsmen, local authorities, an 

otlicrs with local krowledge should be consulted freely for the purpose of collect@ 
hydrographic information, and all reports of roclrs, dangers, or shoals must be invest’’ 
gated. Tn the past the results of such contacts have been very fruitful. Most of ths 

the existence of a new rock previously uncharted will he disclosed, Most of t1Je 5w 
thorities mentioned abovc, except fishermcn, do not know the exact locations of 5‘’’ 
shoals or the exact depths on them. 

When practicable, fishermen or others should be requested to  guide thehydrogr~pbd 
to the unchartcd shoals which they know. 

‘4 for the shoal is made. 
D9 information from fishermen, because they are not willing t o  divulge the locatro 

of the uncharted shoals which they know. 

(e )  The nature of the bottom should be considered. If it is rocky there is more likelihood of 6 

rocks and dangers known to such local authoritics are already charted, but frequen tlY 

id If this is impracticable, an attempt Sbou 
be made to verify the information from several sources before an extensive se firoh 

It is sometimes difficult to obtain any, or at  least exact, 

3623. Visual Discovery of Shoals and Dangers 
.c*llY 

the 
Where the water is clear, as in the Tropics, under favorable conditions practl 

51 
all dangers to navigation may be discovered by keeping close watch on both sides 0 
vessel during thc survey. 
evidcnce such as lcclp, flocks of gulls, schools of fish, riffles, eddies, upwelling, he@1pg 
up of the swcll, and breakers. 

The most favorable conditions for the discovery of shoals by sight are a 
clear s ly ,  a calm transparcnt sra, and a high sun. If thc sea surface is not entirely 
calm, in order to avoid being bothered by the surface ripples, the area should be searCb 

45’1 to leeward. The sun should be high above the horizon, preferably higher than 
and should be kept a t  one’s back. Undcr certain conditions the sun may be reaeo 
from the surface of thc water in a way to dazzle and prevent thr observcr from s 
through the surface. 

in the crow’s nest. 

in shoal depths from a coloration differing from that of the surrounding bot 
Rocks, especially if covered with seaweed, appear brown; coral heads and sand sbobB 
appear whitish or light green. 
yellowish brown from a little distance away. Coral heads covered by about 2 fatho’ 
appear a light bright green, and shoals in depths as great as 8 fathoms appear 
green in contrast with thc indigo of the deeper surrounding depths. 

‘In addition, dangers and shoals may be discloscd by exher? 

C d  

ted 
,eid 

15’ The obsorvcr should station himself a t  as high an elevation as practicable, preferfib 

If the watrr is sufficicntly clear, shoals and dangers may be readily dotec tcd 
tofl, 

a19 

blue 
Surface reefs and reefs almost awash appear to 



HYDROGRAPHY 



3624 HYDROGRAPHIC MANUAL pAff  fl 

odd 
tb8 
‘$0 

single stalk, must be investigated. In addition to the usual data a statement sh 
be made in the Record as to the value of the kelp for marking the spot; whether 
kelp is visible a t  all stages of tide and at  what distances, or whether it tows under 
as to be nearly invisible at  times. 

it is not practicable to navigate, need not be thoroughly surveyed nor exafllD 
The outer limit of the area must be defined by fixes find soundings, and a few lo spaced lines or scattered detached soundings should be taken throughout the &re’ bo’ give an idea of the general depth. The area should be outlined on the sheet by szTflea 
and contain the legend “heavy kelp, not navigable, not thoroughly surveyed 
also 367). 

(See also 7864.) 
Thick extensive beds of kelp, especially those bordering the shores, through qJ@ , ed, 

idd? 

Of 
c. From Jish and gulls.-Schools of fish are habitually found in the vicidy 

shoals. In ocean areas, where a shoal might exist, a school of fish seen near the sia”es’ l,rraoe 
in one location should be considered evidence of a shoal and be noted for future 
tigation. Likewise, flocks of gulls, which feed on the fish, are similar evidence 
they are seen circling over and feeding in one locality. 

flWn 

3624. Evidence From Air Photographs 
ation 
h Of 

Air photographs of water areas being surveyed often furnish valuable info@ 
to the hydrographer. Any variation in the general appearance on the photograp b out water areas may mean a difference in depth or character of bottom important ea dl UlW 

lii@ to be shown on the hydrographic sheet. Such differences in appearance have res 
upon investigation, in the detection of dangerous sunken rocks between sounding 

id previously considered adequate to furnish indications of such dangers. Occasioa 
as in flat white sand bottom with numerous patches of grass, the differences apPeLiiog 
in the photographs may be too complicated and unimportant to warrant investlg 

rdb in detail. 
Small spots, scratches, or changes in tone which appear on only one photog t 8U may be due to defects in manipulation or materials of the photographic process. $g if a similar difference in the same locality appears in each of two or more overlN-’$p 

photographs, it is practically certain to indicate differences in bottom or curre 
e h 0 ~  Unless the water is muddy or the water surface too rough, air photographs will $0 

the pattern of shoals or channels in depths to approximately 2 fathoms, and ud;’&,. 
most favorable conditions, to much greater depths. of 
graphs of a surveyed area will enable the hydrographer to interpret photograP’ 5’ 
similar areas. The indications may vary with the locality from darker rocks or Uegfng 
tion on shoals in generally lighter colored bottom, to light colored rocks prole‘ 

V8s’ above darker general depths. 
The surface of the water as photographed may also indicate areas requiring 

tigation. 
kelp may at times be more readily detected on the air photographs with their dev’ 
view than from the surface. 

by one of the methods descrihed in 2394(B) for transferring supplemental @tatlo 

rapher happens to sound in that vicinity when the sea is unusually calm. on # 
sheets prepared from photographic surveys (see 7333), the limits of shoals and cba$f 
are indicated by fine dash lines. 
lines and development of the area. 

A bareful study of the P 

Tide rips, swirls, breakers, differences in a regular wave pattern, slicksr 

f4 
The spots selected for investigation may usually be transferred to the boat ?+ 

from photographs. This advance information is particularly valuable if the by d@ 

These are useful in planning the system of SOU’’ 
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th If it becomes practicable to have air photographs taken especially to supplement 
h: the following conditions are the most favorable: sun behind the 

@" at an elevation of 40° to 60°, clear sky, sea calm or rough enough to cause 
brOakers~ and low tide. 

363. BARE ROCKS AND ROCKS AWASH 
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tbO 
a119 

‘ 0d 

(See 

The conditions under which an area breaks must be noted, at  what stage of 
The distance a t  which the break is USu 

Where sunken rocks exist inside a generally foul area they may be symbolla 

tide, and under what conditions of the sea. 
visible should also be noted. 

without location so long as the outline of the foul area is accurately located 
also 367). * 

365. WRECKS AND OBSTRUCTIONS 

All wrecks and obstructions not afloat should be located and as complete b f o f l i  
tion as practicable fuinished. Whether the wreck is totally submerged, visible 5:br0 
stages of the tide, or visible a t  some stage of the tide, should be stated and any V1’ 
parts of the wreck should be described. 

&P’ 
t b l  

When large pieces of floating wreckage, logs, or other debris, menacing to n 
tion, are sighted in areas where such obstructions are not commonly encountcredr 
should be reported immediately by radio to the Commander of the nearest 

&tiof’ States Coast Guard District. 
Sunken wrecks should be treatcd as dangers or shoals and the same infora os. 

should be obtained relative to them. The least depth on a wreck is practically id fl 
sible to determine without dragging the area because of the probable existence of flag 
or other parts of the wreck which one cannot expect to find by ordinary soundin@’ 

366. EXAMINATION OF SHOALS 

An examination shall be made to determine the least depths on all dangers to J? p. 
gation and important shoals in the project area. 
in the area or a more closely spaced system for development, may Iocate the d9 a shoal within definite limits, but only in rare instances will the least depth be fOuD 
this manner, particularly where the area is rocky, The least depth must be faun d by ‘9 

an intense examination of the limited area in which‘ the shoal is known to exist. 
may be accomplished in any one of several ways. 

Where the bottom is visible there is no particular difficulty in finding the 
depth. If a shoal is small in area and is visible, the sounding boat can be placed &bof0 
it and the leadline watched to ensure that a sounding is obtained on the peak Of 

bf ’ shoal. Where the bottom is not visible, the lcast depth may be determined eithe\lioOj 
system of closely spaced lines over the shoal, by wire drag, by feeling with the lea 

li@ or by drift soundings. 
Where the investigation for least depth consists of a system of closely spaced & 

controlled by visual fixes all of the soundings should be recorded; but for drift 5°upb0 
ings and feeling with the leadline, only the least depth found and its position need jl 
recorded (see 3666). 
prac ticablc. 

The character of the bottom on each important shoal must also be determined 

The examination of the shoals discovered should progress with the systeq d 
survey of the area and all shoals or indications found during a season must bc e%&Ifldof 
before the close of the season. Such work should not be postponed until near the ‘;fhi0P 
the’season when storrfiy weather or other circumstances may prevrnt the coflI, 
of all the work planned. 

The regular system of sound@ 

leas” 

As this is a detached position a check angle must bo tdCe’’’ 
aod 

recorded. *ti0 
10 
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3664. Isolated Rocks and Shoals 

An isolated rock or shoal may be found by a system of closely spaced sound’’ 

a3 
lines and, when found, its slope to the top may be followed by feeling with the 
The use of one or two marker buoys is almost essential for this purpose. On arriV@’ 
the area one marker buoy should be anchored at  the supposed location of the Sb: 
and another held in readiness in the boat for immediate use when the exact l ~ c @ ~ ~ ~ ~  
has been discovered. (See 3665.) 

The lines and the soundings along them must be closely spaced for this pup,  09’ 

and if the leadline is used the progress of the vessel must be slow. I t  is good praotloa 
to use two leadsmen, one on each side of the boat. 

If there is a current and the leadline is used, the most effective method is to le’ 
the boat drift along a series of closely spaced parallel lines to cover the suspected @“a’ 

ti00 
bil’ The boat should be run into the current until it  is up-current from the supposed loca 

of the shoal and on one of the lines to be followed. It is then allowed to drift 
the leadsmen sound or feel along the bottom with leadlines until it is down-c 
from the supposed location of the shoal. I t  is then propelled up-current agah 
allowed to drift along the next line, and so on until the shoal is found or the ar 
covered. When the shoal is found the second marker buoy should be thrown 
once. If practicable the lead which has struck the shoal should be left on the bot 
the leadline being payed out while the boat is propelled upstream to a position vert1 WflY 
above the lead, whence by feeling in the vicinity with the leadline the least depth mJ 

d be determined. 
After the position of the shoalest area has been fairly well determined, a gff:f 

sub$titute for the wire drag is to cover the shoal area with drift soundings. TMeedr 
more leadsmen, may be distributed along the side of the boat, each with two lead$ 

tbe one in each hand. The boat is maneuvered upstream from the shoal and turned br 
side and allowed to drift over the shoal spot while the area is felt out by all Of 
leadsmen. If the area is close inshore, ranges should be used to keep track 0 

did’ courses drifted over. The exact ranges should be noted where the least depth on 
line is found. The boat should then be maneuvered upstream and allowed to boat 
over the shoal again, overlapping the previous area by approximately a half 
length. This should be repeated until the shoal has been entirely covered. 

The position of the least depth has now been closely determined and by meaD@ oj 
the observed ranges the boat should be anchored at  the spot with tho least so0P0 

sculled in an arc around the anchor. The anchor line is then let out a half boat Iepgfi 
and the same procedure followed. The operation is repeated until the least deP 

fr@ is found. 
The leadlines may be prepared by attaching a float to each a few feet farther 

J the lead than the least depth expected. 
be let go, leaving the lead on the bottom with the float marking the spot, With ‘lJB 
as a guide, the least depth can be determined in a few minutes by feeling over it* 

O& 

f tb’ 
a d  

Of 

anchor line which will hold. With the leadsmen placed as before the boat is DO# fi 

Then when the rock is found the 1eadW’ 

3665. Use of M~rker Buoys 
In  the examination of shoals the use of marker buoys is almost essential no t ofllf 

to  mark the position of a shoal after it has been found, but also for reference in maneu 
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cable, in order that details of the area may be plotted in their proper positions an d tbO 
area be completely and economically covered. Where this is practicable, the investiga' 
tion of the shoal area is carried out, using the survey buoys for signals, just as any 0 tber 
similar area would be surveyed. Where this is impracticable, two other methods fl 5Y 

from a launch or small boat where three-point fixes cannot be used, a buoy with a tell 

only when the counterweight is heavy enough and the sea calm enough so that the ,st 

be used. 
ed Where an offshore shoal of small area and of shallow depth must be develop 

The height mast may be anchored with a short scope near the center of the shoal. 
the top of the mast above the waterline must be known and the method can be Used 

remains almost vertical. After the buoy has been located, lincs radiating to and fro' 
it  may be run by compass courses, the distance from the buoy at  each fix being dete' 
mined by measuring the subtended vertical angle between the top of the mast an d the 
waterline (see 3363). The deviations of the compass must be accurately knO@ 
(See also 3365.) 

Where the shoal is extensive and the depths on it are not dangerous, one survey 
buoy may be anchored at  or near its center and located. The area m@y then be 93'"' 
tematically covered with the survhy vessel by a series of lines radiating from the buoy: 
the positions close to the buoy being referred to  it by compass bearings and range 

Of finder distances and the positions farther away by bearings and depression anglee 
by dead reckoning and log distances from the buoy. 

that it cannot be plotted within the limits of a large-scale sheet, circle sheets d' 
used (see section 37). 

' taJJt 
bfl 

To develop closely an offshore area where shore control is visible but is so dls 

37. LARGE -SCALE OFFSHORE SURVEYS 
to In  offshore hydrography using three-point fix control it is frequently desirable 

00 
develop portions of the area on a larger scale than that used for the general areal 
for example, extensive shoals which can almost never be satisfactorily developed, 
a small scale. Even if a large-scale sheet can be constructed to include the re@'' 
control stations, it will usually be found that protractor-arm extensions are requ9ed 
making it difficult to plot positions quickly and accurately. 
boat sheet further complicates the problem. But if a sheet of the desired scale capPo 
be constructed to include the required control stations, the conventional metho d d 

lti05~ plotting three-point fixes certainly cannot be utilized. To obviate these difficu 
(@* circle sheets can be used on which fixes can be plotted without the use of a protra 

e011 
A wider application of this method is strongly recommended. 

ed 

Any distortion of 

Simply stated, the method consists in drawing on the boat sheet or smooth sh 

A position is then plotted a t  the intersectioP 
intersecting systems of arcs of circles, each circle corresponding to the locus of god0 

the loci of the two observed angles, each locus being found by interpolation be tI@ep 
angle between two control stations. 

the arcs drawn on the sheet. 

the case with which fixes can be plotted and the increased accuracy of the rt9" 
obtained more than compensate for the time spent, especially where numerous 
observed to the same stations are to be plotted. 

IlYJ Although considerable work is involved in placing the arcs on a sheet origiD' v 
fide9 
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371. DERIVATION OF FORMULAS 

It 
also be shown that, 
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Equations (1) and (2) therefore become, 

d = X? cot a. 2 
(4) 

c= X-  a cosec a. (5) 
2 

To facilitate the computations there is included in 964 a table of natural half-cosecants and half- 
For larger,angles the functions can be derived from this table 

And since the cotangent of an angle larger than 90' is 
cotangents for angles from 1' to 90'. 
from the relationship, f(cw)=f(lSO'-cw). 
negative, the d distances along the Line of Centers would be measured above the line BC (fig. 

The use of the table and formulas is illustrated by the following example: 
The distance between two control stations is 5,000 meters, the scale of the sheet is 1:40,000, and lot be 40, then substituting'' 

equations (4) and (5): 
1 
4 
1 
4 

d=-X5,OM)X7.1503=8,937.9 meters measured on a 1:1O,ooO scale meter bar 

c=-X5,ooOX7.1678-8,959.8 meters messured on a 1:10,ooO scale meter bar. and 

'6 A table of the necessary logarithmic functions should be prepared in advance if their Use 

372. PREPARING CIRCLE SHEETS 
preferred. 

The problem of preparing circle sheets consists generally in determining the 
centers and radii of the arcs and drawing the arcs on the sheet. The method to be 
followed in a given case depends on the relative positions of the two control st&tioDs 
of any system of loci and the large-scale sheet. Five cases may arise. They are: 

(See 374.) 
(See 3151.1 

Case 1. Both stations are off the sheet and the Line of Centers is off the sheet. 
Case 2. Both stations are off the sheet and the Line of Centers is on the sheet. 
Case 3. One station is on the sheet and the Line of Centers is on the sheet. 
Case 4. One station is on the Aheet and the Line of Centers is off the sheet. 
Case 5. Both stations are on the sheet and the Line of Centers is on the sheet. 

Case 1 may be considered the general case and the other four cases as rnodi,ficdiolzs 

(See 3752.) 
(See 3753.) 

(See 3754.) 

of the general case and they are so treated in this Manual. 

373. PRELIMINARY LAYOUT 

Irrespective of the conditions encountered or of the method used in preparing 
the circle sheets, a preliminary layout must first be made on a chart of the locnlitY 
which the control stations and the limits of the various shects to  be used are accurately 
plotted (figs. 63 and 66). This should be done prior to any computation or plotting' 
The layout is needed in selccting the control stations to be used, if thcre arc more 
than three to choose from, and as a guide in determining the angles to bc computed. 

It may be necessary to traverse with the vessel around the area to be surveyed to 
select the best fix available. 

as this will often reduce the number of systems of arcs on a sheet and reduce confusv: 
in plotting. 
fix, but any two pairs that give good intersecting arcs may be used. 

The importance of this selection cannot be too strong 1s' 
emphasized. Signals most likely to be visible under all conditions should be sdec ted 

The selection of stations is not limited to those constituting a three-PO" 

374. GENERAL CASE 
BOTH STATIONS OFF THE SHEET-LINE OF CENTERS OFF THE SHEET 

There are two methods of solving the general case: the graduated perpendicular 
Both are described and the hydrog method, and the auxiliary straight-line method. 

rapher should select the ono which best suits his particular conditions. 
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3741. Graduated Perpendicular Method 

a. Preliminary construction 

3741 
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d for This completes the work on the layout sheet. 
every pair of stations to be used on the survey sheet. 

The same procedure is followe 

b. Computations 
Before the arcs can be constructed on the large-scale sheet the following comPutu 

(1) Compute the distance and azimuth, by an inverse computation i f  necessary, between 

(2) Compute the geographic position of midpoint D between adjacent stations. 

tions must be made: 

pair of stations to be used. 

eeoh 

Where distances between stations do not exceed 25,000 meters and the iatitudos are not higher than 15O,  tho position IU” 
89 it @ obtained by taking the means of the latitudes and longitudes of the adjacent stations. This gives the position as accuratolY 

be plotted. 

Centers) from the midpoint D to the centers of the curves for the entire range of curves to be 
,on the sheet. 

of 
(3) By means of equation (4)  compute the d distances along the perpendicular bisector (Lipe 

d&’ 

lo‘ 
Curves should be drawn to the limits of the sheet, as a Bx is often desired beyond tho limits of the hydrography. Arcs drsw!$3 

(4) Compute the geographic positions of the centers for the four arcs selected on the leyo”’ 

(5) Compute the geographic positions of the three points (A ,  B, and C) selected on each 

Compute also the radii of the curves (c distances) by means of equation (5). 

cvery dcgree above 20” and for every half degree between 10” and 20” usually give sumcient accuracy. For plotting betWCcn the 
small spacing dividers will be found helpful for interpolation. 

sheet (see 3741a(2)). 

four arcs on the layout sheet. 
the  assumed azimuths as scaled from the layout sheet (see 3741a(4)). 

of $be 
This is readily done by using the computed radii (see (3) above) 

c. Construction of arcs 
01 

When the graduated perpendicular method is used, the physical constructioP 
the arcs on the large-scale sheet can be accomplished in one of the following tbfes 
ways: 

1. With beam compass. 
2. By computation. 
3. With three-arm protractor. 

1. With beam compass.-In this method, a special beam compass about 8 feet long is re4 Ui& 
,bjy 

This will-per& drawing curves with a 30-mile radius on a 1:20,000 scale sheet and will 
tb0 meet most requirements. The beam should be of sturdy construction to eliminate sag. 

made of well-seasoned wood in the form of a 2-inch T in cross section has been found to hav$g 
required amount of rigidity. Two beams spliced together have been found unsatisfactory. 
table large enough to accommodate the survey sheet and the Line of Centers is necessary. ifl 

A projection is first constructed on the survey sheet. It is then placed on the drafting tP:$j]g 
such a position that none of the centers is beyond the limits of the table top. Centers 

t*llfl”b’ 
done from an inspection of the layout sheet and by determining the direction of the Line of 
and its approximate distance from one of tho edges of the survey sheet. The lattcr is then  tip^ 
tacked in position. A piece of boat-sheet paper is then tacked on the drafting table where theBtior 
of Centers is expected to fall. 
in pos,ition. 

A narrow strip of boat-sheet paper slightly longer than the radius of the longest arc to be 
is secured to the table for use in measuring long distances. Intervals of 10,000 meters (the 
of the 1:10,000 scale meter bar) are laid off along a straight line on the strip of paper and mark$nl 
10,000, 20,000, 30,000, etc. A small piece of celluloid is fastened over the zero point to P@ of 
excessive wear from the repeated measurements necessary from this point (see 7631).  In laying d 

d e’ the lengths of the radii, the increments from the 10,000-meter intervals should first be plotte 
0’ 

The three points, A,  B, and C (fig. 63),  on each of the four arcs on the layout sheet are plotte$b 

A be,@ 

A dre 

This can be 

The width of the boat-sheet paper will allow for the approxi@ 

then the total distances set on the beam compass. 

the fiurvey sheet by their geographic positions (see 3741b(5)). 
the c values as radii (see 37413(3)) arcs are swung on the strip of paper on which the Line of Cen 

With these points as centers and 
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When this method is used, the preliminary construction on the layout sheet is accomplishe d @  olsr 

before (see 3741a)’ except that  enough arcs should be drawn to permit &n accurate graphic ide@ 

The computation required in 3741b (steps (2)’ (31, and (4)) can be omitted in this method SInae 
geographic position of a point c (fig. 65) on a kwus of an angle CY can be computed from the trieai8 
CMP, the angle MPC being scaled from the layout sheet. 

In figure 65, A and C are two points on the locus of ang1,e a and near the margins of the 
sheet. (These correspond to the selected points A and C in fig. 63.) The angle (Y is the observe 

tion for intermediate arcs as explained below. The computation, however, is greatly sirpP U%8d0 tv 

FIGURE 66.-Drawing the arm with the 
use of a protractor. 

FIGURE 66.-Layout sheet for auxllhry 
BtraiKht-lhe method. 

between the two triangulation stations M and P, and the angles x and x’ i r e  from the scaled @@$ 

from the layout sheet. 
above and the points are plotted on the survey sheet. 

The angle at B equals 180’- (x-2’) and this holds true for any point along the arc AC. gdipg’ 
fore, this angle is set on a metal protractor, using the movable arm that can be closed to a zero re $d 
Two pins are firmly set at the plotted positions A and C. A pencil is centered in the protrMtor fl 
the arc is drawn by moving the protractor along, with the arms sliding against the pins. The pop’ 
of the arc that falls beyond points A and C is plotted with the angle x - x‘ set on the protrEctor’ 

If the distance between A and C is too long to permit sliding the protractor very far fr’$ii 
center of the sheet, then use is made of the geographic position of point B (see 37413(6)) for Pl‘ @ 
the protractor arm. In such case, however, the angle set on the protractor is 1800 minus the dlfle$B 
in azimuths between the line to  B and the line to A or C depending on which part of the arc is 
drawn. d e  

The same procedure is followed to lay off the other arcs on which points have been coflp”te0f 
Intermediate arcs can be laid out in a sfmilar manner by constructing graphs of the rate of ChB?’‘B 
the angle a between each of the computed arcs and plotting scaled locations of intermediate P de 
corresponding to A, B, and C. Graphs for the rate of change of the protractor angle are also pee 
for use in determining the protractor setting for the intermediate arcs. 

3 742. Auxiliary Struight-Line Method 

The geographic positions of A and C are computed by the method 

p ’ 8 P  

o@l@ d 

* In this method use is made of two auxiliary straight lines graduated on the prla b0 
of the graduated perpendicular and furnishing points through which the arcs flay 
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doe' 
be computed from its azimuth and distance (see a(1) above), and from that  point the other gre 

ttipg tions may be plotted. 
(3) The construction of the arcs is accomplished as in the three-arm protractor method by ogb 

on the protractor the angle corresponding t o  180°-(z-z') and making the two arms pass throtbfi 

a rc  sought. If portions of the arc t o  be drawn are outside the auxiliary straight lines then t!;c(3),) 
se t  on the protractor will be (2-z'), tha t  is, the angle between the two auxiliary lines. (See 37 

It is to be noted, of course, that in this method it is not absolutely necessarY be 
the arcs be drawn on the sheet as is the case in 3741. The vessel's position may io 
plotted by swinging the loci of the observed angles. 
certain field investigations or in plotting the smooth sheet. 

corresponding graduations on the auxiliary lines. The center of the protractor will be a point 011 eag10 

tPt 

This may be advantaPou6 

375. MODIFICATIONS OF THE GENERAL CASE 

The problem is simplified where the Line of Centers is on the shcet or where 0P0 
or both the stations are on the shcet. 

3751. Both Stations 08 the Sheet-Line of Centers on the Sheet 

By referring t o  the layout sheet, select three points, a suitable distance apart, within the of 
of the survey sheet being prepared and close to  the perpendicular bisector of the line joining t'o& 
the  control points. Their distances to  D (fig. 62) are roughly scaled from the layout sheet B n d ~ k  
tances chosen to  the nearest 1,000 meters. b 
angulation, the geographic positions of the selected points are computed from point D along , f i i d  
DB-90" (fig. 62). A straight line is drawn through these points for the entire length of the 18fgr 
sheet. 
scale sheet, it  can be extended some distance beyond and onto another strip of paper by IW@' $pd 
straightedge; or i t  may be feasible to  construct a projcction to  include the entire Line of Center$6ed, 
then, after the arcs are constructed, cut off the unnecessary portion. 
points near the extreme limits of the line should be computed. 

Distances along the Line of Centers and the radii for the various arcs t o  be drawn on t:poph 
are computed as described in 3741b(3). These distances arc plotted from the nearest compute 
so that practically all distortion along the Line of Centers is eliminated. 

Select a point on one of the arcs near the center of the work and compute its geographic P ed 
This is readily done from the corresponding computed center, the computed radius, and an @"$fl 
azimuth. 
(if any) to  be applied to  the rest of the computed radii. 

Using Form 27, Position Computation Third-Orde' 

This is the Line of Centers. Where only a portion of it falls within the limits of the 

If the latter method is 
@beet 

ositio' 

A comparison of the scaled and computed radii will determine the distortion Correo 

The required arcs are drawn by any of the methods described in 3741 C. tio9s 
iT9 Under special conditions computat,ions of the radii may be eliminated even where both the st' 'fl 

are off the sheet. For example, if points A and A' (fig. 62) on the perpendicular bisector fall ' 
the sheet, then the locus of the angle a! can be plotted from the relationship given in equdO@ '$8 
371, namely, tha t  the radius of the locus of angle CY is equal to  the distance from A to  A' on the 
of Centers. 

3752. One Station on the Sheet-Line of Centers on the Sheet 
]io$ 

Since one of the control statiOnsb& This is a modification of tht? above case. 
within the large-scale sheet, the radii for the various arcs need not be computed 
can he scaled graphically from the plotted centers and the plotted station. 

3753. One Station on the Sheet-Line of Centers off the Sheet 
igb' 

This condition is best treated by applying the principle of the "Auxiliary St~s,spt 
Line Method" (see 3742). ib0 
that only one auxiliary line is required and it is drawn from the station that falls oPaod 
large-scale sheet. 06 
graduated as before. 
the angle z (fig. 67) on the protractor and making the two arms pass through the dfi 

The same procedure is followed as described there, 

The auxiliary straight line is plotted on tho large-scale 
The arcs are drawn with a three-arm protractor by 
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38. CONTEMPORARY OPERATIONS 

In con junction with each hydrographic survey certain contemporary operatio’: 
must be performed and certain data obtained and noted which are not strictly relate 
to sounding. Those which are the responsibility of the Chief of Party and the sfley 

party, have been described in chapter 1-but those which should be performed by 
hydrographic party are described in this section. 

party generally, but which may not necessarily be performed by the hydrograp bio 

381. SHORELINE BY HYDROGRAPHER 
it it 

v In conjunction with a survey of the inshore waters adjacent to the shoreline 
incumbent on the hydrographer to see that the necessary shoreline information 
accompany the hydrographic survey is available. The high-water line and the top!’ 
raphy offshore from it are the most important parts of the topographio informat@ 
obtained during a hydrographic survey. 

falling within the limits of the hydrographic survey. When both the topographic ” 
a@ 
tflo 

the hydrographic survey are made in the same season under the direction of the 9 

Chief of Party, it shall be his duty to see that any discrepancies between the ie surveys are investigated in the field and that information Common to both 
identical. 

Where the contemporary topographic survey has been made in a previous . M ~ ~ ~  

The hydrographic party shall verify the correctness of the topographic &td d 

or under a different Chief of Party, the hydrographic party will be responsible for tbe 
revision of the topography if any changes have occurred or if any discrepanchs 5J.O 

hi0 found therein. 
Complete notes relative to topographic information obtained by the hydrograp 1 

party and all three-point fixes, sextant cuts, and measured or estimated distances 9b”, 
be recorded in the Sounding Record. The Descriptive Report for tlre hydrograP$ 
survey shall explain in considerable detail the revision of any shoreline, the metb 
used by the hydrographer to locate it, and the apparent reason necessitating the chaag8’ 
(See also 3244.) 

381 1. Shoreline Revision 

Where there has been a contemporary topographic survey either bylplRnedJ1’ 
from air photographs, the results of which are available prior to. the hydrograp 
survey, the shoreline and all topographic details offshore therefrom shall be transfa 
Rccurately to the boat sheet in order that the hydrographer may verify thecomP 
ness and accuracy of these data during his sounding operations. 
which are found to be inaccurate, or where appreciable accretion or erosion has tal@’ de# 
place, shall be corrected and shown on the boat sheet by a broken or solid red liner 
pending on the accuracy of location (see 763), accompanied by appropriate nota 
of the general method used to determine the position of the revised shoreline. 

Of 

b i o  
rred 

Any shorelhe 

ti~flg 

3812. Sketched Shoreline 

Where no topographic survey of the area is available and a contemporary on0 
contemplated or where the only information available is from an entirely inad04 of 

reconnaissance survey, the hydrographer should locate by carefully estimated bit 
measured distances all the importarit features of the shoreline in connection d b p  
hydrography. 

i9 pot 

This may be done from a series of three-point fixes taken close to 
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flu91 cuts if the locations are advantageous. d 

be marked simultaneously with its corresponding fix. Vertical angles can be measur’ 

the coast. Heights of trees on hills, ridges, and mountains shall be estimated in order 
that the elevations may be reduced to ground elevations. On the form-line shBels 
the elevations of the trees shall be shown in parentheses alongside the ground elovatioP9~ 

Various points on the slopes and mountainsides should be cut in and ve 
foro’ angles measured to them in order to control the form lines. The interval between I 

apl1Yf 
alld 

lines shall be governed by the scale of the form-line sheet and the type of topog 
i t  should show clearly the general formation of the relief and should naturally be sfl 
for less rugged terrain. 

local0 Three or more sextant cuts forming a good intersection must be obtained to 
&Ve’ 

dod each object; vertical angles a t  two of these cuts will be sufficient if the computed 
tions check within 10 feet. If the cuts are taken intermittently during an exhe’. el 
period of time so that there might be doubt as to the identity of an object, a Vert!’ 

tl0P’ angle should be observed and recorded with each cut to serve as additional identifi@ of 

Illustrated are tabular forms for abstracting the “observed data” and for the “computatio;pd 
elevations” which shall be included in the Descriptive Report t o  accompany a form-line sheet GOGp 
from sextant cuts observed from a vessel. d 

In the “observed data” form it is t o  be noted that  the vertical angle, column 5, is always me’zzfl 
from the waterline at the shore. 
high water, which is usually t o  be subtracted from the observer’s height of eye above the water 
a6) to obtain the height of the eye above mean high water (column 8). The required tide corrdC@$& 
column 7 may be obtained from the Coast and Geodetic Survey Tide Tables; it  is the dl &O 
between the predicted tide for the time of observation and the “mean range of tide,” except When 

In the ‘komputation of elevations” form, the various steps are self-evident with the Po’ ” 
ectioJ” exception of column 6, “correction for dip,” and column 10, “curvature and refraction torr 

The correction for dip is always subtrncted from the observed vertical angle. The combined Cur‘ 
and rcfraction correction is always added to  the computed elevation of the objcct (column 9)’ 

When the vessel is underway, each cut 

a few seconds later without affecting the clevations, especially when the course pa rallelg 

I n  column 7 is listed the correction for tide with reference to 

predicted tides are minus, in which case they are added to  the mean range of tide. &b1° 
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ctoflj 
t fd located by three-point fixes at  the aids, wherever practicable; cuts are not satisfa 

but where they have to be used all cuts to one aid should be taken in a short a 
of time so there will be less likelihood of a change in the direction of the curren 

signals should be accurately located by R.A.R. if that method of control is bebg 

t 
ing the position of the aid. Offshore aids to navigation beyond the visibility of $bof8 ,,& 

in the hydrographic survey. (See also 7842.) 01 

both shall be determined. dY 
Where a marker buoy is maintained near an aid to navigation the positioPe 

If a floating aid to navigation is found to be off station, the fact should be pr?” If 
reported to the Commander of the nearest United States Coast Guard Distrlct*dOd, 
its station is found to be unfavorably located for the purpose for which it was inten 
its position and the facts should be reported to the Coast Guard and. to the lVasbng$ 
Office. The station of a floating aid is its position on the largest-scale chart o!oDd 
area. ’ Any recommendations, based on the new hydrographic survey, for additft8d 
aids to navigation or for more desirable stations for existing aids, should be rep 08 
in writing to both offices. as soon as practicable, with a photostat or tracing Of 
boat sheet. 

Reference shall be made in the Descriptive Report to any reports which 
been made to the Coast Guard relative to floating aids to navigation. 

Refer to 1551 for objects which are to be located for the use of the Coast 

bec 

@Iddo 

3833. Azimuths of Ranges 
t@ 

The azimuths of all light and beacon rangfs maintained by the United s!’bdo 
Coast Guard for use in navigation in the project area must be accurately deterPnrab$ 
Any that are not determined by triangulation must be determined by the topogrfiP 

The topogrnpher shall determine azimuths of ranges by actually setting up $0 
or the hydrographer. tbe 

planetable at an accurate location on each range at  a considerable distance 
front range, the resulting azimuth line being drawn on the sheet as a long line 

Where the azimuth is detamined by the hydrographic party the survey vesSS’ eb 8 
be placed on the range at  a comparatively long distance from the front rang0 &‘f“ , 

strong three-point fix and check angle can be observed. Where a check ande ” & 
practicable, two three-point fixes at  different locations on the rapge shall be obseP B 
The azimuth of a range established for use in crossing a bar shall be determined Ir$d 
position on or outside the bar. The sextant fixes must be recorded in the SO@ 08 
Records and indexed. From the accurately plotted positions the azimuths Of Ib 

sheet. (See also 356.) 

which the azimuth can be accurately scaled. eJ1 

ranges are to be scaled by protractor and noted along the rangc lines on the S@oo 

and for which the Federal Government is not responsiblo, shall be located by the ill 

I 3834. Nonfederal Aids to Navigation 
nl@ Aids to navigation which are established privately or by State or local gover 

graphic party and their positions shall be shown on the smooth sheet, but the g’b0 
of these aids shall be made clear on the sheet and in the Descriptive Report* @d 
Descriptive Report should state the purpose of the unofficial aids to navigation0$$ 
the date of their establishment, the agency or person who established them, and d 
or not they are maintained, if these facts cnn be ascertained. 
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of the bottom. Fine ssnd will adhere readily to  an armed lead, but is lilrelYIll;xrd to 

3842 HYDROGRAPHIC MANUAL 

t'd 
Each method has its own advantnges depending on the depth and the Chars be 

entirely washed oiit, from a snapper, especially if small pebbles or shells are 
with the sand and are caught between the jaws, holding them partly open while 

b d  ' hoisted to the surface. Soft mud will scarcely adhere to an armed lead at  all, 
excellent sample of it may be obtained by the use of a snapper. 

Neither the armed lead nor the snapper will secure specimens of a rocky botto ik& 
and the best possible indications of this are the feel of the leadline after the lead "tfesd, 
the bottom and abrasions which may be found on the bottom and sides of the 

It must be realized that the specimen obtained on an armed lead is iro"lbbbb 
surface layer of the bottom, which may be of very different character from 

&flea 
immediately beneath. 

In addition to  an examination of the specimens brought to the surface, lea ttafl 
and sounding-machine operators must be taught to gage the consistency of the bo ,tr@ material by feeling through the leadline or the wire the way in which the lead 

sup' the bottom. 
The data on bottom characteristics determined during the sounding must be 01 

plemented by examinations of the material brought up on the flukes of the ancb:b& 
on buoy anchors and these data should be recorded in the Sounding Record with 
positions given as closely as known. 

3842. Frequency of Bottom Characteristics 
bC 

When sounding with a handlead, the character of the bottom should generally8go 
determined on every fixed position and must be determined a t  least once on each Id 

be more complete than is necessary elsewhere. Along the open coasts and in eriol 
bays and similar areas where tests have indicated that a sameness of bottom mat 
is to be expected, a lesser number is required. 

An attempt shall be made to determine the bottom characteristics on each O g ~  
and bank within the range of visual fixes. On ofl-lying shoals and banks of 50 fat'\e,( 
or less beyond the range of visual fixes, such bottom characteristics shall be d e t e r ~ u o ~  
as are practicable in each case. If of exceptional importance one or more survey 
may be located for use in referencing spot stops for the purpose of obtaining boDr0* 
data, especially if survey buoys are being used in the hydrographic control of the 10 

determined a t  least a t  each position, and if the soundings are in comparativeb' 
water and widely spaced, a determination should be made a t  each sounding. s~ Since the use of echo sounding has become more prevalent in livdrograpbio 
veying, the character of the bottom cannot be determined with tho  ease and fre4"'rf 
it could when handload and wire soundings were more commonly used. When ' 0 VId survey is being made of an area where sufficient doterminations of the bottom 
made during a prior survey, it will be sufficient to test a small percentage of thes>of 
determine whether there have been any changes, and if not, the coverage of the pDod 
survey in this respect may be considered a part of the coverage required for the 
swvey. 

Echo-sounding surveys of harbors, anchorages, shoals, and banks in areas 
the hydrography is controlled by visual fixes shall be followed by a second cot'' 
of the area during which spot stops are made to secure the information relative 9 
bottom characteristics. 

of the Sounding Record. In harbors, anchorages, and channels the coverage SI@ 

$bo@' 

When soundings are taken by machine and wire, the character of bottom sb all 

gbOfb 
rage 

Supplemented by ;lata from prior surveys, the mwr@' 
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Sediment 

I n  millimeters 

Diameter of grains 

0. 02- 0. 1 
0. 1 - 0. 2 
0. 2 - 0. 3 
0. 3 - 0. 5 
0. 5 - 1. 0 
1 - 2  
2 - 4  
4 - 6  
6 - 10 

10 - 20 
20 - 50 
50 -250 

250 unwards 
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Beyond the above zone to approximately 200 miles from land, the ocean botho? 

,odY 
by 

Tb0 
r&ult 
t frr 

Red muds are relatively rare* tbO 
I n  oceanic areas remote from land, the deposits consist principally Oftihi& ~ 

,J 

deposits are still considerably influenced by the nature of the adjacent coast, 
these deeper areas, down to about 1,000 fathoms, which we may consider on the 
nental slope, the deposits consist principally of blue, green, and red muds formcd 
the deposition of the finest clays which have been carried to the sea by rivers. 
shells of marine animals are also found in these deposits. The different colors 
from the presence of various minerals. 
quent, although green mud also occurs frequently. 

remains of organisms living in the ocean, in which are to be found small quan 
of wind-carried volcanic debris and very fine terrigenous materials. 
types are: 

the rBoge 
the obp 

Globigerina Ooze occurs a t  an average depth of 2,000 fathoms, most commonly within 
from 1,200 to 2,200 fathoms, although it  has been found from 400 to 3,000 fathoms; i t  is 
acteristic deposit in the Atlantic Ocean. It consists principally of the debris of the minute Cal” ~t i5 
shells of the Foraminifera, especially the globular form Globigerina of characteristic shaped 
dirty-white in color when dried. 

most commonly within the range from 2,000 to 5,000 fathoms. It is not found in the Atlantic 0°51 
It is nothing but red clay containing a large number of the minute siliceous skeletons of Radio!$, 
a group of the Protozoa. It is frequently mixed with the principal constituent of globigerine, i t  8 
but this latter is rarely found in deposits in the greater depths. I ts  color is red or dark brown’ 
less plastic than red clay alone. 8, 

Diatom Ooze is found a t  an average depth of 1,500 fath0n.q in a range from 600 to 2,000 f@$ 
It is found extensively in the Antarctic Ocean and in the North Pacific Ocean. It consists !: 
siliceous remains of a primitive group of microscopic plants, with which clay and R&di0ler1 

de+’’ 
commonly found. 

Red Clay is the most characteristic and widely distributed oceanic deposit, occurring in ntifdf 
greater than 2,225 fathoms and in the greatest depths of the oceans. It is formed almost e lo& 
of insoluble residues, consisting of wind-blown dust, generally of volcanic origin, which by io b V  
process of decomposition form red clay. In  the North Atlantic the color is brick-red, owing &’ 
presence of iron oxide. The calcareous and to a large extent the siliceous materials, which o:eBoO1 
terize the oozes, are gradually dissolved as they sink slowly to the ocean bed and so are rarely p 
in these depths. 

Fine bluish-blaclr or blue muds are mo9 

The pr$cip 

Radiolarian Ooze is abundant in the Pacific Ocean, occurring a t  an average depth of 2,900 

It is white in color. 

385. DESCRIPTIVE REPORT AND COAST PILOT NOTES 
t 

It is obvious that satisfactory Descriptive Reports of hydrographic survey ,a@ $59 ‘ 
be written from memory after the completion of the survey, nor by a person Who 
not in charge of the actual field work. of 

A daily journal shall be kept by each hydrographer in which a complete ’$0 
I notes is made concurrently with the progress of the survey. The notes should 19 

information about the various items required in Descriptive Reports (see 8421, &f no case should they take the place of remarks and miscellaneous entries Prop 
belonging in the Sounding Record (see 815). d@ In somc cases extenuating circumstances may justify the omission of a SOup 
line, a deviation from standard methods, an apparently incomplete developmen’i$O 
A complete record should be made of such circumstances by the hydrographer 
they are fresh in his mind. 

Occasionally, for one reason or another, it  is impracticable for the hydrograp bo to write the actual Descriptive Report, or the hydrographic smooth sheets may liavO dg0 
plotted under the supervision of some individual who did not have personal knON”le 

bet la 
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The construction and operation of the wire drag and sweep are described, &Dd 

instructions for wire-drag surveys are contained, in Special Publication No. 118. 

392. SURVEY IN ADVANCE OF CONTROL 
When, in exceptional cases, it is advantageous to carry on hydrographic O r  topr mu$t 

graphic surveys simultaneously with or in advance of the triangulation, the work 

tP be planned with the view of ultimate compliance with the control specifications. 
order to save time or to utilize the services of all of tho party at  the beginning Of 

tiope 
season, preliminary locations of the control stations may be determined by sextan 
or three-point fixes for use on the boat sheet. I t  is to be understood that the st@ if 
will finally be accurately located and these positions used on the smooth sheet* 

uerdO the preliminary locations are so weak as to cast doubt on the adequacy and CO 
of the survey, the woiyk should be rcplotted in ample time to permit addition& 
work before the party leaves the field. 

Likewise with a topographic survey in advance of the triangulation, the m ,4hod5 
used should bo planncd so that the ultimate result will comply with the control spe ,@e’ 
tions. In an area where the coastline is regular, usual traverse methods may be u sed 
a sheet without projection, to which a projection is added after several of the S 

within the arcs have been accurately located by triangulation. 

systematic errors. 
described in 737. 
can be obtained only by the subsequent location by triangulation of a c ~ r n p @ ~ ~ ’ ~  
large number of the control points. A new projection must be made on which 

be transferred, area by area, and adjusted. 

t Ofl’ 

1 field 

isti~f15 
Od; 

where there is reasonable assurance that any discrepancies are the result of accum ulob8 

@d* 
tb0” 

common control points are plotted and to these the details from the original she0 t lnu9t 

This can be done 

ethod9 A projection can be applied to such a sheet by one of the m 
For topographic surveys of complicated areas, h a 1  acceptabler . ~1 

393. ISOLATED HARBOR SURVEY 
r@giOp l t  is sometimes desirable to survey an anchorage or a harbor in an unknown 

in advance of the regular survey of the area and prior to the establishment Of 

pernianent control. 
A method of establishing local control by planetable triangulation is describ 

pages 51 and 52 of Special Publication No. 144, Topographic Manual. This r d  trol 
be done by sextant triangulation. The stations thus located may be used to ed 
a survey of the harbor and its approaches to any extent desired. The data so Ob:’$$# 
if based on local astronomic observations can be used for the construction of 5 P 
inary harbor chart. If i t  is expected that permanent control will be extended tjf 
the region within a reasondble time, some of the stations used should be perm@eD 

If time docs not pcrmit a complete survey of an isolated harbor, a partial o$ 
naissance survey can be made by less accurate methods, A few signals erectad 0 1 8  

salient points or a few buoys anchored and located by cuts may serve as the coDv b 
The survey should include a measured base, and in lieu of one measured by 
stadia or taut-wire distance will suffice. A meridian should be established, and in 

The shoreline and topographic details may be sketched with reference 
located stations from the sounding boat during the hydrography. 1 The part of the 

ed 0’ 

marked for subsequent connection with the general control scheme. 
609’ 

tBPO’,j 
lid 

more accurate methods, a sun azimuth may be measured by sextant. tbO 
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A minimum of three or more directions should be observed to each object 
It 

be expected that these directions will usually not intersect at  a point, but the triang 10 

error shoud be small enough to ensure that the observations have been taken to tb* 

&$ 

check both on the accuracy of the work and the identification of tlie object. 

ositioP* same point and that there will be little difficulty in selecting an acceptable P . 
Rapid sketches, made at  the different positions, of the details to which the obserVatloa 

gboP were made will be of material assistance in correcting and adding to the data 

b0 
plotted. 

If the depchs permit, a still more accurate and complete running survey @yibe 
based on a series of buoys anchored by the ship during its dead-reckoning line, 
distances and azimuths between them being measured by taut wire and sun a z ~  
from the ship. After this line of buoys is in place and thcir positions are availa bbr be ’ 
hydrographic survey of the area and a survey of the shoreline to any extent fl@’ 
carried out. 

i t id  Each running survey should start and end with a fixed position. Such PO:bsor 

e doad 
can rarely be related to the basic control; generally they are based on astronomic 
vations. When the astronomic observations at  the ends of tlie line and during th 
rcckoning have been computed and positions have been determined, all of the 

tll6 
should be replottcd .and readjusted to  these positions. 

The amount of detail to be obtained during a running survey will depend OD b8 
amount of time available. Additional detail, especially of the inshore area, fla:ll~f 
obtained by employing a launch in conjunction with the ship to sketch in t,he S z  tile 
detail, the position of the launch being located from time to time with reference 
ship at  a prearranged signal between the two. The launch itself may run a dead-r 

lettio& 
ing course which is related to the ship’s dead reckoning, taking soundings a t  th 
time. Better results are probably obtained by dispensing with the sounding and 

104 the launch proceed a t  will to various strategic points where it stops to measure Og d 
de$ and sketch in detail, each position of the launch bcing referred to  the ship’s 

reckoning. be 
All of tlic obscrvations should be recorded and all bearings and anglcs d d d  

plotted at  the time they are observed in order to  detect any errors in identification 
measurement while thc detail to which the observations were made is still in view’. 

In  making a running survey a number of observers and recorders are e s s e ~ ~ ~ ~ ~ ~ i t a  
the various phases of the work must be divided between them so that each has a uB1lf 
duty to perform and not more than he can do efficiently. On0 observe1’ us b0 
takes astrononiic observations and supervises the dead rcclconing; two or more flay ’ 
employed in identifying shore objects and measuring angles and bearings t o  bofr 
another may be cmploycd in identifying various hills and summits and measuring 
zontal and vcrtical angles to them. One person cxpcricnced in that kind of b Wf0 should make slrctclics of the coast which may be relatcd later to the points whic 
been located. 

Regardless of the method used in a running survey or the accuracy attain0 
will be discrcpancics in the results and the hydrographer has the problem of effe 
satisfactory compromise, which can best be done only by one who has had long 
ence in this type of survey. 

&9 

e s@@ 

ld 

tho?, 

d tbor: 
,tid, 

 of^' 
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Name 

DISCOVERER 1, (ex AUK)- 

EXPLORER - - - - - - - - - - - - - 

FATHOMER 2-- - _ _  - - -. - 
GUIDE 1 (ex FLANINGO)-- 

HYDROGRAPHER 3-  _ _ _  _ _ _  

LYDONIA _ _ _ _  - - - - - - - - - - - 
OCEANOGRAPEER (ex 

PATHFINDER f -  - - - - - - _ _  

PIONEER 1 (ex OSPREY) - - 

RESEARCH 4 (ex PATH- 

SURVEYOR- - - - - - - - - - - - - 

CORSAIR). 

FINDER). 

Displace 
ment 

loaded 

tm 
1,180 

1, 850 

550 

1, 180 

1,000 

585 

1,400 

1, 900 

1, 180 

875. 

1,150 

- - 
Length 
letweer 
3erpen- 
liculm 

fed 
160 

198. i 

144 

160 

148 

181 

270 

- 

209. Z 

160 

168 

170 

- 

TABLE 8.--Survey ships of the Coast and Geodetic Survey in 1942 
- - 

Beam 

- 
fed 

35. 6 

38.0 

25. 0 

35. 6 

31. 5 

26. 0 

33. 3 

39. 0 

35. 6 

33. 6 

34.3 

- 

- - 
Mean 
draft 

__ 
feet 
12. 6 

15. 0 

9. 6 

12. 6 

12. 0 

11. 4 

16. 0 

15. 0 

12. 6 

13. 0 

12. 0 

- 

Propulsion 

Triple expansion, recipro- 

Steam turbine _ _ _ _  - - - - - - - -. 
Compound reciprocating 

Triple expansion, recipro- 

Diesel electric--- - - -- - - - - -. 

Four cylinder triplex fore 
and aft. 

Two triple expansion vert. 
inverted with two low 

Steam turbine----..-------- 

Triple expansion, recipro- 

Triple expansion, recipro- 

Triple expansion, recipro- 

cating engines. 

engines. 

cating engines. 

pressures. 

cating engines. 

cating engines. 

cating engines. 

Total 
I. H. P. 

1,400 

2,000 

400 

1,400 

700 

600 

4,500 

2,000 

1,400 

846 

1,060 

- - 
Maxi- 
mum 
speed 
- 
knds 

13 

15 

10 

13 

11 

11 

16 

15 

13 

12 

12 

Cruising 
radius 

miles 
5,500 

8,000 

2,000 

5,500 

6,000 

1,800 

4,500 

9,000 

5,500 

3,000 

4,800 

Fuel capacity 

82,000 gallons fuel 

88,650 gallons fuel 

90 tons coal _ _ _ _ - - _ _  

82, 000 gallons fuel 

32,000 gallons Diesel 

106 tons coal 

85,000 gallons fuel 

110,000 gallons fuel 

82,000 gallons fuel 

240 tons coal _ _ _ - _ _ _ _  

73,000 gallons fuel 

Oil. 

oil. 

oil. 

oil. 

oil. 

oil. 

Oil. 

- oil. 

Complement 

12 

23 

7 

12 

10 

8 

9 

19 

12 

9 

11 

__ 
crew 

57 

68 

41 

57 

51 

49 

59 

68 

57 

71 

59 

1p 

w 

- - 

Built 

- 
1918 

1940 ' 

1904 2 
U 

1918 
e 

1931 

1912 E 
0 1899 

1942 5 
$- 

1918 t' 

1899 

1917 

6 

F 

1 The DISCOVERER, GUIDE, and PIONEER transferred in 1941 to U. S. Navy for duration of World War 11. 
Owned by the Commonwealth of the Philippine Islands and assigned to the Coast and Geodetic Survey. 

SThe HmRogRAPHm, OCEANOBRAPHER, and PATHFINDER transferred in 1942 to u. s. Navy for duration of World War 11. 
4 Loaned to  the Commonwealth of the Philippine Islands and assigned to the Coast and Geodetic Survey. 



Name ~ o t s l  Cruising 
I. E. P. speed ladins Propulsion 

TABLE 9.-Audiary uesseis of the Coast aad Geodetic Survey in f949 

Complement 
FueI capacity 

officem/ crew -- ---.__- 

t m  f e d  feet feet 
128G 98 18.5 6.8 

150 82 21.0 8.0 

Two Diesel engines _ _ _ _ _ _ _ _  
Two Diesel engines _ _ _ _ _ - _ _  

Gasoline engine- _ _ _ _ _ _  _ _ - -  
Two gasoline engines _ _ _ _ _ _ -  
Diesel engine- - - - - - - - _ - - - - 
Two Diesel engines _ _ _ - _ _ _ _  
Two gasoline engines _ _ _ _ - _ _  
Two gasoline engines _ _ _ _ _ _ -  
Two gasoline engines _ _ _ _ _ _ _  
Two Diesel engines-_- _ _ _ _ _  

11. 6 4. 0 zi 1 % 1 13. 7 1 4. 6 
95 66. 7 16. 5 7.0 

300 

300 

45 
400 
130 

170 
80 
80 
80 
300 

13.8 1,800 2,300 gallons Diesel 5 

10 1 3,000 4,460 gallons Diesel 3 

8 400 310 gallons gasoline_- 2 
15 300 1,000 gallons gasoline- 3 
8 .3  4,000 3,133 gallons Diesel 3 

10.5 675 510gaUonsDieseloil- 2 
10 300 300 gallons gasoYine_- _ _ _ _ _ _  
10 300 300 gallons gasoline-_ _ _ _ _ _ _  
10 300 300 gallons gasoline-- _ * _ _ _ _  

10 3,000 4,460 gallons Diesel 3 

Oil. 

oil. 
knnt* I milea 

Oil .  

oil. 
300ga~ons gasoline-- - - - - - - 
510 gallons Diesel oil- 
4,060 gallons Diesel \ $ \ 

I 2 !  
wILDC.4T ____-_  - - _ _ -  _ _  _ _  1 45 1 65.6 1 15.3 1 6.0 1 Gasoline engine _ _ _ _ - _ _ _ - _  

1 Former names are PERKINS, R-DBEAM, and RHEA 111. 
2 Former U. S. Coast Guard patrol boat. 
3 Built for wiredrag surveys. 

14 

12 

5 
8 
12 

6 
6 
6 
6 

12 

E e 
12 

1( 

BuiIt 

- 
M e 1927 

1940 

1912 5 
1924 
1930 3. 

1942 

2 E 

1919 
1919 
1919 
1941 

1919 
1942 
1929 
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SCALE tu FELT 

FIQURE tW.-Genersl plan of a survey ship. 

41 11. The Bridge 

The bridge is the most important part of a ship used €or hydrographic surveYs '# 

dl 

tetiofl 
a Vl6d since so many observations are taken from it, it is necessary that there be as clear 

from it as practicable all around the horizon. The pilothouse is the control Sd it is 
where all survey operations are conducted or from which they are supervised, t-iD 

Of obviously important that it be suitable and spacious. 
In all hydrographic surveys, except those controlled by R.A.R., the piIothouse 

bridge is where the positions aSe plotted on the boat sheet and the soundings an d Cop' ~p 

trol are officially recorded, in addition to the usual navigation which is performed. 
hydrography controlled by visual fixes, all sextant angles are observed from the bridg' 901 

or the flying bridge. The echo-sounding instrument is usually inside the pilotb'u diOg the wire sounding machine is on the bridge just outside, and the handlead souD o j  
platform is on the wing of the bridge. In  hydrography controlled by R.A.R., many 
the details are performed in the radio room and drafting room. 

During hydrographic surveys various personnel are in the pilothouse and OD d 
bridge, all of whom are busily occupied with operations which must be perf@$, 
quickly and accurately. I n  order that these operations may be efficiently performed!$f 
a minimum of confusion, it is essential that the pilothouse and bridge be esPecl dy 
designed for hydrographic surveying and that they be fully equipped and conveniea 
arranged with the most modern navigation and survey equipment and instrume11ts. 
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(f) A loud-spcakcr systcni for two-way coniinunication betwrcn the pilothouse and various Prts 
of the ship; this is cspccially uscful during taut-wire measurements, R.A.R., and other survey opera- 
tions, and when hoisting and lowcring survey launches and small boats. 

(9 )  A rarigefindcr and a gyro repeater on thc flying bridge. 
Other equipmcnt located on the bridgc or in the pilothousr, which iq  only iiidircctly conilcctcd 

with hydrographic operations but deserves nicntion, include.: a iiialirially and clectricallp operated 
whistle and siren, radio direction finder (unless locatcd in the radio roo~n) ,  "ear-view screen, propeller- 
shaft revolution indicator, ruddcr-angle indicator, indicator for electric logs, telephone system, I d 1 t -  
control Switchboard, fire-control system with automatic sinolte indicators, automatic alar111 ho~'ler'' 
and control for oprrating the COZ fire-control system and for closing t I i r  watcrtight doors. 

41 12. The Radio Room 

The radio room of a well-designed survey ship is locatcd dircctly aft of the pilot' 
house, from which i t  can bc entered by an interior door, and with which i t  is connecten 
by telephone and speaking tubes. In  addition i o  tlic usual ship radio communicatiolls~ 
many opcrations connectctl with R.A.R. arc condirctcd in tlic radio room. 
chronograph instnllcd licrc is uscd i i i  R.A.R. 

I ' Ic .r l l l l  i o .  I~lllllll 11lf l111 (11 !I '1111 \,,\ \ I1111 

The radio room should be of suficient size to accorrlmodatc without congcstio11 the 
nccessary radio cqiiipnwnt for survey use ancl ordinary communications. Thc comlfl" 
nications equipment for code sliould consist of two transmitters and two rcrciVcrs' 
One of the transmitt ci-s slioulcl bc for intcrmediatc-frequency communications, rated 
at  1,000 watts, and crystal-controlled to opcrate on 375, 400, 425, 454, and 500 kilo- 
cycles. The powcr to oprmto this transmitter should COIIIC from the ship's pOTs7rl' 
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supply, but for emergency purposes it should be capable of being operated at  a reduced 
er Of 50 wat,ts from a 12-volt heavy-duty storage battery. The intermediate- pow 

fre 
frZe:"Y receiver should be battery operated, or a combination receiver operated 

The Second code transmitter should be a crystal-controlled high-frequency trans- 
lnitter With a 150-watt rating. Two frequency-controlling 'crystals, one of 4135 kc 
and another of 41cO kc, sllould be provided in the transmitter. It should be capable of 0 
P on the harmonics of both crystals, up to and including the third harmonic. 
f Owe' to operate this transmitter should be from the ship's power supply. The high- 
requency receiver should have an approximate frequency range from 0.5 to 30 mega- 

c.Pcles* It may be either a-c or d-c operated, although the former is usually preferred. 
and " addition to the regular equipment, there should be an automatic s 0 S alarm 

The radio room, or one adjacent to it, should have 
suaclent space for worl&enches and stowage of tools, spare parts, and other equipment. 
b o d  The radio technicians, in addition to  their routine radio duties, repair and keep in 
build Order the eclio-sounding instruments, radio direction finder, chronograph, etc. ; 

and service sono-radio buoys and R.A.R. shore stations; build and repair 
'adio sets and attend t o  their installation in launches and camps; and design and 
~ ~ ~ l o p ,  for use in survey operations, new instrumental equipment which involves tlic 

4113. Ship Drafting Room 

h The kportance of tlie drtkfting room on a surveyship is second only to tho pilot- 
douse. and bridge, a,nd because of the considerable amount and kind of work which is 

The drafting room should be largo enough to contain several drafting tables, a desk . ' a file case, and a rack for boat and smooth sheets. The drafting tables gcnerally 
CP4s't of table tops mo unted on a base in which thcrc are numerous large and medium- 

in which t o stow flat the smooth sheets, topographic shoets, drafting paper, e, and maps; and for record boolrs and small drafting instruments and equipment. 
' e tops of tlic drafting tables arc specially constructed of laminated selccted white 

h b e s  thick, stiflenod on the underside, with kerfs to prevent warping. 
ill space permits, one large drafting table should he about 8 feet long for use 

should hc bool~~l~elves for the various manuals, tables, and reference books; &Qd 
There should be 

i~ Qany Windows to admit natural light us practicable and a system of indirect light- 
lamps to eliniinate shadows and to give mar-daylight conditions at ?kht 

Q * The latter is paqticularly important as a large amount of niglit work is necessary 
* CO"QectiOn wit11 1~laI~y of tile llydrographic and survey operations. Improper light- 
Qb. "YS the eyes, especially a t  night uftor they have been used all dny. With the 

ulatmg equipmcIlt now available a n  improperly lighted drafting room is inexcusable, 2;:''' use of lifi]lts of low wattage and the operation of the ship's generator a t  a low 
k - ~ ~ k ~ ~  considcrpd falsp cconomy. They lead to expensive errors and inaccurate 

@lther a battery or alternating current. 

a shiP-t~-~llore telephone. 

' 

Of radio or electricity, and improve existing equipment. 

One it, it is essential t?llat it be ample in sizo and well lighted. 

Or two 

CohstrWting large boat and smootli sheets and circle sheets (see 3741~). 

a locker conveniently accessible in which confidential data may be locked. 
importance of tile illumination cannot be overemphasized. 

'Or 

!% 8tr * 
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41 14. The Ship’s Ofla. 
!D; An independent room for a ship’s office is a valuable assct to a w1vcy ship. 

roports, accounts, and corrcspondcncc arc important functions of any large party, 
the work in connection with them can bc more cficicntly conducted in a room cspec 
rcservcd for this purpose. Having to perform this typc of work in malicsllift qu a5t0TS’ ef’ 

such as the drafting room, wardroom, or staterooms, tends toward a prrfunctorY p 
,jcllco’ 
COT 

fonnnncc and incrcascs the possibility of misplacrd or lost papers nnd corrcspon 
The ship’s o f h e  sliould be located ncnrby and convcnicntly acccssiblc to tlic tllo 

ninntling OfIiccr’s qunrtcrs. It sliould h r  lnrgc cnougll to contain d~slrs or tahlcs for 
(3r005 accounting oificcr, the chief writer, and one or two assistants; safe; and nufl of 

filing cabinets, shelvcs, and pigeonholcs for an orderly and systematic conductia6 I 
flobfi routine and current duties. 

construction. 

194” 

0 
iJY 

All fiimiturc and fixtures should preferably he  of 

481 2. SIllP “I~YI’LOHICl~’’ 

The E.rpZorer (see fig. 1) is probably thc most, modcrn survcy ship afloat in 
Thc survcy cquipmcri t is tlie newest and best available, ar1d the construction is 
complctcly fiteproof tis possiblv in II siii-vcy vessel. 
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The Principal specifications. of the ExpZorer are as follows: 

4121 

220 feet, &Lnahes. , 
198 feet, 8 inches. 
38 feet. 
2.3 leet. 
16 feet. 

1,860 tons. 
2,ooO. 

8,ooo miles. 
16 knots. 

176 tons. 
320 tons. 
13 tons. 
6 tons. 
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eto’l 
The galley and pantries are completely outfitted with steam tables, cupboards, ,,bineter 

whose e2posed metal parts are generally of Monel metal, as are also the sinks and bulkheads 
OF the galley range and around the steam pressure cooker. The galley and pantry equipment d* 
an oil-burning galley range, an electric range, refrigerators and water coolers, electric mixer, elect’‘ 

vegetable peeler, etc. Pi. 
The refrigeration system is of the automatic direct-expansion type, using Freon as a refrigere&, 

The entire interior of the storage spaces is lined with Monel metal, which is sanitary, easily oleel’ 
and lasting. Glass wool in block and blanket form is used to insulate the refrigeration spac@l ctop 

A combined carbon-dioxide fire-extinguishing and smoke-detecting system with smoke deteepw 
at the COZ outlets, provides fire protection for machinery spaces and in dangerous fuel compafi@ the 
In addition, there are 42 thermostatic detectors, connected to the fire-alarm system, provided 

P various storerooms, lockers, and hold spaces on the upper, main, and lower decks. 

I@’ extinguishers, fire axes, breathing apparatus, flame safety lamps, etc., are provided a t  strategic p 
*Bud Magazine flooding is provided. 

e& In addition to the 
voice tubes, call bells, and telegraphs, there is a loud-speaker system designed to provide for g 
announcements from the pilothouse to various parts of the ship, to  provide two-way co~Ver8’$ 
between the pilothouse and any of the talk-back speaker stations, and to provide for the ampli@:typt 
of an alarm siren over all of the loud-speaker system. A sound-powered, selective ringing, marin 
telephone system is installed to provide interior communication throughout the ship, with an aoou 
telephone booth installed in the engine room. 

The water system is served by two duplex steam, fire, and wrecking pumps. Pofiable 

The ship is equipped with several types of interior communicatioii. 

4122. Equipment of the “Ezplorer” 

The bridge and pilothouse of the ship Explorer are equipped with navigation and surveY 
struments of the latest type and design for accuracy and precision: The Sperry gyrocompas 
comprises a master compass, a steering repeater, two bearing repeaters, a radio-direction repee 
a course recorder, and a gyro pilot. The magnetic compasses, compensating binnacles, and 8 a 
1-meter rangefinder to fit thc gyro repeater on the flying bridge, are standard United Statea 
equipment. 

Three echo-sounding instruments-a Dorsey Fathometer No. 3, a 312 Fathometer, and a vesl 
depth recorder-are installed in the pilothouse. Two electric sounding machines, one an LL 
using stranded wire and the other a deep-sea type using piano wire, are installed, one on each 
the bridge deck, and are used for vertical casts and to obtain bottom samples and water sPe 
Among other alectric survey and navigation equipment in or controlled from the pilothoUee 
two submerged Meridian logs, a taffrail log, a whistle, and a synchronized clock system. 

The installed radio equipment includes two radio transmitters for communication by Codeiel~ 
intermediate-frequency set and a short wave set; an automatic SO8 alarm; a ship-to-shore radio by 
phone; and a radio direction finder. In addition there are two types of radiotelephones for ”” le 
detached parties; one is semiportable for use by launch parties and shore camps, and the otbeiof 
portable for itinerant survey parties for comriiunication with each other. The latter is intende$,ll 
shoulder or saddle packing through rough terrain and in mountain. climbing, The entire aseeC& 
of transmitter, receiver, power supply, and dry battery power source is contained in onc c a d n g  ,in*@ The transmitter is crystal-controlled and is designed so that it can be set up or dismantled in 3 
by personnel without technical radio knowledge. 

accuracy, and sono-radio buoys for use in R.A.R. controlled surveys. 

io’ 

Survey equipment includes a taut-wirc apparatus for measuring water traverses wit1’ ’ 
The launches and small boats carricd by the Explorer are as follows: 

Four Diesel-powered 30-foot launches. 
Two gasoline-powered %-foot whaleboatp. 
Two nonmagnetic 24-foot whaleboats. 
Two 16-foot dinghies. 
Several Cape Cod skiffs and fisherman-type dories. ’Pd 

The drafting room is equipped with four drafting tables, two typewriter desks, a file case, t,bB 
survey sheet rack. Each drafting table consists of a wooden table top permanently secured tobold 
top of a metal cwe containing numerous drawers and compartments of various dimensions to qd 
charts, Whatman sheets, aluminum-mounted topographic sheets, small drafting instruments 
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8, 4,460 gallons of Diesel oil. 
Located in the stack are surge tanks for the propelling Diesels and silencers for the main engineeXbeueld 
and the auxiliaries. 

16$ room, and lazaret. In  the forecastle are 12 built-in berths for the crew. The engine room iligy 
feet in length. I n  addition to the Diesel engines, it contains two 28-hp Diesel-powered aux & 
units, each consisting of an electric generator, an air compressor, a fuel-oil transfer pump, &Ounit8 

three purpose water pump, and a heat exchanger complete with fresh and raw water pumps. Both 
are cross-connected to alternate their duties. The wardroom contains accommodations for 

I, 
On the upper deck, the pilothouse is in the forward end of the deckhouse. The crew’s mes5$0y, 

extending the full width of the deckhouse, is located amidships, and aft of it is a complete g et 
equipped with an oil-burning range. In the after end of the deckhouse are the cold storage Cora’ fl 
ment, a refrigerating room, and mess stores lockers. 
located amidships. 

fresh water capacity is 2,500 gallons. 

the engine room and the other in the lazaret and paint locker. 

The engines are designed for fresh water cooling with heat e d e o g  

@d’ Below deck are, from bow to stern, a forepeak and chain locker, a forecastle, engine 

officers, various lockers, the Commanding Officer’s desk, and a table. 

belog 

tote’ 

000 ia 

The companionway to the wardroom 

There are two Diesel oil tanks and two fresh water tanks forward and two of each aft. The 

The fire-control system includes two automatic remote-control COz extinguishing systems! 

4132. Equipment of the ‘(E. Lester Jones’’ 
botff 

The navigation equipment installed in the pilothouse of the E. Lester Jones includes @ p dB 
BD electric pilot for automatic steering (similar to a gyro pilot but actuated by a magnetic compass) 

radio direction finder, in addition to the standard equipmdnt carried by vessels of this size. 
from the pilothouse in rain or heavy weather is aided by an electrically operated clear-view 
Also installed in the pilothouse is a complete sending-and-receiving radio set. 

sounding machine with stranded wire for vertical casts. 
the latter on the port deck. 

ments, including theodolites, alidades, portable tide gages, sextants, etc., of the latest types and 

and two dories for landing parties ashore. The dinghies are stowed in chocks on the upper 
the dories are carried on the afterdeck, being lowered and hoisted by a small.boat boom. 

scret@ 

-type The sounding equipment consists of a Dorsey Fathometer No. 3 for echo sounding and &n LLe 

In addition to the sounding equipment, the vessel is equipped with the usual survey ,sip 

Four small boats provided with outboard motors are carried; two 16-foot dinghies for lifeb d 
deck ’’ 

The former is located in the pilotho“’ 

42. SURVEY LAUNCHES AND SMALL BOATS 
421. GENERAL DESCRIPTION OF SURVEY LAUNCHES d 

Most of the launches used in hydrographic surveying are open or partly daGk:t 

approximately 8 knots, but which can be run continuously, without choking, at tbs od 
speeds of 2 or 3 knots during the development of shoal areas. The launches are &p 
for sounding inshore and for the development of shoals or shoalindications where 

tr@: or auxiliary vessel cannot operate safely or economically. They are also used to 
port shore survey parties to and from their work. Since the launches operate fro$@ 
ship, camp, or shore headquarters, living accommodations and storage space for Supp 

are not required. 09, 
Portable depth recorders are used for echo sounding from most survey WDGb 

30-fOOt boats, propelled by internal combustion engines, with a maximum SP fd lo$ 

Ug 

They reproduce a profile of the bottom in depths up to 160 fathoms and permit ruddp ndpg 
the launch at full speed. This method of sounding has replaced the old handlead 
methods to a large extent, and results in more progress and a more accurate’s‘ ofiob 
Many of the launches are also equipped for radiotelephone communication witb 
other, the mother ship, or shore parties. 
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handlead and machine sounding methods are used extensively, a reversible 
is desirable to eliminate much of the wear and tear on the clutch and reverse gear The fact that the engine oper- 

"@' f o u b  at a constant speed whether going fornard, astern, or at  a stop, reduces carbon 
! to a minimum and hence makes the motor more dependable. This feature is not 

essential if the launch is equipped with a portable depth recorder, in which case. the 
Co'ventional propeller, which is more efficient, should be installed. 
Q~,,: 

launch should be seaworthy, strongly constructed, and should have as 
Most survey launches are hoisted and 

?'ed On board the large survey ships,but sometimes, through necessity, they are towed 
th P1?ce to place, especially where thcy are to be operated in conjunction with one of 

8, There are two principal types of survey launches used by the Coast and Geodetic 
bit?* One is the United States Navy motor sailer with an open cockpit covered 

The other has a similar hull but is partly decked, with two 
Call0 

Py-covered cockpits separated by a small deck at  gunwale height for navigation 
and hydrographic survey operations. The standard length of both types is 30 feet, "th a Diesel 

are being installed exclusively in all new launches to eliminate the hazard of 
explOsiOn and fire that is eve r present wllen gasoline is used. The launches are con- :pcted with hoisting pads and rings and where they are a part of the ship's equipment, 

are Stowed in chocks on the ship between periods of use. The launchcs have a 
lifeboat capacity of 24 to 30 men and a fuel capacity of 50 60 100 gallons. 
l"@ Open cockpit type of launch is preferable for transporting signal-building ptiesJ The partly decked or enclosed 

the engine in a separate coclcpit is more suitable for hydrographic survey- % s 
rat lnCg the various operations can be more efficiently conducted where they are sepa- 

draft launches are used for hydrographic surveying in extensive shallow 
Of These afford adequate room for the personnel and necessary equipment 
draft a hydrographic survey unit. The launches are 26 to 25 feet in length and their 

~ 2 1 1 .  Launch of Ship "E$orer'' 

hhd Tt haEi a length of 30 feet, width of 83; feet, draft of 3 feet, is of sturdy wooden construction, 
' designed especially for inshore hydrography along exposed coasts. A 3 5 4 1  Navy-type Diesel 

' The launch is decked Over except for the two cockpits. Af t  of a forward deck 6 feet long is the i 2  There is a 3 S - f O O t  deck amidships, aft of which is the after 
:!e:: '% feet in length, extending to the afterdeck .which is 4% feet long. A narrow 8-inch deck 

the sides of the cockpits, which are surrounded by a ooaming or washboard extending 
4fFhe8 above the deck. Both cockpits are fitted with canvas canopies, covered-wagon type. The 
la erdeck At the forward end of the midship deck section there 
th: $?d SIlrmounted by a Lucite flexible glass windshield. There is a centerline opening through 
'9 the The steering wheel and engine COntTOls are located 

Port side of the bulkhead between the midship deck and the forward cockpit, and the coxswain 
c'qhs the launch from this point. 

p'Qa 323 

the frequent stops required for vertical casts. 

. space in the cocl<pit as practicable. 

e aunliarY vesscls, which cannot hoist them. 

a canopy. 

draft. They are equipped with either gasoline or Diesel engines. 

supplies, lumber, and bulky supplies. 

Od from the engine compartment and motor noises. 

lS not Aiore than 10 or 15 inches when loaded. 

ne Of the new launches of the Explorer is illustrated i11 figure 73. 
0 

the launch at about 7% knots at 1,400 r.p.m. 

which is 9% feet long. 

a tubular ra il around its edge, 

@ad for entry to  the forward cockpit. 
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FIGURE 79.--Qcneral plan of a survey launch. 

422. LAUNCH EQUIPMENT 
diu&’ A modern survey launch is equipped with a portable depth recorder, a SoD fi$ 

and-receiving radiophone, antenna poles, a wire sounding machine, running lights, o t ~ ,  
extinguishers, first-aid kit, emergency rations, fresh water breakers, anchorJj $0 

Other instruments, such as sextants, protractors, compass, clocks, and binocdaflt 

tb by 
kept on board the ship when not in use. 

The portable depth recorder is housed in a metal cabinet 21 inches in le& 
1’7 incbes in width by 10 inches in height, weighing in all 103 pounds. It is oPsp d @  by electricity supplied by two 6-volt 200-ampere hour storage batteries connect’ b 
series. Sound impulses.are sent out and the returning echoes are received tbroU$ 
units housed in a$sh submerged over the side of the launch’just forward of the ’ o0 ship deck. 
received echo registers the depth on a facsimile paper with printed scale, produ I19g 
continuous profile of the bottom in depths to 160 fathoms while the launch is rt1’~j3. 
at full or reduced speed. Complete details of design and operation are given @ 

The radiophone operates from the same batteries as the portable depth reCo 
With it the launch party can communicate with the survey ship at distances of at 
50 miles and with other launch parties or shore camps at  distances up to 20 deg 

For vertical casts and bottom samp!es, soundings are obtained by handlead or $0, 
The wire sounding machine is power-operated by a jaikshaft from the launch OP&tir 
The wire is lead aft over a fair-lead attached to the rail. This arrangement is ” it 

completely stopped before the lead is released. However, if soundings am tal@ $90 
larly with wire, a special stanchion is necessary which will ensure keeping thobapd 
away from the propeller; or the machine may be installed so that the wire may ofid* over the side of the launch by the use of a portable boom with fkir-lead on the 
(See 4633.) 

ii The fish is usually about 2 feet below the surface of the water. 

factory when wire soundings are obtained only intermittently and when the la ,DOb rdv 
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4232. Inspection Report of Leased Launch 
'a&' A complete inspection report, dated and signed, shall be forwarded to the Wash' 

ton Office promptly a t  the beginning of every lease of a vessel or launch, and likeNigO$ 
the termination of the lease. The survey of the hull, machinery, and equipment gh 

room officers are not available to  make the survey, competent petty officers 
crew may act as members of the board to assist the senior membcr. 

be made by a board of three officers, one of whom is an engineer oEcer. If three Nard' tb& 

Thc most satisfactory type of launch usually available for lease for use in S U P  e@& 

obtained a t  reasonable rates. They are invariably built to meet the conditions ea C0flk 

4233. Desirable Type of Leased Launch 

fled0* 

type 
lard 

is the fishing or working type to be found in the locality wherc the survey is to be 
Such launches are generally seaworthy, adaptable to hydrographic surveys, and 

ered in the particular locality. 
control and the latter should never be nsed if the formcr is available. The smaller 
of fishing or working boat is usually constructed with a small cabin forward and a 1 1 ~  open cockpit over which is a removable awning. 

but unsatisfactory. 
Many such launches are powercd by regular marine Diesel or gasoline engi@s~\,er. 

some are powered by automobile motors converted to marine use. The motor COD. d 
sion consists of the installation of a more powerful water pump, a special manifold) $1 
a reverse gear. Some installations use the automobile transmission for reverse gear, 
t,he marine clutch with rcversc gear is sturdier and better. Another type of powerp th@' encountered in somc launchcs is the old henvy-duty slow-moving one-, two-, or 
cylinder type. It is reliable but slow, and is usually direct-connected to the prop 
A clutch and reverse arc nccessary in any launch to be used in hydrographic sOe?:blo 

Speed is not essential in a launch to be used for handlead or wire sounding; re'' 
motor performance at low speed is more important. On the contrary, if a POr  
graphic rccordcr is to be used for sounding, or if the launch is to be used to transprpo 
topographic or signal-building party to and from t h o  working ground, speed is Ofp 
importance. 

be 

One-nian pilothouse control is preferable to two'@ 

Yachts and plcasure craft are genera 

I d  

e l l8  

table 
orb @ 

424. SMALL BOATS 

Various types of small boats are used for sounding close to shore, surf, breakers' 
Of 

graphic, triangulation, and other working parties operating from a ship; and for soddean 
in shallow water when shallow-draft launches arc not available. All of these boat:b$, 
be propelled by oars;most of them are designed so that outboard motors can be atta 
although inboard engines are installed in somc of them. 

other dangers; for running to and from the working ground; for transportation of topr ipg 

4.241. Whaleboat 
COO' 

Whaleboats are vcry serviceable double-ended open boats of full beam and @itb 
sidcrablc slum, principally uscd a s  lifchoats. They are generally 24 feet in length; tbOf 
a beam of 6 feet 10 inches, and they draw not to cxceed 2 3  feet when fully loaded,acg,f 
weigh varying amounts, averaging about 2,000 pounds; they have a lifeboat Cap 
of 23 mcn. Thcy are equipped with air tanks forward and aft. Some whaleboats 
power-driven by inboard gasoline or Diesel engines. 
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Sound, and tho Iiidian River district for the use of shore-based survey parties. Tbe 
boats are cheap to construct, have a shallow draft, and will carry a fair-sized part9 Or 

load. 
4245. Dory-Skif 

A dory-skiff is 16 to 20 feet in length and combines some of the characteristics of a 
dory and skiff. It is flat bottomed with straight side planking of fair sheer, a dol’J’ 
bow, and a skiff stern. This combination gives the boat the forward riding ability of a 
dory, but eliminates the unsteadiness; it providcs a larger capacity and a convenient 
arrangenimt for an outboard motor attacliment. 

The‘disadvantagcs are that it is heavy and difficult to  handle in a wind, because the 
bow, being higher out of the water than the stern, catchcs the full effect of the wind and 
tends to turn the boat broadside. 
pecially when landing on or taking off from the beach in a moderate wind and snrel” 
A dory-skiff is not satisfactory for use in exposcd waters where strong winds and heavy 
swells are frequent. 

4246. Knuckle-Ski,  

A knuckle-skiff combincs some of the characteristics of the dory and the skiff, find 

is usually 16 to 18 feet in length. It is flat hottomcd and has a dory bow and skiff 
stern. The lower side planking is at  a decided angle and the upper side planking is mol*’ 
nearly vertical. There is a pronounced knuclrle at the junction of the upper and lowwer 
side planks. 

This boat has a moderato sheer, is fairly light in weight, and cheap to construct’ 
It has a good capacity and handles well in protccted waters, such as in Southeast Alaska 
or Puget Sound, but it is not recommended for independent use in exposed waters 
because of its low freeboard and lack of reserve buoyancy. The boat can be backed in 
to a rocky shore and held there long enough for men to jump ashore or aboard,~bcc~l’se 
the wide stern provides a good footing. 

This makes the boat susceptible to  swamping, 

An outboard motor may be used to  advantagc with this type of bout. 

4247. Dinghy 

A dinghy is a round-bottomed boat with a bar-type keel and slight sheer, and is 
usually 12 to  16 feet in length. This type of boat is usually clinker-built, though SOm.’: 

times it is carvel-built or smooth sided. A dinghy costs considerably more than a sk1’ 
of comparable size. 

A dinghy is light in weight, well balanced, aiid casily handlccl, arid is useful for 
transportation of small parties in protectcd waters. It is not satisfactory for use along 
rocky coasts bccausc its frail hull is easily puncturcd and the type of construction nlakcs 
repairs cxceedingly difficult. Because of this, its usr should be confined to protected 
areas with muddy or sandy shores. Outboard motors can be attached. 

Dinghies are most useful in connection with auxiliary vessels since they are easy 
t o  lower, hoist, and stow, and because the working grounds are usually located in Pro- 
tected areas. On large survey ships they are rarely used by survey parties, but tbCY are 

overboard, etc. 

used. 
keel touches bottom, particularly when there is any surf. 

useful and required as emergency boats, for use in handling lines, and in case of a m an 

A dinghy is not intended for use in making beach landings and should not be 
The round bottom with bar keel tcnds to make it overturn as soon as the 
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bY 
topographic, triangulation, and signal-building units in protected waters for fast tr@’ 
portation to and from the working ground, where parties are based ashore. 

This type of boat is built as a sporting craft, but it can be used to advantag’ 

43. EQUIPMENT AND INSTRUMENTS 

A survey vessel must be specially equipped and carry instrumcnts on board, io 
addition to those ordinarily required for navigation, with which to perform any 
duty likely to be assigned. As the type of project assigned will vary due to the DBt’i 
and broad scope of hydrographic surveying, much cquipment and many ins trumeobt 
must either be carried on board the vessel ready for immediate use, or be available 
the Washington Office for use when needed. A sufficient stock of instruments la also be available for the use of shore, launch, or detached parties that may be Put 
the field. 

t 
are available prior to the beginning of an assignment. This is particularly irnPO$:, 
when a vessel is assigned a project in a locality such as Alaska or the Hawaiian IS1 
at a considerable distance from Washington, D. C. 

diti@’ instruments necessary for routine work, a vigilant check must be kept on their con d 
utility, and adequacy. Instruments are continually being redesigned, improved, 2, 
provided with new attachments, and entirely new instruments are frequently desiE!itl 
Officers who are continuaIIy using survey instruments should be alert to the poSS. oj 
of improvement and are encouraged to submit recommendations for the redes@’ 
existing instruments and the construction of new ones. 

installed in place op board vessels or launches are classed as equipment, Most of 

8lJlS The Chief of Party must be certain that the necessary equipment and instrufl 

all Although survey vessels normally are adequately equipped and supplied With 

0@ 
g!lc* 

equipment is located in the pilothouse or in the immediate vicinity thereto. psgO 

In general, the standard nontransferable navigation and survey i n s t r o  
j$ 

constructcd especially for this Bureau will be completely outfitted at  the time 0 f oofl 

require the installation of considerable equipment, especially the special equipmea t u90 
missioning; others which may be purchased or received by transfer will prob5 

in hydrographic surveying. .ed 
In general, portable instruments are classed as instruments; they arc not conside’ p 

an integral part of the vessel but are neccssary auxiliaries; they me tyansfcrable*.e6b 
vessel’s allowance of instruments varies with the size of the vessel and the ProJ,JJ 
assigned. Instruments shall be kept clean, in adjustment, and in good order at 1 
times. They shall be stowed away in designated places when not in usc. 
be handled carefully at all times, and some of them, like chronometers, require SP 4 
attontion. In survey operations, the Bureau numbers of all instruments used sb 
be entered daily in the record volume for each particular class of work. 

SIP’ TheY 

431. CARE OF EQUIPMENT AND INSTRUMENTS 

the responsibility for the proper care and maintenance of the navigation equiPO;or 
and instruments. The responsibility for thc proper care and maintenance of t i c0@.  

,vey equipment and instruments should similarly be delegated to one of the 0 ood He should malm certain that instruments of all types needed are availablc anfl ia g is 
condition. He should suporvise the proper cleaning. and drying of all instrUmeP 

The Regulations of the Coast and Geodetic Survey assign to the navigating O f w f  
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. d  
Leadlines not in use should be coiled and stowed. All markings should be emrn’ 

and necessary repairs made at once. 

4313. Care of Instruments 

Instruments are precision mechanisms, delicately balanced and accurately mark ed* 
One bearing or pivot allowed to deteriorate or freeze destroys the accuracy of 

Every individual using an instrument must realize that the accuracy required in s U P @  
observation. For this reason proper and unremitting care is absolutely ess 

ing cannot be secured without this care. 

skin or soft rag dipped in a weak solution of ammonia. It must never be P 
with sandpaper, emery cloth, a rubber eraser, or any other type of abrasive, as 
of such materials will scratch metal and evcntually dcfacc the graduations. Alco~fl  
gasoline, or kerosene should never be used to clean arcs of instruments, as their use 
remove the filler from the graduations. 

Alcohol, gasoline, and kerosene leave an object extremely dry after evagOratioii 
When they have to be used to remove an excess of oil or grease in the bearin@ p a y  

bes between bearing surfaces of any instrument, the instrument must not be stowed 
until these surfaces have been given a light coating of oil after all the cleaner 

ne681 
evaporated . 

All instruments should be carefully dried after exposure to water or damp l o  
oiled where necessary, and any oil cups refilled. Special attention shouId be &‘e’ 
lenses and sextant mirrors to ensure that they are thoroughly dried. 

‘Lenses and mirrors may be dusted with a camel’s hair brush, or cleaned bYd&Riibb 
rubbing with soft tissue paper or lintproof cloth, after being slightly moistene , 

the breath. A lens should be examined occasionally to see that it is tight in its:$; 
Taffrail logs and current meters are similar in that both have rotating parts 

stantly exposed to salt water. After use, both should be thoroughly dried, w ~ U  Jl 
given enough turns by hand so that the new oil will have a chance to Inbr@te 
moving parts, and then all oil chambers should be refilled. 

The arc of a sextant or protractor may be cleaned by wiping lightly with a Ch 

&I’ 

o i l e d 1  

4314. Repairs to Equipment and Ins trum& 
itioJ’ 

So far as possible all equipment shall be maintained in the best working cond 6 
by the personnel aboard the vessel, Repairs are to be performed only. by experle$g 
and competent technicians. Extensive repairs to heavy equipment, partic‘’ 

of work. 

off shall be repaired only by experts representing the manufacturer. 
During lay-up or repair periods between assignrncnts, the equipment shall be 

hauled and put in the best possible condition in order to reduce rcpairs and maid eo@‘’ 
in the ficld to a minimum. &Id, 

Expenditures for repairs to survey instruments shall not be incurred in the 
except where local costs are less than shipping charges to the Washington Office, *&, 
emergencies. Many minor repairs can be made by officers themselves. In e~nergP$~’ of 
when the time required to send an instrument to the Washington Office for rep&@ d 4% to requisition a replacement, would delay field opcrations, instruments may be + 4 

detB1’ locally. I n  such a case the voucher for payment must bc accompanied by 
justification of the action. 

machine work, shodd be let on contract with firms specializing in the p a r t i ~ d ~ ~ ~ ~ i ] g ,  tPO 
Complicated equipment like the gyrocompass, except for minor 
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Survey or manufacturer’s numbers. Replacement parts are expended in place vlil@ 

All survey equipment and instruments shall be reported on the ship’s invent’? 
except equipment expended in place which does not bear either Coast and Ge odet’G 

they are installed. 
4331. Expenditure of Instruments 

60 

llD’ 

dsd 

When equipment or instruments are lost or extensively damaged, the facts shall 
reported promptly to the Washington Office. When instruments have bemae 
serviceable through use or age, authority to expend them should be requested fro@ 
Washington Office. No inventoriable equipment or instruments may be expea 
without authority and such authority will not be granted without a complete repu!’ 

with the instrument inventory. 
the facts and circumstances. Copies of such letters should be attached to and subs Itbed 

Property. Instructidns on the back of the form must be followed. Shipmen t Inugh 0590 

434. SHIPMENTS OF INSTRUMENTS 

Instruments that are returned to the Washington Office must be reported Ob 

Form 573, Letter of Transmittal and Receipt for Transfer of Instruments or GeDofd 

be by the most economic method. A list of the instruments packed in each 
shipped must be included in the packing case. 8 

Each instrument to be shipped must be firmly secured in its box, but in s‘’of 
manner that delicate parts will not be injured by wedging or pressure. Cu&”?d 
paper, or other packing material, should be placed not only between the indi~dfif  
inatrument boxes but between these and the packing case. Since the packing case 
be inverted in transit, the contents must be secured so that nothing in it can comel:it,b 
Packing cases containing instruments of various weigllts should be packed 

ts, special care. 
Shredded paper, when obtainablc, should be used for packing instrUflenof 

Chopped-up paper, crushed paper, and cotton make good substitutes. The tPgO sawdust or excelsior for this purpose is prohibited. An extremely fine dust fro@ by 
seems to penetrate even hermetically sealed joints. They absorb oil readily @d;5i~ 
contact, may dry the oil from a bearing with probable impairment. 
moisture which may damage the contents. 

Special precautions must be used in preparing some instruments for ship 

They also ” 

bt 

swing about, should be lashed. bbd 
one end should be secured to the capstan locknut of the counterpoise drum and ’ ts 
end to the capstan bearing pin of the pencil screw. The pencil arm should be e tied g$gO, 
the hour-tripping rod, which in turn should be lashed to the upper tie rod of th 
The receiving roller is then lashed to the lower tie rod. *al 

A standard tide gage must also be removed from its packing case with @$ji< 
caution. It must not be grasped by the hour-tripping rod, pencil screw, or other 
cate parts during removal, as they might be damaged. gifi The heavy float and the top and bottom sections of the pipe, usually packed 
the portable gagc, must be secured firmly to prevent damage to other parts of th e g5$ 

The glass face of any instrument, such as a clock, cornpass, or pelorus flu’ fi 
protected by a paper cushion. In the case of a compass or pelorus, the inst:’ 4& 
should be dismounted from its gimbals, the bottom of its case then padded With 

For example, the parts of a standard tide gage which easily become loose, or whichdvlfijg, d 
To prevent the pencil screw from moving en 
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For illumination, the ship compass has a translucent compass card and 
and the card is illuminated from below. A hood for the binnacle is provided to Pro 
the’compass when not in use; the hood is provided with kerosene lamps for. e@’ oe 

&d gency use. A magnifying glass is provided which can be placed where it will glVo 
helmsman a magnified view of that part of the card adjacent to the lubber’s 
permit more accurate steering. 

4412. Use of Compass in Hydrography 

Because of its location, the standard compass is less influenced by the Ve8@ 
d’f 

dfld 
constant and can usually be reduced by compensation to smaller residuals. For 
reason all long courses in navigation or hydrography should be set by the st@ 

the vessel, being determined by simultaneous comparisons. The headings Of 
standard and steering compasses should be compared hourly when undeiway. lo All bearings and deadreckoning depend on the compass heading for azirnd’h’oo& 
offshore hydrography the accuracy of dead reckoning between fixed positions dep bv, 
directly on the course and the log distances, supplemented a t  times by astronomic 9’g dl 

The standard compass is usually installed on the flying bridge, or the deck dlre!utt 
above the pilothouse; and the steering or wheelhouse compass is in the pilothous’ d 
forward of the steering station. Each is on, or parallel, to the centerline of the veSS el flfl 
RS far from magnetic metals as possible, and where the magnetic influences of 
rounding metals will be as evenly distributed as practicable. d 

Portable objects consisting of, or containing, magnetic metals shall not be do‘ d 
to remain in the vicinity of the compasses, for the magnetic field may be distd$ 
with a resulting change in the deviation. 
alongside a dock containing a large quantity of magnetic metal. 

A compass shall be stowcd face down when not in use, to preclude wear on it 
For hydrography controlled by visual fixes or R.A.R., the vessel is steered 

erence to the compass in an attempt to follow a chosen sounding line, The poS 
the vessel with reference to the line is determined by successive sextant fixes 0 
positions, and frequent alterations in course are made to bring the vessel back OD 
sounding line. 

magnetic field than the steering compass, and consequently its deviation rem& s roore t$9 

compass, the relative courses on the steering compass,. by which the helmsman St@ 

For the same reason, a vessol should no 

44.13. Variation and Deviation 
to For all practicable purposes the needle of the magnetic compass would P o id  itjog 

magnetic north if influenced only by the earth’s magnetic field, However, this Gond s ~ g 1 4 ’  
is never attained on shipboard, except in specially constructed nonmagnetic Ves to 
as the ship itself sets up a magnetic field which causes the needle of the C O ~ P ” ~  
deviate from magnetic north. 

The variation of the compass, or magnetic declination, is the angle between ,@? 
north and magnetic north, the latter being the direction assumed by a magnetic Diobfil 
when acted on solely by the earth’s magnetic field, that is, exclusive of any insW@ fsd 
error and any effect of the ship’s magnetism. The angle between magnetic nort’ bb0 
the north indication of a ship compass on any particular heading of the ship ig 8 
compass dewiation for that heading, and includes the instrumental error of the Coop 

as well ~ t s  the effect of the ship’s magnetism. 

t@ 
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disappears. If it does not, try reversing the magnet in its tube. 
effect of yawing may be mistaken for th?t due to  heeling error. 
the fact that the iron beams of the vessel are no longer horizontal when the vessel is heeled over&$ 

(10) The compensation for semicircular and quadrantal deviation made with magnets and.@ e, 5 
will not hold good for all latitudes. If the vessel is operated in a considerable range of latltUdb5f 
Flinders bar will be required to compensate for changes due to change in latitude. The Flindef& 
is usually located forward of the binnacle. d 
length required, it is advisable to insert one of sufficient length to reduce the deviation on e f i 2 g @  

bar, SO selected, will not entirely counteract the changes in the deviations due to change in 
but will minimize them considerably. 

Careful steering is required, 
The heeling error is due in p 

Until opportunity is afforded to determine the 

west headings to  10' before compensation, i. e., with the fore-and-aft magnets removed. A Y:tjtlide 

441 5. Determination of Deviation 

The principal methods of determining the deviation of a ship compass for Var 
headings of the ship are: 

(a) Bearings of the sun. 
(b)  Bearings of a range whose azimuth is known. 
(c) Bearings of a distant object. 
(d )  Xeciprocal bearings. 

These methods are described in detail in Special Publication No. 96 and in 
American Practical Navigator (Bowditch) and need not be repeated in this M@OUJ' 

(e) Another method is a modified form of method (b)  in which neither the azimuth of th @ 
nor the magnetic variation need be known and the two objects comprising the range need not \pg 
be charted. The ship swing is made aa usual with both right and left rudder, the compass !$,go 
of the range being measured as it is crossed on each heading. $4 for identical headings are averaged. The mean values for all headings are then averaged '"tj~fl 
difference between this average and the mean compass bearing for any heading will be the de'' 
of the compass for that particular heading. 

A ship swing to defermine the deviations of the compass shall bo made a! & 
beginning of each season's work, after a long lay-up period, after undergoing repa'' ip 
a shipyard, after a change of working ground involving a considerable ch@g 
latitude, and during the season if the deviations are found to differ appreciably 

the 

e ,tdB 

The two compass bearings of th 

the 

0 
frog 

those on the deviation card. (See 144.) y01Y 
When swinging ship, the vessel must be on an even keel and the sea comp@atlt b0 

calm. To obtain the best results, good steering is necessary, and the ship flyafiv 
steadied on each heading 2 to 3 minutes before the observations are made. 
tion should be accurately known. bb0 
particular locality, but should be corrected to the date of the swing by applYIDg 
annual change. d tbO 

The deviation can be determined most accurately by swinging ship arouP bo$ 
end of a wooden pier, if there are no magnetic metals in the vicinity. By using id 
and stern spring lines the vessel can be warped around the sides and end of tbO 'g 
and held stationary for the observations on each selected heading through 180'- flgb 
the vessel must be turned around and the maneuvers repeated for the headings two $0 
the other 180'. Tho observations can be made on the sun or a distant object 
azimuth from the end of the pier is known or can be determined. Because the @$I$ 
calm and the vessel can be held absolutely steady on each heading, an excellent 
should result. Oj 

A ship swing should not be made during a magnetic storm. The occurr~~G8,~d 

t for The 
It is printed on the compass rose of the char 

Tb 

these is unpredictable; they may last several days, are associated with sun spot' 
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the If the axis of a spinning gyroscope is in an east-west direction, as the earth rotatee 
axis will gradually tilt with reference to the horizontal. 

Foucault’s general law is that any freely suspended spinning body “teiids to  iu around so as t O  place its axis parallel to the axis of any impressed forces, and SO th’ is 
direction of rotation is the same as that of the impressed forces.” This principle 
utilized in the gyrocompass. 
the forces which make the gyrocompass indicate true north. 

SYJ@$ 

fOm‘9b 

to a spinning gyroscope, tending to change the dircction of the axis, this force will Ib% 

The rotation of the earth and the force of gravity 

If a force is 
lied 

ot Another characteristic of the gyroscope is called precession. 

only be resisted but the gyroscope will turn slowly about an axis perpendicular to 
one about which the force is being applied. 

The precession characteristic is utilized to make the gyrocomp&s move to and to 
on true north. A U-tube, partly filled with mercury, is mounted porpendicder$i 
the plane of the gyroscope. As the earth rotates and tilts the.gyroscope, ifi@’%],e 
not in the plane of the meridian, the mercury flows in the U-tube to the low side. 
force of gravity then exerts a downward force on that side, which causes the axis 
gyroscope to precess toward the meridian, where the tilt is corrected. Thk i S O ? d p  
tinuous effect, tending to keep the axis of the gyroscope in the plane of the true 111 
once it has placed itself there. 

& 

of tb8 

4422. The Gyrocompass Equipment 

The gyrocompass is an electrically operated compass which is unaffected by all S@ 8 netism and which automatically points very nearly to true north continuouslY. 
corrections for variations due to latitude, course, and speed are made semiauto 01 
cally. Once the latitude and speed corrections are set, no readjustments for change’ 
latitude of less than 3’ or for changes of speed of less than 3 knots need be made. (6) 

Of1 A typical equipment consists of (a) a master compass, ( b )  a steering repeat c o ~  
bearingrepeaters, (d)  acourse recorder, and often ( e )  a gyro pilot. The masts‘ for 
pass is the principal unit; it indicates true north; the other units are cluxiliarias 

(Ill+, 
special purposes. 

It should be in a clean well-ventilated compartment, where heat is not excessive. :or CDbny 

and easy access it is generally located near the pilothouse. 
it  near the center of gravity of the vessel. 
the fore-and-aft line of the vessel. 

axis and rotated electrically a t  high speed. 
mounted with it& 0’ to  180’ line in the same plane as the axis of the gyroscope and so that ’ 
ments of the wheel in azimuth are transmitted to the card. 

A transmitter, to  operate the repeater compasses, is attached to the frame which 
lubber’s line and is driven from a gear attached to the compass card so as to reproduce anzo$td 
ment of the card. 
them. 

0 )  

,a&‘ 

(a )  The master compass is not used to  steer by, nor is it generally installed in the Pi::$nP 

Advantages may be gained 
The lubber’s line of the compass must be pare11e 

The gyrocompass card is attached above the de 
The master compass consists essentially of a gyroscopic wheel, mounted to spin on 8 

the 
carries 

The repeaters contain step-by-step motors through which the transmitter 
Any number of repeaters can be operated. 

The whole is housed in a binnacle for protection. 
A detailed description of the construction and parts of the master compass is contained 

( b )  The steering repeater resembles a compass in appearance, but it is a dummy, its 
pages 34 and 35 of Bowditch. beig 

card 
synchronized with the master compass so as to repeat the movements of the compass cBrdB~d’’’ 
master compass. It is located near the steering wheel, mounted on an adjustable bracketyigdflg 
its position can be changed to give a full view of the card from any position desired. 
is done from repeaters of which there may be several, one at each steering station. 

All n5 
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Ooe If the gyrocompass stops at  sei, it is easier to set all repeaters in agreement ODt,w. 

heading and switch the master compass in, than it is to set each repeatcr separa 

a@' 
There are two reasons for starting the gyrocompass several hours before 

port: first, so that it may warm up to running temperature and to check its perform t,d 
and second, to give the master compass time to seek the true meridian. If it is starofil 
when it is within 2' or 3' of the true meridian, it should be close enough for all pfact' 

lo' purposes in an hour or two. 

use a t  any time. 
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On the working ground the gyrocompass sliall be kept running in readiness 

4425. Maintenance of Gyrocornpass 
t th0 

The gyrocompass needs no attention as long as it functions properly, exc@ $9 
periodic cleaning and oiling prescribed by the manufacturer. With each gyroGoaPt& 
a large oiling and cleaning chart is ;upplied wllich should be mounted near the Iflaiod 
compass. The cleaning and oiling is usually required a t  intervals of 3 or 4 ~ e e ~ ~ ~ ~ d  
may be done when the ship is in port and the gyroscope is stopped. All the exPddst 
parts should be cleaned with a chamois skin or camel's hair brush even though f b e  can be noticed. A few drops of oil should be added in the oil cups as directed. e& 
oil vials on each side of the rotor must be drained and refilled with new oil from 'hp 
cine dropper to get the correct amount. It is important to have the oil l e d  tb8 
marks on the vials but not above them, Only that grade of oil prescribed bytlg. 
manufacturer shall be used. If the oil turns green it should be changed more frecluer' 

443. COMPASS AUXILIARIES 
I 

Several auxiliaries are used in connection with the ship compasses in neV1g 6 
and position finding. 
inventions, but the azimuth circle and pelorus are old and well known. 

Of these, the gyro pilot and the photoelectric pilot are 

4431. Gyro Pilot 
lo' 

The gyro pilot, or "Metal Mikc" as it is frequently called, is an auxiliary* ts 
automatic steering used in conjunction with the gyrocompass. The gyro pilot cppsl$ 
of two units: the pilothouse unit at  the steering station and the steering engine un"iyo0 

d 
alternative methods of controlling the rudder: fully automatic gyro steering, '$ 
disengaged. To change course the gear lever is moved from automatic steer''$d9 
gyro pilot whecl steering and the vessel is brought on the new course by the US0 dd 1 ShO ' wheel. The rudder indicator must be observed closely because the pilot wbce 
not be turned faster than the rudder will follow. One turn of the wheel givcs &pP ibe 
mately 8' of rudder. Changes in course of less'than 10' are made by simply turn i d  

of gyro pilot wheel one spoke for each $io change. The pilothousc unit may be 
by hand dials to improve the automatic steering pcrfor~nance in various 
conditions. otr 

The pilothouse unit is connected with the master gyrocompass. It p r o d @  

steering by the gyro pilot wheel, and manual stecring with the automatic cop , 

ge5tb 

In  automatic steering the steering engine unit is operated by a contact mak or fio+i? 

ated by the master gyrocompass. The slightest departure of the ship from its 
due to yawing, wind, or waves is counteracted by an nutomatic movement 
rudder in thc opposite dircction to bring the ship back on course. 

d I e  of 
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A still sm.aller model is recommended for launches less than 50 feet in length. . Tb6 to 

be attached directly to the steering wheel or somewhere in the steering system The motor, clutch, and electric control equipment are all combined in one compact unit 

compass unit is separate. 
4433. Azimuth Circle 

An azimuth circle is used on a compass or pelorus for the purpose of measu 
bearings of terrestrial or celestial objects. T t  is essentially a metal ring which 
snugly around the compass in such a manner that it may be rotated horieontallY 
.respect to the lubber’s line. The ring is equipped with (u) a pair of sight vanes Whosegd 
of sight passes through the vertical axis of the compass; ( b )  a system of mirror: tbO 
prisms by which the point of the compass card cut by the vertical plane throag of 
line of s i g h t i n  other words the compass reading-is brought into the field of ‘j0Tb0 
the observer; and (c)  another system of mirrors and prisms by which a p e r d  Of 

,&riPg sun’s rays is reflected on the compass card in such a manner as to indicate the b dof10 
An azimuth circle should be tested occasionally for accuracy. This may bO, tiofi 

by mounting it on a standard compass ashore at a place where the magnetic varla 

of 
sun should be the computed magnetic bearing at  any instant and the difference b 

doubt 
the two, if any, will be equal to the combined error of the compass and the error 
azimuth circle. There should be little measurable error in the compass, but any 

DO in the matter may be eliminated by the use of two or more compasses. 

compass being used. 

r id  
fits 

Id* 
lip0 

is accurately known. If the compass is otherwise unaffected a compass bearing of tJJO 
otu‘@ 

A more accurate method is to test the azimuth circle on a planetable on shore’ 

c!#@ 

I@@$ 

On a piece of paper draw a circle slightly larger than the outside diameter of the azimuth circle. Two diameters of thlS 
drawn at right angles to each other. Place the paper on the planetable and level the table carefully. Set the azimuth dow 
Paper with the line joining the mirror and the prism coinciding with one of the penciled dismeters. See that the bubble On tb 
in the center. If not, adjust it. Turn the planetable so that the sun’s reflection from the mirror is directed through the 4 
clamp the table. Adjust tile table by slow motion until the pencil of llght from the prism k reflected directly down on the pea@@ 
diameter. Now tilt the mirror slightly and see if the pencil of light follows along the penciled line. The azimuth of the sun On tps 
very little in the time necessary to make this tost. If the pencil of light follows the penciled diameter as the mirror 

@e 

ecfr d 

tilted! 
azimuth circle mirror and prism are 8s nearly correct as any field test will show. 

Now test the direct-vision vanes. First see if the line between them coincides with the penciled diameter at right angles lo fib 
joining the mirror and the prism. BY rotating the planetable,repoint the mirror toward the sun, then rapidly shift the d’ 
90’ in azimuth on the penciled circle. If the direct vision vanes point accurately toward the sun, you may wsume they are 
angles to the line joining the mirror and the prism. 

If the azimuth circle, by this test, is found to be out of adjustment, it should be returned to the Washington Ofece for 8db 6 4  
and another one requisitioned, unless the error is caused by a midor maladjustment which can be remedied in the field. s”p.””d 
in the direct-vision vane3 can be corrected, but any displaceme~t of the prism, caused by its being chipped or having been 
Out of adjustment, can scarcely be correctcd satisfactorily except by a skilled instrument maker. 

US@d 

4434. Pelorus 
die The pelorus, also called the Dumb Compass, consists of a circular flat, :eg$$ 

ring, mounted in gimbals on a vertical stand. One is usually installed on eac 

between the center of the ring and the index mark must be parallel with tho 
and-aft line of the ship (see 4437). The metallic ring is graduated from 0’ 
360’’ the same RS the compass card, and can be revolved so that it can be set to tjob 
spond with the ship’s course. Bearings are observed by means of a sighting van0 ‘ 

, can be revolved horizontally by hand. A bearing by pelorus must be takcn Wb@ 
ship is exactly on course, or the ship’s hending by compass must be r e d  at the 
of observation and the pelorus bearing corrected for any deviation from the course’ 

of the bridge and on the flying bridge of the ship for use in taking bearings. Tb0 fora Iioe 
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4437. Alinement of Pelorus 

A pelorus must bo installed so that the line joining its index mark and the center 
of its dummy compass is parallel with the lubber’s line of the ship compass, to ,,id of 

measured by pelorus should equd the difference between the compass heading cd cd 

and they generally presuppose that the lubber’s line of the compass is correctly &nod 

erroneous bearings. After the standard compass has been installed, the fllinement 

observations by pelorus and compass on a celestial body or distant object. The 

bearing. Every pelorus with which bearings for use in hydrography are to be 
should be tested in this way at the beginning of each season. 

Any of‘ the following methods may also be used, but with less accurate resu 

a pelorus may be tested, or n new pelorus oriented most accurately by simultane 0u9 

with the centerline of the vessel: 
lS l iDe 

(a) By reciprocal bearings between the standard compass and the pelorus. If the lubber lsop, 

Of each instrument is parallel to  the centerline of the vessel, the bearings should differ by exactly, 
( b )  By computing the angle at the jack staff between the centerline of the vessel and line 

the pelorus. The pelorus is then set at this computed angle and the line of sight should pas9 thfo‘g cloru6 

the  jack staff. To compute the angle at the jack staff, find where a perpendicular from the P oiPt 
intersects the centerline of the vessel, and memure the t’wo distances. The distance from the qt8fl 
of intersection to  the pelorus divided by the distance from the point of interscction to  the jack 
will be the  tangent of the desired angle. 

(e) By equal offsets from the centerline while the vessel is stationary alongside a wharf. 
is located on the wharf or on shore which is on the prolongation of the centerline. The distaPci 
between the centerline of the  vessel and the pelorus i s  meashred. This distance is laid off fro’loin$, 
point on the prolongation of the centerline. 

444,. RADIO DIRECTION FINDER 

A 

cb 

The index of the pelorus should pass through this!’ 

t 
A loop antenna .attached to n radio receiving set receives an incoming si@nli;g 

maximum strength when $he plane of the loop is parallel to the direction of the incoPlth8 
signal, and at  minimum strcngth when its plane is perpendicular to thc direction Of i5 
incoming signal. The change in intensity for a given angular rotation of the looParo 
more marked near the minimum than near the maximum. These characterktiCS $0 
utilized in the radio direction finder to determine the direction of an incorning rn 
signal. dio 

A radio direction finder, sometimes also referred to as a radio compass Or rn 
ab$ 

en pelorus, is basically a special t a p e  of radio receiver equipped with a loop’antenna 
the top deck of the vcsscl. The loop is mounted on a vertical shaft to whose lower 

Bearings are read from the compass card referred to the magnetic compass, inwb ip 

will bo 

is attached a compass card. The loop can be rotated in azimuth. jch 

case the ship’s heading must be marked at each reading, or from a bearing repeater 
connection with a gyrocompass system. 

The radio receiver must give a relntivcly loud signal so that the minimum 
more sharply defined and should eliminate other undesired signals or interference* 

Operating and maintenance instructions are supplied by the manufacturer witb e 
instrument and should be followed. 

4421. Use of Radio Direction Finder 

’ The radio direction finder is useful principally in navigation, and a bearing obtaiat,o 
with it is utilizcd just as a visual bcaring is, and may be combined with other daQ’fof 
determine a ship’s position. 

bd 

It is rarely of vaIue in hydrographic surveying’ 
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4443. Radio Bearings 
01 

e d  A radio direction finder is generally used to determine the bearing of a radio 
transmitted from a station whose geographic position is known. 
classes of stations whose bearings may be observed: 

gOI1’ 
(a) Radiobeacons operated as aids to navigation by the Coast Guard. These operategsob 

tinuously during fog or low visibility, and in clear weather during certain specified intervals. 
station emits a characteristic radio signal by which it may be identified by anyone without knof$ 
of the radio code. They are installed on lightships and near lighthouses where bearings to them 
most cases, be entirely over water. ’, 0. 
valuable information are contained in the Light Lists of the United States Coast Guard, and In ’ de 
Publication No. 205, Radio Navigational Aids; their characteristics are also given on small refereD 
radiobeacon charts published by the Coast Guard. ations 
are primarily for furnishing bearings to vessels not equipped with radiocompasses, but bearln5hh 
their transmitters may be observed. A list of these with their call letters and characteristics and, ,,el 
the geographic positions of the transmitters is contained in H. 0. Publication No. 205; other op@’at’ohhe 

transmitters. 

There are four ge* 

The positions and characteristics of these stations 

All arc charted on the nautical charts. 
(b)’ The transmitters of direction-finder stations operated by the Coast Guard. These 64 

iiiformation is included. Similar information is in the Light Lists, except for the positions Of 

*no@ All are charted on the nautical charts. 
(c) Other federal and commercial shore radio stations near the coast, whose positions are 
(d) Ships a t  sea. 

For bearings on stations in (b ) ,  (e ) ,  and (d), except broadcasting stations, 
it is 

necessary to call the station by its radio call letters for identification and perb@ 
get it to transmit. 

It should be borne in mind that the published positions of stations in (c) tQeco,st 
approximate in many cases. Also such stations are likely to be inland from the bBt 
and any intervening land may affect the direction of the received signal. 
not to use stations in (c) unless they are known to be very near the shore. 

Odf 

It 

444.4. Accuracy of Radio Bearings 
bo 

In navigation, if three radio bearings intersect at a point, or nearly so, it fD!yed. 
generally assumed that a reasonably accurate position of the ship has been obt@& 
Less trust should be placed in radio bearings taken when conditions appear to be 12;$& 
vorable, as for example, when they may be affected by excessive static, or bYfl,@5 
e j e c t ;  at such times they should be checked by repetitions and by any other 
available. d: 
generally be considered to be correct within 2’ if the following precautions are obsePe 

defined. 0, 

Id 

$dl 

Radio bearings obtained with a radio diroction finder on board ship 

(a) Radio bearings should be observed by an experienced operator. 
(b)  The received signal should be sufficiently strong for the minimum to be clear cut Snd 

(c) Radio bearings on stations more than 150 miles distant should be considered 
(d) On some instruments the operator cannot tell whether he is measuring the bearing 

(e)  The deviation of the radio direction finder should be known accurately and applied! etl@ 
(.f) Unless a gyro repeater is used, the ship’s heading should be noted at the instant each 

is observed, and any correction applied. It should be noted that the accuracy of a radio f b  
depends on the accuracy with which the ship’s heading at the instant of observation is knowp; ,,,& 
samd care is required as for bearings by pelorus or azimuth circle. If the heading depends on the 
netic compass, the accuracy with which its deviation and the variation are known also enters 
result. be 

considered approximate. 

its 

reciprocal. 

ido  

should (0) The bearing of a station, whose radio signal passes over land in reaching the ship, 
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be 
steaming over a known distance. 
shortened to correct for this after having bben used for u few hundred miles. 

When the log is streamed, the line should be payed out gradually. 
j9 the register shall be oiled in accordance with the manufacturer’s directions, 

usually once every 4 hours. The rotator must be handled carefully to keep the ”$ 
from being dented or damaged in any way. 
log factor appreciably. 

When not in use, the log shall be carefully stowed in the box provided for 
purpose. It shall be cleaned after each period of use to renmvc salt deposits. d$&s There are also electric attachments which can be used to duplicate the re’ tp 
of the registering dial in the pilothouso, or in any part of the vessel. This permits 
oEccr of the watch to read the log himself instead G f  having to rely on a quarterm5 
o r  seaman who is sent aft for that purpose. 

A new towline will stretch and it shoald 

(I US! Durhe 

The slightest dent in a vane will change 

tb5b 

S@ 

4452. Electric Submerged Log 

The electric submerged log is installed inside the hull of the vessel wit11 a hbe 
.extending through the hull into the water. The motion of the vessel througlLrpf, 
water turns a small rotator, whose revolutions are transinitted to a mechanism ne 110’ 
which is connected electrically to a registering dial in the pilothouse. Thc 3stejog 
tion consists of a hull fitting and valve extension, or log casing, the submerg ed 
mechanism and rotator, the distance indicator, and the electric connections. d OB Two malres of submerged logs, the Chernilreef and the Meridian, are installe B 
survey ships of the Coastrand Geodetic Survey. 
log the diameter of the rotator spindle has bcrn iiicreascd and thc entire log tubeiil is 
mechanism chamber, and the hub of the rotator have been filled with oil. TbeoEsRlt 
kept a t  a pressure slightly cxcecding the extcrnal pressure to prcvent the enfrY ter is 
water. The dynamic pressure resulting from the ship’s motion tllrough the ~ ~ l i $ ~  
utilized to drive the oil through the spindle bearings of the mechanism. A sipa j f l  
(can be provided in the pilothouse to indicate that the oil in the log nccds to be ref$d 
ished or that water has entered the mcchanism chanibcr. The oil should be ren P 
and the oil pressure maintained, and the mechanism should be clenncd and 
accordance with the manufacturer’s instructions. e@ 

The submerged mechanism should be drawn up into the hull when mancuvef& 
in shallow water, near kelp or other marine growth, where tlicre may be subrn rb0 
logs, and a t  all times when not in actuql use, to prcvent fouling of, or darnage ”’ tll8 

;Log mechanism. An appreciable change in the log factor is an indication that 
apparatus may have become fouled. 

eridi” 
In the most improved type of Nf 

,tlcdr 

The electric submcrgcd log possesses the following advantages: fool 
or tu (a) There is no logline to be streamed, to be kept from fouling when the vessel StopSJ 

(b)  There is no loss of distance when the vessel stops for vertical casts or for othcr rc@istr&l 
(c) Neither the state of the sea, the speed, nor the wake of the propeller affects the reg 

( d )  The log, being beneath the bottom of the vessel, is clear of all floating obstr~ctiOng 

on survey buoys which are passed close aboard. 
OPS- .ob 

of &he distances. Id 

ientW’ 

debris. 
(e) The apparatus can be easily drawn inboard for inspection or attention. 
cf) The registering dial is in the pilothouse where it can be read accurately and conVefl 
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be If the velocity of the current is too great to be ignored, the log factor must io 
obtained by solving simultaneous equations based on the two consecutive runs 
opposite directions. The fundamental formula is 

By& Tx=D 
in which R is the log distance, y is tho factor, T i s  the time interval, 2 is the Ve loojO’ 
of the current, and D is the true distance of the calibration run. t 

In  using the formuIa it is assumed thet the ship encounters an identical Cur” r@ 
tb6 throughout the double run. For this reason it is important that a calibration 

in a current be made a t  a time when the current is constant, or nearly so, during 

ed i! entire period of the double run, 
Where the current is weak enough to be ignored, better results will’ be obta’o&$e 

tion the calibration distances are comparatively long-at least 3 or 4 miles. In this 
it should be sufficient to steam along the course three times, twice in one dire‘ 
and once in the other direction. The mean of the first two runs may then b 
pared with the mean of the second and third runs to detect any blunders which 
have been made. 

along a shorter calibration distance-one of approximately 1 mile. 
complete calibration should consist of no less than three double runs. 
for using a shorter distance where there is current is to shortcn the time requr, 
each double run so t h a t  there will be less likelihood of a change of current durflB 

Graphic scales for 
in applying log factors during hydrographic surveying are described in 4827. 

e COP 
f lay 

fled8 Where thcre is enough current to be taken into account, the runs should be tj,e In this case 
The 

I ed {of 
jt, 

Log factors should bp determined to three decimal places. 

446, TAUT-WIRE APPARATUS 

The taut-wire appdratus furnishes the most accurate means of measuringdiap 

&e@ 
zontul distances a t  sea. 
eter, one end of which is nncliored on the bottom, passes aronnd a calibrated flv as the ship steams along the route to he measured. 
tive power. 

A 11ni4u0 
yol@F ence to the ground, h h g  drawn off the apparatus as the ship moves ahcad. 

feature of the design, adaptled from submarine-cable laying equipment, is a re i i~  arm that unreels the wire from a large stationary reel so that the wire al.wayS I@ 

. bydfO’ taut. 
The taut-wire apparatus was developed in Engl’and and has been used ,siQ~b graphic surveying by the Hydrographic Department of the British AdmiraltJ’ @ 

about 1921. The first apparatus acquired by the Coast and Geodetic SurVof ljsd 
installed on the ship Oceanographer in March 1933; others have since been insto of 
on fivc other ships. The apparatus is an important factor in the position a~cU‘@’~ t i  

increased distnnces beyond the visibility of shore signals. 

The npparatus is constructed so that a wire of small 

The apparatus requires 
If the anchor does not drag, the wire will remain stationary witll 

recent offshore surveys and has made it practicabie to extend accurate sur VOYY 

Maintenance Company, Limited, of East Greenwich, England, makes a la%s @ tb Of 

its use is limited to the larger ships; the smaller is more compact and is adapted for 

fd 
Tlie manufacturer of the taut-wire apparatus, the Telegraph ConstructioD d 

small-sized apparatus. 
wire contained. 

on board small vessels. 

They differ in operating principle as well as in the lepg @d 
The larger apparatus requires considerable space for instalbtl” ~ $ 0  
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4461. Description of Large Taut- Wire Apparatus 

The large taut-Wirc apparatus (flg. 75) consists of tw4 principal parts, (1) a heavy standard A to which is attached a heavy reel 
t-ng the wire, an unreeling mechanism D, and a brske and tension ad]usting mechanism E; and (2) a long metal stand B riytains the measuring apparatus consisting of a cyclometer wheel F and revolution counter Q, a dynamometer H ,  and suit 

and fair-lead sheaves to lead the wire Over the measuring apparatus and toward the ship’s stern. 



4462 HYDROGRAPHIC MANUAL PA@ 354 

tioa of wire payed out will measure the true distance and be so indicated on the revo1‘ 
counter, if it has been properly calibrated. 

4462. Small Taul- Wire Apparatus 
e‘ 

The small taut-wire apparatus OPeratCS on essentially the Same principle as the large apparatus but it is built in One @ 

unit that is very similar in appearance to a wire sounding machine. On each side of a sheet-metal base, 1434 inches wide 
long, are welded triangular-shaped supports, 21% inehcs high, for a spindle, on which a reel with a capacity of 20 miles of pi$@! 
is permanently mounted. A bhkc  drum, axed on the spindle, is partly surrounded by a band brake opcrated 

cy@j mounted near the top of one of the triangular-shaped supports. A horizontal bar, pivoted abovo the ccntor of the reel, has ’ 
eter wheel geared to a dial-type of distance indicator on the after end and a spring balancc on the forward end. This 
forms a beam-type of dynamometer to measure the tension on the wire. 

The distance is registered on a round dial having two concentric graduated scales each of which has a clock-like POinter,cotlo 
Tho inner scale is divided into 20 nautical miles, subdivided in tenths of miles. One revolution of the outer scale is ea’:$eted 
0.2 nautical mile, divided and marked in hundredths of a pile and subdivided in thousandths, so that distances may be 
to ten-thousandths of a nautical mile. An attachment is provided so that both pointer bands may be set at zero or a des*ed’ ad 

of the horizontal bar. From the spring balance the tension on tho wiro may be read to half-pounds on a circular dial Bradue oo@ 
0 to 100. When tho apparatus is in operation the brake should be adjusted so that a tension of 30 to 40 pounds is indicated 

The apparatus should be installed and cared for and distances should be measured with it in much the same manner desqol@ 
for the large taut-wire apparatus (so0 4463, 4464, and 4466). The operation of the apparatus is slightly different, for thcr@lre idtD 
as tho wiro is payed out instead of remaining stationary as it does on the large taut-wire apparatus. Depending on tho freedo’ 

h d  $ which the reel revolves, a heavier anchor may be required than is used with the large taut-wire apparatus. 
The apparatus iS preparod for use by reeving the wire from the bottom of the rcol over the after side of the cyclometer’ 

three-quarters of a turn around it. The wire crosses below tho cyclometer wheel, and is then passed under the fair-lesd sbe$ii‘ 
an arm attached to the after end of the base. From hero tho wire is load over the stern of the vessel, through fair-1cadr0 
necessary, and the anchor weight attached as explained in 4465. 

The reel is not removable and the wire must bc wound on it on board ship. The wire should be wound on the reel under 
sion. I t  should be led from aft around the cyclometer whecl and under the fair-lead sheave on to tho bottom of the rcel. 
operated attachment is providod at the base of the apparatus for use in winding the wire in even layers. A rope pullY is attached 
one end of the spindle so that Power may be used and a crank is supplied for use in turning the reel by hand power. 

There is insufficient clearance where the wire crosses under tho cyclometer whoel; the wire coming off onc side of the real tbe 
but will rub coming off the other side. Wirc in one continuous picce should bo uscd, but whore splices are necessary  the^$@^ 
madc securely and neatly, and they should be wound on that side of thc reel where they will pass through tho apparetU 

.de’ in tcrkrence. 

by 36 io$ 

jld 

The lower end of the spring balance is attachcd by a metal rod to tho base, and its uppor end is suspended from tho for’erdc 
tsd @’ 

spring balance. db”d 

ter 
A @‘{lo 

The apparatus should be calibrated in the manner and with tthe accuracy 
scribed in 4467 for the large taut-wire apparatus. Thc instrument may be rea* u ldbe  
closer limits, however, and a measured mile course niarlrcd, by shore ranges sho 
of sufficicnt length to determine an accurate calibration factor. 

4463. Installation of Taut- Wire Apparatus 
$0’ 

‘The taut-wire apparatus must be installed near the ship’s stern, and preferably where the wiro, as it leaves tho after rol’$o~~ 
lead fair over the stern into the water. Such an installatiwn is ofton impracticable, for the weight of the apparatus conmcs 
main deck and tho height 6f the taftrail often requires additional rollers to lead the wire over it astern. The two parts of tho lug des 
wire apparatus should be dined parallel to tho centorline of the ship. Thore must bo sufficient clear space bctween tho stand’ @ 
the nicssuring-apparatus stand for the flyer to revolve witliout interference, and a clear spare aft of the apparatus for the “$$$ 
over the stern. A suitablo location may generally be found on the quarterdeck or in one of the deck passageways betw@” bo@ 
and the bulwarks. In the latter case, if there iP a choice of sides, that side should be prcfcrred where tlicrrvolution counter .”. 
most convcnicntly. . 
dation. The standard on a wooden base is bolted to the deck with ll./a-inch through bolts, engaging a structural member Of 
hull. The axis of the reel must bo parallel with the centerline of tho ship. A special davit is furntslicd with the aPperat~;!J” 

11 
mounted near the standard for use in handling the heavy reel, but it may not be required if the standard is located 
davit can be used instead. 

The measuring-apparatus stand should be installod with its forward end not less than 13 feet astern of the standard (flg;@tl@ 
must be installed so that it will be levo1 when the ship Is trimmed normally and on an even kecl for the dynamometer to e@ 
properly. If the dynamometer is inclined, the frame will bind on tho guidc rods, restricting its vertical movomcnt and pre&@fr 
the registration of tho true tension of the wire. The stand is generally fastened by bolts through the deck and mounted 
ship blocks which arc wcdgcd on tho outboard aidc, if nccessary, to make the installation level. 

If additional rollers arc required on tho stern they are generally improvised from matcrial on board. They may 
manently sccurcd to tho taffrail or moupted on a suitable piece of lumber to bc lashod securely to the rail when in use. 

The standard and reel full of wire weigh approximately 3,000 pounds, so the standard must bo mounted on a 
10 

76). 

pe” 
bo oftZer 
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4464. Care of Taut- Wire Apparatus 

4464 
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4466. Distance Measurements by Taut Wire 

Any distance a t  sea may be measured by taut wire. 
espcddy designed to measure horizontal distances between buoy stations, ,ad its 

During a taut-wire measurement only one man is required to attend the aPParatufl 
constantly, but two observers are required to read the revolution counter when a 
is given. The tmt-wire attendant stnnds by the apparatus on the alert to see the oi@ parts function properly and to maintain the correct tension on the wire. He also &ed 
the “mark” when the station is abeam, so that the observers may keep their eyes read 
on the revolution counter at this critical instant,. At the (‘mark” both observers 
the revolution counter and agree on the reading before it is recorded by one of the’ verifY’ 
8 taut-wire book- any type of small blank book will serve-the other observer 

takes the difference between the two revolution-counter readings and reduces 
meters by multiplying it by the factor (see 4467), the other observer c,heckinn8 the gDd fB’ 

ti& 
sult ; after which the taut-wire readings, difference, and distance are entere 
checked in the appropriate spaces on Form 777, Taut-Wire Traverse Observa 

it 0’ which is kept on the bridge. 

te OP 4 

The officer-in-charge, who is on the bridge conning the ship and maintaining 
range, is assisted by another officer who observes certain data and records all da for 
Form 777. I n  addition tp the  taut-wire measurement, Form 777 contains c 0 1 U ~ ~ ~  

be@ the foIIowing information: The name of the buoy station, the time it was passed 8 
the log reading when abeam, the difference in log readings between two  CON^^* 

ta@ 
buoy stations, the depression angle to the station if one was measured, the dls of 
passed abeam, the side of the vessel 011 which the station was passed, the directioied, 
the current, and three columns in which the azimuth between stations is to  be reCor dd 

also be entered. Some of the vertical columns are ruled with two horizontal S:t*ef 
opposite rach buoy station, one of which is marked with n buoy symbol, the 
being marked with an anchor symbol, If the data have bcen observed to the Oslte 
structure, as they usually are, they should be entered in the horizontal space OPP 

atively rare cases where special arrangements are made for observing the data 
to a small buoy marking the anchor position (see 943). 

The officer assisting on the bridge enters all the observed data except the t o  
data, the latter being entered and checked by the observers at  the taut-wire uPPar OP 
He is assisted in the observations by the officer-in-charge and the quartep@steT$. 
watch, for all of the required observations a t  each buoy must be made almost sip(jj 
taneously. t 
before or after the station is abeam, but the time, log reading, and distance abeam 
be obtained simultaneously a t  the instant the observation stalion on the b rid&: ctloP 
abeam of the station. The direction of the current must be recorded as the dire +pg 
toward which the current is flowing. This is usually the reverse of the observed bea,J,$O 

since the ship usually passes on the down-current side of the station (see 2512). i5 azimuth betwcen stations is generally obseivecl some time before the first she tiOD 8 8  

abeam, although occasionally it has to be observed in the reverse direction after 
second station has been passed. I n  the latter case it should be recorded as ob I 

with the station names recorded in the observed order from the near to  the fa 

The taut-wire apparatus 

principal use is for the measurement of distances between stations in a buoy verse- g 

t ai’ 

ing the mxorded reading. After a distance has been measured, one of the obs or@ i.t to 

In the C O ~ U ~ ~  headed “Current Diroction” the cstimated vclocity of the current bo ,,95 

bops 

the buoy symbol, the space opposite the anchor symbol being reserved for the C 0flPr 
direc” 

ut.4fa 

IOU; 
The direction and velocity of the current can usually be observed 

sar“d’ 
r boof 
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measurement is made between only two stations or between the last two stations 
traverse, the azimuth of the far station should be measured when the ship is abeaa 
first station and the far station kept on this azimuth until it is approached. This 
ensure the maintenance of a straight course between the two stations. 

$]el Where long distances are measurcd between two stations which are not intervls 
the course between them must be carefully computed and allowance made for the curre? 
indicated at  the first station by the lcad of the anchor cable. In R.A.R. sI1rveyS7 pot: 
tions may be obtained at regular intcrvals along the line so that the course 
altercd slightly to maintain the ship on line. If a long distance between two Sono' 
radio buoys is being measured, bombs fircd at  intermediate positions, to measure 
travel time of sound, give valuable data for the study of the velocity of s o w  d (see 

deter' to pass the station a t  the desired distance. 
mined, or if the ship has been maintained on line by fixes, a change in course of no 
than 2' or 3' should be necessary to head toward the station. 
current a t  this station may be assumcd to be the same as at  the first station, until 
ship is close enough for the direction to be observed, when a further change in cou@ 
must be made, if necessary, to pass the station on the down-current side. 

The wire should be cut immediately after passing the last station in a tau 
measurement. A straight section should be selected, preferably aft of the measur'$ 
apparatus. 
with the sharp edge of' a chipping hammer or other sharp tool. 
revolves rapidly after the wire has been cut, and in order to  keep a record on the re, 
tion counter of the total amount of wirc used, so as to estimate the amount remain 
on the reel, the wheel should be stopped imrnediatcly by a slightprcssure againsl its 

is a chance of not complcting it before dark. 
when there are indications of fog, which may close in to obscure the f a r  station 
view. Taut-wire measurements may be made during comparatively 'rough we 
but it should not be so rough as to  prcvcnt an even tension being maintained OD 

wire. 

of ll 
the 

tho 

6351). When the far station is finally sighted the course should be altered immd i a d f  

of tho 

If the course has been carefully 

The direction tbo 

t4VP 

, I d  

. 

It may be cut by holding a piece of metal under the wire, while it is 
The cyclometer 

VOlU' 

side. 

A taut-wire measurement should never bc started so late in the afternoon that tb': 

frofl 
atbe'! 

Neither should r~ measurement be 

4467. Calibration of the Taut- Wire Apparatus 
60 

,,tical approximately equal to 1.853 metcrs, so that 1,000 revolutions are equal to 1 na. tlf 
mile. This circumferential length cannot be accepted as exact, since it varics Sllg' it, 
with each taut-wire apparatus and changes with use as the whccl wears slightly, 

* tanCs' must be accurately calibrated to dcterminc the corrcct factor to reduce the dls 
measured in revolutions, to meters. The apparatus should be calibrated at least;& 
annually. and a t  any other time when there is reason to believe that the factor of 
used is incorrect. The factor may be determined either by direct measuremeDt of 
the circumference of the wheel or by the indirect method of determining the number 

* tan@' revolutions of thc wheel required to measure with the wire a sufficiently long dls 0f15 the length of which is accurately known or may be detcrmincd from simdt@De 

tCb. obscrvations. 
The circumference of the cyclometer wheel may be measured dircctly by Strs tJd 

ing a piece of the wire around the wheel. About 18 inches of each end of tlle wire Sb0 t 
ffi9 be annealed and a sufficient length should be used so that one end may be mado 

The cyclometer wheel of the taut-wire apparatus is made with a circumfere' 
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the distance of the ship from the front range when the range was crossed. From these dete of 
distance run by the ship between the two range crossings may be computed for the true azimuth 
the course traversed. 

(d)  The wire may be laid along a range, where there are.two lighthouses or landmarks ea 
half-mile of the range and at a suitable distance apart. The positions of the two range @c:snge 
the other two objects must have been determined by triangulation. The distance along th  OPtbe 
between the two objects, when each is normal to the azimuth of the range, may be computed. bei4g calibration run the revolution counter i s  read when each object bears 90° from the range, this 

,,bjeot Is determined by an observer with a sextant set a t  90°, who marks the instant when each 
exactly abeam. 

gitb a 
but 

frog 

tbe 

within 

For best results the taut-wire apparatus should be plibrated in a locality 
type of bottom similar to that over which it is to be used to measure distances' 
this is seldom possible. 
so an area should be selected where the bottomis comparatively level and free 
shoals and depressions, and preferably the depth should not exceed 20 fathoflsd 

A truly horizontal distance should be used for calibratl 

4468. Accuracy of Taut- Wire Measurements 
Out The closure errors of loop traverses in the past indicate that an accuracy of eb ] 

1 meter per statute mile or, roughly, 1 part in 1,600 may be expected from cd$ 
taut-wire measurements. To obtain this accuracy the apparatus must be OP ereie 
and the data observed and recorded with extreme care. There are sources of 
not in control of the ship personnel, however, which may cause inaccuracies. but 

The angle with which the wire leads over the stern can, of course, be observe $t 
nothing is lmown of the trend that the wire takes below the surface of the water Do\l,g 
what distances astern ,of the ship the wire will rest on the bottom in various d@ 
of water and under different tensions. d$& will not be measured if the angle of the wire leading over the stern is appreciably both 
ent at  the two ends of a taut-wire measurement, but if this angle is the same be 
ends it is probable that, within measurable limits, a true horizontal distance 
measured. 
with the recommended tension applied and stabilized before the first mark is r ifor$ 
should ensure the same lead angle throughout the measurement, provided a upeetd 
tension is maintaitied and provided the depths are fairly uniform. In depths @ 
than 100 fathoms a preliminary run of from 1 to 1 miles is generally required. 

If the fixed end of the wire is secured by some means on the surface of the 
but the wire is not buoyed at intervals as it is payed out, a true horizontal igbt ment will be obtained for only a very short distance; as the wire is payed out its $i,p 
will cause it to hang in a catenary curve until the center of the curve touches the b ed 
The measured distance will not be a true horizontal one, as an error bill be 'D'trod$,b 
which will vary with the depth of water. A taut-wire measurement started eblj 
the wire anchored on the bottom, where the depth of the water differs consid~0901t 
at  the two ends of the course, will likewise be in error; but a more accurate 
will be obtained if the measurement is started in the deeper water. 

Irregularities in the depth of water between the two ends of a distance me'' tb0 

distance is sufficiently long, the wire will lie on the bottom for most of the le& 
the distance measured, instead of being horizontal, will be along the bottom pro@ 
Prominent shoals and deep submarine valleys will introduce appreciable errors la 
measurement. 

t 4 C 0  I t  is apparent that a true horizontal dls 

In depths to 20 or 30 fathoms a preliminary run of K mile, or eve* 

,,eureO 

U d  

by taut wire prevent the measurement of an accurate horizontal distance. ~ If 
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FIGURE 76.-Optical principles of a sextant. 

451 I .  Principles oj the Sextant 
*vi 

The construction of the sextant is based on two simple principles: First, the optical principle $' 
the angle of incidence equals the angle of reflection in a plane which contains the normal to '*'ted 
flecting surface at the point of reflection. In  a sextant (fig. 76) the image of a n  object at G is rt~r:i+l 
by the index mirror A SO that  the angle GAH is equal to  the angle H A B ,  the line HA being the the 
t o  the surface of the mirror A.  Likewise, the angle ABK is equal to  the angle KBC. Sec~$8f10~ 
geometric principle that  when a ray of light undergoes two successive reflections in the rf8~e9a 
the angle between its first and last direction is equal to  twice the anglc between the reflecting s' t8bto 
From this principle the angle JCG is equal t o  8BKH. The angle ABC is a constant for any Se;f tb6 

I n  the sextant the index mirror A is carried on the index arm AE. It follows, then, thetllebe' 
mirrors are so arranged RS t o  measure an angle of 0' when the index arm is at D, any angle 

is e4od B K H  resulting from a movement of the index arm must equal the angle DAE. 
But according t o  the second principle the angle B K H ,  and consequently the angle DAE, fibfit 

t o  one-half of the nieasured angle JCG. 
any angle such as DAE may be read at double its value or the equivalent of the angle JcG. 

The limb or arc of the sextant is therefore graduated " 

4512. Navigating Satant 
tb6 

As the name implies, a true sextant is limited to onc-sixth of a circle, SO tbetl,pi. 
The instruments, almost 01 maximum anglc that can be measured with i t  is 120'. 

angles up to 144' or slightly larger. 
Two types of sextants are used by the Coast and Geodetic Survey. The qp 

and more precise is a navigating sextant, sometimes called an astronomic sextant. ~t is 
arc of this sextant has a radius of approximately 7% inches, or 19 centimeters- q]$ 
constructed so that angles up to approximately 144' can be measured with it* bfi 
arc is graduated by divisions 10 minutes apart, but by means of a vernier it Ca'&' 
read to the nearest 10 seconds. The average navigating sextant weighs appro@@' 
3% pounds. 

versally known as sextants, are actually quintants, constructed for the measure0 0nt 

largef 



1 
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$de 
tbet 

The mirrors of the hydrographic sextant are slightly smaller in size than those 
the navigating sextant. 
glasses or they are removed before use. 

may be read on them is slightly larger than on the navigating sextants; depending 
the construction, angles between 144' and 15l"can usually be rea,d. 

Hydrographic sextants are either not provided with 

Hydrographic sextants are often constructed so that the maximum ande ,,p 

4514. Sextant Mirrors 
$851 There are two mirrors on each sextant. The index mirror A (fig. 76) is lleldindO$ 

adjustable frame on the arm AE and is so called because i t  is attached to the i4 B 
arm and rotates with it. I t  is the larger of the two mirrors and its entire arzugbl 
reflecting surface. The other mirror B is called the horizon mirror because it is th of t~ 
or above, it that the observer sights a t  the horizon when measuring the altitude ~ $ 0  

I@ 
celestial body. 
held in a frame, which is provided with two adjustments. Formerly, this mirror 

through the clear upper half directly a t  one of the objects. In the Coast and Geode$ 
Survey, only the reflecting portion of the glass is used, the observer sighting OvOf 

This mirror is considerably smaller than the index mirror. It 

a glass of which only the lower half was a reflecting surface, the observer 100@!g 

at the direct object. de' 
Formerly, all mirrors were of glass, the reflecting surface consisting of silver 

ctivi@ posited on the back of the mirror. 
A fresh chemically deposited silver surface has an exceptionally high refle tbs 

approximately 90 percent, but it tarnishes readily and is easily scratched. Whea b 
reflecting surface is on the reverse side of the glass and the light rays must pass tl?'; 
the glass twice, the reflectivity is reduced in varying amounts, probably resulting @ 

average reflectivity of 80 percent. 
Olisb d The reflectivity of highly polished stellite is 67 percent and that of highly P 

stainless steel is approximately 61 percent. 
a. GZa88 mhors.-Stellite mirrors are used almost exclusively in hydrographic surveYin:8e @! 

Coast and Geodetic Survey, but due to the higher reflectivity of the best glass mirrors thclr 
still be desirable for some purposes. I l e ~ i $ *  

Glass mirrors must be optically flat and their two surfaces must be within 2 seconds of Pare BIO 
The glass reflects from its front surface as well as from the mirrored surface. If the two surfe$&1 
parallel the reflected images from the two will coincide in the telescope to produce a single &' 
but if the two surfaces are not parallel there will be two images or a distorted image which may '$ed* 
as though it were out of focus. If the reflected object is a star it will appear enlarged or elo'$dd 
Sextant mirrors with these characteristics should not be used for accurate observations but 

The error due to a prismatic index mirror will vary with the size of the angle m e a s u ~ ~ o o @ '  
error due to a prismatic horizon mirror, however, is a constant and is included in the index 
Consequently, if the effect of the latter is not otherwise disturbing it need not be replaced. l,et Po' 

When a glass mirror is inserted in its holding frame, the screw at the back of the frame 

in t 
be tightened so much as to introduce a torsion in the glass. 

The greatest disadvantage of glass mirrors is the rapid deterioration which takes PIeoe @flfi 
reflecting surface from exposure, dampness, ,and especially salt. Since hydrographic sextents $09' 

be used at sea in all conditions of weather, they are constantly exposed to salt spray, particularly idof' 
used in launch and small-boat hydrography, After use the entire sextant and particularly the :f the 
should be carefully dried and cleaned. 

ill fr@: 
mirror cannot be easily removed and thus is in a position to attack the mirrored coating. 

A British manufacturer has recently devised round glass mirrors hermetically sealed 
to prevent the possibility of spray reaching 'the mirrored surface. 
plated, and painted with speoial resistant paint and are then mounted in such a way that 

ia ta0 

be returned to the Washington Office with a report of the defect. OB 

fib0 

But the spray that finds its way around the edges 

o o p ~ v  These mirrors are silvered! ,,,ther 
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t5DU No adjustment is provided for the binocular telescope now attached to Sex 

used by the Coast and Geodetic Survey (see (d )  above). The telescope is ins 
by the manufacturer or by the Instrument Division of the Bureau so that its1iae 

have not been &xed, may be provided with an adjustment by which the line Of 

mation can be corrected. The method to be used is described on page 123 of Bow 
duo or in any good treatise on the use of the sextant. 

Owing to the construction of the sextant there is a small error in small ilndes\t $ 
to the fact that the vertex of the measured tingle is actually brlck of the s~ important only when distances are to be derived from small sextant angles, as in tbe d 
tometer method, or perhaps in small vertical or depression arlglcs. The efl’ect ’ 
amount of this error are considered in 2382. 

oj 

sight is parallel to the arc. Older navigating sextants, to which binocular &le $CopBs oollj+ 

4516. Satant Adjustments 
&led Io The horizon and index mirrors must be adjusted by the movements pro 

the holding frames to eliminate errors ( e ) ,  (f), and (s) in 4515. 
Referring to figure 76, the index mirror A must first be made perpendicular ‘?d$8 

plane of the instrument. 

nearly as practicable in the plane of the scxtant, with the graduated arc away fr0;$g 
eye. Observe the graduated arc direct and its reflection in the index mirror, @ 

the arc slowly back and forth, and see whether the arc and its reflection appear to 148 an apparently continuous unbroken arc. If so, the mirror is perpendicular to the #8 

frame until it is perpendicular. 
The horizon. mirror B should now be adjusted perpendicular to the planed bold 

sextant. With the index mirror in ndjustmcnt, sot the index arm near zero aD ~5 
the sextant BO its plane is vertical and sight a t  the sea horizon. Bring the boriaoDo+ 
seen direct and its image in the horizon mirror into coincidence by moving the ”8J1&aod 
screw. Incline the sextant so that its plane makes a slight angle with the horiaoP t,be 
see if the horizon and its image are still in coincidence. If not, adjust thc position i,,& horizon mirror by means of the screws attached a t  the back of tile frame until 
dence is obtained. t 

a t  a stqr and moving the index arm so that the rcflected irrlngc of the star BPP 
pass the star as seen direct. 

other whcn tested. 

tbt 

TO make this adjustment set the index arm near the @’ of the graduated arc and hold tlic sextant with the eye close to the index mirror a Ild tbs * 
fofl 

of the arc; otherwise, correct its position by adjusting the Screw a t  the back of 

of tbB 

of 

This adjustment o l  the horizon mirror may be macle a t  night by pointing the Sex”; 

01159 

g If they are not in coincidence in passing, the horizon bbe 
needs to be adjusted as described above until one image passes directly in froa t o  

The index error (g) in 4515 and its adjustment are considered in 4517. 

451 7. Index Error 
of d l 0  

The index error of a sextant is due to the fact tllat the reilecting surfaces Tb0 
two mirrors are not parallel with each other wbcn the index arm is set at zero* &If 
adjustments describcd in 4516 having heon prcviously made, set the 
a t  zero and point the sextant a t  some distant object, usually the sea 

0% 

rotate the horizon mirror by means of the ndjusting screw ( N  in fig. 77) to On‘ 
its frame until the direct and reflected images are in coincidence. This a 
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IJY Angles may be measured with a theodolite for this purpose and subseq,"@es 
measured by sextant from the same position. Angles of as many different s f e ~ ~ o l  
practicable should be measured, preferably angles approximating loo, ZOO, 3' IIOeS 
etc. Assuming that the angles measured by theodolite are correct, the differetabe 

d by are the sextant errors due to eccentricity and graduation. From these errors E 
or curve may be constructed from which the error for any angle may be faun 

Errors of graduation may also be detected by placing the zero of the verDiefael 
exact coincidence with selected graduations of the arc and observing whcther tba tdt 
numbered division of the vernier also coincides wit11 a division of the arc. T @  id 
should be made at  numerous positions of the graduated arc, and thc agreemen t sbo' 
be perfcct in every case. 

interpolation. io 

452. SEXTANT ANGLES 
4521. Horizontal Angles 

$0 
To measure the angle between two terrestrial objects in a horizontal PIEuO~ofb 

sextant is held horizontally, handle down, with the telescope pointed toward tb;lj10 
hand object. This object is viewed directly over the top of the horizon mirrOr;oobl~ 
the index arm is moved until the image of the right-hand object is seen, by di0  reflection, in the horizon mirror directly below, With,both objects in view5 "into 
approximate coincidence, the index arm is clamped and the objects are broug bt 

of 
exact coincidence by means of the tangent screw. 

This measurement of horizontal angles is the basis of fixing the position 
survey vessel by the three-point problem in hydrographic surveying. 

Little experience is required to measure unchanging angles between P 
objects where the sextant is mounted on a steady base or even where held in 
by an observer on land. In  hydrographic surveying, however, the angles to 
ured are always changing more or less, the survey vessel is frequently far from 
and the objects are often small or faint. 
one to obscrve sextant angles quickly and accurately under these conditions. 

is changing rapidly or the survey vessel is unsteady, many observcrs prefer to 

Where the objects are distant, indistinct, or indefinite, when the anglcs are 
slowly, and particularly where a small error in the angle will affcct the psitioD 
siderably, a telescope should always be used. 

When the angle to be observed is changing appreciably, the usual procedure fl 
bring the object seen direct and thc reflected image into approximate coincideaGiD$e; 
maintain them so by moving the free index arm until it is about time to mark tb: m@ 
Just beforc thc mark the arm is clampcd and the two objects are brought into an fib! 
tained in exact coincidence by the use of thc tangent screw until the word mark. 
the angle is changing rapidly the tangent screw cannot bc moved fast enoug h obserqef for 
but in this case so much accuracy is unnecessary. For such angles man9 is 
set the clamping screw partly, so that there is a little friction when the index '58 
moved, the angle being taken without using the tangent screw. The rnagnifYiag,&dt 
should be adjusted beforehand and no part of the arm shollld be touched after "@la bps 
neither should the sextant be set down, until after thc value of the obscrvcd after 
been read. This requires care, but is generally preferable to clamping the a@ 

Considerable practice is required to e 

Where the objects are prominent and readily visible, and especially when the 

sextant without its telescope because of the larger field of view. id 

i 
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foro@ 
t cbd be seen only through the telescope and, because the horizon is devoid of re 

points, there is great difficulty in finding even the direct object unless it is waate]y 
constantly. I n  survey operations of this nature, while the same or approxirn .e& 
the same course is followed, it is advantageous to note the bearing of the direc t obl 
with reference to some part of the ship’s bridge or by pelorus, if necessary. 

roxy frequent or large changes in course are made, the only recourse is to note the ’PPiDed 
mate bearing of the direct object by compass. If the direct object can be maiat’r5te 
in view or found when desired, the reflected object may be found by noting thOcie+ 
of change of the angle, or by bringing the two objects together in the sextant a Sufi 

number of times between positions to keep the angle always approximately on. 5 ~ d  I n  using any of the above methods for picking up faint objects, obserVO1’sttb@ 
especially beginners, are warned against getting an approximate angle and letting 
imaginations do the rest. Such methods can, of course, be used only to  aid in g ord 
the objects within the field of view. If one of the objects cannot actually be seen jr 
they are not in coincidence a t  the mark, the angle must be reported to the Ofi 
charge as a miss. 

,ti$! 

Gerf 

4523. The Measurement of Large Angles 
sofiteflb. 

Angles grcatcr than 145’ or 150’ cannot be measured with the ordinary soflr Occasionally in hydrographic surveying such angles must be measured. This is tb5b 
times done by splitting the angle between two obscrvcrg. To do this it is essential s e d  

ob1 there be a well-defined object somewhere near the horizon to serve as a middle dro&’ 
to which the two parts of the sum angle may be observed. ct~’  
raphy where the control stations arc buoys out of sight of land it is sometimes pri,5f 
cable, especially in the tropics, to use well-defined points of cloud formthoas 
the horizon for this purpose. 

A sextant has been designed in Europe embodying a prism in such a w ’ ~ o ~ ~ b  

I n  throe-pobt fix 

tb5l 

angles up to 180’ can be read on it. 
and Geodetic survey. 

This sextant has not been used by tbe 

4524. vertical Sextant Angles 
tbe 

The sextant was designed primarily for use a t  sea by mariners in observingofi 
altitudes of celestial bodies and it is also used for this purpose by hydrographic S~~’vO$ib 

To make such an observation the instrument is held so that its planc is vertical’ tbe 
the telescope directed toward the horizon. Observing the horizon in direct Vie:cted 

index arm is moved along the arc until the image of the celestial object is see11 $0 
in the horizon mirror. When both the celestial object and the horizon are S@a.dO@ 
telescope, the arm is clamped and by means of the tangent BCrew an exact coinc1 

40 
The principal difficulty in measuring such an angle is that it must be flaTkedid 

as to measure the angle in a vertical plane. ?gill 
the instrument slightly to the right and left of thc vertical. The reflected obJeC *call 

appear to describe the arc of a circle, the lowest point of which marks the true tudes 
and when Coincidence is obtained at  this point the angle should be marked. AIti the 
of celestial bodies should not be measurcd where the sextant is pointed througheiS 
rigging or where other nonvertical parts of the vessel are in view to distort the 0 bsorv 
senso of perpendicularity. 

iP 

is obtained when the plane of the sextant is truly vertical. 

To ensure this, the observer 

vdJ 
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bored to hold the battery or batteries. 
long by $ inch in diameter should be used. 

On a vessel not provided with sextants equipped for night observations, Or 
number of such observations to be made does not warrant alteration of the sex 
they should be read by illumination provided from a flashlight held by an assi 
The flashlight must be held against the graduated arc but to one side of tho ‘ 
to illuminate it diagonally, so as not to interfere with its being read. 

Small “pen” batteries approximatelY 

4526. Inclined Swtunt Angles 
The sextant is used to determine the azimuth between two buoys or other objO‘$ 

by the measurement of an inclined angle between that line of sight and a oe10st1 

object, generally the sun. To measure such angles the sextant is held at  an inclia:por, 
to the horizon. This is the most difficult type of angle to  measure with a 9g 
because it has to be held at  an unnatural angle with the horizon, this angle d;8eioi~ 
with almost every measurement. The principal difficulty is in bringing the Sun gd 
approximate coincidence with the objects on range. Frequently the method de9(li$8 
in 4524(a) for bringing a star down to the hohzon has to be used. After apProxl’ppf 
coincidence has once been obtained the final observation is no more difficult 

bY ’’ other. 
A vertical angle must be observed simultaneously with the inclined angleof@O 

second observer. The inclined angle may be reduced to a horizontal angle by One 
formulas given in 3338. d 

In measuring inclined angles for sun azimuths, when the sun must be 0b90rve Ooted 

direct and the buoys on range reflected, the intense rays of the‘sun make the re’ tp@ 
buoy difficult or impossible to see. An improvised shade may be used to adv5Dtele0 
to prevent the rays of the sun from passing around the shade glass and into 
scope. Any stiff piece of cardboard or other material may be used, in which Oir b0 

observed. This is temporarily attached to the sextant. A size 6 inches square 8 0  
suffice, with a horizontal piece cut out, of its right edge, through which the ray frO:O~ 
reflected object passes, and with slots cut in its lower edge by which it ma9 beinid 
porarily fastened to the frame of the sextant. A simpler and smaller card Gonta be 
the same circular and horizontal openings may be made to rest on top of the 
sextant and be temporarily attached with Scotch tape to the frame of the shade ’ 

dua 

hole the size of the shade glass is cut, and through which the direct object InfiYdfl 

eof t  

td 453. PROTRACTORS 

The protractor in its simplest form is an arc or circle of flat material, gra 

graphic surveying the type most widely used is the three-arm protractor of @$bd 
transparent material. Horizontal angles, usually forming three-point fixes, p 
graphically with the three-arm type. 

in degrees, with which angles may be plotted or scaled on a plane surface. In wdr0f 

4 3 1 .  Metal Three-Arm Protractor 
&GI0 

The metal three-arm protractor (fig. 78) consists essentially of a graduated-ofiof 
with one fixed arm and two movable arms pivoted a t  its center so that the exten’yd@ 
each fiducial edge always passes through the precise center of the graduated Oteff 
The arms are about 18 inches long. The circle is usually about 8 inches in dififl 

GI 
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to half-dcgrccs, with a vernier on each movnblc arm which permits a setting 
to the nearest minute. Thc graduations of tlic circlc should bc accurate to w i t h  

The center arm of the protractor is fixecl a t  thc zcro of thc scale. Each movable 

"lrCd With two sets of numbers so that anglcs may bo rend cithcr clockwise or countcr- 
>'~5e from the zcro of the scnlc. Thc construction of tlic protractor pcrmits setting 

5Qa11 angle n1lpronchilig 0' on one n m  only, tho minimum anglc which cnn bc set 

i: 111 order to  plot all thrcc-point fiscs two .metal 
arc rcquirctl, ollc constriicted to nccoinmodntc n sm:ill riglit nnglc nnd tlie 

373 

minute, and tllc arms should be truly rndinl also within one-half minutc. 

other arm being n1)out 1 2 O .  
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sions of the arms of the protractor. Setscrews are provided for fixing them in P lt@ 
For plotting angles on stations at  great distances, metal protractors hay (3 so@v 

obsesf@, 

ef15 
Aft0' 

4532 HYDROGRAPHIC MANUAL 

d for 
Extension arms.-A removable extension, about 15 inches long, is provide 

When in place they form true, straightedge e 
each of the three arms. 
fitting only its corresponding arm. 

These extensions are not interchangeable, each 

times been fitted with a second set of extension arms to be attached to the 
It is difEcdt to provide sufficient rigidity for these extensions, and their use 
recommended, especially since extremely small angles, which usually occur in 
tions on distant signals, require very accurate plotting. 

To overcome the lack of rigidity, braces in the form of metal arcs with centra1 
have been devised for attachment to the arms a t  the points where the extensioD 
are fastened. 
the extension arms have been added, the brace is placed in position and the setscs$ 
are screwed down through the slot in the brace and into both arms. When thes.isOb 
used a t  least one se&crew in each brace must be loosened each time a new angle d 
on the protractor. After the brace has been loclrcd, the setscrew on the vernie 
be released and the angle verified before the position is plotted. 

,oh 

These braces can be used only for comparatively small angles. 

r ShO'" 

4q532. Adaptation ,for Wire-Drag Plotting 
.@ Wire-drag plotting is facilitated by a simple adaptation of the metal three #d 

protractor. In  the base of the transparent centerpiece which colltains cross'in~~difig 
a center hole, a small ecccntric hole is drilled at  a distance from the center CorresP top 
to the length of the towline at  the plotting scale. A special pointer is mounted O ,gd 

tef 
In  a wire-drag survey the three-point fix is plotted in the usual manner, t,he fir0 

of the protractor indicating the position of the guide launch. The buoy ang*Xt,bb 
then set with ,the new device; the position of the near buoy is plotted thfO't 
eccentric hole, and a short direction is indicated to the distant buoy. Differe' 
line lengths or smooth sheets of diff ercnt scale will rccluirc different centerpieces' 

of the centerpiece in such a wdy that the pointer is in line with the two holes, tbe 
of the pointer reaching to the graduatcd arc of the protractor. 

4533. Test and Adjustment of Three-Arm Protractor 

Protractors, when first purchased or when repaired at  the Washington Off@' 
fire 

verified for accuracy before being issued for use. But since both. metal an t bo 
parent protractors are subjcctcd to exposure and ]lard USC ill the field, they dS ~ 5 0  

of inaccurate protractors. be 
An aluminum plate with accurate angles of goo on each si& of thc ccntor o':oV 

requisitioned from the Washington Office for use in testing protractors. @ struction of such a plate is undertaken in the field, it should bc made with &ro 
accuracy on metal or on metal-mounted paper. . e $  

d trfias. 

frequently verified during use. An endless amourlt of trouble will result from the 

If 

In  testing a protractor the centerpiece with the transparent bottom a d  0r099$b 
should be used. The bottom of the centerpiece sllould be flush or nearly flush for 
the hub of the protractor to avoid parallax. The centerpiece should bo tested , OD P 
concentricity by placing the intersection of the crosslines above a marked Polnof tbO 
sheet of paper and rotating the centerpiece in the socket. If the intsrsectlOD i0o0 
crosslines coincides throughout the rotation with the marked point, the cente'Tl10 
may be assumed to be coirect. The other centerpieces should also be checkod' 
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tractor should be checked to see that it is properly centered over the known PO6' 
and that the fixed arm passes through the initial point. 

In  plotting hydrography accuracy should be the objective of the beginner. 
will be gained with experience. 

S P d  

6 Id 
4535. Care of Three-Am Protractor 

The metal three-arm protractor is an accurate and expensive instrum@ 
requires as much care to preserve its initial accuracy as does any delicate 
instrument. Each protractor should be stored in its own wooden box when thaaoeey 
work has been completed, and a visual check should be made to ensure that ea& 
sory is in its proper compartment in the box. '05b8 

During use, especially during rough weather, provision must be made to elw 
any possibility of the protractor's slipping off the plottingjtable. Ingenuity will SO@ fho 
several methods of securing the instrument on the table when not in actual Use* be 
arms and the extension arms of metal protractors are straightedges which f15' to 
easily bent if the protractor is dropped or carelessly handled. After any aCo1 *dOnt Bubee* 
the instrument the straightness of the arms should be carefully vcrified befora 
quent use. 

If a metal protractor is exposed to salt spray or happens to be immersed i ~ t i o ~ @  
water, it should be cleaned and oiled immediately in accordance with the in9tru 
given in 4313. 

salt 

4536. Celluloid Protractors 
oO1*dOid' The transparent protractor (fig. 78) in most general use is constructed of @I 

with a solid disk about 12 inches in diameter containing a circle graduated in d'$pg 
and one fixed and two movable arms also of celluloid extending about 13% Of 
beyond the edge of the disk, each containing an etched line radial with the oe* (lra24 
the protractor and which serves as the plotting edge. Each of the lnovfibl' tbe 
contains a vernier graduated in 2-minute intervals. Angles can be set or refid $fdO 
nearest minute. A setscrew on each movable arm clamps the arm to the soliddl Ol 
near its outer rim, and each arm may be set and clamped in place independen 

Although limited in accuracy the celluloid protractor has several advantages d 
the'metal protractor. Its transparency makes it possible to see the plotting gh@' .tj0p9 'tf 
the stations thereon. Positions may be plotted quite close to the plotted pOS1 
the control stations. The protractor is lighter in weight, more easiiy read, and i d  

b$' 

The celluloid protractor is most useful in launch hydrography, where the Po' &f$ 
are usually comparatively near the control stations and rapid plotting is nacO~ofO 
especially where there are currents. Compared to the metal protractor, it  can be die@ 
easily held in place when the launch is pitching and can be set mora readily rego$ sir t fie 
of vibration from the launch motor. 
table by the violent motion of the launch in a rough sea. bof 

Test for accuracy.-Celluloid protractors cannot be adjusted. They should' ]ioa4 

the other. Of* 

sequently can be set more quickly than the metal protractor. I t  is easily 016 fined to 
contains practically no metal to stain the sheot. The solid celluloid disk ger@ 

A celluloid protractor may be used whenever desired for boat-sheet plo tting, 
protect the sheot from being soiled by the hands of the plotter. 

its use for smooth-sheet plotting is restricted by the limitations in 7622. * b i d  

I t  is less likely to be damaged if thr0Nn 

'bod ever, be tested on the aluminum plate in order to determine whether the sCr1 
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Where a position is fixed by only two R.A.R. distances, the device may be its 
plotting the position directly. After it has been placed, as described above, S 

center correctly marks one distance, it can be moved until its center correctb' p$ 
second distance referred to another set of distance circles drawn about a second " 
station, while keeping it in its correct relationship to the first distance circle# (see 
center of the device will then mark the position fixed by the two R.A.R. distancss' 
7631a.) 

that 
mar!-@ 

4538. Metal R.A.R. Protractor 
gad6 A metal plotting device has been designed which can be used to advantageivotd 

certain conditions to plot R.A.R. positions. The device consists of three arms p 
a t  a pricking device. With zero a t  the pivot, the arms are graduated to SeP$ta 
distances (in meters or seconds of travel time) a t  the scale of the hydrographic sh ,,a0 

nt each R.A.R. station, the index being vertically above the plotted position $d& 
station. The arm8 slide in grooves in rotatable inner parts of these heads. The $b 
is provided with a vernier and the head with a setscrew to clamp the arm at its 

If distances are determined to two R.A.R. stations and the distances are setoapoB' 
arms passing through the respective stations, the pricker at  the pivot will ~ o v ~ r r o $  
cbanically to the position where the bomb was fired. Owing to inherent saa1' ,u&'~ 
and distortions of the plotting sheet, the three arms cannot be used simultane 64 
but the two which give the strongest intersection or the most consistent result94b 
be used, with a third distance used as a check. 
each pair of distances and the three resulting positions compared. ted 

plotting velocity, as 1,460 meters per sccond, the plotting velocity used on d l  '&d 
smooth sheets (see 763). 
arithmetically to the plotting velocity before being used, and in the former case '? Oj 
corrections can be made when the actual velocity differs enough from the Ve 

graduation to warrant it. Corrections for distortion of the plotting sheet can 

Three index heads, or disks, are provided. These are fastened over the of 

Gorr 
setting . tbO 

Or the position can be plotted 

The instrument must be graduated for a mean velocity of sound OY for a seleG p fi, 

I n  the latter case each R.A.R. distance must be GOfr 

10CltJ' 0 

in the same manner. o l d  

be 

The instrument must be graduated for one scale of hydrographic sheet, "ltbtja&. 
lot it can be used for other scales by applying a factor to the distances before P 

Where the scales involved arc double one another this is simple. 

4539. Special Types of Protractors 
0t"n' 

Several forms of special transparent protractors, of advantage in particular ''d 09 
stances, have been prepared in the Washington Office. A protractor Print;ofi ig 
tracing paper, merely a graduated circle 3% inches in diameter with amarked ceDabi09@ 
available. 51~9 
that one or more of them are obscured by either the metal or transparent twT;ti! 
protractors. For use in plotting, continuous lines are drawn from the center 
protractor to represent the angles measured, after which the protractor is "$d, 
the same manner as is the three-arm protractor. 

Another form of protractor available a t  the Washington Office consists of a 'Ir '4 
os$$ 

This is particulary useful for plotting positions so close to the 

If other sizes are needed to 
special conditions they will be furnished on request. * c.& 

piece of celluloid, similar in size and appearance to the solid part of the 
three-arm protractor, throughout which numerous parallel lines have been p 
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4541. Chronometer 
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should be removed as far as practicable from masses of vertical iron. 
have a glass top through which to read the chronometers and should be s u b d i d  ed d @; 

separate compartments, one for each chronometer. Each compartment sbotdu& 
padded and lined with baize cloth, so that the chronometer fits in it snugly and 
any jar. A chronometer shouldmver be removed from ite individual box, e 
emergency, nor should the chronometers in their boxes be removed from t 
compartments except when urgently needed elsewhere. Chronometers mu 
adjusted or reset on board ship. 

I n  transporting a chronometer by hand it should first be clamped in its gabe1 
always placed in the carrying case provided for that purpose. It should be b,:6gg 
with the greatest care and only set down in transit on a cushion or some shock-ab 
support . ip 

balance wheel must be stopped. This is done by allowing the wheel to strike 
small piece of paper until motion ceases. A stiff object or the finger must fie 
used for this purpose. As the balance wheel is very heavy compared to its 8 
pivots, it is imperative that it be locked motionless during transit to prevent d 
the delicate pivots. The wheel is locked by inserting soft cork wedges as nearly O$$ 
the spokes of the wheel as possible. Wedges should be pressed in carefully and s ~ D  B ~ t  
ously to avoid a sideways pressure on the pivots. They should never come in OoPbjr 

serted to ensure their remaining in place but must never be forced. Cork wedg$opb 
be issued with most chronometers, but should none be available, a soft and re 
material should be used. 

A chronometer should always be removed from its gimbal rings for shipmoo 
should then be packed in its box, surrounded on every side and top and botto 
crushed paper so that it cannot possibly move ia the box during shipment. 

The chronometer box should finally be wrapped hermetically with paper to Pd,a bJ’ 
infiltration of dust. In  the outer shipping case it should rest on and be surrOUn d& 
crushed paper or other cushioning material. Excelsior must never be used as it is 

de9Pit0 and the fine powder will sift through exceedingly small openings. 
c. Winding.-Chronometers must be wound a t  the same time each day, , dlpg 

the fact that they are ordinarily constructed to run for 56 hours without reWJ’ d 
This regular daily winding ensures a uniform rate. 
gently on its side and insert the key in its hole until it seats. Steady the instrOeaflod0 
one hand and wind counterclockwise for 7% turns. The last half-turn must be d tb0 
slowly and gently until the stop is reached. After winding, the lroy is removed ” fo’ 
chronometer gently returned to its normal position, Where there are severa1 ‘ i d  
nometers, they should be wound in the same order daily, and after all have been ‘* pd 

d. Comparison.-When a survey party is ongaged in operations where @‘”d0 
chronometer time is needed, daily comparisons of all chronometers should be ”00 
wikh radio time signals. The daily comparisons should be begun far enough in edq@p 

of their need to establish an accurate rate for each chronometer. 

The cf@ 

b. Preparation for shipment.-Before a chronometer is prepared for shipfl’” 

with any of the adjusting screws in the balance wheel. Wedges shobld be fir dY#$ 

r*@+ 

t f l 4 ~  
t”’ To wind a chronometer, 

the indicator of each should be inspected to ensure that each has been fully Wo UDd k l  

that none was omitted. ah0 
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45434. Stop Watch 
#$e i4 

A stop watch has many uses, both in navigating and surveying, and its $6 
essential for measuring small intervals of time accurately. It is used in current;-$,$ 
vations, in checking the speed of echo-sounding instruments, and in R.A.R. for 10 
the ship’s run, between the instant a bomb strikes the water and its explosion’ io 
navigating and piloting it is useful in measuring wind velocity with an anernoTetor’$ 
counting the revolutions per minute of the ship’s propeller, in taking celestial Slg 
measuring the distance from shore by an echo, and in measuring the distance fro$ ’ 
synchronized radiobeacon and sound-signal station. And it can be used to adV 
in many other operations. 

ht$r 

455. RANGEFINDER 
bb 

A rangefinder is an instrument with which the distance of an object m” it 
measured with reference to a short base incorporated in it. In its simplest fora’ 

to bf@ consists of a tube within which are two prisms at the ends of the base, arranged 
reflected images to a central eyepiece into which the observer looks. The distb@O 
between the prisms is the base and the instruments are usually classified by the 

Sli&’ length, e. g., a 1-meter rangefinder. The over-all length of the instrument is 
gCIbd 

greater than the distance between the prisms. 
A distancc is measured by looking into the eyepiece and bringing the two re’ iitb 

images of the object into coincidence by an adjustment provided to move o ~ e i c ~ i 5  
reference to the other. The distance may then be read on a graduated scale wh ted 
operated by the mcchanism for bringing the images together. The scale is @:tioopf du5 
in either meters or yards; which should be ascertained before using a P 
instrument. bage 

The rangefinders used in the Coast and Geodetic Survey generally hav0 
lengths of either 30 centimeters or 1 meter, the smaller being used by laufl”’ 
shore parties and the larger on board the survey ships. 

The range and accuracy of a rangcfinder vary with tho length of base an afdSl 

sion of manufacture. The 1-meter rangefinder is graduated from 250 to  20,00° J’ 9 8  
and the 30-centimeter rangefinder from 20 to 1,000 meters. 
accuracy to be expected with each instrument. 

d pfBcy 

Table 10 indicatog 

-1 TABLE lO.-Probable error of rangefinder distances 

Probable crror 

Distance 

In 1 observation 

Percent 
Less than 1% 
Less than 2 
Less than 3 

1 
2 

3-4 
7-8 
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4621. Marking Leadlines 
io 

A leadline should be from 15 to 30 fathoms in length, depending on the depthgo! 
which it will likely be used and whether it is intended for use on a small boat Or 

ship. 
Each leadline should be identified by a consecutive number 

disk attached at the inboard end of the line at the time of graduation. 
should be retained throughout the life of the leadline or until it  is necessary to 

The braided covering of a leadline tends to shrink with use when wct. 
occurs, the wire core eventually buckles, and strands break and are likely to 
through the covering and injure the loadsman’s hands. 
following preseasoning before it is marked: 

A leadline is prepared for use by soaking it in salt water for 24 hours. TheD b! 
wet it should be laid out where the cotton covering can be worked along tb eflt hand until about a foot or so of the wire for each 10 fathoms protrudes from the cov be 

689 This is a tedious proceeding, several men have to cooperate, the cover~gdpo&f 
pushed back only a few inches a t  a time, and this length of slack has to be pushe is 
the full length of the line before another few inches can be started. The excess &‘ed 
cut off. Experience has proved that a leadline SO prepared, if the covering is $bO 
back the correct amount, will maintain an almost constant length in future 
covering must riot he worked back too far or it  will form bulgcs along the wire’ si00 teDtbiS After the above preparation the line should be dried under considerable 
and then soaked again for another 24 hours. A leadline should never be boiled 
removes the waterproofing with which the covering is impregnated. der’ 

After the lead has been attached, the line while still wet should be placed @arily’ 
tension equal to the weight of the lead, while it is being graduated. If tempof 

The marks on a new leadline may be laid off with a tape, but the most conve tbO 
arrangement, and one which will be needed later for leadline verification, is to m:&Q 
correct distances permanently with copper tacks on the deck of the ship, Or On 
if the survey party is based at a shore station. 

This can be prevente 

(3 de, 

fl@k 

marked at this time the permanent marks can be seized on afterwards. IJd 
rk, 

Two units of measure, the fathom and the foot, are used by the 
Survey for the measurement of depths, but the two units are not 4 

same leadline. One system of marking utilizes feet only and the othcr system 
and tenths of fathoms. Every survey party that has occasion to use both deP 
accordance with the instructions in this Manual shall be equipped with at 
leadline marked in each unit. 

Leadlines in fathoms shall be marlred as follows: 
Fathoms 
1,11,21_----_-_________ 
2,12,22 _ _ _ - _ - _ - _ _ _ _ _ _ _ _  
3,13,23 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
4,14,24 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Marks 
One strip of leather. 
TWO strips of leather. 
Blue bunting. 
TWO strips of leather secured in the middle (SO that tw  

White bunting. 
White cord with one knot, 
Red bunting. 
Three strips of leather. 

ends 
point upward and two downward). 
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mere 
r0. 

merit to that effect, such as, “Leadline tested correct to 15 fathoms,” is sufficient, 
it js found to be incorrect, the results of the comparison shall be entered under the 

TbB priate hpadings, for each fathom, or for each 5 feet for a leadline marked in feet. , 
0nd true length by the standard is entered under the column headed “D” and the corresp ed 

ing length by leadline under the column headed “M.” Tlie corrections to the record 

Corrections must be entered in decimals of the same unit in which the Iedioebe 
marked-e.,g., for a line marked in fathoms and tenths of fathoms, corrections should 
in hundredths of fathoms; for a lincmarlted in feet, corrections should be in tenths 

than that specified in 3111. 

soundings are found by subtracting the leadline ( M )  values from the standard (D) Tal@‘ 

of feet, 
A leadline should be re-marked when it is consistently in error by an amoun t largef 

4623. Errors in Leadline Soundings 
i n d ’  Errors in leadline soundings are of two general kinds; tllose resulting from an 

rect depth being indicated by the leadline, and those resulting from an incorrect I@ 

or recording of the depth. The hydrographer must be alert to keep both types 0 errofi 
at a minimum. 1 

Most inaccuracies of the first type result from a failure to ]lave tho leadline vertio’ 
e0d 

undiflg 
and taut at the time it  is read. 
of the vessel or by heaving the lead fartlier ahead. 

of the leadsman to raise the lead off tho bottom and lower it again just bdorosoft 
line is vertical. Errors sometimes result from the lead sin]&g into the ooze Orat8f 

mud on the bottom. 
than they actually are. 

Errors of the first type will also result from an incorrectly marlced or gra 
leadline, or from a loadlinc which varies in length while being used in sounding 

on the part of the leadsman and recorder are the only remedies. d 
The most common’ error is due to the recorder’s misunderstanding the depth being 

out by the leadsman. Some launch engines are noisy, and at times orders &re ding 
issued or other data called out at the same time the leadsmnn calls out the SOUa 

The leadsmnn should be instructed to call out all soundings loudly and distinctly, &5 the recorder as he does S O ;  and the recorder must repeat every sounding, for a ch Ook1 
afllSiofl he enters it in the Sounding Record. Such errors are usually due to a COcarefol 

llY 
enunciation will climinatc such confusion. The -teen nuInbcrs &ould bo @qUatod 
accented on both syllables, RS fif’-teen’, but the -ty numbers should be strongly 

DBJ’ on the first syllable only, as fif’-ty. The first syllnble of eleven should be stro ~d 
stressed and prolonged, as ee’-lcvcn, to distinguish it from seven in which tlie S shO‘‘bo 
be overempliasized, as 8s-own. 
enunciated plainly. Where the leadsman and rccorcler, arld a t  least one of the anB is 
are bilingual, as in the Philippine Islands, the best assurance against such errors 
have the depths called out 
vice versa. 

work of a new leadsman should be closely supervised until he is proficient- 
attention to his duties will eliminate inaccurate readings. Who11 an unoxpecte 
is called out by thc leadsman, the recorder should immediately ask that it be checked’ 

They can be largely eliminated by reducing the sp 
Simllar errors result from SO with n leadline in strong currents (see 3464). An inaccuracy results from a failUfE 

Unfortunately, all of these errors malre the depths seem gre 
(See also 3421.) 

duded 

Errors of the second type are entirely personal, and conscientiousness and a ttentioa 

call0 

of similarly sounding numbers, such RS 7 and 11, 5 and 0, 15 a ~ l d  50, etc. 

Thc u inJive and tlke second 71 in nine sh0 llld 

of 
English and repented by the rccordor in 

tho 
c109° 

Loadsmen should be instructed in heaving tile load and in reading the leadline; 

d doPtb 

Errors in soundings arc also discussed in 774. 
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Ut. forward hoisting bolt. The platform is fastened to both gunwales and extends Oil ,  
board on one side just enough so that vertical leadline soundings c m  be taken frofl 
A framework of 2- by 4-inch lumber is usually built a t  the outer end of the p l a t f o ~ f l o r ~  
well braced inboard to the platform itself. Canvas can be placed around the fram 
to protect the leadsman from s p r y .  

Should it be inconvenient or impracticable to install a regular sounding chair qh@ 
launch or small boat, a canvas belt may serve temporarily to support the leadsman p 
sounding. A small hinged platform is built and secured to the deck of the laUncb' to 
6-inch belt made of canvas is passed around the waist of the lendsman and secured Id the launch where convenient, as to pipe frames, stanchions, or handrails. This belt 

befive not only support the leadsman but will also give him enough freedom of action tmo spr53' the lead without fear of falling overboard. It does not furnish protection against 

o@r 
,rR.tu5 

q,Bter 

samples, and temperatures. re 
The sounding wire which is wound around the reel, the registering sheave to JrleDsu d 

& O W  the amount of wire run out and over which the wire passes, and the w'eight att d 0ud to the cnd of the wire, constitute the depth-measuring equipment. The wire is le ie the 
the side or stern of the vessel through tl system of sheaves or pulleys, one of which 
registering sheave. scribed The operation of taking wire soundings and the speed of operation are de 
in 3422, and tho operation of observing water tcrnperatures is described in 6321. 

,ad 

on Ir 

463. SOUNDING MACHINES 

A sounding machine is a mechanical device, operated either manually or by P 
used to measure, with wire, depths of water too great for the handlead. The aPP for consists of a reel mounted on a stand, with a means for applying power and a brak$itjl 
stopping the reel. It is used for taking vertical wire soundings, for comparisons 
echo soundings, and for obtaining oceanographic data such as bottom specimens, 

4631. Ship Sounding Machines 
06 

The Coast and Geodetic Survey has developed and adopted as standard two "y$, 
JP 

0eP' 
of sounding machines, although many different types, such as the Lucas, Sigsbee, 
Tanner, and Kelvin have been used in the past. The two types are known as the oJld 
sea machine and the LL-type machine; they are basically the same in construction of 
operation, differing principally in sizc of reel. Their speed, smoothness, and ":6ed 
operation are believed to be superior to those of other types. Piano wire is Usua'l:itbOr 
on the deep-sea machine and stranded wire on the LL-type machine, although &e 
kind of wire Ean bo used on either machine. Drawings and specifications Of 
machines can be obtained from the Washington Office when needed. 

The basic description of both types of machines is as follows: A reel is rnounte b0 

as to turn freely on a control shaft which has a collar by means of which the reo1 is 
slid from one side to tho other by a handle. On one side of the reel a brake disk i9 
secured to the frame of the machine and on the other side of the reel a clutdl 
attached to a shaft to which is also attached the power pulley or gear. The brakOTto 
clutch disks are bevcled and covered with a preformed Raybestos brake liniW Oogt' 
controI shaft has a worm screw cut in one end which causes it to shift in and out '  

When the machines are electric-driven a 3 horsepower, watertight Diebl e'e d 

d fi0 

disk d 
aD 

tudinally when the end of tho operating handle is moved from side to side. &il' 

motor is used ; the motor is ball-blearing, compound-woundJ interpole, variable $Pee 





4632 HYDROGRAPHfC MANUAL 39’ 

Of but this is not used for depth mcasuremcnts on account of thc varying circumfcrcnCes 
diffcrcnt t~mounts of wirc on tlic reel. Tlic registering shcnvc is usually mouiitcd 8 bore 
the machinc. 

tion of ccho sounding, but  thcir successful operation is evidcriccd by 6 weeks of ‘OD’ 

loss of any wirc or equipment. 

Such machines have been used only intermittently in recent years sirlcc tho adol)’ 

tinuons deep-sea sounding by onc ship in 1923, in dcptlls to 4,600 fntlioms, With Out 

auxiliary vessels whcrc n power-drivcn machine is nccded. Tlrc rccl llas a f lCfl*1 or 

stcam motor, lilte tho Dako motor, or by a stationary gasoline cngiIic, or drivcll fs0D’ 

dl Tlic LL-type qf sounding machine is used on practically all survey sllips a d  

circiimfcrcncc of about >4 fathom ant1 will lioltl about 900 fathoms of stranded Wire 
about 2,700 fathoms of piano wire. The rccl is usually made of bronzc. Wlicn usen 
on survcy ships i t  is almost invariably clcctric-powrrctl, but i t  may be powcrctl 

e 

tho gasolint~ engine of a l ~ ~ l n c h  (scc 4633). Tlic Wright of tllis mnclline complete, d 
bronze rwl, clcctric motor, framc, base, ctc., is about 975 pourlds; wit,llout motor ’11 
powcr t,rnnsmission itls weight is about 175 pounds. Tho L-type of sonnding 11? nchilJe 

is is nn olr l t~  model of the LL-type, tliffcring from i t  only in minor details. 
This same mnchinc is uscd on launclic~s whcre a powcr-driven souriding mnclliJiC 

I d  
nc~edctl,’:~ltlioug2i many other types I ~ I L V C  been used in tlic past. 

An automatic brake sounding machine has also bccn tlcvclopctl by tllc Const 
Geodctic SrirvcIy. 
app l id  by means of a series of triggers and springs the installt tlle wirc slnclcs wllc” 

applied a t  otlic13 times. 

, 
Its principal characteristic is that thc bralit! is a t ~ t o r n f i ~ ~ ~ ” ~ ~  tbe 

lcad strilcrs bottom, but  it rcquircs a fine adjustment to crlsllrc ngnirist the brnkc bciJ1E 

Its cost is much liiglicr t,hnn that of tllc LL-type. 

463.3. InstallriIirm of Sounding Macliines 

A ship soiiritling mncliinc is usunlly instnllctl on or 11ctlr tl1c bridgo with thc 
l&o 
t,ioO loading 011 tbonrd ovrr tlic side, wlicrr the ofIiccr-in-dini~gc c m  siipcrviso tllo op 
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to kocp tlic wire vcrt,icnl wliilc somiding. 

Or boom to lcrLd tllc wirr wcll clc:~r of the side. Tlic rcgistcring sllcnvo, or co11rltcI’, 
Y u l d  be mountcd Iicnr tlic nirLc1iinc wlicre it cnii be coiivciiiciitly rend t)y tiic oprrator. 

fair- 
lead Tlic fnir-lend is nt8tnclicd to t i  pipe 
cross \lilhh turns frccly 011 tlic boom, nnd is rigged so it, can be slid nlolig the boom “‘ ‘lscd in n11y position wlicqi sounding. Tlic fnir-lend is c.ountc~bnlnncetl by nn 

A fair-lend should bc cnrricd 011 

instnllnt,ion is iiidicntcd in figure 82. Tlic wirc is 1cd through 
& booni of 2j&incli gnlvnnizcd iron pipe. 
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the enough to ensure that  the wire will clear the stern and not likely be fouled bY 
propeller. Where the wire is led amidships, the arrangement is similar to that  use d oa 

000 survey ships. A boom is rigged of different sizes of pipe, which will telescope into with another and be out of the way when not in use. The registering sheave is inboard 
a fair-lead on thc outer end of the boom. The advantages of the midship installntios 

t11e are that  one of the anglemen can supervise operations more closely and can vcrifY II 
sheave reading more conveniently, and it is more conveniently locatcd for reading 

t11e 
thermometer for the temperaturcs required in a launch echo-sounding survey. 

A hand sounding machine may be located in any convcnient space, usually oI1 
IJwer. stern, whero thcrc is room for the mcn nccdcd to operate it.  The location of a P 

drivcn machine depends more on the type and location of the power plant of the launGb’ 
It is usually more satisfactory to derive the power from tho forward cnd of a 6a 
engine, as this’interferes less’with its operation. For this reason the sountling rn@hi’e 

nyail* 
to is usually installcd inside tlic hull near tho forward end of the cngino, if there is 

able space for it. It is then conncctcd to  the engine either by n belt or chain drive n 
the flywheel, or by a system of gcnrs and shafting to  the jaclcshaft. Where instal1‘ 

drive on the stern deck the conncction is to the clutch shaft. A V-type of leatlier belt 
is preferred to any other typc of tlrivc because it is much more silent in operation’ 

Any power machinc should be bolted through tho dock beams or sccurcd to bnse is 
plate which itself is bolted through trhc tlcrlc beams. Where thc sounding mil.clIine 
installed forward of thc cngine and sounding from the stcrrl is preferred, the 
may be led overhead through two fair-lcads suspended from tllc canopy and tllr 
a window cut in the canopy to a rcgisteringshcnvc nstern. 

IVYiffl 

o d ’  

4464,. REGISTERING SJTEAVES 
A rcgistcring sheave is a dcvicc uscd to mcnsurc thc nmount of wirc payed OOt 

hod when sounding. It consists of a grooved whcrl (circumfercncc~ 23.911 inchcs) mo‘’ 

FIGURE 83-Registering sheavo. 

,&’ 
d 

in a yoke so that  it will revolvc freely, and conncctcd by gears to nn indicator on 
tho number of fathoms of wire run over the wheel is indicated. The preferre 
of indicator is a count)er, tlic numerals of which indicate fathoms and tenths of fa ti1oflSi 
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in its 
fully. Every precaution should bc talrcn to prevent thc wheel from jamming 

cause 
yoke, as this will frequently result in the whecl bcing scored by thi! wire. 

Sheaves with worm gcars develop side play in the yoke whcn worn. This ma37 ,,racy an error of as much as 1 fathom in thc dial reading. Therefore, when special ac 
is required, as in comparative soundings, a fairly new and carefully calibrated 
should be used. Should it be necessary to use a sheave with side play, the wheel should 

errof arm when reading the depth. 

due to side play. 

be held against one arm of the yoke whcn setting the pointer, and against th e 9’’ 

I n  the counter-type of sheave there is no worm gcar, so there should be no 

465. SOUNDING WIRE 

Two types of sounding wirc-stranded and piano--arc ordinarily used for 
Stranded wire should bo uscd in depths less than 300 fathoms; pial’’ 

$vifc 

soundings. 
should be uscd in greater depths. 
3422 and 463. 

For the iisc of wire with sounding macllincs, 

4651. Stranded Sounding Wire 
double 

$00 galvanized No. 24 B.W.G. gagc wirc, and has a brcaking strength of not less tllapaled 
pounds. It is furnished in 300-fathom lengths, packed with powdcrcd lime in Se 
cans. 

Strandcd sounding wire is composed of scven tightly twistcd strands of 

The diameter of stranded sounding wire is 0.065 inch. 

4652. Piano Wire 
ip 

Piano sounding wire is single No. 21  B. and S. gagc steel wire. It is furnished is 
2,000-fathom lengths, packed with powdered limc in sealcd cans. Its diaflotc’ it 
0.0285 inch. Although it has a brcaking strength of approximately 190 pouads’ 

dirlg’’ should not be subjectcd to a tcnsion greatcr than 100 pounds when recling in. 
The lead,should not be attachcd a t  the end of pinno wirc for taking soU”reeled 

because the wire is apt’to kink when the lead strikes the bottom and to part when ,]I 
in. To avoid this a 25-fathom length of stranded wire or a few fathorns Of 

Manila line should bc inscrtcd bctwcen the end of t h o  piano wirc and tho lead. 

a tl10 
sounding machine with piano wirc is used for taking scrial tcnipcraturcs, a 1~ 
length of stranded wire should be inscrtcd bctwecn the end of the piano wire an atld 
lead, because most such observations are taken in depths less than 150 fathom’ 
there is less risk of the stranded wire parting. 

r0.fatboD1 

4653. Splicing Stranded Wire 

Stranded sounding wire is seldom uscd in dcpths excecding 300 fathoms, and 
wire is furnished in such lengths. Ordinarily it is not economic to splice it, ,%@P 
where it must bc used for deeper soundings, or when there is a shortage of wire. lice 

Where i t  becomes necessary to splicc stranded wire, a regular long wire sp ill 
should be macle, with the wires ending at varying distaiiccs apart throughout tho  l‘p&,t 
of the splice. 
both ends and one or two places in the middle. The whole should be cleaned ‘bc 
muriatic (hydrochloric) acid and washed with solder. 
quite thin to avoid making the splice too stiff. 

The ends should be tuclrcd and thc splice seized with fine copper 

Thc solder coating flust 
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c 95n'0 transferred to the sounding machine by power, and with expcriencc arid carc th 
method can be used with piano wire. 

A conical-shaped wooden frame, 2% to 3 fcet high, should be construct0 d 7 $;: 
around an iron rod running through its center, on which it revolves as an axis*of tl,p, 
diameter of the base of the cone should be about 1% times the outside diameter auld 
largest coil of wire t o  be used on it. With thcsc dimensions a coil of piano wire shTqire 
rest about halfway bctwccn the apex and base of the cone, a coil of stranded 

Two wooden blocks with metal sockets should be built to servc as upper and lo"- 
bearings for the iron rod. The lower block may be secured tcmporarily to the deok? 

brfike any convenient place and thc upper block secured to a cross brace, so that the 

is used, one end of which is secured and the othcr end held in the hand of an Opere 
with about a three-quarter turn around the cone. 

The wirc is led off the conc downwards and under a horizontal bar of wood, 
upward over another similar bar a t  least 5 feet above the deck, thence horizontallY tp 
distance of about 10 fect to a sheave directly over the sounding machine, and ontl tl10 

reel, A sliding weight is placed on the wirc between the higher of the two bars en cord 
sheave. This weight must be kcpt from sliding toward the shcavc by a 
secured in the direction of the cone. Thc purposc of thc sliding weight is to take 
slack in the wirc bctwecn the bar and the sheave a t  all times, otherwise piano wireil,Os 
surely kink sooner or liter. 

t,bC 
The sounding machine is startcd slowly either by hand or power. The me11 d its 

machine and thc ropc brake watch thc sliding weight constantly and are guided b:io~i 
position. The machinc should bo run at constant spced and any variations in t7dipg 
counteracted by the use of the ropc bralrc. tiop 
weight begins to fall, and slackcd as i t  rises. Some experience and constant ~ L t C ~ b i ~ c  
are rcquircd, especially if the machinc is to be run by powcr. The man a t  the mn 
must be ready to stop it instantly if the sliding wcight riscs quickly, for this InaYchiPe 
catc that the wirc is jammed at tlic cone and, if so, the wirc will bc parted if tlie 1l1' 
is not stopped. d 

It is immaterial which crid of n coil of wirc is lcd to tho machinc, so long a5 thc "d 
is clcar. 
will continue to appear so until the cntirc coil is on the drum. 

to the sounding machine by powEr in IL much shorter timc thnii is required to rig 
use the cone for a new coil of wire. 

resting somewhat higher. 0r 

COD0 IS 

held securely between them in a vertical position, yet can revolve freely. A rope tor1 

tbonCe 

This slack in the wirc is also a safcty factor, which 
the operator of the reel time to stop it, if the wirc jams a t  the cone. 

The brake is applied whcncver the 

,oil 0' Soon after starting, tlie wire appears to come from the insidc of the 
d A supply of wirc may be carried on a storagc rcel, from which it can bo tral lsforre ePd 

4658. Care of Sounding Wire 

end of a field season, or at any other timc when tlic wirc is not to be used in tlleoilcd 
future, it should be run off tho sounding machinc reel, and thoroughly dried and the 
when replaced. Thc surface of tlic reel, and any part which comcs in contact with tho 
wire, should be wcll dried and freely coated with mineral grease, before rewinding 
wire. 

When in use, and cspccially after the last sounding of each day, the wil.0 "5 io 
be run through a piece of well-greased canvas as it is rrelrd in. 

At Evcn galvanized sounding wire is likcly to rust, unless properly cared for. 

,lid Thc reel of wire should bc well wrapped with oil-sot~kcd cloths. 

A brush diPP 
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boblo* bottom of the pipe lead, or an ordinary lead for that matter, for obtaining 
samples. 

4663. Lead for  Very Soft Bottom 

A special lead can be made for use in ooze or very soft mud. An iron TOd1 
10 inches, with an eyc in one end, is threaded throughout its length. A Perf’ 
wooden disk, reinforced by steel bands, is attached just below the eye. Belo:doU 
disk, 2- to 4-pound scotions of sounding lcad drilled through the center are scraU‘ d 
the threaded rod. The whole is held in placc by a nut above the disk and on e be’:k dls 
the lead. .Any desired weight of lead and size of disk may be usbd but a ./-inch P 
and 10 pounds of lead will usually be found satisfactory. The leadline should 
graduated from the top of the disk. 

4664. Arming the Lead 
bob bo@’ 

*th Soap’ 
The sounding lcad is armed to bring up for inspection specimens of tlie 

The depression, or grooved-out hole, in the bottom of the lead is filled W1 tpse  
tallow, or a mixture of both. Sand, mud, shells, and pobblcs will adhere to 
materials and be brought to  the surface for inspcction so that a description 
may be recorded in the Sounding Records. Some types of mud will not adher:& 
tallow or soap, in which case the snapper should be used. The sample of dePgld 
brought up is but suporficial, and is no criterion of what lics boncath. 
and 476.) 

(See dS0 

466.5. Deluching Rod and Sinkers d i5 
The Belknap-Sigsbce spccimen cylinder, commonly known as a detaching Yo de ’ d 

CJJ a device which disengages a sinker‘when it strikcs bottom. 
botho;; on a trigger, or tumbler, which is tripped when the bottom of the rod strikes 

The sinker is then automatically detached. 
used for all wire sounding in depths greater than 1,000 fathoms. (See also 4744’!fiblc 

for various sizcs weighing from 35 to 110 Ijounds, although the size ordinar’: j,ob 
weighs 65 pounds. This size is about 8 inches in diameter u t  its widest point. 
2j4 inches in diameter, runs vertically through tfhe center, through which the dot’ tJIB 
rod is inserted. A wire ear or hook is cast on each side of the sinker slightly fib’:; tb0 
middle, to which a wire sling is attached. The sinlter is hung from the trigger,c@e 
detaching rod by this wire sling. 
the sinker is detached and left on the bottom. 

The sinker is Susp 

The detaching rod with sinker shO uld 

The sinker is pear-shaped, specially cast. Drawings and specifications are ,VaJ , u5e d 

To decrease strain on the wounding wire and 

Another type of detaching weight for use with a snapper is described in 4 7610 

4G67. TIDE GAGES 
fiP9 

A tide gagc is an instrument for measuring the risc and fall of the tide. Tidog ftf 
may be divided into two classifications-nonregistering gages which require fin 

to record the heights of the tide, and self-registering, or automatic, gages which 
matically record the risc and fall of the tide wliilc unattended. Both types of 
are fully dcscribed in Special Publication No. 196, Manual of Tide O b s e r ~ a t i ~ ” ~ ’  

which record the tide in the form of a graph. 
designed for use a t  primary tide sI,ations, or a t  stations where observations 

Qu ’ 
The Coast and Geodetic Survey uses two principal kinds of automatic ttde;ge 1’ 

to be The standard nutomutic tide 
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47. OCEANOGRAPHIC INSTRUMENTS 

The instruments chiefly uscd in hydrographic surveying a,rc those designed 
determination of positions and the measurement of depths. Other instrumen 
required, however, to measure the temperature and salinity of sea water. These 
tial data are reguired to compute the theoretical velocity of sound for. use in 
and to correct the echo soundings. 
samples of the bottom material so that bottom charact,eristics may be char 

The thermometers used to mcasure the temperature of sea water are 
design that will record temperatures at  various selected dcpths between the 
bottom. The salinity of sea water is determined from specific gravity measu 
made with hydrometers placed in water specimens which are trapped a t  variou 
in special instruments known as water bottles. Bottom samples are also obt 
means of special instruments which enclose samples of the bottom materi 
may then be raised to the surface for examination and a record of the characten 

‘Oceanographic instruments are usually made of nickel-plated brass which is 
affected by the corrosive action of salt water in which they are frequently sub0 
They must be thoroughly rinsed in fresh water after use, after which they 
dried with a cloth. All moving and hinged parts and screw tllrcads should 
oiled occasionally to ensure porfect working condition, 
ments should be stowed in a safe p1ac.e where they will not be damaged. Thefl’$,& 
should be removed from the instrumcnt frames and stowed very carefullY in 

Oceanographic instruments should be tcstcd before use to ensure that taho{o be 
function as intended. Unless an apparatus is adjusted properly it may haVO d 
raised an excessive distance before it reverses or closes as.intended. It may be t$’!g 
by being lowered 2 or 3 fathoms below the surface to observe thc action wh@ p 
raised. An instrument in proper condition and adjustment shonld reverse 01 ‘’f@ 
this distance. 
Washington Office for repairs. 

damcntal principle in all sampling devices, and few improvements of imp0 
been made until recent years. Recent improvements, however, have been 
the design of many oceanographic instruments which not only permit quicker 
ments but also furnish more positive and accurate results. The bathytbefl 
(473), the multiple sea sampler (4743), and the Piggot gun (4764) nre emrn 
these recent developments. 
rapher should be ever alert not only to improve oxisting ocertnographic 
but also to envisage the possible development of new ones. 

471. DEEP-SEA THERMOMETERS 

Other special instruments are used to ’ 

When not in use, 

wooden cases. $ill 

If it does not, it should be adjusted before further use or returned 

The ingenious apparatus devised by Hooke in 1660 has been utilized 

Further innovations are l ,~ be expected and the 

*el 
001, A thermometer used to measure the tempcraturq of sea water must be Of ’it4 

design since it must not only register the temperature a t  ally depth, but must rnT~vp@ 
the record until raised to the surface, where it can be read. There are two genera ’ 

This 1’ 0 ~ 1  of thermometers used for this purpose. 
most accurate, and it is the easiest to use. Reversing thermometers are of two protected and unprotedted from the pressure of the water. The protecte d tJ’$,t! of 
made with or without nn auxiliary thermometer to measure the temperature 
enclosed column of air. 

tYP The first is the reversing type. 
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The first column may be considered for practical purposes as the observed temperature Or 
ature a t  time of thermometer reversal. 
the corrections to beapplied (algebraically to the observed temperatures) for three different temp 
of air in the thermometer a t  the time of reading. The National Bureau of Standards determ 
actual comparisons against the standard, only those corrections shown in parentheses; th  
rections are computed. The coefficient of expansion of the glass and the volume of the 8 
reservoir to the mark a t  0' C., which is furnished in the report of the test, are needed $0 C 

other corrections. 
below the zero graduation and is expressed in the equivalent number of degrees the mer 
occupy in the capillary tube. 
tions involving the above data are not required in the field and are explained only for a 
standing of the National Bureau of Standards report. It is apparent that the mag 
corrections in parentheses is an indication of the accuracy of the thermometer. The corr 
be small if the thermometer is accurately graduated and uniform if the size of the 13th 

uniform. The magnitude of the computed corrections varies with the degree-volume 
mometer and depends on the volume of the supplemental reservoir; if the degree-volume 
corrections are large and they will have to be applied to observed temperatures. 

The entries in the three columns under the second he 

The volume is the amount of mercury contained in the supplementa 

This is known as the degree-volume of the thermometer. 

4713. Corrections to Observed Temperatures 

Thermometer corrections may be conveniently obtained from a graph, as in figure 85, p 
cross-section paper from the correction values of the National Bureau of Standards re 
temperatures of the enclosed air colum:: when the reversing thermometer is read are p 
abscissas at convenient divisions of the cross-section paper. The corrections to be aPp 
below and plus above a zero line, are plotted as ordinates. All of the corrections in the 

E6 P' e 
plotted and the points for each corresponding observed temperature connected. These ''t f b  
furnish only corrections for the three observed temperatures tabulated, i. e., Oo, 15O, and 36 id'! 
intermediate lines for each 5' should be interpolated between these by subdivision of the 
spaces. It is to  be noted that the calibration curve of a reversing thermometer retains its shePE 

To determine the correction to be applied to an observed temperature, the temperetur:&dt 
enclosed column of air must be known. This may be determined by several methods. Th:e&fil 
of the thermometer may be deferred until the temperature of the enclosed column reaches the 
ture of the atmosphere but this will require from 15 to 20 minutes, depending on the diBefeDoe 

inter p t ~  

shifts slightly along the ordinate aa the thermometer ages. of 
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4714. Accuracy of Observations 

4715. unprotected Reversing Thermometer 

4716. Insulated Water Bottle 
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tbep momctcr is enclosetl and shcnthcd in strong glass with the mercury rcscrvoir of thc 
mometer projccting into n cylinc1cr containing tlic wnter sample and tlic gradusti 
stem extending upward into a tube a t  the top of tlic contnincr, whcrc it niny b e  rea 

d t a p  The irisulatcd water bottle can bc used only to n doptli of ahout 300 fathoms a* 
peraturcs obtsincvl in this way must bc corrected for n small decrease in t e ~ ~ ~ p e r " ~ " ~ '  
causccl by tlic dccomprcssion of tlic water sample nntl bottlr. Jts ndrnntngc lies 3 

. 11 OD0 tthe fact that tlic tcmptmturc and water ssmplc tire obtainctl simultaneously W l t  
instrumm t. 

472. REVERSING TJJERMOMETEII FRAMES 
A necessary adjunct to s dccp-scn rcvcrsing tlicrmoinctcr. is a frninc whicli P tects of 

tlic thcrmomctcr, and by wliicli it may hc rnpsiztd n t  any t1csirc.d dcptli by 1neDnS 

FIGURE 8G.-Oceanogr~~l~hic instruincnts in position to sountl. A .  Irnproved Sigshco wntorcug. 
C. Sounding lend with snnpprr type of sampling ilcvicr nt tm and rovcrsing thermoinrtrr. 

cylindcr with solinding w i g h t  attnchcd. 

trips 
U l d  
ter to 
\\&' 

vcy is 
"@T' 

ccrtain meclinnicnl attachments. Sonic frames nrc cnpsixccl by n messenger whicll 
the inverting mcchnnism, and others utilize a propcl1c.r wliich rcvolvcs ns tho iristr 
is drawn upward tl~rougli tlic wntcr, withdrawing n pin that  nllows t h e  tlicrnioI1lc 
capsize. Some rrvrrsing frames arc incorporntcd in instruments used to obtain 
snmples (see 474), but tlrc frame gcnernlly used by the Const ant1 Geodetic Sur 
tlcsignctl cxclusivc~y for inverting t1ic tlccp-sca t~icrmomcter. ~t is 1inow11 ns tlic T 
Sigshcci rcvwsing frame. 
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Certain difficulties may be experienced in operation. When the thermometer holder feils 5 

built The Tanner-Sigsbee reversing frame has been improved in recent years; the propeller is no' b@ 
with three blades and with an increased pitch. The improved models are faster-acting and havvesbfifi 
observed to capsize the thermometer when raised through only 1 foot of water. The propeller 
must be thoroughly oiled and maintained in good condition in order to retain this rapid action* 

capsize it is probably due to improper adjustment of the propeller blades. One of the ~$$II 
the propeller is slightly wider than the other two and is adjusted to strike a stop pin when th 
ment is>lowered, to prevent the propeller screw from jamming against the threads. The stop $8 
must have a flat top and project just enough so that the propeller blade will not touch it at d1 :z &e 
revolution just preceding that when it strikes the pin and stops. If readjustment is necessafl 
field the pin should be filed to B flat end of the required length. 

Another possible difficulty is that the long spring clamp may lose its tension which Wiu \ do09 
the frame to  slip on the sounding line. The spring is made of bronze to resist corrosion, but Bg~! 
not have much tension. The tension may be increased by pulling the long part of the SPrlng t@ 
from the frame. tbe 

qunding line with sail twine, 

Serving the sounding line with sail twine to provide a larger diameter for 
clamps will prevent the frame from slipping; or better still, the frame itself may be lashe clw 

4722. Other Rawsing Thermomter Frames 
$bo Another teversing frame of modified design operates on the same principleit 

Tanner-SigsFee reversing frame. This instrument also utilizes a propeller but oted 
tains two thermometer holders-one for a protected and the other for an unProta 

ePb0: 
d byit 

thermometer. The holders are pivoted near the center between two vertical 
of the frame, and when released by the action of the propeller, they are inverte 

5 d b  

weight attached to the upper end. This frame is provided with clamps by &ob 
may be attached to the small-diameter sounding wire. 0d 

The E u d s e n  type of reversing frame is constructed exactly like the one de 
e55e~g in the preceding paragraph, except that the mechanism is actuated by a s i 8  (see 4742) that releases a spring trigger which permits the thermometers to 

The messenger type of release is more positive acting than the propeller type. @J the reversal occurs with certainty a t  the desired depth, while the propeller tYp ie$g 
be reversed prematurely in a rough 888 by the rolling or pitching of the vessel " 
the instrument through the water sufficiently to revolve the propeller. 

These two types of reversing frames are not used by the Coast and Geodetic SuP0Y 

473. RATHYTHERMOGHAPH 

The bathythermograph is a device for obtaining a continuous graphic ternPorash@ 
depth record of sea water. With it temperatures can be measured rapidly, @ d b  
information can be obtained on the vertical distribution of temperatures. @' 
ment is new and should be considered in the development stage, but it certaiOly# 
bodies desirable features that simplify .the problem of determining the changeable @gJ 
peratures of the upper layers of water adequately for use in hydrographic survey d. 
particularly where these data are needed for the computation of the velocity 0 rdoPJ 

There are two types of bathythermographs, the bimetallic-reed and the Bo' 
differing only in the device employed to measure the temperature and in the C 

tion necessary to accommodate this device. Both measure temperatures bet 
and 30' C. 

The' 

f so@ 

J&leeD 
oJ&$; 
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4 731. Rirnctallic-Reed T y p  Bnth?.thermograph~ 

4731 

in The first model of the bathythermograph contained a bimetallic-reed temperature clement enclosed 
Perf uetal tube 2% inches in diameter and 27 inches long. The upper part of the metal tube had 
1 . The reed was attached through hcnt-insu- 

The pressure iFnt consisted of a series of mctnllic bellows that  coinpressed with an increase in pressure, moving 
b@~lnetJa1lic reed longitudinally in the tube. Variations in temperature bent the biinetallic reed 

a stylus attached to it,s upper end which was in contact with a stationary glass slide. The 2:it of the slide was smoked by a special process, and on it a curvc of temperntiire correlated 
Pr epth Was traced by the action of the bending of the bimetallic reed and the compression of the 

e s s ~ ~ e  element. 
d The bilnetallic-recd type of bathythermograph makcs a rccord of the temperature during its heacent through thc water and another during it,s ascent. The trace on the smolced glass is likely to  e 

wide mhcll used during rough weat,lier, because of escessive vibration in the bimetallic reed. ?‘ unodel Can be usetl t,o a depth of 82 fathoms hut the vessel must, be stationary in thc water and, 
ineCause of illstrumen tal lag, the speed of lowering and raising must not exceed 10 fnthoms per minute 

sides to  permit the free passage of sea water. 
lnaterial to  a pressure element in the lower waterlight compartment of the tube. 

Order to avoid a donble trrtcc. 

4 732. 13ourdort ?’yp Radiytherniograph 

The new tlesigll of the bathythcrmograph (fig. 88) incorporates a Bourdon type of temperature P:Ft, e h i n a t i n g  many of the objectionable features of the bimetallic-reed type. ?ne size is about 
tu,:?@nd the pressure clement is essentially the same but is located in the upper part of the metal 

glass slidc, on which the record is traced, is attached to  the lower end of the pressure element 

A 
8: 

B C 

I 

F1uUIlh RX.-Dourdon typo bnthythcrmograph. A. Qrnduatod grld. B. Scanning dovlco. C. Stllokud SlklO 

. 
teb Is moved longitudinally along the axis of the instrument by changes in pressure. Thc spiral of the 
the ::F element is mounted inside the lower end of the tube in a square housing, only the bulb of 
ar@ is peraturc-responsive system being outside in full contact with the surrounding water. A stylus 
stqakedattached to  the Bourdon spiral, the stylus marking the temperature-depth curve on the 

t’ The Bourdon type of bathythermograph is morc sensitive to  temperature changes and less sensi- 
1:;: vibrations, and it may be lowered and raised faster than the bimetallic-reed type. Its use is 
hhireBd to depths less than 75 fathoms. With it a temperature trace niay be obtained from a vessel 

Und~rWay and satisfactory rcsults have bcrn obtained at a speed of 15 knots. For use while 
2de‘way, a considerable length of wire and an additional weight are neccssary to  permit the instru- ‘ 

to reach the maximum depth. Whcn the bathythermograph is used from a vessel stationary 
water, the record of both traces is valuable as a check and to  ensure that  the instrument is work- 

!Q th 

However, when thr instrument is used while underway the two cnrves may not coin- 

slide. 
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e d  
cide because the paths of descent and ascent will be at different places, and the temperatures Ptwtlla 
depths may differ. ibe 
clamp, which contains a mechanism that can be tripped by a messenger to  raise the stylus erPtuf@ 
glass slide when the instrument reaches its lowest point of descent. 
trace being made during ascent. 

The Bourdon type of bathythermograph may be provided with a Nansen 

This eliminates any temp 

fro@ 

4'733. Projector and Slides 
nlarged e' The glass slides are very small, 1 by 1 9 4 2  inches, and the temperature trace must be e 

least four times for satisfactory use (see C in fig. 88). 

and no reference marks are needed on the 

as ordinates and the 

to the temperature element (in the Bourdon 

are made for the range of temperature.of the instrument. A 
made on 8- by lOj/z-inch paper t o  provide for enlarging the trace eight tilnes when projected* 
the calibration graph has been constructed by the field party it may be sent to the Washingtop 
for reproduction (see 482). f9fl'@ 

After calibration, a simultaneous thermometer temperature at the surface and a depth me t fd  
ment of the lowest part of the temperature trace suffice theoretically to correlate the tempereture eded 
to the calibration graph. Practically, additional simultaneous thcrlnomcter temperatures @re pe 

near the midpoint and lowest part of the trace, 
A box containing 100 glass slides is furnished with each bathythermograph. The slidES ere z b b e  

of noncorrosive glass, smoked on one side by a spccial proccss. After a slide llas been used 
temperature trace has been permanently rccorded on the calibration graph, the smoked Coati"b&tb 

e removed and renewed for use a second time, The slide should be tllorougl~ly cleaned in ' 
carbon tetrachloride, or a similar liquid, to  dissolve the thin film of oil which i s  the base to  dff 
smoke adheres while it is submerged in water. After the slide has been cleaned it sllould be oripedgjtb 
with a clean cloth. Rendered skunk oil is the base for the smoked coating and should be a€'pliedd,tel' 
the finger in a very thin uniform coat on one side of the slide. Skunk oil is not readily obtaineb"ci@ 
places but it may generally be purchased at old established p1iarmaceuticaI compas~ics largee did: 
When it is not available a thin coating of vaseline or petroleum jelly may be substituted. Th 0 

are smoked best over a coal gas flame to obtain a light coating of carboll particles, but flame is not usually available on board ship. The best substitute is cigarette lighter fluid in 'I1 $$$ 
wick lamp. The glass slide is held over the flame, oil-coated side down, and the oil baked dfe 
glossiness has disappeared and the entire surface of the slide has a dull appearance. A piece too 
may be bent into a shape to hold the glass slides over the flame. They should not be held Over 

long becausc the glass may crack if i t  is overheated. 

,de 

til 
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* in&' The sample bottles are placed in a frame around a central column con$@ 

pressure element similar to that in the bathythermograph. Each bottle has two ' art 
cocks, one at top and bottom, which are operated simultaneously. In  the uPPefJh& 
of the pressure element are six slots, one opposite each bottle, which can be adIdip 
in length to correspond to diff went depths. When the bottles are in place amua dt 
central column the stopcocks are held open by triggers pressing against the upper 
of the pressure element. As the instrument is lowered through the water, the 9 tbe 
element contracts and mch trigger in turn can enter its respective slot, gd 

at a depth corresponding to the pressure for which the length of the slot is adju 

r8SS@e 

stopcocks which are closed by spring action. Thus, each water bottle in turn s do@ Bted. 

4744. Bottom Specimen Cup 

The Belknap-Sigsbee specimen cylinder, commdnly known as a detaCwg &O 
(D infigs. 86 and 87), contains a device to obtain a sample of soft bottom find Of ,at 
water at  the bottom, but its principal use is to release a sinker when the instruOltv$ 
strikes the bottom. Only when the bottom is soft or oozy will a sample of the bot 

held be obtained, and even in this case it may be mixed with the water. 
The water specimen cylinder has a poppet valve on its lower end which 

d OB 
b b'$ 

open by the force of the water during descent but closes as soon as it is raise 
bottom. During the descent water flows freely through the valve and thrO'g 
in the top of the cylinder, both of which are closed on the ascent. The action $ants 
Poppet valve is often ineffective as some of the bottom material frequently prO le 

of the bottom material is usually obtained. The most effective instrument for SigBbes 
hg  samples of bottom water, satisfactory 'for hydrographic purposes, is 8 741). 
watercup attached to the sounding line a few fathoms above the bottom (see hi& 

The sounding weights used with the Belknap-Sigsbee specimen cylinder are 8kO 
cast pear-shaped weights with a vertical hole through which the cylinder passas to $its 
contact with the bottom. The weights are cast with heavy wire loops on OPp @ 

seizing wire sling. This trigger is known as the Sigsbee releasing device and ddfi 
the weight when bottom is struck. 

rod 

the valve from closing tightly and the water sample is lost, but in this case a o b t s ~ ~  so? 

sides by which they are suspended from a trigger a t  the top of the instrum 0nt 

(See also 4665.) 

tb* 
The method usually used by the Coast and Geodetic Survey to deterfliD!fifi 

salinity of sea water (see 633) is' to measure the specific gravity of the Wfiberr0jfid: 
hydrometer. 
density or specific gravity is known, the salinity may be found by the use of tfibls , i ~ i  
a graph. By this method the salinity may be determined within one or t* to 
the third significant figure, if the temperature of the water sample is measured lrb' 
nearest 0.1' centigrade and the specific gravity to one in the fourth decimal PlfJce' et@f 

set consisting of a hydrometer jar, a laboratory centigrade thermometer, and $d' 
three hydrometers graduated for different ranges of specific gravity. 

There are other instruments used by scientists to measure directly the 
sea water, from which salinity can be obtained; these are not ordinarily used 
Coast and Geodetic Survey. The pycnometer gives very accurate results, 

475. HYDROMETER SETS 

I1 

Salinity and density are related by definition, so that if the' 

temperature and specific gravity of a water specimen are measured with a bY dro@ of 

trated in figure 89. Of 
ellsibftb@ 

These 

bf ifi 
bot 
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bc used on board ship, sincc it involv& a balance; neithcr can thc method of 
The 

ansen total iinmersion hydrometer gives very accurate results but  the Incthod is 
laborious, and requires considerable time for LL determination and rclative stability of 
the v@sel. The Pettersson chain hydrometer also rcquircs cxcvssive time but  is 
oth,rwise well adapted for field mcasurcments. Thesc instruments have another 

,serloUs disndvnntagp in that large wntcr snmplcs nrc reqnirchd. 

weighing, a modification of Mohr's balancc, for the same reason. nr 

4,751. Hydrorn~ters 

A glass hydrometer has a small graduated stem, and a bulb counterwciglited for thc ra~lge of 
In order to  reduce the lengt,h of the hydrometer stein for nse in a water 

6arop1e of small quantity, hydrometers ore furnished in sets of three, graduated for the following 
Fa"es Of specific gravity: 0.9960 to  1.0110, 1.0100 to 7.0210, and 1.0200 to 1.0310. This total range 

s"cient to  iilclude the specific gravity of any sample from fresh water to the most salinc likely to 
ellcountcrcd in sea water. The scales of t,he hydrometers arc graduated to 0.0002 of specific gravity 

and can IIydrometers arc tested for accuracy by  the 1\7ntion:il I\urrau of 

011 the stem. 

estimated to  0 . 0 ~ ~ ~ ~ .  

St 
&,e,ndards and 8 calibratioi! table is furiiished. A copy of the calibrat,ion table is usudly scllt, to the 
O A ~ ~ F Y  when hydrometers arc shipped, but, if not, it  should bc requested from the V("shingtJo11 
the ' -411 Specific gravity nleasurements must bc corrected for errors of grRduat,ion beforc lisp in 

8beeg,he hydrometers used by the Coast and Geodetic Survey are usually graduat,ed t,o indicat.c 
t gravity at a standard temperature of 15' centigrade, referred t o  fresh water as unity at  a 

This basis is indicated on the hydrometer by the following inscription : 

'Pdroniet,ers may be graduated on a different basis and there are some in use at present t,hnt arc 
111 grac"lated on a basis of D. 60°/F00 F. If these are used for spccific gravit>y mcasurcment,s, the readings (sUBt first corrected to  refer thcm to the basis of D. 15"/4' C. before the salinity tables are entered ~$c,~~). A statement must be made on Form 717, Record of Temperatures, Salinities, and Theo- 

These corrections 
be Obtained from table 28 of the "Standard Density and Volumetric Tables" (National Liureau 

Standards Circular No. 19). For the specific gravity range of sea water encountered in the surveys 
Of the Bureau the correction can be taken as --0.0010. Only hydrometers with mannfact,urer's 
"lnbers from 652 t,o 976 inclusive are graduated on the basis of D. 60°/600 F. 
t q 2 o t h e r  type of correction must be applied to observed hydrometer readings before the saliiiit y 

are entered, namely, the correction for the variation of the water sample temperat,ure from the 
standard of 15' e. for which the t,ables are computed. This is described in 6331. 

"1init.y tables. 

ernDcratU'e 0 of 4 O  centigrade. 
l5 /40 c. The salinity tables have been computed on this basis. 

eloeitics, that  the specific gravities recorded have been so corrected. 
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4752:Hydrometer Jar 
1c find The hydrometer jar is a cylindrical glass beaker of sufficient size to contain the water S O € '  

permit immersion of the entire scale of the hydrometer without allowing the hydrometer to touoh 0d 
sides or bottom of the jar. For use on board ship, a wooden base should be attached to the ""Bp 
bottom of the hydrometer jar to decrease the likelihood of its capsizing during rough wed@' of 
&inch square piece of heavy wood may be used, to which the hydrometer jar is fastened by 
two straps that fit over opposite sides of the flanged bottom. A disk of sponge rubber, cut "Ig the 
larger than the inside diameter of the hydrometer jar and inserted in the bottom, will proteot 0d 
hydrometer from damage and possible breakage when it is placed in the jar. When the jar is clerru 
after use, the sponge rubber should be removed and washed with fresh water and squeezed dry bef0; 
being replaced in the bottom of the jar. 
subsequent measurements of specific gravities. 

A little fresh water left in the sponge will cause 

4753. Specific Gravity Measurements 
Ofl Specific gravity measurements may be made with the hydrometer jar placed achifle' level bench or shelf, which should be provided on shipboard near the sounding m tbO a t  an appropriate height; or they may be made with the hydrometer jar held iadure 

hand, if there is excessive vibration or rolling. In either case the details of proca 
are the same. 

A sufficient quantity of the water specimen should be poured into the hydr::iDg 
jar to float the hydrometer without touching the bottom, but without overfl 
The hydrometer is placed in the jar and allowed to come to rest. If held in tho efld 
the jar should be held near the top between the thumb and first or second finger ,tor 
allowed to swing freely, while the other hand is used to  steady the floating hydrornTbo 
until just before the reading is made when it must be allowed to float freely. dtbo 
reading is made a t  the undersurface of the water (through the glass container a? tde. 
water), after the outside of the jar has been wiped free of all condensed mo~sBeO 
With the eye brought nearly level with the water, the surface of the water will B c $ ~  as a straight line intersecting the graduations on the hydrometer stem at the sp oter 
gravity. 
and again allowing it to come to rest. 

The specific gravity of a water specimen varies with the .temperature of theflbicb 
imen, and to reduce the apparent (bbserved) specific gravity to the standard for 
the salinity tables are computed (see 6331) the temperature of the water specimen 50 I 

also be measured. A laboratory centigrade thermometer with a range from 0'' to 
by which the temperature may be read to tenths of degrees, is provided for thl' p d@@ pose. The thermometer is inserted in the hydrometer jar and temperature I@ Btef 
are taken simultaneously with the hydrometer readings without rifting the therflo@ 

The bulb from the water. 
Several precautions are necessary during specific gravity measurements. hiD& 

hydrometer should float freely near the center of the water column, the bulb toucbjOS 
neither the side of the hydrometer jar nor tho thermometer. Any small air b,':oad 
clinging to the hydrometer bulb should be detached before the specific gravity lS are' 
by rotating the hydrometer or by moving it up and down in the water. If the hernP bo 
ture of the air differs materially from that of the water specimen, the water Shoul$tf 
stirred and the temperature of the specimen read before and after the specific gr' 
measurement, the mean of the two temperatures being recorded. 

Some difficulty may be experienced in reading a hydrometer on shipboe? ' 
accurate readings are often impossiblo when tho wcatl~or is rough and tho ship 

oter 

btlfld' 

These observations should be repeated after disturbing the hydro@ 

spev 

flu! 

d afld 
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eaob 
Et 

ed 
fig@ 

the instrument. 
jaw, the end of one containing a filed groove and the other a chisel edge. “key 
above the line between the two hinges. 

The correct adjustment of the tension of the spring is important andmustbereafb 
by trial. When the tension is correct the trigger will always be released when 
strilre the bottom but they will be held firmly closed together at other times, The te 
may be increased or decreased by moving a nut, which compresses the spring, doag 
screw thread on the shank. 

The shank of the sampler extends above the upper end of the spring so that for be inserted in a sounding lead. A lead weighing 35 pounds or more should be usad 
deep soundings (see 466). 

This type of bottom sampler occasionally fails to return a sample from sand :OvoDt, 
bottom. If a pebble, shell, or other hard object lodges between the jaws to P 
them from closing firmly, the bottom sample will frequently be washed out d d g  
the ascent to the surface. A hard bottom will generally dent the jaws badly So urQ’ 
they must be repaired before subsequent use. 

5 GG1 
ing samples of mud or soft bottom. 

Snappers are obtainable in two sizes. 1y the larger having approximately six times that capacity. The small snapper is ~ ‘ - @ ~ o ,  
carried in stock at  the Washington Office and wrll be found satisfactory €or a11 by 
graphic surveys. The large size must be ordercd specially from the manufacturer for 
should not be needed unless large samples of bottom material are required 

The snapper type of sampler is also adapted for use with a detaching Weig$g 
special design. This weight is cast in pear-shaped halves, which are held in a sO1 Bel’ 
wire sling attached to a Sigsbee releasing device, similar to that embodied in the 
hap-Sigsbee specimen cylinder (see 4744). tp 
weight is detached and falls apart, falling clear of the snapper, and is left 
bottom. 

The trigger is formed of two metal pieces hinged on the inside of 

together when the jaws are open and are arranged so that their point of contact is sllg bdf 

it; 06’ 

* rook 

The snapper is very effective for ret 

The small size has a capacity of about 

preservation. Of 

When the snapper strikes the 

4762. Coring Instruments 
$0 

Coring instruments are designed to obiain samples of sedimentary layers fro@ 10 
5flp bottom of the ocean. 

with the layers in their true relation to each other from top to bottom. .pith 
The usual device for obtaining bottom cores is simply a weighted metal tUbehabl0 

a cutting edge which is driven into the bottom by impact on striking. d 
weights are used with some of these instruments, but with others fixed weights are “51 
The latter are difEcult, in most cases, to withdraw from the bottom and raise frofi ‘ of 
depths. Most coring instruments require more powerful soundingrnachhes and r$g 
wire than are customarily used in hydrographic surveying. The impact type of ‘>de 
instrument weighs 400 to 500 pounds. The length of the core sample obtained de:j 
on the character of the botton, but cores as long as 18 feet, the maximum length 
coring tube, have been obtained from a soft mud bottom. 

To be of value the instrument must return an undisturbod 

Detae 

,troll& 

4763. Vacuum Lead 
, I  @fig@ 

to # 
A recently developed (1941) coring instrument, known as the “vacuum lead1 

use of hydrostatic pressure to force 8 tube into the bottom sediment. This iaSk”$ 
consists of a coring tube, 18 feet long, which fits into a hollow cast-iron sphere 
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477. ROBERTS RADIO CURRENT METER 
t OXPd’ 

VPfe 
A radio current meter, designed by an officer of the Bureau, was tried ou 

mentally in 1940, and in 1942 in a current survey in Puget Sound 12 stations 
occupied using 3 of these instruments. At one station a series of 20 days 9 erecor 
tions was secured, with the longest break of 8 hours’ duration. The breaks in th 
were due principally to radio interference and static. 

A powerful magnet, pivoted SO 
to dine itself in the magnetic meridian, is mounted in a streamlined casing With:; 
which cause it to stream with the current at  all times. By revolution about ” gOs 

sively with one point attached to the magnet and one point on the casing. It is app:cF 
that the direction of a current will be indicated by the radial relation of the two 
in one revolution cycle. 

If the electric contact is revolved by the force of the current, the time of re 
is a measure of the velocity of the current, 

The meter is suspended from a streamlined buoy as described in 2843. 
signals are transmitted, when the electric contacts close, by a transmitter S@ $0 
that used in Radio Acoustic Ranging (see 6433, 6513, and 6523) which is instded in 
buoy. The radio signals are recorded on a chronograph tape, such as is used in ervico 
(see 673 and 6853), which is installed ashore or on board the vessel used to ’ 

it is Pa The principle of the instrument is simple: 

concentric with the axis of rotation of the magnet, an electric contact is mad 0 suo ,pi 

volll@p 

&P.p” 

the buoys. floe bo 
Figurc 90 is a simplifled skctch illustrating the opcrating principle of tho meter. The oil-fllled, streamlined casing AbesfldoD 

causc it to stream with the current, when suspendcdfrcely, and an impeller23 rcvolvcd by the current. The latter transmits s@“* 
to the contacting mechanism in the sealed interior of the casing by a magnetic coupIing C, SO designed 8s not to aff@t’efl,@’ 
Thesketch docs not show the forward part of the screw impeller, nor the afterbody of the shell, which contains an exPansion Ob 
to  equalize pressures inside and outside. 

AWROX fCIU IN IWCHCS 

FIQURE 90.-Radio current meter. 
S P b  

A eompassmagnet D, mounted in gimbals Eand dampod by the oll in tho ossing, boars a spring-mounted point F. s$ 
mounted Point U is flxcd to the frame. By shafts and gcars from the magnetic coupling a planetary gear system is reVoWed ””..,:. 
proportional to the velocity of the current. The rotating base gcar ZIhas mounted on it tho planctary gcar J, which 1s g’@$O 
flrod pinion I. The relatlcnship of the gears is such that tho planctary gear J rotates about its axis once while it is maYing 

Theupperpart Kof thcplanetarygear Jmakes theccntacts with thopoints Rand Uasit revolves past them. Since ’:;,8 
Slowly about its axb, its contact with P Is a rolling contact, which exerts almost no tangential force. This results in little 

The COmPaSS magnet and its contact Pare always alincd with the magnetic meridian,and the casing and its contact ‘$t @@ 
with tho direction of the currcnt, so tho two scrics of signals have a phase relationship from which the direction of the c$pyjt& 
deduced when they are recorded on a chronograph tape. The two sericd of signals are identifled from the fact that tb 
contact Faro twicc as frequent as thcsefrom contact a,sincc contact with Pismade every rcvclution but contact with 
evcry alternatc revolution by a cut-out segment on one side of K. 

lutions about the axis of rotation of the magnet. 

on the posltion obthe compass magnets, even though a flm contact pressure may be exerted. 

fop$ 

@’84 of’ 

Q i s  Pro 
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ph 
*m: 08sLng has on tho sides slight& above the ccntcr ofgravity, to which a yoke is attached. Where the vclocity Of the 
‘Qit z:: not 3 knots,the i n s t w e n t  is simply hung from a buoy by a nonferrous wire with a short length of brass chain to 
‘nueoted horient itself freely. Where tho velocity of the ourrent exceeds 3 knots, in addition to its suspension, the instrument is 
Bnd h o & , n ~ ~ ~ ~ n k b s l l p  to the anchor line by a rigid lcadcr to the trunnions. This leaves it frce to swivel Vertically On its trunnions 

Out the anchor line. SO constrained it will not sheer in any current. 

StrfXLmlined buoy described in 2843 streams steadily without yawing in a :F’ and when tho current meter is suspendcd from such a buoy additional accuracy 
4-foOt The instrument is suspended from the stern of the buoy and its 
e’% ‘@paration from the anchor yoke makes fouling extremely rare; and fouling is 

ated entirely by the use of the leader connection to the anchor line. 8 b radio current buoy can be placed a t  a station where current data are desired and 
@ left to broadcast its observations. The characteristic signals can be received by a 

8hope Or ship radio rete 
:*aaph 

iving station anywhere within receptive range and  corded on a 
. r, for comparative purposes, a number of buoys, as many as 10 01: 15, 

n 
‘IUalifi addition to other personnel, operation of the buoys requires the services of a 

ed radio technician, and four chronograph observers trained to operate the radio 
chronograph, to interpret and scale the chronograph tapes, and to record 

results. 

Operated simultaneously a t  diff erent stations in an area. 

478, OTHER OCEANOGRAPHIC INSTRUMENTS 

to those instruments used or adaptable for use in hydrographic survey- 
lngJ there are other instruments used to collect data and specimens for oceanographic 
a‘d Other Studies. 

Th e sea Water thermograph is an instrument designed to make a continuous auto- 
of surface water temperatures, which data are principally valuable in 

The instrument is made with either a bulb-and-capillary or 

nd is connected with a recording mechanism consisting of a 
0 

and the circulation of ocean waters are generally studied indirectly d!c:g densities, since masses of water moving along more or less well- 
‘ Courses tend to retain their physical and chemical propcrties. If the vertical 

t18tP1but10n of temperature and salinity is accurately known at two positions, compu- 
Of th be made for the various depths from which the velocity and dircction 

hter,cean currents arc also studied from direct measuremcnts made with current ’ :loclty * ’ There are numerous meters suited to various conditions, which record the 
by either an electric or a photographic mechanism and which utilize various 

obtain the directions of the current from a magnetic compass needle. 
B*CuPP.ent observations are made from vessels anchored at  sea in great depths. 

t h s ,  lolo@cal studies are macle of plankton collected with instruments of three general 
‘dB townets for horizontal and vertical tows are generally used to collect speci- 

“‘ The Closing type of townet is dL vised so that a messenger operates a releasing tpe The use of a closing nct improves quantita- 
d@t$teQhtions. Water bottles of large capacity, similar in COnStrUCtiOn to those 
“kc4 * ed in 474, are used to trap a considerable volume of water from which the plankton 

Definite quantita- 
e deterIninations result from their usc, although the catch is very small. The 

* %  

. 
element which is inserted into the condenser intake pipe 

h a graph paper is placed. :can 

‘tlons 

“lTent may be mapped. 0 

Closes the mouth of the net. 

out after the bottle has been hoisted to the surface. 
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bY Pcttersson plmkton pump contains a small silk net through which water is forced bt 
means of a propeller type of pump. The pump is operated by gravity, a lead “lg 

Id unreeling a length of cable wound around the propeller shaft. The action of t ~ ~ ~ o j ~  
is started by a messenger, a butterfly valve closing the intake when the pump 

&pg 
operation. 

For deep-sea dredging, special buckets of various sizes are made to be dragged &fo 
the bottom to collect samples of the bottom material. 
hcavy and require special power equipment to raise them from the bottom. 

The largest dredging buckets 

48. DRAFTING INSTRUMENTS 
$1) 

Small drafting instruments, the most important of which are shown in f i ~ U r ~ ~ o i r  
arc an essential part of the equipment of every hydrographic party. 
importance both to the hydrographer and to the draftsman, the necessity of 
proper care of them cannot be overemphasized. To use them with maximus S$Dd 
and accuracy, they must be kept scrupulously clean, free from rust and c o r d o n J  
in the best possible repair. 

On board ship small instruments arc particularly apt to rcceive harsh tre 
The rolling of the ship, the salt air, and thc fact that different persons must use the’;$ 
instruments, are contributory to the likelihood of their damage or deterioration. io 
not cnough to require that everyone using a drafting instrument clean it and rePlaCeflj,o 
its propcr container. Thcir custody should be entrusted to a responsible officer Bfb 
should sce that instructions for their care are strictly complied with and that they 
kept in a locked compartment in the ship’s drafting room when not in actual use‘ Id As protection from possible damage when the ship rolls, each instrumen t sbo‘ infir) ., 
‘be kept in its separate case, if one is furnished. For small instruments such as ord 
dividers, ruling pcns, etc., a cigar box makes an excellent container. 

Ruling pens and othcr instrurncnts in which ink is used should be wiped deao ,ad 
each use. All drafting instruments should be pcriodically cleaned to remove rust 1iDg 
corrosion, and a light film of oil should be applied with a soft cloth. Dividers and ’’ 811 
pens that have become dull should be sharpened on a fine oilstone. When a draftg’bIe 
a t  a field office or on board ship needs to use the same instruments for a cons tl,Eif 
length of time, they should be issued to him and he should be held reponsible for 
care and accountable for darnage cnuscd by his neglect. 

Because Of 

’f@ 

idera 

481. DIVIDERS 
d aPd Dividers are valuable accessories in measuring distances, determining sPee ’@if 

spacing sounding lines. 
use is indispensable. Ddt“ 

Dividers should bo adjusted so that they may be set as desired without ‘tb&l 
friction; they should not be so rigid that their manipulation is difficult, nor so looseb@, 
they will not retain their setting. d 

11 roop and should be kept sharpened to a fine tapering end that will make a sma 
puncture in the surface of paper. 

In the construction and plotting of hydrographic sheets 

The points should be straight and free fro@ 



M 
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481 1. Ordinary Dividers 
The type of ordinary dividers to be used in plotting hydrographic sheets depbd5 

b 
For distances less than about 2 centimeters, the 3$-inch bow-spring dividers dS 

on the distance to be measured. 

most convenient. This type is constructed from a single piece of spring steel, the e? 
of which are tapered to form the points. 
a thumb nut on a threaded spindle connecting the legs increases the distance 51& the points. The distance is shortened by taking up on the thumb nut. yb@b large changes in setting, the legs shauld be compressed with the fingers, while the tiofi 
nut is being set. This ensures minimum wear on the threads and gpeeds the Opere uIV 

didd? are apt to be broken near the ends. 
I 

(D in fig. 91) are generally used. These are made of two separate legs of stainless tb 
held together by a pivot-joint assembly which provides the proper friction for stbO d i  
manipulation by means of a small screw and locknut on each side. One leg !f stmeOb viders is fitted with a spring and thumbscrew, providing a slow-motion 

Hairspring dividers are set for the correct friction by skilled instrument is 
and it is inadvisable for the field party to  attempt adjustments. A special y.e’Gblb’ 

’ 1 UBU5@ needed which is not ordinarily available in the field. The use of other tools wd fl 
mar the pivot screws and will seldom accomplish the correct adjustment* 

asbiDPp dividers become loose or unserviceable they should be returned to the TV 

Divider points that have become dull or uneven in length may be ~ h a ~ p ~ ~ f @  
made even by grinding on a hard oilstone. The poiilts should first be made Of @5’ 
length by placing the legs together and grinding them lightly back and fortb 
the oilstone, while holding the dividers vertically. Each point should then be sh’r:btd 

motion by turning it with the fingers. The psido of the leg should remain fiat and tb& 
not be ground. Neither should any part of the outside of the point be giound ’:ye is 
a flat surface will result. When the shape of the point is nearly correct, greet dB 

The dividers are sprung so that unscre bet?@ 

As the instrument is made of spring steel, the points are fragile and unless used cerOf 

oleo 
For measuring distances greater than 2 centimeters, 6-inch hairspring 

of about 9 millimeters in setting the distance between the points. kd5 

Office for repairs. Of 

by whctting the outside of it back and forth, at  the same time giving the leg e t  sbOfl jd 

necessary to avoid shortening the length of the leg. Dividers with points thet 
bent or badly damaged should be returned to the Washington Office. $bou*d Id 

The hydrographer should take special steps to protect his dividers. They 
never be used for such purposes as removing corks from bottles or for marking 
or metal. Dividers should always be secured on a plotting table on boartla5y is 
especially launches, so they cannot roll off the table. The points of divider , b.16 
protected by sticking them into a small piece of soft rubber eraser, or cork’ 
also advisable whcn carrying dividers in the pocket. 

GelJ $1 

Ve5’ bo 

4812. Proportional Dividers 

Proportional dividers ( F  in fig. 91) are instruments used chiefly to transf0” 
They consist of two legs of equal length! between sheets of different scales. 

at each end and held together by a movable pivot. By varying the positlop 
pivot, the lengths of the legs on opposite sides of thc pivot may -be adjusted 
the ratio botween them is equal to the ratio between the scales of the tfl0 
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Spacing dividers may be used to obtain quickly and accurately a vessel 7s rat* 
speed. Knowing the elapsed time between positions, the dividers are set to 
minute intervals as described above. On a nautical mile scale constructed for the ' 1 

number 6 will give the distance traveled in 6 minutes. This distance multiplied 
will give the speed of the vessel in knots, 

of the sheet, the distance spanned between the zero point of the dividers a d  by po;ll 

ta 
fl~eo' 

be measured accurately with ordinary dividers. It is indispensable in making? 
tions in the field and in swinging distance circles and arcs in R.A.R. p1ottDgip5 

081 beam compass with a short bar is often convenient for use in plotting geograpGcP 
t@ 

The beam compass consists of a light, inflexible bar of wood, or metal, aDdfb8 
compass fixtures which slide on the bar and may be clamped at  any desired POh%p@ 
usual beam compass fixtures are made for use with wooden bars. 
are made to fit tubular metal bars. 

481 4. Beam Compass 
0 Io$ The beam compass (J in fig. 91) is used to measure distances that are to 

by latitude and longitude (see 7411). 

Special 

It is important that beam compass bars be rigid. They should be made 
wood and the cross-section shape should be designed to give maximum 
with a T cross section is recommended. Bars are obtainable in lengths from 
inches, in multiples of 6 inches. Extra long bars can be furnished for specid p 
(See 3741.) tbb 

Beam compass fixtures are constructed of metal and are designed to slide alo~$d 
bar guided by the small lip on its edge. A thumbscrew on the side of the fixture ' tb' 

bar and for clamping it in place. Each fixture is provided with a socket into ThiG\ttad 
be fitted a needle point, pencil point, or ruling pen. One fixture of each PBfl is @lo' 
with a screw device which works against a spring, providing the point With @ 

t h d b  motion parallel to the bar. 
It will be found convenient to assemble the fixtures on the bar so that the ot9a 

screw on the clamping device of each fixture is toward the user, with the dOd''ed OD 
fixture to the right. In  use, the fixture with the fixed point should be kept cla$&: 
the bar while the slow-motion fixture is moved until it is at the approximate 

screw. The bar should be held lightly but firmly and no force should be aPp lied 

against a small bearing plate provides the means for keeping the fixture a lh  ed oDfld 

where it is clamped. The final adjustment is then made with the slow-motioD t$,l 

might tend to bend it.' c ~ 5 B  
The fixtures are furnished in a felt-lined case and they should be kept in tb' 

when not in use. 

482. SCALES 
Scales used by the Coast and Geodetic Survey for 

plotting stations or distances on hydrographic sheets are graduated 
The standard scale for these purposes is the meter bar, which is made of 

Scales for special purposes may be constructed by the field party or will be 
silver and graduated by machine with great precision. 

by the Washington Office upon requisition. Those prepared in the Office are 

plain, transparent, or metal-mounted paper if only for temporary use. 
made by photQgraphic reproduction and may be 
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A model for a special-purpose scale to be reproduced a t  the Washington Office 
e Prepared with great accuracy by the field party on bleached aluminum, metal- 

ahoud b 

"'lnted Paper, or smooth-sheet paper. -As the scale will be reproduced photographi- 
c''" it is Preferable that the model be prepared at  an enlarged scale and that the 

Pecial-Purpose scales may often be used to speed the operations of plotting or 
ac''g and in such cases their use is recommended. 

4821. Meter Bur 

;;g:h! meter bar ( A  in fig. 91), so called because its graduated scale is 1 meter in 
* ' lS ,the standard scale for all measurements used in constructing projections, 

i s  OttQg distance circles, or other operations involving comparatively long distances. It 
graduated on one side a t  a scale of 1:10,000, and on the reverse side a t  a scale of 

e bar may be used for other scales by applying a simple ratio to the distance 

to which it is to be reduced be accurately indicated. 

1:20,000. Th 

Q b  
6,00i For example, a 10,000-meter distance on & 1:40,000 scale map will equal 

lneters on the 1:20,000 scale of the meter bar; or similarly, 2,500 meters on 

RQ bars now acquired are tested for accuracy and calibrated by the National 
of Standards, the allowable error being 0.1 mm for any distance. A copy of the 

test for a bar will usually be found inside the cover of the box in which the pr is furnished. Older bars, for which there are no data as to  accuracy, should 

I' addition to the meter bar, quarter-meter scales ( B  in fig. 91) and eighth-meter 
?les "@ These are not tested for accuracy, and should be compared with a 
ateter bar of known accur acy before use. The quarter-meter scale can also be furnished 

8 C a l i 2  quarter-moter scale is especially convenient to use for plotting stations or for 
Part The eighth-meter scale is furnished as 

tCf e the @Wipment of a planetable alidade and is usually attached to the straightedge 

ol@t*od Of use.-The length of a meter bar is divided into spaces representing 100 
equ?h at tho scale of the bar (see fig. 92). The width of the bar is divided into 

At the left end of the bar one 100-meter :p a is 8ubdivided by 10 parallel diagonal lines in such a way that distances to tenths 
In i4g th @ a distance on the beam compass or dividers, the point of the leg contain- 

slow-motion screw sho~lld be placed on thc appropriate 100-meter vertical division 

verified before use by comparison with a standard of known accuracy. 

Of 1:8,000 and 1:12,000. 

Other comparatively short distances. 

separate scales, however, are also available. 

'paces by numbered parallel lines. 

may be scaled as illustrated. 
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line at the proper estimated distance above the bottom horizontal line, and th 
point brought to the approximate setting a t  the left-hand end of the bar. 
fixed point in the left hand the slow-motion screw is moved with the right han 
the fixed point is felt to engage the groove a t  the correct point. The compass be’@$ 
the dividers should always be hcld parallel to the horizontsl lines on the meter 
during a setting. d 

Cure.-Meter bars are expensive instruments which should be carefully tb;s and stored. The finely ruled lines are easily marred by divider points and for 
reason particular care should be taken to handle the beam compass or dividers olisb, 
Bars should be cleaned occasionally with a soft rag and a nonabrasive metal p 
On board ship they should be stored where they will be least exposed to moisture 5nd 
where they will be secure during periods of rough weather. 

Holding 

hadJe  

lightly 

4822. Latitude and Longitude Scales 
u1& Latitude and longitude scales (Cin fig. 91) arc similar in appearance to  triaDg ed 

enginecr scales and are constructed so that any one of the three edges may be placof 

either 1:10,000 or 1:20,000 and are not especially useful for other scales. Eac:$ 
contains six scales, one for use in plottmg latitude, and five for use in plotting long of 
a t  various latitudes. Each scale is slightly longer than 1 minute of arc a t  a sc’fto 
1:10,000, and is graduated to read to 0.2 second of arc and may be estimatesoJB 
0.05 second. Small magnifying glasses are provided which can be attached to thO 
and slid along the rule to  any desired position. 

without having to convert the scconds into meters. They arc used diagondh’ 

distortion in the paper is automatically compensated for. An experienced opera! cipfil 
use these scales somewhat faster than the beam compass or dividers, but the P1’lnf 
economy in time occurs when distortion in the paper would malte an adjustment,’ 
values in meters necessary when plotting with a meter bar. Tests in the Tva3hflg pi. 
Office indicate that geographic positions can be plotted with these scales with appro 
mately the same accuracy as is attained with the beam compass. 

Points should be plotted adjacent to the edge of the scale by pricking a small ,jle 
the paper with a fine needle point. Best results are obtained by tilting t h ~ i ~ ~ ~ o ~ 9  
slightly away from the edge of the scale, SO that the needle point and the scale 

$110 
Method of use.-For scaling scconds of latitude of a plottcd position, PlaCkiph 

scale diagonally across the projection so that the latitude edge bisects the station 
and the 0- and 60-second marks at  the ends of the scale coincide with the ~ O \ r r o ~ o e ] ~ -  

upper minute lines of latitude. The value in seconds is read directly from thiearip& 
A similar procedure is followed for seconds of longitude, except that the edge d tbe 
the longitude scale corresponding to the latitude of the locality must be used an 
ends of the scale, of course, made to coincide with the lines of longitude. *di5f14 

To plot a position it is necessary to plot the correct latitude twice near the Oer1 TbO 
east and wcst of the station, connecting these points with a fine straight line’ ,ad 
value in seconds of longitude is then plotted twice near the adjacent paral1”?ine9* 
connected with a line. The correct position is at  the intersection of those twoScr099 
Instead of plotting two points for longitude, the scale may be placed diagondb’ 

in close contact with the paper. They are designed particularly for use at  9 d e s  

ud5 The scales are designed for plotting or scaling geographic positions by $e@ ecro~g 

the projection lines and plotting is performed by a proportional process in W hicb olc&~ d 

ole io 

are not obscured by the shaft of the needle. 
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edifitB 
even 5 meters, dis;tances are scaled on the appropriate horizontal line; for an intern 
velocity, measurements are made at  a proportionate distance between lines. ~ J I O  

The scales were formerly inscribed on German silver. They are now maded&gitb 
Washington Office by a lithographic process on strips of grained aluminum, coat’ 8.rB 
transparent varnish to protect the markings, and glued to thin wood backs. TheYfiad 

d 
* ht.b””d 1:120,000. 

For scaling and drawing distance arcs, a beam compass is used, the r!g Bv 
fixture of which is fitted with a chisel-edged pencil and the leftlhand fixture With :$. 
point. 
sents the velocity of sound in the locality. The steel point should be set 0x1 the t 

representing the whole number of seconds and the pencil point adjusted,to 

furnished for the same velocity range at  scales of 1:40,000, 1:80,000, 1:100, 0001 

Distances are scaled horizontally at  the point on the vertical scale Which 
the c0fl8O 

distance in tenths and hundredths on the scale at  the right. ueig 
The lines marking second intervals may be engraved on the scale if desired &’ 

ti wedge-point engraving tool guided by a straightedge. This can be done accufB 
only with care and a steady hand. 

4825. R.A .R. Chronograph Scale 
geGop” 

The R.A.R. chronograph scale is used to scale to the nearest hundredth Ofo: &Gb 
the time of an event recorded on the tape of a Gaertner chronograph (6731) boV’ time has been marked in seconds. It is constructed at the Washington Office b<:d fie 
graphic methods on plate glass. The lines are on the underside of the glass 

5 

cm a t  the top and about 4 cm at the bottom into 10 equal intervals. The midd? de 

crossed by six equally spaced parallel horizontal lines perpendicular to the cOD $b@ 
by use of which the scale is held parallel to the record on the chronograph 
in use. 

protected by a thin layer of transparent lacquer. t t: 
The scale has 11 equally spaced converging lines that divide a distance of 

parallel with the edge of the glass and is about 8 cm long. The converging 1 ~ 0 9 ~  81 

tb! l e d  JI16 
4826. Graphic Speed Scales 

The rate of speed of a survey vessel, or the distance traveled in a given o$’~  ,d time, may be determined quickly and accurately from a speed scale. la hYdrbY de 
surveying it is especially useful in small-scale offshore surveys controlled @‘ 

ably, on the boat sheet in a space that will not otherwise be used. Two 
reckoning or R.A.R. The scale may be drawn on a separate sheet of paper or, tgpe~ Pfe of 

speed scales are in general use. fO4D@ 
+, &‘ I) 

Construction.-One type (fig. 83) is constructed for the scale of the boat sheet, principally for use in the neld during ’el%0f 

projection. It fs best adapted for w e  at comparatively small scales. 
To construct this sale, choose a convenient meridian llne to represent a speed of 12 knots. Each nauticsl milet Or @@pr$d 

tude, on this line will equal 6 minutes of time. At an arbitrary distance to the right or left choose another meridian lbei&$$ 
speed of 8 knots. Each nautical mile on this line will equal 10 minutes of time. The distance between the meridiaDS 
into six equal parts by vertical lines drawn to represent the intermediate speeds between 6 and 12 knots. Thew @e ”$@ 
series of diagonal lines representing time in minutes, which are drawn to connect the corresponding points on the two ’ 

the survey. It is usually drawn on the boat sheet with its ordinates and abscissas superposed on the meridian and Pa‘s11d 

mentioned. e r #  
The sa le  can be extended in either direction to provide for other speed8,or meridians can be flrst selected to represent Ot* @ @ 

if the principle of construction described is followed. It is to be noted that the diagonal lines converge at a Point @@&Id I. 
speed. It is frequently more convenient to flnd this point, at a horizontal distance from the flrst meridian line equ$~CJeoo 
distance between it and the second meridian, and draw the diagonal lines from it to the points representing interVe1’ 
flrst meridian. 
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~i‘“spaoes betwC+en the vertical lines representing speeds should be large enough so that tenths of knots may be interpolated by 

FFt 2;: type Of scale (flg, ea), used principally by verlflers in the Washington O f l h ,  is better adapted for use on surveys of 
o*zQt81 s q ~ ~ ~ ~ ~ ~  1s the same, but it is constructed so that the diagonal lines reprcscnt the various rates of speed and the 

and 
that none of the diagonal lines intersects them at too acute an angle. 

graduated for use at a number of different scales. 

Spnd in knots 

FIGURE 03.-Graphic speed scale for fleld use. 
Ph 

: b r o ’ ~ ~ ~ ~ ~ d  on Which the spacings along the horizontal axis represent distances in meters, the spacings along the vertical 
e8 Ofthe,  and the diggonsl lines represent speed in knots. Such a scale is constructed for a seloctcd survey SCah 

?Desd~Wc To co~ t ruCt  the grid, lay ofl along a horizontal line 100-meter dlstancea at the desired scale. At the zero Point erect 8 

and “hitrWy diyide it into equally spaoed intervals representing minutes of time. Complete the grid by drawing 
b?izontai lines through the ints of graduation. The minute intervals may be further subdividcd for closrr determlna- 

“’ k l o ~ ~  

DISTANCE I N  METERS 

FIQURE Ql.--Qraphic speed Soale for OmCe u98. 
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Method of use.-Speed scales of both types are used in the same mannu. 
the speed of a vessel the only information required is the elapsed time between 

by dividers. This distance is applied directly to the speed scale, parallel 
priate axis, and the speed to tenths of knots is found by interpolation. 

positions and the distance between, which is taken from the boat sheet or s ~ O "  

problem, when the speed is known and the time required to cover a given dist'$i5 
desired, or vice versa, is solved with equal facility. The speed a t  any moz:fl@i 
obtained from the two preceding plotted positions, and with that speed the 
when the vessel will be at  a certain position is easily determined. 

log 4827. Log-factor Scale 

The log factor, expressed as a ratio which is the truc distance divided by '::@' 
distance, may be quickly determined from a log-factor scale, which is simply a :s t,& 

tional diagram constructed for the scale of the survey shcet. This type of scale d bY 
extensively in plotting dead reckoning during hydrographic surveys controJ1epl~~ 
R.A.R. or astronomic observations. 
used in plotting R.A.R. smooth sheets. t #  e@ sf 

D i d  It is also used in making the dead-recko 
(For calibration of logs, see 4454.) 

Conatrutlion.-To construct a log-factor scalc draw two lines at  right angles to each other and let the horizontal 
factor of 1.0, thc vertical linc being merely a construction line. Draw other equally spaced horizontal lincs, parallel to 
resent tho probablerangc of factors to be used, as in figure95 from 0.7 to 1.2. The spacing should be sumcient, about t t t r e ~ $ f l ~  
inch, SO that hundrcdths may be easily interpolated. On the horizontal linc flrst drawn, representing a log factor of &dbj 
right and left of the vertical line distances of 5.5 miles at  the scale of the survey. Snbdivide the total distance Into 11 equ51,$tlP11e 
equal to 1 m&. The upper and lower horizontsl lincs are similarly subdivided rxcept that the equal fntervals are mj1este@31 
the respective factors; In the 5gure each suhdivision on tho loam line is equal to 1.2nautical milos and rach on tho UPpr' 
nautical mile. 

NAUTICAL MILES 

FIQURE RS.-Log-factor scale. 
tWO$+i 

Thc corresponding points on the upper and lower horizontal lines are connected by diagonal lines which should pa5~&$ e@s 
corresponding points on the horizontal line rcpresentinl: a 1.0 log factor. Leaving thc diagonal line farthcst to the left jato 
tho remaining lines are numberod toward the right from 0 to 10. Thc interval to the left of tho zero line is subdivided - 
parts to represcnt tenths, and from this hundredths can be intcrpolsted. 

t+fO The scale is constructed in a fan shape to avoid acuto intcrsections with thc horizontal lines, 

Method of use:-To find the log factor at  any time thc truc distance b &veeD diqidg8 $51 

fixed positions is taken ofl the survey s l m t  with dividers. Tliis interval on the to I 
held pardlcl to the horjzo~ltal lines, is fitted to the scalc where it c o r r e ~ p ~ ~ ~  ffiGto9 

distance mcasurcd by log bctwecn thc two fixed positions. Wlierc it.fits, tllc logb@' 
d e  6 is read by interpolating to hundredths. After tlie log factor is known, log 

ctor 
BJS 

may bc scaled with dividers from the horizontal ecalc corresponding to the fa 
torq 0 

de' 

mined, and plotted directly on the survey sheet. 
When the speed of the vessel is at  a constant rate through thc water, time iD SEa' 

are frequently used for the same purpose as log distances, and a tirne-dls * tal@ 
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Straightedges should be cleaned with soap and water. Abrasive materi&lS $ tb0 

When not in use a straightedge should be kept in a canvas case or other ’‘ 
never be used as they tend to scatch the surface and make it more susceptible 

container and stored in a place where it will be protected from moisture. 

ell 4832. Opisometer 

The opisometer is a simple instrument designed to measure by revolutions 0f’’:od 
wheel continuous linear distances on a map. In  hydrographic surveying it of 
principally to measure distances run by the sounding vessel. The main adv@tdesedj 
the opisometer are that distances along curved or irregular lines can be easily me?’$@ 
and that the total of numerous short distances can be measured without measurtag 

Two types of opisometers are in use a t  the present time, both being adap ured 
the principle of the odometer, by which horizontal distances on the ground are Dee’ 

the 
The type of opisometer most generally used (G in fig. 91) was first made, byif 5 

Instrument Division of the Coast and Geodetic Survey prior to 1895. It is SflP d. 
small wheel, with a knurled rim, that is threaded on a small rod with stops on eac\T~$ 
The wheel is mounted in a fork and held in place by means of the threaded rod $0 

which it moves laterally between stops, when rolled over a surface. One side b l  
opisometer has a pointer, which extends almost to the outer diameter of the 
which accurate settings are made. 

separate distances. Oi 

by the revolutions of a wheel equipped with a counter. 

t8tioas 

To measure miles of sounding line with the 
it brings up against one of the stops. The pointer of the 
first position of the line to be measured and the wheel is placed in 
The wheel is run along the line, maintaining the same direction of 
turns occur in the line or when the total of a number of unconnected 
After the total has been traced, the distance is found by running the 
along a graduated scale until it is at  its original position in the fork; or, 
sheet, along a meridian line counting the number of parallels crossed, which 
the distance in nautical miles, the fractional remainder being measured 
dividers. In  the latter case the distance is reduced to statute miles by 
by 1.15, the resulting data being entered in the Sounding Record. 

4833. Map Measure 
J@p 

Another and more elaborate opisometer made commercially is known as ’isid 
measure (see H in fig. 91). Its principle is the same, but it is calibrated ltnd ’:,@g1 

distances by a pointer revolving around a dial containing two concentric circular bdf’ 
the inner graduated in centimeters to 99 centimeters, and the outer graduated 4 $ 
inch intervals to 39 inches. The dial is about 136 inches in diameter and 1s slra dlb 
appearance to a small watch. The instrument has a swivel handle. Below th0~l(9 
a housing contains the very small diameter smooth-rimmed measuring wheel* @’ 

cated‘on the graduated scales when the wheel is revolved over a surface. The ’$ed 
handle is attached a t  an angle of about 15’ so that the wheel will always b rev 
in the same direction and cause the pointer to travel in a clockwise direction. 

w. 1 

wheel is connected by gears to the pointer so that correct linear distances W ill be ifd 



EQUIPMENT AND INSTRUMENTS 

survey Statute miles Nautical miles Scale of survey Statute miles 
-- 

0. 03108 0. 02698 1:60,000 _ _ _ _ - - -  0. 37290 
,06215 .05397 1:80,000 _ _ _ _ - - -  .49720 . 12430 . 10793 1:100,000 _ _ _ - - -  . 62150 
. 24860 . 21587 1:120,000 _ _ _ _ _ -  . 74580 

4834 

Nautical miles 

0.32380 
.43173 . 53966 
. 64760 
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dl 
After use the pen and its reservoir should be thoroughly cleaned so that iakij9.  

not harden in the fine orifice. Cleaning fluids are manufactured for both typeS.o’i:Dal 
Alcohol may be used to advantage before the ink has begun to harden but It 

effective in dissolving hardened ink. 
Lettering sets are furnished to survey parties with templates and pens suita itiiD& 

use on hydrographic sheets (see 7231). The Leroy set has the advantage of perGu,l0d 
the draftsman to see the letters better while they are being drawn. Also, &grad 

however, is possible with the Wrico set after the draftsman has develbped facilityiP 
its use. 

bY Iron paperweights covered with thin leather are obtainable in 1- and 2-poun d sizes 08ijg 

~ i 5  

bl0 faf 

scale on the lower edge of this set facilitates the centering of titles. Faster P r o ~ 0 5 5 i  

4835. Paperweights 

requisition on Form lla. After considerable use the leather becomes wornr 
the metal which will leave masks on the paper on which it is placed. Weights 
condition must not be used on smooth sheets until they have been re-covered. 
weight canvas is a convenient material for this purpose. 

An excellent weight may be made by nearly filling a pliable leather or heavy 
bag with lead shot. The bag should contain about 3 pounds of shot and be 
sewed on all sides. A weight of this type stays in place better than an iron W eight 
is especially serviceable when the survey vessel is rolling. 

ch&flO” ,&‘ 
@ j d  

484. PENS 
briofly ip Pen points used in drafting and lettering and drawing inks are discussed 

725 nnd 726. 
4841. Drop Bow Pen iP 

bo ,jrdes 
The drop bow pen is the most convenient instrumenh for drawing s m d  

It consists of a ruling pen which pivots around a pointed center rod. ink. 
adjusted by thumbscrew for circles of various diameters. 

It 
The width of the ink 

may also be varied. iD& 
On survey sheets, station symbols and all other circles ,of small diameter are 

with this pen. 
4842. Ruling Pens d 

Those E‘’rD ip 
to  hydrographic parties are of good quality carbon or stainless steel, usually 6 i ~ ~ c b ~ t j d  
lrngth with solid blades, one of which springs away from the other when not :id 
closed by a thumbscrew. ese 
better than those with one blade hinged. Adjustment for any desired thicvdy ug 
of line is made by the thumbscrew. 
cleaned after use. 

is110 
Ruling pens are used for inking straight lines of even tliicl~ness. 

Pens with such blades have been found to hold the1’ 

It is important that ruling pens be thoro 

4843. To Sliurpen a Ruling Pen 0 
if eStreTd A ruling pen that has become dull may bc sharpened on a fine oilstone silou 

care is used. To restore the nibs to  their original parabolic shape, thc blades bock 
be brought into light contact, the pen held in a vertical plane and whetted Witb Bout,jide 
and-forth motion through an angle of about 120’. i tb@ 
surface of each nib is held nearly flat on the surface of the oilstone arid whetted ‘ To sharpen the pen, the 

rotary motion to conforni to the shape of the nib, care being taken not to altar tl1e P apd‘ 
bolic shape of the ends. The edges should not be too sharp or they will cut tile p 
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"@ bur should be removed from the inside of the blades by using a piece of leather or 
eQer! Paper. 
88 t: lQeth0d of sharpening ruling pens which requires less skill utilizes emery paper 

Emery paper of fine grit such as Norton's 4 W4 polishing paper 210, 
'' "' grade of Crocus paper, is placed on a base of sponge rubber or a towel folded 
8evera1 Pa The ends are shaped on the emery surface as described in the preceding 
aTgraphS The nibs are then'opened and the back of each one in turn is placed a t  
is acute angle in full contact with the surface of the emery paper (fig. 97). Tho pen 
@Qer repeatedly drawn over the surface of the 
h a b i  always in a direction toward the 

e Of the pen, with sufficient downward !? that the paper will be depressed 
T< a fitting the contour of the nibs. 
f e Pen should be held firmly and prevented ? so that the edges of the nibs are 

eslred Sharpness has been obtained the inside 

@ abrasive. 

tb@s.  

Dlrktion of Stroke 

o,og;;;~;;er 

equal contact with the paper' After the ' FIGURE Q7.-Method of sharpening a ruling pon. ' 
Of the nibs should be ground lightly with the emery paper to remove any burs 

Pens at ?'y have been formed. This method is of particular value in maintaining ruling 
good condition. 

485. OTHER DRAFTING INSTRUMENTS 

Us Other drafting instruments, which are not always required but which are peculiarly eful special circumstances, are described under this heading. 

4851. Drufting Machine 

The universal drafting machine combines the functions of a parallel ruler, simple Protractor, th and scale. It is constructed so that a protractor head may be moved over 
Qe Surface of a drafting table without change in orientation by means of a parallel- 
i8°t10n.1inkage consisting of two sets of double bars. The type in which the linkage 
P e ? d e d  by two steel bands working against one anothcr is superior to that with 
C b ~ l ! ~ ~ ~  linkagel because there is less lost motion. The protractor head is a complete 
at ' graduafed in degrees, to which a straightedge is attached which may be clamped 
t angle. Two straightedges a t  right angles to each other may be attached 
'"e head. 

Any drafting operation requiring straight parallel lines and not too precise an acc'l'acy ear in be performed advantageously with the universal drafting machine. 
P * gsl a ship's dead reckoning, or the dead reckoning of a sounding line map be con- 

Tho protractor 
hqBtain it8 orientation accurately enough for such use. Changes in course and direc- 
10 tpy Plotted by changing tho setting of the straightedge on tho graduated circle. 
of t< of an astronomic line of position one straightedge may be set on the azimuth 
Y&t@ body and the line of position plotted along the other straightedge, at 
Th &ngl@s, after it has been transferred along the course to any desired Position. 

@ instrument is particularly useful in hydrographic surveying for plotting the bearings 
@ dead reckoning ;n coiincction with R.A.R. control. 

"d th 

Plotted with it, as well as any navigation line of position. 

4e638~-44-1129 
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4852. Erasing Machine 
09 

An electric erasing machine is of particular value in making small erasureS 
S@ 

turbag hydrographic sheets, especiaIIy where it is necessary to remove inked detail from 
confined areas, since a single sounding or number may be erased without dls 
adjacent detail. It may also be used, if necessary, to remove extensive inking 
sheets. 

Erasing machines are manufactured by a number of commercial firms an 
in type from an elaborate assembly of electric motor ,and stand with foot eDsive 
speed control and flexible cable to whikh the eraser is attached, to a small hexP ,Id 
electric motor with a screw chuck attached directly to one end of the shaft to $& 
the eraser. The small-type erasing machine is held in the hand and is provided A 
a starting switch on the motor. The machines are made for 110- and 220-v01t !or 
or d-c current. Erasers are made in several different grades: a soft pliable &r ade eDcjl 
erasures of pencil lines and for use on tracing paper, a medium soft grade for plioes 
or light ink lines on thin drawing paper, and a hard abrasive grade for heavy ink 
on heavy paper. . oi 

The effectiveness of an erasing machine is proportional to  the speed of rotat1o&, 
the eraser and does not depend so much on the pressure applied to the paper* 

,hoique caution is necessary to avoid wearing a hole through the paper. The correct 
is to move the end of the rotating eruser lightly back and fort11 or around the sur$ 
to be erased. The abrasive eraser should be used with extreme caution and only 
last resort after a softer grade has failed to remove the ink. 

d V5d 
rheost” 

4853. Pantograph . 9 to 
A pantograph is an instrument designed to reduce or enlarge maps or drfiW’”& 051 any desired scale. Its construction is based on the principle of similar parallelo% the 

the essential condition of its design being that three points, one a fixed pivot anIllll& 
other two movable tracing points, must be in perfect alinement, and each POint 

The ratio of the reduction or enlargement from the original is then equal to 
of the distances of the movable points from the fixed pivot. 

Pantographs vary from an expensive suspended precision type of all-d’’;$ 
struction to an inexpensive instrument of four wooden bars fitted with metal kC 
Its  principal use in the Coast and Geodetic Survey is in the reduction of toPogr’*th8 

precision type with three of the four metal bars graduated. Different scab s G t 5 f ~ 9  
are made by moving the graduated cross bar identical amounts on its supporting 
with a corresponding movement of the tracing point support on that bar. 

To make reductions, the original is traced with the point farther from tbe 
the nearer point following its movement to draw a reduced replica of the origina1‘ 
use in chart construction the reductions made in the Washington Office are 
impressions on transparent paper. A carbon paper is placed, carbon side up, 
the transparent paper and as the metal point on the cross bar moves, the 
detail is impressed on the underside of the transparent paper. The d e t d  is 

be on one of three different sides (or sides produced) of a jointed pardel o g r e *  

aed hydrographic surveys. The instruments used in the Washington Office are Of tiflgS 

the ratlo 

F O ~  
carbo’ 

a@ bop d 
t p D  

reduce 



ph 
e st% lor 8 Pantograph to be used in making a reduction may bo found from tho formulai 

bXf  s- - 
lp aPtbeChBe Mi 

the Setting for the three maduated arms, is the dis:nnce, Iueosured with an)' convenicnt Scale, between any two Pointy 
reduced, b is the distance between the same two points at the required reduction, measured aith tho Sam0 scalr, ''' lactor Of tho pnntogrsDh which 1s gm for most of those used by tho Const and Qeodetlc Purvey. The use of the panto- i':i?reductio" is limited to a rnt(o of about 1 to 20, or a setting on the ~ m s  0148.0. For smaller ratios two reductions are required. 

''I b ch the first should be mado at a ratio of about 1 to 4 and the second at a ratio chosen so thet the product of the two ratios 
to the total reduction desired. 

to 

e 

4854. Projector 

Pr * A Projector is an instrument by means of which the image of one survey may be 
Projectors vary 

sunp10 assemblies to  elaborate commercially manufactured instruments. They 
"@ 'ot generaUy used on board survey ships because the limited vertical space is not 
8u'c!ent and the projectors in common use require a firm foundation. They are 
hPeclR1ly valuable in the Wa 
V The projector is one in which the detail on a transparent sheet is projected 

through a lens onto another survey sheet a t  a different scale. 

Office and in field plotting ~ffices. 

ert1ca113' downward through a bellows-and-lens assembly at varying scales. 
d 2'1 e Projector in general use in the Coast and Geodetic Survey is designed SO that 

Parent lnay be transferred', by means of a reflected image, from opaque as well as trans- 
% Sheets. It consists of a stationary lower horizontal table and a movable upper 

seQbly containing a vertical table, the bellows and lens, the lights, and a front- 
t an angle of 4s0 to both tables. The lens and bellows are !:zd the light-tight box directly below the mirror SO that tho projected 

dlfjtancz: appear approximately in tho center of tho lower table. The vertical 
etWeen the lower table and the upper assembly, and the distance between 

'f the th lens and the mirror, may varied by suitable attachments. The arrangement 
d' B'!ns and the mirror with respect to the two tables results in the projection of a 

of the subject onto the lower table, thus permitting the ready transfer 

the sheet containing tho detail to  be transfcrrcd is attached to t h o  upper ' and the sheet to which it is to be transferred is placed on the lower table. The 
sheet is oriented to fit the upper sheet and the reflected image of the upper sheet is 

the scale of the lower one by means of a vertical movement of the upper as- 
The 

lPect 
" the detail. 

In 
'ab 

t 
movement of the lens with reference to the mirror. 

visually. When the projected detail is in scale agreement. 
projected image is in sharp and clear focus a perfect setting 

attained. 
Projector should bo tested occasionally to malm certain that the plane of tho 

A 

Placing a This is done by 
th grid on the upper table and projecting it to an identical square grid on 
Pt@''ruo, table at  a ratio of 1 to 1. If the projected image coincides on all sides, the 

If perfect coincidence is not obtained, the upper table or 

is accurately projected to  tho plane of the lower table. 

h?lectop is in 
lpror adjustment. 

be adjusted by means of the attachments provided for that purpose. 
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486. REQUISITIONS FOR DRAFTING MATERIALS 
are 

Drafting materials needed by hydrographic parties and field plotting offices for 
furnished from the Washington Office. Requisition should be made on Form 'la for 
items listed on Form 11, Catalog of Forms and Stationery, and by ordinary lett;ter. 
other items. When requisition is by letter, it must contain no other subjeCtgcated. 
The type and size, as well as the quantity, of the items desired must be clearly in 

The following items should be requisitioned on Form 1 la: 
Drawing paper, boat sheet, buff (specify width) 
Erasers 
Ink, drawing 
Paperweights 
Pen points 
Pencils, drawing 
Pencil pointers, emery 

Penholders 
Protractors, paper 
Shields, erasing 
Thumbtacks 
Tracing cloth 
Tracing paper 

The following items should be requisitioned by letter: 
Aluminum plates. grained or painted 
Celluloid protractors, circular 
Celluloid protractors, semicircular 
Celluloid sheets 
Drawing paper, aluminum-mountad 
Drawing paper, smooth sheet, white (sDecify kind and width) 
French curves 

Ink, celluloid 
Pen points, special 
Rubber cement, nonvulcdzing 
Scotch tape (cellulose or mesking) 
Tracing paper or cloth, special 
Triangles, celluloid 
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CHAPTER 5. ECHO SOUNDING 
51. GENERAL STATEMENT 

511. PRINCIPLES OF Ecao SOUNDING 
E Sounding is a method of measuring the depth of watcr by determining the time :qFd for sound waves to travel, at  a known velocity, from a point near the surface 

- e water to  the bottom and return. Everyone is familiar with echocs in air !nd 
f'@'*lZes that they are caused by reflections of sound from some distant object back to the 'at'@ner' It8 sound and the reception 
Ohe ~ ec"o, the distance to the reflecting surface may be determined by nlultiplying 
hl the t h e  interval by the velocity of sound in air. Since the time interval is a 

Of the entire journey, only half the interval is used to find tho distance to the 
'e'ect% object, 

e same principles are applied in measuring water depths by echo sounding. A 2>d is Produced jn the water ncar the surface; it travels to the bottom, from which it is 
Pi- Echo-sounding equipment is designed to 

Oduce the sound, receive and amplify the echo, measure the intervening time internal, 
Convert this intcrval automatically into units of depth measurement, such 9s feet, 

Common knowledge that echoes in air can be heard only in certain localities, 
hllca' be heard better under certain favorable conditions. This is because a surface, $$Fed to reflect the sound, is required at  not too great a.distance and conditions 
a d  e favorable for transmission of the sound, so that it will not be attenuated to such 
b?See that it  cannot be heard. It is fortunate for echo sounding that echoes are much 
k dlIficult to obtain from the ocean bottom than they are from objects in air. There 
g@n reasons for this: first, there is always a reflecting surface, the sea bottom, that 
bl~::;: acts as a good reflector of sound; second, sound in water is not subject to as 
Of 1% or to such large variations of attenuation as sound in air and, because 
pobk o:b8:rPtion, sound in water will travel many times as far with reference to tho 

'?gin as sound of the same initial intensity will in air; and last, watcr possesscs 
:!:>iCS favorable to 0 cho sounding, such as a reasonably constant VelOcitY of 

C 6 hip 0"Ynuing the comparison of echo soundings with the more familiar case of echoes ' 'Jt Is known that an echo follows immediately after the origind sound if the 

b is near, and in order for the echo to be heard, the origindl sound 
'atq f" Of very short duration. In the case of echo sounding this condition is aggra- 
Of t& 9r Sound in water travels more than four times as fast as it does in air. Because 

velocity the sound signals used for echo soundil~g in shod watcr must be 

"""d is a disturbance that is propagated through an elastic medium by means of the 
ceW,*n 'and rarefaction of the medium, the velocity of propagation depending on 
aPppoki Sounds in water are produced with 
hq lnatelY the same ease and by the same methods as sounds in air are produced. 

'Ode, echo-sounding instruments generate sound in the water by means of a 

If the time is measured between the production of 

Th 

back to the surface as an echo. 

expN''Y short duration. 

characteristics of the medium. 
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vibrating surface in contact with the water. This is commonly known as an 0 scilIator' either 

of tbe 
of w5tet'J 

4,90° 
a radio 

ar to 

or transmitting unit. The surface, or diaphragm, may be made to vibrate by 
electric or mechanical means. 
water produced by the vibrating surface are transmitted to  the adjacent layers 
and the sound wave travels away from its source at  a velocity of approximatelY 
feet per second. 
loudspeaker in air. 

Echo-sounding instruments employ a receiving device, whose function is sirnil 
that of a telephone transmitter, to detect the echo. This device is referred to  
receiving unit, or sometimes a hydrophone. The receiving unit is immersed in the ctriC 
in a favorable position to receive the echo, and it converts the sound energy into eleLIDl- 
energy. As this electric energy is very small it must be amplified by means of a Vacd 
tube amplifier. 

The accuracy of echo soundings is directly dependent on a knowledge of the 
of sound and on the precision with which the travel time of the sound can be rn 
Numerous devicrs of varying precision are utilized to measure the travel time. 
constitute timing parts that operate in conjunction with the registering device 

The alternate condensation and rarefaction 

The transmitting unit has an effect in water similar to that of 

vslo~it.Y 

They 
of 

o a s d '  

instrument. the 
Although echo soundings are primarily measurements of the time required fofinibg 

sound to travel from the surface of the water to  the bottom and return, the We de 
must be converted into depth units to be of practical use. That part of the echo istep 
ing equipment that measures the time interval in terms of depth is known as there& of 
ing device. It may record the echo graphically or indicate it visually. The funct1oP to f3 the registering device is to control the timing of the original sound with referea'.' ked 
depth scale and to register the receipt of the echo on the same scale, the depth in dice 
corresponding to the elapsed time. ,biCb 

All types of echo-sounding equipmcnt contain parts, in one form or another, the 
perform these separate functions, all arranged to operate coIIectiveIy. To i l l d r a ~ i o n i  
relations between the various parts and the contribution of each to the whole oPer at 
a complete sounding cycle is described. A timing mechanism in the instrUme?:tbO 
a precise instant, actuates the transmitting unit to emit a sound of sliort duration IS 
water. This instant is usually near the zero of the depth scale. The sound tr'v:d 
downward, is reflected from the ocean bottom, and returns as an echo to be d etec! . v l ~ l j  

by the receiving unit, or hydrophone. The electric energy generated in the receic# 

a t  a point corresponding to the echo-travel time. This process is C O I ~ ~ ~ X I U O U S ,  

of transmitted sounds and received echoes being repcated in rapid succession. . & 
The range of water depths that can be measured by echo sounding is P r n c ~ ~ 5 ~ s '  

unlimited. Soundings have been taken in depths from a few inches below ainstrr 
mitter t o  the greatest ocean depths (about 6,000 fathoms)--one echo-sounding J$@ 
ment is usually incapable of this, as instruments that are designed for accurate So@ 
in shoal water are usually not suitable for soundings in deep water, and vice voJs&di0g, 

The easc and rapidity with which water depths can be measured by echo S~'$tj,ef 

for use in navigation or hydrographic surveying, is remarkable as compared With te1Y 
means; and the results obtained with a properly adjusted instrument, 'if adeq Bobo 
corrected, are far more accurate than those obtained by the older methods. tcd C i a  soundings are not subject to the inherent uncontrollable errors and difficulties ~ s s ~ ~ l ~ @  
with the leadline, wire, and other depth-measuring devices. 

,SOUD 

unit by the echo is increased sufficiently by the amplifier to  register on the deP tb 
the c@ 

U& 

The deepest echo Sou 
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??eobtaincd in a few seconds from a vessel proceeding at  full speed, in contrast to  an 
' Or more that may be required to  obtain a wire sounding of similar depth from a 

Echo soundings can be obtained SO frequently in shoal water, tQy hundreds per minute with some instruments, that a nearly continuous profile of 
Can be made while the vessel is moving through the water a t  normal speed. 

Echo-sounding equipment may be employed on vessels ranging in size from a small 
Oat to the largest ocean-going ship. The equipment is generally permanently 

fobb 
lPst&d 
bobever a vessel, and considered part of the navigation Or survey equipment; 

J Portable instruments are sometimes used that can be temporarily installed 
on and '@lnoVed as desired. This latter type of instrument is particularly adapted for use 

' this chapter are included detailed descriptions of specific types of echo-sounding 
I 

ipnt and their operation, general limitations, classifications, and functions of 
c! ' with Particular emphasis on those types used in hydrogrpphic surveying by the 

the water. 

srnal' and launches, 

Oast a'd 'Geodetic Survey. 

512. HISTORY OF ECHO SOUNDING 

hod Principles of ccho sounding were formulated well over a hundred years ago 
h t  atte?ptS were made shortly thereafter to reduce those ideas to practical application. 
t%ess Only ln recent years has echo sounding becn developed to a stage of practical use- 

h discloses numerous observers who noted the fact that sounds could be 
tbeard under lvater, but app arently no one suggested that such sounds might be used for 
he PIleasurement of distance an d depth until 1807, when a French physicist, Dominique 
b?'o?Jean Arago, made the sp ecific proposal that water depths might be measured 
b 'tdlzmg the propagation of sound. Unfortunately, Arago's ideas remained little 2; than a Proposal. In  the following years several unsuccessful attempts wcre made 
and :F depths by sound, but these failed because of lack of proper equipment 

Among the ?' in underwater sound were Colladon and Sturm who in 1827 devised 
'@a'' Of measuring horizontal distances and made a fairly good determination of the veloclty att 

Of sound in Lake Geneva. In  1837 Charles Bonnycastle made unsuccessful 
to hear edlocs in water and in 1854 tho great American navigator and scientist, 

eW '* Maury, attempted to obtain echo soundings, by discharging gunpo.cYdor 
Had he listened under the water for the echo his 

was more than one hundrcd ycars after Arago's proposals that the first actual 
@tho. 'Or Obtaining echo soundings was devised. One of the earliest patents based on 
Qotcunding principles was issued to A. P. Eells of the United States in 1907. It is 
h' Own Whether Eells' equipment was sucCessfu1, but his conception of echo-sounding PPIes Dr. Alexander Behm of Germany is given credit by '42 Io' the first echo soundings. His early experiments consisted in firing cartridges 

e water and recording the echoes photographically. Much of.Behm's success and 
in thof later experimenters can bo attributed to the gradual accumulation of knowledge 

:@h~ :::icing of the Titanic in April 1912, by a collision with an iceberg, motivated 
@ceiV, Attempts to 

echoes from the submerged portions of icebergs led to the development of 

B.' 

e meager knowledge of acoustics that existed a t  that time. 

' water, also without success. 
@rlQcnts l't might have proved successful. 

far ahcad of his day. 

of acoustics and related sciences since the time of Arago. 

others to devise methods of preventing similar disasters. 
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but ’ equipment whose greatest u l t h a t e  usefulness was not that originally intendedJtraited 

qf@ 
obtaining echoes from the ocean bottom. 

,bicb 
States was also stimulated by the Titanic disaster to  experiment with echoes in 

eat to 
one of the principal results of which was the development of a powerful oscillator 
could produce sounds of great intensity in water. He also developed an in&”@ 
convert sound travel time to distance. Unfortunately this instrument was never p of 
fected to the full stage of usefulness. A few years later Lawevin and Chiloqskliri. 
France, succeeded in developing supersonic-sounding apparatus beyond the exP p 
mental stage. This was significant because most modern echo-sounding instruroaP 

;a 
World War I was responsible for advanced knowledge of and develoPmentetbo 
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Professor R. A. Fessenden of the 

utilize sounds of supersonic or near supersonic frequencies, 

to  
d‘; subaqueous acoustics. Large groups of eminent scientists applied their talents 

development of submarine-detecting and signaling devices, and numerous other 
water sound aids to nqvigation. During the years immediately after World. floptJ 
there was increased activity in the development and use of echo-sounding eVIP @ts 
the major developments being made by commercial companies and the goVerNn 

to 
Between the years 1918 and 1925 many important experiments led event‘;tzDg 

of the 
the practical application of echo sounding for use in navigation and surveying. 
this period sounding apparatus was being rapidly developed and a knowledge tb0 
extent of the usefulness of echo soundings was being acquired as well. ~ m o n g  ibis 
many important developments and experimen ts of a practical nature duri’gtablar 
period, the following are sclected as being representative and espociallY no 

tRB although others may be considered of equal importance: 

w5r 

of the United States, England, France, and Germany. 

(1) The application of submarine-listening microphones to echo sounding by the rJnitadp 

(2) In 1919 the French Hydrographic Department obtained echo soundings to a depth 

(3) In 1919 soundings in depths of 4,000 meters were obtained in the Bay of BiscaY 

(4) The first line of supersonic soundings was run in 1920 by the Centre d’Etudes de ToUloD‘ ~ line of 
(5) In 1922 the French Hydrographic Department, using a Marti sonic apparatus, r t z  ltl+pB 

in l  $, 
sonic soundings to explore the depths between Marseilles and Philippeville, preparatory 
cable between these points. U. tha (6) In 1922 a profile of soundings between Gibraltar and Port Said was obtained frorn ,ri@’t 
S. Stewart, using the Hayes Sonic Depth Finder developed at the Annapolis Engineering 

(7) In 1923 an important contribution to echo sounding was made by Dr. Herbert Grove io@ 
of the United States, who devised a visual-indicating device for measuring extremely shortr:$:&‘” 
vals, by which shoal and deep depths could be automatically registered. 
is embodied in many of the echo-sounding instruments in use today. 

The period since 1925 has been significant for the refinement of npparatus bas 
further development of the theory of acoustics, The application of echo s ~ u n ~ ’ ~ f i d  
been extended to a range from very shoal to very great depths. The accuracy d 8. 
reliability of echo soundings have been increased by instrumental refinements ” O j  
more extensive knowledge of the effective velocity of sound in water. Tho u9;b]t3, 
tlierniionic tubes in echo-sounding circuits has made many of the refinements poS>pD1 

Sonic frcquencies were used almost exclusively in the early stages of develop 8’ 
Socb d, of echo sounding by all except the French. 

hammer strikers, explosions, and electromagnetic oscillators, have been eJPP 

Navy in 1918. of eo 

tbs frog 
meters in the Casquets Deep from a ship underway at 10 knots. 

cable ship Charente. 

This is claimed to be the first practical application of echo sound 

Station of the United States Navy. pofsey 

id 
This method of 

, 

loYO Sonic sound-producing devices, 
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I? recent years supersonic frequencies have been increasingly employed in echo- 
:bdug equipment, both for navigation and surveying purposes. This has been made 

the theoretical study and practical application of magnetostriction and 

as Important advances have been made in graphic recording, in early use in Europe, 
a lnethod of registering echo soundings. This method of registering soundings h a  

'% recently been adopted for extensive use in the United States. 
Besides its value in hydrographic surveying and naxigation, echo sounding has been 

ah used d for such varied purposes as the measurement of tides at  sea, the measurement of ' eposits on the sea bottom, and the collection of valuable data for geologic and ero- 

But - 

' "lble 
P'ezoeleCtric phenomena. 

studies. 

5131. Sonic Depth Finder 

klst$he first echo-sounding instrument used by the Coast and Geodetic Survey was 
d * ed on the ship Guide in 1923 and was first used to take deep oceanic soundings Pg a 'OYage from Norfolk, Virginia, to San Diego, California. This apparatus was 

" the Sonic Depth Finder, developed by Dr. Hayes of the United States Navy. 
th e following Year a similar instrument was installed on the ship Pioneer. In  operation, 

e Sonic Depth Finder transmitted a sound in the water a t  the precise instant -the z$;cQ a Previously transmitted signal was heard. The operator used a set of 
the Ones, through which he could hear the transmitted signal through one ear and 
the echo By a variable-speed mechanism the operator could vary 
@ch:terval between transmitted sound signals, until the transmitted sound and 
r0 The position of the dial on the variable-control 

e c h ~ l s m  served to indicate the depth. Although the Sonic Depth Finder was far 
to earlier sounding instruments it had numerous shortcomings as a hydro- 
survey instrument., Among these may be mentioned the inaccuracy of 

@&Phi, 
"bd'  

lngS Obtained in depths of less than a hundred fathoms even when a special shoal- 
ate! device Was use d ; the likelihood of inherent erroneous soundings due to the 

Of the instrument; and tho personal error, because the accuracy of depth *lples 

eashements depended on the skill of the operator. 

the other. 

heard simultaneously. 

5132. 312 Fathometer 
1: d"Big:125 the first Fathometer (pronounced Filth' &-m8 t&), a commercial instrument 

<Vd0Qia and bui.It by the Submarin0 Signal Company, was installed on the ship 
This instrument, known as the 312 Fathometer, was later installed on all %>' Of the Coast and Geodetic Survey and entirely replaced the Sonic Depth 

of the objectionable features of the Sonic Depth Finder were eliminated '2 the 312 Fathometer; comparatively shoal soundings could be obtained, the sound- 
be read visually from a depth scale, little experience was needed to operate ' Instrument, and all soundings could be taken from the vessel while underway. 

a soundings Were obtained on the 312 Fathometer by noting the position on tplar depth scale of a continuously rotating white light, at  the time the arrival of 
echo was heard in the operator's headphone. This method was known as tho 

method but was later replaced by a red-light method similar to that used 
t'te-light 

The red-light method ut,ilizes a 

. 

Obtain soundings in to moderate depths. 
486382-44-30 
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* a1 of 
rotating neon tube which flashes adjacent to the depth scale at  the instant of arr? 
the echo, thus acting as an index to indicate the depth. The 312 Fathometer Is 
used on some ships of the Coast and Geodetic Survey. 

5133. 412 Fathometer 

(See 521.) 

vessel 
A 412 Pathometer, a striker type of instrument, was installed on the motor q e f ~  

osess' 

Natoma in 1928, and subsequently other models, similar in principle to  the 4!21 
installed on several ships. Finally all the striker types of Fathometers were 
because they did not give results sufficiently reliable and accurate for survey Pur' 
(See 5161D.) 

drscarded 

5134. Dorsey Fathometer No. 1 
etbod a' 

US0 

Echo sounding proved to be a much more accurate, faster, and easier fl of 9 6  
hydrographic surveying than any method previously used. However, most 011 

instruments available in the United States prior to 1935 were designed for f,,jlf 
commercial vessels and, while sufficiently accurate for navigation, they did Do 
meet the requirements of the hydrographer. 

A precision instrument was needed with which soundings between 5 few f e ~ s ~ ~ u -  
20 fathoms could be obtained with far greater accuracy than with any existing IrtbO' 
ment. The design of such an instrument was started in 1933 in the Miashingtont~~p,d 
ratory of the Coast and Geodetic Survey. This first instrument of its kind was god 

t fd 

on the Lydonia in 1934. It was named later the Dorsey Fathometer No, 1, a detesl"l 
description of which is given in 524. The Dorsey Fathometer No. 1 was so succo9 co& 
that similar instruments were installed in subsequent years on all ships of the ed des@' ip and Geodetic Survey operating on the East and Gulf Coasts. Although primarily for' use in depths of 20 fathoms or less, soundings have been ob taiD0d . dsed* 
150 fathoms, although 40 fathoms is usually the maximum depth in which it l8 io; The Dorsey Pathometer No. 1 uses a frequency of sound very close to  s uperson ue& 
this was the first attempt by the Coast and Geodetic Survey to use the higher-freq 
sound waves in echo sounding. 

5135. Dorsey Fathometer No. 2 

In  1937 the Dorsey Fathometer No. 2 was designed to supplement tbe td8s 
Fathometer No. 1. It incorporated many of the performance and accurac? fett tb5 
of the No. 1 model but, whereas the latter was designed especially for use d0p05* 
less than 20 fathoms, the No. 2 model was designed for depths greater than 20 fstBO tp 
The first two instruments of this type were installed on the Oceanograpb ,ad 
Hydrographer. (See 525.) 

5136. Dorsey Fathometer No. 3 
tofl 

Performance of these two models of Dorsey Fathometers proved so s@tis$ilb,. 
that their features were combined into a single instrument, known as the DorseY . 9 0  

meter No. 3, for use in all depths. The first of those instruments was constructed 
laboratory of the Coast and Geodetic Survey and was installed on the motor of 
Westduhl in 1938. This first instrument gave satisfactory results and FathornetO~af~ 
this type were later installed on most of the ships of the Coast and Goodetic 
-and were still in use in 1941. 

Sur 
(See 526.) 
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5137. Other Instruments 

b e a' a Hughes Veslelsar'i deep-water graphic-recording instrument (527), of 
manufacture, was installed on the ship Oceanographer and a year later a simi- 

I Q 3 p r n e n t  was addcd to the sounding equipment of the ship Explorer. Also, in 
M& Performance tests were made on a Hughcs portable graphic-recording instrumcnt 
f The value of such an instrument for use in hydrographic surveys made 
?Q1a.unches and small boats was at  Once apparent. Specifications were preparcd for orPtPb1' graphic-recording instrument particularly adapted to meet tho requirements 
%,1 e Coast c and Geodetic Survey. The 808 Fathometer (523), built by the Submarine 
1940. OrnPany, resulted from these specifications and was first put into scrvice in 
alth In actual field use during that year this instrument gave excellent rcsults 
tv* OUgh minor faults werc disclosed which were .subsequently corrected during the 
' Inter '940-41. Although primarily intended for use on launches a semiportable 
Instrument, a few permanent instdlations havc bcen made on larger vessels. 

(528). 

514. GENERAL LIMITATIONS OF ECHO SOUNDING 
C th ertain general limitations arc encountered in eclio sounding that tend to limit 

~<*""!ful range of tho instruments and influencc the accuracy of thc results. These 
QI 14at10ns may be divided into two broad classcs; those duc to tho properties of the 
e which tho sound passes, and those embodied in thc who-sounding 

c a t 2  of the acoustic waves used in echo sounding is depcndcnt on 
Properties of the medium, or on the result of certain extcrnal influences on 

thr Qedium, a nd on tho reflecting surface. For echo soundings the medium is the water 
foroUgh which the sound passes and the reflecting surface is the sea bottom. Ideally, 

thcy should posscss the following characteristics: constant physical 
~haPactcristics throughout the entire depth of water, resulting in a constant Velocity 
k?' ,ettom surface to bottom; zero attenuation of sound; and 100 percent reflection from a 

In  practice these ideal conditions never exist; 
evertheless echo sounding under the existing conditions gives results satisfactory for ? Purposes. Some of the conditions that influence echo sounding are (1) salinity of @ 

(2) temperature of the water, (3) type of bottom, (4) aeration, (5) absorption, 'nd 

&re * any of the factors that limit the use and accuracy of echo-sounding instruments 
%e inherent and basic and therefore can be controlled only to a limited degree. There 

Other% however, which are controllable to a greater extent and, unquestionably, \"'" 
be found to control them in increasing degree as the science of echo sounding 

(QllPmcnt. 

echo 

Parallel to tlie water's surface. 

turbulence. Some of these factors are interrelated. hl 

ppo~~sses ,  
51Bl. Absorption 

9 the Sound pmses through the water some of its intensity is lost and hence, under 2Q 'Onditions, tile echo may be SO weak that it cannot be dotected. Sound, like 
th loss in intensity due to friction, which is referred to as 
\ r e  This loss of sound energy is by con- 
i~@"" '0 heat and is sometimes referred to as absorption. Absorption of this nature 
atll'lP?tQt only when high supersonic frequencies are employed, and may be ignored 

of energy, suffers 
due to the viscosity of tho medium. 

sOnlc frequencies. 
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51 42. Radiation 
radi. 

The sound leaving the transmitting unit does not travel in parallel rays, but baok 
ates from the source. In  sounding, only that part of the sound which is refleCtet~der, 
from the bottom directly under the vessel is of practical importance and the rem 
which travels in other directions, represents a complete loss of energy. This log9 bottofl be utilized to produce a stronger echo if concentratedin adirection normal to the 

ene@ 
This divergence of the sound represents one of the largest losses of useful e 
because of the spread, at  a greater depth a smaller percentage of the total 
reaches the receiving unit. 

oi i f l  

nerg' 

5163. Aeration 

Sound energy is also lost through aeration, which is the suspension in Water flibb 
in the form of bubbles. The movement of a vessel through the water mixes nifleh61y 
the water along the bottom of the vessel, to an extent that it may even cO@parb]f 
envelop the bottom. Sound waves are partly reflected, or dispersed, and * by 
absorbed by aeration; theoretically when the air in the water represents 10 Peroe; &is 
volume of the water, total reflection of sound will take place. In passing tbO'g lets 
aerated lamina, sound suffers a loss which in extreme cases is equivalent to coa$ted 
attenuation of the sound signal. Moreover, the returning echo will be attenU be 
equally as much as the outgoing sound. During rough weather aeration fl:itbo 
sufficient to preclude the use of echo sounding. d 
speed of a vessel influence the extent of aeration, it being more extensive on smn'L;fl 
shallow-draft vessels. 
sufficient air under the hull to prevent the detection of any echoes. 

The shape and size of the hull a 

When a vessel is going astern the propeller will generdly 

5144. Reflections 
b0ttOlP' Echo sounding depends on receiving the reflection of sound from the sea 

Thus, in addition to  other types of attenuation echoes are subject to  the limitingbott0@ 
of the configuration and composition of the bottom. The relief and slope of the e o&; 
may be such that the reflected sound is scattered or dispersed so that little or noa 
echo signal is received a t  the vessel. The composition of the bottom is an imp fl$ 
factor in the intensity of the echo. Nearly 100 percent of the incident sound Waves of 
be reflected from a flat bottom of homogeneous composition, such as sandr 
packed mud, while a prolonged echo of weakened intensity may be expected 
bottom of spongy nature, such as unconsolidated mud or silt deposits, or from 8 

on which there is an abundance of marine growth. 
i4 

which the sound can be reflected, reduces the echo intensity. That energy befofo 
reflected before reaching the bottom as well as that reflected back to the bottom e4 9 reaching the surface represents a loss in echo effectiveness. Such factors as ChaDgfo# 
water density, turbulence, aeration, and solid matter in suspension in the water mn$j,O?O 
sufficient discontinuity so that internal reflections take place in the medium. 

in cer@' are generally only minor limitations, but may become importantin rivers, and oCOoflr regions where the commingling of waters of diff crent temperatures and densities 
and where salt wedges and colloidal suspension exist. all If the path of the transmitted sound is not perpendicular to the bottom, P art 0" d 
of the echo may be lost, as the sound will strike the bottom a t  an angle and be re Wzu of 
away from the vessel. This may occur when heavy seas cause the vessel to pitch 

rock1 8. 
ffO@ 

Any discontinuity of the medium between the water surface and the bottoJar 
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p s i y e l y .  Attenuation of the echo for this reason is intensified where the transmitted 
'R"al.ls directive, in the form of a narrow beam or cone, as is usual with supersonic- 

i:hdmg hstruments. This limitation is aggravated by the additional fact that, even 
OUgh b the sound may be reflected from the bottom in a normal manner, the echo may 

e detected if the receiving unit, which may also be directional, is a t  an unfavorable 
for its reception a t  the instant of its arrival. 

5145. Echoes Front Sloping Surfaces 

th 'he depth registered by the echo-sounding instrument is not the true depth under 
Pu e v@sel under all conditions. A hydrographer experienced in echo sounding can fre- 
beently.recognize these unfavorable conditions and sometimes a proper correction can 
b aPplled. In  sounding over rugged submarine relief, the sound may be reflected 
Is ' '%, from th a multitude of surfaces and a prolonged echo may be received, no part of which 
bitt The sound from a nondirective trctns- 
' is reflected first from the nearest reflecting object and this part of the echo is 
'%' to be more intense than any subsequent part, and might be interpreted erroneously ' bho. the Correct depth. Such echoes are known as side echoes or reflections from slopes. 
CO SO'lndbg instruments employing directive signals avoid, to some extent, these 
, Qfusmg side reflections, but still are not entirely free from them. 
bat$ in 5144, certain discontinuities in the physical characteristics of the 
hay the accumuIation of foreign matter in the water, may cause reflections which 
Occu1, e This is not a common 
Q q t  Pence but rcflections have been received from density interfaces and foreign 
botGisuCh as kelp, which have been difficult to distinguish from echoes from the 

certain types of bottom, the echo is not a single clear-cut sound, but a series 
Pe'ectlons from various points on the bottom, a t  varying distances from the vessel. 

O'lsh One of these numerous reflections may be from vertically below the vessel, the 
4th 
?ectlon Of the proper echo may be difficult. A graphic record has the great advantage, 

a case, of making possible a careful and lengthy examination to select what 
'ppeass to be the correct depth. 

0 bottom directIy under the vesseI. 

interpreted as those from the bottom. 

P '  

4dditional discussion of this limitation is included in 563. 

5146. Multiple Echoes 

QQ$!yPle echoes are those received subsequent to the first echo, and are due to &. 

'@fielpllcltJ' of reflections back and forth between the bottom and surface. These 
hp often register on the dial of a visual indicator, or on the fathogram of a 

Such echoes are sometimes mistaken 
the first echo. As many &s 12 echoes of the transmitted sound have been observed 

This condition can be controlled to some extent by reducing the 
a~gllfieation of the echo until all the echoes disappear except one, the result of a 

e reflection, 

?t times Spurious, or false, indications appear on the dial or fathogram of an echo- ' :dQg which either may be mistaken for the true echo or may bc of such 
't'lre as to prevent identification of the true echo. These spurious indications are bh as strays. They may be caused by the motion of the vessel through the water, 

or electric noises in the ship, or by electric noises in the echo-sounding equip- 

'@corder, a t  multiplies of the true depth. 

cases. 

5147. Strays 
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UW ment. During rough weather when the vessel is pitching or rolling violently the a t l ~ ]  
ber and intensity of strays on the registering device may be sufficient to obscure 
soundings. Strays caused by the motion of the vessel usually come in groups, bet?$ 
which it is usually possible to  detect a few true soundings. The acoustic nois@.Osfl, 
nating in the ship, which cause strays, generally come from some parts of the maCw 
such as the main engines, pumps, clapper valves, or auxiliary equipment, but th;; 

t 
also be caused by chipping or similar work performed on some part of tbe ship 
Electric noises, generated either in the ship or in the echo-sounding equipme*ievia0, 
have such a periodicityof recurrence that they appear as echoes on the registering siace 
When the echo is weak, as it may be in deep water, strays are more bothersome’ th0 
their intensity level is then relatively higher. It is necessary in this case to incressea)go 
gain of the amplifier to build up the weak echo, but the spurious noises are thereby 
ainplified in the same proportion. 

may 

5148. Velocity of Sound, 
The accuracy of echo soundings js directly dependent on an accurate know ledge Of 

This velocity is subject to  regional, seaSODa ed the velocity of sound in the water. 

velocity of sound, known as the calibration velocity, and any depth measureflea 
therefore, in error by an amount directly proportional to the variation of the actu jog the assumed velocity. This variation is a matter of concern in hydrographic sUrve$UOO 
Correction must be made for it, and an unknown or unexpected variation may btr:f tb0 
errors greater than the allowable limits. (See 561.) Systematic measurements 
physical characteristics of the water are made to determine the exact velocity s 0 tllat tru0 
measured depths may be corrected to be within at  least one-half percent of 
depth. 

The velocity of sound in sea water, averaged from surface to bottom, in any feel 
waters of tho earth is usually within a range of 4,560 feet (760 fathoms) to 5,100det’0 

Go@ 
as)  pet (850 fathoms) per second. In the areas usually surveyed by the Coast and 

Survey the average velocity has been found to be about 4,920 feet (820 fathossimufl 
second. tb0 
error of unceh-ected echo soundings in any locality will bp 8 percent. Ge*ers1lY rrected 
actual velocity does not vary materially from the assumed average and uncO &o 

section 63.) 

diurnal variations. Echo-sounding instruments are operated for a certain ,tSSU? 19, 

81 fro@ 

of be 

If an average velocity of 820 fathoms per second is assumed, the m 

echo soundings are, therefore, sufficiently accurate for use in navigation. (See 

515. GENERAL CLASSIFICATION OF ECHO-SOUNDING INSTRUMENTS 

Echo-sounding instruments may be classified in various ways; for example; ” of 
ing to their use, the frequency of the sound utilized (sonic or supersonic), or the typo 
registering device used. Or, in order to give a more complete description of ”’ fi 
of instrument, combinations of these classifications are employed; for eXayP:$~ 
particular instrument may be called a shoal-water, graphic-recording, supersOnlcl to 
sounding instrument. Classifications as to use may be further subdivided accord’$* 
the service f9$,which the instrument is intended or thr depth range of the instru’ lor 

Except for some specialized uses, most echo-sounding instruments are inteDd$d 
use in either navigation or hydrographic surveying. eS* 
that an instrument designed for one purpose cannot bo used for two or more P 

cord’ 
type 

This does not necessarl’Y 
llrP@s 
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but * instruments for use in navigation are constructed with a view to getting soundings 
' with a fair degree of accuracy, and with a minimum of adjustment and main- 

and they must be simple in construction, which prohibits the refinements 
4 e c e ~ s ~ r ~  a survey instrument. 

5251. Depth Range Classijiicution 

to depth, ccho-sounding instruments may be broadly classified as shoal, moder- A 
deep, and deep-water instruments. The depths are those in which the instrument 

For purposes of classification, shoal depths 
to be those from 0 to 20 fathoms, moderate depths those from 20 

and deep water all depths of more than 100 fathoms. Some instru- 
design may be equally effective throughout the entire depth range and 

cannot be conveniently classified in this manner. 
The echo-sounding instruments used by the Coast and Geodetic Survey may be 

as to depth range as follows: for shQd water-Dorsey Fathometer No. 1; for 
and Qoderately deep water-808 Fathometer, Simplex-Bludworth Fathometer, v e N'ghes MS 12 D; and for moderately deep and deep water-312 Fathometer, gslekan Graphic Recorder, and Dorsey Fathometer No. 2. The Dorsey Pathometer '* %' be considered as included in all these classifications, since it embodies the 

Of both the Dorsey Fathometer No. 1 and No. 2 as well as the 312 Pathometer. 

Rr C t " be 
111 ' loo tPts Of 

to  sound most efficiently. 

51 52. Frequency Classification 

echo-sounding equipment is classified according to the frequency of the 
trana?itted sound, it is said to be either sonic or supersonic. Devices that utilize 3" of a frequency that are audible to the human ear are generally classified 

bstruments; and those that utilize frequencies above auditory percep tion are 
"@d s'poWmic, or ultrasonic, instruments. There is a close relation between the 
~ a ' E c a t i o n  of ocho-sounding instruments by depth and by frequency. This is 
r::p",, each range of frcqucncics has distinct advantages for use in certain depth 

A .  SONIC FREQUENCIES 

E 
%pi Cho-sOunding instruments used in navigation, especially in the United States, 
htQ;' sonic frequencies to a large extent. These frequencies can be generated in the 
Of th at a high-energy level with relatively simple and inexpensive equipment. Because 
hef; 'iW absorption at  sonic frequency, their high penetrating power also makes them 
% Q - ~ ~ ~ ~ ~  deep soundings. Sound-producing and receiving units can be made to 
'f th very efficiently a t  sonic frequencies, which adds to the total efficiency 

bq?? frequencies have, on These 
cannot be used to maasure extromely shoal depths with a high degree ot 

''"racp~ because the period of those frequencies approaches the time interval to be 
st of the energy of water and ship noises is in the sonic-frequency range 

'f &lpereforeJ Sonic soundings are more susceptible to interference by Strays. Because ' @lr long wave lengths these low frequencies cannot be directed, or beamed, to an ad- 
degree, without using transmitting and recciving units of a prohibitive size. 

e bstem. 
otlier hand, certain restrictiva limitations. 

Bc&aured. 'ad Mo 

ahtage,uR 
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99 Directivity is desirable because it adds to the discrimination against spurious noise ’0s 
addition to concentrating the sound energy in the desired direction. Sonic frequea? 

JeslrOd 
e s@’ 

do not permit @s minutely detailed a representation of the bottom as might be 
in some cases. This is especially true where the bottom irregularities ar 
compared to the wave length of the sound employed. 

of sonic 

norad 
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B. SUPERSONIC FREQUENCIES 

Supersonic frequencies overcome, to alarge extent, most of the disadvantages ersooiO 
frequencies and still possess many of their advantages. The advantages of SUP 
frequencies are: 

(1) High directivity with small transmitting and receiving units. 
(2) Concentration of sound energy, because of directivity] in the desired direction, i. e.1 

(3) Discrimination against spurious noises by reason of directivity and because of the gen 

(4) Measurement of shoal depths because a shorter signal can be made. 
(5) Detailed profile of irregular bottom due to the short wave lengths. 

d$g 
(6) Reduction of side echoes because of the narrow beam of sound. 

Supersonic freqiiencies are used in both navigation and survey echo-soun ator 

bbQ 

the bottom. eresly 
lower frequency of the ship and water noises. 

instruments, and are employed in all depths from the shoalest to the deepest. 

are serious only in extreme cases. 

Gre 
attenuation of sound occurs a t  these higher frequencies and the sound waves are 
likely to be reflected within the medium. While these are hindering limitations 

&tic 

ofiOaiO 

Only one type of echo-sounding instrument used by the Coast and 
Survey employs sonic frequencies exclusively; this is the 3 12 Fathometer- 
which are classified as supersonic instruments are the Dorsey Fathometer No. 
808 Fathometer, the Simplex-Bludworth Fathometer, the Veslelrari, and the 
fils 12 D. The Dorsey Fathometer Nos. 2 and 3 are combined sonic and SUP 
sounding instruments. 

tb0 
dug b($ 

51 53. Registering Device Classijication 

A common method of classifying 
method of depth registration. 
graphic-recording types. This classification is 
signals employed or whether the instrument is 
On a visual indicator the depth can be read quickly and 
observed constantly if a profile is desired. It is of most 
sounding is desired. The visual indicator types used 
Survey, because of their design, do not register silt deposits less than 2 
The principal advantage of the graphic-recording type is that it 
record of a profile of the bottom, whose details may be examined a t  leisure at  

substrata, are often registered by a graphic-recording instrument. All these fee 
dB 

Instruments used by the Coast and Geodetic Survey classified as visual tYPe9fied 
the Dorsey Fathometer Nos. 1, 2, and 3, and the 312 Fathometer. Those class~t~r  
as graphic recording are the 808 Fathometer, the Simplex-Bludworth Fathom 
the Veslekari, and the Hughes MS 12 D. 

There are two 

date. Unusual characteristics of the bottom, such as silt layers and the und erlYid& bu@ 

are of special value to the hydrographer. 
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516. DESCRIPTION AND FUXCTION OF PARTS 

516 

E f echo-sounding instrument is composed of three principal parts, which per- 
Or' 'ndlvidual functions, the combination of which results in a depth measurement. 

three Parts are: the:acoustic transmitting unit or sound producing part, and the 
Of energy to operate this unit; the acoustic recciving unit and the echo amplifier; &nd th 

depth e device, including a motor whose speed is controlled, an index and 
des,,; Under the following headings are given 
d@ Ptions and functions of each of the principal parts, and a brief summary of the 

and the necessary keying circuits. 

kinds of equipment used to perform these functions. 

51 61. Acoustic Transmitting Units 
Th 

5 t h  ' fynction of the transmitting unit is to  generate acoustic waves in the water 
of s'qiclent intensity and duration so that an echo can be received from the bottom, 

8.Uac1ent strength to be amplified to register the depth. Acoustic waves are ordi- 
generated in the water by the motion, or vibration, of a surface or diaphragm, 

:bch "?nately condenses and rarefies the water next to it, thereby starting a train 
h ~ a ~ ~ ~ ~ ~ ~ ~  waves that is propagated away a t  the velocity of sound. The transmitting 

't lnay have its emitting surface in direct contact with the sea water or the entire 
be enclosed in a water-filled tank, the acoustic wavos passing through the 

The transmitting unit is frequently housed in an internal watcr-filled 
111' s o n  a Wooden-hulled vessel but, because the wooden hull interferes with the trans- 

lsslOn Of sound, a hole must be cut in it, so that the water in this tank is separated 2 the outside water by only a metal plate. On small vessels and launches the 
nshlltting unit of a portable instrument is sometimes housed in a streamlined casing, 

'Ob as &$fish, which is secured in a submerged position alongside or over the bow of 

@ l ~ e ~ ~ ? ~ ~ i c  energy is normally used to operate the transmitting unit, but mechanical 

4 'a'smitting units may be divided into four classes: (1) electromagnotic; (2) mag- 
etostr'ct've; (3) piezoelectric; and (4) mechanical, that is, the hammer or striker type. 

the vessel. 
E1 
2' lS @mPloyed in some cases. 

A. ELECTROMAGNETIC UNIT 

The by th type of acoustic transmitter has a diaphragm, or emitting surface, actuated e 
attraction and repulsion of an electromagnet. The magnetic force may act directly 

On th" d1aphrW3m or be coupled to i t  through a system of levers. The diaphragm is sometimes tuned 
when the frequency of the driving force corresponds to the natural frequency of the  

t the amplitude of vibration of the latter is a t  a maximum and hence the maximum energy 
ra.hsmltted to the water . Electric energy to actuate the electromagnetic transmitting unit is 

'otic, to derived from some source of alternating current, such as a rotary generator. It is common 
pter. use an alternating current of half the frequency of the sound to be transmitted in the  

no The frequency of vibration of the diaphragm of the transmitting unit will be doubled if there 
Constant Polarieillg force to  prevent the diaphragm from following each alternation of the elec- 

8 a h i ~ ~ ~ ~ *  irrespective of its direction. Electromagnetic transmitting units are generally used a t  
quencies because of their greater efficiency a t  these frequencies. 

B. MAGNETOSTRICTIVE UNIT 

number of acoustic transmitting units utilize the magnetostrictive properties of 
Certain metals change their linear 

when placed in a n electromagnetic field. This property or phenomenon is called magneto- 
oys in the production of supersonic signals. 
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striction. Where the magnetostrictive metal is in the field of a coil, should this coil be energi$ tb6 
a n  alternating electric current, the  metal will alternately contract and expand along the &ILis to tbe 
coil in unison with the exciting current. 
water it will produce acoustic waves. Conversely, a fluctuating pressure applied to  a face 0 f the ?$ 
netostrictive material parallel t o  the magnetic field of the coil will cause changes in the field to P$ed51 
a n  electromotive force across the terminals of the coil. Thus it is possible t o  use the same In of i@ 
for both the transmission and reception of acoustic waves. Commercially pure nickel, because fiOSt 
high magnetostrictive property, its uniformity, and its chemical and mechanical stabilitY7 
frequently used in this type of acoustic unit. Numerous methods, differing principallY in stiO 
the vibrating unit t o  the water, are utilized t o  apply magnetostriction to  the production Of " ~ d i ~  
waves. I n  some types of transmitters the vibrations are coupled t o  the water by means Of ,&err 
phragm and in others the vibrating magnetostrictive elements are in direct contact with the si@ilfir 
The direct-contact units may utilize one surface of the magnetostrictive element in a manne' tJe 

&ted t o  an oscillating piston, or the acoustic energy from the vibrating surface may be concentr 
desired direction by the use of a reflector. d1S 

The exciting energy for the magnetostrictive element may be alternating current, 
generated by a vacuum-tube oscillator, but the method most frequently used involves the disc:$@ 
a previously charged condenser into the exciting coils, so that  the magnetostrictive element is 
oscillation by the transient flux. OieS.  

Figure 109 illustrates the assembly of a magnetostrictive unit which is described in detail 

Where this dimensional change is properly coupled 

is 

no*@ of 

This latter is known as shock excitation. 
Magnetostriction finds its greatest application in  echo sounding at supersonic .f:$;$ 

C. PIEZOELECTRIC UNIT ,@e 
Acoustic transmitting units that utilize the piezoelectric properties peculiar to  certain cryst tbs ' substances are known as piezoelectric oscillators. Where such an oscillator is properly coupfed 

watter and excited, acoustic wavrs will be generated. Piezoelectric phenomena are exhibited 

0 5 IO I 

SCALE IN INCHES 

FIGURE 96.-PIezoelectric supersonic acoustic unit. A .  Quart2 crystals. B. steel diaphragm. C. stcel plate* 

number of crystalline substances. Those most frequently used for echo sounding 
Rochelle salt, although others are sometimes used. Quartz has a higher meohanicd 
,stability, even though it may not be so piezoelectrically active as Rochelle salt. 
where properly cut and ground, will show a physical strain and distortion when 

E. Hull mounting. F. Reinforcement ring. f3. Hull plate. 
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and, conversely, will create i n  electric field when subjected to  mechanical stress. I t  is 
‘hange of dimension, as in the magnetostrictive units, that  is utilized for the production of 

’ * echo-sounding transmitting units making use of the piezoelectric effect, one type of which 
:?rated in figure 98, consist of a mosaic assembly of quartz crystals A, which are clamped between 

“letalP1ateS B and C. The thickness of the assembly of crystals and plates determines the period 
One of these plates B is in direct contact with the water and 2%’ the emitting surface. The energizing force to  operate this unit is the electric field between the 

p n t  “letal plates. Electric energy to  excite the piezoelectric oscillator may be from a n  alternating- 
but ordinarily excitation is produced by the high-frequency oscillations resulting 2 the discharge of a ondenser into an electric circuit. Piczoelectric oscillators are generally used 

supereonic frequencies, and may be used a t  frequencies much higher than is normally considered 
Practlcable for most other types of acoustic transmitting units. 

4Co”tlC \Iraves. 

the system will be resonant. 

D. JISMMER OR STRIKER TYPE 
. I  

“lpact sound producers, commonly known as hammer or striker types, generate a damped signal 
In the water* The essential operation is performed by a heavy metal plunger or hammer, forced by a baed which strikes a sharp blow against one side of a metal diaphragm, the other side 

ch is in direct contact with the water . The vibration of the diaphragm caused by the blow 
After the blow, the plunger is raised from the diaphragm by 

p10:2magnet, the actuating spring being compressed during this operation. This leaves the 

t‘ r?struments of the striker type are usually used only in moderate depths. Uncontrollable varia- 
me Of release and rate of fall of the impact plunger make this instrument unsatisfactory f? In the ti 

‘8 a:Thin accurate hydrog raphic surveys. As a navigation instrument, where reasonable accuracy 

Waves into the water. 

Poised in position t o  repeat the cycle. 

at Is necessary, its relative simplicity has contributed to  its extensive use. 

51 62. Acoustic Receiving Units 
Th th 

$y. E 
“ 

ia water. 
to the . 
hull 

e Purpose of the echo receiver, generally known as the hydrophone, is to take 
e acoustic energy of the echo from the medium and convert it efficiently into electric 

cho receivers are composed of two parts; the sound collector or diaphragm, 

echo receivers have their diaphragms or sound-collecting members submerged 
This may be the water outside the ship’s hull, or water in a tank contiguous 

In the latter case the echo must penetrate through tlie 
to reach the receiver. The electroacoustic converter may be inside a water- 

h v e s  of echo receiver is usually determined by the frequency of the acoustic 
Ca& To receive sonic frequencies either a 

button or an electromagnetic type of element is generally employed. Such 
ele‘pe‘ts are normally attached to the inner side of a diaphragm that closes a watertight ::ity’ diaphragm may or may not be tuned to a definite frequency in water. 
s ~ b ~ b o n - b ~ t t o n  element is often mounted in a watertight rubber jacket, which is 

electr$ersonic frequencies are most commonly detected on magnetostric t h e  or piezo- 
k~~ receivers because of their more favorable response to these frequencies. 
Q t,&,etostric tive receivers are eitlier operated in conjunction with tuned diaphragm 
!‘lo Some piezo- 

have tho crystals sandwiched between two metal plates, one of which 
hiit The plates and the crystds form an integral resonant 

which converts acoustic energy to electric energy. 

inside skin of the ship. 

Cavity Closed by a diqhragm, or in direct contact with the water. Th 
elnploYed, whether sonic or supersonic. 

soged in (L water-filled tank installed against tlie inside skin of the ship. 

lnagnetostrictive material is in direct contact with the water. 

with tlie water. 
which tuned to the desired frequency. 



TABLE 12.-Acoust i c  transmitting and receiving units 2 

Echo-sounding in- 
strument 

Dorsey Fathometer 
No. 1. 

Dorsey Fathometer 
Nos. 2 and 3. 

808 Recording Fath- 
ometer. 

312 Fathometer- - - -. 

Hughes Veslekari- - -. 

Hughes MS 12 D---. 

rransmitted 
signal fre- 
quency (in 

cycles) 

17500 

17500 

1050 

20000 

1050 

16000 
(approx.) 

16000 
(appmx.) 

Acoustic transmitting unit 

324 Oscillator- - -. 

Magnetostrictive. 

324 Oscillator---. 

Magnetostrictive- 

Description 

Diaphragm type, 
magnetostrictive. 

----do----------. 

Tuned electromag- 
netic. 

Rectangular stack 
of nickel lami- 
nations. 

Diaphragm type, 
electromagnetic. 

Cylindrical stack 
of nickel lami- 
nations and con- 
ical reflectors. 

- - - -do-- - - - - - - - -. 

Mounting 

Diaphragm outside 
hull. 

Diaphragm outside 
hull. 

Inside fish _ _ _ _ _ _ _ _  

Xaphragm outside 
hull. 

Inside fish or tank. 

b 
N 

Acoustic receiving unit 

Description Mounting 

Same unit used for transmitting and receiving. 

Do. 

Tuned hydrophone 
No. 314A. 

Watch case No. 
134E. 

Rubber rat or K- 

Magnetostrictive- - 

tube unit. 

Tuned hydrophone 

Watch case No. 

Rubber rat or K- 

Magnetostrictive- - 

No. 314A. 

134E. 

tube unit. 

Tuned diaphragm, 
carbon button 
attached. 

U n t u n e d  d i a -  
phragm, carbon 
button attached. 

Rubber jacket, 
housing carbon 
button. 

Rectangular stack 
of nickel lami- 
nations. 

Tuned diaphragm, 
carbon button 
attached. 

U n t u n e d  d ia -  
phragm, carbon 
button attached. 

Rubber jacket, 
housing carbon 
button. 

Cylindrical stack 
of nickel lamina- 
tions and conical 
reflectors. 

- - - -  do ---------... 

Inside tank. 

Do. X 

Inside tank. ' F 
2 
-2 

F 
Do. 

Do. 

Do. 

Do. 
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8 
t~~~~~~ echo receivers are constructed with frequency discrimination so they will 

Only to the frequencies of the echo and be insensitive t o  noises of other 

type$@ and echo-receivbg units, used in conjunction with the various 
tQe echo-sounding instruments of the Coast and Geodetic Survey, are listed in 

frequencies. 

5163. Echo Amplijiers 

wh? the echo receiver converts the acoustic energy to electric energy, the resulting 
small it must be increased to a usable value. This is one of the principal 

Phposes Of the echo amplifier. The desired amplification is obtained by the use of 
pacub tubes similar to those used in radio receivers, the number and kinds of tubes 
Other depending on the amplification required. In addition, this amplifier must possess 
%itioi?'ortan t characteristics, which may be listed as follows: (1) frequency discrimi- 
th ' (2) stability; and (3) a small and constant time lag, or the property of passing 

'@quency discrimination is usually obtained by the use of highly resonant electric 
- P  

'!PCuitS 
signal which, by their filtering action, pass frequencies corresponding to the echo 

time lag through the echo amplifier is of minor consequence so long as it 
Variations in the time lag may result in errors of serious magnitude, 

::eclay in shoal-wa ter soundings. Instability in the amplifier is usually responsible 
t~Predictable changes in this lag. Gain-control variations also result in changes 

lag, SO it is important always to use high values of gain, since the varia- 
'On In tune lag is smaller for higher values of amplifier gain. 

Qk:Ost echo amplifiers are composed of a series of thermionic vacuum tubes with 
Q@ededtuned to the echo frequency, between the tube stages. Where high gain is 
high This type of circuit combines 

kith stability of an order which is difficult to obtain with single-frequency 

Is 

@ echo Signal through the amplifier in a short and regular time interval. 

A 
* 

attenuate spurious noises of other frequencies. 

.e 

? 'uPerheterodyne circuit is sometimes used. 

&mPlification. 
5164. Registering Deliices 

Th 'ally 
p%' the 

of the depth-registering device is to  indicate visually, or record graphi- 
of the water. All echo-sounding instruments operate on the same 

?'le%' measuring the elapsed time between the emission of an acoustic signal and 
e?rn as an echo. Tho primary purpose of the registering device is to measure this 
@ p a l  and convert it illto some unit of linear distance (feet, fathoms, or meters). 

@ q P l l i p p  other parts are essential to the operation of the registering part of the 
@'%~ti? will be considcred as integral parts of the registering device. Those 

th Parts are; the speed control of the driving motor, indication of motor speed, 
De keying circuit that brings about the transmission of the acoustic signal. 
*epth-r%istering devices are of two general types, the visual indicator and the gp'phlc recoder. 

A. VISUAL INDICATOR 
' 4 .  

indicator usually consists of a scale graduated to read in units of depth and an index to  
" t e  the The type of visual indicator now most frequently used 
dia~"PcWar,transparent depth scale, behin d which the index revolves. The index is 8 d o t  cut in a dep'c am, behind which a neon tube is placed so that its flash is visible adjacent $0 the 
the Since 

around the scale a t  a known uniform rate of speed, the depth of water corresponding 

depth on the scale. 

The neon tube is made to flash by the amplified energy resulting from the echo. 
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t o  one revolution can be computed if the velocity of sound in sea water is known. With the uced 
scale apprqpriately graduated and the index revolving at normal speed, if a sound impulse is prod Ob 
in the water just when the index is correctly referenced to  the zero of the scale, then the p ill 
the scale t o  which the index will have advanced, when the echo makes the neon tube flash, won $be 
cate the depth. The index slot revolves continuously at a predetermined speed depending depth 
assumed velocity of sound for which the instrument is calibrated and the range chosen for the de 
scale. din@ 
signed for shoal sounding with a scale graduated t o  20 fathoms, for instance, approximatelY Zo 
will be obtained per second. I n  this case, because of the persistence of vision, the index the ipd& 
as a continuously illuminated line of light. For depth scales with greater ranges, where e depth’ 
rotates more slowly, a succession of single flashes will appear at a point corresponding to th 

OsitioLdk 

ulnent i3 A sounding is normally made once each revolution of the index, and where the instr 

eppeer 

B. GRAPEIC RECORDER 

Graphic-recording devices register depths by recording marks on a paper with or without ’:el tbs 
scale, at the beginning and end of a signal epoch. i&” 
surface of the paper at a constant velocity, and marks permanently on it the times of tr’ns$rtsd 
of the signals and reception of the echoes. 
on the record paper or by reference to  a scale held against the paper. 

methods involving all of the following have been used more or less successfully: smoked pepe” 0’‘ 

coated paper, ink and paint traces, charring or perforating the paper, and chemically ated $hi6 

This last is used almost exclusively in European countries at present and is known elec:jtp 
record paper. I n  the United States a black-bodied paper is used whose surface is covered 

is P@@ light-colored coating of special composition which disintegrates when a n  electric current 

6231 
through it, exposing the black background at that  point. 

More detailed descriptions of graphic-recording devices are included in section 63, and in 
and 528. 

The record is made by a stylus that passes 

The time intervals are measured either by a de 

One of the principal problems in the development of recording instruments has been 
suitable paper and method of recording the soundings thereon. At various stages of the 

5271 

d 
The accuracy of echo-sounding instruments IS largely dependent on a co nstant or 

accurately known speed of revolutlon, either of the stylus of tEle graphic reGordef dilJ’ 
the index of the visual indicator. In modern equipment this revolution 1s ’ O r P t S  , of 
produced by an electric motor whose speed is usually controlled within the ’’@ 

51 65. Motor Speed 

accuracy required. trol‘ 
a.  Centrifugal governor-A centrifugal type of governor is commonly used for ,Peed conpep’ 

Electric contacts on the governor mechanism control the motor current in such a way 8 9  to 
sate for any  change Of motor speed. Since a change of speed must occur before the.gov 

rate is not known. However, a carefully designed and properly functioning governor will 

ernor ,,9 
function, this type of control at best can only maintain the proper average speed, whose 111 ,Wtfl.!$ib 

a speed within such narrow limits as t o  give the accuracy required in 

operate a synchronous motor at constant speed, and at the same time nearly 
fluctuations of speed. Such generators, maintained at constant frequency by means 
are used in some types of echo-sounding equipment in conjunction with a synchronous 
properly designed and operated in a stable electric circuit, the  tuning fork will control 
the frequency of a n  alternating current, essentially independent of changes in supply @ 
torque, and temperature. This constant-frequency alternating current is then amplified ’nd~i5i0b 
t o  run a synchronous motor at a constant speed, regardless of load or friction. Oribe 
resulting from the use of a synchronous motor controllcd by a tuning fork, t o  drive the elpe 
device, is especially valuable in hydrographic surveying. However, such synchronous-a otor of 8 ~ 3 ~ .  cd 
are more complicated than those that  are governor-controlled and require the attention 
personnel. 

c. Tachometers.-A knowledge of the average motor speed is essential, especially Where 
adequately regulated or where only partly controlled. Tachometers of various types are the 
normally used to indicate motor speeds or motor-speed changes. 

b. Tuning-fork control.-An alternating-current generator of constant 

The increased 

‘tis POt 
8 
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'kt >.Frahm type of tachometer consists of a series of metallic reeds, supported a t  one end and 
Other "lbrate a t  the other, each having a natural period of vibration determined by its length and 
la physical Properties. A t  its natura] period a reed will vibrate at maximum amplitude. If there ?tt direct between the frequency of a reed and the motor speed a t  calibration velocity, the 

'Or speed can be verified by observing the reed's amplitude of vibration-when it is & maximum it 
A reed tachometer is usually composed 

reeds, ranging by a few percent above and below the calibration velocity, which is indicated 
the middle reed. The reeds of higher and lower frequency serve to indicate the amount and 

k?lon Of the motor-speed deviation. The reed tachometer is usually operated by some unbalanced 
toll echanical force, or is actuated by an electromagnet that receives impulses from a commutator 

'led to the indicator motor. (See 5234.) 
current is used to drive the indicator motor a frequency meter calibrated in 

revolutions Per minute is sometimes used. 

that the motor is operating a t  the correct speed. 

wh 

52. ECHO-SOUNDIIVG INSTRUMENTS 
USED BY THE COAST AND GEODETIC SURVEY 

and Geodetic Survey uses a number of different echo-sounding instru- 
to be ' "Qetirnes several on one vessc], depending on the nature of the surveys expected 
NOR. $ade* For surveying in deep water, such instrulrients as the Dorsey Fathometer 
\\sed For a vessel 
h ~ P h n ~ i P f d l y  for surveying in shoal to moderate depths, the sounding equipment 

ucludes a Dorsey Fathometer No. 1 or a permanently installed 808 Fathometer. 
>sthe range of the Dorsey Fathometer No. 3 includes both shoal and deep water, 
f&ep:Y!:hi: instrument embodies all the principles and accuracy of the Dorsey N O .  1, 
ll opSey ed for a special shoal-water instrument on a survey vessel equipped with a 

6 ' lne vessels are equipped wit11 two or more instruments so that, if the principal 
t:truQ.@ht fails to function, another may be substituted immediately. Furthermore, 
b%t av?lebgity of two or more instruments permits the use of the particular instrument 

EUlted for the depths and character of the bottom a t  the time. The advantages of 
2 m e n t s  on a vessel are further discussed in 545. 

those instruments mentioned above, a large number of semiportable graphic :ii:2 are now being used by the Coast and Geodetic Survey for surveys in slmd 
of their portability they may be transferred from one vessel or field 

pa'ty to another as the need arises. 
'ob:' Of the instruments in use in 1941 are described in this section. Because of the 
'hat, Progress and development of echo sounding it must be expected, however, 

of instruments will be in use, perhaps in the near future. 

e Th 
Qents 

3, the 312 Fathometer, and tlie Veslekari Recorder are used. 

0. 3. 8 

Other 

521. 312 FATHOMETER 
Th 

h q t  e 312 Fathometer may be classified as LL visual, sonic type, echo-sounding instru- 
'hi, SQtended for depth measurements in water ranging from moderately shoal to deep. 
%etts 14strument is manufactured by the Submarine Signal Company of Boston, Massa- 
'Ndf ' end has been used by the Coast and Geodetic Survey since 1925, and is still 
d@pt< The optimum 

' "'ge of tlie 312 Fat1ometer is from 20 to 4,000 fathoms, although it has been 
' Q ' i l l  " depths as shoal as 12 fathoms with very good results. In  actual use the range 
sou v!Q, on the installation, the vessel, and otlier conditions affecting echo lngt** The maximum range of 4,000 fathoms is obtained only from a perfect 

in deep water on a number of the vessels o€ the Bureau. 

"ion and under the most fnvorable e(-ho-sounding conditions. 
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Early models of the 312 Fathometer were calibrated for a velocity of of 

water of 800 fathoms per second, but later models have been calibrated for 8 VeloCi$tiC 
820 fathoms per second. Most of the instruments now used by the Coast and 

tr@' Survey are calibrated for 820 fathoms per second, 
.The 312 Fathometer is composed of five separate pieces of equipment: (1) ' 

mitting unit, or oscillator; (2) a d-c to 525-cycle a-c motor generator; (3) 'otbese 
tLl 

units are interconnected so that each performs its important function in relation 
the entire operation of the instrument. fl 

Briefly, the operation of this Fathometer in measuring depths is as fo1lo'Ps: O{ 

receiver, or hydrophone; (4) an echo amplifier; and (5) a visual indicator. Allof 

os1tioo oj electric contact made by an eccentric on the index shaft, a t  a predetermined P 

a second, causing it to emit a train of sound waves of a given frequency in thked b: 
The echo from the transmitted sound energizes the echo receiver and is amp 
tbe echo amplifier. The output voltage of the echo amplifier is sufficient to . 
neon tube behind the revolving index slit of the visual indicator. The sou'@' 
read €rom the depth scale a t  the place where the neon tube is seen to flash. 

the index relative to  the depth scale, energizes the oscillator for a few thous and@ fl,aters 

521 1. Oscillator in the 
of The acoustic transmitting unit, or 324 oscillator, which produces the sound ibis 

water, is of the electromagnetic type. An assembled and an unassembled View 

eeei1' 
lo+' FIGURE QQ.-Electromagnetic osclllator type 324. A .  Exciting coil. Band C. Steal laminations. D and E. Upper and 

of housing. F. Stainless stccl diaphragm. a. Hull mounting. H .  Hull plate. 
@d; 

oscillator are shown in figure 99. The diaphragm F is 13 inches in dioJneterngtrrr 
made of stainless steel. By proper dimensioning, the diaphragm is given a 
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cy Of 1050 cycles per second in water. Welded to the inside center of the 
ag? 18 a group of steel laminations B and opposite to these a corresponding ?:' "' Welded to the housing. A coil A is wound around the latter group of lamina- to The vibrational frequency, of the diaphragm is ?:: that of the exciting cllrrent since no polarizing force is used on the diaphragm, 

to It follOwS the alternations of the exciting current, regardless of direction of flow, 
bb?' a sound in the water of 1050 cycles. The outer face of the diaphragm must 
cut ' contact with the water, SO the oscillator must be mounted in an opening 

the exciting current. 

' the 
of the vessel. 

521 2. Motor Generator 

nerQ' to excite the 324 oscillator is supplied by a motor generator, which is i:Fted from the 's 110-volt d-c power circuit, and which produces 125 volts a t  
th A tuning condenser in series with 
:yerator and oscillator gives unity power €actor at  525 cycles, producing maximum 

The generator speed, and hence the output Irequency, tends to vary, 
Controlled by a motor-field rheostat. This rheostat and a frequency meter cah- 

Carl from 500 to 600 cycles are located near the depth indicator so that the frequency 
Conveniently be kept a t  525 cycles, or half the fixed frequency of the oscillator. 

"th gov 525-CYcle motor generators of later model 312 Fathometers have been equipped 
y h ~  k ernors, to keep the no-load and full-load speeds of the machine nearly constant. 

Oops the frequency of the generator more nearly in its proper relation with :;zd circuits of the 324 oscillator during the keying period. More sound energy 
is transmitted by this arrangement, and the returning echo will be 

deaig; increase in sound energy niay cause excessive reverberation in vessels of certain 
ht ' in an apparent prolongation of the initial signal. This may seriously 
d erfere With sounding in shoal to moderately deep water, but it may be effectively h> by Placing heavy weights around the oscillator, and sometimes around the 
'f OPhone tanks. On one vessel where reverberation was bothersome 14,000 pounds 
3Jloo Were evenly distributed in the frame spaces surrounding the oscillator, and 

E 

It has a rating of 500 volt-amperes. ' 

vh gr~ater - intensity. 

Pi& 1 
Pounds Were placed around the hydrophone tanks. 

5213. Hydrophone 
Th @net e echo receiver, or hydrophone, used to detect the echo and convert its sound g3r electric energy may bo one of several types, depending principally 011 the :trp Two or more different types of hydrophones are commonly 

lt &es OYed that any one can be switched into operation for use in those depths where 
312p Optburn results. The three types of hydrophones commonly used with the 

'thometer are: 
at It? Tuned hydrophone No. 314A is a large brass unit whose diaphragm is tuned to respond best 

* (b )  Th This hydrophone is generally used for deep-water soundings. 
K-tube unit, a rubber-cased hydrophone, also known as the rubber rat, employed prin- 

c'pally in shoal and moderately deep water. 
shoal 'drophone No. 134E is a small brass unit, sometimes known as the watch-case unit, used &acpd moderately deep soundings. 

Of these units is installed in a water-filled tank secured to the inside skin of the ship. The 
theotr'acouatiC dement of each of tlpse hydrophones is a carbon button fastened to  the inside Of 

sounded. 

of 1050 cycles in water. 

fop (4 H 

' diaphragm, 
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5214. Echo Amplijkr 

Numerous changes have been made to the echo amplifiers to take advand;tof 
recent improvements in tubes and circuits, with the result that no two 312 Fatho;beY 
echo amplifiers in use on vessels of the Coast and Geodetic Survey are the Sarneised to 
differ principally in the number and kinds of tubes and the source of power bat’ 
operate the amplifier. The power source may be the ship’s 110-volt d-c CurrentJ used to teries, or rectified alternating current. Iron-core transformers are normally ener& 
form the coupling between tubes. The gain control of the echo amplifier is gvie$io& 
on or near the indicator, so that sensitivity adjustments can be made while ohifleg 
the depth scale of the indicator. A band-pass filter, tuned to 1050 cycles, is soan0iseS~ 
used in conjunction with the amplifier to aid in discriminating against spmiou~schnr&e 
The output voltage of the echo amplifier is used to  excite the grid of a gas dl 

tube, whose discharge flashes neon tubes in the indicator. 

521 5 .  Indicator 
cebY 

The visual indicating mechanism of the 312 Fathometer is housed in a metal iflet 
net whose outside dimensions are 13 by 15 by l l j i  inches. In the front of the Cabidfi 
is a circular hole, 11 inches in diameter, fitted with a glass on which are two c o n c y t b ~  
circular scales. 
outer one in 5-fathom intervals, from 0 to 600 fathoms. A motor-speed in 

of tbo start-and-stop switch, and two adjustment knobs are also installed in the fro’ Dotof’ 
cabinet. A reed tachometer is used to indicate the arnount and direction Of trol Of 
speed deviation (see 5234). The left-hand adjustment lmob is for nmnud con 
the motor speed for line-voltage changes .beyond the limit of the governor’ tb0 
right-hand knob is the sensitivity adjustment and controls the current ob 
carbon button of the hydrophone. On thc left side of the cabinet is a gea mhift e b g  ?bt 
for changing the disk speed to correspond to one of the two depth. scales. On tb be 

stopped, as desired. tatid 
motor and governor, the reed tachometer, reduction gears, gearshift mcchani@J 

A 110-volt d-c, Xo-horsepower motor, operated at  1,800 r.p.m., is used to rev c$ 
the index disk and operate the keying cam. I t  is important, for the sake of . used 
that the speed of this motor be maintained constant. 115 

volts. d d  
i$d’ 

disk. The speed ratio may bc changed by means of a gearshift mechanism, Topof 
the index disk will rotate a t  either 4.1 r.p.s. or0.683 r,p.s. for soundings on the 
600-fathom scale respectively. less 

The index disk, of thin bakelite, is circular in shape, its diameter being a litt1;i& 
than the circular opening in the face of the cabinet. Attached to the back of fir0 

’ODs $q and rotating with it, are two small U-shaped neon tubes. Electric connect’ arro 
made to these tubes by means of slip rings. tbO 
slit, cut in the disk, through which the light is seen when the tube flashes So ef 

refer0$ 
tb of 

ates with the 100-fathom depth scale is installed so that it can bo rotated with 
t o  the disk through an arc equivalent to 7 fathoms, to adjust for the mean dep 

The inner one is graduated in fathoms, from 5 to  100 fathomS; an 8 
diC&dor’ 

o $  

side of the cabinet is a push button by which the transmission of the signals flay tor 

act@ to 

e indice. The important parts containcd in the cabinet are: th 

disk that carries the neon tubes, and the keying cam and contactors. 01ve 

A centrifugal governor lS 
control the speed for changes in torquo and line-voltage variations between go and 

The motor speed is reduced by means of gears to the proper speed of 

The index, one for each tube, is a 

position of the index relative to the depth scale may be read. Tho neon tube that OP 00 
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' .  

! PeclUator baed * and hydrop1lone below the surface of the water. When the 1OO-fathom scale 
This neon tube 

a electrlcallY Connected throug 11 a switch to the output of the gas discharge tube. When 
is mado from one speed to the other, the gearshift mechanisni, in addition to 
'he speed of the index disk, switches the gas discharge tube circuit from one 

*'Bnals are normally sent Once each revolution of the index by closing the electric Qea% C'cult the 525-cycle generator and the 1050-cycle oscillator. This is done by 
able The dog is adjust- 

p'ferentially so that the time of starting the signal may be controlled. 
of the received on the 1OO-fathom scale near 100 fathoms (which is also the zero 
a 8igQ?le) are difficult to distinguish from the transmitted signals. By transmitting 

Only every alternate revolution this difficulty is overcome, and the echo and 'anaQitted del The circuit by which every alternate signal 
BPee<ted It consists of a wheel that rotates at  half the 
''hichof the disk, which has nlctal and insulating segments so arrangcd that the brushes 
ph 'Ontact it complete an electric circuit once every alternate revolution of the disk. 

contactors and tho 100-fathom cutout circuit are elcctrically connected in 
BeP1ea that Current Can flow through the series combination only once each altorimto 
Q%8 revolution of the The 100-fathom cutout is switched into or out of operation by 
'f %e Of A cdtout on the right side 

Cabinet may be operated manually for the same purpose. This latter cutout is 
AQd .ed when depths of 200 or multiples thereof are received on the 100-fathom scale. 

sounding, the lieon tube for that scale rotates at  4.1 r.p.s. 

4eoQ>be tso the otllor. 
' 

Of a dog mounted on the shaft which rotates the index disk. 

signal are seen alternately. 
called the IOO-fathom cutout. 

? 

. 
toggle switch on the underside of tlic cabinet. 

It lnay be used with both the 100- and 600-fathom scales. 

521 6. Operation 
T O  

Period 'Perate the 312 Fathometer for sounding, the starting switch is closed, and a 
EP@qb Of a seconds is allowed for the motor to come to operating speed. BY the 
'his eQcy-control rhcostat the frequency is adjusted to 525 cycles, or some value near 

"lch has been found to give optimum results. The hydrophone current is then ::Fd by means of the right-hand knob, so that it is from 1 to 5 milliamperes. The  
a p e e p t r o l  of the amplifier is adjusted for optimum operation (see 5163). The motor 

be adjusted so that the middle reed of the tachometer is vibrating at  
Q The instrument is now ready for sounding on the scale selectmad 

accordauce with the depth of the water. 

522. SIMPLEX-BLUDWORTH 

SbP1ex-Bludworth Fathomoter, Model E;S-I 04, is manufactured by National 
gc ex-B1udworth, Incorporated, of Now York City. It is a semiportable, supersonic, 
a~phlc-recordhg, @b d echo-sounding instrument designed for surveys in shallow to moder- 

It is an instru- 
'@Pet:: the same gencral type as tho 808 Fathometer and is similar to it in many 

(see 523). This is the most recently acqu~hed echo-sounding instrument of 
eodetic Survey and has not yet been tested in the field. It is only 

%, 'le? d@XTibed here , mainly for the purpose of pointing out those features that dis- 
Ish it from the 808 Fathometer. The fact should be noted that it was not nvail- 

water and for temporary installation in a launch or vessel. 

2 Coast and 

Other parts of chapter 5 of this Manual were written. 
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5221. Description 
tl@: 

The Simplex-Bludworth Fathometer consists essentially of three separate 
a recorder cabinet containing the graphic-recording mechanism, signal sender’ test' 
amplifier, and speed indicator; a submersible unit consisting of a stread1ne,d8n,! B 
aluminum housing which contains the transmitting and receiving oscillators d l d  

the 
a. Recorder cabinet.-All essential parts except the transmitting and receiving Units $e& 

battery are in one metal case which has a canvas cover for protection from the weather. Thedtob, ’ 
ing controls, all conveniently located, consist of an on-off power switch, an on-off recorder b&ob’ 
phase-changing control, a “foot-fathom” selector switch, a sensitivity control, a fix-marker fled 
and a control for compensating for draft or tide. 

thro$ tachometer. All of the controls and meters are located on the top of the case or are accessible 
it when the case is closed. 
setting can be verified and the fathogram viewed. otGh 

for recording in feet and reduced through a 1 to 6 gear ratio for recording in fathoms. Theyelooity 
d-c driving motor has a speed range from 2,280 to 2,580 r. p. m., with 2,460 corresponding to ire0: of sound of 820 fathoms per second. The electric impulse, which makes the depth record;nted 
mitted through a raised wire set into a helical groove in the drum. A printer blade is m0 p,&” 
bridge directly above the revolving drum and is adjustable in the bridge SO that a urdorrn 
can be maintained on the record paper where it contacts the helical wire. 

The record paper is of the dry facsimile type, impregnated with conductive material 
coated with an electrosensitive substance. The paper is rove between the revolving drum ;:$$ 
printer blade SO that when an electric impulse is received it passes from the printer blade 
the paper to the helical wire, leaving a permanent black mark a t  the point of contact Of thiivided 
and wire. The paper has a continuous printed scale which is 13% inches wide, the width bein:per&Og 
by lines into 60 equal parts, each part representing 1 foot or 1 fathom depending on Which th r6”$ 

to 180 feet (or fathoms) is provided by three phases as follows: 0 to 60, 60 to 120, and lzo:e pf 
scale for each phase being printed in different color and style numerals alternately d O n ~ c o r d i O ~ b ,  
at 2-inch intervals, each scale being repeated every 6 inches. When the instrument is In, of feet, the travel speed of the paper is 2 inches per minute a t  a motor speed of 2,460 r. p‘ Ingas 
paper travel is provided by positive rubber friction rollers and the paper is truly alined 
limiting rollers. 

The signal sender in the recorder cabinet energizes electrically the transmitting os~illetor~~e~triC 
sender operates from a 350-volt vibrator-type power supply, and when keyed produces ” 

d 0t impulse in the oscillator in exact synchronism with the keying commutator. 
The echo amplifier is a three-stage resistance-coupled thermionic type, tuned to psfofle‘ 

maximum sensitivity at a frequency of 14250 cycles per second. The input stage is tr’blede’ 
coupled to the receiving oscillator and the output stage is transformer coupled to the p.rinteros+lBtol 

b. Submersible unit.-The submersible unit consists of a transmitting and a recelvinR os,&@d 
mounted in a streamlined cast aluminum housing 37 inches long by 14 inches wide; the 8@ see 62 pted centers are 13 inches apart; the units are very similar to those of the Hughes MS 12 DiLgS r n ~ l l  d 
6273). 
on a spindle inside an air-filled reflector and immersed in castor oil. Each pack is toroidally 

Be’ with an energizing coil of neoprene insulated wire. 

range of interference from ordinary water noises. 
+eo@ identical in all respects except that the receiving unit is permanently magnetized. 

and in a horizontal plane, and its axis parallel with the centerline of the vessel. 
leaat a 1-foot clearance between it and the vessel. 

12-volt storage battery. For proper operation, the units should be located actor 
to the instructions given for the 808 Fathometer (see 5236). 

and8  b There are also a motor-speed meter 

the The top of the case also contains glass ports through which 

The recording mechanism consists of a revolving drum coupled directly to the motor 

,nd gUd$i 

bl6 

speed is used; and perpendicular to these lines are travel-spacing lines 1 inch apart. A deP 180, I 

resPO’ 

The msgnetostrictive oscillators consist of packs of thin annular nickel stamp 

the BB The operating frequency of the oscillators is 14250 cycles per second and is outside 
oscilWtors The transmitting and receiving 

the el The submersible unit should be installed so that its bottom is at least 2 feet below 
There 
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5222. Operation 

$ '" revolving drum is the time measuring device on this Fathometer. An aux- 
k i z  shaft is driven through a 1 to 4 gear ratio from the drum shaft SO that a 

gcycleOCcurs a t  every fourth revolution of the drum. Soundings in feet are there- 
'notor Ope recorded at  the rate of 615 per minute and in fathoms at  102.5 per minute for a 

speed of 2,460 r. p. m. 
bhi$ correct instant of cach fourth revolution of the drum, the signal sender, to  
Q It lS keyed, sends an electric impulse to the transmitting oscillator, causing the 
8ecOQd aaetostrictive unit to transmit a supersonic signal of a frequency of 14250 cycles per 
%~liS_'~ 'he echo is received on the receiving oscillator and amplified by the echo 
Paper Lpl the resulting current passing to  the printer blade and through the record 

at the Point where the blade is in contact with the helical wire on the revolving 
leaving a permanent black mark on the paper. The arrangement of thc wire on 

e druQ is such that at  any instant the printer blade can be in contact with the helical "ne Point only, and the revolution of the drum thus becomes a measure of the 
%e at 

is ~ ~ $ ~ d J h ? n e n t . - T h e  adjustment for the depth of the oscillators below the surface of the 

time b 
etween the transmission and reception of the sound signal. 

0. D 

The adjustment for 
Any adjustments made with reference to 

to 10 part of the scale, the instant of transmission is delayed to 
e draft of the oscillators. 
adjustment scale can also be used for mechanically applying other various corrections 

error (662), settlement and squat (663), and, under 

speed of the driving motor is controlled by a centrifugal governor 
ACan nl be manually adjusted by turning a knob on the end of the case. 

P a v i d e d ~ ~ ~  calibrated in motor revolutions per minute and also a reed tachometer (see 5234) are 
The middle reed of the tachometer vibrates a t  maximum 

'@de When the mota r speed is 2,460 r. p. m., which corresponds to a velocity of sound in water of 
acto athonls Per second. The re ed tachometer is more accurate than the meter. The instrument will 

lnce the calibration velocity of an echo-sounding instrument is a function of the motor speed 
actbl e instrumsnt 0811 be adjusted, under certain conditions, to record soundings based on the 

Oak is provided wllich contains instructions relative to maintenance, service, 
$:% dacul t i  es, circuit tests, and tables of correct voltages and resistances, and 

"erifying the motor speed. 

a velocity of sound range from 760 to 880 fathoms per second. 

6ss), th 
'@locity of sound in the area. 

A b  

spare Parts by number. 

5223. Comparison With 808 Fathometer 
ph are, in summary, the outstanding features of the Simplex-Bludworth 
'"leter that are not possessed by the 808 Fathometer: 

A draft adjustment scale. 
An indication of driving motor speed so that adjustments may be made to 

''lt *Or the actual velocity of sound a t  the time of making the survey. 
(3) 'he record is made along a straight-edged stationary bar giving a straight 

on Paper with rectangular coordinates, eliminating contraction of the scale 

'8th e 

4 e '@cord 
'at th 

e Paper edges. 
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t P  idin$ (4) The paper is held in truc alincment with limiting rollers, thus avo 
disadvantages of perforations. 

523. 808 FATHOMETER 

The 808 Fatliomcter is a semiportable, supersonic, graphic-recording, ~ c l 1 ~ - ~ ~ ~ ~  
d. 

ing instrument designed for hydrographic surveying in sliallo\v to moderately 
from small vessels arid launchcs. 
This instrumcnt is manufactured by thr Submarine Signal Company of Boston, 
chusetts, from specifications prepnred by thc Coast and Gcodctic Survey. 
thc introduction of the 808 Fatliomcter, soundings had been tnkcn from small 
and 1aunclic.s of the Coast and Gcodctic Survcy by using the lcaclline nntl wire 
machines. 

Its range is from :h foot below t l ie~ish to 160 

soundiflg 
These methods were slow ant1 nt times inaccurate. 

FIGURE 100 -1,:~111i(li l i ~ ~ l r i v ! r , i ~ i l i ~  i i i i i i c  1 1 1 ,  x m  I i t 1 io i i i~  I( r 

pi ty  The salient features of the 808 Fatlioinctrr arc: 
(a)  It is a scrniportablc instrument that can be installed in any sinal1 boat without the ~ l n p l i C R '  

of cutting an openitig i n  t11c 1lu11, and a i t ~ l o u t  any complicatctl wiring or any of t ~ i c  other 
tions of a permanent ins1 allation. 

receiving units properly inside the hull. 

y,tiob find 
(b)  The instrument may be permanently installed in any vessel by housing thc translnl 

(c) The practical depth range is from the lcast depth in which the vessel or' launch w~~~ 

(d) Soundings may be recorded in frct or fathoms to  accomrnodatc the drpth rn@ 

( e )  The range of the scale of tho record paper is 55 divisions (fcet or fathoms), and by 
phasing arrangement three other ranges may be recorded on the samc scale, thus providing 

(f) A fast paper travel (about 2 inches per miniitc whcn recording in feet) to  give a detailed 
(0) The use of a facsimilr paper with printcd depth scales for graphic recording. The P~pc~@fi8 '  

fled 
1FO fathoms under proper conditions. 

types of submarine relief encountered. 

expanded scalc rovcring a depth rangr of 0 to  100 (frct or fathoms). 

of means &d 

d 
for 

not have t o  be moistened or chemically I rented beforc or afterward, thus avoiding dimension' 
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punched in the laminations which, when assembled, resemble a transforme' Bsto 
A few turns of rubber-covered wire are wound through the openings in such 8 bbah 
include most of the nickel in the field of thewindings. The cores are so dimensioned q'b0 
the entire unit has a natural frequency of vibfation in water of 20 kilocYC1es:zoDid 
units are installed so the 4-inch dimension is vertical and the vibration of the horl of 
face of $he transmitting unit, by the magnetostriction phenomenon, projects a be@ 

4 
sD 

identical in every respect and may be used interchangeably. The separation b e t y e O O  
the units is only 9 inches, thus practically eliminating any error due to sep@'loD ( 

of 

supersonic sound downward into the water. ' 
' The receiving unit is aft of the transmitting unit in the fish. The two 

556), even for measurements of very shoal depths. 
The cables from the two units are led through two pipe fittings at  the 'O'fittiD@ 

brass casting, and thence pass through two pipes that are screwed into these @' 
to form part of the supporting structure for the fish. These are rubber-covered' fi@ 

conductor cables, covered with a flexible woven metal shield. The cable ends 
provided with plugs by which they are connected to the recorder cabinet. 

$id6 

by 10 inches high; the cabinet is an aluminum casting, with a glossy black finisb: ?:d 
cabinet contains the entire recording apparatus, paper, echo amplifier, and Phils TbO 
keying circuits. The total weight of the cabinet and all contents is 103 pounds' k 0' 
cabinet may be mounted on a vertical bulkhead or panel, or placed face UP On dI:!f< 
on a table. The main door of the cabinet is hinged on the left, as one faces it, and rlgb ingly opens from right to left. This door is secured by two large wing nuts on the &od t 
side. A small glass door in the main door covers the record paper and expos:; at 8' 
2% inches of the fathogram before it is automatically wound on a take-up SPO. t, tbO 

profile of the bottom is disclosed in its natural position, that is, with the zero 
sea surface, at the top of the record. 

severe weather, without harm to paper or mechanism. The glass door, tboUgb :Idbg 
the fathogram is viewed, may be raised to permit access to  the fathogram for 

' 
00. gpd notations thereon, either with black or colored pencil, or with a fountain 

ape' exhaust fan mounted in the cabinet removes the carbon dust formed on the p 
dissipates any heat in the cabinet. didf 

basing fi 
q B ~ f i f l t  an index-adjuster knob, a gearshift for changing from feet to fathoms or Vice l$V,ib 

d-c voltmeter, a fix-marker button, and a switch to turn on the electric bu1bss~4cb 
illuminate the fathogram. On one side of the recorder cabinet is an 
and two manual motor-speed controls, one for rough and the other for fine 
On the left end of the recorder cabinet is a toggle switch by which the mark. @ fbe 
the fathogram by the transmitted signal may be greatly reduced in inten~$o$" 
three receptacles, into which the leads from the battery and transmitting an 
units are plugged, are on this same end. 

The important parts contained in the recorder cabinet are: the dfl 
and governor, recording mechanism, keying circuit, phasing mechanism, 
generators, and the echo amplifier. 

5232. Recorder Cabinet 

The recording mechanism is housed in a cabinet 21 inches long by 17 inches 

1ng 

'S 

right. Looking a t  the record in this position, with paper moving toward the ' g b  IiDe, 01 

tbg 
This cabinet is sprayproof and the instrument is designed to be operated la * '*~Cb 

Controls and other devices located on the front of the panel are: the P 

reed tachometer, a goSernor adjuster, an amplifier sensitivity control, a 0- to gJll 

ad0 
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box Part of the moving mechanism, consisting of the driving motor, governor, gear 
the’ stylus arm, and contactor, is mounted on the inner side of the door of 

CablW. The two motor generatom are mounted in the bottom of the cabinet; 
on0 
h 300 volts for part of the plate power of the amplifier; the output tubes, 

oINever~ being supplied by a 350-volt generator which also actuates the transmitting 

The driving motor operates a train of gears to rotate the stylus arm and to 
Operate the contactor 11.18 times per second for sounding in feet, and at  one-sixth that 
speed for sounding in fathoms, or 123 revolutions in 66 seconds. The rotating arm is 4.5 
Inches long and carries at  its end a stylus of fine piano,wire, which sweeps in an arc 
aC’oss the fathogram paper . A condenser is charged continuously through a resistor by 
?e 350 ’oh from the motor generator. Once each revoIution, contactors are closed ’ the rotating arm, normally at  the instant the steel stylus wire passes point on ?;e,:tho@’a, scale corresponding to the depth of the fish below the water surface. 
dUcingContactors discharge the condenser into the magnetostrictive transmitter, pro- ‘ short pulse of vibrations a t  the rate of 20,000 pcr second, and thus the signal la ‘eht. 

There are two ways by which the position of the contactors in the cycle of rotation 
e Small adjustments ‘9 b 

32 and quiclrly made, by means of a knurled knob, while the machine is 
’ so that the transmitted signal is made to record at  exactly zero, or if desired, 

at a depth corresponding to tho draft of the fish, thereby referring all recorded depths 

Position of the contactors is also changed when the phase is changed. The 
Per ‘ ed ‘‘‘le of the fathogram reads from 0 to 55-feet at high speed (11.18 soundings 

However, if the contactors are advanced, oppo- 8;t0 to direction of rotation, SO that the signal is emitted the equivalent of 35 feet ? fathOhS) before the stylus rcachcs the zero of the fathogram scale, the scale will 
Advancing the contactors in this ? lS It is accomplished simply by lifting a little knob on the face of 

d.te recorder and turning an arm t o  the phase desired. This h o b  has a plunger which 

‘Whzt? are four phases in all, 0 to 55, 35 to 90, 70 to 125, and 105 to 160 feet (or 
‘QQG ’ phase overlapping the preceding one by 20 feet (or fathoms) so that no 
Phase ‘gs need be missed when changing from one phase to another. The shift in 
ah th can be made quicldy, in either direction. The transmitted signal is recorded 
Qt fathogram on the first phase only, the 0 to 55 scale. Even then its recorded 
!hc?ltJ’ may be greatly reduced by turning a switch, so that it will not interfere with 

record Of extremely shea 1 depths; for example, depths less than 3 feet under the fish. ‘he ”’ magnetostrictive receiver is connected to the echo amplifier, located inside 
cabinet. The amplifier is tliree-stage, tuned, push-pull type, completely 

‘0 ’ ‘Ontaking six tubes having their &volt heaters grouped in t h e e  pairs in series 
the l2-VOlt storage battery. With maximum gain the amplifier Sensitivity is 0.2 ‘c?lt’ A graduated gain-contro] laob is located on the front of the cabinet door. 
echo is amplified until the third pair of tubes develops about 180 volts across an 

~ ~ ~ f o r ~ e r .  This voltage is applied between the stylus and the metal platen 
paP,r Paper so that a series of sparlcs of diminishing intensity pass through the 

These sparks re- 
coating leaving tlie black paper visible, as though (I series of closely spaced 

wt .  

with reference to the zero of the fathogram scale. 

second) Or fathoms at  slow speed. 

5 to  90 foet (or fathoms). 

OPS into (1 hole to maintain the coiitactors at  exact position for each phase. 

eh!ecord depths from 3 
phasing. 

at the 
the time tho signal is sent, and upon reception of the echo. 

4s~382-44-__,?, 



5233 HYDROGRAPHIC MANUAL PAGE 466 

ble black dots had been made on the gray surface. The dots are scarcely distinguisba 
as such unless magnified and consequently the record appears as a rather broa d byd 
with more or less sharp and smooth contour a t  the top, the bottom of the band f'd$ 
away gradually. The intensity of the record is somewhat proportional to the S treng 
of the echo. Figure 102 is a schematic wiring diagram of the amplifier and all Other 

electric connections. 

0 8  
for 

elsc. 

5233. Fathogram 

The graphic record of an echo-sounding instrument is called a fathogram. 
paper on which this is recorded on the 808 Pathometer is a staIldard type use 
facsimile reproduction. 
the reverse side being metalized with aluminum or copper for the purpose O 

tric contact. The paper is 7 inches wide and conies in 75-foot rolls on metal 
The printed scale is 6f4 inches wide, ruled horizontally into 55 divisions, each 
scriting 1 foot or 1 fathom, depending on which operating speed is used. Since the 
of equal divisions lies along the arc of a circle traversed by the rotating stylus, 

ted 1'' 
zoiital graduations are closer togetlier near the edges of the paper, but tM 
between lines, measured along the arc, is ji inch. The division lines are Prin 160, 
red; and four numerical scales of depth, 0 to 55, 35 to 90, 70 to 125, and 105 
are printed alternately in red and green on the gray surface. 

for the 
ing to the 0 to 55 scale are printed in large red figures, thoso for the 35 to 90 
large green figures, those for the 70 to 125 scale in small red figures, and those tters 105 to 160 scale in small green figures. The four phases are indicated by "',lldi& 

tbe 
to the respective phase is printed in color and size corresponding to tho numerals in Of tb0 
scale. 03 eric above sequence. Regardless of which phase is being used, a corresponding 'urndip&. 
scale will always be within 2>4 inches of any point of the rccord, facilitating easYzJ pot 

P 
always be visible, however, since only about 2% inches of it is visible a t  a ti@e' 
notation of the phase in use must be made on the fathogram at  the time. 
recorded in fathoms are generally distinguishable from those in feet, tl10 former " 
being blacker and the trace of the stylus, along its natural arc, shorter. 

dip$ 
when recording in feet. Thus a 75-fOOt roll of paper will last 7>4 hours wben SOm 

Unlike some types, this paper is used dry, requiring no treatment before 'I' tb0 
1-ecording. The new roll is installed in a holder beneath the skylus arm, Wh@~&Up' 
fathogram paper passes to the right across the recorder platen to an automatic dJJ' 
spool. These roll holders are secured to theinside of the cabinet door and ar 
accessible when the door is opened. 

Neither excessive hcat nor humidity materially affccts the dimensions or t'l of 
cJ@ge of the paper. 

thc record arc satisfactory. Tests werc mado to dotwmine the dimcnsiod . tbe 
in thc paper with varitltions in humidity. From very dry to normal I i ~ 1 n ~ ~ ~ ~ ~  10 
change in width was 0.6 mm; from dry to saturation by steam it  was 1.5 mfl' 0.5 
terms of the fathogram scalc this would mean a maximum of 0.5 foot in 55 fee:obablJ' 
fathom in 55 fathoms, or slightly lcss than 1, percent change, under extremes P 
never encountered in practice. 

It has u black body coated a light gray on its upp er 

s p ~ O 1 ~ .  

tile W' 
distaflce 

The numerals corresP scale a 

A, B, C, and D respectively, and at  the shoal end of each scale the letter corrOSP 

The numerical scales are spaced about 1% inches apart and are repeated 

While the fathogram is being recorded, the corresponding numerical scab 

DBpLbs 

The travel speed of the fathogram paper under the stylus is 2'inches Per 

in feet, or 45 hours when sounding in fathoms. afte' 

e rea 

e GOJOT 

Aging tests show that the quality of the paper and the perm 

or 



FIGURE lOZ.-Circuit diagram of 808 Fathometer. 
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,OD@ Carbon rubs off the record to such a degree that objects with which it 

Holes a half-inch apart are punched along both edges of the paper. TheTb& 
along the top are circular, while those along the bottom edge are elongated. ac3054 

holes engage the teeth of the sprocket roller whose purpose is to move the Paper tbo 
the recorder platen. This sprocket roller is driven by a shaft directly geared to d 

te, *’ same motor that rotates the stylus arm. It is impossible for this roller to rota 
d thus for the paper to travel, slower than a t  the correct proportional speed. 

However, the sprocket roller is free to  rotate around the shaft at  a faster 
than the correct one. The take-up roller is driven from the sprocket-roller sha 
coil-spring belt so adjusted that it will slip. If this adjustment is so tighttakpuP 
does not slip as intended, the paper can be drawn across the platen by the fa9t5 
roller instead of by the sprocket roller, in which case the paper travel is at too 

The paper must lie flat on the platen, and must be properly centered 50b01t?5 
the teeth of the sprocket roller engage the holes cleanly, without mutilating t’laadj05t 

When a new roll of paper is placed on the instrument it may be necessary to @’ 
the take-up roll, or the feed roll, or both. This adjustment is accomplished by ob 
loosening the locknut on the end of each roller and then turning the adjustment ?be 
until the paper is properly alincd, after which the locknut is tightened. We? bed 
paper is properly adjusted, arcs drawn by the stylus should correspond with tbe P:$d 
arcs on the paper. If they fail to  do so by an appreciable amount, either the 
scale is wrong or the instrument is not of standard construction. io 

present use is known as 15U. 

contact, or one’s hands, are soiled. boles 

spee5 
ft byil 
that 

speed. tb56 

This paper is distributed by the Submarine Signal Company, and the type 

,-e+ 
The motor driving the recording mechanism operates from 12 volts direct ‘$t& 

and is rated at  X O O  horsopower a t  a speed of 4,026 r.p.m. This motor speed is a o ~ c t i O o  
controlled by means of a governor, but a manual control is also provided, ’” d to 

the dire’ of 
voldioP d one end of the motor frame. A roversing switch automatically changes 

of the current through the governor contacts and the motor once each re pee 
the sprocket roller. This eliminates pitting of the governor contacts and 

face of the recorder cabinet. By this the governor may bo adjusted to operate jp tbe 
calibration speed of the instrument. The manual control may be substituted of 9’ 
event of governor failure. 

5234. Motor Speed: Tachometer 

being madc by means of a switch. The governor is a centrifugal type, at tache tiofl 

attention only about once each season. OD 
Slight adjustments may be made to the governor by means of a knob located at 

field Two knobs control resistors in series with the 
motor. One knob is for coarse and the other for fine speed adjustment. ap d it i5 

eoft’ fr 
For accurate results the motor must always rotate a t  calibration speed &Ofl’ 

essential to be able to verify this continuously. A Frahm vibrating-reed tyP 
eter, located on the face of the cabinet where it is always in view of the y0 
provides the means for this verification. The tachometer is composed of seveaeed lo‘ 
the middle reed, vibrating aft maximum amplitude, indicates the correct motor 
the calibration velocity of sound in sea water of 820 fathoms per second. 
reeds to the right and left indicate speeds too high and too low, respectively’ ,sedir 
1.5, and 5.0 percent. These percentages arc also applicable to the tachometer 

Ope$$: 

5P t p 3 0  
The ()151 

by 
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5 

+% 
67. 6 

4,056 
826 

Right 

+ 1% $ 5  
68. 1 70. 5 

4,086 4,227 
832 861 

5235. Batteries 
0 

2o0. ne 12-volt storage battery, or two heavy-duty 6-volt batteries, of 
hOG:Pere-hours capacity or more, should be used to furnish the power for the instru- 
daib This capacity should suffice for 15 hours' continuous operation. The currsnt 

Of 'he battery is 11 amperes. The battery voltage can be checked constantly, 
;::he '"strurnent is in use, by means of the voltmeter on the cabinet. The battery e 

Vary between 9 and 15 volts without interfering with the operation bf the 

%$; each day's operation the battery should be recharged. The charging current 
e.aboUt 15 amperes and it should bo charged for about the same number of ;? the 'nstrument was in operation. At the end of the charging period a hydrometer 

""fd?ld be made to see if the battery is sufficiently charged. Since the charging rate 
"111 bouts Of charging required will depend on the age and condition of the battery, it 
th e to alter them from time to time. Facilities should be arranged SO that 
@ha, batteries can be recllarged without removal from the launch. If it is desired to 
aOaf: the batteries while the instrument is being operated, the battery-charging unit 

e apranged so that it does not interfere with the operation of the iristrument; for 
h Pbpose it may be necessary to us0 a filter botween tho charger and. tho battery. 

14"t"l.ellt. 

"lnote regions a spare set of batteries should be carried in each Inuncl~ 

S236. Installation oj Acoustic Units 

th ?'he Nethod of securing the fish (see 5231) to the side of the launch will vary with 
f a ~ ~ ~ ~ o o s  of tlle vessel, malting it impracticable to design one supporting structure 

On launches of various sizes and designs. The following$escription of an installn- %e\lsed On one of the launches of the Coast and Geodetic Survey is intended to illus- 
tl'Qs Of the pbssible ways of supporting the fish. This method with slight modificn- 

'Ight be used on launches of different design. %h b'%~ . reference to figure 103, the two vertical supports are l%-inch extra-heavy 
''4 'lpe, threaded a t  each end. The lower ends screw into the pipe fittings on the 

and the upper ends are screwed into 1%-inch brass tees. A 1%- by 3-inch brass 
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nipple and a 90' brass elbow are screwed into each of the tees, which are 
horizontally by n short length of l%-inch brass pipe screwt.d into the elbows. 

weight Of 
The horizontal members that arc secured to the deck support most of the t@ed 

the assembly. These members are made of 2- by 3-inch angle iron; they are fas Tb@ 
to two j4- by 3- by 26-inch iron plates which are secured to the deck by lag screws' d seCdOd outer ends of the angle irons project slightly beyond the side of the launch an 

p ~ ;  to them is a 36- by 6- by 22-inch iron plate. The vertical pipes supporting the fis @sse 
through two 136-inch holes, 15 inches between centers, in this plate. Each Pipe oft 
through two loose brass collars, one above and one below the iron plate. The 5'P,$,j5 

of the fish is secured in place by means of set screws through the brass collars' 
arrangement provides for a vertical ndjustmenl of the position of the fish. bop'' 

Just above the waterline is another tUf8 
zontal support to  secure the vertical S"$erfil 
to  the side of the launch and preVentcoD9i@ 
movement of the fish. This support twoe 
of two lh-inch brass side-outlet t@ 

brass deck flanges with closed nipples' over 
tres are drilled so they will slide freely tcc 
the vertical pipes. TIVO setscrews in encb@e 
are used to clamp the pipes in Place' tlLc 
deck flanges are secured to the side fa' horizop 

- ,  launch so that their nipples are @@' 

The outer ends of the horizontal Pipes ofef 
glide p d  into the tees, and the inner ends drr 

the nipples of the flanges to  which they arc secured by pins through holes 
through the pipcs and nipples. 

Guys leading forward and aft are secured to the vertical pipes by means Ofttacbfi 
located just above the fish. fb@ 
to a %-inch bronze eyebolt in the top of the fish is fastened to a cleat on deck' ;PO5 
electric cables from the transmitting and receiving units pass through the VC r t i d  P 

fir8 
a ,118 1 and pass out of the upper tee openings. 

To install the fish, the assembly is lowercd over the side and the a d e  ' dec 
bolted to the deck plates. The lower horizontal pipes are then slipped over t'le d bS 
flange nipples and pinned. If the draft of the fish is not suitable it may be ndjUSte*@ 

"'tfi~t loosening the setscrews in the upper clamps and the lower side-outlet tees, 
or lowering the fish. The fore-and-aft guys are then fastened on deck and bleg fir' 
by means of turnbuckles. The safety line is fastened and finally the electric 
connected to the recorder cabinet. 0to' 

strictive elements are removed from the fish and installed in tanks located 
the inside skin of the vessel. 

short lengths of 1 )&inch brass pipe) a d  ,p 

- 
FIGURE 103.-Support for flsh of 808 Fnthomctor. 

GI@$ 

The guys are %-inch stranded wire. A safety lint a 

@@de 

Where the 808 Fathometer is installed permanently in a vessel, the m a g p  

5237. Operation 

In actual field operations, depths from a half-foot below the fish td 1GO fatboflo 1' 

t i d y  stele 

8 

been recorded. For launch hydrography it is used principally in depths less tba 

ad tbe 
fathoms. 
bottom, a record in greater detail may be obtained by using the fast speed 

Where sounding in shoal or moderate depths over' compara 
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e?'* Both the vertical and horizonta1 rcpresentation are at  a scale six times that 
When sounding at  slow speed in fathoms. Where the bottom is very irregular, 

&e hth frequent and rapid changes in depth, thc fathom scale should be used in depths 
than 50 fcct, tlius avoiding the frequent changcs of phase which would be 

4ecessarJ'on the scale in fect (see 3112(d)). On the fathom scale the changes of depth are not exaggerated and can usually be followed without difficulty. The possibility 
Of Qiss'ng ti Pinnacle rock during a shift in phase is also eliminated. 

that the sensitivity control always be kcpt a t  the highest value a t  
for The recorded value 

depth may be changed by as much as 2 feet in some cases by changing khc 
"ansltivitY echo- control from one extreme to the other. This condition is inherent in all 

instruments, but in any case the variation in time lag is less at  higher 
"lues Of echo-amplifier gain and by keeping the gain control near the maximum the 
recorded soundings will more nearly approach the true depths. (See 5163.) 

'Io Save time tho fish should be left installed between successivo days of hydrog- 
For optimum operation of the 

$TFNent, the magnetostrictive elements of the fish must be saturatod with water. 
e fish, Or if tlic laiincli and conseqncntly the fish, is removed from the water, these 

dry out und must bc, soalr(?d in water for a half-hour before use in sounding. 
by ;:: Ship, where the launchcs were hoistcd a t  night, the elements were kcpt saturated 
P 'lng a watertight canvas sack, filled with watcr, around tlie fish so that it was 

for use thc instant the launch was lowcrcd into thc water. 
@ The fish should bo csamined periodically to determine whethcr any dirt or marine cZh This inspcction 
tile e lnadc by rcmoving the two diaphragms from the bottom of the fish. In cleaning 

@leNents, care sllould be taken not to injuro the nickel laminations or  the rubber- 

6 r@cordm should bo run for a warm-up period of 15 to 30 minutes before sound- 
t$ '' lnaking a bar check (see 557). I t  should bo operated in the fathom position for 

PurlJose to conserve paper. This warm-up run may be made before the launch is lowered s f  it is expected that it will be wanted for sounding, or a bar check, immediately 

(2) spare parts should he lwpt on hand for each instrument: (1) styluses; 
spare tubes, two cadi of types 1851, 1853, and 6F6; (3) brushes (for motors and 

geberators) ; (4) a govcrnor; ( 5 )  fathogram paper. M -  @reept ?lor repairs should not be attcmptcd while the instrument is in the launch, 
Escluding minor matters, rcpairs should be made only by quali- 

ge a' hbrhation.-Every 3 'wceks tlie gcar-box cover should be removcd and the 
ha' traia inspected to  sec if it is properly lubricated. If any gears appear dry "Singer 
4 Otor LubricantJp or a good soft sodiiim-base cup grease should bc applicd lightly with 

Once each month tllc grease plug on each end of the driving motor should be re- 'ohd 
a a small nmonnt of the same lubricant used in the gear box should be added. 

%o,$? 2 mont,hs, or when the dynamotors show signs of binding, the grease plugs 
QaQta e removed and lubricated with one of the following lubricants: Master Lubri- 
p92.1 OmPmy-Lubrico M6; or New Yorlr and New Jersey Lubricant Compmy- 

bf 

* It is 

a 
'he instrlment can be operated witllout introducing stmys. 

unless it is L, T osed to damage by so doing. 

accumulated in thc magnetostrictive-elemen t housing. 

wire. 

after lowering. 

emergcncics. 
persons. 

'"0th sticlc. 

' Or Standard Oil Company-G5900. 
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b i d ’  
h .  Cleaning.-Before each day’s operation, the inside of the recorder cfiol;&g 

should be wiped clean with a dry rag, and the metal recorder platen rubbed to 
Every 3 weeks the governor and keying contact,s should be inspected nJ1 

The contact surface should he filed flat, and if there is evidence ol bad pitting, 
ernor should be renewed. 

Evcry 2 months the driving motor and dynamotor brushes and comniutato 
be inspected for wear. The commutator should he smoothed with a fine grade 
paper (emery must not bo used), and the brushes rcnewed if necessary. 
brushes have been inslallrd, the instrument must be run for 2 hours to wear 
proprrly . 

d 
tile goV’ 

5238. Opwating Dificulties 
,uJfi, 

An SbS Fathometrr operating so as to give inaccurate or unsatisfactofl re be 
generally, but not always, gives evidevce of this on the fathogram. But it should b 

e oflo bY 
noted that a numbcr of unrelated difficulties manifest themselves in tho sam 
lack of soundings, inaccura te  soundings, or unsatislactory results may be caused 
of the following: 

souad’ 

ing or continuous marks across the fathogram. 5uCCes’ 

sion of hiatuses of short intervals in the record. bout 

(a) A poor connection or shorting of the cables from the fish, or battery, evidenced by no 

(b )  Improper pressure of the stylus on the paper, evidenced by no record, torn paper, Or ’ 
(c )  Dirt or carbon on the metal platen under the paper, evidenced by horixolltal marks 

(d) Improper echo-amplifier operation, evidenced by the transmitted signal or the echo! 
tr@’ 

(e) Improper operation of the contactor mechanism, evidenced by a jagged record of thit,5eDce 

(j) Defective parts or connections, evidenced by irregular record, lack of record, Or ‘On 

(g) Play in the phasing head, evidenced by a sudden charlgc in thc recorded pOSitio’ fWCb 
transmitted signal and echo. This should be tested by attempting t o  movc the head by hend’@pd 
a fault can be temporarily remedied by inserting three paper shims between the phasing heedso tight 
holding ring, placing the shims about an equal distance apart. 

firill’ 
ordip re* 

as t o  prevent index adjustment. 

not caused by the button sticking, but by oscillation of the amplifier after the button he’ bee:* 
leased. The remedy is t o  turn the gain control down momentarily in order t o  stop the Osci’etlo 

$0 a 
In addition to the difficulties that arc evidenccd on the fathogram, there dOfl 

numbcr of operational troubles which may occur and most of which have occ@ d @lYfiO one or more of the instruments in use. Somc of these difficulties are still being 
and it is expccted that thc rcdcsign of certain parts may eliminate thorn. to 

ioI]&l’Y eled 
a uniform surface and the keying contacts or the entire governor renewed if the trouble is n 
by filing. This $$ 

(j) Improper operation of the reed tachometer resulting in loss of necessary definition. 

& ~ ~ ~ j . S 5 3  be caused by excessive vibration of the cabinet by external forces. The recorder cabinet 
supported on Lord mounts, type 200-XPH-60, or some shock-absorbing material, such is or 

(k) Lack of amplifier gain or unsteady operation may be caused by defective type 18’ke 
vacuum tubes. These types of tubes have occasionally functioned erratically; they should te51s’ 

l ~ s i ~ p  ,,e09 
ha5 

for emission and be subjected t o  a mechanical shock by being rapped sharply during the ern 
( 2 )  Damage t o  gears by reason of imperfect design or alinement. The driving motorthe g@’ 

known t o  become loose on its mounting, which might account for the improper meshing Of 

throug 
the fathogram. both’ or 
being recorded weakly, or not at all; or by a continuous black mark across the fathogram 

mitted signal and echo, a sudden equal change in the recorded position of both, or the entire 
of signals. tiI]UO“6 

of the marks across the fathogram. 

The head must not be Illade 

(h) Continued marking of the stylus after depression of the fix-marker button. This is 

(i) Trouble with the governor or keying contacts-the contacts should be filed oCCas 
ot eli@ 
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echo-amplifier gain-control operation-caused by salt water running down the gain- :::' shaft. This may be prevented by sliding a rubber sleeve over the gain-control shaft 80 the 

d' (') Lack of bigh d-c voltage from either of the generators-may be caused by worn brushes or a '" 
Plu (O) 

The interior part of the connector 
gsshould b3 removed and cleaned. Future trouble of this nature can be prevented by wrapping the 

plusswith When the fish is stowed on the open deck a cap provided for the 
Purpose should be screwed Over the ends of the plugs to prevent salt water entering the openings. 

the D'sag~eement of soundings recorded on different depth phases, in depths falling within 
ovyrlap between these phases. This is because of mechanical imperfections in the phasing 

The amount of this discrepancy should be determined by an accurate bar check (see 557) 
In EQOOth water, or by comparative soundings from a stationary vessel a t  a place where the bottom is ;Fth and flat and in calm water. Tlie results of the tests should be adequate for use in correcting 
aU:pdinge for any such errors. Corrections should bo made by reference to phase A. Since any 
f e o o p ~ ~ ~ ~ ~ d U e  to a mechanical fault, its effect on the recorded depths is six times as great for depths 

athoms as for those recorded in feet; that is, if the error for a certain phase on a certain 
r a fathogram in feet, the error for the same phase and instrument will be 34 

foller(9) The take-up fathogram roll is driven by a coil-spring belt from the shaft on which the sprocket 
It  ?u:tp. 

If the coil-spring belt breaks or loses its tension, 
cOll.  . e with a standard replacement part; neither any other type of belt nor a repaired 
t'4i:phng belt Can be used. The tension must be such that the paper will be tightly rolled On the 

up roller~ but so that the belt will slip and never cause the fathograln to travel faster than the 

get to the gain-control resistor inside the cabinet. 

on either the motor or generator end of the Unit. 
cable connectors-caused by salt encrustations. 

tape a t  the joints. 

for a fathogram in fathoms. 

The tension of this belt is critical. 

moves it. (See also 5233 and 6554.) 
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is re' 

flash the neon tube in the indicator, thereby registering the depth. 
peated a t  the rate of 20% times a second, resulting in as many soundings per seCondbiqor, 

echo amplifier, indicator, and power supply. The transceiver, echo amplifier, and ewr 
supply are nearly identical in circuit arrangements with those of the Dorsey Fatllo:tioa 
No. 3. 

This cycle 

The Dorsey Fathometer No. 1 is composed of four separate parts: the trans' Odor 

The functions of these parts are mentioned only briefly here, their constru 

PHOTOELECTRIC SLOT IN DISK LlGHT 
20 5 rev 

TUBE rr perLFCond -!E ::2::: 

I 

110volls D C  
SHIP SUPPLY 

/ -- ,rrr;,,,,,,,,,,,,,,,~;;,,, \,,,\\ -,,, \\\\\,,,&,\ ,,,, \\\ ,,\, L,, 
NlllNINNNN,,,/NN,,~,,,,,,,,,,, ,,/,,,,I N,,, I,,, / ...................................... , SIGNAL 

Ocean bottom 

FIGURE I04.-8chematic operatlng diagram of the Dorsey Fathometer No. 1. 

No. 3 is 
and functions being described in detail in 526 where the Dorsey Fathometer 
described. 

tb* 
The transceiver, or combined transmitting and receiving unit, operates tad 

magnetostriction principle. It is a diaphragm type, intended for use in direct of 
with sea water, which requires that it be fitted into an opening cut in the botto$id 
the vessel. It is relatively inefficient in energy conversion but possesses other qU>,jd 
favorable to shoal-water sounding. Back of the diaphragm are a number Of e& 
tubes, which form the magnetostrictive element. Their physical dimensions ar>+d 
that they are broadly resonant at  17.5 kilocycles. A coil is wound around eaah 
tube to furnish the necessary magnetomotive force for transmitting, these s:@ba&lfl 
introducing a voltage in the echo amplifier when the echo impinges on the dl@ 
of the transceiver. 

5241. Transceiver 
OD 

The transceiver installed in a hull mounting is shown in figure 105. 
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FORWARD 
A 

p‘pung 106’21MagnetOstrictiro trsnscoivor mounting. A .  Trauscoivor housing. B. Diaphragm. C. Hull mOuntiI%. 
D. Hull plate, E. Fairwater-ccment or stool plate. 

. 
the rec:e:lodicity of the transceiver and to furnish the magnetomotive force used 

Ptlon of the echo, (See also 5261.) 
in 
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ometer, and the rear switch is for starting and stopping the auxiliary starting eed. 
SP whose purpose is to bring the synchronous driving motor up to synchronOu~,,,tig 

On the lower right-hand edge of the cabinet is a push button by which the b p '  
motor and the synchronous motor are engaged. The parts included in the O'oeOfl 
are: the synchronous motor, starting motor, stroboscope starting lamp, cirC'lBr 

d tube, and the index disk. rod* 
The rotor has 100 teeth ' I ,J.@?' I. its periphery, their slots being parallel to  the axis of rotation. An annul@ d15 

cut in the central disk of the rotor, is filled with mercury, its purpose being, to and 
courage hunting, or the minute variations in speed of rotation due to acceler 

The stator consists of threc U-shaped pole pieces, spaced goo apart asodd W 
rotor. The teeth of the stator are identical in size to those of the rotor. An eaer$ 
ing coil is wound around each pole piece in such a manner as to permit the ti@' 
flux to pass between the stator and rotor teeth. 

g!lr 
to the frequency of the energizing current is given by N=- (for no pol~rising 

rent); in which N=the number of revolutions per second, F=the frcquCncJ' 

the case of the Dorsey Fathometer No. 1, F=1025 cycles per second, snd !l'4 
tceth ; therefore, N=20.5 rcvolutions per second. fB' 

A small universal motor is used to bring the non-selfstarting synChronou5e~J' 
luctance motor to speed. The two motors are engaged by friction coupling. A D  i9 
stroboscope aids in synchronizing this motor. The neon lamp of the strob ~ s ~ o P , ~  t ~ 5  i5 

The Synchronous motor is of the reluctance type. 

' tlon 
deceleration 'caused by elec tromechanical instability . tbe 

maxi*, 

The relation of tho speed Of 
2F 
T of tJbO 

energizing current in cycles per second, and T= the number of teeth in the otor. 

operated by current from the tuning fork which drives the synchronous motor&,r 9' 
1025-cycle current. 
that at  synchronous speed these teeth appear to be stationary. ifl 

The thin aluminum index disk attached to the synchronous motor is gg inCbe\od o@ 

diametcr. An index, shaped like the ace of spades, is cut in this disk, with the dopi* 
end adjacent t o  the depth scale. The disk rotates between the back of 'la' @f' 
scale and a circular neon tube which is concentric with the depth scale. From ' t  th5' 
point in front of the indicator, the entire neon tube is hidden by the disk, exceP echo 
part exposed by the index slot. When the neon tube flashes at  the instant " the 
is received, the illumination of this tube appears through the index slot dong 
depth scale a t  a point corrcsponding to the dcptli. tb' O 

t b@Pdd58 
9@ od 

keying circuit. 
located on the top of the indicator cabinet, protected from stray light by meta1f0@ 
The light from the lamp passes through a hole in the top of this cabinet and is light 

tho t($~d 
on a rotating concave mirror attached to the synchronous driving motor. 
is then reflected back to thc photoclectric tube through a second hole in 
the, cabinet. Once each revolution of the driving motor the ligh t rod tbs 
from the mirror falls on the photoelectric tube. At the point in the cycle urb oorfy 

light b:;eP 
emission of the acoustic signal is desired, usually a t  a point on the depth 
sponding to the ship's draft, the mirror must be in a position to  reflect the 
onto the photoclectric tube. The voltage output of tho photoelectric tube is j5bicg 
'amplified to actuate a type 884 gas-filled discharge tube. One of the chakGt;dy 
of this latter tube is that it delivers a relatively large amount of current ln 

Light from the neon lamp illuminates the teeth of the 

side 

A photoelectric tube, a source of light, and a rotating mirror form P 
The photoclcctric tubc and a 6- to 8-volt incandescen 

Thi5 ol 

scale lp 
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%bPPly The ar Power supply is housed in a metal frame rack. Included with the power 
pol ?.Such parts as the 17.5-lrc oscillator and amplifier, the tuning-fork circuits, 

ar'zmg rectifier and filter, and the high-voltage and bias rectifiers and filters. '%zt 'athometcr.is operated by power derived from the ship's IlO-volt d-c supply, 
Converted to  IlO-volt 60-cyclc altornating current by means of a 1.5-lma 

Co""srt~r. The total power consumed is approximately 1,000 watts. 

5295. Operalion 
The in preparing the Dorsey Fathometer No. 1 for sounding is tis fohws :  

Po switch on the left corner of the indicator cabinet is moved to tlic up 
:'etzf%ion starts the d-c to a-c rotary converter which furnishes tho power to 
is ccdi2i:; an clapsed time of less than a minute a2050-cycle sound will bc heard 
t!% tb The rear toggle switch on the lower left-hand corner of this cabinet is 
%ht - Own to the up position, starting tho starting motor. The hinged door on the ' 'ldC Of the cabinet is opened so that the synchronous motor rotor and stroboscope B'i?2:p The push button on the lower right-hand edge of the cabi- 
r"0tob en Pressed to engage tlic starting motor and the synchronous motor. These two 
'' 1,230are BcPt engaged until the latter motor has reached synchronous speed, which 

r'p*m., and wliicli is indicated by the teeth of thc rotor, illuminated by theneon 
those tcetli first bccomr visible, the push button of 

' O t P u l g  motor slould be given (I series of pushes nt the rntc of about one per sccond 

!thJltion must be observed not to synchronize thc motor at  half-synchronous speed. 
% Q ~  'peed the teeth of the rotor will appear to be stationary under the stroboscopic 
cbo%e the but with mucli less definition. It will also be much more difficult to syn- 
% Chedfp To guard against this the rotor teeth should be 
"t kh om the starting of the motor until it reaches final synchronous speed, noting 
occuta en the rotor teeth. appear stationary, but keeping the motors engaged until this 
''b ' second time, when the correct synchronous speed has been reached. Sufficient 

Ctlc' "'l enable on(\ to sta,rt thr motor, without the use of tho stroboscope, by listen- 

. 

be viewed. 

' "Pearing stationary. 

c! 'hcbonization of the motor occurs. 

otor a t  half speed. 
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~ 0 5 ~  ing for the decreasing beats between the sound made by the rotor teeth and thehe8rd- 
cycle sound, synchronization of the motor occurring when the beats are no longer tb0 

The Fathometer is now ready for sounding. The gain control on the front usid 
echo amplifier should be adjusted to as high a value as practic&le without " 
strays and an excessive number of multiple echoes. 

525. DORSEY FATHOMETER No. 2 
0 of Thc Dorsey Fathometer NO. 2 is II combined sonic and supersonic visual-t$up 

echo-sounding instrument, designed to supplement the Dorsey No. 1, and for me {# 
merits in moderately shoal to deep depths. It incorporates some of the accflscYet,d. 
tures of tlie Dorsey Fathometer No. 1 and tlie depth range of the 312 Fdhoroorn' 
The Dorsey Fathometer NO. 3 has now superseded the Dorsey No, 2 because OfiO$ 
bines the features of the Dorsey No. 1 and Dorsry No. 2. For this reson the 

The transceiver, one of the echo amplifiers, and the power supply of the~DOfiO~o. 9 
2 are very similar to those of the Dorsey No. 1. 'dl 
is provided with an audio outlet, making i t  possible to listen to the returning echo $$' 

0Y headphones. The principal differences between the two systems are in the 
the p a f i ~  mechanisms, and bhe incorporation of the 312 Fathometer system in 

Fathometer NO. 2. 
conjunction with the Dorsey No. 2 are the oscillator, tlie 525-cfcle motor gea 

fsthO$ 
hydrophones, and the 1050-cycle echo amplifier. 

and the inner from 0 to 1,000 fathoms. One neon tube serves for both sc'les'@* 
light, being refracted to  the inner scale by means of a prism rotated on a radial~tb~ 
An annular disk, carrying the index, rotates between the circular neon tube " tbe 
100-fathom scale at  4.1 revolutions per second, and the radial arm, Carr@&ti~OS 
prism, rotates inside the disk, just behind the 1,000-fathom scale, a t  0.41 revoJun~f 
per second. The arm and disk are geared to  the same tuning-fork controlled 
type synchronous motor, the speed of which is 4.1 revolutions per second. 

The selection between the two scales of the dial is made by throwing ' d 
switch on the inside of the indicator cabinet. This selects the photoeJectric 81&' 
circuit associated with one of the two depth scales. A selector switch r n 0 u n ~ ~ ~ ~ 0 0 ~ '  
side the cabinet makes the necessary circuit changes from the sonic to the 

The supersonic system utilizes circuits similar to those in the Dorsey Fothof10 ' 

Fathometer No. 2 is described onIy briefly. Nolo. 

The echo amplifier of the DofieY 
indica 

a d  The parts of the 312 Fathometer (see 521) which are 

There are two concentric depth scales; thc outer graduated from 0 to 100 

cta 

tube W' 

system or vice versa. tor 

thr0$, No, 1 and is used for thc shoaler depths, while the sonic system is operated d,$ 
circuits similar to those used in the 312 Fathometer and is used for the deeper 

I.t,Y$ 
526. DORSEY FATHOMETER No. 3 

The Dorsey Fathometer No. 3 is a combined sonic and supersonic visua qOfb 
sounding instrument, designed for depth measurements from a few f e d  to 5,'365 

addition of certain equipment, similar to the Dorsey No. 2, to extend the 

It e? BB thousand fatboms. This instrument is an outgrowth of the Dorsey No. 1. 
all the principles of the Dorsey No. 1, and is essentially the same instruJnenf 

to deeper water. Certain parts, such as the echo amplifier, power supply1 
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FIOUHE 107.--Circult diagram of Dorsoy Fathometer No. 3. 
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FIGURE 107.-Circult diagram of Dorssy Fnthometer No. 3-Continucd 
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filter 

by protecting the transceiver from spurious electric noises arising in the rectifier circuit.. 
is housed in a watertight cast-metal box, size 10% by 10% by 8 inches, known as the jW' JUfic'"?ified 

tbE 
to about 150 watts. eoj@e 
oscillations. The 17.5-kc frequency of the oscillator is determined by an d&ec 
combination, and can be varied through a range of a few kilocycles by means of a variable od 

arrang 838 The oscillator is followed by an intermediate amplifier composed of two type 807 tubes 
push-pull. This stage is, in turn, coupled to the last power-amplifier stage formed of four tygi\.er 
tubes arranged in push-pull parallel. The plate circuits of these tubes are coupled to the jCrv 
by means of a transformer whose secondary is tuned to  17.5 kilocycles by means of a series O * O 1 ~ ~ d o u  
farad condenser located in the filter junction box. Both amplifier stages are biased beyond in 
and may be considered as class-C amplifiers. 
top compartment of the power supply. 

Tbfe b@ 

The transceiver is energized by 17.5-kc power generated by a vacuum-tube oscillator and enert3te9 A push-pull electron-coupled oscillator, employing type 59 tubes, 8 

The oscillator and power amplifier are looBte 

5262. Echo Amplijier it is 
d tbfii,@ 

s, accessible either by lifting a cover or by pulling out the entire subassembly in very much oUndis 
way a drawer would be pulled out. The estimated total weight of the echo amplifier 1s 14!$0ge 
The echo amplifier employs a superheterodyne circuit, designed so that the 17.5-kc ffe4u$ 

type el 
first amplified to some extent and then is increased in frequency to 175 kilocycles, at Which 
i t  is amplified further. The input transformer which couples the transceiver to the firTrfindofl,d 
amplifier tube is tuned to 17.5 kilocycles. In  the plate circuit of this tube is another control Br' 

is tuned to the same frequency, which couples it to the type 6J7 detector tube. In the volt~$eb, 
circuit of the type 6J7  detector, voltages of two frequencies are mixed-the'l7.5-kC eoh: kilo~j' 

mixed with that from a separate oscillator whose nominal frequency is either 157.5 or 192. deleo' 
A 17.5-kc echo voltage when added to a 157.5, or subtracted from a 192.5-kc voltage, through the ed by 
tor action of the type 6J7 tube will result in a 175-kc voltage. This 175-k~ voltage is fimp1i6illfled 
the succeeding two type GZC7 tubes, in whose plate and grid circuits are coupling trfinsfor?~sq4tb0 
to  175 kilocyclcs. The last tube of the amplifier is a detector, by whose action, in conjunct' sie;y81,0f 

119 
low-pass filter, the 175-kc voltage is eliminated, leaving the rectified envelope of the echo @,rid 

the input transformer and of the second 17.5-kc transformer may be reduced, which is ad" 
for the tb0 
is &bov; ,jr in shoal-water sounding. 

through headphones or a loud speaker. of ioOf audible range, i t  must be reduced in frequency to be heard. This is accomplished by me''' 
cuit, composed of an oscillator, detector, and associated circuits, which reduces the second hrrfloh$ 

cob0 175 kc, which is 350 kc, to an audible frequency. After additional amplification the ,itier$~o 
can be heard in headphones, or a loud speaker, plugged into a jack on the front of the am Po^ &P hb8 
or into one on the face of the indicator cabinet. 
by means of a toggle switch. When i t  is in operation a green pilot lamp, located on the ft3c~t3bj'6' 

Se amplifier, is lighted. 
to  furnish the necessary plate and filament power for the tubes. Besides those parts locde~pplifie~ 
front of the amplifier panel that have already been described, there is an off-on switch for th$j@Per 
circuit, an amber pilot lamp to indicate the operation of the amplifier, and a 0- $0 l-p 
d-c meter connected in the plate-circuit output of the type 6B8 tube. 

The echo amplifier is housed in a metal case, size 23% by 13% by 13 inches, so arraN5c 

By means of a "shoal-deep" switch on the front panel of the amplifier the Q (figure 

When sounding in deep water it is often desirable to listen 
Since the frequency employed in the amplifier 

This echo-listening circuit can be turned of 

on The high-voltage rectifier and filter circuit is included in the 

5263. Indicator , ..he$! 
13 '""' tel The visually indicating mechanism is housed in a cast-metal cabinet, size 26 by 15% bYhor,@ d 

whose total weight is 200 pounds. b" 
position, and a section of the top is also hinged to furnish access to the interior. The ri$r6e$ 

,hioh ,.qglB" section of the front is a rectangular hinged frame, about 14% by 11 inches in size, in th fi 
glass plate which contains the depth scales. Directly above the frame is a glass windo'foy$d 
which to view the starting stroboscope. On the left side of the front panel are thesonlo 
numerous controls: a 5-point selector switch for starting and for selection between sf! 

of "'"lifiolg; 
5PPtfBbfl 

supersonic signals; another 5-point selector switch which permits the use of any one 
depth scales; two gain controls, one for the sonic and the other for the supersonic echo 
two push buttons, one to operate the starting motor and the other for manual deletion 

This cabinet has a hinged front that may be lowered to 

of the 
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. 
to the "gnal (this latter is known as the 1,000-fathom cutout); a milliammeter to show the current 
the eccbon-button hydrophone; a jack into which headphones may be plugged when listening for 

?he ~~~t~ three circular depth scales whose ranges are 0 to 20, 0 to 100, and 0 to 1,000 fathoms. 
om scale is 8 inches in diameter, and contains two scales, one divided into foot inter- 

'% Rith every fifth division numbered, and the other into fathom intervals with every division 
?!?@red; the 100-fathom scale is 3% inches in diameter, divided into fathom intervals, every tenth dfVlelon 'vide4 . being numbered from 10 to 100; and the 1,000-fathom scale is 38/4 inches iii diameter, and 

lXlto IO-fathom intervals, every tenth division being numbered from 100 to 1,000. In a 
in the indicator directly behind the depth scales are three index disks and three 

tubes assoc iated with the depth scales. The functions of the index disks and neon tubes 
are described in 5243. 

The Principal parts and circuits in the indicator cabinet are the driving motor, starting motor, 
?:,t'ng stfiOboscope, keying photoelectric tubes and exciter lamps, keying circuits operated by the 

otoelectric tubes, gas-discharge tubes and circuits for flashing the neon tubes, and a plat-e-voltage 
~ t ~ ~ ~ ~ ~ ~ 1 t a g e  rectifier and filter circuit to furnish power to the various vacuum-tube circuits in 

f The driving motor is of the reluctance type, run by 1025-cycle current furnished "' a tuning-fork circuit. Its rotor has 100 teeth cut in the periphery, parallel to the axis of rotation; 
e concentric with the rotor, has teeth that match in size those of the rotor; coils are "d th 

arranged on the stator 80 as to cause the flux to pass between the stator and rotor tecth. A t  synchro- '"' the speed is 20.5 r.p.8. On the same shaft with the driving motor is a small GO-cycle 2% used to bring the former to synchronous speed. A stroboscope, described in 6243, 
In synchronizin'g this motor. 
The %O-fathorn index disk is direct-connected to the driving motor and rotates a t  20.5 r.p.s., 

The two 

ipto The circuit contains five photoelectric tubes, any one of which may arbitrarily bc switched 
Each of the three depth scales has a photoelectric-tube 

circuit that Performs the necessary keying functions associated with that scale. 
by tp 20-fathom scale has two photoelectric tubes. One of these is actuated 20.5 times per second 
?he e light from a mirror rotating at that speed, or once each revolution of the index dial. 

Other Photoelectric tube is actuated by a second mirror rotating a t  one-half the speed of the 
forQer' thereby transmitting a signa180nly every alternate rcvolution, to prevent interference with the 

&&j0 The 100-fathom scale also has two photoelectric tubes whose performance is similar to those 
h 'lated With the 2O-fathom scale, except that they are actuated by light shining through openings 

The ',ooO-fathom scale has one photoelectric tube actuated by light shining through an opening 
pllb rotating disk. When this scale is used the emission of the signal can be prevented manually by a 

button on the front of the indicator, thus eliminating interference between the transmitted signal 

The 'PPropriate depth scale of the instrument is ohosen by means of the depth-selector switch 
the front Panel. This switch connects the proper photoelectric tube and its associated 6- to 8-volt 

la 
b r e  " index k adjustment prov ided for each photoelectric tube and its exoiter lamp, by which the position 
b@bts . eying starts may be changed relative to the depth scale. The locations of these five adjust- 

(See also 6642.) 
s ? Q ~ ~ t ~ ~ h : & m e  time that the depth-selector switch connects the proper photoelectric tubes, it  also 
bouits There are three such 

POr tz the first two positions of this depth-selector switch the 20-fathom dial neon tube operates. 
the fifthneat two positions of this switch both the 20- and 100-fathom dial neon tubes operate, and for 

The advantage of two 
tubes operating simultaneously is that the shoaler scale may then be read as a vernier with 

4 t The three neon tubes behind the three index disks are caused to flash in the following manner: 
tube diRcharges a condenser in series with the low-impedance winding of a step-up trans- 

1 and a pilot lamp to show whether the Fathometer is ip operation. 

the loo- and 1,000-fathom index disks rotate at 4.1 and 0.41 r.p.s. respcctively. 
coupled to the sy nchronous driving motor through reduction gears. 

Operation, depending on the depth. 

Of the echo from depths near 20 fathoms. 

disks which take the place of the rotating mirrors. 

arriving near the 1,000-fathom mark on the dial. 

lamp 80 they perform thenecessary keying functions related to the depth scale selected. There 

'' the indicator are shown in figure 111. 

circuits that flash the neon tubes behind the proper index disks. 
One for each depth scale, each incorporating a type 885 gas-discharge tube. p 

both the 100- and the 1,000-fathom dial neon tubes operat,e. 

to the deeper scale. 
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peon 
The increased voltage occurring across the secondary of the transformer flashes theoltBge 

A polarizing voltage of about 350 volts direct current helps to decrease the discharge 

5264. Keying Circuit 

former. 
tube. 
required of the type 885 tube. 

,,trio 
A direct-coupled amplifier using type GP5 and 2A3 tubes, which is actuated by the ph0toeletype 

tubes, forms the nucleus of the keying circuit. 
2A3 tube acts as a grid resistor between the grid and cathode of the 17.5-kc oscillator. men e drop 
2A3 keying tube is drawing current, as it normally does between keying periods, thc voltf@ tbe 
across the 5,000-ohm resistor biases the oscillator sufficiently to prevent oscillations. when tbe 
grid of the 2A3 tube is made sufficiently negative by the amplified photoelectric keying imPu1s~8te. 
voltage drop across the resistor is reduced to a sufficiently low value to permit the oscillator to OP 
The type 6P5 tube that precedes and is directly coupled to the type 2A3 tube, amplifies the O era 
of the photoelectric tube. Two additional circuits are associated with the direct-coupled Bflpli$5 
One is a type 885 gas-discharge tube that can be switched into the circuit, between the t y P ~ o ~ l e  
and type 2A3 tubes, to shorten the transmitted signal for shoal soundings when the 20-fathoTnrvfi~ 
is used. The other is a type 807 tube that is connected to the direct-coupled amplifier in such er 
that its grid operates from the type 2.43 tube output, and the plate circuit of the type 807 tube OP 
ates the keying relay for sounding with Bonk signals, using the 312 Futhometer acoustic SYste@ of 

transmitted acoustic signal used in the 100-fathom circuit. 
With the synchronous driving motor stopped, set the depth-selector switch on position 
the frequency-starting switch on position 4. Turn the motor slowly by hand in the normal 
of rotation and note the position, on the 20-fathom dial, of the first and last flashes which 
beginning and end of the acoustic signal. The separation between the first and last flash 
about 5 fathoms. The keying is governed by an arrangement comprising two shutters 
the shutter disk. During normal operation the position of the following edge of the 1eadiM 
determines the beginning of the transmitted signal, and the lcading edge of the following 
determiines the end of the signal. Hcnce, by adjmting tho following shutter, the length of the 
may be adjusted without changing the time at which the signal is transmitted, 

A 5,000-ohm resistor in the plate circuit of the 

“tPU! 

When the instrument is first put into service it is usually necessary to adjust the l s n ~ ~ O I L o g s :  
nd 

&’OD 
This adjustmellt is nlade 

should be 
carried by 

Each shutter 
slotted and held in position behind the disk by means of a screw through the slot. otor ’ 

Exactly the same procedure is followed for thc 100-fathom cutout circuit with 
switch setting 4 and the starting-frequency switch still on position 4. d 

And the same procedure is followed for the sonic circuit using depth-selector switch setting $0 
starting-frequency switch setting 5 except that, in ithis case, the length of the keying period ,qhOuld 

equivalent to a 50-fathom movement of the index with respect to the 1,000-fathom depth scJe’ by The shutter to be adjusted, in each case, can be easily identified, since it will be ilhm inate’ 
the associated exciter lamp. 

5265. P o w r  Supply ee 21$ inob 
coop 

The power supply is housed in u metal rack, 51 inches high, 21% inches wide, and d 
deep, whose weight is 475 pounds. The circuits of the power supply are contained in three $be 
rnents arranged like drawers, to which access may be had by pulling out the subassembbes* to the 
upper compartment is the 17.5-kc oscillator and amplifier whose purpose is to furnish poweijro@ 
transceiver (see 6261). The middle compartment contains the tuning fork and associated tbO 
which furnish 1025-cycle power to the Rynchronous motor. The lower compartment conte in~lp  
high-voltage, intermediate-voltage, and bias-voltage rectifiers and filters, arld the transceive r P  
ising circuits. ere 

measuring the plate current of the last 17.5-kc amplifier tubes. Between these two meter$iioli tbe 
for changing the frequency of the oscillator. 
17.5-kc oscillator may be turned on for testing. 

current to the synchronous motor, and a 0- to 0.5-ampere d-c meter to  indicate the Plate 
to the 1025-cycle power-amplifier tubes. 

The front of each compartment is a panel. On the top pailel are two lneters; a 0- to 2-@Ppr 
a-c meter for measuring the 17.5-kc current to the transceiver, and a 0- to 1-ampere d- 0 meterdifil ~ 

On the left of the panel is a push button bY 

On the middIe pane1 are two meters; a 0- to 2-ampere a-c meter to irldicate the 
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5266. Operation 
odde: The Dorsey Fathometer No. 3 is put into operation by the following Pro‘ 

After starting the primary source of power, which may be either a steam turbogenerato’ ijicev‘‘ 
or a rotary converter, the starting-frequency switch on the front of the in 
cabinet is turned to position 2. Less than a minute is required for the vacuum e bed  
to become sufficiently warm to operate, after which a 20Fj0-cycle sound will b 
in the indicator. Now the push button marked “motor starting,” located 

sta*tia& above the starting-frequency switch on the cabinet, is pressed to start the 
rescbed motor, which drives the synchronous motor. Just before synchronous speed is 

the starting switch is turned to position 3, which reduces t,he torque of the 

to aid io motor, thus permitting synchronization to be accomplished more ‘easily. 
A stroboscopic system has been incorporated in the indicating mechanism tbe 

synchronization. This consists of a neon tube, excited from the 1025-cycle so’@Lee], 
intermittent light from which falls on the periphery of the synchronous-motor fly thego 
which contains 100 teeth. A t  synchronous speed the stroboscopic effect mak:bicb is 
teeth appear stationary. The teeth may be viewed through a small window tart 
just above the 20-fahhom dial. Sufficient experience, however, will enable one to ’Te 
the synchronous motor by ear, without resorting to the stroboscopic method* 
synchronous motor will operate in some cases at  a submultiple of synchronous sp ,30d 
and this possibility must be avoided by following the instructions in 5245. 
should be finally verified by counting the number of revolutions of the l , O o ~ l  r. p, s, 
index disk, which should revolve a trifle more than four times in 10 seconds (0;n alNfiy9 
to be exact). 

to 
After the motor has been synaronized, the starting-frequency switch is tufle$9 

position 4, if supersonic soundings in depths less than 300 fathoms are desired. @ t o  
case the depth-selector switch is set on position 1, 2, 3, or 4, depending on the de:f tb0 
be sounded. If the depth exceeds the limit of the supersonic sounding range ector 
instrument, the starting-frequency switch is placed on position 5 and the depth-s01 tb0 
switch also on position 5, assuming that the instrument has been adjusted by S 
indexes in accordance with 5542. 

tube9 

The ’p 
$atbog 

This check need be only approximate since an incorrect speed W 
be an even submultiple of correct speed. 

ID 

ettiDg 
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a k i t z 2  l5 Will serve as a guide in setting the depth-selector and the starting-and-frequency " ' Any combination of the two switches other than those tabulated must be scrupulously 
due to th 

'Ided 
the instrument is used for hydrographic surveying, because an error will be introduced 

large time lag,of the electromagnetic keying relay used in the sonic system. TO 
lUUQtrate the 

Of table 15, if the depth of water, in fathoms, is between 3 and 20, 25 and 40, 45 and 
of the depth-selector and starting-frequency switches may be 

ing range of the supersonic system, assuming that the bottom is regular 
the 2O-fathom dial. The intervening ranges, in fathoms, of 20 to 25,, 40 

$0 periods of paralysis of the echo amplifier caused by the transmission 
is not necessarily exactly 5 fathoms but should be considered as 

e 

Possibility of error due to  the paralysis. The alternate paralysis ranges, in fathoms, 
60 to 65, 100 to 105 , etc., can be accommodated on positions 2 and 4 of the two switches as 

'O.85, etcain the second line of table 15. The remaining paralysis ranges, in fathoms, Of 40 to 45, 80 

'' PoQi::;:? switch arrangement, depth-selector switch on position 3 and starting-frequency switch 
'hit ' will accommodate the ranges, in fathoms, of 40 to 100,110 to 200,210 to 300, etc., to the 
300 t Of the sounding range of the supersonic system. The paralysis ranges, in fathoms, of 100 to 110, !:$:$ ::;:e accommodated by placing the two switches on positions 4 and 4, but the range of 

8 requires the use of the 1,000-fathom cutout switch. Best results will be obtained 
"bL;6afnp, by Placing the tw o switches on positions 3 and 4, and manually deleting two consecutive 
se'ted b every four index revolutions by means of this 1,000-fathom cutout. Such a cycle is repre- 
appheg{ the next to last column in table 15. From the above discussion the rest of the table will be 

in this table represent actual depths of water and consequently values that will be 
On the dials, for an average draft of the transceiver has already been taken into consideration 

the ' "Qbers in the first 10 columns. When the shoal-normal switch is placed on the shoal position 

the :::: l6 is given to illustrate the functioning of the Dorsey Fathometer No. 3. For example, 
t'atiO~ and fifth lines in this table convey the information that if supersonic operation with regis- 
'laced the ao-fathom dial is desired, the depth-selector and starting-frequency switches should be 
'?l t 1 and 4 or on 2 and 4, the choice being made according to table 15. Furthermore, 
d% '.6 the elements and parts connected and used in the various circuits may be determined for 
"bt;: y c h  settings, and tho number of signals transmitted per second is given. The reference 
" parts this table under the heading "Circuits used" refer to the corresponding elements 
teFbigel These reference numbers in tables 16 and 17 do not refer to  

2'h. '"quire positions 3 and 4 of the two switches. 

' 

lgstrument Will dependably measure depths of 2 fathoms. 

escribed in table 14. 
Posts and should not be confused with the numbers used to designate them. 
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TABLE 14. Parts and circuits of Dorsey Fathometer No. 9 referred to in  tables 16 and 17 
[The numbers 1 to 67 are assigned for reference purposes only and have no other signi5cance. They do not refer to terminel ’”’ 

INDICATOR 
I. Keying. 

A .  Photoelectric tubes. 
1. soundings once every revolution of the ,2O-fathom index disk. 
2. soundings every alternate revolution of the 20-fathom index disk. 
3. soundings once every revolution of the 100-fathom index disk. 
4. soundings every alternate revolution of the 100-fathom index disk. 
5. soundings once every revolution of the 1,000-fathom index disk. 

6. associated with 1. 
7. associated with 2. 
8. associated with 3. 
9. associated with 4. 

10. associated with 5. 

11. type 6F5 (vacuum triode). 
12. type 885 (gaseous triode). 
13. type 2A3 (vacuum triode). 
14. type 807 (vacuum pentode). 

B. Exciter lamps. 

C. Thermionic tubes in keying amplifier. 

11. Indicating. 
A .  Index neon tubes. 

15. located behind 20-fathom index disk. 
16. located behind 100-fathom index disk. 
17. located behind 1,000-fathom index disk. 

B. Type 885 tube circuits to flash index neon tubes. 
18. associated with 15. 
19. associated with 16. 
20. associated with 17. 

111. Rectijier circuits. 
A .  Positive, furnishing 

21. polarizing voltage for 15, 16, and 17. 
22. plate voltage for 18, 19, and 20. 

23. bias voltage to 18, 19, and 20. 
24. hydrophone current. 

B. Negative, furnishing 

IV. Functional switches. fd9 
[In describing these switches, the wafers are consideredin order from top to bottom when the front of the indicator c a b i n e t i ~ ~ l s ~  

And for each wafer, the common arm which connects to the switch points on the left-hand side of the Wafer (’I opened. 
first. This common arm is just to the right of the supporting columns.] 

A .  Depth-selector switch-connecting 
25. (L) 500 volts d-c to 12. 
26. (R) 6.3 volts a-c to 6, 7, 8, 9, or 10. 
27. (1,) plate of 11 to grid transformer of 12 or 1 megohm load resistor. 
28. (R) 87 volts d-c to 1, 2, 3, 4, or 5. 
29. (L) grid of 13 to plate of 12 or 1 megohm load resistor. 
30. (R) (blank). 

31* “} plate voltage (22) to  combinations of 18, 19, and 20. 32. (R 
. 
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Iv* Funclional switches-Continued. 
B. Starting and frequency-selector switch-connecting 

33. (L) plate of 13 to 34 or grid of 14. 
34. (R) grid circuit of 17.5-kc oscillator (55) to ground or to 33. 
35. (L) common grid circuit of 18, 19, and 20 to sonic (53) or supersonic (51) 

36. (R) plate of 14 to sonic keying relay (60). 
37. (L) 110 volts, 60 cycles to indicator starting motor. 
38. (R) 110 volts, 60 cycles to Fathometer supply line relay. 
39. (L) gain-control rheostat t o  supersonic amplifier. 
40. (R) phone jack to supersonic-amplifier audio channel (52), or to sonic-amplifier 

41. (L) 110 volts d-c to starting relay for 525sycle motor generator (58). 
42. (R) polarizing current source (24) to hydrophone. 

amplifier. 
(Caution 1,000 volts!) 

audio output (54). 

v* ~ O l o r s .  
A .  For starting. 

43. 110-volt 60-cycle motor. 
44. push-button switch. 
45. autotransformer. 
46. 4-microfarad condenser. 

47. 1025-cycle non-selfstarting synchronous motor. 
48. 1025-cycle tuning fork (in power-supply rack). 
49. thermionic-tube tuning-fork circuit (in power-supply rack). 
50. 1025-cycle power-amplifier circuit (in power-supply rack). 

B. For synchronizing. 

1. ECHO AMPLIFIER 
Supersonic. 

51. 17.5-kc amplifier. 
52. audio-channel phone output. 

‘I* sonic. 
53. 1050-cycle amplifier. 
54. audio phone outlet. 

I. POWER SUPPLY 
supersonic. 

55. 17.5-kc vacuum-tube oscillator (type 59 tube). 
56. 17.5-kc power amplifiers (types 807 and 838 tubes). 
57. high-voltage d-c rectifier circuit and time-delay relay. 

‘1. Sonic. 
58. 525-cydle motor generator. 
59. speed (frequency) control adjustment for 58 and frequency meter. 
60. keying relay. . 

1. ACOUSTIC UNITS 
S’upersonic. 

61. transceiver. 
62. circuit furnishing polarizing current to 61. 

‘1, Sonic. 
63. type 324 electromagnetic oscillators. 
64. hydrophones. 

POWER SOURCE 

66. turbogcnerator or rotary convertor. 
66. ship’s 110-volt direct current. 
67. 110-volt 60-cycle for 53 (if d-c is not used). 



TABLE 15.-Depth ranges of Dorsey Fathometer No. 3 

Depth rangesin fathoms Setting offunctional switches 11 ltEzFm 

TABLE 16.-Functional operation of Dorsey Fathometer No. 3 
II I I  I I  It It 

Starting 11 ‘?zm 11 Depthdialsused 1 1  Setting of functional switches Circuits used 
(These numbers refer to items in table 14.) 

Keying Transmitting Receiving Indicating 
circuit circuit circuit circuit 

13 



Nature offault orfailun, /Evidenoed on depth d ia lg  

, selector Stsrtingand fre- 
quency switch 

Determjnation 
Of cause 

Parts involved 

(These reference numbers refer to items in table le) 
(The reference letters in the last column refer to ex- 

planatory paragraphs in 5267.) 

____- 
37.38 43,44,45,46 65 h, i 

37,38 43, 44, 45, 46, 47,48, 49, 50 57 65 h, i, i, k 

1 g , h , l  22, 23 31,32,35, 39 51 

15 18 31,32 I e, f, h 

16 19 31,32 e,  f, h 

11, 13 26, 27, 28, 29, 33, 34 55, 56 I c, h, m 
31, 32 I h  

51 55.56 61.62 I 1. m,  0 

16 I9 31, 32 I e. f. h 

17 20 31, 32 e ,  f, h 

5 10 11,13,14 24 26,27 ,28 ,29 ,33 ,35 ,36 ,a ,b ,d ,h ,n ,p  
41.42 58, 59,60 63,M 

53 59 63,64 I 1 9  n, P 

20 I f  
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INDICATOR 
D-C Supply: . .  Index neon tubes (polarizing) _ _ _  - - - - - - - - - - - - - - - - - - - - -. 

Plate circuit of type 885 tubes _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Grid circuit of type 885 tubes _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  
Anodes of photoelectric tubes--- - - - - - - - - - - - - - - - - - - - - - - - - - 
Cathode of type 2A3 tubes and plate of type 6P5 tubes--- - - 

Keying Circuit: 

Plate of type 2A3 tubes (and grid circuit of type 59 oscil- 

Plate load resistor of type 2A3 tubes (and cathode circuit 
lator). 

of type 59 oscillator). 

bias for type 59 oscillator). 
Drop across load resistor of type 2A3 tubes (which is the 

Keying relay in plate circuit of type 807 tubes _ _ _ _ _ _ _ _ _ _ _ _ _  
POWER SUPPLY 

17.5-Kc Oscillator Circuit: 
Grid circuit of type 59 oscillator (and plate of type 2A3 

tubcs). 
Cathode circuit of type 59 oscillator (and plate load resistor 

of type 2A3 tubes). 
Screens of type 59 oscillator _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Plate circuit of type 59 oscillator . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

17.5-Kc Power Amplifier: 
Grid circuit of type 807 tubcs _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Screens of type 
Plate circuit of type 807 tubes _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Grid circuit of type 838 tubes _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Plate current of type 838 tubes (key down) _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _  
17.5-kc current to transceiver (key down) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Grid circuit of type 6C5 tubes ____._____.________________ 

Plate circuit of type 6C5 tubes (and screen of type 6F6 

Plate circuit of type 6F6 tube _ _ _ _ _ _ _  _ _ _  _ _  _ _ _ _  - _ _ _ _ _  - - _ _  _ _  
Plate current of type 838 tubes _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1025-cycle current to synchronous motor--- - -*- - - - - - - - - - - - - 

1025-Cycle Power Supply: 

,tubes). 
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Terminal 
post 

number --- 

- - - - - - - - _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  
- - - - - - - - 

6 
7 

8 

_ _ _ _ _ _ r _  

32-33 

7 

8 

_ _ _ _ _ _ _ _  
_ _ _ _ _ _ L .  

_ _ _ _ _ _ _ _  
_ _ _ _ _ _ L .  _ _ _ _ _ _ _  
_ _ _ _ _ _ L .  

_ _ _ _ _ _ _  
36 

_ _ _ _ _ _ _  
- - - - - - - 

5267. Diagnosis of Faulty Operation or Failure 
Dofie: 

Fathometer NO. 3. ogitiofls 
described by the position of the X-marks in the first 10 columns of this table and the switch yeferflDg 

r@ under the heading “Setting of functional switches.” The X-marks are to be considered as 
to  a faulty condition, normal operation being inferred by blank spaces in any of the 10 clft~& 
The reference numbers, entered in the column headed “Parts involved,” refer to the items 
14 that may be wholly or partly responsible for the trouble. These numbers must not be confused Iant@’ 
with terminal-post numbers. The letters in the last column of table 17 refer to the eXP ogef 
paragraphs identified with corresponding letters that follow table 18. , 
switch inside the indicator cabinet is turned on, and the shoal-deep switch is on the deep P0$$g 

2, 3, 

Table 17 is furnished for use in diagnosing the cause of faulty operation or failure of the 
Each Each line in this table represents one case of faulty operation. 

It is assumed that the 

To aid in interpreting this table, assume the following case of faulty operation: With the 
frequency switch on position 4, no matter whether the depth-selector switch is 
or 4, there is no registration on the 20-fathom dial of transmitted signals, of echoes 
high gain of the echo amplifier, or of strays a t  high gain of the echo amplifier; but all 
normally on the 100-fathom dial-that is, on the two positions of the depth-selector 
connect the 100-fathom index neon-tube circuit as given in table 16. 
thus characterized is dealt with in the fourth line of table 17. 

A case of faulty 

TABLE 18.-Circuit voltages of Dorsey Fathometer No.  3 
[This table assumea Wcycle line supply of 110 volts which is the value at which tho instrument should normally b 9  

350-375 volts. 
270 volts. 
- 45 volts. 

83 volts. 
200 volts. 
265-275 volts. 

500 volts. 

225-235 volts. 

1,100-1,300 volts* 

265-275 volts- 

500 volts. 

700 volts. 
1,000 volts. 

-50 volts. 
200-250 Volts. 
1,000-1,200 volts* 
-230 volts. 
160 ma, 
0.58-0.60 ampere* 

225-250 volts. 
(Approx) - 2.3 volts’ 

315 volts. 
180-200 ma. 
0.8-1.0 ampere, 
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11-12 1.7-1.8 amperes. 
39 1,350 volts. 

TABLE 18.-Circuit voltages of Dorsey Fathometer No. 5-Continued 
*le aSsUmes BO-cycle line supply of 110 volts which is the value at which the instrument should normally be operated.] 

Terminal 
Voltage or current 

1 
aS n,,2:he following paragraphs lettered (a)  to  ( r ) ,  the reference numbers refer to  elements and parts 

'uiOered in table 14: ,.. 
*it?' Phofoelectric tube testing and adfustinfl.-Mcasure the voltage at the modo of the specifled photoelectric tube (1, 2, 3, 4, or 6) 

f:high-r@istanee d-c voltmeter and compare with the value given in tablo 18. Type 921 photoelectric tubes are gas-fllled and will 
'the Properly ih this Lnstrument a t  90 or more volts. Measure the continuity from the grid of the type OF5 keying tube (11) 

O'boty?:hat the socket makos good electric contact at both ends of the spccifled photwlectric tube by cleanlng the contact areas 
Of the specifled photoelectric tube. 

--m Or the tube and the socket. %$Yrnh if th e speciflcd photoelectric tube is hold tightly in  its socket and, if not, remove the tube and hcnd the socket ends 
eiktric, ,,::uch 8 manner as to hold the tube firmly. The slotted light-shield must drat be removed before rcmovlng either photo- 

aShington office, and sevcral should be kept on hand. 
$ p y  lamp is replaced it IS usually necessary to readjust the corresponding index (sce 6642). drcuit adjwtmenl-auperaonic ayatem.-Test the specifled tubes (11, 12, 13, or 14). Measure all rclatcd voltages and 

the supersonic system is being used, if there is evidence that the keying circuit is not operating properly and 1s in need of 
In the 

t8$*rnont of tho power supply is a potential divider with four adjustablo taps. Measure the voltage to ground of the two 
beso arast to ground petcntial on this divider. If the voltages measured at these taps are not 200 and 600 they should be adjusted to 
tbV&lf the circuit then falls to koy the vacuum-tube oscillator (65) properly on the flrst four positions of the depth-selector switch, 

On the other hand if the oscillator (56) appcars to key too readily as OVi. laeneed by continuous oscillations through a whole cycle,or a portion of a cyclc greater than the normal signal, when the depthsolcctor 
g,Op a or 4, for example, then tho 500.volt tap should bo moved to a slightly higher value. The third and fourth taps above 

On he adjusted to 2M) and 600 volts ahovo the Anal value of the second tap, as measured with the dcpth-selector switch 

$8 k~,, 
eyinfl circuit ad&atment-sonic ayalem.-If the keying circuit does not operate properly when the sonic system is being used, 

volhges should be adjusted as described in (c). If the sonic kcying relay (80) still fails to function properly, the 
$8. the Plate of the type 807 tub0 (14) in the indicator should be measuredandadJusted tosome value between1,IOO and 1,3N 
$ItSqprf the relay (eo) fails to function when the voltage is 1,300 volts, the relay contacts must be Inspocted and cleanedifnecessary. 

case* the contaots should bo adjusted to 89 small a separation as possible without risk of failure to Interrupt the current flowing 

'i? And furthermore, tho voltage supplied to the plate of the type 807 keying tubc (14) should be kept Bs 
Check the groundcomec- 

t'b8,ah One Measure tho polai-izlng voltage (21) supplied to the other end of the specifted index neon 

~ t $ ~ ~ ~ ; h c h a r g e  
tubes.-Test the specifled type 885 tube (18, 18, or 20). Measure the values of voltage (22 and 23) supplied 

Pe 886 tube and compare with the correspondlng values In table 18. Test tho circuit elemouts associated with the 

coQpsre with 'XWresponding values in table IS. Test all circuit elements. 

Proceed BS follows: Bot the depthaolcctor switch on position 1 and tho starting-fi-cqucncy switch on Position 4. 

tap Should be moved slightly closer to ground. 

s h l l d  tb 
Dosition 1. 

( d )  jy 

Oscillators (63). 
Po@iblo. 

neon tubea.-Examine the physical condition of the specifled index neon tube (16,113, or 17). 
Of the specifled neon tube. 

886 tube , 1 ncluding the insulation and continuity of the transformer in the plate oircuit. 
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(8)  Indicator power 8upPlv.--Test the rectifier tubes (type 83 for positive, and type 82 for negative voltage). Test the e iodi@"' 
cuit elements. In case of failure of hydrophone current (a), test the elements of the resistance-capacitance fllter in th 
the inductance-capacitance filter in the sonic 8mPlifler (63) and the milliammeter in the indicator. 

(A) Seledor awIlchc8.--Examine the physical condition of the specifled half-sections of the wafers of the startindreqUsn lo 
depth-selecbr switches (26-42). Test the continuity of the specifled h&if-sections on the indicated switch Positionsiper 
most cases either an 8-c or 8 high-resistance d-c voltmeter, depending on the circumstances, may be uscd to determine @) 
functioning of the switches. Care must bo used in measuring voltages on the starting-frequency switch, because the Plate circui$t~~ 
of the type 807 keying tube (14) is 1,000 volts, or more, above ground. The highest voltage on the depth-selector switch is 6oo 

Spare wafers for these switches should be kept on band. Inspection will show that three different types are used. aotor (47)' 
(i) Starling motor.-The SqUirrOl-C8g0 motor winding of the starting motor is on the same shaft with the synchronoUs 

The starting motor (43) operates on the split-phase principle and is furnished with voltage from the combinationof an ~UtotrauJfor"f 
(46) and a 4-microfarad condenser (40). The stator is so connected through the starting-frequency switch (37L) that tho motor 
more torque on the second position of this switch than on the third position, The purpose of the reduced torque IS to facilitate 

CY and 

operation of synchronization. of tw 
If the starting motor (4A) fails to reach proper speed for synchronizing. it may be found that it will do so when the front lid 

indicator cabinet is fully opened. if 
(j) SgncAronous motor.-The driving motor (47) in the indicator cabinet will synchronize when brought to synchronous Sp$k'r 

furnished with ample 1026-cycle power. InsomecwsO 86ampereof 1025-cycle current flowing through this motor (8s me:s aucb* 
synchronization) is sufacient to ensure that the motor will not drop out of synchronhstion and stop, while in other cases 
1.1 amperes is normally required. If the synchronous motor (47) fails to synchronize after the necessary warm-up period, Or 

it 
after running a while, the reason may be that the torque required is too great, due to abnormal friction. Something maY be touching 

be used for moving part or the bearinss may need lubrication. Ail bearings should be lubricated once each year. Turbine oil it st 
this purpose. l't should take at least 2 minutes for the synchronous motor to come to a stop aftor the power is turned Off 

(k) 'I'uning-lork cment.--Ifno current IS flowing through the synchronous motor (47), no 206o.cycle tone from the indicator iOza 
will be heard. The trouble may be in the motor itself, in the circuit connecting it to the 1026-cycle power supply, or 
cycle power supply itself. If the tuning fork (48) fails to vibrate, tast thetwo typo0C6_tubes in thetuning-fork circuit (49) "nd $iatOd 
the voltage supplied to their Plate and grid Circuits, comparing the values with those given in table 18. Also test the vartoUs Sa 
circuit eiernents. The tuning-fork CirCUit (40) is rather critical with respect to grid voltage, The value given 111 table Is oul$i 
average ngurc, and some circuits may require a different vdue. When the grid bias is properly adjusted, the tuning folk 
always start vibrating and continue indefinitely, neglecting other considerations, and the grid-bias voltage should be ad$$$: 
this criterion solely in mind. The Presence of magnetic or other foreign particles in the air gap between the fork tines and the dd" 
magnets may provetit the vibration of the tuning fork. The tines of the fork (48) should be centered roughly with respect be 
ing magnet. The angular orientation of the pick-up magnet has some influence on the starting of the tuning fork but 811$stsptly 
moved more than about 10' from the Original angle, and should he readjusted only when other means fail to cause the fork tb@g' to start vibrating when tho Voltage IS applied. The pick-up magnet should not be adjusted in order to change the current 

If the fork is vibrating, but there Is no 1026cycle output voltage, test the type 0 ~ 0  tube, mewure voltages supplied to its 835 
screen, comparing the ValUCS with those given in table 18. Also measure tho high voltage supplied to the plates of the two 

Ute* 

synchronous speed, and most Instruments, on the average, require 3 minutes. @,binet 

the synchronous motor (47). BOd 

If the synchropous motor (47) falls to synchronize, or if it drops out of 

in 811 Probe; 
1-milliampere d-c meter on the face of the echo-ampliflor cabinet as a moans of tuning indication. 

bility, sumcient signal will be picked UP by the ccho amplifier when the type 838 and type 807 tubes (66) are removcd fromThe socod 
If the 17.&kc echo amplifler (51) is nearly tuned, Only a VcrY small value of 17.6-kc signal voltago will bo required, and the 17.6.1' 

removed from tho 17.6-kc power supply. 

of 
0'' "$6 

including the insulation and continuity of tho output transformer. 
The 17.6-kc output current is to some cxtent a function of the koying-circuit adjustment, which is dcscrlbed in (C). 

hlgh-voltagc d-c (67) may bo duo to faiiuro of transformers, roctinor tubes, or condensers in tho roctiflcr circuit; or due to 
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527. VESLEKARI 

h~:''~ V<?sleliar.i ecllo-souIlding instrument is graphic-recording type designed for 
0 O@'%ic surveying in moderate to deep depths. This instrument is mads by 

The useful sounding range is 
8: ' to 1,000 fathoms. Two Vcslekari instruments are in use on Coast and Geodetic 

6g :he entire system is composed of five separate units. They consist of the rccord- 
P&ptmechanism and echo amplifier together in one cast-metal housing, battery com- 
bJd a e?t and charging panel, contactor box, the niagnetostrictivc transmitting unit, 
th The front of the compartment containing the recording 
iSeCha41sBl is hinged to give access to its contents, and the echo-amplifier equipment 

Nughcs & Son, Limited, of London, England. 

in 1942. 

'llnilar receiving unit. 

'OUntrd on tllc inside of n rpmovnhlp pnncl to ninke it accessihlc. 
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5271. Recorder Cabinet 
t of 

The fathogram may be viewed through a removable glass panel on the  fro'#^ 
the recorder cabinet. Gain controls, phasing dials, meters, and other controls 
located on the front, and additional controls are located on both the left and 
of this cabinet. The principal parts of the recording device and their functloP? is 
be described briefly as follows: A starch-iodide paper is used for recording, whlob eoroe9 
previously dampened by passing over a wick. A stylus passes back and forth 
the paper with a linear motion, being in contact with the paper only when ofvied 
from left to right, when it is in position for recording, The paper has no Pf?p 
scale, but passes under a metal scale that is graduated from 0 to 142 fatho@ d@d 
electric current from the echo amplifier, caused by the reception of the transmitteh tho 
echo signals, flows from the stylus through the paper to a metal platen over WhlC 
paper is* passing, resulting in dark stains on the paper a t  such points. The ‘f”‘” drlv’ 
moves vertically downward under the stylus a t  a constant rate, fed by rollers h110 
by an electric motor. ,A d-c motor, whose speed is governor-controlled, furnish’ 
power to operatc the stylus, move the paper, and operate the various keying C e z r t ~  

The keying mechanism can be operated in 11 additional positions, or Ph&\ a a ~  
advance the keying by steps of 100 fathoms, thus making it possible to  recop $of 
depth between 0 and 1200 fathoms a t  the original enlarged scale. For ex&mp1’?his 
sounding in depths of 450 fathoms, the phasing control should be on position 4. 
will advance the keying so that it occurs a t  a time equivalent to 400 fathoms fl tho 
before the stylus reaches the zero of the fathogram, and when the stylus reacbes 

or ope 
equivalent of 50 fathoms on the paper, the echo arrives and is recorded. 

In normal operation one signal is transmitted for each cycle of the stylus, ed signal in approximately 1 second; howevcr, by a switching device it may be operat Dal io 
so that a signal is transmitted a t  only every third cycle of the stylus, or one Sig itbod 
approximately 3 seconds. 
it should be noted that an echo trace will be recorded a t  intervals of 400 fatb°Fs 150 
on three different phases of the instrument; for cxample, if the actual depth tbO@’* 
fathorns, a record will be made a t  150 and also a t  approximately 550 and 950Efirst go 
Therefore, if the instrumclnt is started in deep watcr it is essential to operate 
that it transmits only one signal each 3 seconds until the correct phase has beon r e p ~ O  
mined. With one transmitted signal per second there will also be a band of interf\,d e 
at multiples of approximately 400 fathoms, whero the echo of a preceding signa1 
transmitted signal record a t  approximately the same place on the fathogram. 

OntiD~Ods Other controls and mechanism in the recorder automatically mark a c fleile 
reference line near the left edge of the paper to represent the zero of the scale, and 
a time reference mark once a minutc on the fathogram. The following are also prw , p d  
vided: a fix-marker button to make a reference mark across the record a t  any des tho 
time, an electric pencil for recording notes on the fathogram, and a connection 
ship’s log for recording the ship’s run on the record. 

ight ’l 

(See also 5555.) When one signal per second is trans@ 

to 

(See also 5544.) 

to  5272. Contactor Box 
The principal function of the contactor box is to  furnish the necessary energ & 

operate the magnetostrictive transmitting unit. A 4-microfarad condenser is oh@‘$ b q ~ l  t, 
to 1,000 volts by means of an induction coil, from power furnished by the diS’ 
direct current. A relay, operated from the keying cam in the recorder cabmet’ 
charges this condenser into the magnetostrictive transmitting unit. 



4QQ 497 
P 

ECHO BOUNDING 5273 

5273. Magnetostrictive Units 
ph 4 @ n%Petostrictive units (see fig, 109) for the Veslekari are nickel cylinders about 

Of thes lo%, built up from a great number of laminations which are a few thousandths 
% * ulch thick. These laminations are annular in shape, the outer diameter being 
‘%lyches and the inner diameter 3% inches. A toroidal coil B of 23 turns of insulated 
6 zG::y the cylindrical stack in such a way that the nickel laminations are 
ia e wires pass through holes close to the outer periphery of the cylinder, 
Of yp that they may not interfere with the acoustic radiation from the outer surface 
10Q),e The axes of these holes are parallel to the axis of the cylinder (fig. 

A 

-- -- 

I .  I ,  , “ ” ”  
SCALE IN lNCHE3 

b 
‘a% lo&, 

MaEnetostrlctive acoustic unit. A. Magnetostrlctlve element. B. Toroidal coil. C. Double walled mne reflector, 
5lled with sponge rubber, D. Water-5lled tank. E. Hull plate. H-H. Draft line. 

3 ph "Pie The prin- 
Of th Of this vibration is explained in 5161B. The vibrating outer cylindrical surface 
% e.tr,Smitting unit is the source of acoustic energy in this case, since only the 

‘ct, Surrounding the magnetostrictive cylinder is a spun-metal truncated cone C, which 
the “ a reflector. It is double walled, the cavity being filled with sponge rubber. 
%e? of slope of the cone is 4 5 O  so the energy radiated horizontally by the magneto- 

is reflected a t  4 5 O  from the cone’s inner surface and directed down- 
bhNeParall@l to its axis. In this way all the radiated energy from the cylinder is in 
%tp the opening of the cone, and the greater part of the energy of radiation is con- 
% The magnetostrictive elements and their reflectors 

O%,, ‘stalled in a water-filled tank D fastened to the inside skin of the ship. Th‘e 
dbect of the transmitting unit passes through the ship’s steel hull and is 
tlk e ed the sea bottom. The dash line HH in figure 109 represents the effec- 

level of the unit (see 5512). 

@ UaWetostrictive units vibrate at  arate of 16000 cycles per second. 

a radial direction is utilized. 

@ 

at 
Within an angle of 30’. 

40ba82-3*_-33 
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The reverse takes place in the receiving unit. The transmitting and re i@g 
magnetostrictive units are identical, except that the driving coil of the t rysD 
unit is divided, the two halves being connected in parallel, but in the recelV'&ofbh0 
this is a single undivided coil whose inductance is approximately eight times th!t bS 

direct current being occasionally passed through the coil for a fraction of a second*~bd 
The oscillation period of these magnetostrictive units is determined by 

physical properties, the frequency being inversely proportional to the mean @iCbiV0 
diameter and directly proportional to the velocity of sound in the magnetost' 
material. Discharge from the condenser into the coil of the transmitting UD After 
a field that causes the magnetostrictive cylinder to oscillate a t  its natural period' Of 
excitation ceases, the oscillations die away after only a few cycles, because 
energy to the surrounding medium (water). The receipt of m echo signal ,,ljcbio 
small change in the radial dimension of the receiving magnetostrictive unit, forcOf 
turn induces an electromotive force in the toroidal coil. 
after amplification, that produces the record of the echo on the fathogram. 

transmitting unit. The nickel of the receiving unit is permanently m a p e  t l d  

it sats Up 

of loSS 8 
c@es 

It is this electromotive 

528. HUGHES MS 12 D 
sed" 

The depth recorder M S  12 D, manufactured by Henry Hughes & Son, is a to 
portable graphic-recording kstrubent designed for hydrographic surveying in Sh0$j' Sur 
moderate depths from a small vessel, It is used by the Coast and GeodetiC 
for launch hydrographic surveys. I ts  depth range is from 3 feet to 100 fathofls&$g 

This instrument is composed of three units; a recording device, the transD 
and receiving units, and the batteries to furnish the necessary operating energy' lifidl 

The recording device is housed in a cast-metal cabinet containing the fld 

the necessary operational controls. The record is made on a predamped, star ePd 
paper that moves under the stylus a t  a constant rate. The stylus is carried ato:e: tbO 
of a radial arm that revolves a t  constant speed. m e n  the stylus is passing 
paper, the echo is recorded by the passage of an electric current from the ~ t Y l ~ ~ ~ ~ ~ ~ p $  
the paper, causing a chemical change that leaves a dark stain on the surface of erabiO~Ib 

a control that changes the speed of the stylus and paper by a factor of Six, tbe 
range across the paper being respectively 60 feet, or 60 fathoms. Furtherrao$biod 
range may be increased by 40 by means of a control that advances the keying 

The speed of the operating motor is controlled by means of a centrifugal 'strictl'e 
A low d-c to high d-c motor generator furnishes the energy for the magneto ittip& 
transmitting unit. This energy is released from a charged condenser to the trans@ a@' 
unit by means of a cam that closes a contact once each revolution of the Sty1us odf 
Two pentode-type thermionic tubes are employed in the echo amplifier, w h o s ~ e ~ C f  
selective circuit is the input transformer which is tuned to the operating freqDt bY 
(about 16 kc). Output koltages of the amplifier are converted to direct cuITest,$~s 

Transmitting and receiving magnetostrictive units are installed in a strea@as to 
stainless steel housing. The entire unit is secured to the launch in such a *''atiOfi 
offer the least resistance to  the water, resulting in tho least turbulence an 

recording mechanism, equipment for producing and timing the transmitted s':bio ne 'did0 

through 

The instrumeqt may be used to record in either feet or fathoms by the Opthe d0p 

by that amount. overp,of' 

means of a copper-oxide rectifier, and it is this current that passes through the 
and paper to make the record. j i 0 d  

d &er 
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Of 
component parts that constitute the instrument. 
supersonic frequencies were pioneered in Europe, with the result that there is a ~ o r O ~ j g O  
tensive application of them there. Visual types of echo-sounding instruments BJle 
manufactured in Europe, but are used to a lesser extent. 

531. FRENCH INSTRUMENTS 

Graphic recording and the 

@J' 
in@' 
to  the 

(Socibtb de Condensation et d'Applications Mbcaniques). 

d by ments intended for use in navigation and surveying are manufactured. 
instruments manufactured by this company is the use of high supersonic frequencies produce ,pd 
mean8 of the piezoelectric properties of quartz crystals. to ,%Oi@ receiving unit is described briefly in 6161C, and is illustrated in figure 98. 
the quarts-crystal transmitting unit is furnished by a low-voltage d-c supply connected to the p ri@$ 
of a step-up transformer. The keying circuit interrupts the current flowing in the primary c:;'kp8 
this transformer, inducing a high voltage in the secondary circuit. Through appropriate Con o,ei~v 
this voltage excites a tuned circuit whose frequency is the desired emission frequency. The  duo^ 
tions set up in this circuit are transmitted to  the quartz-crystal transmitter, whose vibrations p ejYipg 
a train of damped acoustic waves in the water. 
units of the various S.C.A.M. instruments are from 29 to 65 kilocyclw. 

A prominent French manufacturer of echo-sounding instruments uses the trade name 8. 
Both visual and graphic-recording 

One feature common 

This type of acoustic transmitting 
Electric energy 

The frequencies of the transmitting and reo 

531 1 .  L,angevirc-Touly Electrolitic Recorder 

The Langevin-Touly electrolitic recorder is one of the standard instruments made by S*C'A*6' 
The depth is recorded graphically on a moist electrolitic paper that passes under a cam-operate 
The stylus moves a t  a uniform radial rate across the paper in an arc from left to right, and retuf-'$ 
a very rapid reverse movement. The acoustic signal is transmitted a t  the beginning of the lefteto of 
movement, the echo registering on the paper during this travel. 
this recordgr are: 

d StY1US' 

Some of the principal features 

(a) A depth range from 3 to 300 meters, with successive additional phases of 300 meters each. 
(6) The graduations of the depth scale are markad directly on the fathogram by means of a multi-division brush. 
(e) The use of high Supersonic frequency produced and received by quartz-crystal units. 
(d) A recording mechanism operated by 8 7-volt motor operated from an &volt storage battery. 
(e) A paper speed of 38 inches per hour, one roll of paper lasting 40 hours. 
(f) An attached magnifying glass to aid In scanning tho fathogram. 
(a) A motor speed indication by means of a stroboscope. 

5.31 2. Echometre 
eter. 

The indicating device of this instrument operates in a manner similar to a string gaIvan::tt$eS 
A beam of light falls on a small mirror and the echo voltage operates an electromagnet which 
this mirror through a small angle, causing a vertical deflection of the light beam. After reflection.g for 
this mirror, the light strikes another mirror which rotates a t  a constant rate about a vertical 8;oipt. 
a few degrees in one direction, returning in the opposite direction very rapidly to the starting 

fatho@; The light reflected frOM the second mirror falls on a translucent scale which is graduated in 
or meters, or both. 
rate. On reception of the transmitted and echo signals the first mirror deflects this spot of ligh:ode, 
tically, and at such points the light forms a peak rising above the base line of light, adjacent to theof tbe 
The signal is transmitted a t  the beginning of the left-to-right travel of the light spot. 
features of the Echometre are: 

The spot of light thus travels from left to  right across the depth scale at 

Some 

(a) A sounding range from 3 to 060 meters. 
(6) The use of a high supersonic frequency, the signal being produced snd received by quartz-crystal transmitting Bod 

(c) The depth-indicating mechanism, echo amplifler, and high-frequency generating equipment to energize tho trenslaittwg 

(d) The visual indicating device operated by a SpringQperated clock motor whose speed is controlled by s governor. 
(e) A ratchet wheel that rotates 8 mirror horizontally by means of a pawl a t  a constant rate In one dlrection and reless@ 

(f) Bounding8 taken at the rato of six every 7 seconds. 
(0) A circuit that permits listening for the echo. 
(h)  The type of bottom Is approximately indicated by the shape of the eeho trace on the indicator. 

@i& 

units. Id 
all in a single cast-metal cabinet. 

Pff' 
at a determined point to let the mirror and mwl snap back to thc starting point. 
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531 3. Echoscope 

The Echoscope is a visual depth-indicating device designed especially for sounding in shoal 
galv Like the Echometre, the depth-indicating device operates on the principal of the string 
Q~ anopleter oscilloscope and, except for minor differences in the optical system, the indicating 

chanlsms of these instruments are quite similar. The principal features of this instrument are: 

(*) 

(') The instrument is portable, intended for shoal-water sounding from Small boats. 
( d )  use 1s made of a single quartz-crystal acoustic unit for both transmitting and receiving. This unit may be supported over 

a1 2) The depth-indicating dovice, echo amplifier, and high-frcquency generating equipment for CnergfZing the transmitting unit, $ cast-metal cabinet. 

(') energy dcrived from batteries. 

4 d e ~ t h  range of 1 to 60 meters. 
we of high-frcqucncy supersonic signals. 

Of vessel or installed in ita hull. 

Indicating device run by a spring-operated clock motor. 

5314. S .  C.A .M:-Touly 
The depth-indicating part of this echo-sounding instrument is quite similar to the visual-indi- 

icn&tmg instruments made in the United States. The indicating mechanism is housed in a metal box 
those face a circular opening is cut, concentric with which is a graduated depth scale. Adjacent and Light from a stationary 

!le'? tube falls on the mirror and is reflected to the depth scale in such a way that a band of light 
14d1cate~ the depth. The operation is as follows: As the rotating mirror passes the Zero point on 
the depth scale, a cam-operated switch causes the transmitting unit to be energized, From this 2 until the echo is received the neon tube is not illuminated, but when the echo returns the neon 
b The 

Some of the features of the S.C.A.M.- 

lust behind the scale is a rotating mirror carried on a radial arm. 

'ashes and remains illuminated until it is extinguished at the zero of the depth scale. 
of this illuminated arc is the measured depth. 

'"Y Instrument are: 
(a) ?h 
(b) 
('I 

2 belt-driven centrifugal tachometer hdlcates motor speed by means Of 8 needle moving over a scale. 

use of high-frequency supersonic slgqals. 
epth scale graduated from 0 to 400 meters. 
omrating energy derived from battorim. 

The driving motor speed controlled manually. 

with tht manually operated button by mans  of which transmission is suppressed at will; as, for instance, when it might intortere 
of the echo when the depth Is near 400, 800, 1~2M) ~~-~eter's, etc. 

532. ENGLTSH INSTRUMENTS 
'@nrY Hughes & Son, Limited, of London, England, manufacturcs a large variety of echo- 

This company makes both graphic-recording and visual instruments, uti- pp both sonic and supersonic frequencies. Some of the instruments are portable and 8ome require 

grnphic-recording instrument that makm use of sonic frequencies, tho sound being produced by a hammer or striker. This 
'Bthment is intend& for use in moderately deep water and is known the Challenger type. 22) The graphlc-rocording instruments of the MS class that make US0 Of supersonic frequencies, produced and detected by means 

gnebtrictive units. A variety ofinst-ents of this class is made, varying In maximum scale range from 70 feet to 4,MM meters. 
''?pfthese instruments are portable, but others are for permanent installation. 

instruments. 

rQanent installation. These instruments may be broadly classified as: 
(a) 

vlsual-indicating instrument. 

5321. Sonic Recording Instrument: Challenger 

The gl'aphic-recording sonic instrument contains the following features: 

The sound is produced by a hammer or strikcr. ' b )  

(') A sc8h range of 2 ~ )  fathoms with five phasing positions of 0, 200,400, BM), and 800 fathoms, which values are added to the 

'd' The recording mechanism and echo mplifler are housed in 8 shgle cast-metal cabinet. 

is recorded on sensitieed starch-iodide PaPCr. 

8ounahgs. 

5322. GraPhic-Recording Instrument: M s  Class 
the Ms type graphic-recording instruments record on a moist starch-iodide paper. In 

?OdelS a rotating radial arm carries a stylus that sweeps in an arc across the record paper, 
e In other models the stylus is moved linearly across the paper at a constant speed, the stylus 
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hNes to 

extend the depth range. ueDOies 
Toroidal-shaped magnetostrictive transmitting and receiving units are employed with freqorteble 

of 16 kilocycles. These units are described in 5273 and illustrated in figure! 109. For erDtoeDt p 
installations the magnetostrictive units are housed in a streamlined casing, while for P of the 
installations they are housed in water-filled tanks secured to  the inner side of the steel hv” ,,its, 
vessel. 
The keying mechanism that brings about the condenser discharge operates in conjunction 
indicating mechanism. 

All the portable instruments are operated exclusively by power from dry and storage 
but, in addition to batteries, the permanently installed deep-water equipment requires Power 

The recording mechanism and echo amplifier are housed in a single cast-metal cabinet. 

The echo amplifier consists of two or more thermionic tubes and its input transformer 
In the output of the amplifier a copper-oxide rectifier 

TWO of the MS type graphic-recording instruments used by the Coast and Geodetic s 

being lifted from the paper on its return. Most of the MS instruments have one or more p 

Shock excitation from the discharge of a condenser is used to excite the transmittl’g w1tb tbO 

fro@ 
, 

the ship’s 110-volt d-c source for driving-motor and transmitting-unit operation. 

controls necessary for operation are located on the front and side of this cabinet. 

to the frequency of the echo signal. 
the alternating current to direct current before it is applied to the recording stylus. 

described in 527 and 528. 

All the 

is tuned 
c0Ilve 

urveY e*’ 

5323. Visual- Indicating Instrument 
The Hughes visual depth-indicating device consists of a rectangular solenoid which rotates Dted 

constant angular velocity proportional to that of sound in sea water. 
inside the solenoid so that its axis of rotation coincides with the axis of rotation of the solenoid’ ‘d 
pointer that moves over the calibrated depth scale is coupled to the soft-iron needle. As the soleDql* 

e ,oleDold 
is energized by the impulse of the echo, the needle tends to  set itself parallel to the axis of th e echo 
The result is that the pointer moves to the position of the rotating solenoid at the instant tb de 
is received. The remaining parts of the instrument are similar to the equipment previously 
scribed. 

st 

A soft-iron needle is IIloU 

5324. Marconi Company Instrunrents 
of Frt@e’ 

The 
many of the echo-sounding instruments manufactured by these companies are quite S d 5 “  bling 
Marconi Company makes visual-indicating and graphic-recording instruments so nearly res$gfiv 
the S.C.A.M. Echometre and Electrolitic Recorder as not to warrant further description. tbe 
crystal transmitting and receiving units are used similar to those already described in 631 ‘Or 

Because of the affiliation between the Marconi Company of England and S.C.A.M. 

French instruments. uP!fl 
In addition to the piezoelectric units, the Marconi Company makes use of magnetodJ’ictiv$qu$’ 

in certain other instruments. flitb 
ment,” employs the Echometre visual indicator, or an electrolitio recorder, in conjunctio:ep@ 
magnetostrictive transmitting and receiving units. Another instrument for use in greater oustic 
incorporates an electrolitic recorder with magnetostrictive units designed to furnish more 

The magnetostrictive element consists of a 5-inch core composed of a number of ’eCt5c i~~~i t  

being completed through a high-permeability nonmagnetostrictive material. The entire ‘$uDd 
the appearance of a core-type transformer, the core of which has a few turns of wire wrapped the 
it. The ends of the magnetostrictive core act as the emitting surfaces. The sound energy froflio ’ 
ends of the core is directed toward the bottom by means of reflectors. This assembly is inst5ydpeDe’ 
water-filled tank which is fastened against the inside of the hull plates of the vessel, the BOun l&Dg 
trating the plates. Where increased acoustic energy is required for deep-sea sounding the hull P lied) 
below the tank is cut and a thin metal plate inserted; in addition, more electric energy i9 ,,its s@‘ Ore 
and fewer turns are wound around the magnetostrictive core. 
shock-excited by the discharge of a condenser. 

One instrument, called the “Zero to  150-fathom Navigational 

&C 

energy; the depth range of this instrument is from 0 to 3,000 fathoms. ,gUl@f 

nickel laminations through which the magnetic flux passes, the remainder of the magnetic h& 

These magnetostrictive 

533. GERMAN INSTRUMENTS 
The echo-sounding instruments manufactured by the Atlas Werke Company of BremenieCeive ger@$ 

are  of the visual-indicating type and employ magnetostrictive units to  transmit and 
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SDY Y$ 
The transceiver is housed in a cast-steel tank (fig. 105), which can be installed in almost sb@ 

of ship, it being only necessary to cast the holding ring of the housing to fit the slope Of 
bottom at the selected location. The transceiver must be installed so that its 
to  the surface of the water. 

can be made of wood bolted to the hull. 
ing in such a way as to form a watertight bottom, the transceiver’s diaphragm being 
sea water. 
from being in direct contact with metal, to eliminate or dampen the effect of hull vibrations 
is important to verify that all these gaskets are in place before the transceiver is 
electric cable to the transceiver should be sheathed with a lead or copper covering, or bc run 
duit, where it passes through the bilge, to  protect it from oil and water. 

should be located near the transceiver. 

in some cases, the following cables, without exception, shollld be individually and comPlet:ie 
from source to  terminus: (1) The 17.5-kc cable from power supply to transceiver; 
cable from power supply to echo amplifier; (3) the output of the echo amplifier to the indice 

to all parts. A high grade of cable suitable for marine use must be employed; only two Siaes 
for the entire installation. The cable between the power supply and transceiver should becSbld 
low-capacity, two-conductor No. 10 stranded wire, insulated for 2,000 volts or more. The 
all other parts may be shielded No. 14 conductor, insulated for 2,000 volt8 or more. 

pipes Rhould be used where they pass through decks or bulkheads. 
be used at the unions of two or more cables. 

piece of equipment should be directly grounded but, if this is impracticable, the separate oebles ip 
be all bonded together with wire and this wire grounded directly to the steel frame of the sb 

To reduce turbulence due to the projection of the 
a streamlined blister of steel plate or reinforced concrete is built around it, or on a 

As can be seen in figure 105, the transceiver 

Rubber gaskets between the transceiver a i d  housing prevent any part 

f i  cor 

it 
currenil 

be use: 
shidde 

17:; 
tor ~ a b ~ b i e  

jdded; fib f0 

pick  
Where the cables are exposed to possible damage, they should be run through cond$:@ flust 

&0te 
The longer cables should be bonded to the ship a t  intervals. Where practicable eaob se$dd 

Where a filter junction box is used with the Dorsey No. 1, to introduce the polarizing 

Shielded cable should be used between all units. Although multiconductor cables 

(4) the 1025-cycle cable from power supply to indicator cabinet; and (5) the 60-cycle ] Io-volt ne ;ded 

Watertight junction 

542. DORSEY NOS. 2 AND 3 INSTALLATION 
All the instructions for installation of the Dorsey Fathometer No. 1 apply equallY roo$ 

Since there are differences in the sizes and construction of the indicator cabinets Of th:bilio.to 

its interior. The Dorsey NO. 2 indicator cabinet should be located where there is a free spac\he froat 
side SO that the doors can be opened, while the Dorsey No. 3 requires a space through whicihe DO”’ 
may be opened through an angle of 90°, as well as clcarance above it. 
No. 3 indicator cabinet should be supported on its base, in addition to any bulkhead fmteneOd 8l 

the sonic fmqUenCY Of 1050 cycles is quite close in frequency to the 1025-cycle frequency 
rent of the motor driving the indicating mechanism, there is a possibility of strays, caused by 
cycle current, interfering when the sonic system is used. To guard against this, the 10504]51d, ’”* 
amplifier and its input wires muRt be a t  least 10 feet from the power supply, the indicator c$@ $I5 

any wires carrying 1025-cycle current. It has been found convenient in some case3 to 
sonic echo amplifier in the ship’s hold near the hydrophone tanks. 

Fathometer NOS. 2 and 3, except for the size of the indicator and the installation of the @ 

of the 312 Fathometer to work in conjunction with them. 

Nos. 1, 2, and 3, each should be located with due regard to its weight and to affording ac0e55 00 e d ’  

porsey 

Because of its Weight, 
The Dorsey Fathometer Nos. 2 and 3 are combined sonic and supersonic instrumentsbf tb:ogk 6111‘ 

543. VESLEKARI INSTALLATION ~ 1 6 ’  
fipP” The factora governing the location of the indicator cabinet of the Dorsey Fathomete: e& i o  

to  the Hughes Veslekari graphic-recording instrument. There should be adequate 
of the recorder cabinet to permit operation of the various controls, and sufficient space 
open the hinged front. 

should be in the vicinity of the indicator cabinet, 
low-voltage batteries should be mounted near the battery box. The battery wires to the 
cabinet should be shielded. 

$hi@ 

bo! tho The high- and low-voltage batteries to operate the echo amplifier are contained in hB@g def 
recof A charging panel and resistor for 
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'Ontactor box which furnishes the.energy for the magneBstrictive transmitting unit must be 
not more than 15 feet from it. This box should be mounted in a vertical position, in a readily flcc'Bible Place, and 80 it is free from vibration. The front cover is hinged, and space should be al- 

o'edfor it to swing either to the left O r  to the right sufficiently to make the interior accessible. 
?le site for the tanks containing the acoustic units should be selected with care. The same Conafderation~ apply which were mentioned in 641 in connection with the location of the transceiver 2; The transmitting and receiving units should 

e ?  far apart as to introduce an appreciable error in shoal soundings due to their physical : $  (see &6), yet they should be far enough apart to reduce the effect of the transmitted 
On the receiving unit, so that the registration of the transmitted signal will not be unduly 

Tanks to house the magnetostrictive units and associatedreflectors are designed to  fit the particular 
2 z w h i C b  they are t o  be installed, The selected location, frame spacing, and other constructional 

The following is an abridged excerpt from specifications for the con- 
8t'ction 

to  be made of quarter-inch iron, rolled into a cylinder 25 inches long with an inside di- 
' Of I9 inches, and welded along the seam. Tanks t o  be provided with watertight covers of half- 

NO bolts or fittings to be on the inside 
e following holes to be drilled in each cover: (1) center hole, to  pass spindle for hold- 

there are other factors to be considered. 

olohgedl making shoal soundings impossible. 

'"'ueaCe their design. 
Of such tanks installed on two Coast and Geodetic Survey ships: 

hetanki;opbyfourha]f-jnch brass bolts. 

nor should the tanks they 

from the recorder 
shielded cable connects the contactor box to the 
of the same specifications connects the magneto- 

in the recorder cabinet. These cables should be 
and should all be bonded to the metal frame of the ship 

stuffing boxes where they enter the transmitting and 

should be added in amount equal to 20 or 30 percent of 
se tanks must be kept filled with fresh water. If there i s  danger of the 

544. SEMIPORTABLE INSTALLATIONS 

th general procedure for the installation of a semiportable instrument, such as 
$$Os pathometer, has been describtjd in 6236. The same kind of an installation is 

tTble in the case of the Hughes MS 12 D recording instrument, making allowance 
e Constructional differences of the two instruments. 

406W-qq___34 
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545. THE A D V A N T ~ E S  OF T W O  ECHO-SOUNDING INSTRUMENTS 

veSs0” 
It has been found advantageous to have two eclio-sounding instruments 0’ ad. engaged in extensive hydrographic surveys, so that each may be used to its best efibr 

sounaing instruments are designed to operate to best advantage within a certatn._at,rV 
vantage and so there will be no loss of time due to  instrument failure. Most . de@ 

WRSEY FATHOMETER NO. 3 
INDICATOR 

312 FATHOMETER 
AMPLIFIER 4 5 312 FATHOMETER 

INDICATOR 

range and, in addition, some types O* pi&D 
ments will give more detailed inf@&ar 
than others, when sounding over 
bottom. Doder’ to 

For surveys in shoal and d tbbe 
depths the Dorsey Fathometer i% ~ f ~ ~ , o ~  
808 Fathometer have proved a US cur5cj’~ 
bination. 
the Dorsey Fathometer No. 1 is Us flh@3 
sounding over regular bottom. But d b l  
the bottom is irregular, characteriEe substr5ter 
sudden shoals, rocky bottom, or e,usl$ 
the 808 Fathometer is used advantag a n O ~ b  
because the fathogram contains a PerI”llibe’. 
record which may be carefully and d;u@ 
ately scanned for these features at  any 
date. bo* 

It is common pract,ice to operateflpfi 
of these instruments simultaneous1yDOr& 
sounding, reading thc depths on the 

fathogr55 Fathometer and referring to  the 
for bottom features of special imPrt’$$’ 
interest that might be missed by the etOf 
eter attendant. The Dorsey path,?, 

Because of its greater 8’ Idbeo 

FIGURE 110.-Intercircuit connections between 312 Fathometor 
and Dorsey Fathometer No. 8. No. 1 is frequently used for 9oUnU~$0fl 

depths beyond the range of the 20-f b5f0 scale, and instances have occurred in the past where the rapid changes of dep th 
confused the fathometer attendant so that he added the wrong multiple of 2, 0 fatho$ 
to the dial reading. In such cases the fathogram of the 808 Fathometer is 1nv’1u5 

is as a means of verifying the depths. 
Another combination of ccho-sounding instrumcnts that has proved of tbs 

the Dorsey Fathometer No. 3 and the Hughes Vcslckari. The recording featuref&O. 
Veslekari instrument supplements the Dorsey Fathometor in thc same way the tb’ gram of the 808 Fathometer supplements the Dorsey No. 1. In deep water where po@f 
bottom is extremely irregular, as in submarine valleys, the soundings of tli~,terpf’~ 
JMhometer operating on the 312 Fathometer sonic system are often difficult to urpefi 
due to multiple reflections from slopes, but theefathogram of the Veslekari instr 
will show a pattern of soundings that usually can be analyzed to give a more ::’$ 
COrrect v a l ~  of the depth. The Veslckari instrument is a useful supplCmcnt 
312 Fathometer for the same reasons. 

I n  order to avoid scrious loss of time in isolated regions because of failure 
of tbO 

etd echo-sounding equipment, a Dorsey Fathometer No. 3 and a complete 312 Fa thorn 
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dire& 9 

draft gage may be installed by which the draft of the acoustic units may be read fipd 
or the draft marks on the bow and stern or on the sides of a vessel may be used toept,lg 
the draft of the acoustic units. A third method involves the use of Perme’:esse14 
marked reference points at  convenient locations on the main rail or deck of th tb0 
In  the latter method, knowing the vertical distance of the reference points abOve~icJ 
acoustic units, their draft at  any time may be determined by measuring the 
distance of the reference points above the water surface and taking the 
between the two vertical distances. 

ver 

5511. Facilities for Draft Measurement 
Ge to The draft of an acoustic unit is the vertical distance from the water surf:tbjn& 

some reference point on or in the unit. This point is usually the sound bransrn 
or receiving surface, which in most cases is a diaphragm. For systems &e 
separate transmitting and receiving units the draft is the vertical distance. upits 
midpoint of an imaginary line joining these two units. The draft of the acoustl‘ 
of echo-sounding instruments employed by the Coast and Geodetic Survey 
measured from the surface of the water to the following: 

of the 324 oscillator and center of the hydrophone. 

10sipg 
to 

g b d  

diapM’’ (u) 312 Fathometer-to the midpoint of an imaginary line joining the center of the 

(b)  Dorsey Fathometer NO. 1-to the lower surface of the diaphragm of the transceiver‘ ceiver, 
(c) Dorsey Fathometer NO. 3-the same as the Dorsey Fathometer No. 1 for the trans 

(d) Veslekari-to the midpoint of an imaginary line joining the tops of the reflecting 
and the same as the 312 Fathometer for the 324 oscillator and hydrophone. coDe@’ 

Foot 109. The proper point on the top Of the cone is in the plane indicated by the line H H  in figure 
the MS 12 D, measurements should be made to this same plane, although, of course, 
contained in a fish. 

fhe cover plates. 

determined (1) by mea.suring the vertical distance from the surface of the 
reference points on the ship’s rail or on deck, which are at  a known vertical 
above the acoustic unit, (2) by an internal draft gage especially installed for the p &iP 
or (3) by existing draft marks or gages. A draft gage is usually installed while ere@ 
is in drydock and the required measurements to establish any pe rmand  ref 
marks may also be conveniently made at  this time. sides If reference points on deck are to be used, points should be selected on both $tic 
of the ship, preferably on top of the main deck rail, at  positions abeam of the . ,Dit, 
units. These points should be at  a known vertical distance above the acoustlou~tsr 
or above their mean position if there are soparate transmitting and receiving s@od 
and permanently marked for identification, as by metal plates, and their positii;th& 
vertical distance above the acoustic units marked on the ship’s blueprints. 
is more than one echo-sounding instrument, the plates should contain the data 

The measurement of the vertical distance of the reference points above theternd 
level of the acoustic units, or the measurements to set the Zero of the scale of an tb0 
draft gage to the horizontal plane of the acoustic units, may be best made 
vessel is in drydock, with the aid of an engineer’s level and a steel tape. 

An internal draft gage for use in determining the draft of acoustic units 
installed near the acoustic units and connected to an independent opening thro‘&boor 
hull. The gage may consist of a brass pipe connected to the intake, to Which is 

the Cones ’‘’ 
bot@ Of (e) 808 Fathometer-to a point 6 inches below the top of the fish, and not from the 

b0 
The draft of an acoustic unit permanently installed in the ship’s h d  may to 

water 

UTPOSO’ 

the 

&COU 

for ,ac’* 

when 
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The draft of the acoustic units must be recorded in the Sounding Record r~$9 

appropriate space in rubber Stamp No. 33, Sounding Apparatus (see fig. 17@* 
stamp provides a separate entry for the draft of the oscillator and the hY dropboao tbs 
used. Where a transceiver is used, or where it is more convenient to de te f ly  tb0 
mean draft of the transmitting and receiving units, the one entry will Sufice 
facts are clearly indicated. 

is used for the purpose of draft adjustment. 
f t  &fib 

factor8 

.l0urtb 

If there are separate transmitting and rec’eiving wits, it is their mean dra 

5513. Frequency of Draft Measurements 

The variation in the ship’s draft and the depth of the soundings are the tN 
which determine the frequency of draft measurements. 

For soundings of 10 fathoms or less the draft should be laown within O n e ,  09 
foot and should be measured with sufficient frequency to ensure this. Dependfig d d ’  
the variation in the ship’s draft, this may require a measurement once eacht@5Y 
usually at  the beginning of the day’s work, so that the echo-sounding instrumen 
be adjusted before any soundings are taken. t lofist 

For soundings deeper than 10 fathoms the draft should be known within a 
one-half percent of the depth of water. draft 

For soundings in deep water where the possible error due to erroneous ledgO 
adjustment is only a very small percentage of the total depth, an accurate @’‘ for 

.a mean drrtft. 
of the draft is unimportant and echo-sounding instruments are usually a djustad 

552. INSTRUMENTAL ERROR 
@$trU‘ 

Errors caused by instrumental time lags are inherent in all echo-sounding fig0 , 
ments, and some have mechanical lags. Their effect on echo sounding is to differ ’ the registered depth to a value greater than the actual depth. Such errors yeDIOf 
magnitude for each type of instrument, and are unlikely to be exactly the sa@:ban&Og 
instruments of the same design. Furthermore, such errors are variable in Whit v@’ 
may be attributed to: (1) Variation of tuning and gain of the echo amplifier; (2)g0$d 
tion in strength of the transmitted and echo signals; (3) adjustment of the piaor 
circuit; and (4) deterioration of tubes and other parts. There are numerous Other COO’ 
c a u w  of such errors, but they are usually of small magnitude, and are reW* 

Perhaps the most troublesome source of instrumental time lag is that duo tbO 
variation in the strength of the registered echo simal. As its strength decreas0:i9d’ 
value registered on the dial increases and is always too large. Bobo 
of varying the g a b  of the amplifier or of a variation in tho strength of the receivedr0@’ 
signal before amplification. lifie]’ 

must be operated at the highest gain practicable without introducing too many ($0’ 
A reduction of gain may increase the registered depth by an appreciable amount’ etiOP 
5163 and 5237.) The variation in the strength of the echo signal before lifio of tb 0 
is complex-it is partly a function of depth but may be due also to the character 09’ 

sated for by a simple instrumental adjustment, but if the range of depth in tha Pro’ 
area is limitod, this error is small as compared to other errors. 

*yell 
stant and therefore need not be considered for correction purposes. t o f i  

This may be 

A variation in the gain of tho amplifier affects tered depth and it has been repeatedly emphasized in this Manual that the BOP 

bottom or the characteristics of the water. This latter variation cannot be cornqOot 
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* the above-mentioned errors are variable to a certain extent, most of the 
'ahations are small compared to the total amount, and the important changes are 

The various instrumental lags are principally additive, and their sum may 
a magnitude as to require instrumental compensation or an arithmetical 

@On to  the soundings , For correction purposes these errors are combined with 
deteb?known quantities, the total being called the instrumental error, which is 
that kbfned Periodically and compensated for instrumentally. It is especiaUy important 

of 

la be done where the survey includes precise sounding in shoal depths. 

5521. Deerrnincdtion of Instrumental Error 

hit?he amount of the instrumental emor is determined by comparing echo soundings 
dept<&ultaneous direct vertical measurements of the depth. Such simultaneous 
'nshl, l ' lea~~roments are usually called simultaneous comparisons. The echo-sounding 
4 uraent must first be adjusted for the draft of the transmitting and receiving units, 
&>% standardized leadline, or wiro registering on an accurately calibrated sheave, a The simultaneous 

lead& must be conected-the echo soundings for the vdocity Of sound, and the 
b e O r  wire soundings for any leadline error or sheave factor. The difference 
' et'een the simultaneous compsrisons after correction, without regard to sign, is the 
:;wental error. The correction for this error is called the instrumental correction, 

Where the index has been adjusted to compensate for the pht Of settlement and squat while underway (see 553), that amount must be applied 
k~ '" Observed echo soundbgs from the stationary vessel to bring the simultaneous 

eQFments to the same plane (see table in 5522). 
90 the draft has been properly compensated for, the instrumental correction is the 

Bb'lty that must be applied to the echo sounding corrected for velocity, t o  make it 
This is accomplished instrumennt- %' b 

Uio:lthOUgh some types of echo-sounding instruments may require special consider- 
the 'hen tlie instrumental error is determined, the general procedure is essentially 

for all &truments that have acoustic units permanently installed in the 
h'u- This general procedure is as follows: 

lead must be used for the vertical measurements. "OQPar; 

QaY be plus or minus. 

kith the depth measured by leadline or wire. 
adjusting the index for the amount of the instrumental correction. 

(I) 'perate the echo-sounding instrument for a t  least one-half hour before use. 
'%$!oset the amfilifier gain at the value normally used when surveying-not necessarily at the 

'Qd E) The ship must be stopped, or at anchor, where the bottom is level and comparatively hard, 
eferably in a depth not exceeding 25 fathoms. The sea should be moderately smooth so the 

" t p m i n e  the draft of the acoustic units in accordance with 5512 and adjust the instrument 

shQold The echo soundings 
\h@Qt. e by the operator without a prior knowledge of the depths obtained by direct measure- 
'@Q ;:Th sounding should be read at the instant the lead strikes the bottom. The shoal edge of the 
fcOlh The leadline or wire soundings should be taken 
' @qiOallty a Position as near the acoustic units as practicable and extra care must be taken to  ensure their 

'Qd f(:: copreat the echo soundings foc the velocity of sound by one of the methods explained in 561, 
''Ct th Cor- 
the @ leadhe or wire soundings for errors of graduation, or calibration. The difference between 
'b CoQected vertical measurements Md the corrected echo depths is the instrumental error or the 

g've best results in the depth in which the test is made. 

"' b e  little or no vertical motion, and so that the vertical casts will be accurate. 

(5) Ae index will compensate for the draft. 
ainirnum of five simultaneous comparative soundings should be taken. 

e flash or other registration should be read. 

and squat if the index has been previously adjusted to cornpensate for this. 

OUnt for which compensation must be made. 
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Instru- 
mental 
correc- 

tion 

. ,@, 
For echo-sounding instruments, especially those with outboard acoustlo a d  

used in launches and small vessels, an alternate method of determining the instNae d en $0’ ’ 
error is by means of the bar check which is described in 557 and 5571. dd be 
results can be obtained by bar check, it is the more accurate method and ”O 
used. 

5522. Record of Simultaneous Comparisons 
Simultaneous comparisons should be recorded in the Sounding Record * t the the 

they are made. Rubber Stamp No. 35 (fig. 178) should be used for this Purpose' the 
uncorrected echo soundings and vertical soundings being entered in columns underb b0 
appropriate headings. The computation of the instrumental correction sho uld no 
made in the Sounding Record. abed 

Simultaneous comparisons should be tabulated in vertical columns an d cor‘\ for 
in standard form, according to the example below. The echo depths are correCte 
velocity of sound and settlement and squat; and the vortical measurements for g ~ b ’  
errors of grnduation or calibration. The instrumental corrections, obtained b$,h51 

tracting the corrected echo depths from the corresponding corrected vertio*’ each 
should be entered in a separate column. The mean instrumental correction 
set of observations is entered in the “Remarks” column. 

for 

R.ernarke 

Echo depth I 
Date Veloc- 

Ob- ity 
served correc- 

tion 

‘Or- 

?:$: 
Settle- 
ment 
and 

squat 

-0. 2 
- .2 
- .2 - . 2, 
- .2 
- .2 

Ob- Cor- Cor- 
served rection rected depth 

I Vertical measurement 

7-1641- 

-I I I 

25.5 -0.3 
25.3 - .3 
25.5 - .3 
26.5 - . 3 
25.0 - .3 
24.4 - .3 

25. 0 
24.8 
25. 0 
25.0 
24.5 
23.9 

1-1-1- 
25. 0 $0. 1 25. 1 
24. 9 + . 1 25.0 
25. 6 + . 1 25. 7 
24.8 + . 1 24. 9 
24.4 + , 1 24.5 
24. 1 + . 1 24.2 

d a b ” -  

The simultaneous comparisons in a project area for a season should be tabg332)’ 
chronologically and be included with the computations of VeIocity corrections.(seOins~~ 

For simultaneous comparisons, when 8 graphic-recording echo-soundlDg 
the merit is used, the depths by bar check, leadline, or wire, should be recorded Onfatbog 

gram as well as in the Sounding Record. A mark should be made on the ondp& 
to identify the exact position of the echo-sounding depth and the corraSP 
measured depth should be recorded closely adjacent to the mark. 

5523. Frequency of Determination d5 

to @pujd 

tb8’ 

dePe$,e 
If oct 

The frequency with which the instrumental error should be determined 
on the operational constancy and stability of &;he echo-sounding instrument’ 
instrument appears to be in perfect working condition and there is no reason 
that the instrumental error ha5 changed, a determination made once each Wee 
suffice. But if the instrument ?s operating poorly and there is reason to bO1lOvO 

the instrumental error varies considerably, it should be determined a t  least Once 
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”) and more frequently if necessary, Immediately after an echo-sounding instru- 
has been repaired, after tubes or parts have been renewed, or after the instrument 

been changed in any way, the instrumental error should be determined and correction 

The frequency with which bar checks should be made is prescribed in 557. 

d 

‘‘de for it. 

5-53, SETTLEMENT AND SQUAT 

Although an echo-sounding instrument correctly registers the depth from a vessel 
stopped, there is no assurance that the correct depth will be registered when the 

?asel is underway. This is because a point on the vessel may experience a vertical 
Acoustic 

d 

hl‘s in a ship’s hull are affected by such a vertical displacement, depending on their 
!“tion. The magnitude of this displacement may be such as to warrant compennsa- 
tlon~.@~Pecially where precise sollndings in shoal water are to be obtained from a vessel 
EUDnlQg at moderate to high speeds. The factors accountable for this vertical dis- 
placement are settlement and squat. 
1 is the general lowering in level of a moving vessel, relative to what its 

Settlement is due to a regional depression of the 
surfaCO Of tlle water in which the ship moves. I t  is not an increase in displacement 
a?d~ therefore, cannot be determined by reference to the water in the immediate 
vlcmitY of the ship. 

. b a t  refers to the change in trim of the vessel when underway. At  speeds or& 
“ardy Used in surveying, squat manifests itself in lowering of the vessel’s stern and ‘ ‘Ise of the bow. 

The major factors which influence settlement and squat are hull shape, speed, 
and depth of water under the vessel. The effect of squat on the draft of the acoustic 

is usually not appreciable if they are mounted amidships, or a little forward of 
Qidships, as they generally are. On the contrary, settlement may ba quite appre- 
ciable at normal sounding speeds. I n  depths approximately seven times the draft, 
‘Or a 5Urvey ship i t  will probably amount to about one-half foot and in extreme cases 
%‘ be RS much 8s 1 foot, increasing slightly as the depth lessens. 

The combined effect of settlement and squat at various sounding speeds used, 
be determined for each survey vessel, including auxiliaries and launches, used for 

A test to determine this for each 
The vossel should be carrying ;“ average load and be in average trim. This value may be assumed to be a constant 

Or the semon)s work. Where the result of the test shows that the combined effect of 
IiettleQmt and squat is less than 0.2 foot, it may be neglected, but if it is more than this, 

adjustment should be made to all echo-sounding instruments used in 

h e r o  the index has been adjusted to compensate for the amount of settlement 
::d 89Uat at norma1 sounding speed, it is necessary to make an arithmetical correction 

soundings taken from the vessel while stationary or running a t  slow speed. 
(See example in 5522.) 

methods may be employed to determine the combined effect of settlement 
‘nd In both, the tests should be made a t  either high or low water, when the 
”dB level is varying slowly. Provision must be made to measure any tidal change 

lsplacemont when the vessel is underway, relative to its position at  rest. 

Would be were it motionless. 

surveying in shoal or moderate depths. 
should be made a t  the beginning of each season. 

Water to compensate for it. 

does occur during the tests. 
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tb The tests should be made at  a place where the bottom is known to be S m O i o  

H iM 
and level and in a depth of water which is approximately seven times the draft Of 

survey vessel. If the survey vessel is habitually used to survey in depths consid 
less than this, an additional test should be made at  the lesser depth. 

of 8 pie' 
rua 8' 

First method: A leveling instrument may be mounted on shore, preferably on the end 
off which are the required conditions as to depth and bottom, and past which the vessel can urbere 
normal sounding speed. A marker buoy should be anchored with a short scope at the point 
the test is to be made. 

With the vessel stopped a t  the marker buoy, a level rod is held on board the vessel verticellY 
of the over the transmitting and receiving units, or over midway between them if one is forWard d. 

other, and the level rod is read with the instrument on shore. The height of the tide should be '$et 
Then the vessel should run past the marker buoy at normal sounding speed, with the rod held 
the same spot, and the rod should be read again with the same instrument on shore. The dlfferen$ 
between the two readings, corrected for tidal changes, will be a measure of the combined effect 

,de find settlement and squat at the location of the acoustic units. 

and a mean of the results used. 
Second method: Select an area which satisfies the requirements as to depth and bottom &be 

anchor a marker buoy with a short scope. 1 
depth of water should be measured accurately with an echo-sounding instrument. Then the 
should run past the marker buoy at normal sounding speed, taking another accurate ecllo soupd'Dg 
when in the same position relative to the buoy. Provision must be made for a record Of the ti$ 
change during the test. The difference between the echo soundings underway and stopped, c o r r e O ~ ~ -  
for change in tide, will be the combined amount of Settlement and squat. The test should be 
peated several times and the average value determined. 

Several such tests should be 

With the vessel stopped alongside the marker buoy 

554. ADJUSTMENT OF INDEX 

All echo-sounding instruments used by the Coast and Geodetic Survey arO q;i 
vided with facilities for adjusting the index. Some instruments, such as the 
Fathometer and the Veslekari, have one adjustment for the time of keying and tmotbef d e  adjustment for the position of the index on the dial, which two adjustments are f l  

indo' independently. 
ODO rogistered on the dial is governed by the position of keying, and to these only 

tb* 
adjustment is necessary. 

With the draft, instrumental error, and settlement and squat, determhedJ of 
index of the echo-sounding instrument should be adjusted for the algebraic sua 
these, by the methods described under the following headings for each type of 

e10o' ment. 
trically coupled, the transmitted signal should register on the dial at  a depth Oqu&l 
to the algebraic sum of tho corrections. For other instruments such as the 312 
ometer, the registration should be at  a depth equal to the algebraic sum of the io tions plus one-half the distance of separation (see 556). A notation shall be mad 

Other instruments are constructed so that the position of thO 

For transceivers and separate transmitting and receiving units that are 

J?tEtb 
corroo' 

the Sounding Record each time the index of an echo-sounding instrument is rea dj&'Od' 

5541. Dorsey Fathometer No. 1 

The index of the Dorsey Fathometer No. 1 is adjusted by means of a 
knob centrally located on top of the indicator cabinet. A loclr nut a t  the 
knob must be loosened before an adjustment can be made, and after the adjustold 

sJdt the lock nut must be ti&tened. If it is not tightened firmly, the index m'yiode$ 

sip81 
during operation. The fathometer attendant should be instructed to check the 
adjustment at  frequent intervals by observing the registration of the transmitted 
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ci8‘ 
The 1,000-fathom dial has a built-in adjustment, but it is provided with insu’ tbd 

movement, SO adjustment must be made by loosening the screw E in the Claat0 ad’ 
engages the collar which is pinned to the shaft and turning the entire assembly 
just the index. iUdd ’ 

Control knobs A to  D are provided with lock nuts that serve to hold the Bftd’ 
adjustment and these have to be loosened before adjustment and retightened 

When making adjustments with knobs C and D, the photoelectric tubestfled’ 
be kept within the illumination of the exciter lamps. If the proper index adPs let' 
cannot be SO made, proceed as follows: Turn the adjusting knob until the PhotoetbO 
tric tube is in the center of the illuminated area. Loosen the screw that claolpst@ 
shutter disk to the collar keyed to the shaft, and turn the disk until the used 
flashes a t  the desired point on the depth scale. Thc adjusting knob can then be 
for the final index adjustment. t tbe 

Caution must be observed when sounding with this instrument to  ensure gure 
correct starting-frequency and depth-selector switch combinations are used- ’$a&S. 
to use the correct combination of these switches will result in erroneous SOun t 611d 
The correct combination is determined a t  the time of adjustment of the instrum 
normally should be as follows: The depth-selector switch positions 1 ,2 ,3  , PO’ be used only with starting-frequency switch position 4, and depth-selector s 
sition 5 only with position 5 of the starting-frequency switch. 

The index adjustment of the Dorsey Fathometer No. 3 may be made by 
two methods. Method I should be used wherever practicable and particU  tic^^ 
surveys in regions of regular bottom such as are quite often found on theAtlaa i& 
Gulf Coasts. Method 2 may be substituted where method 1 is impracticable, espe;o~d’ 
for surveys in regions of irregular bottom such as are generally found on the T&.t a; 

nd Sq$, 
and in Alaska waters. In both methods the index of the 20-fathom scale lS 
justed to register the algebraic sum of the instrumental error, draft, settlement a be by means of adjusting knob A in figure 111. The depth-selector switch ~ u ~ ~ h f l &  
position 1 and the starting-frequency switch on position 4 while making this ad] s& 

Then in method I, the indices are adjusted until the depths registered on zDkdiCd 
agree with those registered on another as outlined below. But in method 2, th 
are merely adjusted to corresponding values, without reference to the depths. d 

bot:$$ by a comparison of soundings. With the ship stopped in appropriate depths, where the 
smooth and level, the instrument may be switched from one dial setting to another by 
depth-selector switch and the depths registered made to agree by use of the appropriate Bdju 
knob. 

should be set on position 3 and the starting-frequency switch on position 4. deP’* 
in figure 111, the depth registered on the 20-fathom dial should be adjusted to agree with thiBfiinB’ 
registered on the same dial when the depth-selector switch is turned to position 1, with th:\etc’eer 
frequency switch still on position 4. This adjustment should be made in a depth of W&tethe photo’ 
30 and 50 fathoms. 

CY 
,fre4uen d 

electric tubes remain fully in the beam of light. 
Method 2;  After the index of the 20-fathom scale h a  been adjusted, with tho starting djf& 

switch still on position 4, the indices for positions 2, 3, and 4 of the depth-selector 1 o by means of adjusting knobs B, C, and D, in figure 111, to agree with the index for PoS1tlon 
depth-selector switch. 
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wards. fld 

ea 

,ithe‘ Of 

larls 

djuSwie Method 1: After the index of the 20-fathom scale has beon adjusted, the other circuits are 

Table 19 outlines this method of adjustment. sd$ For example, if it is desired to adjust the index of the 100-fathom scale, the depth-self’Okoob 
Using adjust’ng 

In making this adjustment it is essential, 88 stated previously, that 
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Switches as 
follows 

5543 

use ad 
just- 

1 TABLE 19.-Index adjustments of Dorsey Fathometer No. 3. 

Start- 
ingfre- 

ment 
(see 

fi?;, Depth. 
elector 

-~ 
Switches as 

follows I I- Depth 
selecto 

Adjust 

1- 
Index for instrumental 

error, draft, settle- 
den t  and squat. 

TO sounding on 20- 
fathom scale. 

----do-------------. 
---..do--..----------. 

l 3  To sounding on 100- 
fathom scale. 

- 
Start- 

ing fre. 
quencj 

Adjust- 
ments 
made 

in depths 

Fathoms 
--_-.._-.._ 

25 to 40 

30 to 50 
30 to 50 

100 to 200 

5543. 312 Fathometer 

the ?he 312 Fathometer is provided with two adjustments by which the position of 
iQ8ide Uldex the may . be altered. One of these adjustments is on the back of the index disk 
POaitioo indicator cabinet. It is known as the draft adjustment. By means of it  the 

of the slit, through which the flash of the neon tube is seen, may be changed ??$ to the index d isk on which it is locahed. The draf: should be compensated for 
The wing nut 

??"% this segment must first be loosened so the segmont can be moved by hand to the 
(>d setting as h d c  ated by an engraved scale on the back of the index disk. Then 

Other adjustment is to vary the time of the transmitted signal with reference 
to the By it the aIgebraic sum of the instrumental error and 
2:leQent and $quat should be compensated for. This adjustment is made by varying 
d i 8 k F n  of the dog which closes the electric contact. The dog is secured to the 
h set screws, which are loosened so the dog may be moved around the disk 
?$'"lit the signal at the correc t time with reference to the zero of the did scale. e 

14tOp Or Proper operation on the 100-fathom scale the contactor that operates the oscil- 
,hsho,ld be held closed for a period of time equivalent to 1 to 3 fathoms, depending 

is also e 'Qstallation. The contact surface of the dog is designed to accomplish this and 
ttp The distance be- 

@'' the contact points may be varied by loosening the nut under the brush of the 
?ltacbr assembly and varying the adjustable stop which is a round disk having two 

. ' adjustment. The slit is in a movable segment of the disk. 

PPing n u t  should be retightened. 

of the dial scale. 

screws should then be retightened. 

Provided with a beveled surface to allow for adjustment. 

'tteQOd segments on opposite sides. 
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f0fl0 
The angular rotation through which the contactors remain closed may bedisk’ 

by first placing the gears in neutral so the disk can be turned by hand. The The 
then turned slowly clockwise until the oscillator sounds and the red light flashes’ p ~ W d  
position of the left edge of the slit relative to the depth scale should be accurately tbS 
when the red light flashes. Next, the disk is turned slowly counterclockwise ”$ tbe 
oscillator sounds and the red light flashes. Again the position of the left edg;etgeefl 
slit relative to the depth scale should be accurately noted. 

de. these two scale readings will be a measure of the length of signal. 
There is no adjustment of the index slit for the 6OO-fathom scale, sU$just@e$ 

scribed above for the 100-fathom scale. 
of the dog for the 600-fathom scale, although a longer signal, equivalent to a b o u ~ W  
fathoms, is transmitted. Any adjustment of the dog for the 100-fathom sc!les& 
affects the transmitted signal on the 600-fathom scale. SO all depths read on this c o r  
must be corrected arithmetically. 100’ 
parison of soundings read on this scale should be made with soundings read on ’’’ 

The difference 

as is 

Neither is there any independent 

a To  determine the amount of the correction, 

fathom scale in a manner similar to  that described in 5542 for the Dorsey ~athoroetd tbe 
No. 3. The comparison should be made in depths of about 200 fathoms Whof;ofl 

bottom is level and smooth. Each determination should consist of a t  least ”’ tb0 
pansons and a number of determinations should be distributed throughout th t@ 
deep scale is used. The average difference between the soundings as read On thi,pb 
scales shall be applied arithmetically to all soundings read from tho 600-fath0@ 
The results of each such determination shall be recorded in the Sounding R 

e ti@ 

e c d d  

the 5544. Hughes Veslekari 
aitJ1 The Veslekari sounding instrument is usually operated simultaneousb’ ~ ~ t b o ’  

Dorsey Fathometer No. 3, and it should be adjusted to agree with the Dorse! gbi$ 
meter after adjustment of the latter in accordance wit11 5542. @rise* the Veslekari is being used, a simultaneous echo-sounding leadline conlP &fee 
described in 5521, shall be made a t  least Once a week, and in addition, at 1easty0S5e’ 

The $dbllr 
refor 

daily depth comparisons shall be made between the two instruments. 
need not be stopped for the latter, but the soundings should be reliable and pk,j at tbhB 
in depths less than 100 fathoms and over smooth level bottom. ,ad 
selected instant the sounding on the Dorsey Fathometer should be accurately ’Oadssiflg 
simultaneously a mark should be made on the fathogram of the Veslekari by Pset,ered 
the fix button. The depth registered on the Dorsey Fathometer should bo OD 

vesifi Before all comparisons the motor speed of the Veslekari should be 
accordance with 5555. 

For the weekly comparison, or if the Veslekari is used on a ship whit 
have a Dorsey Fathometer No. 3, the procedure should be as follows: With 
speed in adjustment (see 5555) a simultaneous echo-sounding leadline co@Lg dj’ 
should be made in a depth of 15 to 30 fathoms in accordance with 5521. ThePhas sOrois 
should be set on zero position and the depth scale should be adjusted so that itsip&+” 
a t  the left edge of the reference line recorded on the edge of the fathogram. Tho 00’ 

flea t,b0 rection for the velocity of sound and settlement and squat, will equal the 
depth. tho 
nut that holds the keying cam, thus allowing the cam to be turned manually 

During periods In 

At a “mal 

on the fathogram and identified as such, ed jp 

ment should then be adjusted so that the depth recorded on the fathogram aft’L,lr& 

The adjustment is made by stopping the instrument and then 
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d .  
eslPed direction to make the recorded depths read the desired values. This nut 

She'd then be yetightened and the instrument restarted, and another comparison 
This operation should be repeated until the fathogram depths have the desired 
to the measured depth. 

An instrumental comparison with the Dorsey Fathometer can be substituted for 
the leadline comparison. Tho phasing dial of the Veslekari should be set on zero posi- 

and the depth-selector and starting-frequency switches of the Dorsey Fathometer 
On Positions 1 and 4 respectively. The comparison should be made from the vessel 
: F e d  in a calm Sea Over smooth level bottom in a depth between 20 a1ld 40 fathoms. 
V the depths registered on the two instruments do not agree within 0.3 fathom the 
heslekQi sho1,ld be adjusted to agree with the Dorsey Fathometer. This adjustment 

5545. 808 Fathometer 

t10q 

Qade as described above. 

index of the gog Fathometer is adjusted by mcans of a knurled hand screw, 
as 

The hand screw serves 
to a vernier adjustment to move the phasing dial by small amounts, and consequently 

the t h e  of the transmitted signal slightly with reference to the printed scale 
Of the fathogram. When the hand screw is turned SO that the phasing dial moves 
c10ckWi5e the scale Valuc of tile index. is increased, and decreased when it is moved 

instrument should be adjusted for instrumental error, draft, andsettlement and 
"'lat~ suspending a bar a t  a ltnown depth (5 or 6 feet) below the bottom of the fish 
a'd the hand screw until the recorded sounding, when corrected for settlement 
'Qd 8 (See 557.) The 
E addJustment must be mado with the phasing dial set on position A and the instrument 
@cordkg in feet. The gain control should be set at the value normally used during 

sbebg (between 7 and 10) and the correct motor speed must be maintained, as Qd* b a F t e d  by the reed tachometer (5165~). After the index has once been adjusted by 
'heck, it shall not be readjusted until another bar check is taken, even though the 

The 808 Fathometer may be operatcd to record depths either in feet or fathoms 'Od The change 
"Ob feet to fathoms is accomplished by a control ~ h k h  alters the speed of operation 
Of the inskument in the ratio of 6 to 1, but the recorded position of the transmitted 

is not changed by this same ratio, as it should be for correct soundings. The 
c'oslng of the Contacts, which produces the transmitted signal, occurs at the same 
'hgulnr position of revolution with respect to the fathogram, being unaffected by the 

in speed of operation. Except for other electric or mechanical imperfections, 
the fOlhving is an example of the error introduced. &f the index has been adjusted 

'Iiat the transmitted signal records a t  2 feet, and the speed of operation is changed < the fathom scale, the transmitted signal will still record on the second division line, 
Will now be equivalent to 2 fathoms, thus introducing an error of 10 feet in the 

l'ecorded soundings. 
Q 

recorded soundings all in feet, or part in feet and part in fathoms, the instru- 
Po ?'. shall be adjusted with the instrument operating in feet, so that the recorded 
t h F n  of the transmitted signal (in feet) is correct. And no change shall be made in 

"zero adjustment," on the hinged door of thc cabinet. 

CouQte~clocl<wise. 

. quat, equals the depth of the bar below the surface of the water. 

Position of the transmitted signal may change. 

times when the different units are to be used are specified in 3112. 

" 

adlustment for soundings recorded in fathoms. 
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recorded 
When it is expected that soundings in both feet and fathoms will be th&9 

between bar checks the following procedure shall be followed: After the adjustJnen 
the bur been made with the instrument operating for soundings in feet, without movhg 

the speed should be changed to soundings in fathoms and a record made of th 
mitted signal. The difference between the latter and the former shall then beg$ 
tracted arithmetically, or graphically, from all soundings recorded in fathoms. $ 
amount shall be noted on the fathogram as "Subtract---..fms. from sOUnding9 
fathoms. " 

made st the fathom speed, so that the recorded position of the transmitted sig 
correct when scaled in fathoms. 

e trans' 

a9be When soundings in fathoms only are to be recorded, the originaladjustmentJnna~ is 

555. MOTOR SPEED 
its' 

The depth scales of all echo-sounding instruments are calibrated for a se1ectedVeloo this 
of sound in sea water. For instruments used by the Coast and Geodetic Surveyctrio 
calibration velocity is generally 820 iathoms per second. The speed of the e'" ,ad 
motor used to operate the instrumeDt i s  related to the selected calibration Vel0c1ty 
the depth scales of the instrument. For correct results this speed must remain c0D9t$ 
a t  the correct value. Any variation in motor speed will cause a proportional error i:bst 
registered soundings. In order to keep such an error at  a minimum it is essential 
the speed-governing or gpeed-indicating device be checked periodically. 

5551. verification of Tuning-Fork Frequency 

of 
by a tuning fork whose frequency is essentially constant. However, the frequenc:uld 
the tuning fork must be verified at  least once each year and if it has changed it sb 

. tw' 
be corrected. 

Method 1: This method is used by vessels operating within the range of the radio stat'on 
ulseO P! transmits calibration signals. The signals are transmitted at the exact rate of 20.5 short Pthe redlo 

second, the rate being accurately controlled. To verify the frequency of the tuning fork1 @: 

(a) Disconnect the output of the echo amplifier from the grid circuit of the type 885 gas :$grid 
tubes that flash the indicator neon tubes, and connect the output of the radio receiver toa step~P 
circuit. If the Output impedance of the radio receiver is low it may be necessary to Use be @ transformer between the radio receiver and the grid circuit of the type 885 tubes. There lnust io 
condenser (about 0.1 microfarad) in series with the lead going to the grids of the type Ss6 led 
prevent shorting their bias voltage to ground. In the case of the Dorsey Fathometer No* 31 the be 
going to  the indicator, numbered 26 on the terminal strip in the echo-amplifier cabinet, 

eter PJ;: 
disconnected from the terminal and connected to the output of the radio receiver. 

3 the depth-selector switch should be on position 1 and the starting-frequency switch on p 

(4 The radio calibration signals will produce flashes similar to  echoes on the 20-fathom. e@' 

stationary a t  some one point on the dial, but if it  is off frequency they will move around the bd  
counterclockwise direction if the frequency is low and in a clockwise direction if it  is high. If the "'~d~  
make more than one revolution around the dial in 2 minutes, the frequency of the fork should 
justed (see 6662). F&b6' 

Method d :  This method should be used to  verify the tuning-fork frequency of 8 DorSeYmBto~ i E  
meter No. 3, when beyond the range of the radio calibration signals. Tbe 
employed in such a way that a flash is produced once each seoond on the dial of the FathOaetef' .for% 
direction and speed at which these flashes move around the dial will be a measure of the tun''' 
frequency. 

0Ued 
The indicator motor speed of the Dorsey Fathometer Nos. 1 and 3 is 

It should be verified by one of the two following methods: 

signals are applied to the Fathometer so as to flash the 2O-fathom dial indicator neon tube, as foil;@ 

tubes1 

should 

(a) Run the Fathometer at least 15 minutes before calibration. For the Dorsey Fathorn ositioP 
Remove the type 59 oscillator tubes from the power supply. If 

the tuning fork is vibrating at the correct frequency (1025 cycles per second) the flashes 9 aP7n @ 

be 

A break-circuit chfono 
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5552. FrqUency Adjustment of the Tuning Fork 

d frequency of the tuning fork in the Dorsey Fathometers can be increased or 
If tests indicate that the tuning-fork frequency 

‘a too low, it should be increased by filing the vertical edges of the ends of the fork 
tlhe’* The fork must be removed before filing to prevent filings from getting on the 
Bad receiver magnet or on the driving-coil pole pieces. A fine file should be used. 

h 
the two vertical edges of each tbe ,  one can judge by eye when equal 

‘QOnQts have been taken off each edge. When filing the fork the first time, only a 
‘“l amount should be filed off before a second test, or until the effect that a given 
a‘oUt of filing On the frequency has been determined. I t  may be necessary to re- 
‘Ope and file, and replace and test the fork several times before it has the correct 
>q‘ency. When replacing the fork in its mounting, paper shims should be inserted 
etween the tines of the fork and the pole pieces of the pickup and driving magnets 

80 

by filing certain of its parts. 

“ to locate the fork properly relative to these poles pieces. 
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If the frequency of the fork is too high, it should be lowered by filing With 

The fork need not  be removed for 

Count the number of file strokes SO thet 

half-round file in the crotch of the fork. 
all the filings should be collected after the operation. 
crotch on each side of the centerline. 
amounts will be removed from each side. Repeat the filing operation until 
is properly tuned. 

File equal amounts froa 

5553. Verzfication and Adjustment of 312 Fathometer 

The motor speed of the 312 Fathometer is indicated by a reed tachomateroD:e 
5234). The tachometer shall be removed from the instrument and forwarded 
each year to the Washington Office for calibration. 

@ bration of the tachometer shall be verified at  least once each month by the foilo 
, g r d  

method and the result recorded in the Sounding Records. 
The transmitted signals’of the 312 Fathometer will record on the chron 

(see 673), when the latter is operated as for Radio Acoustic Ranging. The Fathornete’ If the 
d, q*’ 

should be run for a warm-up period of about 30 minutes before making a test. 

for @ 

Calibration of the Fathometer is for a velocity of sound of 820 fathoms per seCo’ 
signals per second should be transmitted at  fast speed; and if the calibration is 

e tr9” velocity of sound of 800 fathoms per second, exactly 4 signals per second should b2 Ffitk 
mitted. For the test the chronograph should be run at  least 1 minute, the 3l 
ometer being operated at  fast speed, with its speed continuously adjusted 
maximum vibration of the middle reed of the tachometer. 

If the tachometer is found to be in error, a reed other than the middle One is 
indicate the correct velocity. 
found which most nearly indicates the correct velocity and operate the Fatb revo- 
.on this basis until the tachometer can be corrected. Measure the speed of indetndiog 
lution with this reed vibrating at  maximum amplitude, and calculate the corresp ,tiog 
velocity of sound. Use this as the calibration velocity of the instrument in COrnp 
the correction factors (see 5613) for all soundings taken under these conditions. 

Where a chronograph is not available, the middle reed of the tachomeTutioog 
’be checked, with a fair degree of accuracy, by timing a certain number of rev is 
of the slow speed dial with a stop watch. It should be noted that the tachorna 
equally effective at  the slow and fast speeds of the Fathometer. The accuraoY 
stop watch should be verified by comparison with a chronometer of known rate’ 
Fathometer should be run for at  least a half-hour before testing the frequency ,netlG 
tachometer. The Fathometer should be operated at  slow speed using the auto disk* 
cutout SO that a signal will be transmitted every alternate revolution of the indax tb0 
The gain of the amplifier should be reduced so that the echo cannot be heard. For@e 
test the echo-listening device should be used to listen to the transmitted sign@1s. 204 
stop watch should be* started at  the beginning of some signal and, calling this zero’ si&aJ~ 
signals should be counted and the watch stopped at  the beginning of the 205$r0u&b‘ 

axifi@ 
for an instrument calibrated for a velocity of sound of 820 fathoms per second. 
out this test the middle reed of the tachometer must be kept vibrating at wfivh amplitude. If the frequency of the middle reed is correct, the corrected stop 
reading should be exac,tly 10 minutes. 

the dl’ 
During the field season 

to give 

f lay 

o&Or 
OD0 Test other -reeds at  maximum amplitude until 

of the 
The 

of 4” 
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gJld ” 
per second. Instruments of this type are now used simultraneously With) ,fork 
supplement, the Dorsey Fathometer No. 3. Since the motor of the latter is tfl:;r tbe 
controlled, its speed is quite accurate and may be used 8s a speed standard 

by comparison with the Dorsey No. 3. The two instruments should be warned ‘$d 
a half-hour, after which the gain of the echo amplifier of the Veslekari is increas of tbs 
the transmitted signal of the Dorsey Fathometer records on the fathograrn ogiti@’ 
Veslekari. The Dorsey Fathometer should have the depth-selector switch On 

Because the Dorsey Fathometer is transmitting more than four signals ‘Or i t d  
stylus cycle of the Veslekari there will always be one and sometimes two tran9:c~fi 
signals of the Dorsey Fathometer recorded for each of these cycles. 
at  any position relative to the index of the Veslekari. 

If the speeds of the two motors were synchronized for the same velocity Of @ Oeds 
the Dorsey signals would record in a vertical line on the fathogram. If the two ” ed 
differ, the successive signals of the Dorsey instrument are recorded @ t ed$i0d 
or retarded positions for each cycle of the Veslekari, resulting in a line of ”‘ 
signals that crosses the fathogram at an angle. be 

an ad1 
For perfect instrumental speed, the governor of the Veslekari motor 

adjusted so that the Dorsey signals record in a nearly vertical line, but such ent 
ment is almost impossible to effect and to maintain. The governor adjust@ 

ed$ 
of the fathogram to the last recorded signal (of the same cycle) at  the other 
more than 3% minutes, Nitb 

Where the Veslekari is on a ship where there is no Dorsey Fathometor No’ tiof14 
which to compare its motor speed, the speed may be verified by timing the rove': the 
of the phasing-switch brush. For a velocity of sound of 820 fathoms per set@ upOp ’ t 
phasing-switch brush of the Veslekari should rotate at  0.3417 r.p.s. The d@f 
should be run for a half-hour before starting the test. dOOr cabinet should be open while the test is made. A reference mark should be @b@@g 
noted on the stationary part of the phasing switch, which is directly behind the tbO 
dial when the front of the cabinet is closed. As the phasing-switch brush pass tbO 
reference point, start a stop watch and count 41 revolutions of the brush, and st$urOd 
stop watch at  the end of the 41st revolution, 
time should be 120 seconds. 

Veslekari instrument. c o d  
The Veslekari may be adjusted to a calibration velocity of 820 fathoms P 05 g0 for 

ed 

3 and the starting-frequency switch on position 4. 0& ob 

O l d !  

These 

shod?& 

be considered satisfactory if the time from the first recorded Dorsey signal a t OD0 

rocor The front of the 

If the motor speed is correct the 

556. SEPARATION EFFECT 
For an echo-sounding instrument with separate transmitting and receiuiog 

the physical separation of the units m.ust be taken into account. This seParat’ 
two effects on echo soundings, (a) to make the registered depth greater than 
depth, and ( b )  to make the transmitted signal register later than it would if there 

and QB in fig. 113) due to the separation of the acoustic units. This introd e bo’ 
error that increases with an increase in the distance between the acoustic 
decreases with an increase in the depth of water. It is appreciable only epBrat~o 
atively shoal water. Where the depth of water is five times the distance of 
between acouotic units, the true depth is 99.5 percent of the registered depth. 

’>or0 

no separation between units, unless the units are electrically coupled. ebb (PC &$I The first of these two effects is caused by the inclination of the sound p @$ 

, I d 9  fl 
ID copp. p 
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gith 
the index must not be used as a reference for making compensatory adjustme'" of 

diag5 "' the instrument in operation. The method described in 5543 for adjusting th 
the 312 Fathometer avoids any effect of the separation error, since the re* 
made while the index disk is turned manually and very slowly. tb0 
adjustments, the introduction of an error due to soparation must be avoide it be 
Veslekari, the 312 Fathometer, and in the Dorsey Fathometer No. 3 should these 
adjusted using the sonic system only. 
instruments, see 5544, 5543, and 5542. arbto 

fled 0&9 acoustic units so close together that the separation is negligible, the depth 
below the units is recorded on the fathogram by the difference in the recorded Pos1* blS 
of the transmitted signal and received echo. 
separation between the acoustic units, because the transmitted signal will be reed this 
too late by ono-half the distance bctween tho units in terms of the depth scale, " 
fact must be taken into consideration in scaling the fathograms. 

e $de% 

I n  making d in 

For the propor methods of adjusting 

In using a graphic-recording instrument that utilizes a transceiver, or 

roc1& d This is not so if there is an 

td 
instr"stjc 

acoo 
The bar check is a method whereby the accuracy of an echo-sounding 

may be verified. acc~f'  
units to serve as a reflector, thus forming a nearly perfect artificial bottom at tbo 

BY uslog j t j  t yel0C 
ately known depth, with which the registered depth can be compared. 
bar check, the index of an echo-sounding instrument operated at a constan e@' 
may be adjusted to compensate for the draft of the acoustic units and the instrurnfor fl 
error without knowledge of their amounts (5545) ; and under certain conditions' 

the time of the bar check the index should be adjusted for settlement an 

jted ioh: 
appreciable and known (see 553). 

depth of about 15 fathoms. With difficulty bar checks Can sometimes bc mcbopPf 
greater depths but the results are likely to be unreliable. I n  a moderate Or, &uy,bo 
sea the maximum bar-check depth may be as little as 2 fathoms, owing prinCIP uoltsn 
the difficulty of keeping the bar horizontal, and vertically below the *coustlC echo' 
The minimum bar depth a t  which echoes can be recorded usually depends on the 
sounding apparatus. 

Because bar checks are most advantageously used in connection with shoal 
the method is principally used to verify and adjust shoal-water semiportable 
sounding instruments, such as the 808 Fathometer and the Hughes MS 12 D. 

557. BAR CHECK 

It consists of lowering a flat bar llorizontally below the 

velocity of sound differing from the calibration velocity of the instrument ( 5617). j! 

Reliable bar checks can be made only in a calm sea and are usually lim ,de 

&0' 

5571. Bar Check Apparatus JiDo9 

in shch a way that it is held in a horizontal position when submerged. The 2'11' 
be of metal or wood, metal being preferrcd because it will sink of its own weigh t* bO 
bar must be rigid enough so that it does not sag and it must be rigged SO tha 
suspended in a horizontal position, at  a known depth, and be kept vertically u"d$tlf 
acoustic units. The bar should be as long and wide and heavy as can be C0nev$0051ic 

handled, for then there will be less difficulty in keeping it in position below th ,boC'' 
units. For the 808 Fathometer the minimum size of bar which should be use er~o' 

The bar, used as a reflecting surface, is a rectangle supported at  its en ds fl1J 

t It C 5 b 0  

d is 
3 feet long, 9 inches wide, and 5 inch thick if iron and 34 inch thick if wood. If aufl 
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‘le’ are bored in the bar to permit the free flow of water, it can be kept in position 
h 
“‘ye easily. At each end of the bar there should be a wire or rope yoke in the form of 

The supporting lines should 
@ \N1re or have wire cores, like the material used for leadlines. The lines should be 

‘OarkOd and their lengths should be verified in accordance with the instructions for the 
loadlihe (4621 and 4622). Measurements are made from the upper surface of the bar. 

If the bar is made of wood, a type suitable for submersion, such as cypress, should 
be used, The bar should be lrept well painted, for waterlogged wood is inefficient as a 

Narrow metal strips should be fastened to the underside of the bar to provent 
“%in,. 
t TWO weights should be attached, one at  each end, to the underside of the board 

g under favorable conditions satisfactory reflections should be received from a bar 
dmcheS Wide to a depth of 15 fathoms; but under unfavorable conditions and a t  greater 

’ If any difficulty is experienced 
echoes from a bar in calm waters, construct a bar which incorporates a thin 

lay@ Of air near its upper surface. A cellular rubber sheeting will serve for this purpose. 

5572. Frequency of Bar Checks 

Ul?erted V to whi& the supporting lines are attached. 

keep the supporting lines taut. 

epths, more distinct echoes will be rcceived from a wider bar. 
is an almost perfect reflector of sound in water. 

echo sounding with an 808 Fathometer, or similar instrument, used in L launch, 
shall be made under the following conditions, and at  thc following frequencies: 

d (a) In protected waters where there is every reason to believe the results of the bar checks are 
bePendabk, and the range of depths sounded can be covered by the bar-check range, the index shall 

e adjusted by bar check, and bar checks shall be made on the descent and ascent of the bar a t  each 
the range of depths sounded-three times daily, at the beginning and end of t h e  

b (‘1 Where most of the depths sounded are beyond the rang0 Of the bar check, other conditions ?e in (a) ,  the index shall be adjusted by bar check, and one check shall be made at the deepest 
at Which a dependable result can be obtained, and one check shall be made a t  a depth in the 

Overlap between phases-three times a day as in (a). 
b (‘1 14 exposed waters, where dependable results cannot be obtained, the index shall be adjusted 
0; bar check (preferably in a protected place)-at least twice, and preferably three times daily-but 

be (9 adjusting the index (see 6546), before the start of the day’s hydrography the index shall’ 
b adJusted to make the bar depth record correctly, but after any sounding the bar depth reading must 

of (e) Where the results of bar checks are to be used for Correcting Or Compensating for the velocity 
(see 6617), not less than three complete bar checks per day shall be made, the bar check must 

at least 75 percent of the range of depths sounded, and the bar checks must be most accurate 
'over 
a‘d dependable (See also 6616a and 6617.) 

10 f 

work and once near the middle of the day. 

Other bar checks shall be made. 

recorded on the fathogram before the index is adjusted as well as after it has been adjusted. 

56. CORRECTIONS TO ECHO SOUNDINGS 

addition to  tho corrections that are so nearly constant that they can be made by 
“‘@ 1n8trumcntal adjustment, there are othcr corrections that vary with time, place, 2 to  such an extent that instrunientd compcnsation is usudly not attempted. 

ese latter are the correction for tide, thc correction for 8 velocity of sound differing 
‘‘Ob tho calibration velocity of the instrument, and the correction for Slope. 
th ’he correction for t,ide is usually applied algebraically-it is always SO made in 

and Geodetic Survey to sounding recorded in the Sounding Record, regard- 
In river- 

@ 

Of tho method of obtaining the soundings, and in accordance with 822. 
%‘ 
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urjo&’ and harbor surveys, where the plane of reference is known in advance and COG 
tion can be maintained between the tide station and the survey party, the nece$! 
corrections are sometimes applied as the soundings are taken, and there Rere lied 
sounding instruments with an adjustment by which the correction for tide can is 
instrumentally (see 529). Also, in the case of soundings recorded graphicallp’ 
possible to apply the correction for tide mechanically or graphically at the We 
depths are scaled (see 562). 

(3 The correction for the variation in the velocity of sound is, perhaps, th 
important correction to be made to echo soundings. In  the Coast and Geodetic sufl@Jl Sster 
all echo-sounding instruments are operated at an instrument speed selected to reg 

uelocitY soundings based on a chosen velocity of sound, known as the calibration t@ Whenever the actual mean velocity of sound from surface to bottom differs fro>&& 
calibration velocity, a correction must be applied. This correction is usually .t c8a 
by algebraic addition to soundings recorded in the Sounding Record, although of 
be made by instrumental adjustment (see 5616), assuming an advance knoW1edg! 
the velocity of sound, or it  can be made mechanically or graphically to SO‘”tioos d d  

scaled from fathograms (see 562). The methods of deriving and applying correC 
for the velocity of sound are described in 561. 

Echo soundings registered on some echo-sounding instruments do not rep cop 
vertical depths in areas of irregular su brnarinc relief and, theoretically, s o - d e d  
rections’for slope should be made. I t  is not practical to do this with any great 563,)  
sion in most cases, and there are other reasons why it should not be done. (See 

561. VELOCITY CORRECTIONS 

resoat 

Of 
In echo sounding the sound wave passes vertically downward through a (;or:e;th 

water in which the velocity of sound differs at  different depths, and since the tr‘ be 

known for each sounding. The velocity of sound in sea water depends on the ttef”tCbo 
salinity, and pressure (see section 63), and the velocity of sound used In 

sounding is usually calculated from these physical characteristics. e P  
The hydrostatic pressure increases in direct proportion to depth, and the tern’ 

roPOfi 
flu5 

ture and salinity of the water usually decrease with depth, but not necessarily p 
tionally. The result is that the velocity of sound, by which an echo sounding VelOcitJl 

depth” be computed, is seldom uniform from surface to bottom. Hence, the average 
of sound from surface to bottom will be different for echo soundings of different the &%vOp 
Furthermore, due to regional and seasonal changes in the physical conditions, @d 
age velocity from surface to bottom for the same depth changes from place to Place 
from time to time, 

time required for an acoustic wave to travel between two points, and the Thoso 
between them, echo-sounding instruments may be calibrated in units of depth. at 
used by the Coast and Geodetic Survey are driven by motors operated at 555). 
speed for a pre-selected velocity of sound, usually 820 fathoms per second (see.tyof 
This is known as the calibration velocity. Therefore, whenever the average velOc~d$& 
sound from surface to bottom differs from the calibration velocity of the echOaou bees 0’ 
instrument, the registered depths must be corrected to what they would have fib0 
an instrument calibrated for this actual velocity. This corroction is known ” 
velocity correction. 

is a product of velocity and time, the average velocity from surface to bottom mufit 

t r d  Because of the theoretically linear relationship which exists between the disttZacO 
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ayer and these are summed numerically or graphically t o  find the corrections for various 
accordance with 5613 or 5615. 

(4) The velocity corrections for the various depths are then plotted and a graph is drawn 
them, from which the correction for any echo sounding may be scaled, as described in 5614’ 

5612. Alean Regional Temperature and Salinity Curves 
,itb as 

ea& great an accuracy as practicable, but it is not considered practicable to Utlbze 
serial temperature and each separate temperature and salinity obse~atio’repp 
vidually for this purpose. For practical reasons it is necessary to derive curves tifle 
senting tho average conditions throughout a given area and through a given 

be period which will be close enough to reality so that no appreciable errors of 
introduccd from the use of the averages. At  all events the over-all rCqUire:$:itf 
accuracy of depth measurements, as prcscribed in 3111, must be met, and the error corrections should be determined with a,n accuracy SO that no sounding will be in 

salinibf from this correction alone by more than one-half percent. 
tb0 measurements must be made in the project area. The frequency with Which- *d 

observations should be made is considered in 6322 and 6332. PrcvioudY acqu” tiflee 
knowledge of the temperature and Salinity conditions in nearby areas crqn so?’ 
be used as a guide as to the probable number of observations required. Lackog d 
previous knowledge of conditions in the area to be Surveyed, t8he observations ’ 
be made With a greater frcquency at  the beginning of the project, and these Wil l .  of 

the project. 
observa’ 

of tits 
tions for the season have been plotted on Form B-1528-5, a study must be mado of 
results to see how these may be grouped by areas and by time periods, for the PurpoS0p 
preparing mean curves. 
adopted will vary from an entire season’s work to the area surveyed in one trip of 
working ground. Past experience has shown that all of the serial temperatures 
entire WJW~’S hydrography on the Pacific Coast, in Alaska, or in the Hawaiian that 
may often be combined for the average curves for an entire season. It is a matErcoo- 
must be left to the hydrographer’s judgment, but it must be borne in mind that, used to 
Ply with the requirements, the avcrage temperature from surface to bottom 
correct any sounding must be within 2 O  of the actual mean temperature (see 6313)5in6d 

A study of the serial temperatures may disclose that all of them can be tiflo, into one mean curve, except those taken in one locality or during one period Of 
the rest When this is SO, thesc latter serial temperatures should be segregated from localitJ’ 

and used for the derivation of supplemental mean curves for that particular 
or time period. 

It is desirable to correct registered soundings for the error due to  velocity. 

(See 6313.) 
TO fulfill these requirements a sufficient number of temperature a d  

h d l  
disClose 

the necessary frequency and distribution of observations needed for tho der 

After all of the serial temperatures and separate temperature and salinity 

Inn7 
on tile 

ls~ands 

The area and the time period for which a mean curv! 
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TABLE 20.-Example of velocity correction computations 
[Computcd $01 echo soundings taken with an instrument calibrated for a yclooity of sound of 820 fathoms per second> / 

(A) ’ 

Mid-depth 
of each 

layer 

Fathoms 
4. 5 
9. 5 

14. 5 
10. 5 
24. 5 
29. 5 
34. 5 
39. 5 
44. 5 
49. 5 
54. 5 
59. 5 
64. 5 
69. 5 
74. 5 
79. 5 
84. 5 
89. 5 
94. 5 
98. 5 

110 
130 
150 
170 
190 
300 
500 
700 
900 

1,100 
1,300 

Tem- 
pera- 
ture 

C. 
19. 6 
19. 2 
18. 5 
15. 9 
10. 7 
7. 7 
8. 4 
9. 3 

10. 4 
11. 5 
12. 1 
12. 4 
12. 5 
12. 5 
12. 4 
12. 3 
12. 1 
11. 9 
11. 7 
11. 4 
11. 1 
9. 5 
8. 5 
7. 8 
6. 7 
5. 4 
4. 2 
3. 9 
3. 7 
3. 5 
3. 3 

Salinity 

o/oO 
33. 6 
33. 7 
33. 8 
33. 9 
34. 0 
34. 1 
34. 3 
34. 4 
34. 6 
34. 7 
34. 9 
35. 0 
35. 2 
35. 4 
35. 6 
35. 7 
35. 8 
35. 9 
36. 0 
36. 1 
36. 1 
36. 2 
36. 2 
36. 1 
36. 0 
34. 5 
35. 2 
35. 1 
35. 1 
35. 0 
35. 0 

(D) 

Layer 
velocity 

Meters 

second 
1, 516. 1 
I, 515. 4 
1, 513. 7 
1, 506. 0 
1, 488. 8 
1,477. 9 
1, 481. 0 
1, 484. 7 
1, 488. 9 
1, 493. 4 
1, 495. 9 
1, 497. 1 
1, 497. 8 
1, 498. 2 
1, 498. 3 
1, 498. 3 
1, 498. 0 
1,497. 6 
1, 497. 1 
1, 496. 3 
1, 495. 6 
1, 490. 5 
1,487. 4 
1, 485. 2 
1, 481. 8 
1, 478. 3 
1, 480. 9 
1,486. a 
1, 491. E 
1, 497. 4 
I, 503. 2 

per 

Mean 
velocity 

Meters 
Per 

second 

Correc- 
tion 

factor 

to.  0110 
t o .  0105 
t 0.0094 
to .  0043 
-0.0072 
-0.0145 
-0.0124 
-0.0099 
-0.0071 
-0. 0041 
-0.0025 
-0.0017 
-0.0012 
-0.0009 
-0.0009 
-0.0009 
-0.0011 
-0. 0013 
-0. 0017 
-0. 0022 
-0. 0025 
-0. 0061 
-0. 0081 
-0. 009f 
-0.OllE 
-0. 014: 
-0.012: 
-0. 0091 
-0. 0052 
-0. OOlE 
$0. 0024 

(G) 

Layer 
arrection 

Fathoms 
+O. 0550 
t o .  0525 
fO. 0470 
t o .  0215 

-0.0725 
-0.0360 

-0.0620 
- 0: 0495 
-0.0355 
-0.0205 
-0.0125 
-0.0085 
-0.0060 
-0.0045 
-0.0045 
-0.0045 
-0.0055 
-0.0065 
-0.0085 
-0. 006f 
-0. 054( 
-0. 122( 
-0. 162( 
-0. 192( 
-0. 238( 
-2. 840( 
-2. 500( 
-1. 820( - 1. 040( 
-0. 300( 
+O. 480( 

___= 

03 

Depth 
correc- 

tion 

- 
/ 

Fathoms 
-to. 06 -to. 11 
$0.15 
3.0. 18 
-to. 14 +o. 07 
3.0.01 
-0.04 
-0.08 
-0.10 
-0.11 
-0.12 
-0.13 
-0.13 
-0.14 
-0.14 
-0.15 
-0.15 
-0.16 
-0. 17  
-0. 22 
-0. 34 
-0.51 
-0. 7c 
-0. 94 
-3.7E 
-6. 2E 
-8. 1c 

-9. 44 
-8. 9f 

-9. 1 4  

The procedure, referring to table 20, is as follows: 
i9 

(1) The transmitted sound originates at, and the echo returns to, an acoustic unit Whicil,is 

depth’: distance below the surface of the water. For survey ships, for velocity correction purposesr 
be assumed to be 2 fathoms. 

oms of depth into 5-fathom layers and enter in column (A)  the mid-depth of each 5 - f a t h 0 ~ ~ ~ ~ ~ i ~ ~ r l Y  
example, the first entry would be 4.5 fathoms, or the mid-depth betwoen 2 and 7 fathoms, a fathop@’ 
the entries for the following 5-fathom layers are 9.5, 14.5 fathoms, etc. the 
enter the mid-depth for each 20-fathom layer for depths from 100 to 200 fathoms, disregarding deepef 
depth of the acoustic unit below the surface, as for example, 110, 130 fathoms, ctc. eta, 
than 200 fathoms enter the mid-depth for each 2OO-fathom layer, as for example, 300, 500 fathorn ;$tic 

An adjustment is required a t  the deepest 5-fathom layer, below which the.depth of th e BOO 92 to 

97 fathoms. This leaves a layer of only 3 fathoms whose mid-depth is 98.5. This adjustment 10 
be carried over into column (G) .  

of each hyer in column (A)  and enter them in columns (B) and (0 respectively. 

(For auxiliary vessels and launches the acoustic units are a t  other which should be used.) Starting then at 2 fathoms below the surface, divide the first hun dred f”’ Fof 

Starting with loo 

For depths 

unit is ignored. Note that the 5-fathom layer whose mid-depth is 94.5 fathoms extends from ll3t 

mid-depth (See (6) below.) 
(2) Obtain the temperature and salinity values from the mean regional curves for the 
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* (3) Derive the velocity for each temperature and salinity and depth, and enter the velocities 
?2lurnn (I)). The velocities may be found from the tables in 9611, or from the diagrams in 9612. 

It is to be noted that  
each velocity of sound entered in column (0) is strictly applicable t o  the one depth entered in column 

On the same horiz;ontal line, but for the purpose of deriving velocity corrections it is considered 

(4) Colulnn (E) is ordinarily not needed for echo sounding. If mean velocities from surface t o  
bottom are needed in R.A.R., tho values in column (D) should be progressively meaiied and entered 
In Coluun ( E ) ,  each entry bein@; the mean of all the velocities down to and including that  depth. In 
t;QPuting these means one should be carefuI of the transition from layers Of one thickness to  layers 

(81, (5) Derive the factors (see 561) corresponding to  each layer velocity and enter them in column 
Table 35 in 9613 gives tllese correction factors for velocities of sound to  the nearest meter 

Most instruments used by the Coast 
and Geodetic Survey are operated for a velocity of 820 fathoms per second and the correction factors 2: be taken from the table by interpolation. For the rare case of an instrument operatcd for any 

(’) h’Iultiply each correction factor in column ( F )  by the layer thickness in fathoms, to  derive the  
CoPPection applicable to  this depth interval. Enter these products in column ( G ) .  Each of these 
entries is the correctioll in fathoms for that  layer, whose mid-depth is in column (A).  Be sure to  allow 

for the layer whose mid-deptli is 98.5 fathoms-this layer, in the example, is only 3 fathoms - ’ and the proper entry in column (G)  is the factor multiplied by three--not by five, as for pre- 
ceding values. 

* ‘7) Add the values in column (G) algebraically, entering the progressive sums with their correct 
61g‘s In column (13) ; thus each entry in column (H) is the sum of all the values in column (G) on a line 

(*) For convenience enter in column ( I )  the depth of the bottom of each layer. This is the depth 
*Or Yhich the entry on the same horizontal line in column (la is thacorrection; any entry in column ‘‘ the total correction to  be applied t o  a sounding whose depth is equal t o  the corresponding entry *‘ coluhn (1). 

(‘1 The values in column (H) are then plotted with reference to  the  depths in ( I )  t o  which they 
and a smooth curve is drawn through them, from which curve the correction t o  apply t o  any 

8oUbding may be scaled (see 5614). 

e method of deriving the velocities from the tables is described in 6343. 

throughout the layer of which the value in column (A)  is the mid-depth. 

‘nother thickness. 

for instruments operating at three calibration velocities. 

@’ velocity of sound tile correction factors may be derived from the formula in 661. 

and above it. 

5614. Velocity ~ o r r e C t h  CUrVeS 

After the values in columns (H) and (I) in table 20 have been derived and 
Ontered, they shall be utilized to plot o. graph of the velocity corrections. A commercial 

, Y P h  Paper wit11 overprilit (Form &loo-@ shall be used for this purpose. This paper 
2o divisions to  the inch. The overprint provides a vertical depth scale in fathoms !” to  200 fat11oms. mion used for such deptlis the horizontal scale shall be 1 

‘Ch equals 0.4 fathom. For deep-water correction curves, both scales shall be multi- 
zero to tl1c printed vertical scale, and making the horizontal scale 

Where a deep-water correction curve is included on the same 
wit11 a shoal-water correction curve, the deep-water curvo shall be properly 

‘dentifid. The form, wit11 velocity correction curves drawn and a tabulation of the 
Corrections is reproduced at  reduced scale in figure 114. 
be b e r e  velocity corrections in feet are required, the units on Form J-100-5 should 

After the values in column (N> have been plotted, sniooth curves should be drawn 
‘ugh them and a tabulation of velocity corrections should be made for use in making 

thr 
e‘tr1es in the Sounding Records (see 8223). The tabulation should provide a depth 
%@ through which each correction is applicable. Tho units of the corrections depend ’‘ For example, if corrections 

10, adding 
“lCh equals 4 fathoms. 

Changed to feet and scales used as “for depths to 200 fathoms.” 

depths and character of the area (see 821 and table 29). 
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0.05 
are required in units of tenths of fathoms, the change points should be taken at for 
fathom points, and these change points should be marked on the curve; thuS’8t E 
example, if the correction $0.5 fathom is found to be on the correction Curved the 
depth of 75 fathoms, the correction +0.6 fathom at a depth of 85 fathoms, an 

FIWRE 114.-curve Of velocity corroctions t o  echo soundings. 

that tbO 

in tbo 

correction $0.7 fathom a t  a drpth of 95 fathoms, the tabulation shouldshow 
correction $0.6 fathom is applicable for all depths from 80 to 90 fathoms. 

These velocity correction curves should be included in tho velocity Of Soun 
(see 8332), but a tabulation of the velocity of sound corrections shall be included 
Descriptive Report for each hydrographic survey (see 8434). 
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PRESSURE CORRECTIONS IN FATHOM: 

.- . . . . 
+.@I +.@I +A0 +20 0 -20 -.40 -,@I -.EO -1.00 -1.20 -1.40 -1.60 20Falhom Layers 

+8.W +6.00 +4.W 0 -2.00 -4.00 -6.00 -8.00 -1o.m -12.00 -14.00 -16.00 200FarhornLnY~rs 
T E M P E R A T U R E  A N 0  S A L I N I T Y  C O R R E C T I O N S  IN  F A T H O M S  llf 

the 
100-5 iphod, 

from this intersection to  the index line of the graph, and transfer this distance to  Form J: , 
proper direction at the depth of the bottom of the first layer (i. e., just as in the *lumerlc’Llle polD 
in which the layer correction must be plotted at the depth shown in column ( I ) ) .  This gives fatho’ 
on the desired velocity correction curve. As explained under “Scales of the  Graphs,” where 5-00.5* 
layer-intervals are used, the intercept must be divided by four prior to  plotting on Forrn 

corre~t l~as  
FIQURE 116.-Velocity COrrcCtiOn graph. (Reproduced at rcduced scale. Do not us0 this flgurc for deriving velocity 

the graphic method.) 

J-1 
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I ted 
All echo-sounding instruments used by the Coast and Geodetic Survcy a r e , o ~ ~ ~ o c -  

is 

561 6. Instrumental Adjustment to Account for Velocity 

and tbe 
at  a constant motor speed for a selected velocity of sound known as the calibratlo 
ity, and subsequent corrections are made for any difference between the actual 
calibration velocity. 
age value of the velocity of sound is known in advance. Assuming that the 
properly set to  account for the draft of the acoustic units (see 554), it is possible 
late the speed of the registering device, or to change the position of the index 

method may be used in limited degree on some of the echo-sounding instruments &r0 
by this Bureau (see a below). Instruments have been designed and used to 

make the registered depths correct for the assumed velocity conditions (sec 52$0& 

befoa 
Adjustments of this nature are of restricted application. A rather detailed 

depth’ 
edge of the average velocities of sound in the project area must be available 
actual sounding. Furthermore, since the velocity of sound usually varies With 
the use of such an adjustment is only applicable throughout a limited range, and Pro‘ 

Of 
a. Compensation by index setting.-For shoal-water sounding, where the rang:b is 

depths sounded is limited and reliable results are obtained by bar check (see 557)7 
dePtb possible to adjust the index to compensate for the error of soundings a t  a mean error 

of the range. This method of compensation may be used where no residua1 
ercent ’ greater than 0.25 foot in depths less than 10 fathoms or greater than one-half P For depths greater than 10 fathoms is left a t  either limit of the range of dept~solose$ 

example, if the range of depths sounded is from 10 to 60 feet, and the bar check or* 
an error of 0.5 foot at  10 feet and 1.0-foot error at 60 feet and other errors arO proyoot 
tional or nearly so, the index can be adjusted to compensate for tlie error of 0*75 

of 10 and 60 feet. ,od bar check discloses errors of 0.1 and 0.25 fathom a t  10 and 20 fathoms respectively’ for 
other errors are proportional or nearly so, the index can be adjusted to comPensale 

fat W’ 
an error of 0.15 fathom at 13>{ fathoms, leaving residual errors of 0.05 and 0.l io 
of opposite signs at the limiting depths of 10 and 20 fathoms respectively, the 
each case being one-half percent of the depth. 

It is possible to allow for the velocity instrumentally ifa the 

to regu’ 
on the 

used 
The latter scale, so that the registered depths need no further correction for velocity. 

provided with a simple means of altering the speed of rotation of the driving motor 

supposes a knowledge of the depths to be measured. 

a t  35 feet, leaving residual errors of 0.25 foot of opposite signs at  the limitingnnd dePtbs tb0 
Or, if the range of depths sounded is from 10 to 20 fathoms’ 

561 7. Velocity Corrections by  Bar Check 
COT For sounding in shoal water, the bar check (see 557) can be used to derive erljf 

rections applicable to the various depths. With thc index of the instrument prop 
adjusted (see 5545), the results of accuratebar checksmay beuscd toplot correction 
for use in correcting the rcgistered depths. Only bar checks taken under thc most 
able conditions arc considercd sufficiently accurate for this purpose. When used at 
this purpose, the mean differences between tho bar depths and the registered dep~beSO 
each depth shall be used as a correction to apply to all soundings of that depth. ~ b 0  
differences rcsulthg from the bar check should be plotted as a correction cufle;hecp 
hydrographer must use his judgment as to whether the results of a number of bar the 
should be averaged to be applied over a considerable period of time, or whothe* t result of the bar check a t  the beginning of the pkriod should be averaged With tWt’ 
the end of the period for application to tho soundings talien between bar chcclcs’ 

c0fle3 

th5 
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563. ERRORS CAUSED BY BOTTOM SLOPE 
soxlic 

The transmitting and receiving units of echo-sounding instruments using 
ersofl' frequencies are generally nondirectional (see 5152A), and those which utilize SUP ,nBtes 

ediofl frequencies are usually made more or less directional. When a sound impulse em 
from a sonic transmitting unit, the sound is propagated in all directions in the 

0 ther and the first echo that is registered on the indicator of the echo-sounding 
will have traveled to the bottom and back by the shortest possible route--in 
words, it will have been reflected from the bottom surface nearest to  the vessel 

the shoalest registered echo sounding, theoretically, will not have been reflecte, 
vertically below the vessel, but from some point on the slope which is some little dl 

away horizontally. 
ecdi$f 

ctlce, complex problem because of the wide range of conditions encountered in actual P:txltB1; 
such an error depends on (a) the slope of the bottom with respect to  the horlz teri~tl'~ ( b )  the depth of the water; ( c )  the shape of the bottom; (d) the rcflccting charac ittiag 
of the bottom; (e) the dimension of the cone of sound transmitted if the transmtraas. 
unit is directive; cf, the frequency of sound transmitted; (.q) the intensity of tbe 
mitted signal; and (h) the sensitivity adjustment of the instrument. 

the true 
c t i o ~  depth a t  the place of sounding can be theoretically determined by applying a co~~l l ioh ,  

to an echo depth obtained on a sonic instrument in one of a number of ways all 0 
however, employ the basic relation 

offers a normal reflecting surface. Where the sea bottom below the vessel is SlOpiDg' 

stance 

Echo-sounding errors caused by the slope of the sea bottom present an exc 

W h r e  the slope that the bottom makes with the horizontal is known, 

tl10 
in which h is the vertical depth under the vessel, e is the echo depth registered OD the 
echo-sounding instrument, and e is the angular slope the bottom makes wi th 
horizon tal. 

s i d e  The determination of the angular Slopc of tho bottom is by no means mdiagg, 
matter. line and particularly the profile so distinctly shown on a fathogram, that it is not a tri:rola 
profile, or section. It is actually a composite profile made up of echoes reflCcta the 
many Points of the bottom, some to one side and some allcad or astern, Withi$gel 

effective cone through which the sound from the oscillator is radiated as the ed 
moves Over the water surface. The diameter of the area on the sea bottom, 
by this cone, depends on the angular spread of the transmitted sound and the vesgd 
the water. 
over a flat horizontal bottom is given by 

It is sometimes difficult to realize when examining a line of echo so 

coves of 

deP th 
The width of the band effectively sounded along the track of tho 

w=2d. tan e 
,ad e in which w is the diamcter of the cone a t  the sea bottom, d is the depth of Water, tioP 

is the angle between the edge of the cone and the vcrtical. This is on the assum!&e' 
that echoes are received from all points of the area within the cone, probablY an 

requ" 
quent occurrence as only a fraction of the reflected energy is received. 

To make accurate corrections for the slope of tbe bottom would, therefore, fairly 
detailed knowledge of the submarine topography. For many types of bottofl, 
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Another consideration to bear in mind is that echo-sounding instruments arie also 
used increasingly for navigation, and if the navigator uses a sonic instrument 

,*din& will read uncorrected depths. If from a survey vessel at  a given point an echo S d, is obtained with an error due to  bottom slope, and this uncorrected depth is 
it will represent the depth which the navigator will obtain On his instrument at  th aeoe9- 
point. the sary for the navigator to  reverse the correction process or to apply corrections to 
echo soundings he obtains before he could utilize the charts. 

Because of the complexity of the problem and the difficulty of applying slope ,de 
rections rationally, especially in irregular bottom, slope corrections should not be @ 

by field parties except ds specifically directed in the project instructions. 
In  areas of irregular bottom and steep slopes, the, reflected echo is often regfi erBd 

on the echo-sounding instrument indistinctly, or as a multitude of depths scatt c- 
along the scale, one of which may be the true depth. On a visual instrument the 
tion of this true depth is virtually impossible, due to its confused character an 
fact that the observer has no time for analysis. On the fat11ogram of a graphic-recor$! 
instrument, however, the characteristics of such soundings appear more clcar1Yr 
there is a permanent record of them from whicli a deliberate study may sUcce$,$ 
selecting the true vertical depth, or one near it, At any rate the evidence of whaflorc 
registered on the instrument is permanently recorded so that the results can 
properly evaluated than is possible from a series of depths recorded in a Sounding 

a@ 
Record. 

In connection with bottom slopes, caution is necessary in examining fathop is 
of grqphic-recording instruments. Because of the exaggerated vertical scale One 

apt to be startled by the steep slopes depicted and to think of them as represent$; 
of the actual submarine relief. &e fathograms to bave the vertical scale increased many times with rcfcrence to tl1e 
horizontal scale. For the fathogram of an 808 Fathometer the vertical scale along at 
arc is about 45 times the horizontal scale for a record made from a vessel tra veliog, 
7 knots, and about 65 times for a vessel traveling a t  10 ICnotg. From these rel@tion$$ 
the relation of the vertical scale to the horizontal for other vessel speeds can b? 
puted. 

e sa@ 

If such soundings should be corrected for errors due to slope, it would be 

cor* 

- tered 

This is far from true since it is customarY On 

57. ECHO-SOUNDING INSTRUMENT OPERATION 
flake 

Although the fathometer attendant is not expected to be able to repair gitb 
mechanical adjustments to an echo-sounding instrument, lie should be fami1'Yort& 
the principles of operation of the instrument he is using; and hc should follow. 
precautions in operating the instrumcht and in reading the registered depths In 

that the recorded values may most accurately represent the true depths. 
The various prccautions to be observed in operation and in reading the r 

depths are described in chapter 3 and in this chapter, but they are summarized 
for convenience, and unless otherwise noted apply to all echo-sounding inst1"Iflen 
described in this Manual. 

strays or cause oscillation of the amplifier, and it should be maintained at this value, exceP 
is necessary to change it for the proper registration of soundings. This setting should be the 
was used in any determination of the instrumental error or in any comparative soundings 
It must be borne in mind that a readjustment of the gain control alters the position of registretlon 
the depth scale. (See 5163.) 

,gis tared 
llere 

ts 

it 
t when@ 

(a) The gain control must be adjusted a t  the highest value that will riot produce 

OD 
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to 
The following instructions apply generally to all fathograms, but particul’lyijbO in 

the 

571 

the 808 Fathometer. 
text were all recorded on the 808 Fathometer. 

a. Effect o j  gain adjustment.-A variation of the gain control causes a decided change tbet 
ve prove$se9 

to  8) . tb0 
recorded depth. 
a change of one division in the adjustment of the gain control in the operating range (‘ foot ID 
a change of about one-half percent in the recordcd depths; also, a change of about 0.l ole’ the inst“‘ recorded position of the transmitted signal. As repeatedly emphasized in this chapter! e &,(Jfljvibf 
must be operated as much as possible at a constant gain setting-the maximum Senel 
introduction of excessive strays. . 
for recorded soundings in critical depths, if such corrections affect the soundings appreciably 

The fathograms illustrated to which reference is 
ip 

(See 57(a).) Tests of one 808 Fathometer in depths up to 50 feet ha 

Corrections should be computed for any variation 

~ _ _ _ _  ~ 

No. 31 GRAPHIC R8CORZ) 
Sheet NO . ~ ~ _  ?;?.q!...Recorder No.. Agg.:.?fi,. 
Locality. ..... GY.~F.~ .  .. BRX, , .M~!~C. .  ....... 
Vessel. ... Sf .4  g.. . .V.Q f . ~  C. .. .S~l;/g.<. .......... 
From Pos. No ... !.:.g..Date..#.L/!.V..!.t!,.!.?f?. 
To POS. KO. .. .?fi !-? .. Date. .. . d . ~  /.q. . .!?.’. . ! ?.?.?. 
Jagged grofile +et+ caused by seas. 

L. C. J e n k i n s  .......................................... Operator 

Tide reducers by:. .4,4:.g..Chected h:. ..P; .q;. 

tb6 
FIQURE ll0.-Facsimile of stamp usod on fathograms. 

made by 
Improper gain adjustment is illustrated at (5) in figure 117 by the prolonged record 

stylus after the receipt of the echo, and previously in the upper right corner of A by the . er 
width of the transmitted signal. In an attempt to obtain a more clear-cut record the illustr 

8, was increased excessively, causing oscillation of the amplifier. Excessive gain is a? 
J in figure 119. Note the strays caused near (34) in figure 119 by this excessive galn. 

Four changes in gain adjustment are apparent in L in figure 119. A t  (38) the gainc:::; fi f‘$i 
as is evidenced by the wider and darker record of both the transmitted signal and the inof I 

ed)’ at (35) caused a lightening and darkening, respectively, of the trace of both the transm 
and the echo. dir 8 1 0  

b.  Variation in motor speed.-A variation from the correct motor speed produces her ‘’ ef 
proportional error in the recorded soundings. It is, therefore, important for the hYdrog‘o&p~b~ pap 
sounding, and the cartographer while plotting the smooth sheet, to  check the travel Speed 

produced by echoes from marine growth or to one produced while Rounding in a short o v e @ ~  pia' 
A sudden sharp peak in the record may be caused by a momentary sticking of the 

reseflbles id@‘‘ tacts of the motor. this eV ,d- 
nacle. Note that this is not a stray because the double echo is plainly evident at (28) and *he r$Z 
would be lacking if (27) were a stray. Or such a fault can cauue a sudden depression in 
Such a change in speed is readily detectable by ear, although the noise of the launch engine 10 118 
i t  go unnoticed. 

c. Faulty instrumental operation.-A sudden sharp depression or elevation in 

hole or shoal on the bottom, but an instrumental fault probably caused by a sudden ’ 
transmitting contact due to a looseness in the locating pin or shifting of the phasing heed* 

Note that instrumental fault is probably illustrated a t  (as), (40), and (41) in figure 119. 
this occurs in the record of the bar check it also occurs in the record of the transmitted 
more, that the instrument is operating poorly is evidenced by the ragged appearance 
recorded by the transmitted signal. 

e$Cessejrl 
oPJ1fifited 

ipcfefis 

increase in gain resulted in oscillation of the amplifier at (37) ; a decrease in gain a t  (36) andi$d $PO 

t o  OflS 

Irregular speeds caused by poor governor control may result in a record very sirnil’‘ fegulfir oaf 
occasionally in accordance with 5554. either opP 

Such a fault can cause a record, as in (27) in figure 118, which 

f&og” oi When such a change is detected however, it should be noted on the the oOtB 
d SignalJ of 1” 

hi f t in$ l  ”1 bottom, where accompanied by a change in the recorded position of the transmithe 

ti9 

the 
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Insufficient pressure of the stylus will sometimes cause the instrument to cease r e c o d  
short intervals, usually preceded by intervals during which the stylus marks only faint1 
ample of faulty stylus pressure is illustrated in F in figure 118, where the stylus did not rec 
near the right-hand side of the record. This is another example of excessive amplifier gai 
accompanied by regeneration of the amplifier. 
signal is at (24) than at (25). 

recorded. An example of this is illustrated in E in figure 118. Note that at (20), (21), SOd ( 
at several other places the record is momentarily lacking. That this instrument is faulty In OP 
is evidenced by the ragged line made by the transmitted signal. 

Carbon nodules occasionally form on the platen over which the record paper travels ” 
cause horizontal marks to be traced through the fathogram as at (33) in figure 119. 
marks are also evident in P in figure 118. The platen should be cleaned and polished daily ip 
ance with 5237b, or more often if necessary to remove the trouble. 

Note how much wider the trace of the transfl 
e i d  

A poor contact in one of the several mechanical contacts may be responsible for no si@51 b ~ D d  
22) 1 

d these 
,loh 

Several 
aooofd* 

be 
d. T y p e s  of bottom.-Bottoms of different types record characteristic echoes; hard bottom m5y$be 

recognized by a shorter and blacker mark than soft bottom. The longer and fainter trace fro0 sign” I 
latter is because of the low density of the soft mud which permits a certain penetration of the fhis 
the echo being received from the true bottom and a multitude of depths immediately beneath’ Nith 
difference is vividly illustrated in B in figure 117 where the depressions are evident&’ fille:rthz 
material of varying density, and invariably the trace of the echo reflected from these is muoh long 
from the rocky portions between them. The same thing is illustrated in A in figure 1 17 *here 
(1) there is an intrusion of hard material through several sedimentary layers. 

In extremely steep and broken bottom, echoes from slopes may sometimes be recorded* the 
exceptional circumstances the echo from a slope may block out the true vertical echo, d istorting 

is profil6. (See 563.) 
A slope may be so steep that no echo from it will be recorded, particularly if the Fathono eoho 

being operated on the fathom scale. Such a case is illustrated a t  (26) in figure 118 where di~cIose 
has been received from the left-hand side of the slope. A critical examination of the trace willtbe eobo 
that there is an appreciable horizontal distance between the edge of the top of the slope where 
is lost and the bottom of the following deep from which the echo again registers. tP’ 

Because of the great exaggeration of the vertical scale at launch sounding speed81 slo$~joflP” 
appear to be nearly vertical from the record will, after careful scaling and analysis, become 

the (See 563.) 
Reflections from thc sides of a depression can give a record which resembles a layer of the’ 

depression, somewhat similar to that illustrated at (6) in figure 117. It must be borne ing$tsiOng 
such echoes can come from slopes to one side, as well as from ahead or astern, and that the Such 
of the features in this direction are not evident from the profile. 

meter 

over 

Where deposits of silt arc 
indications should be investigated by vertical leadline or wire soundings. SUW 

e.  Evidence of shoak-Over submarine topography of a rugged nature, in area8 of heavy efijt 
merged, or floating, kelp or other marine growth, and when the Fathometer is not operating :ejeCbi4g 
the hydrographer must make a careful study of the indicated shoals before accepting Or 
them. 
helpful but not always conclusive. is 

True shoals in extremely irregular bottom can generally be distinguished by the fact tha$, hT 
no evidence of a record of the bottom through the base of the trace of the shoal. In other ‘ d 
trace of a true shoal appears as a A with an opening in the trace a t  its base. This is ill~str’tegtfldy 
in figure 118, more especially at (14), (15), (17), (18), and (19). This record warrants Careful ereP” 
Also note that the trace at (IG) is from a true shoal, although the open A a t  its base is not so @” 

f. Reflections from kelp or other marine growth.-Probably the fathograms that are mo~~ti~olfl$ 

The study of similar records in which shoal indications have been checked with the lea 

because it is filled by the trace of the double echo. d i f i d h  

bottom, the trace from the kelp appears to be detached or semidetached from the bottomoesjble to 
to interpret properly are those in which echoes from kelp, or other marine growth, appear; p ve 
where the kelp is well submerged. Where the main bulk of the kelp floats a t  some distance $th 

result that the bottom trace is partly obscured and reduced in intensity although it is still 
follow ita outline. An excellent example of  kelp on shoals, the character of which there is kelp is 
is illuatrated in C in  figure’117. On every shoal near the surface, a t  (IO), (ii), (12), and (l3);+ soae 
growing and its trace is shown in the rccord, yet thcre is no doubt about the true bottom 51floSt 
depth below the kelp. A t  (32) in figure 119 the trace from the kelp, or other marine grow tht 
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‘U 

M - -2 
F ’ I ( ~ [ I I ~ E  110 -InIf~rc\tmg fnlhogrnrns of 1110 808 l~ntI~rim(~1rr. 

I shows marine growth on almost flat bottom. Ir‘shows irregularities cnuaed b y  thr vrrtical motion of the hYz;:Be 
duo to n ground swell-the nverage of tho peaks and vnllrys shoiild be scaled where this is known to bo thr C m C .  

very soft surfnce bottom. M is an illustrntion of n hnr check (see 667). The scale of all fnthogrnms in this flWe is 
are referred to more fully In the text by the rrferrnce numbrrs. 

tl,o @” 
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FlGVUE Ym.-Uust~ation of a fathogram on ahich notations ha-re been proparly made. Where the phase used is other thanthekst (or A) phase, it should he hna\eatcd by encirchnK the correct 7 
0 
rn \ettex c-iem tine it is repeated at the top of the lathopram. The ilde need be entered at the bottom ot the recora only it the sounaings are to be sca\cd mechanicaU3' .) 
cs. 
rJ. 
0 
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VI + TABLE 21.-Echo-sousnding instrumend opera.tLon 

I I I 

Frequency Nature of test or maintenance Dorsey 
808 Fath- 312 Fath- Fatho- 

ometer ometer meter 
No. 1 

Dorsey 
Fatho- Hughes 
meter Veslekari 
No. 3 

I ,, Instruments and reference numbers 
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572. INSTRUMENT TESTS AND MAINTENANCE 

Throughout the text of chapter 5 various tests and the maintenance of 
instruments used by the Coast and. Geodetic Survey have been described. 
venience these have been summarized in table 21 with reference numbers to 

as the others although they may not have been particularly stressed in the text. aphd 
entry is listed according to time and this is intended as a reminder to the hydro@ 'be 
when each should be accomplished. I t  is not the intention of this table to P vfl 
the exact frequency of these operations. Experience with each instrument under in 
ing conditions of operation may establish this better. However, it  must be bo:zcb 
mind that no departure should be made from the requirements of this schedule oj  
will in any way result in less accurate soundings or endanger the instrument bece 
inadequate maintenance. 

One blank column has been provided for similar entries for any new type 
ment acquired. 

where they are described more fully. The X entries in the table are just 

rest" 

of in~tr'' 

58. ECHO-SOUNDING EXPEDIENTS 
o O I I V O r  When results cannot be obtained with echo-sounding instruments operated eat of 

tionally, either because the depths are beyond the effective range of the instrura to 
for other reasons, unconventional expedients can sometimes be used in emerg DO$ 
obtain results. The two described here are only typicaI and the inference sboultuclr 

method should be utilized, however, except in an emergency. 
be drawn that there are not others which will give equally good results. No 

581. DEEP-WATER SOUNDING WITH THE 312 FATHOMETER 

Where the depths are beyond the effective range of the 312 Pathometer, thi,@d 
disk can be disengaged so that a signal of longer duration can be transmitted by fb0 
the necessary contact manually, as is done in adjusting the index (see 5543);e9tJb5 
echo from this longer transmitted signal can often be heard in earphones, 
can be obtained by operating the instrument conventionally. op 8 
the transmitted signal and the reception of the echo must be accurately mea@efa tho 
stop watch or chronograph. The transmitted signal will record automatica1lY blJ' 
chronograph (see 5553) but because the echo will be weal: its reception Will  p 
have to be recorded manually. 

The elapsed tim 

582. SOUNDING WITH BOMBS 

To sound in deep water, in the absence of a deep-water echo-sounding in 
or in water whose depth exceeds the range of the available instrument, born bs 
substituted for the oscillator, and the R.A.R. chronograph (673) used as a 
ing device. The time required for the sound of the bomb explosion to 
bottom and return is measured on the chronograph tape in seconds, as in 
R.A.R. practice (685), and after having been corrected it is multiplied by the 
velocity of sound from surface to bottom. 

each bomb to an inflated paper bag by a cord of the desired length. 

$Pfi attag is The bombs must be exploded a t  a known depth. This may be effected bY 
Four 

(See also 6846.) 
suggested as a proper depth. 
water-soaked and permits any unexploded bomb to sink. 

This involves no hazard since the paper bag soon 
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The submarine menace of World War I made urgent the development of "lLoYgb 
method of detection, which led to  intensive study of the transmission of souPd Ists' 

working with the military services, added greatly to the knowledge of th\nq@u5 

sound were perfected. Instruments for the specific purpose of measuring 
tbb 

transmission, reception, and velocity of sound, principally in thc waters Of &$e' 
Island Sound. Small bombs, suspended below targets wllose positions could be ti@' 

conncctcd by cable to  submerged hydrophones at  various distaaces from 
The results obtained encouraged the Coast and Geodetic Survey to try to 
method so it could be used to  control hydrographic surveys. 

1923. The first time-measuring apparatus was based on the equipment deve1 

sea water in an effort to solve the problem. Anorganization of the bes t soi@t.e& 

Instrumental equipment for, and methods of, transmitting and receiving ze tifle Of 

transmission from source of sound to receiver wcrc also developed. 
After World War I, the United States War Department continued to 

mined, were exploded and thc arrival of the sound wave was recorded a t  &Ora 5teurce. 
the 

,diff 

00 ]bb 
,@bo' The first experimental work in the development of R.A.R. was performed 

oration with the War Department in Fishers Island Sound in October and 

the United States Bureau of Standards for the longitude observations of the 
Geodetic Survey, modified for use on board ship. 
ment, the Bureau of Standards collaborated in the design of the 
while the Coast and Geodetic Survey developed tho 
for use in hydrographic surveys. The apparatus 
routine was developed on the Ship Guide off the coast of Soutbern 
ruary and March 1924, and by the end of March the method was in 

In  the initial 

improvements continued to be made. 

612. THEORY OF R.A.R. Of 
ositio" There are sevcral general methods of sound ranging to dctermine the p 

d 
ordi4Bw 

(a) The arrival time of a sound signal may be observed at three or more timePC' reoelviog 

d 

(b )  The travel time of a sound, synchronized with a radio signal at the source, may :;,,e 8tfitio~ 
at two or more shore stations at known positions. 

dio 
may be radioed t o  the survey vessel where the position of the source may be determined* 

( c )  A sound signal may originate at the vessel, where the time of its origin is recorde$fe io 
arrival times of the sound at two or morc receiving stations are transmitted automatice11Y treVelie, 
and received and recorded on board the vessel. The time required for the  acoustic wave to de 
each receiving station may be scaled from the record and the position determined from iqjDg The accuracy of these methods depends on the position accuracy of the rece&b 
units, thc accitracy with which the time intprvals are mpasurrd, the WCUrnc? tbO 
which the velocity of sound is known, and the diagnosis of the path 

an unlmown point: 

receiving units at known positions. The differences of the  arrival times at the v&fiozethod Bod 

units can be used t o  derive the position of the source. This is known as the differentla' 
is in general military use t o  determine the positions of enemy gun emplacements. o*5effe 

rfh6 
The time interval measured at each 

these 

&lC~' 

BecaU" 

sound wave is propagated in reaching each receiving unit. 

must be available in the shortest possible time after the observations. 

tbB 
For most efficient use in hydrographic surveying, observations take'' fordeta 

determination of the ship's position must be controlled on board and the obs erved of 

fi,P#P' 
water e OP 

these rcquirements the method outlined in (c) is the most practicable for use in 
the survey vessel. This explosion is recorded on the vesscl on a chronogr@ t e ~  The subaqueous sound is made by exploding a small TNT bonib in the 

peer 
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d i d  aqueous sound ranging and detection, but in these respects a thorough und erst@ 

of the subject is of primary importance. tion' 
For the most successful use of R.A.R., not only are experimental investi$der 

essential but the physical laws. governing the propagation of sound should be at;@ 
stood. These physical laws are therefore briefly reviewed in 621. The dis 
of sound through an ideal water medium of homogeneous physical proPertles ,Pd 
cussed in 622, for the physical laws of sound can thus be more easily illustrete 
more clearly understood. 
conditions are occasionally approached in actual practice. In  623 is considered 
agation through water whose physical characteristics are of a hcterogeIleous in sub' 
more nearly approaching the actual conditions nost  frequently encodered qi0F 
aqueous sound ranging. The treatment is often necessarily from a theoretic.'' q~115s 

at 

great distances. Most of the energy from such explosions is in the l o g  fre\igb@ 
range and it is sounds of such frequency that are here considered. Sounds 
frequency having other underwater applications may follow different modes 
aga tion. 

for 5' , Such a medium is not necessarily hypothetical, 

Il5 

point when the actual facts have not been fully disclosed by experimental 
detection 

u@ I n  R.A.R. explosive sources of sound are used in order to  permit 

of Prop' 

621. PHYSICAL LAWS OF SOUND 01 
virtue Sound is a form of energy transmitted through an acoustic medium by 

the elastic properties of the medium. Acoustic energy is transmitted through " ,ti@* 
medium by being passed from one particle to anotlier in the direction of Propag oiot 
When a sound passes through a medium, the particles in the medium at any glV j o d  along the pat11 undergo a minute, purely local, ,longitudinal displacement. This pot,iOfl! 

particle motion must be clearly distinguished from the longitudirlal Wave t P  

medium. r e s 4 e  d 
mdb 

by vertical lines at  the top of figure 121. At A rind C, where the lines are spaced &Ie5 
closely, maximum instantaneous pressure of the medium is rrpresen ted--the @diUfl 
or molecules are grouped more closely than in the undisturbed medium, tmd the 

instantaneous pressure of the medium exists-the particles or molecules "'4. staV 
farther apart than in the undisturbed medium and the medium is said $0 be In tr@vO1s 
of rarefaction. At these points of conderisatioii and rnrofaction as the w~~~ ressd* 
fomard, the pressure is increased and decreased above and below the ilOrflal t@' 
of the undisturbed medium. Where the Wave form is sinusoidal,' as illl.&ratedr otb*T 
points of maximum condensation and rare€action are always separated from !''glofl; 
by one-half the wave length, and they move forward with 0, constant velocitY In 

geneous medium. The velocity of the forward travel is a function of the elas 
density of the medium (me 63). d O' 

Sound waves are defined by certain characteristics of the disturbing force ':g58! 
the medium. These charac teristics, some. of which are interrelated, 

&,t$ frequency, wave length, and intensity. The phage of a sound wave a t  Rny  re^ 
and at  any given point is based on the position of the particle relative to  Some ref0ba9* 
such as its maximum displacement. Thus in figure 121, A and C are in the Sa:-':.cO jS 
The frequency depends on the sound producing source; for example, if the 

. enP 

which is the forward travel of the sound energy from particle to particle t h r o d  

is said $0 be condensed. At B, where the vertical lines are farthest spar t, min roup od 

The particles in a medium through which a sound wave is passing are rep 

ticity 
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biufld' 
other media. 
aries formed by the surface and the bottom, a condition not found in othe 
large dimensions. 
generally small as compared to the horizontal distances usually involved in subaq 
sound ranging. 

Sound waves in water are confined to a layer between definite '6 of 
is 

ueo05 
enslo' 

This layer is of varying thickness, but its vertical dim 

* ed 
The laws governing the propagation of sound in water can be more clearb' eXp1'lP an d 

and understood if the transmitting medium is assumed to be a homogeneous 
if the boundaries are well defined, plane, and parallel. Furtliermore, in a SimplitteV 
of this nature, and assuming the frequency of the sound is low enough not to be * e d s  

uated by the viscosity of the medium, efficient transmission of sound will be obta:~d 
A body of water approaches the ideal casc of homogeneity where the temperatur:~eso 
salinity are uniform throughout, and where foreign matter is absent. And, under 
conditions, it will afford efficient transmission of sound if the bottom is Sm0 

this idOD' level, and presents a good reflecting surface. 
Such a condition is not entirely hypothetical for, during certain seasons, d@b is approached in certain localities; for example, in certain areas of nearly uniform lit@ 

on the Atlantic Continental Shelf during the winter and early spring. I n  soma 100o;boS~ 
on the Pacific Coast and in Alaska waters, conditions approacll this ideal during 
of the year. (See fig. 130.) d @  

From a nondirective source of sound in an elastic medium, waves are rfi.dia:,,nd 
all directions. From the source to the point of reception in a bounded medium a 
wave may travel an almost unlimited number of paths. There may be a direct at 

all three of these types of paths apply to subaqueous sound ranging in varying 
depending on the distance and the condition of the medium. Within a ~ e 1 . t ~ ~  
the sound that travels along the direct path (without reflection from the boun DP w W O  d will be the first to reach the receiving apparatus, but at  a greater distance, 
unreflected wave cannot reach the point of reception, sounds that have beer1 , t b  
and reflected will be the only ones to arrive. The sound wave that arrives firs oa~d  
siifficient intensity to be detectcd is, of course, the one that is used in subaqueaous In 

6221 and 6222 which follow, the propagation by various paths is considered. 

622. PROPAGATION IN AN IDEAL WATER MEDIUM 

,th 

a refracted path, and a'multitude of reflected paths. I n  practice it will be fo ,lnd dGgeesj th 

dari65) 

refracte 

Id* ranging-any sounds arriving later only serve to prolong the received 

6221. Rejlection of Sound 
tioOs' 
have 

Subaqueous sounds, after having bccn raflcctcd a nurnber of times, are known to tbO 

sour(v by instruments of only ordinary sensitivity. And n sound wave generotedpg 

retained sufficient energy to be hcard in headphones after having been reflected 23 @ 

tho P'f; alternately from the bottom and the surface. 
water is clue, not only to the fact that watcr is a relatively good madium for 
agation of sound waves, but also to the relatively good reflecting surfaces for@ tbr 
the water surface and bottom. The boundary between air and water, when the betNe 0p 
is smooth, is a good reflecting surface for sound waves; likewiso the boundary 

The long-distance transmission of sound in water is greatly assisted by 

retained sufficirnt energy to be recorded at  a distance of 400 nautical miles from bf 

an electromagnetic oscillator to mcasurc tho depth in about 200 fathoms of water. t,@?g 

of sound The excelleiit transmission 



S' 

122.-80Ud reflected frorn a rigid swf8-A. Change of direction Of path. 0. Wave front retained after reflection 

a, 
8 This is luiown as 

b~ 'he 8OWce of the reflected wave may be considered to be at  point St ,  the acoustic 
h i p  Of the sauce, symmetrically located on the opposite side of the reflecting surface 

reference to the s o ~ ~ e .  By considering the reflected wave to be propagated 
b' the image source, the phenomenon of reflection may bo more readily visualized. 
' ere reflection is due to a medium of greater radiation resistance the source and its 
1% are to be considerod as in phase, but where reflection is due to a medium of 
'f "' th 'adiation resistance the converse is true. Radiation resistance is the product 

The radiation 
l>ance, or acoustic resistance, of air is less than that of water, and that of water is 

h a sound wave is reflected from a surface, a change of phase of pressure or 

ch< iFhg  surface is that of a denser medium, as at the bottom boundary, the 
1% h'ill be in the phase of particle velocity; but if the reflecting surface is that of 

'4 k{ medium, 88 it  is between water and ah, the change which occurs will be 

h relative amount of acoustic energy that will be reflected where a sound wave 
'48 bounding surface of a second medium, is R function of the angle of incidence 
e radiation resistance of the two media. This function is such that, in the case "d tb 

4, Whose sources lie on tho reflecting surface between a and b. 
construction for reflected waves. 

%"e 

* e deQ3ity of the medium and the velocity of sound in the medium. 

than that of the ocean bottom. 

the %l of phase of particle velocity occurs. Bssuming a sound source in water, if 

' phme of pressure. In each cam there will be a phase reversal. 

406382-44-37 
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of any two given medin., for different angles of incidence different relative th0 
of energy will be reflected, with one exception. The exception to this is feu$ :bOrO 
specific instance of a source located in the medium of lesser sound velocity tot$ the angle of incidence is equal to or greater than the critical angle. 
reflection will take place. The critical angle of incidence of a sound wav0 is +,g0 

as the angle, measured from the normal to  the interface or bounding surfacer 
sine is equal to the ratio of velocity in the medium containing the source to  the 
in the reflecting material, or medium. is 

Therefore where the reflecting medium is air and the transmitting m tbfia water there is no critical angle because in this case the ratio of velocities is greater be 5 
unity. But where reflections from the ocean bottom are considered there Will 
critical angle. Where the angle of incidence is equal to  or greater than this '?ticel 
value there will be total reflection, and where the incident angle is less than this crl 

In this Case 

I 

FUXJEE 123.-M~ltiplc reflections in a bounded medium. 

value the reflection will be only partial. The critical angle of reflection from a bofifl' 
of solid rock is about 17' but for other materials it may be as large as 70'. 

Hence in subaqueous sound ranging the critical angle will be approached ii 
the horizontal distance between the source and the point of reception is less tha:go) 
times the depth of water (assuming the ocean bottom as flat and a critical anglp $ce$, 
and, therefore, total reflection from the bottom will occur at  this and greater dls tl10 
Furthermore, although theoretically total reflection will never occur a t  any angle at ,if 

will be negligible due to the great disparity in the two radiation resistances. 
practice total reflection may be assumed a t  both surfaces in nearly every case. retic&f 

tb0 
to travel along a number of reflected paths, one series which is first reflected frornl$3r 
surface, a id  another series which is first reflected from the bottom, as in figurep6' 
where, for clarity, only four of the paths reflected from each of the surfaces are 
trated. d 

the surface at  the point o, while the first sound reflected from the bottom to '"'~i~$ 
point of reception will be from point e .  The second surface-reflected ray to be rS',,~ 
is reflected from the surface at point t and from the bottom at point f, while th 
bottom-reflected ray is reflected from the bottom at point d and from the 6 tho point 2. With a greater number of reflections the points of first reflections frofl 
surface and the bottom will be closer to the source. 

*bere 

surface of the water, practically the amount of energy that is transmitted into the 
ThOs 

From the source to a point of reception, sound may be considered the0 

The fist reflected sound that reaches the point of reception, where theso urea frofl @ 

the point of reception are near the surface of the water, will have been reflected t P  

urf@ 
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d gecoDd medium, and w1 and w 2  are the values of the velocity of sound in the first an 
medium, respectively. d d J  

As explained in 6221, when a sound wave in water encounters the surface boVJ’ad& 
o d y  a very small percentage of the incident energy is transmitted through the d 

of &ir NJ into the air. This is because th8 difference between the acoustic resistances 0.12 
water is very large-the ratio being 1 : 3,750. Even a t  normal incidence only &bO:raov 

percent of the incident energy be 
mitted into the atmosphere. This fact is r&ng”gJ substantiated in subaqueous sound @ob 
for bomb explosions below the surface fro@ 
be heard on board ship, but vibrations the 
the explosions are transmitted tbougtf the 
water and can be felt through the hull 
ship. This also accounts for the & 

w2 the sound of the propeller of 8 ship 
heard above the surface. 

There is generally no transmission .d@ce 
the bottom boundary at  the angle ofin‘’ tored 
of a sound wave that is normally encoun &e 
in subaqueous sound ranging. Norflnl’Ytical 
angle of incidence is greater than the critiofl 

angle and hence total reflection occurs. The change in the direction of Progfan&? 
caused by refraction due to the pressuro gradient, as explained below, increases 

surfaoe 
of incidence of the effective path slightly. 

In  an ided water medium the velocity of sound would increase linearly frorn to 
to bottom because of the linear increase in hydrostatic pressure. This is SUficic$is 
increase the velocity 1 meter per second for every 30 fathoms increase in depth’ ,irclel 
constant increase in velocity causes the sound wa,ve to be refracted in the arc Of 
concave upward. the without reflection in a fluid medium of uniform temperature, is determined bYfipy 
refracted path that is tangent to the bottom. This is also the shortest path; F:ttt.. 
other Part Of the sound wave will be reflected from either the surface or th hat‘0 
between the same source and point of reception, and hence in either case 
traveled a greater distance, arriving later than the part that followed the tangen 
refracted path. tially 

Therefore, for’ distances shorter than the limit determined by the tang~~5gce9 
refracted ray, the first sound to arrive will not have been reflected at  all; but for the froa beyond this limit, the refracted sound which is reflected one or more times 

5fld However, a t  a considerable distance from the source, unreflected SO‘~($s~t,j’ 

sounds which are reflected only from the water surface, will be of reduced tlc0 
due to  the interference phenomenon (6223). Because of this, and because in d prac nois0’~ 
the sensitivity of the receiving system is necessarily limited by the backgroun 
the first sound to be detected may not be that which actually arrives first. 

ti223 HYDROGRAPHIC MANUAL 

I Sin i D  = 2 Sin i, 

FIQURE 124.-Total refraction of a sound wave. 

The maximum distance that a refracted sound wave C&n 

upper surface ody  will precede all others. 

6223. Interference of Sound 
Although a single source of sound is used in subaqueous sound ranging, reflectioP4 direotion9 

from the surface and bottom cause propagations in the medium in various 
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from a point source will therefore travel with equal interisity in all directions Cte@! 
geneous medium. The wave front is a spherical surface of continuoush’ su,$~;o area, in which the intensity of the sound varies inversely with the increase , said, 
area of the sphere. This diminution of energy per unit of area of wave f r o n t ~ e ~ o r e l ~  
be due to spreading. or be. 
spherical wave front encounters the boundaries of the medium and is reflected’ re@’ 
fore the direction of propagation is changed by refraction. However, even afteiist~~ce 
tion and refraction the intensity still varies inversely with the square of the 
of travel from the assumed point source, 

in 5 

I n  a bounded medium a sound wave will not travel far 

623. FROPAGATION IN A HETEROGENEOUS WATER MEDIUM 
The propagation of sound in an ideal medium with uniform physical chareobut, 

* tiG5 

of be 
lJGb 
id 

In  a water medium with a heterogeneous temperature condition, such that d 
.,lOClt3’ of 
.,riation 1, 

temperature varies from place to place and from surface to bottom, the 
sound will be similarly nonuniform (see 632 and table 32 in 9611). This ifier?! velocity with temperature causes the path of the refracted sound wave to be t ture  
from the path in a homogeneous medium, adding greater complexity to  the e@’ 
propagation. The attenuation of sound due to viscosity differs only slightly, ’Ol”te@‘ 

1ol“ a t  different temperatures-it is slightly less a t  a high temperature than at  a 

Moreover, a variation of salinity in the water medium, either from Place to 5&‘ 
or a t  different depths, causes a slight change in the velocity. With an incre5Fflete* 
lhi ty  of 1 part in 1,000 parts of water, by weight, the velocity increases only erfiWri 
per second on the average, the increase varying slightly with the average 1igb 
of the medium. Normally this change in velocity is so small that it causes Ody f”’ 
to temperature. (See 63.) An increase in salinity increases the density Of :$bf 
medium and because of the increased density and the consequent increase in 
due to density, there is a very slight decrease in attenuation. dis 

rivers itj’ 
the ~elOOor 
d in prop 

charge into the sea is the amount of suspended material onougli to affect 
of sound, and then only slightly. But the attenuation factor is increase 

ti00 @era tion to the amount of foreign matter in suspension. 
ciePt 

and the photosynthesis of marine organisms’. Gas, if present in suspension in s ’ ~ t ~ $  
quantity, reduces the normal velocity of sound by a large amount. It has beeD 

be reduced 40 percent. This reduction of velocity will cause greatly increased bios 
tion of sound and will also cause reflections within the medium. I n  addition, ”“’”iiPd 
causes increased attenuation because of conversion of acoustic. energy into heat 
because of diffuse reflection and refraction. efleCi 

on the propagation of sound, but if the source of sound is located in deep Water 

terlgU, 
as discussed in 622, is sometimes encountered in subaqueous sound ranging 
fortunately, the medium is usually heterogeneous in most ocean areas, with 
physical characteristics of the water medium varying in the distances through 
sound must be transmitted. In  such a water medium with constantly ch@g 
physical characteristics, the propagation of sound is indeed complicated. tbe 

perature because warm water is slightly less viscous than colder water. laca 

rcfraction of sound as compared to the refraction caused by the changc in ve10c1t9 td 

All sea water contains some suspended materials, but only where large 

Most sea water contains various proportions of dissolved gascs caused by 

that if the proportion is only 1 part in 10,000 parts of water by volume the .,lOCitJ’ 

Small variations in the average depth of water apparently have very little aD d 
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bottom of uniform slope, a greater number of reflections will be required thaDsour@ 
case of a uniform depth equal to the average depth a t  these two points; if the $0 
and point of reception were interchanged, fewer reflections would occur. 
bottom slope is comparatively steep and the source of sound is where the OfiOb 
deep, the sound may never reach a distant point of reception up the slope. 
successive bottom reflection the angle of incidence is decreased by an amoUDsurpce 
to the angle the bottom slope makes with the horizontal. After a number OfGid@B’ 
and bottom reflections have taken place the path of sound may reach normal 1D &OD 
and on succeeding reflections may actually reverse its horizontal direction of Propag bY 
and return toward the source. Furthermore, before normal incidence is r eaGhOdBJ,d 
successive reflections, the angle of incidence becomes less than the critical v a * u e ~ ~ O I J ’  
appreciable transmission of energy into the bottom may take place in SUOG oss $e , 
greater amounts, resulting in great attenuation of sound energy, partiCul@ly &Ob 

case of an extended gradual slope. This condition is even more aggravated i n q , d O  
water where more reflections will take place in a given distance than will in deep deep 
This partly explains the difficulty in sound transmission over shoals, and 
water on the Continental Slope to shoal water on the Shelf. 

Little of a practical quantitative nature is known about the influence of the de. 
configuration and material on the reflection of sound. What is known has bee’ 
duced principally from observations made while surveying by R.A.R. &ke5 
results are obscured by other influences on sound transmission to an extent Which ln fid 
it  diacult to interpret the degree of influence which the bottom configu ratlo’ 
material have. However, certain facts have been fairly well established from so@ observation. Where the bottom is smooth the material has little influence On t tb8 
transmission, as used for purposes of distance measurement. This implies ‘$t,idJ 
angle of incidence, in practice, is nearly always equal to, or greater than, the biGh 50’ 
angle (see 6221 and 6222). Where the bottom is irregular the distance at aufbe 
aqueous sound ranging is effective is very much reduced from what could sofip 
expected with smooth regular bottom. Sound reflected from such a bottom @J 
tered in many directions and the amount of sound energy which travels in 
mdid direction from the source is very much reduced with each reflectlone 
irregular bottom surfaces are common off the Pacific Coast, in the waters S‘ rrou’ 
Alaska, and along the edges of the Atlantic Continental Shelf. 
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r e 8 5  In general, reflections from the water surface are more definite than bottonZ jab! 

being the degree of roughness of the water surface. Except when the water gob’ 
extremely disturbed, there is little effect on the reflection of sounds produced bYO~t@’ 
aqueous explosions. This is because of the predominant low-frequency fundaln 0 ~ d  

component of the subaqueous explosion. The wave length of this loW-freq~ tbb 
fundamental component is long as compared to the size of the irregularities 
water surface (see 621). 

6232. Refraction of Sound d 

principally by the temperature distribution within the medium and, to a lesser * fe’ 

,locity. Where velocity varies with depth in the medium, refraction takes Place @$J 

path of the sound wave is altered from normal linear propagation. Due to this Ol 
the maximum effective distance in subaqueous sound ranging is reduced, 

tiom. The reflection coefficient between water and air is constant, the Onl~surfacO vfir fi 

&flue@ 

by changes in salinity and other physical characteristics which cause a C b n g  e @ $ 0  

In a heterogeneous aqueous medium the propagation of a sound wave is 
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th * 
' eQcreased number of reflections. Because temperature is the predominant character- '''' the velocity, it is also the principal factor in determining the amount '' tofraction. 

tup if the temperature gradient from surface to bottom is linear and the tempera- e the surface is appreciably warmer, the sound is refracted SO that its path is 
'OQCave downward. The path marked A in figure 125 illustrates this condition. The 
'O'llt of curvature of the path due to refraction depends on the velocity gradient 

the aedium-the steeper the velocity gradient the greater the curvature of the path. 
lQaQb the length of the longest unreflected path is determined by the magnitude 

tlOQ 
The sound that arrives first at a point of recep- 

at a greater distance than this maximum range of an unreflected sound, arrives '*J' after one or more reflections from the bottom boundary, depending on the distance. 
at thhrhere the temperature at the-surface is appreciably lower than the temperature ,,@ bottom and the temperature gradient from surface to bottom is linear, a sound 
tp e refracted SO that its path forms a circular arc which is concave upward as illus- 

by the path marked B in figure 125. This is the same type of refraction that 
(8 velocity is due to pressue alone 

s222), but in this case the range of sound before reflection from the surface is 
4d'ced because the refraction due to the two causes is additive. The length of the 

gradient and the depth. 

Ee8ult8 an ideal fluid medium when the change 

* -  
:- p--- R 

F~~~~~ 126.-TransmissiOn of sound over great distances. 

hr  
at,e'ected path is short where the vertical change in velocity is great and the depths 
b and it is long where the vertical change in velocity is slight and the depths 
Path The first sound wave to reach a point of reception beyond therangeof the direct ' be reflected One or more times from the surface, depending on the distance. 
th, In a medium having a temperature distribution from surface to bottom such that 
4 plOcity is linearly reduced by an amount just sufficient to  neutralize the increase 
4 due to increased pressure, the velocity will be uniform throughout. Such 

edlub Would be ideal for the transmission Of sound and a maximum range of the hct Unreflected path would be obtained. The range of the direct path would be 
',ted, then, only by the curvature of the earth, and in the same way that the distance 

y'v18ibili$ of objects at  sea is limited. The maximum distance of unreflected propaga- d"" 'auld be obtain ed where the linear path is tangent to the bottom, as illustrated ' the Path marked c in figure 125. In this ideal case, with the source at S, the sound "Qd b the tan e Propagated linearly to any point in the volume bounded by the surface and 
gent plane represented by the line from c to d. The formula, 

~ = i . i 5  (dKd+@?> 
'aJ' b 
8iv e used to compute the maximum range R (in nautical miles) of the direct path, 

@' the depths (in feet) of the water D, of the source d, and of the point of reception d'. 
thThe maximum range of this direct linear path may also be obtained from Table 8 

e American Practical Navigator (Bowditch). The required distance is the sum of 
406m-44-*8 
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a and 
two values from the table-the nautical miles for heights corresponding to D-,ot,od 
D-d’, assuming a uniform depth of water tbroughout the range. It should 
that the distance along the direct linear path will be slightly shorter than the u80u5 
measured on the earth’s surface, but for such distances as are involved in sub&‘ 
sound ranging this difference is quite small and may be ignored. piill IocitY I 

this f14’ 
However, it  should be noted further that this ideal case of uniform ve 

never be approached closely enough in practice to warrant consideration of &&t of mum range of unreflected linear propagation from any other point of view than d@ct, 
illustration. Moreover, interference (see 6223) will reduce the intensity ofa: ‘5 
linearly propagated sound to such an extent that it could not be detected 
great distance from the source, in practice. 

If a graph is made by plotting velocity with reference to depth, for use fl~l be 
aqueous sound ranging, the shapes of the curves for most regions of the ocean e ,Dd 
quite similar. In general, the velocity will be relatively high at  or near the su’” to 
will decrease with depth to about 200 or 300 fathoms where the velocity Wd1 StBr$be 
increase due to pressure and will continue to increase nearly linearly to the botto@ 
relatively high velocity near the surface is due to atmospheric surface warming @ fro@ in water. Sound originating 

point source near the surfacS d i a  

hicb water with such a d o c ’  
ent, will follow a Path .w ea~bOS 
concave downward until It 
a depth corresponding toto iV 
where the velocity starts the 

ia 5Ub. 

of the 

*ty gra ig 

crease, and below that depth up’ 

form over a large area, the (3 syF  

I 
path of the wave is C o n c ~ ~ o ~ ~  * tJY 
ward. If the vertical ad’ 
gradient in a body of Water sbaPO 

of the path of sound Will bb agafl 
metrical with reference to the midpoint between the sound Source and wbWo ’ 
reaches a depth equal to the source depth. If the velocity changes linearly with e dePtb’ ,,,ow 
but at different rates in different depth layers, the path of the sound wave Will Of 
posed of arcs of circles of different radii, a different arc for each layer, The rad@ 
curvature will be greater where the change of velocity with depth is small, and tb0 
will be smaller where the change in velocity with depth is large. In  other wo$g$&1 
path of sound will bend only slightly through layers where the change in velocitY 
per unit of depth, but will bend more where the change in velocity per unit of depth is 

The VeloCitY-dePth Curve is not always as simple 8s that described dove’ &’ 
certain regions subsurface layers of warm water will cause L1 change of sign of tho velosu~ 

face to  a depth where it increases because of a subsurface layer of warn water. ocitf this layer, the velocity again decreases urltfi depths are reached where the “l a& 
starts to increase due to Pressure. On the right side of figure 126, is &oWn th0p soup d, 
of the refracted sound through each layer for a given angle of emergence of the to tb* 
( h g l e  of emergence and initial angle are used herein interchangeably referring 
direction of the sound wave as it leaves its source.) 

h l h  01 sound 
o w w u i  h i  I* sw vo nt 

is 

FIGURE l%.-Path of sound through water of nonuniform velocity. 

large. Io 

kWdient. In  figure 126, a Case is illustrated where the v&city decreases from the BolotQ 



RADIO ACOUSTIC RANGING 6232 



P A G E  572 6233 HYDROGRAPHIC MANUAL 

mit 0' upper and lower depths of the layer through which linear velocity change per,ves the 
depth is assumed. The projection of the line on the abscissa scale of the curve @ atbs range of velocity throughout this depth. With these data the lengths of the arcLcted 
and the total horizontal diistance can be computed. The earthls curvature is ne& ed 
for the distances involved. A number of angles of emergence of sound are &ssu:r~ 
and the refracted paths are computed through each layer, All the arc distancetacb 
summed and the projections of the arcs on the horizontal are likewise summed ford 
initial angle assumed. Each angle will give a different total horizontal distance an 

The formulas for making these computations through a single layer are given 
length. +tb 

d thO 
through 

adl. 
t iacd0J-l 

so@ d 

figure 127. The values required are R, the horizontal component of travel, &n 
length of arc traversed by the sound. The radius of curvature of the sound path 
any layer is equal to the initial velocity v1 divided by the product of the velocity 
ent within the layer and the sine of the incident angle. The angle,& is the 
angle of the sound ray on entering the layer and from this the angle at  which the 
leaves the layer may be found from the formula: 

istaJ-loa 
is used 

This is all that is necessary to calculate the horizontal distance R and the arc 
a by the method indicated in figure 127. If v1 is less than w2 the same method 

Ut- 
except that the center of radius of curvature will lie above the layer. 

Where the sound path does not penetrate through the layer, the method of 
ing the distances is shown in figure 128. This illustrates a result commonlY Ill 
deep water, where the refraction due to increasing velocity caused by the increass 
hydrostatic pressure with depth, reverses the direction of propagation back the the surface (see 6222). The total horizontal distance and the total distance dong to 
curved path traversed by the sound are found, if the depth of water can be asS':$J-ld 
be composed of layers, by adding the distances for each layer through which the 
passes. 

found in 
tOd@d 

6233. Reduction of Sound Energy 
ti@ As discussed in 621 and 6224, the reduced soiind energy at  the point of z?&opl 

may be due to the following: spreading, absorption, reflection, refraction, 
diffraction, and interference. ' d 

The So@ From a nondirective source, sound is propagated in all directions. 
intensity would decrease in proportion with the square of the distance from the 
if there were no other form of energy reduction. This redudion due solely to dist$i 
is termed spreading and has been discussed in 6224. But it is known from observa 

to 
Absorption may account for part of the additional loss. The absorptioll dzjt ,b 

viscosity and thermal conductivity is relatively small at the frequencies associated tbs 
R.A.R. (see 656). 

the Pres* 
surfaoa* 

water. Gases in water may result from turbulent surface conditions or from 
ence of marine life. Gases are mostly. found in the layers of water close to the 
Where the water is shoal, however, this layer may be a large percentage of 

gOflce 

that the sound intensity decreases much more rapidly than this. 

Most of the absorption that takes place is because of gases la 

the tota1 
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and may partly account for the rapid attenuation of sound in shoal water in 
C04t%t with deep water. The amount of absorption of this type is far from con- 
staqt-the condition of the sea Surface, the season of the year, and other factors 
affect the amount and depth of gas penetration. 

Reflection and refraction at the boundaries of the medium account for some loss 
Of 'ohd energy. As stated in 6222 and 6224, tho sound energy leaving the water 

edlurn at the boundaries is'quite small. A greater impedance to sound transmission, 41 

with reflection, is that due to the scattering of sound from the reflecting 
bouqdaries. This scattering reduces the sound energy traveling in the general direc- 

Of the point of reception. Scattering is caused by irregularities of the bottom and 
aurEace boundary. This is called diffuse reflection. 

The influence of diffraction on subaqueous sound ranging is not fully known. I t  yQs Probable that some diffraction is caused by certain types of bottom and other 

EXPerience has disclosed that sound will be attenuated less when traveling through 
pat?' of a uniform temperature. Such a condition is approached in the waters off the 

Coast where the transmission of sound is excellent in contrast with that in waters 
Of€ the Atlantic Coast during the summer. But during the winter the surface waters 
" the Atlantic Coast cool sufficiently to make the temperaturemorenearly uniform from 
>e to bottom and then sound is transmitted nearly as well as in the Pacific. Trans- OF of sound through water of nonuniform temperature will be subject to refraction a 
d@ character, which will lead to greater loss Of effective sound energy due to 

reflection, aljsorption, and the creation of complex interference patterns. 

oot 'O'determine a distance by the transmission of sound in any medium it is necessary 
at Only to measure the travel time accurately but also to know the effective velocity 
* For use in echo sounding and R.A.R., electromechanical 
lnstrurnents are available with which the travel time of sound may be measured very 
4CC'ratelY, but methods of de tormining the velocity are less reliable. 

In echo sounding the sound wave passes vertically through the water from near the 
for EyrfaCe to the bottom and the determination of velocity is comparatively simplo, 

only necessary to calculate the mean velocity for the vertical column of water 

fQC0 R.A.R., the effective horizontal velocity between the source and the point of 
pr P ~ O Q  is required, and to find this is more difticult because the sound wave is seldom 

OPagated horizontally in 8 direct path, but generally follows a refracted and reflected 1"": 85 described in 6231 and 6232. For plotting purposes, the apparent horizontal 
:locltY of sound is used (see 6343), and this can be determined experimentally by 

ernking the travel time of the sound wave between two points a known distance 
:part. III R.A.R. surveys, frequent measurements are made over suitable known 
IstaQCes throughout the p reject area to determine this apparent velocity. 

b 'he apparent velocity is seldom used for echo sounding, however, principally 
t6cau8e of the difficulty of measuring great depths directly with sufficient accuracy (I 

Instoad, tho velocity is calculated from, or taken from, tables based 
If the 

t1on 

but it is believed that its effect is negligible. 

63. VELOCITY OF SOUND 

the sound travels. 

It 

"1). 

it. 
Physical characteristics of the water, which can be measured in situ. 
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temperature and salinity of the water at any depth are known, the velocitY ” 

correcting echo soundings and are occasionally used in R.A.R. 

equation which is: 

depth may be found from tables. Velocities so determined are extensivdY used 

entfi1 The velocity of sound in any medium may be found from Newton’s fundala 

Elasticity of the medium 
Velocity=l/ Density of the medium 

In  the case of an extended medium, the bulk modulus of elasticity is used. This DOdp pro- 
lus can be determined in a physical laboratory by measuring the change in VOl‘ 
duced by known forces. The condensations and rarefactions in a sound wtVe 5pd 
place so rapidly that there is little time for the heat developed in condensat’Oar e is 
the cooling in rarefaction, to be transferred to the surrounding medium. The chaDg 0 

es@ not isothermal-it is adiabatic and involves the ratio of specific heat at  constarit pr dified 
to the specific heat at  constant volume. Hence the velocity equation must be 
t o  allow for this fact. d The velocity of sound in sea water may be calculated from the tempera. ture 8’ 

,,lcp@s salinity of the water and the hydrostatic pressure. but the elasticity but reduces the density; both of these changes increase the velOGi~~tio~, 
the adiabatic correction is reduced. tho an increase in salinity causing an increase in both the density and the elastlcity~ot,h 

to 

increasing with depth, hydrostatic pressure varies slightly with latitude because ip 
tho change in gravity. 
R.A.R., since the maximum variation from the corrections given in table 34 
meter per second for a depth of 5,000 fathoms. 

water by the following approximate percentages: 

An increase in temperature 

Salinity also affects both terms of the eq 

net effect being an increase in the velocity. Hydrostatic pressure also increases 
the elasticity and the density, and results in an increase in velocity. In additioD Of 

ignored 
is but However, corrections for latitude may be safely 

of the 
The velocity of sound increases with changes in the physical characteristics 

er cent’ (a) Each 1OC. increase in temperature causes an average increase in velocity of 0.2 p 
(b)  Each 1.0 Ol,, increase in salinity causes an average increase in velocity of 0.1 p e r c e ~ ~ ~ e n t .  
(c) The increase in pressure for each 100 fathoms of depth increases the velocity 0.22 p 

Eemembering that the velocity of sound in water is approximately 1,500 m eters per the 
second at  temperature 14’ C., salinity 35.0 o/oo, and surface atmospheric pressureJ of 

temperature, salinity, and depth. 
,pd the velocity of sound (see 632). To compute the velocity accurately the vertical the 

temperatures must be measured in situ.’ The density must also be peasure:k,ter 
the salinity, although it has relatively less effect on the velocity. If the depth 
is known, the change in velocity due to pressure can be readily computed. affecfed An important fact to bear in mind is that the velocity of sound is greatly 

aide by the presence of suspended particles, not in solution. Sea water alwaYS 
such suspended matter, although in the open ocean it is encountered in suCll 

mouths of large rivers, it is present in appreciable amounts, but its effect on the 
sf sound is practically indeterminable, except by experimental tcsts. 

above percentages may be used to compute approximate velocities for other values 

horizontal distribution of temperature in the water medium must be known, so fiod 

conta*5 

quantities it may be ignored. At some places along the coast, particularly near tho 

Temperature is the most important physical characteristic of sea water 



RADIO ACOUSTIC RANGING 631 575 



pbQ@ 632 HYDROGRAPHIC MANUAL 

63d3) 
iDtr0’ 

should be known with sufficient accuracy so that no error in a plotted distance gitb 
duced from this source in excess of 1.0 mm, regardless of scale. The accurecy ,ad 
which the velocity must be known depends, therefore, on the scale of the survey,l& 

tb8 
the maximum length of the R.A.R. distances: for example, to plot a distance equiV 
to 20 seconds Qf travel time on a 1:80,000 scale survey sheet with this aCC~r’Cy’ to 
velocity must be known within 4 meters per second. Obviously it is imp 
specify accuracy requirements for all of the various cases for R.A.R., but g to 6 
the hydrographer should endeavor to determine the velocity of sound with1n 
meters per second. 

For use in R.A.R. surveys the apparent horizontal velocity of sound 

ossible 
enere 

(See 6322 and 6852.) 

Of 
632. TEMPERATURE OF SEA WATER 

, echo 
sound to the greatest degree, particularly in shoal water. A hydrographer using tribUtl* fl 
sounding or R.A.R. must know with considerable accuracy the vertical dls erat@O 
of temperature from the surface to the bottom, and the seasonal change in Of 
in a given area. Temperature distribution in sea water is best studied bY e ~ c O  graphs. A graph of observed temperatures at a given station plotted with refOrt@ 
to depth is known as a temperature curve (see 6321). The character of the tempere ced 
curve varies with latitude, and depth of water and Ocean currents have a Proaoua 

Solar radiation is the principal agent affecting, either directly or indirect’$&’ 
temperature of sea water. Water has a high thermal capacity, consequent19 the f ld  
near the surface is at  a maximum temperature following the hot season of the :$&red 
at a mkhmn temperature following the cold season. In  the waters usu& in let6 
by the Coast and Geodetic Survey the summer maximum is generally reached 
September or early October, the winter minimum occurring in late Februafl Or 
March. 

a. ThermocZine.-The temperature of the waters near the terrestrial p .  tiOD* 
nearly uniform from surface to bottom, and there is very little s easod  l’gerei5 
In lower latitudes, during the warmer months, the surface water is heated an ereture 
generally a layer of warm water above the colder water. A decrease of tempbeat 1s 
is, therefore, to be expected in sea water as the depth increases. The surfaCe of tb* 
transferred downward by conduction, convection currents, and the stifling 
surface water by wind and waves. The thickness of this upper layer of W&i$ 130)# 
varies with locality, but it is generally less than 40 fathoms (see figs. 129 tba hgp; 
It has been called the epithalassa, the colder water below being known 8s 

layer in which the temperature changes rapidly with depth. Such a temPe~e& 
gradient is known as a thermocline. Thermoclines are very important in sub&’ 
murid ranging, for when they are marked, as they generally are during the tbs tb* 
months, a sound wave is refracted rapidly downward. During the colder modt 

on the range at  which subaqueous sound can be received, and on the apParen 
zontal velocity. there is 

b .  In open-ocean ureas.--In the open ocean, to moderately high latitudes: && 
generally a layer of water of variable depth, below approximately 75 fathoms, lD 1’yd 
the temperature decreases rather rapidly with depth. A t  the bottom of t’s 

,looits’ Of the physical characteristics of sea water, temperature affects the 

effect on it. tb* 

ole$ is 

thalassa. Between the warm surface water and the colder water below, there $0 

temperature gradient is much less marked. Hence, thermoclines have a grea t borl’ 
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e temperature approaches a minimum and becomes relatively constant, usually a t  
a depth not greater than 400 fathoms. The temperatures in this layer are relatively 
Fble and are generally only slightly affected by the seasonal variation in atmospheric 
eQpekatUre. This layer might be called the stationary thermocline. (See fig. 130.) 

the stationary thermocline the temperature is unstable throughout a layer 
Its tem- 

Pr varies rapidly with respect to depth, and in summer the seasonal thermal 
QP@@~S~OII  raises its temperature far above that of the stationary thermocline. I t  "' be called a Summer thermocline. The summer thermocline may extend from the 
swace downward to join tho stationary thermocline, but it is unstable, because wind, 
s''ace waves, and chang 0s in density cause mixing in the surface layers. This mixing 

Consequently, 
~ ~ o "  summer thermocline there is generally a layer of variable thickness in which 

or '' waters.-The temperature conditions in waters on the Continental Shelf, 
'lear land, are generally different from those found in the open ocean, for the tem- 

Per 
throughout the entire depth of water generally experience a seasonal cycle 

The summer thermocline is generally 
in shoal water than in the open ocean. Occasionally them is a layer 

CQSh Of 'Older surface water that has been movdd inshore from the open ocean by winds 
Where such temperature 

localities and Over offshore shoal areas, where there are strong cuxknts 
hnds, the temperature Curve is vertical (if plotted as shown in fig. 129) during 

P% 577 

th 

thickness varies with latitude and other characteristics of the area. Peratue 

has b 
observed to extend to a depth of 35 fathoms during a storm. 

characteristics, excepting hydrostatic pressure, are nearly uniform. 

stationary thermocline is seldom evident. 

g what is known 8s a temperature gradient reversal. 
are experienced, R.A,R. is usually difficult in operation. 

rind 

FIGURE lZQ.-Annual cycle of temperature distribution Ln sea water near the surface. 
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most of the year, and only during warm months with clear skies will the heat absorp 
be sufEcient to form a summer thermocline, 

appear. The surface water begins to cool, and the consequent change in density 

die. 
In high latitudes as winter approaches, the su-erIthermocline begins :au@ 

TEMPERATURE DEGREES CENTIGRADE 
I 

: ................ .* 1 '  I I I 

4' 
4'' 

p 
,/ 
f 

FIGURE 13O.-Rango of temperature curves in offshoro ocean waters. 
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hold@’ thermometer frame is clamped high enough above it so that the thermometer 
when reversed, will not strike against the watercup. e@‘ A sounding lead weighing about 35 pounds is generally used when serial t@pG,p 
tures are observed. The water specimen cup and the thermometer frame add ’ 

$@, siderable weight, and the risk of overloading the wire must be avoided at dl 
Depending on the strength of the sounding wire, the power of the sounding 

depths 
and economy of time in making the observations, a detachable weight with a 
Sigsbee specimen cylinder (see 4665 and 4744) should be used in place of a lead in 

Most serial temperatures observed by the Coast and Geodetic Survey are in de\ to 
less than 150 fathoms, so at least this much stranded sounding w i r e  should be ’& ed 
the lead on the sounding machine used for this purpose. The wire should be z i z h g ,  
at the first indication of appreciable wear to avoid unnecessary loss of instr 
equipment, and time. dard$ed No thermometer shall be used for serial temperatures unless it has been stan 
(see 4712). io& 

The temperature of the water near the surface may be measured with a revers 
thermometer in a frame attached to a hand leadline which is used to pull the the 

The bottom temperature observation of a serial temperature should be mads a of 

m’ove’ 
~ ~ i k p 5 P ’  

greater than 700 fathoms. ths 

r@O@v 

ter through the water until the frame reverses. ftef 
rf $6: the registering sheave has been set at zero with the bottom of the lead at  the Q‘ 

the water. 
thermometer a t  the :surface of the water. For each observation, the reading 

For intermediate depths the sheave shouId be set at zero with the rev of tbS 

@JY sheave should be checked as the instruments emerge from the water. 
The sounding-machine operator should be trained to handle the machine Prop pot 

On the descent the machine must not be stopped suddenly and on the ascent it d dod be started with a jerk, because either may part the wire. 
very little slack in the wire when the lead touches bottom. jS orfitor vations at intermediate depths between the surface and the bottom the O P  dt tbd 
sometimes unable to stop the machine a t  exactly the desired depth, with the res. ~ feg 
the depth is greater than desired. ” 

d@&’ 
fathoms, because of the likelihood of reversing the thermometer. The fr@ 
machine operator must be instructed to read the actual depth of each observation 

The officer-in-charge of the observations should see that the thermometer. od de’ 
at each depth long enough to register the correct temperature. The time requl‘ for 
pends on the design of the thermometer but not more than 2 minutes is re4 

e fibde 
any type of reversing thermometer now in use. 

The VM+OUS depths at which observations for a serial temperature should berat@ 
cannot be specified in advance for waters for which the chaxacter of the temptioIlg to 
Curve is unknown. The aim should be to obtain a sufficient number of observ? $8 
define the curve accurately. In  most localities more closely spaced observatlO”~pO 
required in the upper layers where the greatest temperature variation OCCurgJ 

tho all Serial temperatures, an observation shoula be made at  2 fathoms belo>opt 
JUrfaCe, which is the approximate depth of the oscillator and hfd~OPhonee~~fitio@ 
survey ships. Where the character of the temperature curvo is unknown, obg fetbo~g 

be taken a t  approximately 10, 20, 30, 40, 50, 75, 100, 150,200, 300, 50° 

The operator Shod 
For temperature 

Such errors must not be rectified by reeling 

the sheave, irrespective of the desired depth. is k’Pt 

uired 

in deeper water where temperature conditions are more stable. 
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:'Ow the Surface, and at  the bottom in depths of 1,000 fathoms or less. For depths 

than 1,000 fathoms, the Same observations should be made down to 500 fathoms, 
aupp'ern@nted by an observation at  each 1000-fathom level below the surface and an 

?e ?here there are temperature gradient reversals, additional observations may be 
t F d  in the upper 100 fathoms to define the temperature curve accurately, but where 

@ 

changes, are regular with reference to depth, fewer observations will ? ' a c e .  After the general character of the temperature curve in an area is known, 
:pthB for observations may be selected so that fewer observations are required. In 03, Qeas where the deep-water temperatures are stable, observations are necessary 

t h  the observations of a serid temperature should be taken at  the same place, but 
6 Is th ' difficult, in deep water, for the ship may drift a considerable distance 
th s Or 3 hours required for the observations. To approximate the same location, 

required for the observations should be reduced to a minimum so the drift 
by @ 

will not be appreciable, or the vessel must be maintained at  the same place 
lllaneWering. In  a serial temperature observed with only one set of instruments 

the depth is known by echo sounding, the temperatures in the variable upper $.. should be observed first before the ship drifts away from the position. Where 
it @ depth is unknown, it is advisable to take the bottom observation fmt so those above 
f ""4 be spaced to the best practicable advantage; after the bottom observation, the 
eQaQ1ng observations should be from the surface downward. 

the 'itbin sight of an anchored buoy the ship may be maintained at approximately 
In the open ohcean' beyond the visibility of any objects, approximately the same position may be 

!% a aQtalhd th by ho-g the general direction and velocity of the current and maneuver- 
IQ th e 'hip to maintain the same depth on the echo-sounding instrument. Maneuver- 
$,:eShlP during a serial temperature is generally undesirable because of the excessive 
effect quired to place the ship in position for each observation. The best method is to 

ih The use of the bathythermograph (see 473) to record the variable temperatures 
th: bPer  layers of water will reduce the required time materially. For a hydro- ~~$>t~~~'t~t equipped with a bathythermograph, other expedients may be used to 

Two reversing thermometers may be used on two sounding machines, 
$@ 'Or observations from the surface downward and the other for those from the 

This method reduces to about one-half the time required for a serial 8i:::p, but more personnel are required and there is some risk of fouling the two 
at g Wires. Another method is to use a number of reversing thaomete r s  attached 

sel"t@d intervals on one sounding wire-a heavier sounding wire than ordinary 3ded or piano wire must be used to ensure against possible loss of all the instru- 

bht * "Qe water temperatures are generally not measured for use in echo sounding, ' the determination of velocity €or R.A.R. they may be required. The surface 
$$?e:ature should be measured with a reversing thermometer as described above but, 
:hip1' Is not practicable, a bucket of water, uncontaminated by any discharge from the 

$,tmaY be drawn from tho surface and its temperature measured. The latter method 
entirely satisfactory, because cooling may reduce the temperature by a half 

e'ee Under ord inary conditions, and in winter, when the water is much warmer than 

at  the bottom . (See 6342.) 

u1 the layers near the surface. 

Position by bearing and distance observations on the buoy. 

' of the total time required for the serial. 

. 

Pward. tottohI 

"" 8 
the pa rting of the,wire. 
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the air, it may cause an error of as much as 5 O  C. The canvas bucket, used “ 5 t b  
surface haul, should be constructed as if it were two buckets, one inside the Oth.erJsbOdS 
an air space between for insulation; the outside should be painted so that It uicb 
water. 
acting thermometer as soon as &he sample is on deck. 

The haul must be made quickly and the temperature taken with a 

6322. Frequency of Observations 
O l d  

For use in echo sounding and R.A.R, it must be assumed that the velocit3’ Of s t s o -  
is relatively constant throughout certain areas and during certain periods Of 
For economic reasons the values used cannot be changed too frequently. 
of time during which the velocity may be assumed to be constant will vafl 
entire season to a 2-week period on the working ground, and the area W v  q$9 
vary from that surveyed in an entire season to that surveyed in a %week perlode Stad. 
assumes that the temperature and salinity of the water remain relativelY &’ 
A sufficient number of serial temperatures must be observed so that the velocity tb0 
be known with the accuracy specified in 6313. The number required depends OD itJ’ 
physical characteristics of the water and the physiography of the area. The P r 0 7 0 ~ t  
of an ocean current or the discharge from a large river would necessitate mor e freq, sallDitf 
observations, in which particular attention would have to be given to the 
de terminations. art 0’ 

At least one complete serial temperature should be observed in the deePe:::dsgse 
the area surveyed each month, for use in computing corrections to echo s &lJ’ 

Where little is known about the regional variation in temperature, the first ifl 
OD0 deep-water serial temperature of a season should be accompanied by a second fir0 e t@ deep water a t  a different locality, down to depths where the temperatures of th o@ 

in approximate agreement. I n  the limited areas ordinarily surveyed during nnerallJ’ 
it  will usually be found that this will occur comparatively near the surface (LPn is 
within 75 fathoms of it) in the layer where the influence of the seasonal raofltb 
greatest. Where this is tlic case, other serial temperatures taken during theLher@’ 
may be restricted to the upper layers, possibly to the depth limit of the bathJ’ aso,d 
graph. The hydrographer should endeavor to determine the regional and *tiofis 
variation in an area with a minimum number of serial temperatures at p 
distributed throughout the area. 

Physical conditions of sea water are rarely so stable that one serial temp 
will suffice for the duration and area of a survey. $0 
such a condition, additional observations must be made at  intervals to  Przbaog6 
stability. Where there is little regional variation and only a slight seasona1 
a minimum of four or five well-distributed serial temperatures each month &D 
suffice. Where the physical characteristics are extremely variable, both regionallJ’ ill 

Slope seasonally, as during the summer. months along the Atlantic Continental 

take too 
the vicinity of Nantucket Island, Massachusetts, a minimum of about 15 seria 
atures should be observed each month. In  such conditions it is better to eoified 
many observations rather than too few to ensure that the requirements sp 
in 6313 will be met. to 

For most localities there is insuficient knowledge of the physical collditiO~& 

Perature Curve far beyond an observed value, so he must depend on his own Ob’ 
tions. But prior surveys in an area or published st,udies by other organization@ 

The 

091 

Practically, however, even ass ve 

1 @Per 

enable the hydrographer to predict the temperature gradient or to extrapolate a ol*~fi’  
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SOB 
and are temporarily removed from solution but these are eventually r e d i s ~ o l V ~ ~ ' ~ ~ g 0  
water also contains gases and traces of a vast number of organic compounds; d tb  of the gases, notably oxygen, remain in true solution, but others soon co~blne  $05, 
other substances in the sea water. Of all the dissolved substances that reach the 

Of 
A study of a number of analyses of the composition of sea water from all ~ e & i o D ~ ~ d  

the world shows that sea water, regardless of locality, is of uniform compos~tlO" IJ' 
varies O ~ Y  as to the percentage of total salts held in solution. The saliitY lS ?$ti, 
high in regions where atmospheric temperature and evaporation are high and rB$Tf&~O 

depths' small, and vice versa,. Rain water and water from rivers tend to float on tAe 
of the sea and because of this the salinity near the surface is less than a t  greater ocoap, 
For the same reason the salinity near shore is generally less than in the Open 
In  some regions the salinity will vary considerably from surface to bottom and 
place to place. At one place in the Gulf of Mexico the salinity has been obs 
differ by 6 'loo from the surface to bottom in only 8 fathoms of water. In the 

miles apart. 

only the volatile ones are removed by evaporation to the atmosphere. 

erved " 

10 lOc&ty the surface salinity has been observed to  differ by 8 '/,,' at two places only 

6331. Determination of Salinity 
The salinity of sea water varies with the density of the water, and the siapl" e &0 

method of determining the salinity, for use in hydrographic surveys, is to meBsur $6 
relative density, or specific gravity, with a hydrometer. Hydrometers and observOd gravity measurements are described in 475, and the method of recording the ,ties: 15 
data on Form 717, Record of Temperatures, Salinities, and Theoretical veloclrav,hf 
described in 6341. The salinities, which are determined from the specific 
me=urementR by the use of tables or a graph, are also recorded on Form 717. cow 

The density of sea water depends not only on the amount of soluble matter 
tained in a unit volume, but also on the temperature of the water. Sea water 
and becomes lighter when heated and contracts and becomes heavier when of 

saWJ' 
Therefore, the specific gravity by hydrometer must be corrected for any Va 
the water sample temperature from the standard of 15OC., for which thee of tb0 
tables are computed; consequently the temperature of the water at the ti@ 
specific gravity measurement is needed to determine the salinity (see 475)' 
corrections for temperature and instructions for applying them will be found on vatlo~s p.ageg 
86 and 87 of Special Publication No. 196 (1941 edition), Manual of Tide Obor R$itJ' 
Obfmved density, measured specific gravity, and apparent density or specific @ ,rv 
are all one and the same, and refer to  the hydrometer reading uncorrected for teaP 
ture. With the corrected density, the corresponding salinity may be found from 

coolede 
riati@, 

table on Page 88 in Special Publication No. 196. * tb0 
The salinity may also be found from a graph constructed from the values of 

tables for the required ranges of observed data. ill 
salinities from 28 to 40 O/,,'. It may be seen from the figure that a change of Or ' iP 
the fourth decimal place of specific gravity is required to  produce a change Of "':@ 
the Salinity- The Iiydrometer may generally be read accurately to 1 in the 'iY of 
decimal place, so that the salinity may be determined with a theoretical ticcura 
almost 0.1 o/,,,,, 

Figure 131 includes the 
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Salinity may also be determined by chemical titration. This method is bas 
const? 

in SP 

the fact that the proportion of chlorine in the total dissolved solids is net&‘ 
in all sea water (see 633). A silver nitrate solution of known strength is used to 
tate the chlorine as silver chloride and a small quantity of potassium chromate 
free from chlorides, is used as an indicator. The hstruments and method Of 
titration, as well as other methods of determining salinity, are described 

feCipl’ 
tiOD1 

*c@l 
the@ 1 

Publication No. 147, ‘Measurement of Salinity of Sea Water. t;@ 
Water samples are ordinarily not retained unless they are desired for 

purposes. bl  
dcslred water have been made and water samples from such areas are frequently &9hpg 

oceanographic institutions. Special instructions will be issued by the Tv eclgefl 
Office in such cases and the oceanographic institution will generally furnish sp e& 
bottles and issue directions for preserving the samples and instructions for. sh$d’ 
which is usually made at  the expense of the institution. t&le 

SO tba d water samples is immediately measured by hydrometer in the usual manner, d @, 
Sali@tY may be determined for immediate use, and the sample is then bottlesapbli 
marked for identification, The salinities of water samples sent to oce@fcorde 
institutions are generally furnished later to  the field party. They should be ed io 
in the proper spaces on Form 717 and used in the velocity computations, if 

A graph of the salinities with reference to depth should be plotted for e 
temperature observation, in the space provided on Form B-1528-5 on which th 
temperatures are plotted. 

Field parties sometimes survey in areas where few scientific an&’se! 

The spccific GafltY 

e&’ 
time. 3J 

vcfl ser!0l 

6332. Frequency of Determinations 
GO?’ The range of salinity is usually small, and compared to temperature it hae vvl# 

ParativelY little effect on the velocity of sound. It usually increases Unifora1’ b0 
depth. In  general a water sample for use in determining the sa1initY agaflPIB 
obtained at the surface and bottom as a part of each serial temperature; and otbO’ 
at one intermediate depth should be obtained occasionally. The salinities. 
depths may usually be interpolated with sufficient accuracy from the Saliaty tbO 
Detelminations of salinity should be well distributed as to area and thrOu&hp‘:3130 
season and should yield sufficient information to ensure the accuracy spec i~dal~ i~ i ]@‘ 
where the temperature varies erratically, the salinity will usually vary In 

manner and additional salinity determinations will be required. 

s b d d  

634. RECORDS AND COMPUTATIONS 

.t9 io 
The observed temperatures and the observations to determine the s a y  flu! 

serial tcmperature, and all scattered observations of temperatures and salinltlc~&oG’: 
be recorded on Form 717, Record of Temperatures, Salinities, and Theoret1c8kDt@d’ 
ties. This form contains a number of columns in which the data should be 
one horizontal line should be used for each observation at  each different depth’ @d The form is designed for use in recording both serial temperature obWv &o@uflIS,d be le 

scattered bottom or surface observationq. A separate copy of the form should det 
for each serial tempcraturc, the date of the observation being entered only o;o;:fl Of 

line at  the top of the form. 

6341. Records of Observed Data 

When the form is used to rccord.scattcred 
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Observations, a number of these may be recorded on one copy, the date of 
;ach ‘bsorvation being entered in the left-hand column. The t h e  Of a single observa- 
lo‘ should be recorded in the proper column, but only the times of beginning and 

:?’‘yting a serial temperature need be recorded. The depth of an observation should 
e “lcated to the nearest half fathom for the first 100 fathoms below the surface and to Care must be taken to record the actual 

depth of Observation. The bottom observation should be indicated by a B after the 
recorded depth. ‘Where the position of an observation is known accurately, tho latitude 
a‘dlongitude should be given to the nearest tenth of a minute, but for a serial tcmpera- 
half’ where the ship has drifted considerably, the probable m a n  position to the nearest 

d lrhe observed temperatures sllould be read and recorded to the nearest tenth of n 
e@’ee Ccnt,igrade and the corrected values entered in the column provided for that 

’Our columns are provided for the data. to determine the salinity by hydrometer. 
th4gdcr the two columns headed "Specific gravity,” spaces are provided for recording 
th observed density, or apparent specific gravity, and the corrected observation. To 

e right of these is another two-columnn space headed “At temp.” in which the observed 
and Corrected temperature of the water sample should be entered. (See 6331.) The $2js numbers of the reversing thermometer and the hydrometer-not the NationFl 

I? the “Remarks” column t l ~ o  charactor of the bottom should be recorded on the 
In this column the state of the 

and the condition of the sea should also be cntered. 
coQ 

salinities determined froill the specific gravity measuremcnts, and the velocities 
on I”pltt@d from the temperature, salinity, and depth detcrminations, are also recorded 
6 3 ~ ~ ~ -  717. The detelmination of salinities from the obscrvations is described in 

p.Ud the computation of velociiies is described in 6343. Salinities determined by 

Rubber Stamp No. 40 should be used in the lowcr right-hand corner of the form 
e initials of thc persons who observed and recorded the data, computed the th 

“lnities and velocities, and cheeked the computations, should be entcred in the spaces 
Pro\ided, 

nearest fathom for great,er depths. 

t h e  

lnlnute is all that is warranted. 

bee  4713). 

of Standards numbcrs-should be recorded in the spaces provided, 

With the observations at the bottom depth. 

or by any other Diethod, are also recorded on this form. 

6342. Temperature and Salinity Graphs 

tge+ultaneously with the serial temperaturo observations, the corrected tempera- 
and the salinities should be plotted as graphs on Form B-1528-5, designed for ? ?‘his should always bo done to ensure that the numbor of observations 

d au%iQt and that tliey are correct. The tempcrature and salinity graphs aid, in 
any erroneous observations and in determining at  what depths additional 

;bae‘vatiolls aro required . If thcre is any uncertainty in drawing any part of the 
eQp@rature curve, additional observations should be taken. 

kidern localities tho temperatures in the upper layers of mator generally cover a 
h. Therefore, in plotting the temperatures on Form 

1528-5, the Curve should bo plotted in two sections; a shoal seqtion from the surface 
deb,.. Or 120 fathoms, and a deep section from 100 to 1,200 fathoms. The whole of the 
04 a ’%e of the ordinate scale should bo used for both curves, tho shoal section being 

The temperature at 100 or 120 fathoms 

1: 
range and aro more variable. 

to 100 

10 times as large as the deep section. 
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tted OD ’ 
should be shown on both curves. Only one serial temperature shall be $0 fotbO~$i 

sheet. Where a serial temperature extends into depths greater than 1,200 7171 
Fora ug the observations a t  depths below 1,200 fathoms should only be recorded on 

but a notation should be added at the bottom of the graph stating the ma$$$ 
depth of observations. 

’ 

only on Form B-1528-5, and only at  the specified scales. era‘ 
The temperature and salinity curves may be inked any time after a serial te:$ aS 

ture has been completed. The two sections of the temperature curve may be a G,,9e 
which by heavy black lines, unless they cross and there is probability of confusion, in ic3ed 

the deep section should be inked in red. seGtiop 
a small circle. 
if there are two, shall be indicated in numerals. 

The graphs of serial temperatures, with the records of observations, 
arranged in chronological order and bound together and forwarded to the wash 
Office. They should not be bound with any other report or records. (See f3331*) 

For the sake of uniformity serial temperatures shall be 

Each observed value should be 
The depth of some one observation on each curve, or on each 

&ollld be 

6343. Computation of Velocities 
erst@" 

As stated in 63, the velocity of sound in sea water depends on the temp @Y 
salinity, and pressure. Therefore, if the temperature and salinity are knom at fid 331 depth, the velocity of sound a t  that depth may be computed from tables 3% gotsf 
34 in 9611. These tables are based on Tables of the Velocity of Sound in pure ,itisb 
and Sea Water, H. D. 282, published by the Hydrographic Department of the tefipe; Admiralty. Table 32 contains the velocity in meters per second for various, 
tures under atmospheric pressure and a t  a salinity of 35.0 ?io. The correctlo? to d 
applied to the velocity in table 32 for the difference between the actual sdifltY ’79 ,&lidty 
35.0 %o is given in table 33, the correction being subtractive where the actual for 
less than 35.0 960 and additive where it is greater. Table 34 gives the correc$&ei 
pressure, to 4,000 fathoms, to be applied to the velocity in table 32; it is always a 

and therefore With latitude. Table 34 is computed for latitude 45O, a mean rela’ 
sufficiently accurate for surveying purposes (see 63). The pressure correction is the 
tively uniform and for depths less than 1,000 fathoms it may be found by 
depth in fathoms by 30, which will give the correction in meters per second. t,ble5* 

ed 
Using the “corrected temperature at  depth,” the velocity found from table 32 oli& 
in the column headed “Velocity at temp.” The corrections to this value for t id$  
and pressure at depth of observation are found from tables 33 and 34, respTtio4. 
and, with their algebraic signs, are entered in the double column headod “Corre 
The algebraic sum of these three column entries is entered in the column 
“Velocity (theoretical).” This value is the computed velocity of sound in @&d bo 
a t  the depth of the observations. Velocities are usually computed and re 
tenths of a meter per second. beged 

Echo-sounding corrections and occasionally velocities for use in R.A.R. ”’ The 
on theoretical velocities, meaned from the surface to tho various depths of Water’ b@ 
temperatures and salinities, for a period of time in which they can be assumed 
remained approximately the same throughou’t an area, are used (see 5612). 

is usually computed and entered on Form 717. Instead of graphs of temperature 

The pressure correction vanes not only with hydrostatic prcssure but also W lth @‘$$ 
dividing 

Velocities are derived on Form 717 from entries made from the above is enter 

to 

Or ab’; 
gP The velocity for each depth at which observations are made in a serial temp 
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:2 (6342), the velocities may be plotted with reference to depth on cross-section 
- and a graph may be drawn to represent the velocities at  all points through a e'tltal column of the water. rn the same manner that temperatures and salinities are 

EFOQ 'OQbUed, the v&city curves may be combined and an average velocity curve drawn, 
b&diWbch a mean velocity from surface to each depth may be determined. Velocity 

en!s affect the propagation of sound in sea water to a great extent, and they are of @ 'QPortanco in R. A, Evan a graph of the temperatures plotted with reforcnco 
I$et:th will reveal the approximate character of the velocity gradient in the upper 

' where temperature changes are relatively large. 
R.a& Smooth sheets are frequently plotted by using velocities determined experi- 

that is, by measuring the travel tima of a subaqueous sound between two e ?hose horizontal distance apart is known. The distance divided by the elapsed 
'QpaYes the velocity of forward propagation. Such a velocity is known as an 
bq, ent horizontal velocity, because it may differ from the actual velocity of the sound 
th I t  is, never- 
,*! 'he value that is needed for plotting distances in R.A.R. Apparent horizontal 
b C't'es are satisfactory for use in an area where the velocity increase with dcpth is 2" uniform from surface to bottom; but where the velocity decreases appreciably 

Ith depth7 apparent llorixontal velocity chn be used with accuracy only for distances 
8 approximately the same as those where the test was made and for limited 

hq*arent horizontal velocity is frequently determined from the elapsed time 
th ed for a subaqueous sound to travel between two buoys, the distance between 
eie' having beon measured by taut wire. In  an area adjacent to prominent shore 
%Q Or high mountains which have boon accurately located, it is generally deter- 
th Od fS"m elapsed times from R.A.R. stations to positions h o d  by sextant anglcs, 

e hO"zoQtal distances being determined graphically or by computation, An i:t:Ft horizontal velocity dotermilled between two buoy stations a sufficient dis- 
is usually more reliable than a value based on distances depending on sextant ::2 the distance involved is usually more accurately known in the former 

$84ta11J'; Po 

the medium, duo to the propagation path of the wave (see 623). 

depth 
P@PirJds 

Of time in the same locality. 

%IS 

635. DETERMINATION OF VELOCITY 

ik 4n knowledge of the velocity of sound in sea water is obviously of vital 
haPoPtance in R.A.R. and echo sounding, for without it accurate hydrographic surveys :$ these methods of position determination and depth measurement are impossible. 

"have been prepared from which the theoretical velocity at  any depth may be 
6343) Qtermlned if the temperature and salinity of the water at  that depth are known (see 
to * 2'heoretical velocities are entirely satisfactory for use in computing corrections %?? 'Oundings, but for R.A.R. the path of the sound wave through the water must 

e taken into account before accurato positions can be determined. 
!@lo?he Path of the effective sound wave in R.A.R. varies with the character of the 
f l  ~ ~ ~ ' 4 3 1  @adient, as explained in 6231, and at  times and in many areas it is very difficult, 
%pa 'mPOssible, to determine velocities satisfactory for accurate plotting unless the 
pl' t b @ s  a r e  first corrected for the path of the sound wave. Because of the com- 

d nature . of the problem, no entirely satisfactory method of doing this has as yet 
%et ev'sed. Regardless of the method used to plot R.A.R. distances on the smooth 

' the hydrographer must realize that the elapsed times are greater, by an amount 
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t,bef 
varying with distance, depth of water, and character of velocity gradient, thaa* OV 
would be if the sound had traveled by a direct horizontal path. The apparent "$it% 

tal velocities needed for plotting are lower than the corresponding theoretical .$ 
the difference generally increasing as the depths and the distances from the 
stations increase. 

p.J 

6351. Apparent Horizontal Velocity From Tests 
be 

Where apparent horizontal velocity is to be used in plotting, the values 
derived from distances slightly longer than the R.A.R. distances involvedl if ';ark 
cable. Under unfavorable conditions it may be necessary to determine aPPare'L&$ 
zontal velocity for various distances from each R.A.R. station, using values ' 

Apparent horizontal velocity tests should be made under carefully selected for 
tions. Where practicable, the temperature and salinity conditions should be no@$dO 
the period and area, and the depths should be average for the area. If the tests are cad 
between two buoys, the distance between them should have been measured tbo 
wire snd the tests should be made when there is a strong steady current $0 "'%of5* 

buoys lead approximately the same amount Qnd direction from their respective "e io 
A period of slack current should not be selected, for tjhen the buoys may be lead1" betge 
different directions, thus introducing an error into the horizontal distance 
them. Where sextants are used to fix the positions of the bombs for tests, Only to jive 
fixes using accurately located shore stations should be used. A series of threeused to 
bombs, each located in this manner by an independent sextant Gr, should be tfi% 

with a check angle if possible, should be marked at  the instant the bomb strikes the ';vr 
and as near to this point as practicable; or the distance and bearing between th o obse ,Dd 
tion station and the point where the bomb strikes the water should be measured tbo 
allowed for in plotting or computing the position. Bombs used in tests should be oi 
same size as would be used at comparable distances in R.A.R. Results of tests velod' 
in any way questionable should be rejected and not considered in computing the either 
ties. The distances from the bomb positions to the R.A.R. s'tations may be 
computed, or scaled graphically on an accurate projection. Oit'Y 

An excellent opportunity is afforded to determine the apparent horizontal )'$bid' 
during a taut-wire measurement of the distance between two buoys, at  least O n o  Of 

iaterVato is a sono-radio buoy. Test bombs should be fired a t  frequent and regular 
the taut-wire sheave being read at  each bomb to determine an accurate distance oi t 9 
the R.A.R. station. Such a test discloses any variation in apparent horizontrtl ve$dOd 
due to distance or depth, and the data obtained may be used to plot R.A.R.7 p 
the tests are based on sufficiently long distances. 

a0 d v  * ]  To correlate the apparent horizontal velocity with the theoretical velocitya sebfl 
provide adequate data for studies of the propagation of sound in sea water, tog' 
temperature should be observed in the locality immediately before, or after, a sed 
or series of tests. If the test is in conjunction with a taut-wire 
temperature should be observed near one end bofore starting the measurement' @ 
near the other end after the completion of the measurement, and if practicable' a 
about halfway between, if the distance exceeds 10 miles. 

with distance when plotting. COlldi. 

obtain an average velocity for each distance for which $ests are made. Tbe Sextan tef 

tb@ 

ro 

e& *as 
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6352. Frequency of Tests 

number of apparent horizontal velocity tests required cannot be specified 
Out a knowledge of the area. A minimum of one or two tests per month should 

"'c' areas where, and Seasons when, temperature and salinity conditions are 
i 3 e 1 y  stable. But whore and when temperature and salinity are variable, more 

'Yent tests will doubtless be needed to determine the Velocity with the accuracy 
sp@c@ed in 6313. 
Ih The should not be content with satisfying the minimum require- 

delagin 
@'" additional tests can be mado in conjunction with other operations, without 

Zont,l 
During taut-wire measurements apparent hori- 

distpi,':Fty tests should be made at  every OppOrtUnitY. Such tests should be 
regionally as far as practicable throughout thc project area and made 

ita>Uent intervals during the period of the survey. In buoy-controlled surveys 

the progress of the work. 

PO be made a t  every op- D 

;t., 
,,' j '\\\ 

,I' I '\\ 

I' I 6353, 

bei?y Over distances that have 

N $?/' I '\?+ \ 
b.4: , 91 

ueas'Jred with taut wire. 

I a d i r ~ t  M e a s u r e m e n t  of 

the offshore limits of some 
surveys it may bo difficult 

'QP'ssible to determine the 
horizontal velocity of 

Possible that appreciable 
oduced by plot- 

I '\ 

Velocity I' I I I \ 

I \ 

'\ 

\ , I 
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I I 
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FIQURE 132.-Veloclty of sound determined from time intervals simulta- 
neously measured to three known stations. ' where the physical char- 

hcterietics and the depths of the water may be quite different. An apparent 
? $ p l  velocity for us0 in such areas can bo computed, if certain assumptions are 

b h  th, thee'" elapsed times have been measured from a bomb position to  three R.A.R. stations, assuming 
'@h 'PParent horieontal velocity is the same over the three travel paths, the apparent horizontal ' 'lty In figure 132, A, B, and 

three R.A.R. st& tions, and D represents the position a t  which three elasped times are $iFd' The distances a, b,  and c between the R.A.R. stations, as well as the angles of the triangle 
I:t t,h,"' The distances AD, BD, and CD are unknown, 

elapsed times tl, t l ,  and tat required for a subaqueous sound wave t o  travel 
From these data the apparent horizontal v@'~clty aQpo8ition " D 

be computed without any knowledge of the three distances. 

form, are known or may be computed. 

o the three R.A.R. stations, are known. 
be computed from the following equation: 

1 +sz 
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in which the terms p ,  q, T ,  and a, stated in known values with a equaling the angle BAC (see 
are as follows: 

1321, 

S= -cot a 
b[l-($y]sin a 

@reDt 

d 

and de$O 

&PPUBedi In solving for V ,  the sign of the term to the right of the f sign must be chosen to give an 
horizontal velocity in approximate agreement with the estimated value. 

is 
If the Wrong sign 

the error will be obvious, in most cases, from the value obtained. 

It is obvious that there must be no doubt regarding the accuracy of 
times used in the computation, and conditions of temperature, salinity, for should be similar along the three paths of travel; otherwise an erroneous Valu~iffe@l 
velocity of sound will result. for us00 positions and if a reasonable check is obtained, the results should be averag 

6354. Effect of Current on Velocity of Sound d 
If sound travels through water which is moving as a mass, the velocit; direotiO 

will be increased or decreased by an amount depending on the velocity fLn &Ofl 
of the movement. A current of 1 knot whose direction is the same as the Prop” 0.5 
of sound, increases the apparent horizontal velocity of sound by a little morctiofl aS0 
meter per second, and of course decreases it by an equal amount if the dire oufl’ 
opposite. Any other current will increase or decrease the velocity by nn gfld 
depending on the strength of the current and the relation between its so 
the direction of propagation. Ocean currents are generally of moderate strang form’tiofl 
their effect on the velocity of sound is not large; furthermore, sufficient ine velooitY 
is seldom available to correct for it;  therefore the influence of current on th 

tb.0 of sound is usually disregarded in R.A.R. 
The abnormal temperature and salinity conditions caused by turbulente tbO 

edges of an ocean current, and in eddies generally, have a pronounced effect 01Y 
Propagation of sound directed through them. The sound wave may be comP1~OOfl 
dispersed at such places, so that no sound is received beyond them. This e i f e c ~ ~ ? p #  
repeatedly observed at the edge of the Gulf Stream in R.A.R. surveys off 
Atlantic Coast. 

the e i @ ~  

Computations should be made for 

of S O Y f l  

8 than 

afl 

near 

636. METHODS OF APPLYING VELOCITY DATA 
based Corrections to echo soundings are computed from theoretical velocities tbOsO 

depths, and average temperatures and salinities. 
corrections is explained in 561. 

The method of determining 
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'Or Plotting R.A.R. positions, the effective horizontal velocity is required (see 63), 
this is more difficult to determine. Sound is rarely transmitted through sea water png8 a straight horizontal path-it is usually reflected and refracted depending on the 

P ~ J '  
The vclocity of the sound wave a t  any instant is a function 

.@ 

In a heterogeneous 
?*, Such as sea water, the velocity of the sound wave is continually changing as 
d propagated forward. The velocity along the path of the wave is the mean of the 
tQle 

But if this velocity were multiplied by the elapsed 
interval measured, the distance obtained would be the length of the path of the 
' whereas what is required in R.A.R. is the horizontal distance. An arbitrary 

'"lue 
Of Velocity must often be used, which when multiplied by the travel time of the 
Wave will give the true horizontal distance between the bomb and the R.A.R. station 

toraU * Such a velocity is termed an apparent horizontal velocity. TO determine it 
'Onditions encountcrcd in R.A.R. is not a simple matter, and ompirical methods 

'here it is possible to determine an apparent horizontal velocity experimentally, 
eu,,:easuring the travel time of the sound wave over a known horizontal distance, 
' a Velocity can bo used if the distances and depths in the area being survcyed are 

to those whore the tests were made, and the velocity gradient approximates 
Otherwise a comparison of the apparent horizontal velocities with the 

i$pted theoretical velocities based on the physical characteristics of the water at  the 
S the tests must be used as a basis for correcting theoretical vclocitics (see 6343). 

bb A yethod is needed by which the elapsed times along the a c t d  sound path may 
de* corrected from a knowledge of thc velocity gradient and the approximate 
plot B' SO that the corrected times may bo uscd with mean computed velocities to 

Until this problcm has bcen satisfactorily solved, ompirical 
Qethods such as the above must be used to detcrmine velocities for use in plotting 

6361. General Procedure 

gradient (see 623). 
salinity, and depth of the water a t  that instant. 

instantaneous velocities. 
have 

Often be used. 

'"ginal. 

''etlues theoretical velocities a t  selected depths will be found applicable. 

distances. 

distances, 

Tho velocities to be used in plotting any R.A.R. survey shall bc determined as 

apparent horizontal velocity shall be accurately determined by tests, during which 

&hd i:L VeloCity-depth curves (see fig. 126) shall be drawn from the data  on Form 717 (see 6343), 
'opthat velocity gradients sliall be studied to  determine the most probable patli of the sound wave 

Beason, not only along the track where the tests were made but throughout the area. 'a) The apparent horizontal velocities determined by test shall ,be compared with the  Corre- 
*lng tlleOretical velocities colnputed from the tables (see 63431, t o  verify the probable path 
" p e d  in (2) above, and to  determine for What depths t o  ColnPUte theoretical velocities and 

(qa;'blt~4r~ corrections, if any, t o  apply to  them. 
%re, horizontal velocities determined by test may be used for plotting where the temper- 
'hd * and salinities vary only slightly from those observed at the time of the test, and for distances 

' (') theoretical velocities, sometimes based on an arbitrarily chosen depth or arbitrarily 

I salinity, and depth measurements shall be made. 

depths similar to  those where the tests were made. 

oFPected~ shall be used t o  plot all R.A.R. for which (4) above does not apply (see 6362). 

6362. Specijic Rules 
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to a certain depth, perhaps arbitrarily chosen; or one of these to which 
correction is applied based on apparent horizontal velocities expezimentally 
The cases that occur fall into five categories, depending on the type of 
These categories are described below, together with the procedure to be 
is thus incumbent on the hydrographer to determine, in any given case, which Pro‘ 

&re$ ig should be used. 
Through a study of the velocity curves obtained (see 6361(2)), the project 

divided into sections, if necessary, with characteristics as nearly uniform as the @‘ tb0 
information warrants. The category is next determined. 
velocity curves and the text in (a) to ( e ) ,  into which category a sectional are@ w ~ c c b  
recourse must be had to the procedure in 6361(3). Thus the final criterion bJ’ oate* 
procedure (a)  to ( e )  is determined, is greatest practicable accuracy. The proper oitie$ 
gory is selected by applying the following rules to the apparcnt horizontal 

ed determined by test. 
The apparent horizontal velocitY loco‘ 

by test should almost equal the mean comput,ed velocit,y from surface t o  bott,om at the time ’nd,re8s 
tion Of test. Use mean computed velocity for  plotting. This condition is general in many ocea&& 
during the winter and early spring. for 
a straight path from source t o  point of reception. Where the distance involved is 10116 enou,$ved 
the bottom t o  obstruct this path, because of the  curvature of the earth, the first sound wave 
will be one which has been reflected from the water surfacc-the reflection from the bottom,Xi@@ 
later arrival. slight 
distances. 
tha t  the sound wave can be assumed t o  travel a horizontal path. 

at time of test from surface t o  the depth where the vclocity starts to  decrease. Use wan colttadll 
velocity f r o m  surface to the depth where the veloczty S t U T t S  to decrease. The path of the Sound W’S d’l 
be a succession of widely spaced rcflections from the surface. Will 
never have been reflected from the bottom. The increased Imgth of the path of the sound wfr.vel ’ 
be 80 slight that  m o r  thus produced can bc ignored and the sound wave can be assumed to 
horizontal path. Where the R.A.R. distances are relatively short, the velocity based on the 

to decrcefse’ conditions at O r  near the surface may have t o  be used, rather than the mean velocity. 
ve&Y 

T h e  apparent horizontal velocity determined by test should be less than the mean theoretlcal @aa 
a t  lime of test computed from surface t o  the depth where the velocity starts t o  decrease. u6e8r8ficd 

rompvted velocity f r o m  surface to the drpth where the velocity starts to decrease, corrected the d i 8  ,, of 
determined by test. The sound wave is refracted sharply npwarcl SO that  the path is a ~ u C c e E S ~  to0 
relat,ively closely spaced reflections from the surface. The increase in the length of t h e t ~ f & , e $  
great to  permit the Use of mean computed velocity without correction. FnrthermorC, if 
is long, the sound wave reflected from the surface may be attenuated so that  it is never refer 
which case the received sound wave is one reflected from the bottom. For this reason i t  may be be 
able to  use apparent horizontal velocity if a siificient niinlber of adequatcly dis t r ibntd 
made. The 

( d )  veloci ty  decreases f r o m  the surface downward to  a depth at which it starts to  increase*,&i~’l 
atwarent horizontal velocity determined by test s h o ~ l d  }IC appreciably less than thc mea n theo ol t~J  

Velocity a t  time Of tCSt Computed for a section of water from surface to  bottom. Thi8 type Of velo&i 
gradient is general during the summer months. Use apparent horizontal velocity, or me$.$$ the 
Velocity f r o m  surface 10 bottom COrreCted by the diflerence determined by test. velOcity 
sound wave is refracted sharply downward through the lipper layer of water if the decrease in d8ve 
is rapid, and is reflected repeatedly between surface and bottom. The path of the sound used’ 

(e )  Vebcity computed for a selected depth. A comparison of the apparent horizontal v,$@i’ 

If it is not obvious fro’ beio4&si 

deter@ ( a )  Velocity nearly constant f r o m  surface to bottom. 

For moderate distances the sound wave will follow p” 

re 

It is under these conditions that  R.A.R. will function most favorably and at 
Arly increase in the lengt,li of the path due t o  reflectioll of the sound wave Will be 

(b)  Velocityincreases moderately f rom surface downward t o  sonic depth at which 
The apparent horizontal velocity determined by test s h o ~ l d  almost equal the mean 

Tho first sound impulse rccclv 

( c )  veloci ty  increases rapidly  f rom surfuce downward t o  somc depth at which i t  starts. 

Under such co 

appreciahly longer than the horizontal distance and uncorrected computed velocities C a l l n  d t  be oity 

determined by test discloses that  i t  is in consistent, agreement with the velocity computed for ’ 
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depth’ areas and seasons where this is proved by test, use the computed veloci lvfor  the selected depth.  ?@ basis for this is tha t  the increase irk the length of the sound wave path is nearly compeiisated for m“ the diRerence between the mean computed velocity and the computed velocity at the selected depth. 
Certain areas where there are temperature reversals, it has been found that the depth at which a 

’ Data from R.A.R. surveys along the Pacific Coast and in Alaska, and for some areas on the Con- 
t’‘e:tal Shelf of the AtlaIltic Coast, indicate that  for depths not exceeding 300 fathoms a very close 
ernpl?al relationship exist8 between apparent horizontal velocity determined bg test and bottom ?pul the latter being the average of the velocities computed for the bottom depths along the Path. 

e velocitY gradient in such cases will generally be found t o  fall in the (d )  Category. Where tests 
that Such relations11ip exists, the  bottom velocity may be used t o  plot R.A.R. For depths 

liar order to obtain satidactory results from R.A.R., the liydrographer must be fomi- 
with the theory of sound propagation; only then will he be able to evaluate the ?’!’ Of tests made to determine apparent liorizontal velocity, and to select the most 

aCtlcable means of determining the correct velocities to use in plotting. In general, 
and regional cl1anges of temperature and salinity require changes in the plotting ipc$Y; other influences being constant, an increased depth generally requires a lower 
velocity; and frequently different values must be used for different distances 

in Regardless of ],ow velocity is used in plotting R.A.R., for the sake of simplicity and 
be Order to eliminate Some of the variables, average temperatures and salinities must 
(8 to exist througllout nn area surveyed during a limited period of time 
1: 5612). $’or most areas tile errors introduced by these assumptions will be slight. 

?lne areas, however, tl~ere are large regional or seasonal changes of temperature and ;kp and in tllesC, tllc regions and periods of time must be limited to  thosc during 

64. R.A.R. STATIONS 

d TbreC diffcrcnt types of receiving stations have been used by the Coast and Gco- 
tCtlc Survey in thc R.A.R. metliod of control. In  the chronological scqucnce in which 

developed they arc; shorc station, ship station, and sono-radio buoy. 
sa40.‘adi~ buoys have entirely taken the place of ship stations and have at  least :::FIJ’ restricted the use of shore stations. Each typc of station has certain advan- 
has make its use particularly advantageous undcr some conditions, but caoh 

change in the temperature gradient occurs will give this fWOement. 

than 300 fathoms, the velocity at 300 fathoms is used. 

RAR. stations. 

One set of average conditions may be applied. 

‘J’ 

ccl‘tain disadvantages which limit its use. 

641. SHORE R.A.R. STATIONS 
b The first R.A.R. stations were established on shore, and such stations may still 
%Q e found advantageous where deep watcr extends closo to the shore in areas whcrc 

A shore station may bo preferable to  a sono-radio buoy in 
““” locditics 011 the Pacific Coast and in Alaska, but on the Atlantic Coast, where 

The 
$tion of shore st ati& sites, and the equipment and its installation arc considrred in 

&ad ‘‘Fh shore station must have a t  lcast one radio technician to attend the station 
This increascs thc operating 

‘bch but affords several important advantages ovcr an automatically operated station, 
h The tccllriician can adjust tho sensitivity of the apparatus 

Obtain the best reception for the temporary conditions; he can usually repair any 

Currents prevail. 

extensive areas of shoal watcr, their use is gcncrally inexpedient. 

* Only thc advantages and disadvantagcs are considered here. 

at loCalitics two men arc generally requircd. 

“ a  sono-radio buoy. 
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signal, radioed to &he survey ship by the technician, is valuable in plotting ,ad 

breakdown of the apparatus; he can keep batteries charged and the stition a t  rf@ifl:$ 
operating efficiency; and he can listen to the bomb signals as they are received 
measure the amplitude of the sound. A knowledge of the relative strength of the bo?b' 

determining the size of bombs to use. 
*Gin& 

tation from the survey ship than any other type of station, but in isolated localities the 

t1Y 
must be supplied from the ship, even to  the extent of drinking water, 

bora 

A shore station tended by a radio technician will generally require less @rV1 

Hydrophone sites for shore stations are generally difficult to select. FrequBa 
the position of the hydrophone must be moved several times before it is wher e sound 
will be received from the desired directions. 

Depending on the locality, from 1 to 3 days may be required to establish tbe station, and because a comparatively smooth sea is required to lay the cableJOekg 
establishment of a station on the open coast may frequently be delayed several u' 
by bad weather or a heavy swell. 

(See 2612a.) 

642. SHIP R.A.R. STATIONS 
The use of ship R.A.R. stations in extensive areas of comparatively shoal 

was a necessary expedient before the automatic sono-radio buoy was developed, e 
the attenuation of the sound in such areas was so great that the sound would reach shor 
stations from only comparatively short distances offshore. The shore station :$:: 
ment was installed on board ships and the ships were anchored where station 
needed, but their maintenance was exceedingly costly. 
important advantages of shore stations and in addition they were mobile. 
ship could be moved to a new position without delaying, and generally 
interrupting, the operations of the survey ship. They are no longer used as IE' 
stations. (See 262.) 

flator 
because 

Ship stations had A Station 
wj tbout 

A.9. 

643. SONO-RADIO BUOY STATIONS 
radio' The sono-radio buoy is a fully automatic subaqueous sound-receiving and tlsiDg 

that ' transmitting unit that may be used in most localitics as an R.A.R. _station. 
the Parkhurst anchor-detaching apparatus (see 2834 and 2851), it is probable 
sono-radio buoy can be anchored in any depth of water; consequently accuratelY 
trolled hydrographic surveys can be made in any oceanic area (see 25). 
because it is unattended, a sono-radio buoy has a somewhat shorter effective 
than a shore station has. 

The sono-radio buoy was dodoped to eliminatcl two of the then most objec 
features of R.A.R.-the use of expensive ship stations along the Atlantic Coast, 
difficulty of laying cable through the surf in establishing shore stations on the 
Coast and in Alaska. 
one shore station. 

the lose nearly upright position. 

SurvOya 
of the sono-radio buoy, or a t  least the position. 

to de. The different types have resulted from the efforts of individual experimenters 5, 
velop a sono-radio buoy best suited to overcome the particular conditions f0u:$3~ 

the waters being surveyed. Thc physical construction of sono-radio buoy stru 

floweverJ 

ble tion8 
and the 

tag 
ia 

A number of buoys can be operated a t  the cost of Opera 

Where strong currents prevail there is some difficulty in maintaining a buoy 
Occasionally the anchoring gear fail#, resulting in 

Sevcral types of sono-radio buoys are used by the Const and GeodctiC 
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yyllefl 
The purpose of the keying circuit is to causc the radio transmitter to Operate the 

ted by of the bomb signal arrives a t  the sono-radio buoy. The kcyirig circuit is clctua 
output energy of the audio amplifier. It should be designed to have a t b  dio tr@ 
operation, so that spurious sounds of low amplitude will not operate the ra ither 
rnitter, but SO that, when a bomb signal of sufficient strength is received, the trans;, $0 
is operated at nearly full-power output. But the operating threshold must notof tbe 

bomb signal is sufficiently steep to make the lag, due to the threshold, negligibly a d  
constant value. For use in R.A.R.,  i t  has generally beeii found desirable to haveu15~ 

keying circuit actuate the transmitter so that the signal will bc an unrnodula Se d by 
of nearly constant amplitudr. Howcvcr, some soiio-radio buoys liavc bcCn ‘ trfioS 
the Coast and Geodetic Survey in which the bomb signal modulates tho radio 

6432. Keying Circuit 

esbold 

high as to preclude operation by weak bomb signals. r\jormally the wave fl‘ont sfla”* 

The keying circuit must be designed with a view to keeping the time log at a lo* tbc 

ted P 

mitter. Undistorted modulation is not attcmptcd. bc 
c Id Under certain conditions thc bomb signal reccivcd at  the hydrophon liflib to 

the bo’ 

prolonged as much as 7 seconds or more, and in such cases it is advantageous 
the length of the radio signal to a shorter time interval. Such prolonged bornb 
are due to the numerous reflection paths of the sound between the source of to tbo 
explosion and the hydrophone (sce fig. 123). of 
hydrophone, reverberation lasting srvcral seconds may occur. The disadvantage 
long radio signals is the interfcrcncc that occiirs bctwcen two or more signals from frofl 
more sono-radio buoys at nearly equal distances from t1lc survey ship, the signa’ di0 
the nearest blanketing those transmitted immediately afterward. In  practice, t:$red 
signals have been made as short as 0.12 second, for usc where such intcrferCnce 6814)’ 
frequently; as, for examplc, whcrc the sounding lines Were near bisectrices @ ~ ~ s i r a b l ~  

for For ordinary use, a signal from 0.25 to 0.5 second in length has been found 
The method of signal shortening usually inalces the sono-radio buoy inactiv: s ~ ~ o ’  

to 5 seconds after the radio signal has beon cut  off. 
Ith Sur?’ radio buoy inactive for a short time after trnnsmission is that interference W erfitiOfl 

operations from othcr buoys is in this way prcvcntcd. could keep 
of the circuits, spurious noises caused by passing ships, or by othcr cause% vied' 
the transmitter circuit in continuous operation for long periods, or until. sz poise 
Sono-radio buoys equipped with silencing circuits whe~l subjected to thodl’ 
will transmit interruptcd signals of short and evenly 

vicinity. CiP 
certain disadvantages in the use of sjgnal-sllOrtc1~iag-and-s iloncin$ b j  

cuits. When all the radio signals transnlittcd are of uniform length, signals ca119e if 
bombs CaplNh b o  distinguishd fronl those caused by water noises. Furthernlora’ it 
the sono-radio buoy- is actuated just before the bomb signal arrives, the s ibcing OifOu 

prevents the bomb signal from opcrclting it. d ip not particularly bothersome ~hortcnirig-and-silencing circuits i~ re  not incorP orate 
the sono-radio buoy. 

Also, when the bomb explode3 C1OSc 

tV-0 Of 

‘rho advantage of keeping 

Otherwise, faulty OP 

duration, iVYbicbJ annoying, does not entirely prevent the use of tllc other sono-radio buoys in the 

There 

a nai5 
Therefore, whcre prolonged 

Thc operation of these circuits is considered in 6522. 

be 
The signal of the radio-frequency transmitter used in sono-Ta(1io buoy 9 @ust be 

6433. Radio Transmitter 

relatively constant in frequency. The frequency should bc as constant as cap 
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above reflected from the ionosphere, which is a layer of ionized gas from 50 to 150 m’es~,@b 
the earth. l o p  the 24 hours and with seasons and sun spots. The propagation of radiation fro$,@, 
frequency transmitters is principally by the ground wave and less by the s k ~ o ~ s u c ~  
but the ground wave of the higher frequencies does not travel far and reception reflec’ 
frequencies is by a sky wave through an optical path, or by way of one or nore 
tions from the ionosphere at  distances of thousands of miles. Since there is$$$’ 
change in the ground wave and many complicated changes in the sky wave, +v0* 
ent that Propagation by the ground wave is much more uniform than by the sky as f4 
For this reason, it is desirable to select a frequency whose ground wave extends 

tle PO‘;; as required for R.A.R. operations and which is still high enough to require lit 

&l flust 
Frequvncies between 2000 kc and 5000 kc, transmitted with a power of 5 Watts, 
received from 150 to 250 miles via the ground wave. However, the radio Si@ 

The ionosphere is slightly conductive and its characteristics Vary 

rpfiy 

not only be heard but it must also be recorded on a chronograph tape. ,,fie 
It is fairly easy to read radio signals through radio interference on nearly the tbo 

frequency, but the chronograph is unable to  make this distinction. 
desired radio signal should be stronger than the others and there should bo @d 
terference as possible. Interference can be divided into two broad classes: bJ’ 
communication. Static interference can be subdivided into atmospheric, causO elec’ 
electric disturbances in the air such as lightning, and man-made static caused b<boVe 
tric apparatus, sparking commutators, loose connections, etc. A t  frequencies e5, 

elimiDattad 
2000 kc, atmospheric interference decreases, but man-made interference 
Man-made interference is  ont troll able to a considerable degree and can be fippfi‘ 
on a survey vessel by the use of proper filters in connection with the oifendingoqj8, 
ratus. It might be inferred that the lesser atmospheric interference at  highor ‘‘ 
cies would make the use of these frequencies desirable for R.A.R., but the a dV5* 

to be gained in this respect would be more than offset by the unreliable propa@ yeh 
the higher frequencies, although it must be stated that higher frequencies have ’ 
actually been tried in R.A.R. 

Communication interference can bc avoided only by using frequencies for b* 
which are reasonably free from such interference. Since the frequencies that can 0d 

$Y, 
with other radio stations, it is difficult to avoid this type of interference cornplet 

For this reasoI” little 

i@ag 

$.P*P, 

are bas used for R.A.R. arc assigned by the Fedcral Government, and quite often 

6442. Authorized Radio Frequencies 
COP 

The frequencies (in kilocycles) authorized by the Federal Communications are: 

1,738 2,492 4,135 8,270 12,405 

1,746 2,500 

mission for use by the Coast and Geodetic Survey for R.A.R. and commu~icntion9 
16, 540 
16, O4O 1,742 2,496 4,160 8,320 12,480 

beeP Those frequencies that are available to all vessels for communication have not 
tabulated. p,b,p’; 

ar0 
2,492, 2,496, and 2,500 kc arc also used, but less frequently. All these frNuenciOs uld 
shared with other radio stations. The frequencies available for use in R.A. R. 9’’ 08 

be monitored for a few days to select the one with the least communication 
in the area at  tlhe time its use is desired. 

Of the abovofrequencies,4,~35 and 4,160 kc are most frequently u s d  for 

interierO’ 
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6443. Radio Power 

b, ?'he ?himum radio power that can be expected to give satisfactory signals a t  all 
'*'* distances is about 3 watts. This amount of power is adequate during daylight, 

except It may be inadequate for satisfactory 
OPeration at  night, because, in some regions, atmospheric interference increases 

the sky-wave signals are weaker during part of the period between sunset and 

'adio-frequency power output of the sono-radio buoys used by the Coast and 
cy is from 3 to 26 watts. Most of the shore-station installations have a 

periods of excessive interference. 

'bise, 

65. SONO-RADIO BUOYS 

651. VINCENT SONO-RADIO BUOY 

?'he Vincent sono-radio buoy, used principally on the WCSt Coast, Utilizes electric 
equiplnent originally designed for use at  R.A.R. shore stations. This equipment was 
adapted f or in sono-radio buoys by only minor. alterations to the circuits and by 
a'bstitUtiag types of tubes requiring less filament Power. 
d ~ 2 ~ ~ 5  sono-radio buoy has performed reliably for periods of more than 3 months, 

?,which time neither servicing nor adjustments were necessary. Where the acoustic 
eondltlonR of the water, the confieration of thc bottom, and radio propagation are 
f"oreble, reliable operation can be expected from the sono-radio buoy a t  distancw as 

?.iQ ?'he audio amplifier and Tadio-frequency equipment are all housed in a 12- by 7- by 
th ch metal box, whicll has a hinged top and a removable subcliassis. This box and 
th@ necessary bat,teries for operation of the electric equipment are all secured inside 
Qg8 '"J' drum-the batteries in the bottom-by means of a wood framework. Cables, 

Necti% the equipment in the drum to the antenna and the hydroplione circuits, 
" stuffing boxes in covcr of tlic drum. The buoy structure is described 
pass 

2842, 
Either a Vincent 

(6563) or a Dorsey llydrophone (6561) is used with this sono-radio buoy. 
:he Other electric equipment7t11e audio nniplificr, tho keying circuit, and the radio- 

@eat 
100 nautical miles or more. 

circuit diagrain of this instrument is shown in figure 133. 

equency equipment-is described in 6511, 6512, and 6513. 

6511, Audio Amnplijier 

ibb2he audio amplifier is composed of two transforiiier-coupled tubes. A liydrophonc unit with an 
bit ttlUCe of 900 0$111s is usually U80dJ requiring an impedance-matching transformer t o  match this 
kith a the grid of the first amplifier tube. The two tubes of the amplifier are pentodes, type 1-45, 

a 1*4-Volt filament. T h e  first tube is coupled to  the second by means of a transforiner designed 
Of ii::te from a tube of high plate impedance. This is a 1 : 2 transformer wiCh a primary inductance 

Q, enrieS. The second tube su1)pIies the energy to  operate the keying circuit, being coupled to  i t  
at 1 Of a transformer identical t o  that  used witli the first tube. This amplifier is broadly resonant 
'f 2 the  ilecessary tuning being obtained by paralleling condensers across the primaries 
b4tgi?pling transformers. The gain is about 90 decibels, which is sufficient to  give a reasonable 

YhQ ecoupling circuits are used in the B and C battery supply leads to  prevent regenerative effects. 
abo:Fifier gain is controlled by a variable potentioineter across part of the C battery, varying the 

A metering jack is provided by which the 

b Of Bensitivity. 

Of voltage to tlie grid of the first amplifier tubc. 
4Q382-44----40 



II n M II 

FICVRE 133.--Circuit disgram of Vincent sono-radio buoy 

a a  
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RADIO ACOUSTIC RANGING 6512 

6512. Keying Circuit 

is the keying circuit, its purpose being t,O turn On the radio-frequency 
The keying tube is a cold cathode gas-filled type 02, installed 

across the secondary of the output transformer Of the audio amplifier, 

t a p  of the output transformer. When a bomb signal is received and 

rrangement. 
oscillator. 

The cathode is connected to  the Screen grid of the crystal-con- 
A d-c potential of 90 volts is applied to the anodes of the type 

:?lified the voltage rested between the anode and cathode of the keying tube is sufficient t o  cause 
S tube t o  ionize and thereby conduct current, which applies a positive potential t o  the screen of tlie Oscillator r e a  Because of the push-pull arrangement, full-wave 

Ctlfication Occurs, adding t o  the efficiency of the keying circuit. 

6513, Radio Transmitter 

tube, which at Once starts to function. 

fier, The radio transmitter is 8 crystal-controlled oscillator furnishing driving power to  a class C ampli- 
The oscillator tube is a pentode type 1 T5 whose frequency is controlled by means of a quartz 

9u This quartz crystal is a low temperature coefficient type, capable of maintaining the fre- 
the transmitter within one par t  per million per degree centigrade from 20” C. to  50” C. The 
clamped in its holder so that it  can be operated in any position. The holder is the so-called 

rest: composed of a cylindrical glazed isolantite body and a metal base on which the crystal 
’Phis‘ upper electrode is circular in shape and separated from the crystal by a small air gap. 
that ITarious frequencies 

”@ @signed t o  the Coast and Geodetic Survey in the range from 2492 to  4160 kc are used. ’ The Plate circuit of the oscillator is tuned, and connected t o  the power amplifier by capacitance 
‘“uctance Coupling. The power amplifier tube is a 1&5 Power-amplifier pentode, operating at the 

V The transmitter is capable of delivering a radio-frequency power Output of about 26 watts for a 
‘ short Period. This power output is sufficient for reasonably reliable R.A.R. operation even where 
‘“crference and static are prevalent. The high power output requires the use of a high plate potential :E the A resistance eapacitance circuit in the plate-supply lead of the radio- 

quency oscillator and amplifier prevents high currents of long duration from damaging the trans- Fter tubes. Before the transmitter is operated by a bomb signal the electrolitic condenser, connected ;pn the transmitter plste-supply lead and one side of the filaments, is charged t o  360 volts or more. 
20 0““ the transmitter operates, this condenser discharges into tlie oscillator and amplifier tubes, the 
to’  a Ohohm resistance through whicll t1:c condeiiser was charged limiting the transmitter plate current 

With this arrangement the first and useful part of the radio signal will be of high 
: p u d e *  In addition, tlie resistance-capacitance combination limits the length of the radio signal. 
t The power amplifier and the antenna 
t?mlssion line are coupled by means of link coupling. The transmission line connecting the 
thPllswitter t o  the antenna circuit is a waterproof two-conductor cable about 4 fcet long which enters 
he drum and the antenna-coupling housing through stuffing boxes. The housing for the impedance- 

hav - 

is adjustable so that the length of the air gap can be changed. 

tubes. 

Value. 

adrantage of this sigllal shortening is described in 6432. 

atchi% circuit of the alltcllna colipler and tlie antelina are described in 2842lA). 

6514.. Batteries 

hriesThe electric energy t o  operate the sono-radio buoy is derived from dry batteries. Burgess bat- 
0ccu are used, and the type numbers are given on the circuit diagram, figure 133. The batteries 
4sd i: a volume of 2,292 cubic inches, and weigh 109 pounds. Connections between the batteries 

Plat? total amount of filament current required by the instrument is 0.25 ampere. The quiescent 
The total current is 90 milli- :;:zF (Peak meter reading) for the radio transmitter, when the instrument is operated by a bomb 

e rest of the  equipment are made by plug-in cables. 

consumption of all the circuits is about 2 milliamperes. 
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6515. List of Electric Equipment-Vincent Sono-Radio Buoy 
a,teaoe@fl’ 

[The total cost ofthe electric equipment is about $160 based on 1040priocs. The antenna-coupling housing, antenna* 
and insulators are listed in 2842(B).] 
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6521 

P ~ ~ ~ , ~ ~  134.-oirouit diagram of East Coast sono-radio buoy. 

6522. Keying Circuits 

to b A  This tube is biased 
th @":d Cutoff 80 that  when there is no bomb signal there is no conduction through the tube, and 
the '*lo transmitter cannot operate. When a bomb signal actuates the keying tube, current flows 

the tube alld makes the screen of the radio-frequency oscillator positive, and oscillations 
??'ence almost instantly. This type of circuit requires a connection between the filament of the 
~ ~ ~ ~ O g  tube arld the screen grid of the oscillator, therefore the  keying tube must have separate fila- 

t @ g a r p i a t o d  with. the Iceying circuit are two other circuits, one for shortening the radio signal 
Period ess of the of tho bomb signal, and a second circuit t o  silence the sono-radio buoy for a 

The signal-shortening circuit iR 

30 tube acts as tlie keying device to operate the radio transmitter. 

A&"d bias batteries which are well insulated above ground. 

Of a few seconds after 1,he radio signal has been transmitted. 
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composed of a relay in series with the  plate-supply lead of the  oscillator, so tha t  when 5 bo$$Cb 

is received the Oscillator tube draws plate current and the relay is operated, the  contacts iDg 
short the grid of the keying tube to  the filament through 8 I-microfarad CoIldenser, thus stPP$ly 
the  operation of the !eying tube and hence the oscillator. The length of the radio signeyC$nce 
about 0.12 second. 
arrangement in the  plate circuit of the  keying tube. the 
voltage as the €3 battery, but  when the  bomb signal is received the  condenser 
keying tube. t SO@' 
resistor and during this period the  sono-radio buoy is inactive. 
radio buoys employ the signal-shortening-and-silencing circuits for reasons discussed in 6432' 

The silencing circuit consists of a l-mcgohm 4-microfarad resistancec'P 
the The condenser is normally charged to 

A period of a few seconds is required t o  recharge this condenser through the 
Not all types of East 

6523. Radio Transmitter 
tjonfl 

The radio-frequency power is generated by a type 33'powcr pentodc, arranged in a dl' 
crystal-controlled oscillator circuit. The transmitter frequency normally used with this s o n O ~ ~ b e  
buoy is either 4135 or 4160 kilocycles. The crystal is described in 6513. The power output ~ 3 %  transmitter is abolit 3 watts. The antenna transmission line is a two-conductor rubber-cov eMd "$he 
cable about 4 feet long which is link-coupled t o  both the oscillator circuit and the  antenna Co$ich ' 
housing for the  antenna-matching circuit is a cast brass cylinder open at only one end Onto boxes 
cap screws. All the electric circuits are attached t o  this screw-on cap, and the two Stuffing hole 
for the antenna lead and the transmission line pass through it. It also contains a thresdedd@fd 
through which the antenna tuning condenser can be adjusted, which is normaIIy closed by 
%-inch pipe plug. 

The antenna is 1 8  feet long, made of hard-drawn copper tuk,ing with a %-inch outside ? @ @ d e d  
T h e  antenna is supported along the narrow edge of the centerpole of the  buoy s t ructm6 and Ins'' 
from i t  at 2%-foot intervals by means of insulators of the house bracket type. &Oln 

The controls mentioned in 662 tha t  can be reached through the  handhole in the lid Of the "tr0l9 
are t o  permit adjusting and testing the  circuits without opening the  drum. There are four :lector 
and two metering jacks grouped under the handhole opening. Two of the  controls opr'tc wjtcbeg 
switches, the  third is a push button, and the fourth is a rheostat control. lifier g?' is a 3-gang 11-position nonshorbing type of switch. red1' 
by steps, t o  measure the filament, grid, and plate voltages of all tubes, and to turn On the ip 

The se$r 
transmitter for tuning and testing purposes. 
figure 134. A suitable meter is plugged into the metering jacks t o  measure the voltages. 
selector switch is t o  select between a n  Amperite 4E1 voltage-regulator tube and a fixed re$ose 
in series with the filament supply lead t o  the amplifier and oscillator. The regulator tube f'iitheff 
for several weeks after a new filament battery has been installed, but  after this period the 
voltage drops below the control range of the regulator, and the 1-ohm resistance is then o$ 7; 
into the  circuit in order t o  extend the  life of the  battery. This switch is also used $0 turn 
filament voltage. The push button is used only when testing O r  tuning the radio transmitter;$ for 
function is t o  short out the 1-megohm resistor of the silencing circuit. 
adjusting the filament voltage of the keying tube. 

& st@ 

One of the sclcctor 
Its functions are t o  control the amp 

is do*' d Only the  gain cont,rol part of this switch 

sw 

The rheostat 

6524. Batteries 
. their tgPe 

Nine Burgess dry batteries supply the energy for operating the sono-radio buoSj e,dy 
numbers are given in the circuit diagram, figure 134. The battery assembly weighs 53.5 Pounds' coblo 

inches. 0.38 5@?; 

consu@Pt'id 
The total filament current consumption of the amplifier and radio transmitter is 

and the filament current of the keying tube is 0.06 ampere, The quiescent plste current 
of all circuits is about 2 milliamperes, becoming about 40 milliamperes when the instrumC1lt is 
by a bomb signal. @Ye 

One set of batteries and tubes can be expected to  providc, on the average, for 3O to 'O 
continuous use of this type of sono-radio buoy. 

sive of the battery case. The total volume occupied by the batteries is approximat&' i P 7  

operd 
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653. COMPARISON OF EAST COAST AND VINCENT SONO-RADIO Buoys 
Inarofls From a structural standpoint the all-metal Vincent sono-radio buoy has nu gflall 

Because of its compactness and weight it can be easily handled On "bo 
It can be readily disaswmblcd and stowed in a small Wee' 

advantages. 
survey vessels. 

despite its comparatively large surface exposed to wind and current, it has a g'ofrofl 
righting moment than the all-metal type of buoy. This righting moment results 01 
a heavy counterweight and a considorable length of structure below the mater1i"oe,e8d~ 
this tends to make the wooden buoy long and comparatively heavy with th.g buoy1 
that it can be handled only on the larger survey vessels. 

they are 
however, has been built and used succcssfully (see 2841). 

about equal from the standpoint of distance perfoimancc and reliability. A flesh 
buoy is often wanted at the same station for scvciral months in the waters off t'l:-r,diO 
Coast of the United States and off Alaska, and for this reason the Vincent so? btlo? 

used on the East Coast or Gulf Coast of the United States is normally not ,1e('dcdt 
same station for very long and is tlicrefore designer1 for continuous service of *o 
longer than 1 month. The cost of the olcctric cquipmont used in the two types 7 the 
the same, but t h  cost of the woodcn buoy structure is somewhat loss than 
all-me t a1 type. 

single-bolt clamping ring permits easy access to the interior of the drum. d i  
The wooden East Coast sono-radio buoy is inexpensive and easy to b ui1d ztr 

A lighter model of thl 

Althongh the elcctric circuits of the two types of sono-radio buoys differ1 

buoy is designed for a long period of oprr.ation without scrvicc. A sono-radlo at bo 

be 
1ifi0J' 

654. ADJUSTMENT OF A SONO-RADIO BUOY 
fluet Before a sono-radio buoy is put on station the gain of its audio amplifier 

set at the correct value to give optimum operation. The proper gain of the 
is determined as follows: 

If bile 
(1) P u t  the sono-radio iiuoy on station with its gairi cont.rol set at some arbitrary 8'' 

value is too low, the buoy will be irieensitive and returns will not be received from bombs at th$"' 
pected distances; if t'he value is too high, excessive stray radio tiignals will be emitted by thenedy 
radio buoy. Remove the sono-radio buoy and readjust the gain t o  a value assumed mozluebee 

heen found. Because of the differences in characteristics of sono-radio buoyfi-even those Of the hi' 
design-it iH iiocessary t o  determine the proper audio-an1pljficr gain for each sono-radio geoOfl d 
experience, it ifi r~s~ially possible t o  adjuet a buoy very cloee t o  optimum value at, the  first Or 

' ilt 
bc brouBfio 

attempt. It is usually necessary t o  do this only once for each sono-radio buoy. 

on board SlliP, and a direct or comparative measurement of the audio amplifier should Method' 
t,hat the value of gain t o  be used for this particular sono-radio buoy is known for future use. 

correct and try it on station again. Continue this t,rial-and-error method u ~ ~ t i l  optimum gairl IC 

(2) After the optimum gain setting has been found by ( I ) ,  thc sono-radio buoy s h o ~ l l ~ e  f18d0, 

for making such measurements are described in 6641 to  6544. opti@ u9 (3) Each time before the  sono-radio buoy is put 011 station the gain should be set 
value by means of one of the  methods described in 6541 t o  6544. 

6541. Gain Measurements d i r d  
ThC method recommended for determining tho audio-amplifior gain is d iF measurement. This is necessary to be able to carry out (3) of 664. This metho 

volves the introduction of a known voltage into tho input of the amplifier, '"ld"be 
measurement of the resultant voltage across the output terminals of the a ~ ~ ~ ~ ~ ~ '  deo 
voltage gain of the amplifier is the ratio of the output to input voltages. 
be expressed in decibels, taking into account the input and output impedances* 

This 
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if separate units are used. 
sono-radio buoy amplifier and connect the output of the attenuator across these inds 

terfl nals. Remove the keying tube and connect the rectifier voltmeter across the sb~rt 
supplying voltage for this tube. The leads to  the input and ohtput should be ' d d  
as possible and in some cases should be shielded. All equipment should be g r o z  
A warm-up period of a half hour should be allowed before making measuremeD its 

The following measurements should be made for each sono-radio buoy 
optimum gain has been determined in accordance with 654(1): The oscillatOrl$@f 
quency is adjusted to some selected value between 50 and 200 cycles or, if the ' D p ~ G f  
is resonant at some frequency, the oscillator is adjusted to. this resonant frsqu\eefl 
The gain control of the sono-radio buoy is set at the optimum value whicll 6' 
determined. The attenuator is then adjusted to make tho output voltage of the.'~pd 
fier read some preselected reference value. This reference value should be used e ShO dd 
future measurements of all sono-radio buoys of this type. The reference Voltag thfib E 
be some value between 10 and 25 volts, or a value below amplifier saturation, 

ficr. The ratio of output to input voltage is now noted and recorded. It is this 
that should be used for adjusting the gain of the sono-radio buoy in the future# 

Practically the same -procedure is followed in adjusting the gain jus 
sono-radio buoy is put on station. 
value and the gain control of the sono-radio buoy is adjusted until the ratio Of 

ut of ' Disconnect the hydrophone cable from the 

afterf*& 

so 
changc of input voltage produces a proportional change of output voltagc of 

the 
efereflfie 

outpflt 

The apparatus used for direct measurements may be a permanent part of theins~r 

ments is that in certain cases it is not necessary to remove the sono-radio buoy dire6 
ment from the drum to make the gain adjustments and Incasurcments. Th"t COT 
measurement method is the most positive method now Used, although it is no ,@I 
pletely satisfactory as it does not take into account the characteristics of the hydrop;p5' 
keying circuit, or radio transmitter. Changes in the characteristics of anzmouot of 
parts may affect the performance of the sono-radio buoy, and unless the etbod' 
change is known, it cannot be compcnsatod for by the direct measurementconsidd' 
Another undersirable feature of this method is that tho measurements require 
able time and care. 

f bOflg 
A variation of the direct measurement method, which has the advantage tbO 

simpler and quicker to perform, may be used to adjust a sono-radio buoy, altho'$st of 
results are not quite SO positive. The apparatus for gain qeasurements should 'On be 
an oscillator and attenuator similar to those described in 6542, except that they buoy' 
portable. It is not necessary to remove tho electric equipment from the 

vious tests as described in 654(1) the value of the input to the a u d i o + a ~ $ e ~ ~  
at optimum gain, for Satisfactory operation, is known. Ad just t h o  test-circUlt tbb 
ator until this value of voltage is across the input of the amplifier. Starting wit$io 
gain control of the amplifier at a low value, increase the gain slowly until; the osi' 

tion of the gain control has been accurately determined for the point of 

t before 
In  this case the output voltage is set at 

to input voltages equals the value previously measured and recorded. radi' 

room testing equipment or it may be portable. The advantage of using portable eqfl'p; 

of 

In 

should 

merely disconnect the hydrophone and connect the attenqator in its place. Froin&r 

transmitter just starts to bperate. Repeat this operation several times un tll the !@f 

operation. of sofle 
The point of operation of the transmitter can be established by mea~~oscribed 

indicating device coupled to the antenna circuit. Some of these devices 
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water. The dummy antenna circuit is shown in figure 136. When this is use COT 
tuning a sono-radio buoy, the antenna is disconnected and the dummy antenna 
nected in its place. 

Numerous methods may be used to 'ndicah when the antenna and radio 
circuits are properly tu 
antenna lead can be opene 
antenna coupler and a therrno 
type of radio-frequency 
inserted. It should have 
0 to  250 milliamperes Or 

pencling on the power use 
second and better met11od 
couple a low energy-absorb" 
loosely to the antenna and 

ing the reading on an 
meter. The energy-fibs 
cuit may consist of a coil 0 
of wire about 3 inches in 
connected to  a rectifier-t 

NTENNA LEAD DETACHED 
FROM ANTENNA 

DUMMY ANTENNA the radio-frequency circuit 

LEAD TO BUOY TRANSMITTER 

FlaURE 130.-8ono-radio buoy dummy tuning antenna. 

meter. 
to a vacuum-tube voltmeter, the antenna being loosely coupled to  the finten' 

When tuning tho antenna, the radio transmittor is usually operated at oup 
power by closing a key for this specific purpose. Thc.corldenser of tho antenna'c 
circuit is tuned by removing the threaded plug in thc antenna-coupling lloUs$s 
inserting a screwdriver in the slotted end of condenser shaft. Tho best dio&tof 
obtained when this condenser is adjusted SO that reading on the tuning in side 
device is a little below peak value when the condenser is on the minimum 
of peak tuning. 

A second circuit that is very satisfactory consists of u short antenn 

sono-radio buoy. Cod 
reduce 

&fl 

c,pacitY 

655. OPERATING DIFFICULTIES 
of t*O Abnormal pcrformance of a sono-radio buoy is usually disclosod in one 

ways-either it is too insensitive to distant bombs, or there is an excess of Stray 
A subnormal range of a sono-radio buoy may bo caused by: 

(a) The sono-radio buoy is located a t  a place where the bomb sounds arc Ilot.ceac 

(b )  Insufficient audio-amplifier gain. 'The gain may }lave been improperly adjusted 

( c )  Faulty hydrophone. 

(d )  Weak radio signals may result from defective transmitting equipment, impropz80 regu 

the hing 

jnaJ'J' hydrophone. orig 

or may have changed because of deteriorated parts. 

hydrophone housing or electric cable. 

jot0 bbB 

tor@$ 

k4.p  Either the electroacoustic unit is defective or water is lea 

damaged antenna, or water leaking into the drum or antenna-coupling housing. They 
from poor radio transmission conditions. 

An excess of strays may result from the following: erBiior' 
t regen (e) The audio-amplifier gain may be excessive, owing t o  improper gain adjustme: 1 voltrge. 

cf) Defective parts may cause electric noises in the amplifier. 
(g) Salt water lgaking into the drum will sometimes cause the electric equipInent 

of the amplifier caused by improper design or construction, or decrease of C battery bas 

producing excessive strays, as a preliminary to final cessation of operation. 
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bu0y/:$2 2 d m p h o n e  may be fouled with other parts of the buoy, suoh as the  anchor or relieving 
oises may be caused by shackles, counterweight fastenings, or other gear. 

('1 Vessels passing nea r the sono-radio buoy. Noise from such 8 Source may last from a few 
' ' ha  to aa long as an hour. 

656. HYDROPHONES 

phone is a subaqueous sound-detecthg device used Radio Acoustic 
to receive the sound energy of a distant underwater bomb explosion and to 

sound energy to electric energy. Most hydrophones consist of a watertight 
t a h h g  an electromagnetic, piezoelectric, or other electroacoustic device, 

ed to the housing in such a way that the sound impinging on the housing, 
gm, is transmitted mechanically to the electroacoustic device which 

For Radio Acoustic Ranging the 
ubmerged in water a t  a suitable depth and connected to an audio 

"Ud passes through an elastic medium there is an alternate condensation 
f the medium at a given point, resulting in a corresponding increase 
he pressure at  this point. In addition, a t  any point, the particles 

echanical energy to electric energy. 

s of a waterproof electric cable. 

by this pressure 
to use the differential 
as pressure-operated 

displacement are known as 

instrument is typed according to its predominant 
or displacement. Hydrophones, like all other 

as pressure or displacement instruments. 
this type is more sensitive because of the 

also used where the lack 

designed to have certain charac- 

No instrument is exclusively operated by either 

favorable for use in Radio Acoustic Ranging, which are: 
The hydrophone must be reasonably sensitive. Extreme sensitivity is not necessary, how- 

tl%y the aUdio-amplifier gain can be jncrcased t o  compensate for some lack of hydrophone sensi- r -  
%iredThc hydrophone and audio amplifier must be designed so that  together they will furnish the  

@1Ntivity. 
e x p ] ~ ~ ~ ~ h e  hydrophone must respond favorably to the f!'eqUencieS of the sound from a subaqueous 
a'oO~t * are little quantitative data on the frequency spectrum that  includes the maximum 
'ahd bof energy from subaqueous explosions, or tho variation in the frequency spectrmn 
"'@fi conditions of the medium, depth, distance, bottom, and other factors such as the  

and However, there is sufficient evidence to  show that, under average $2' Of lt.A.R., the  frequellcy of most of the sound energy is below 300 cycles. The hydro- 
' shOuld b@ designed, therefore, t o  favor frequencies below 300 cycles. The frequency charac- 

4h~~ctetieti,,s~ erletlcs Of the hydropfione need riot be flat-in fact there may be some advantage in having resonant 

(') Th 
by the An advantage might be gained 
?% use Of a directive llydrophone with a sensitivity null in a vertical direction t o  exclude noises 
I' Q?Ihg or near the water eurface, but most hydrophones used by the Coast and Geodetic Survey 

not intentionally made directive. 

of bombs used. 

@ hYdropIiolle ]nust not be directive to a marked extent. 

are 
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(d) The sensitivity of hydrophones of the same design must be uniform throughout buoy6~tbs 
frequency Spectrum. This is especially important in hydrophones used on sOno-radio 
nonuniform hydrophone characteristics would require a redetermination ax~d readjustmeat hydro' 
audio-amplifier gain each time the hydrophone of 8 sono-radio buoy was changed. wher\$bs~gs 
phones of a type'have uniform characteristics the sono-radio buoys and hydrophones are in 

(e) The hydrophone should be designed to  minimize noises created by lvater currents 
by the motion of the hydrophone through the water. 

(f) The hydrophone must be portable for easy handling and light so that elaborate ' 
supports are not necessary. 

(8)  The hydrophone must be strong and watertight, to withstand the hydrostatic 
the depth where the hydrophone is normally suspended and all the shocks to which it 
jected during the handling of the sono-radio buoy. 

tested and a number of different designs have been used. Most of these Were 
for use with shore stations and need not be described, since sono-radio buoy 

of 

# able. or 08" 

ad bulky 

be gUb 
yessure " 

fl0re 
During the development of R.A.R. many experimental types of bydroP hones ,,toDd ed 

DO$ 

Two principal types of hydrophones are now used by the Coast and GeiGdf 
Survey: (1)  The Dorsey hydrophone-used almost evprywhcre on the Atlantic tnhyd@' 
Coasts and, since 1940, morc and more in Alaslra waters; and (2) the Vincen 
phones-in the past used mostly on the Pacific Coast alld in Alaslta waters. 

are 
used almost exclusively. d& 

6561. Dorsey Hydrophom 
br '*' 

;nia@ 
b o d  

P 

The Dorsey hydrophone is a pressure-operated device with a thin hard-r 
diaphragm attached to a massive body which is little illflucnccd by the 
AB the diameter of the diaphragm is small compared to tile wuvc lciigth Of the 
sound, this unit has little or no directivity. 

iaphr8g 
The assembled hydrophone is illustrated in figure 137. A flange near tile edge of the fits loosely into a circular groove cut in the heavy brass base, a circular gasket of square cr~s9-5 

0 2 4 6 , 2' 

SCALE IN INCHES 

b 
fitting in the groove. The diaphragm and base are bolted together with 1B %-28 brMs ba$i5k 
cylindrical section of brass tube is secured by watertight soldering in a recessed part Of theis 
the base plate. The back end of the cylindrical section is closed by a ru1)ber plug. 

FIoURE 137.-Dorsey hydrophone. 

The plug 
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Inches 
Diameter----- - - - - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  8% 
Length _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  5 
Thickness of cylinder wall- - - _ _ _ _  - - - - _ _  - Me 

HYDROGRAPHIC MANUAL 

4 
1% 

Thickness of end _ _ _ _ _ _ - - -  - - - - - - - - - - - * -  

Diameter of opening _ _ _ _ _ _ _ -  ------*-I-- 

Length of collar-.. - - - - - - - - - - - -  - -  - - - - - * -  

616 PA Qfl 

Inchea 
lJ/s 
3% 

Diameter - - - -  - -  - -  - - - - - - - - - - - - - 
Length---- - - - - - - - - - -  - - - -  - - - - - 

4'8 Thicknoss of cylinder wall- - - - -  - 
Thickness of cap and end----- - - 
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is opsrt@ 

Id 
bef0re.a sono-radio buoy is put in the water, to determine if the hydrophone 

normally. test 5b05d Before the hydrophone is attached to the sono-radio buoy, a continuity 
be made of the windings of the electroacoustic unit, and leakage measur@ neither 
be made between each wire of the electric cable and the hydrophone case’ eptj’PB 
wire being grounded. Next, connect a low-voltage high-impedance rectifi v 0 1 ~  
voltmeter across the hydrophone wires and tap the hydroplrone gently, noting.the t for 
meter peak reading. The normal peak voltage should be determined by e@edfleDeIep 
each type of hydrophone. 
troacoustic unit. 

d sitive commercial type of high-impedance voltmeter. 

assembly of the hydrophone. Tf the outside diaphragm of the Dorsey hYtJ$&$ 
removed, a new rubbber gasket should be used and fitted carefully into the an lY UD ne1 when the diaphragm is replaced. The 16 stud bolts are then tightened even la& 
the outer edges of the diaphragm and the base plate meet. When the TU bber P,iBjik 
replaced in a hydrophone that uses such a plug, the compression bolts should b;uoy 
ened, but they should be given a final tightening just before thr sono-radlo 

ed 

ents 8” 

of the sev 
CientlY The choice of meter depends on the impedance 

Even units of low impedance will show a reading on a Sufi 

to i r n ~ ’ O p i 9  The most frequent cause of hydrophone failure is leakage, usually due 

put in the water. arts 
If water leaks into a hydrophone, disassemble it completely and WaaS1l $e& 

thoroughly in a solution of hot water and soda, after which they must be rln6 

water nnd dried. dp3Pbo$ A sharp mechanical blow, or the explosion of a 1)omb too close to the h? 

rectify this, the unit must be removed and the armature rebalanced either by cd 
id ed. bending it back into place or by means of an adjustment screw if one is P 

may force the armature of the electromagnetic unit against one of the P O  le P’@s;fJE 

qej i’ 
In  Radio Acoustic Ranging (R.A.R.) a sound must be created that ill dire6 6‘’ tjop 

66. R.A.R. BOMBS AND EXPLOSIVES 

fr@ 

soup 

the water in all directions so that i t  may reach a receiving unit located in any 
from the source. An explosive type of bomb has been used for this purPose 
beginning, and it still seems best adapted. A souncl of g e a t  intensity isr 
no electric or mechanical means has yet been found to produce a subaqueous 

equiredld of 

in p..B*$l intensity sufficient for the distances required. 

pending the development of another method of prodiicing the required sub84 u e ~ u 5  5ifl~ Although explosives arc a hazard on board ship, their use is necessary tlod: 

But if explosives are properly stowed and thoroughly understood by the Pars be 

carried and handled on board with little risk of accident. Only the exP10s2$bod5 
accessories @mmlly used in R.A.R. arc described, together with the required l0sifej 

on board ship. 

detailed to  handle them, the hazard may be minimized and the explOsiVcs. 

of stowage and the necessary precautions to be exercised in the handling of e@ 

661. TYPES OF BOMBS 
bOfl;; 

Any type of explosive suitable for use under water may be used for R*A.B’ 
e daD&ero 

boos 

Dynamite has been used with satisfactory results, but it is unstable and mor 
than TNT and should be used only 8s a substitute when T N T  is not obta 

difficult stowage problems, and is well adapted for the construction of bombs OD 

jnabl“ PO 

Trinitrotoluene (TNT) is in gcneral use for R.A.R. bombs. It is stablo, 
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For the best transmission of sound, the bombs should not explode too close 
surface of the water. to 

them sink deeper before they explode. Pieces of scrap metal have been used ’Or’ Ufl 
purpose and dry sand and concrete have also been used. The quantity of sand $t il$ 
to make the bombs sink to a sufficient depth reduces the explosive capacity! lead 
results in very little apparent difference in the effective range. 4’ 

the size of the container. About 13.5 ounces of lead is required to weight >c@’ 
bomb, and a proportional weight for other sizes. (9‘’ 
to make the various sizes of bombs sink a t  a rate of about yZ fathom per second’ 
6846.) 

A hole, slightly larger in diameter than the dotonator, is punched with a I” 

burs left around the hole will be on top when the lid is in place. The detoDawr’ 
fuse attached, is inserted into the TNT through this hole. The fuse protrudes 
the hole, the burs being pressed around it to hold it in place and to 
somewhat. 

An additional.weight must be placed in tin can bombs ibis 

Melted plq 
vag@& ’ t usually used to weight the tin containers, however, the quantity required l*P’fl 

This proportion of lead is 

tool in each tmin can top. This hole is punched from the inside of the top 

663. CONSTRUCTION OF BOMBS 
. tb0Y 

ust Bombs are generally constructed in two or three separate operations: befo’ 
prepared for use in a preliminary operation but are finally completed only itb s~$ 
being ignited and thrown overboard (see 6842). If tho bombs are weig’hted @le 
or scrap metal there is only one preliminary operation, for the container may bqgllb’d 
with TNT immediately after the weights are placed in the cans-but if they arc Ne 
with melted pig lead, the lead must be allowed to  cool beforc the TNT is a dded? 

th 
of various sizes should be weighted as will probably be needed during the next $):fO’ 
assuming there is sufficient stowage space. However, if there is a suitable firepro aftd 
in the fiddley, or elsewhere, the cans may be weighted on board. The Pig load’ Of 

being cut into pieces that will go in the melting pot, is melted over a suitable e b b  
large gasoline blowtorch. The cans arc set in a shallow tray containing about :le I@; 
inch of water and the melted lead is poured into each as required to furnish &Oofl 
essary weight. An experienced man will be able to estimate the required 
within satisfactory limits. Niib 

be #led sfd 
, TNT. loSlv 

a t  one time. $& 
in the harbor, so the containers must be filled wllile at  sea. This should be done d tho 
good weather in a protected spark-free space on deck, on the lee side if aD 

reven’ $0 space should be surrounded on three sides with a canvas windbreclk to  p canv59 
scattering of loose grains of TNT. The deck should be covered with heavy 
that it will not be impregnated with TNT (see 666). 

The cans are usually filled from an opcrl box of TNT by a man wearing a 
pair of long heavy rubber gloves to protect his hands and arms. A dust mask 
advisable, for TNT is injurious to the respiratory system if inhaled. (See 666’) 
can ib filled gradually, the TNT being compacted firmly into the can in 
To be certain of detonation the TNT must be firmly packed in the C 

wooden implement, similar to a potato masher, with a flat bottom and a 

Where melted pig lead is used for weighting, the tin cans should be Pr eparcd many callj 

in port to avoid the possible fire hazard on board ship, and in such case as 

forge If 

After the can8 have cooled to  atmospheric temperature they may 
e 

Most port regulations forbid the handling of any type o f high 
Only a sufficient number to fill the bomb lockor (see 6841) should 
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tP  

the surrounding water; a piece of metal may be attached t o  this wire to illcrOflSe d 
to e#” surface area. is c o r  

the stopper and to hold it firmly in the container. A single-conductor cab’’ COP’ 
nected to the brass screw by the upper nut, and the screw thus forms part Of bed 
ductor to the detonator. This connection at  the top.of the screw must be We 

tape, which is then covered with ordinary rubber tape. As an added prec 
junctions of the tape with the conductor cable and the container may be 
collodion or any other sealing compound, although this is probably unnec@s5ry~ads 

This type of bomb may be weighted, if necessary, by attaching a piece 
line to the conductor cable about 4 feet above the bomb, the line being long 
allow the weight to hang below the bomb. The strength of the conductor ca 
considered, for too heavy a weight might part the wire in some types of cable* 

The brass screw has two nuts, the lower of which is tightened 

11 iD5ulbbe1 
from the water. The exposed areas should be completely covered with ~autionl erB.ru$$ ,til 

sealed 

of to 
bS 

ble flust 

aod 665. STORAGE OF BOMBS 
oerd * b0 Bomb containers filled with TNT should be stowed in a safo place on ’ 

receive the same care as the supply of explosives (see 666). The bomb lodcel*ShO$Oos‘ 
large enough to stow the numbcr of bombs required for about one wcclcls ,IBBBzioc’ 
If its size is inadcquatc, the prepared bombs should be stowed in a loclced 
if one is available, or in a locker provided on the upper near the ster.*’. #if@’ 

No explosivbs shall be permitted on board while the ship is undergorng repafed 

bombs should be boxed and arrangements should be made to stow them at ’” ’ b@ 
,nc3ra11Y If 
d o p ‘  

United States Army or Navy ammunition dump. Arrangemcnts cnn B 

of t% 
made for an ammunition bargc and tug to traIisport thcse supplies to  tho 
the amount of explosives and tho number of detonators r(:maining at  the end 
son’s work is small, they should be thrown overboard a t  sca in deep water. 

,para 

During any extensive lay-up period, the supply of TNT, detonators, and all P1*@@t 

d for 
us0 d Trinitrotoluenc, commonly called TNT, is used in making tho bombs 

R.A.R. It is one of tlie safest liigll explosives. It is relatively safe to ban e d  t end d it stow on board ship, it does not readily absorb and retain moisture, i t  lacks any 
to form unstable compounds with metal, it is practically insoluble in Wete2uoe bbe 
possesses powerful explosive properties, so that a small quantity of it will pro $boo 
sound wave of high intensity required for R.A.R. Properly purified TNT~ dig1 

666. TRINITROTOLUENE (TNT) 

correctly stowed, remains stable for long periods of time; but it will react ’$bjGb 
such as sodium hydroxidc or sodium carbonate, to folm unstable sodium S d t S  

are quite sensitive. DitrfitioJ” 
TNT is manufactured by various processes, all of which involve the 

by a mixture of nitric and sulphuric acids, of toluene, a hydrocarbon d e ,  
various tars. It is a crystalline powder, resembling powdered brown sugar 
ance, although in different grades of refinement its color and appearance v5rsf’ d d ’  

contains more impurities and is darker, sometjmes reddish brown in color* ,$ed* 
grades may be obtained from the United States Navy; grade A shodd y i9 f lo ’  
Although not quite as satisfactory, glad(? B may bo subsBituted when grade 
obtainable. 

frog 
rivad 

aPPp 

most refined grade, grade A, is pale yellow in color, but grade B, a less refined ro BOt b 
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Handling of explosives shall be kept a t  a minimum. The handling o:lqi@d 
quantities of explosives and their stowage in the magazine shall be carefully sup 
by an officer who shall permit no relaxation of any safety measures. 

667. DETONATORS 
High explosives are fired by means of intermediate 

These are small copper tubes, partly filled with a small charge 
which serves as a primer to detonate the principal explosive by a 
and intense heat. There are two general types of detonators; one that is se 
electric current, and another that is made for use with a fuse. The fuse deton~pfl 
are more commonly used in R.A.R. because they are more convenient, and wleb aretus‘ 
b’ombs may be fired from a moving vessel without an elaborate towing apP 
Electric detonators are sometimes used for experimental purposes (see 664). aitb fi 

Fuse detonators are small copper cylinders, closed at  one end, partly fl a 
charge of fulminate of mercury that is exploded by the train of sparks spit IfZtV‘’ 
burning fuse inserted into the open end. Detonators are manriIactured netor is 
strengths, No. 6 and No. 8, the latter being the stronger. The No. 6 det:ndoOr 
1 % inches long and contains 1 gram of explosive; the No. 8 is 1% inches long 
tains 2 grams of explosive; both have the same diameter, approlrimatelY % . doho’ 

Fulminate of mercury is a very sensitive and violent explosive; it is odf 
nated by friction, shock, sparks, or sulphuric or nitric acid. I n  its pure state it 
slightly soluble in water, but in a mixture, as used in detonators, moisturej 
readily and the sensitivity is decreased when it becornes damp. at h0ah9 

Electric detonators are exploded by the passage of an electric curren~ th the t@‘’ 
and ruptures a wire bridge, which is inserted into the explosive charge, joiyng ga@ 
conductor wires. os0‘  
strengths as fuse detonators, i. e., No. 6 and No. 8. A number of difforent.L$jofof 
electric detonators are manufactured, hut only a special waterproof type is 
use in water. The latter differs from other electric detonators in that it is Iuedand e fife 

to allow more space for waterproofing compound, and the wires are copper r0Fob 
coated with enamel so that if water penetrates the cotton insulation it cannot flfe9 
the copper. Electric connections should be made at  the tinned ends, but in&’ have to be cut to  shorten them, the enameled insulation as well as the Cottonojy@ 

ous lengths from 4 to 20 feet, and longer lengths of wire may be obtained 

in&* 

is ab’ 

the They, also, are made of fulminate of mercury, and ln 

if the 

tion must be scraped off. Electric detonators may be obtained with wire leaif ds ordO~ed 

specially. 0i-0~’ 
When ordinary electric detonators are fired by a current of about l a 5  ”::@: 

there is a lag of 0.0073 second in the elapsed time from the application of the o@ tb 
t o  the rupture of the wire bridge and induction period (the elapsed time fr ‘fbO 
rupture of the wire bridge to the explosion of t,ho dotonator) of 0.0069 second’&G! 
sum of these is a lag of 0.0142 second between closing the circuit and detonation' 
is appreciable in experimental investigations. A special electric detonator (Du tbi’ 

type of detonator the induction period is eliminated and the delay in rupture ‘‘@ed 
bridge is reduced to 0.0035 second w1len a current of 1.5 amperes is used. 

ill0 amperage reduces the time delny considerably. 

or the bomb locker on deck as convenient. Tliey may bo stowed in a watertlgl” 

“SSS”), developed for seismic use, should be used for experimental purposes, In tb0 

IIlG‘0 

ma6f15 @I All detonators must be stowed in a .safe place, as far removed from the, & 



d9 'I) DON'T stow explosives in a wet or damp place-they should be stowed where i t  is clean, 0001, 
' and well Ventilated. 

stow detonators in or near a magazine or locker containing other explosives. 
open cases of explosives in a magazine. 
use any metal tool for opening cases Containing eXPlOSiVeS-USe only wooden RTedges 

a'd kooden~ fiber, or rubber mallets. 
406882-4-1 
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0, 

Other’ 

it’d i p  
(5) DON’T throw down packages of explosives, or slide them along deck or Over 

(6) DON’T SMOKE while using or handling any explosive--smoking must be prohib 

(7) DON’T permit matches in the vicinity while handling explosives. 

(9) DON’T handle TNT with bare hands-rubber gloves or other methods of Protect’oa 

(10) DON’T fill bomb containers in an inadequately ventilated place. 
(11) DON’T leave packages of explosives unprotected. 
(12) DON’T expose explosives or detonators to the direct rays of the sun. 
(13) DON’T attempt to  extract detonators from a box by inserting a wire, nail, 

(14) DON’T attempt to remove or investigate the contents of a detonator. 
(15) DON’T carry detonators in the pockets of clothing, 
(16) DON’T try to withdraw the wires from an electric detonator. 
(17) DON’T tap or otherwise investigate detonators. 
(18) DON’T investigate misfires in elcctric detonators-cut an unexploded bomb a 

(19) DON’T stow fuse in a hot p!ace. Heat may injure the fuse and cause the wvrtte 
material to damage the powder train. 

(20) DON’T handle fuse carelessly in cold weather. 
should be warmed slightly before use. 

(21) DON’T use short fuses. 
bomb is thrown overboard and to permit the bomb to sink to the desired depth of &ton 

tbe handle them roughly in any manner. 

vicinity. 

(8) DON’T handle explosives near open lights, open fire or flame, or sparks. I flust 

be used. 

h d  
or 0th“ ’ 

instrument. 

drift ithod‘ 

bringing i t  on board. rproo@ 

It 

the 
before,pt? 

When cold i t  is stiff and breaks 

Cut fuse sufficiently long to allow time for the end to Sea’ ation# 
rate of burning should be determined for each coil of fuse. operO’o ’ P9 

(22) DON’T cut fuse on a s l a n t c u t  i t  square across. 
cut off an inch or two Of fuse to ensure having a fresh end inserted in the detonator. 
is seated against the charge in the detonator before crimping. 

suitable crimping tool. 

an electric heating unit or other safe device (see 6841 and 6844). 

At the beginning of bombing 

(23) DON’T crimp detonators around the fuse with a knife blade or with the teeth’ 

(24) DON’T attempt to light fuse with burning paper or other inflammable materia* 

(25) DON’T use empty explosive boxes for kindling. 

fuse 
See 

the 

OPlY * 
Odf 

use 

,use 

67. SHIP PERSONNEL AND EQUIPMENT 

671. PERSONNEL ORGANIZATION 
ugiDg 

The organization and duties of the personnel of a hydrographic survey part’ 1421 
R.A.R. are entirely different from those required for other methods of control @;:g So 
table 2, and 341). $. 
appreciable length of time after the time of the position, and the operations $’ 
sonnel are organized to reduce this interval to a minhum. Coordination and tion are essential and it is important that all personnel perform their duties W ith PBTieG 

In  R.A.R. the data are available for use in plotting only a 

COOP t 

timing. ,df 
For operations during daylight hours only, the personnel of a vessel ” of 

organized into two watches, each of which consists of an officer in direct berj 
operations, a chronograph attendant, a recorder, a radio technician, and 8 bo~oflbf@ 
addition to the fathometer attendant, quartermaster, helmsman, and other atcbeg 
of the watch. sag0 
are required; the watch periods may be rotated daily, or as desired, SO that *ofit 
personnel do not stand the same watches for extended periods of time. men 
experienced personnel are available, the officer-in-charge and the chronograph ’tzfig 
ant, who is usually an officer, may exchange duties. At night, during fog, tWd 

ch&‘g0 ifi 

For continuous operations on a 24-hour basis, personnel for three 

SU@ (+ 
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*rV’&JJ 

@t51 

bomber, but the interval of time between positions, known as the bombing 
decided by the officer-in-charge, 

6713. Radio Technician 

The radio technician assigned to each watch is in charge of the instru aU 
equipment, under the supervision of the chief radio technician. He should see tb’b? 
the required switches are turned on, that the radio receivef is properly var1~u4 
the radio signals and aid, if possible, in the identification of the returns from that 
R.A.R. stations. During excessive static he should be especially vigilant to Jnlfll@fl qe4 
the gain of the amplifier is properly adjusted to receive radio returns with t-i or 0’ 
of spurious marks on the chronograph tape. There should be a sufficient nuabrfidio 
radio technicians so that there is one for each watch, in addition to the 

Of technician who should be free to maintain and repair R.A.R. equipment. 
The radio equipment used in R.A.R. is highly specialized and, as th tb5’ 

the method depends, to a large extent, on its satisfactory operation, it is ess bdO 
the radio personnel be of the highest type and thoroughly trained. They sho$&od 
a basic knowledge of radio communication, but tho specialized training can be &Ofl* 
only by actual operation of the R.A.R. equipment under competent s‘$hc~7j 
Graduates from good radio schools, or technicians who have been connected 
mercial broadcasting or experimental investigation, are usually most satisfaCt0‘ 
R.A.R. 

to  rec. 

&ief 

enti51 
e s~ccess 

6714 Bomber 5 

One member of the crew is assigned as bomber for each watch, sUP’3rvis;?0$’i 
chief bomber, who stands one of the watches and also has general charge Of 
liminary preparation of the bombs, the care of the explosives, and their s tonag’’ tb0 

receipt of the signal designating the size of bomb (see 6741), the bomber s’31ecy08.”a 
bomb, completes the final preparation (6842), and stands near the lighting unit b fiD 
to light the bomb at the signal. When the signal is received, he lights thO boa fil bf 
throws it overboard, and as it strikes the water he gives the “bomb over” 81 is 

This slg* tb% 
the official time of the position. It is received simultaneously on the bridge and 0tWf 

chronograph station. The recorder on the bridge has the log read, an 
O ~ e 9  

The assignment of members of the crew as bombers is very important* 5h:ho$ 
selected preferably should have had considerable experience with explosives an 

the @$,,$ 
d id 

have a sound knowledge and an intelligent understanding of their use- 
knowledge that may be best gained by experience. An inexperienced man d~~~~ ,hOU 
be given definite instructions before he is allowed to handle explosives and then 
work under the supervision of a careful experienced man until he demon stretes t ~ ~ U & l o  b 
he can be relied on not to endanger himself or his shipmates. Men Tb:floqed 
ignorance, carelessness, or bravado, follow unsafe practices must not b 
handle explosives. 

means of a portable electric push button, which he carries in his hand. 

supplemental data are observed that are desired at  the time of the position. 

’t 

d t-ioy 

that 

672. SHIP EQUIPMENT FOR RADIO ACOUSTIC RANGING tbO 
The special electric equipment on the survey ship used for R.A.R. , cwo~oB* 

fro’ 
incIud@ 

hydrophone, radio receiver, chronograph amplifier, chronograph, break-Ckcult 
eter or criftig [(6734), and communication system. Their coordinate fun ctions 



1 

BREAK CIRCUIT 

CHRONOMETER 

0 5YH 

IU .. Ohms 
M .1wow 
n .. l o o o ~ o w  
ul - Microlaradr 

~ ~ ~ v n ~  140+-~lrcult dlagram of R.A.R. eQulPmmt for 8urveY V@Sol. 

6721. Hydrophone 
' 'he hydrophone used on the vossel for the reception of the bomb signal may be 

Wt) the Submarine Signal Company watch-case type 134E, the rubber rat (K-tube 
!&es Or the tuned hydrophone 341A, all of which are described in 6213. Each of these 

'arbon-button element. The hydrophone is installed in a water-filled tank which 
lsfastenCd to the inn er side of the hull of the ship. A suitable tank is the Submarine 
echo Ompany 356B which is used for the 312 Fathometer. This hydrophone, as for 

sounding, should bo located where undesired noises will be received at a minimum, 

%-Itil c 

in 541 (seo also 5148). 
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6722. Radio Receiver 
the radio 

rloD: 
iC&&Ol a? tWS 

for use 

or @Odll' 

lating the output signal. Of 

Any one of a number of good communication receivers may be used for 
receiver shown in figure 140. Commercial receivers, such as those made by 
Manufacturing Company, Inc., of New York, The Hallicrafters, Inc., of Ch 
National Company, Inc., of Malden, Massachusetts, are used exclusiVely 
purpose by the Coast and Geodetic Survey. 

&Io* 

The radio receiver should include the following features to  be satisfactofl 

(a) It must be suitable for marine use. 
(b) It must be capable of withstanding excessive vibrations without damage, detuning' 

(c) After the warm-up period, the tuning should remain essentially constant, irresP 

(d )  It must be sufficiently sensitive. 
(e) It must posses; high image rejection. 
(j) It should contain a crystal intermediate-frequency filter. 
(8) The frequency range of the receiver must include all the frequencies used in R. 
(h) The receiver tuning must not be critical. 
(i) The audio-frequency power output should be a t  least 2 watts. 

in R.A.R.: 

moderate voltage, temperature, or humidity changes. 

A 3  

(~3 It must contain an adjustable interrnediatc-frequency beat oscillator. ,Dies Some of the models of radio receivers made by the above-mentioned camp . eflefi ts 
mee t practically all the listed requirements. To comply with most of these re@'' 
the receiver must employ a superheterodyne circuit. There should be one Or two 
of radio-frequency amplification to aid in amplification, image rejection, 
signal-to-noise ratio. The intermediate-frequency amplifier should contain tw kdo' 
stages. The width of the intermediate-frequency band should be from 5 t:t edceed 
cycles. The band width of the intermediate-frequency crystal filter should 
100 cycles, in order to eliminate as much interference as possible. 

Frequencies used by the Coast and Geodetic Survey for R.A.R. rang of tbe 
to 4.2 megacydes (see 6442). The receiver must cover this range, in feet ml:icies as 
receivers used for R.A.R. cover a range from broadcnst frequencies to freq 
high as 42 megacycles. 

It is desirable to have both radio-frequency and audio-frequency galn galp 
Most commercial communication receivers are also equipped with autorn alb', 
control but this feature is seldom used in R.,4.R., the gain being adjusted fla$tiC@l 
The tuning control should be provided with band-spread features so that c:ljbr&ted 
adjustment will not be required in tuning. 

The receiver should have terminals for both headphones and loud spealrec' e ter@iaJg 

to operate the chronograph amplifier; therefore, the impedance at the aPb 
terminals and of the chronograph amplifier input should be identical. The ChronoBo d 

edanG aJ1 amplifier input for the circuit in figure 140 is 500 ohms. 
the receiver is either one-third or triple that of the chronog.aph input imPedanc~bO 
intermediate matching transformer should be used. An alternative method is to " * 
either the receiver's output transformer or the input transformer of the C w  
amplifier so that their impedances are properly matched. 

Most of the receivers used on vessels of the Coast and Geodetic SurvcY are 
on 11 0-volt 60-cycle current, 

and increase 
or 

2.5 e fro@ 

. coptfo:g. 

The dial of the receiver should be 
to show accurately the frequency at which the receiver is tuned. 

sometimes been found convenient to use the output voltage at the headphon 

It b.a5 

&$ope 

If the output 

oao&'&P 
,tad 

oper 
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6724, Chronograph Amplifier 

Numerous types of audio amplifiers are used by the Coast and Geodetic Survey 
Operation of the chronograph. Their performance is essentially the same; they 

Only one type of amplifier which has given good results will be 
ed- A circuit diagram of this chronograph amplifier is included in figure 140. 

,“? sWsitivity of this amplifier is about medium and its frequency characteristics are those of 
b o ~ p l y  good audio amplifier. The last two tubes of the amplifier Operate On receipt of either the 

signals, whereas the first tube amplifies only the bomb signal. Located between these 
In sections of the amplifier is a switch, known a,g the hydro-radio switch, which is intended for switch- ‘;the ’W two stages that operate the signal stylus of the chronograph either to the output of the 
ah::Phope amplifier tube or to tho output of the radio receiver. The final tube in the chronograph 
to ti: Is &type 6,56 beam power tube, triode connected, The Plate circuit of this tube is connected 
s ih~&slgnal  Stylus mm;net. This tube is biased to cutoff SO that only the positive peaks of the 
‘?Qp0 aausQ the plate current to flow. A filter in the plate circuit removes the audio-frcquency 
‘ ‘ ‘ Q ~ i p t  leaving only tho envelope of the audio-frequency Signal. A milliammeter in the plate 
” Of the type 6.56 tube gives the integrated value Of its plate current caused by the bomb 
Or rwiO ‘lgnal. This metor should be located where it can be observed by the radio technician 
6 t ~ ~ ~ ~ a I h  attendant or both; it gives an indication of signal intensity. Preceding the type 

e lS a type 6C5 triode tube which is arranged to operate 89 a Class A amplifier. A line-to- 
- and 600-ohm primary taps operates into the grid of the type 6C5 tube. 

Ohm Primary tap is connected through a switch to the 125-ohm secondary of a plate-to-line 
8for4er, Which is conllccted in the plate circuit of the hydrophone amplifier tube. The 500-ohm 

‘? the 

:Zp1Y design. 

Or’. 
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of sep@8te tap of the line-to-grid transformer connects to  the output of the radio receiver by means 
contacts on the above-mentioned switch. 

When the hydro-radio switch is in the position to receive the bomb Si~ositioO 
output of the radio receiver is short-circuited; and when the switch is in the p 
to receive the radio signal, the output of the bomb amplifier is short-circuited' ti00 
short-circuiting of one circuit while the other is in use is to prevent cross OPeraidlf 

d r*p to between circuits. A double-pole double-throw switch that can be operate 
can be used; but a preferable arrangement is a telephone-key switch comreleased, 
operate for the reception of the bomb signal when held down, but which, when 
will spring back to normal position and transfer the circuit to the output of thed re4,$0 

ceiver. Whatever arrangement is used, the whole switching operation shod 
no more than a half second, for the speed with which this switch can be opera ed 
mines the minimum time after the bomb explosion that a radio aignal can b 
on the chronograph. The manually operated switch described above may be ecei,er rap1 @ 

by a relay which automatically switches to the output circuit of the radio 
soon as the bomb signal is received, as in the Dorsey chronograph (see 6733). to &0 

The gain control for bomb reception is by regulation of the current f lOwint@ed 
carbon button of the hydrophone, a d-c milliammeter indicdting the amount Of toleflt 
flowing to this unit. Once the proper value of gain has been determined, rea$?Gb ,lr0 

is rarely required. The gain for the radio signal is adjusted by the controls 
part of the radio receiver, 

d, 

ectad 

radio 

ted de''' 
e record 

673. THE CHRONOGRAPH 

e redia measure the time intervals between the bomb explosion and the reception of tb fipef 
signals from the R.A.R. stations. The record is made on a narrow W*x-CO'te~9~es fit 

tape by two shav-pointed electromagnetically operated styluses. The tape co&de p to 

mark a single line down the center of the tape when they are in an unactuate fro@ 
(See fig. 141.) When actuated the two styluses move' in opposite directions pi@& 
the center toward the edges of the tape, the maximum amplitude of motlonfl@s 
about %6 inch. After operation, a stylus is returned to normal position ~ ~ , ~ e d 1 '  
of a spring. The mark on the tape where the stylus leaves the centerline e c@i$ 
scaling all time measurements. One stylus marks the time and is lrnown as " 

the sipd stylus, and the other, operated by the chronograph amplifier, is known a, desoribO 
stylus. The method of scaling the tapes from a Gaertner chronograph 1s 
in 6853. 0 

tbe :'fly 
a. fironograph tape.-The tape is a narrow red- or black-bodied paper, 

of which is covered with a thin white wax coating. The melting point of 
sufficiently high to withstand tropic temperatures unless the tape is exposed 
to the sun's rays. This tape comes in 300-foot reus, wound on a wood ce nter 'b8d 
1% inches in diameter with a %-inch centerhole. The tape is about % inch oper&'O 
0.002 inch thick. 
on the Gaertner chronograph. 

*,A#% to 
A chronograph is a graphic-recording time-measuring device, used in 

a constant rate under the styluses which are adjusted so that their marks d stfit'' 

OD0 5flf894 

d y $ t  

One roll of tape is sufficient for about 1 hour's continuous 

6731. Gaertner Chronograph 
S t j ~  'Od 

e@ 'Most of the chronographs used in the past in R.A.R., and sometimes by the Coast and Geodetic survey, were mrtde by the Gaertner Scientific Cor@ 
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chic, 0, A1 parts of this instrument are mounted on a heavy metal base. 
Directly in front tthe !pool are the magnets for operating the styluses; these magnets are mounted 

?!ha bulged plate so that the stylus points may be raised while changing the tape. 
4’ Passes under the hinged plate and across a guide plate and thence between ’ “‘OUerS by which it is drawn, The points of the two styluses Contact the surface Zhe The rollers that draw the tape are 
the”  a small electric motor which is coupled to the shaft of one of the rollers 

Most of these instruments are of the d-c type operatcd 8 l2 volts, but 8 few contain 110-volt d-c motors. A lever is provided to separate 
f e so that the tape can be stopped without stopping the motor, and to 

The styluses may be adjusted 89 to pressure 
surface, amplitude of motion, and position of the stylus point on the tape. 

speed of the chronograph tape is about 2 cm per second. 
The d-0 resistance of the signal stylus magnet on most of these chronographs is $2 8oo ohms, and that of the timing stylus magnet is usually about 5 ohms. On 

bit4 cbOnOgraphs the magnets and styluses supplied originally have been replaced 
Such 

::teration provides a quicker acting stylus and minimizes mechanical lag. Rochelle 

Gaertner chronograph of more recent design is also used on some vessels of b “W and Geodetic Survey. Its principles are the same, the major differences c“ ” mechanical design and the use of a llo-volt 60-cycle synchronous motor to 

g J Illinois. 
end of the base is a spool which holds the chronograph tape. 

where it passes over the guide plate, 

reduction gears. 

the rethreading of the tape. 

Baldwin piano units to which light styluses have been attached. 

C9stals have also been used to actuate the stYli1S@s. 

Ope the chronograph tape. 
6732. Break-Circuit Chronometer 

the break-circuit cllronometer is used with tho Gaertner chronograph to  actuate 
that ??g stylus Once each’ second. It is like any ship mean-time chronometer, except 
bh,’t ls equipped with electric contacts operated by the chronometer movement. 

The 
The ~pe‘atloa ‘@e of these contacts, when connected to the proper circuits, produces the 

thpouOffsets on the clironograph tape. These contacts are delicate and the current 
blaFPh thorn and the voltage across them must be kept at  low values. Some type of 
~t&,8cwCUit should be used between tho chronometer and the chronograph timing 
%h ?agnet; an electrically operated relay may be used, but a vacuum-tube circuit 

contacts are opened once each second for about one-tenth second. 
,Of the break is adjustable, but it should not be attempted on board ship. 

as Is shown in figure 140 is preferable. 

6733. The Dorsey Chronograph 

”deThe Domy chronograph was designed by the Coast and Geodetic Survey to pro- !(QP accurate timing of R.A.R. distances, and to be read without a glass scale 
‘8 tho’ It Uses the same tape as the Gaertner chronograph, but the speed of the tape 
‘@COQdamd a half times as fast, a time offset is marked each tenth second, and the 

y’hiczhis instrument two styluses, one which marks tenths of seconds and one 
%pQreCords the bomb and radio return signals. The speed of the tape is about 5 
e%b~inaecOnd, so that the offsets marked a t  each tenth second are about 5 mm apart, 

‘he estimation of the time intervals to 0.01 second without using a glass scale. 

are numbered . 

(Q5882-44-4 
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e c d '  
Each fifth offset is marked longer than the others and a t  each tenth offset (each;Sipt; 
a figure is printed, starting with 0 a t  the first offset after the receipt of the born 
These figures are printed 0 to 9 and then repeated so that the time intervals 
rapidly read. bo@;) 
A switch on the chronograph amplifier is closed, so that the bomb exploSio II O'J'Lbe 

received on the chronograph. When the bomber signals that tho bomb has 5ticfilb' 
water, the signaling current also operates a relay in the amplifier which d tbO 
starts the 60-cycle motor of the chronograph. This sets the tape in motion "",od 
timing stylus begins marking tenth seconds. When the bomb explodes and the tbO 
reaches the hydrophone, the signal stylus immediately marks on the tape a d  'I" 
next tenth second a clutch releases the printing wheel so that the numeral 0 is prlD ,p 
opposite this tenth-second mark. Thereafter each fifth offset is made longer 
index wheel, also released by the clutch. Another relay automatically sdtches 

dsi d 
amplifier from the bomb hydrophone to the radio receiver (see 6724). 

The R.A.R. time interval to be used in plotting is thon all of the numbere lagt 
plus the fraction of a tenth before the zero, plus the fraction of a second after the 
printed number, plus the ship's run correction (6853 (d)). This latter is found f ~ ~ d e d  
elapsed time recorded on the tape prior to tho bomb signal. The chronograph a ~ a e l - t ~ e r  
does not have to time this interval by clock or watch, as is the case with ths 

lutch reset' 
chronograph (see 6843~) .  

ready for the next bomb. 

&y 

a. Operation.-The bomber is signaled in the regular manner to fire 

struck 

A switch on the chronograph amplifier cabinet is then opened and the C 

6734. The Criftig 
@ish In order for the Dorsey chronograph to function as a precision instrumimpulses ent it of 

be supplied with controlled 60-cycle alternating current and tenth second trio 
high accuracy. This is obtained from electric circuits starting with a P 
crystal with a frequency of 100,000 cycles per second, adjustable withla 
range. As developed by the Coast and Geodetic Survey, these circuits, by freCtl$'p 
frequency division, give a crystal-controlled current for tho time generatortboo bY 
arrangement is abbreviated eri,ftig. In  this the 100 kc is first divided by four, O - G ~ ~ l e  
five, and again by five, giving 25 kc, 5 kc, and 1 kc. Tho latter operates a l,oo f tbe 
synchronous motor at  a constant speed of 10 revolutions per second. The shaft :bTh 
motor also carries the rotor of a 60-cycle generator and a singlo rotating arrndgCd 
passes near tho pole pieces of a polarized olcctromagnet o~ice each revolution, pro 
tho 10 pulses per second. *jtig 

the crl of 
Barefig. Clocks on the ship's bridge and in the radio room are operated from 

clocks gl" 
and, by daily comparison with the radio signals sent out by the National 
Standards, the rate of the crystal may be adjusted to  a value so that the 

ieede' 
a nfi?; 

time which is seldom in error by as much as 0.1 second. rOD$ A special chronograph amplifier is required. It drives the 60-cycle S7ltf;he bofl 
motor, amplifies the 0.1 second pulses to the timing magnet, and amplifies 
signal. By the arrangement of certain thermionic tubes and circuits, this 
produces a sequcnco of events pcnnitting the reception of bomb signals 
returns almost automatically. 
signals so that no lag in time is introduced. 

rfifi' 
di0 

rettlfl 
and 

No relay action is involved in thc timing of the 
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674. COMMUNICATION SYSTEM 

ad l 'O coordinate tho operations at  the various stations on a vcssel usbg R.A.R., an 
This system includes interconnected 

The bomber, it his ncar tho steIx of the vessel, may ring these simultaneously by means of 
'Ortablo push button which he can carry in his hand while throwing the bomb over- 

th ' h o t h e r  bcll is located a t  tho bombing station, connected to be rung eithcr by 
@ 

If the chronograph station is remote from the plotting station and if the latter is 
located on the bridge, a communication system must be provided between the three, 

6' that data and orders may bo rapidly and accurately transmitted. The R.A.R. time Qt 
pi e?als for eacll position must be transmitted from the chronograph station to the 

Ott% station with a minimum of delay and, where the plotting is not done on the 
Fdge ,  orders relative $0 the navigation must be transmitted from the officer-in-charge 

the Watch officer on the bridge. Speaking tubes or telephones may be used for this pur 
ph but instruments used for intcroffico communication are much mOrC satisfactory. 

@ !&tter are mado under various trade names by a number of manufacturers of 
electrlc equipment, but any selected should be adapted for use on shipboard. A loud- 
:peal'er type of unit is &sirable, arranged SO that a lever is prcssed to talk and released 

lstek This leaves both hands free for copying any transmitted data. 

@?ate communication system is essential. 
bells, located nea,r the chronogaph attendant and 011 the bridge. 

board 
attendant or from the bridge, depending oh who orders the bombs. 

6741. Bombing Station Signals 

In Radio Acoustic Ranging (R.A.R.) bombs of various sizes are required, depending ? the distances from the R.A.R. stations and other factors which influence the trans- 
The chronograph attendant is able to judge the size of bomb 

size @d by observing the cllaracter of the radio returns from the stations. The same 
'! bomb will often be used continuously for a considerable pcriod of time, but it is 

Occas'onally necessary t o  change; and a system of bell signals should be providcd to 
'Otifythe bomber of the size of bomb wanted at each position, and when to light the bohb 

Signals are given by the chronograph attendant, or from the bridge, by ringing a 
The signals for bombs of different sizcs may be various 

p % h s  of long and short rings, a 1011g ring being approximately threc times the 

of sound. ':Pub 

and throw it overboard. 

at the bombing station. 

of a short ring. The following signals are rccommendcd: 
T ~ p e  of bomb Signal 

Single detonator _ _ _ _ _ _ _ _ _ _ _ - - -  Five short rings. 
One-quarter pint _ _ _ _  - - - - - - - _ _  - One long ring. 
One-half pint.. - - - - - - - - - - - - - _ _  - TWO long rings. 
One pint _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -  Three long rings. 
One quart . . . . . . . . . . . . . . . . . . . .  One lorig and one short ring. 

Or bombs of other sizcs, suitable signals may be arranged. 
k 

The clock at  the clironograph station should bo synchronized with the cloclr used 
ksoundiW. At 1 minute before a position tho bomber is given the signal designating 
:'Q& * 6'zp of bomb desired. The bomber answers this signal immediately with two long 

! indicating that the signal has becn rcccived and undcrstood; this aclcnowledg- 
3:gnal is roc eived both by the chronograph attondant and on tho bridge where it 
15 a stand-by signal for any observations to be taken on the position. Ten or 

seconds before the position the bomber is notified to light the bomb, by one extra- 
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of tbO long ring. This signal must be given a sufficient number of seconds in advance 
desired time of position to allow for lighting the bomb and throwing it into 
This time interval will vary, depending on the length of fuse and the alacrity 
bomber. Just as the bomb strikes the water, the bomber signa18 with one long ria'* 
This is the official time of the position. The signal is received at  the Chront)!thO 
station where the chronograph is started, and on the bridge where it senes  
"mark" for any observations which are to  be made on the position. 

the #'eter* 
of 

68. R.A.R. OPERATIONS 

681. R.A.R. POSITIONS 

one controlled by other methods is the manner in which the positions of the sdoY vis~d 
ship are determined. The positions are not based on sextant angles or O t y Z p  

observations, but are determined by plotting graphically the distances of the derived two or more R.A.R. stations whose positions are known. The distances ase omd a!" from measurements of the travel times of subaqueous sound from a source of S 
the ship to receiving units at  the several R.A.R. stations. The various  opera^^^^ 
volved in obtaining an R.A.R. position are necessarily performed at  several 

for any 0' places on the ship, and the procedure is, therefore, more complicated than- ,ad 
the other methods described in section 33. The positions must be anticlPated ut 5 
preparations made, and the position data are not available for plotting until abo.ong. 
minutes after the time of the position, all of which affect the conduct of the Operat' 

681 1. Time of Position Data 

tmd 
The essential difference between a hydrographic survey controlled by 

d i d  
The official time of an R.A.R. position, and the time to be recorded in the s:z&$ 

Record and Bomb Record, is the exact time that the bomb strikes the watsr 
is thrown overboard-not the time of its explosion (see 6853 (4). The position 
be determined is that of the bomb-not that of the vessel a t  the time of bomb f.m;nyt; 

Positions should be obtained at  equal intervals and on the minute or h e  
if practicable. This is not essential, but it facilitates spacing recorded sounding O@OL 
are generally recorded on the minute or fractions thereof, With experienced persjthod 
bombs may be timed to strike the water within a few seconds of a desired time 
danger, in which case the positions may be recorded on the even time interVal* 

clock so the times of positions recorded in the Sounding Record and the Bornb d 
will be identical. If they are not automatically synchronized, they should be "$ir. 
frequently to ensure that the two clocks are always within 2 or 3 seconds of On\:nbofibe 

The sounding on the position must be obtained prior to the explosion of boc,u$ 
A sonic oscillator must be turned off while the bomb explosion is being recorded, 

causes a multitude of sound waves which are registered on any echo-soundFg 
ment and which obliterate the echo soundings for an appreciable length of time' o@ 

Log readings, revolution counter readings, bearings, sextant angles, Dd ,oBtO$ 
supplemental position data are observed at the signal from the bomber which tb 
that the bomb has struck the water. These supplemental data must be recorded " 
Sounding Record. If the R.A.R. abstract is used (see 8312), the time interv$tbo 
recorded in it when they are received from the chronograph attendant, and 
supplemental data needed for plotting on the boat sheet are also recorded in it* 

that 
explo9~o*' 

8, SlBC 

. 

ecor The clock at  the chronograph station should be synchronized with tho 

of a bop 
;n@ the oscillator signaIs would record on the tape. Furthermore, the explosion 
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6812. Frequency of R.A.R. POSitiO~ 

14 ' h e  frequency of positions in R.A.R. surveys, like surveys controlled by other 
a BthodS, depends on a number of conditions which me discussed in 3313. The max- ?@ frequency of R,A.R, positions is limited by the time required to obtain the R.A.R. 

from the chronograph tape and to  plot the position on the boat sheet, this 
requiring from 3 to 5 minutes depending on the distances involved and the 

tness of the personnel. Nothing is gained by taking R.A.R. positions faster than 
can be computed and plotted. 

Depending on &e current, R.A.R. surveys on the Atlantic and Gulf Coasts can 
esatlsfactorily controlled by positions every 5 or 6 minutes in areas of moderate depths 

surveyed on a 1 : 80,000 scale or larger, and every 8 or 10 minutes in deeper offshore 
surveyed on a scale of 1:100,000 or smaller. Positions are often taken still less 
ently in offshore areas where large cast-iron bombs are required or when it is 

On the Pacific Coast and in Alaska waters, 
su\reys have been satisfactorily controlled with positions obtained at intervals 

'long as 30 minutes, but the fixed positions must be supplemented by adequate dead- 
EeckoGng data. 

Accurate dead-reclconing data must be recorded for use in conjunction with R.A.R. 
\'%'s and it is frequently advantageous to  identify some of the intermediate points 
stkeen bombs as positions (see 3312). In  addition to  those at  regular intervals, where 

b A t  the beginning and end of each sounding line, except at a 180' change in course where the 
(g'Qnlng of the new line is 80 close to the end of the previous line that time does not permit two 
b In the latter ease the position at the end of the first I k e  shouJd 

@ 
by dead reckoning 80 that an R.A.R. position can he obtained at the beginning of the 

Oes liQe* This fixes a position on the new line as soon as possible so that the hydrographer may 
Oh'"' the course, if necessary, to make the track of the vessel coincide with the proposed line. 

In general, changes in course of 3' or less need be merely 
>ded in the Sounding Record with the time of the change, changes in course from 3' to 10' should be as positions and given numbers, but changes in Courso greater than 10' should be fixed 

b 

ecessal.y to conserve bomb materials. 

R.A,R, positions should be talren at the following times: 

Positions SO close together. 

A t  all major changes in course. 

' R ' ~ * ~ .  positions. 
At  all changes in speed. 

6813. Obtaining an R.A.R. Position 
* that an R.A.R. position is desired at 14:18, either because of thc regular 
:?'a1 between positions ordered by the officer-in-charge or because he has specifically 
OtlIied the chronograph attendant that a position is desired at  that timo, the following 'equen 

to At 14:17, one minute before the position is desired, tho bomber is signaled by belr 
chlQdicate the size of bomb desired. The chronograph attendant thcn tests the 

'nograph to  make sure that it will operate satisfactorily and that sufficient ckrono- 
on remains on the roll, and sees that the radio technician has tho receiver turned 

and Properly tuned. 
"he bomber acknowledges the above signal with ti two-bell signal which is received ' station and on the bridge. This indicates that thc signal has been at th 

and understood by the bomber and notifies the bridge personnel that an 
Position is to be expected on the next even minute. The bomber selects a bomb 

Of the size desired, inserts the fuse, and prepares it for ligh ting and, with bomb and push 
b'ttoQ in hand, stands by the lighting element ready to light the bomb when the next 

eo of events occurs (see also 3442): 

is received. 
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i@al to Ten to 15 seconds before 14:18, the bomber is notified by one long bell 

As soon 8s the bomber judges that the fuse is burning internally (see 6844 
light the fuse, preparatory to throwing the bomb into the water. 

the 
6845), and not later, the bomb is thrown overboard and as it strikes the watertiOD 
bomber signals with one long bell. This signal is received at  the chronograph $iop. 
and on the bridge. 
A sounding is taken, the log is read, and any other observations are made a t  fiecord. 
changes in course or speed are also made; and all are recorded in tho Sounding ope- 

When the “bomb over” signal is received a t  the chronograph station, tho ‘* b 
graph is started and the hydro-radio switch (6724) is held in position so that the bo” the 
explosion will be registered on the chronograph tape. The time in seconds between d 

the seton 
This 

“bomb over” signal and the explosion is determined by a stop watch, from 
hand of a clock, or from the tape of a Dorsey chronograph (see 6733a). 
interval is recorded in the Bomb Record (see 6843~).  The record of the 

The time of the signal is recorded as the official time of the p. this 

1osioD ** 
the tape of a Gaertner chronograph is identified by a pencil mark near it* tb0 

Immediately after the explosion has been registered on the chronograPh sigPa15e 

stations 
heard 

hydro-radio switch is released SO that it is in position to allow recording of radio 
The chronograph continues to  run until the radio signals from all of the I3.A.R. 
have been received and recorded on the tape. As each return is received and 
in a loud speaker, it is also identified on the tape by a pencil mark nearby. 
last radio signal has been received, the chronograph is stopped and the tap 

The various time intervals requircd for determining the elapsed time to 
station, for use in plotting, are then taken from the tape or computed, in accordanCO 
with 6853, and entered in the Bomb Record. 

tll0 
transmitted to the officer-in-charge at the plotting station. Let US suppose that 

statioasl number of the position is 89 and that returns were received from three R.A.R*,s identi- 

octivelJ’* designated as ESAU, DAGO, and GOBY, and that the elapsed times to them, 
fied by the chronograph attendant, are 8.56, 19.35, and 27.97 seconds re@ 
The data should be transmitted approximately in the following manner: 

e with 

record is torn off. each 

shoUld be As soon as the elapsed times have been accurately determined they 

d&- The CHRONOGRAPH ATTENDANT calls the plotting station and after an acknoW1’ 

The OFFICER-IN-CHARGE replies: ‘(Position cigllty-nine at fourteen eiglltce& 
in 

ment, or over the loud-speaker system, says: “Bomb at fourteen eighteen.” J j  

This enables the chronograph attendant to record tile correct position number 
Eomb Record and on the chi*onograph tape. 

nineteen thirty-five, GOBY twenty-seven ninety-seven.” 
DAG0 

CHRONOGRAPH ATTENDANT: “Position cighty-ninc; ESAU eight fifty-six, 

The OFFICER-IN-CHARGE repeats the elapsed times to  the chronograp11 atton 

The elapsed times to the various R.A.R. stations should be transmitted 

dant 

for verification. tll0 

plotting station in the order of their length, the shortest being transmitted first’ t a ~ O ,  

is the natural order of scaling or reading thc radio returns from the &ronolFaPh 
coflp d and a little time is saved in making the settings of the fixtures on the beam 

After thc elapsed times have been received at  the plotting station, they m e  ~?$,p 
graphically on the boat sheet using the most probable velocity of sound, and the 
is determined. tatio” 

Occasionally, at  the chronograph station, a radio return from an R A R 4  or $0 
may be improperly identified, a false mark may bo mist&en for a radio return’ 
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stations. The elapsed times must be used as distances in order to plot them 7; 
hydrographic sheet, and for this purpose the velocity of sound in sea water flfl diflereD’ 
known. The distances from the stations may be plotted graphically by sever ,631). 
methods, the position sought being at  the intersection of the distance arcs tbet 

During the survey the positions need to be known as quickly as possible, :Leet 8, 

the ship may be maintained on the proposed line. Therefore, for the boat asoo@’ 
rapid method of plotting is required-extreme accuracy is not essential so long 

For the smooth sheet the converse is true, the positions must be plotted 89v&eS 
rately as practicable and speed is not especially important. At this time better o&D be 
of the velocity of sound to be used will have been determined and the positions 

plete coverage of the area is ensured. &Good‘ 

more accurately plotted. &A*$’ 
There are several general methods’which may be employed in plotting 

ce fro@ positions. The elapsed time to each station may be converted into distnn 
R.A.R. velocity scale (4824), and the distances plotted on the sheet with a beo:$i 
pass. This method is generally used for plotting on the boat sheet in f ~ ~ ~ & ~  

different velocities of sound must be used. dr@ Circles representing intervals of distance from the R.A.R. station I-naJ’ be 
on the sheet and the distance from each station may be plotted by increments * 

to, or decrements subtracted from, the nearest circle representing the *Pp 
distance from the station. The circles may be drawn in even multiples tifle 
meters or they may be drawn in distances representing even multiples of t1”ve~i&?5 
at a selected velocity (see 7341). Positions can be plotted more rapidlY from .tioUs 
representing seconds of travel time, and this method is used for plotting the 
on the smooth sheet (see 763). 

r~pf15. 
of dist’aace ’ 

6821. Plotling Positions on the Boat Sheet 
n they After the elapsed times have been received from the chronograph statlometerg firre 

used to plot the position of the bomb explosion (see 681.1). velooiO’ 
used for plotting, the elapsed times are converted k t 0  distances on an R h R *  “be 

th bar* scale, Uskg a beam compass with the fixtures fitted to a suitable le% 
sition Oaerc5 

taao0 
distance from each station is plotted as a short arc near the estimated PO . 
boat sheet. The position is determined from the intersection of the dls 
from two or more stations. 

The approximate velocity of sound must be known before positions can be t O 9 q  
on the boat sheet. Apparent horizontal velocities (6351), determined fro”’ t@ 
made over distances measured by taut wire or from tests at  positions fixed B e ~ @ t  
angles, are generally nsed for plotting during the survey, Where tho by$’ 
horizontal velocity is not known, or is not applicable, velocity calculated from the{36*) 
ical characteristics Of the water, as explained in 6343, may be used, 

If distmces in 

lotted 

(See 

6822. p h t i n g  a Position With O m  Distance Arc 

Occasionally a return is received from only one R.A.R. station, which! 
will not fix the position. If this one distance arc intersects the 
angle greater than 45’, the position may tentatively be assumed to 
with the course from the preceding posit8ion. 
line a t  an angle less than 45’, the position &ould be assumed to be a t  its interse‘ 
with the corrected log distance plotted as an arc from the preceding position. 

If the distance arc intersects 
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'neQected current, or a sudden cKange in current, may occur to affect the accu- yy Of a Position based on one R.A.R. distance. All such positions must be considered 
Po @'tative until after they have been verified by dead reckoning between well-fixed 

6823. Positions Near a Bisect& 

'ltions before and after them. 

' 
it  is practicable to do so, the hydrographer should avoid obtaining an Q.R. 

d@ 
In  such a case it is 

"It for the chronograph attendant to identify the returns from the two stations 
and an erroneous identification may be made, resulting in some Cases in an erroneously 
'lotted Position and even causing the hydrographer to change course on a false 
a s 8 ~ ~ p  tion. 
* ?here a position occurs near a bisectrix, the distance arc, if only one return is 
F a a b l e  on the tape, should be plotted from both of the stations in an effort to cde Sometimes t hc  station 
p:? .be identified from a knowledge of the dcad-reckoning position, but whero the 

slt'on. is nearly on a bisectrix the identification is ~ W ~ Y S  doubtAii 1, to say the least. 
1s sometimes necessary to anticipate such a situation and change the ship's 

Co'r'e away from a bisectrix so as to be sure which one of two stations will be received 

6824. Relative Strength of Positions 

th 'he Strength of a position located by two or more R.A.R. distances depends 
\r eor!?tically on the angle of intersection of the distance arcs. Assuming that a correct 
elOclty of sound llas been used or that the time intervals have been converted into 

3 ~ t e  horizontal distanceL, q the strongest positions are those where the distance 
b " 'Otersect approximately at  riglit angles, and the more acute the angle of intersection 
p:P'Fes, the Mrcaker tjle position is. Where the distanco arcs are nearly parallel, the 
b':tlon is gonayally located very accurately in a direction perpendicular to the arcs, 

Such intersections generally 
;{> at extreme distances from the R.A.R. stations and are to be expected near 
th Offshore limits of offshore surveys. To fix positions satisfactorily in such areas, 

tb0 IQ R.A.R. Surveys, distance arcs are occasjonally plotted with data receivod from 
b' stQ~ons which are nearly on range (in the same direction, or in opposite directions) 
c;: the position, SO that the arcs plot nearly parallel to each other. If the arcs coin- 
h8@dQt tho position, it is an indication that the correct velocity of sound has been 

' ?nd another distance arc intersecting these two approximately a t  right angleb ? 8 strong position. I n  boat-sheet plotting, the arcs from stations on range sdth Position seldom do coincide because a preliminary value of the velocity of 04""~ 'S used, and generally, the position must be assumed to be between the two arcs, a intersecting arc or a t  a position indicated by the dead reckoning. 
dj is transmitted through sea water along a path which may vary for different 
OfstaQceS and different depths of the water (see section 62). If one of the distances 
bha' &.A&. position differs considerably from the others, it can seldom be com- 
theed Qtisfactorily with them if the same velocity is used for all tho distances unless 
sigiy'psed times are first corrected for the paths of the sound waves (sea 636). A 
" discrepancy may be expected if the path of the sound wave to one R.A.R. 

Position near the bisectrix between two stations (see 6814). 

which of the two stations tho return was received. 

6t't. 

Weakly in a direction parallel to the arcs. 

@ R.A.R. distances must be supplemented by dead-reckoning data. 
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traversed station passes through extremely deep or very shoal water as compared to t h d  
to the other stations. 

a direCt The sound wave, in traveling an extremely short distance, may follow times, path, but over a long distance it is apt to be refracted and reflected a number Of ortior to 
thus making the travel time of the sound wave longer than it should be in prop 
the horizontal distance. Similarly, the depth of the water traversed and thetherefq, 
ture gradient affect the travel time of the sound wave. It is apparent, 
that an elapsed time under varying contlitions is not exactly proportional to 
xontal distance, although this latter is what is needed for plotting. combinations lot errat'. ' 
distance arcs, where the above conditions vary extremely, will invariably P her 
cally if the same velocity of sound is used for all of them, and in such cases grea 
weight should probably be given to the results from the nearer stations. tifie' 

are uncorrected for the path of the sound wave, positions at a considerable 
from the stations are likely to  be incorrect even though the distances Stem 
agreement. 
direction from tho position and the distance arcs intersect at  acute angles, be 
are likely to be greater than average, and the temperature gradients will P"Obabl$oD 
such as to cause excossive refraction and numerous reflections. The apparent POs1 u ~ t .  

e am0 to will bo in error, for the true position will be nearer to the stations by som 
nearly proportional to their distances from it, Such displacements, althougll the exist, arc difficult to  correct, because of tlie many variable factors that influence 
propagation of sound. 

The character of the bottom apparently affects the strength of a position ce the 
little. Certain types of bottom materials may partly absorb the sound and redu 

,hanged range of transmission, but the velocity of the reflected wave is probably no 
enough to affect the elapsed times appreciably. 

ternper5- 

tl1e 

If the same velocity of sound is used throughout an area, and the elapse! &S t 
' 

to be In 

the depths 
the In  such cases the stations are generally all in approximately 

1cnolG'* 

6825. Inking Positions on the Boat Sheet 

The position number should be irilred ncarby for iden 

acCdv 

(!see 

Each acceptcd position (see 7635) should be pricked on the boat sheet "ndtificatioD 

The distance arcs may bc inked or left  in pcncil, as desired. 
ated with colored ink. 
(see 7681). 
3251.) 

68%. Plotting Wilh A. A.R. Distance Di&renccs 

fi.h*Ji' Ordinarily in R.A.R. the  total elapsed time from each of two or more 
However, if returns are stations is known and is used in plotting a position. 

it is possible to plot the position by using the differences bctwecn the times 

being unknown. This is of practical value in R.A.R. where, for example, tll.e red OD 
of tho bomb explosion is lost for any reason, as where it cannot bo distinPlShe iD fi* 

R.A.R survey-they should be recorded in the Bomb Record for plotting at a 

rapbl' 
date, if time and facilities do not permit their being plotted a t  the time. 

There are several methods by which an R.A.R. position can be plotted 
cally, using time differences, the choice depending on the base shcet uscd Or " by 
number of positions to be plotted. The position can also bo found anab'ticallJ' 

from three or more R.A.R. stations appropriately located with refcrcnco to each to the 

the chronograph tape because of static. Such returns should not be rejected later 

various stations, provided the velocity of sound is known, tlie total times theas cord 
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b Puting the distances to tho R.A.R. stations and then plotting by conventional 
B:>ds- The principle involved in tho solution of this problem is that the locus of 
Co'%@ht Iht which moves so that the difference of distances from two fixed points is a 

two fixed points are the R.A.R. stations, and tlie sign ii ihe dlff erence determines the branch of the hyperbola on wliich the point is found. 
thenuows then that where there a re three R.A.R. stations, the R.A.R. position is a t  
t' Qte@ection of three hyperbolas, each one of which satisfies the difference condi- 
Check "" *Or a pair of R.A.R. stations. One of tho three hyperbolas merely servos as a I'JEthOpF the position as determined from the otlier two and will not be considered 

The two hyperbolas givirlg the best angle of intersection should be tlie 

.' is 8 hyperbola. 

tlicre would 

as strongly fixed by 
total distances. Tlio 
of intersection of tlic 
of intersection of tlic 

three R.A.R. stations, A, B, and C, 
are plotted on a base sheet, and let 
furtlicr that tlie radio returns from 
and let p and q roprcsont tho known 

Thcn the throe actual 

kd are several methods of accomplishing this which are described bricfly 
the following headings: 

A. GRAPHIC METHOD 

On the base sllcct a t  B scribe a circle with radius p and a t  C another circle with radius ( p  + q ) .  
'&kc ObleQ is to find a nt P which is equidistant from A and the circles with radii p and ( p  + q). 
the a transparent overlay 0 n which is drawn a series Of concer,tric circles large enough to satisfy 
1Bce~?~t10n5. The transparency should resemble the Odessey R.A.R. protractor (4537), and ad- 
trBoa C'rcles should be close enough t o  each other to permit accurate intcrpolation by eye. The 4"ilparencY need have no scale. Lay the transparency over the base sheet and move it around 

z is found which passes through A and is tangent to the circles scribed at 
' 

With radiu 
d (b)  I The desired point P is then at the center of the fierics Of concentric circles on the overlay. 
"h ' this method a series of concentric circles similar to the Odesscy R.A.R. protractor must be 

t?'t *On the base sheet with each R.A.R. station as a center. These circles must be constructed so ~ l r o ~ e ~ l e s  On a transparent overlay draw two concentric 
'"til &z:h radii p and ( p  + 9 ) .  Lay the transparency over the base sheet and move it around 
:la, ahsd Gammon center and the two circles are a t  equal distances from the R.A.R. stations a t  ' that is, uiit,il the center of the transparency is on a circle from A with radius 
d ~ 6 'lrcle is tangent to a circle from B with radius z, and the ( p  + q) circle is tangent to a circlo 

@sp@fl When the above conditions are satisfied the center of the overlay is a t  the 
Point p. Plotters will filld this procedure awkward a t  first as they are not accustomed to this 

Of equal radii are easily identifiable. 

1 

'?Ob 
radius 2. 
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I d  

of OlO$@" 
form of plotting. 
spaced conceLtric circles would obscure soundings, positions, 8nd other data on the Sheet' 

This method is not, practicable in R.A.R. surveys because the three Series 

o f ?  
Be GRAPHIC-APPROXIMATE METHOD 

In  this method the assumption is made that the hyperbolic lines of position In the ,Dy of '*@ 

are straight lines wrthin graphic limits, whlch is usually the case where P is not close ~odi f ioa t iop~ 
R.A.R. stations. There are three variations of this method, the first two of which are ,bo" 

to 
of (b)  above, aild which can be used on an R.A.R. sheet with conventional distance circleSsp8"ep 
4 inches apart. dose ed 

position P as can be estimated, and call its radius 5'. Prepare a transparent overlaY 'tircie fro' 
in (b)  above and Place it on the base sheet so that its center is on the selected distance Thou the 
A and at the same time the p circle is tangent to  the distance circle of 1;' radius from B* 
center of the transparency is one point on the hyperbolic line of position referred $0 A ,bd c dig 
unless this happens to be the desired point P, the ( p  + 9) circle will miss tangency with the Sigo' 

correct 00 tance circle of 5' radius by a distance which mLst be accurately scaled and given Its cdi3tZef 
depending on whether the ( p  4- q) circle falls toward or away from C with reference to the no 
circle of 1;' radius. Mark the center of the transparency on the base sheet PI. ' OPP" 
A distance circle with radius d' on the base sheet, which will make the ( p  + q) circle fall l' tb$@af A d oi+ site direction from c, and again place the transparency so that its center is on the second 

ao&er Y circle and its p circle is tangent to the B distance circle of radius. This center is ,ccuray;e on the hyperbolic line of position referred to  A and B. Mark this center PIr and af:Kdius, 

esch othd of 
scale the distance the ( p  4- q) circle misses tangency with the C distance circle of 5 
two scaled distances must be opposite in sign, but PI and Prr should be as close to lip0 d 
practicable. d ,de position and find point P on it by the proportion pp' : ppr' : : first scaled distance : secoa 
distance. hicb 

(d) As in (c) above, plot two points, P' and PI', and connect them with a straight line ' atbe' 
a chord of the hyperbolic line of position with reference to  stations A and B. Then V'@ 

transparent OVelhY on which a circle with radius q is scribed, similarly find points &' the ob*;; 
reference to stations B and C, and connect Q' and &'I  with a straight line which is a Chord Of ohof t 
hyperbolic line of. position with reference to stations B and C. The intersection of t ~ ~ o ~ &  ?$ 
is the desired point P if the conditions have been selected SO they intersect; if not, othe 
be plotted until two Pairs of points have been found which give intersecting lines, with e'ch 
points as close together a$ practicable. 

Knowjng the 

(c) Select that R.A.R. distance circle from station A on the base sheet, which is &4desc'Jb 

Now 

Then connect P' and P" with a straight line which is a chord of the hYperb 

(e)  This method may be found especially useful on the boat sheet. 
position of P, set Off on a beam compass a distance x', slightly less than PA, and With A 
scribe a small arc through P'; then with a distance (5' + p )  set on the beam comPass 
a~ a center, scribe a second arc intersecting the first arc at PI-this is one point on 

longer than PA. The point Prl thus found is a second point on the hyperbola, and 
joining points p' and PI1 is a chord of the hyperbola. Repeat the operation with 
B and C and obtain a chord of the second hyperbola; the intersection of the two chords 
point P. 

C. MECHANOGRAPEIC METHOD tell 

beoa 
with one edge of each arm serving as a graduated scale from the pivot. The graduatiOns.ln" fied '" 
three arms. Each ann is broken near the pivot and a supplemental adjustable metal 
in such a manner that each arm can be extended by an accurate amount, These suPple~$sed. 
strips must be graduated in terms of the base sheet upon which the instrument is to that 1 

arm B at the difference of distance p ,  and that on arm C at the difference of distance (p'q);rfll ~ 

apparent that any graduation 1; on the three arm8 is at 1; distance from the pidot O1) the A ip 
(z4-p) distance on the arm, and a t  (1;+p+q) distance on the C arm. The device is they 
lated until the readings on the arms a t  stations A ,  B, and Care equal; the center of the 

with reference to stations A and B. Repeat the above operation with another distance ' 

Cen 
In this method a special three-arm device is used. Three metal arms are pivoted at 

an arbitrary scale, but 80 marked that equal distar-ces from the pivot can be easily ident' ,ttfio &I 

In plotting a position the scale of the siipplemental metal strip on arm A is set at Ier0' lblt 

tal zd 

&VI@ ie 
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D. ANALYTICAL METHOD 

4hd :i this method the R.A.R. position is found by computing the total distance between station A 
e deair@d Point P ,  and plotting by conventional methods, The following formulas express the 

38ary relations between the given data for the solution of the problem,in whicha=distance between 
$nd '; bb.diStance between A and C; and c=distance between A and B. 

(1) ca -pa b l - ( p + 6 9  
2(p+c COS e)E2tp+p+b cos (A--81 2- 

%, 4 a 

tb * PAB, and e is the angle measured from AB toward AC in such a direction that 
e d'reotlon of AP is reached before AC is reached. 

q+p(l-m)=(mc-b cos A)  cos 0 - 4  sin A sin 0 (2) 

where m is aa-( +'Ia* Note that m i s  always positive. (3) 

Now let mc-b cos A=d COS 6 (4) 

and b sin A=d sin 6 

and 6. Let d be always positive, then 6 is uniquely determined. 

pFh 
However, in practice, the ap- 

tioh (~)@?der of the solution should be as follows: Solve for m in equation (3), for d and 6 from equa- 
@q'Qtio; 7;) (e+S) and 0 itself from (5). All values are now known so that x can be computed from 

Ofme for logarithmic and machine computation can be furnished by the Washington Office. 

@matically, there are two solutions for (e i -6)  and hence for e. 
&nde 0 will usually be known and hence the proper e can be determined immediately. 

P .  

683. R.A.R. SOUNDING LINES 

QeaIt;lhYdr0graphy it is desirable to sound along a regular system of lines to cover an 
Y OrOughly in an efficient and economic manner. In  R.A.R. surveys, especially 
' "@ strong currents prevail, it is frequently difficult to follow proposed lines, prin- 

because of the time that elapses after each position before it is plotted. Depend- 
Qtt '' reliability of the data and the expertness and diligence of the chronograph 
the tiQe and the plotter, the ship's position is not known until 4 to  6 minutes after 
Ye,, a of the position. The officer-in-charge must always bear this in mind and, 

Position plots off tho line, the course must be changed more than is apparent t' the boat sheet to bring tho ship back on line, because of the distance that the ship 

it, The change in course needed to bring the ship back on line may bo determined from 
E dead-reckoning position at the instant of change. The new course must be measured 3'"' to the last COUme made good so as to take account of the leeway. To follow the  sed line, the cou rse should be changed again when the ship is judged to have 
reg'l'ed the &ne, 
%,eFeffully calculated courses should rarely need to be changed more than 1' or 2' 

each Position, although larger changes are sometimes necessary where there are 
% Excessive changes in course, causing the positions to plot alternately 

trav@led since the position. 

ing due allowance for the known leeway. 

sides of tho proposed line, should be avoided. 
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6831. Best Direction of Lines 
botto' 

n#Orji; 
The direction of a system of sounding lines is based principally on tha 

relief but it is also selected so as to cover the area in a thorough and economic :ider! 
described in 3141A. In  R.A.R. surveys there is an additional factor to  con t10u5 
the system of sounding lines should not parallel the bisectrices between R-A .R* s~;@ 
if this can be avoided. Positions are comparatively difficult to obtain near a6814&PB 
and impossible where the sounding line nearly coincides with a bisectrk 
6823.) Therefore, insofar as practicable, R.A.R. sounding lines should bo P la@ 
direction more nearly normal to, than parallel to, the bisectrices. 

If the project instructions specify, or the bottom relief malres it desirable, ibB 
be run in a certain direction, the R.A.R. stations should be established ahefOfible' 
bisectrices will cross the sounding lines at  an angle greater than 4 5 O ,  if pnotl' 
Most of the difficulties will thus be eliminated. 

d in 

that lied 

6832. Splits and Development ditfiCflJt 

5 0  Of 

On 1arge-SCale surveys, whcrc thc sounding lines arc closcly spaced, it is h&+? 
to run splits and develop areas closely, using R.A.R. control only. Such lines of ti@ 
be run much more precisely than those of the general system, and tho lapse 

where 8 split has to be run between two closely spaced lines, a prelimi.n!' befof' 
sufficient length should be madc to permit taking and plotting a trial Position * ib-' 
the line is reachcd. Best results are obtained if the preliminary run is 'nlino 

if proper allowance is made for the turning radius of the ship when turning onr:bbO 
course. The course should be changed long enough before reaching tho line so 

Development lines are usually run normal to the direction of the genera1 " ioes 
lines, or at  some angle for the best development of the feature. Generalb suc$ofl~l 
must be closely spaced. Each line should be fixed by at  lcast two P7u]d be 
and to provide for this it is occasionally necessary to run longcr lines than ws,A+fi* 
required just to cover the feature. For best control of a development line an fbO 
position should be obtained immediately after tho ship is on the desired course' dead 
last position on a line, just bcfore a change in course is madc, may be plotte d W 
reckoning. 

between a position and its plotting makes this difficult. 

same direction as the azimuth of the split, but it can be made at  any angle with thO tb0 

tw 
ship will be on the correct heading when on line. $torn Of 

V t T  
The final stage in bomb preparation, the ignition, and throwing the bornb 09toP 

Tho fina1 b board, are operations which collectively are known as bombing in R.A.R. 
in preparing the bomb is made aftcr a signal has been received from the ChrontV;@ 
attendant or the bridge. At receipt of a second signal the bomb is ignited and tlfl'' 
overboard. After the personnel of a vcssel have beon engaged in R.A.R. for sOmto p@f' 
the procedure of bombing becomes routine and experienced personncl 81-0 able 
form their duties and obtain the data with a minimum of delay. b " The most important operation in bombing is the final prcparation of tho bOfla$ 
the detonator is inserted into the explosives in the bomb a t  this time. This 'per 

required in the handling of the explosives on board ship. 

684. BOMBING OPERATIONS 

O P P  

must be performed with the greatest care and attention, as it is the most *en&@0u5 
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6841. The Bombing Station 

pp 
The bombing station is the deck space on board ship where the final step of bomb 

takes place, and where the bombs are ignited and thrown overboard. It 
be located near the stern of the vcssel and the position from which bombs are 
Overboard must be near the rail and unobstructed by rigging. 

The important feature of the bombing station is the bomb locker in which tho 
are stowed, TI& is constructed to be used as a workbench by the bomber 

of " "@ final preparation of tile bombs. It should contain several metal-lined drawcrs 
vQioUS depths to accommodate bolnbs of various sizes. Metal from which sparks 

can be struck must not be used in the construction. The top of the locker should be con- Feted as a workbench with four sides to  prevent bombs from rolling off, and the bot- '' and sides of the recessed bench should be cushioned with a layer of hcavy felt or 
Padding materia]. It should be fitted with a hinged cover which may be raised Other 

' Qd 
" in an upright position. A small padded compartment should be provided 

b The heating element of an electric stove is a convenient and safe mcans for lighting 
Ornb fuses. Two types are manufactured: onc is an open type, the wire coil being 

>@d; but in the oh1 lor, known as a caIrod clement, the wire coil is cnclosed in a 
Otective metal tube. The latter type is preferable, for the heating elemcnt is protected 

the Pray and it does not burn out readily, but it requires a little morc time to reach 
"qukd heat for lighting the fuse. The heating element should be protected in a 

and located in a protected place near the rail whcrc the bombs arc 
Own Overboard. 

' The bombing station should be isolated from the rest of the ship as far as pr&- 
m e n  R.A.R. is in progress and bombs are being fired, warning notices, '[no F ~ ~ w J  signs, 0 r red flags should be displayed just forward of the station in all passagc- 

"? leading aft. No one must bo allowcd to smoke in thc vicinity of the bombing 
::yG:Gd the bombe r on watch must be instructed to see that this rcgulatioii 

6842. Final Preparation of Bombs 

to stow the detonators needed for immediate use. 

frOhl 8 

tl'ab~e 

tb final step in preparing a bomb is carried out just before it is to bo ignited and 
Ok4 Overboard, between the first signal for a bomb and the final signal to light it ('@e 6741). 

A number of fuses of various lengths, with detonators attached, arc prepared in 
'dvance ?th for immediate use. Tho desired lcngtb of fuse is cut from the coil, preferably 
Qb a Pair of fuse clippers. It is important to cut the fuse square across and insert it 

the detonator Soon after being cut. The fuse is inserted into I h e  detonator and 

t while in contact wit11 tho explosive, friction might C ~ U S O  dctonation. A crimping a' that makes a watertigllt crimp should be used to  attach the detonator to  thc fuse. ?Ch are desig ned so they will not pinch the fuse and intcrfera with its burning. 
e detonator should be crimped about one-eighth inch from the open end, and after ;tFt crimp it should bc rotated about one-quarter turn and crirnpcd again in the 

10 The detonator should ncvcr be crimped in two places, one above the other, " Iltt0lnpt to m& a watertight seal, for the lower crimp might be too closc to the 
expl~~lve material. 
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of the As soon as the signal for a bomb has been received, the bomber takes a bornb ertOd 
size ordered and places it on the workbench. A slender nonmetallic tool is ” 
through the hole in the top of the can, to make a cavity in the TNT with a 

teiner90 equal to that’of the detonator. The detonator is inserted well within the Con d tho 
that it is embedded in the TNT. With a blunt nonmetallic tool the burs arom the 
hole in the top of the can are pressed around the fuse, taking care not to punCtureb4 
fuse with the sharp edges of the burs. The can does not have to be watertight' 
the crimp between the fuse and detonator does have to be watertight. fii#OTg’ The final preparation of cast-iron bombs, or bombs in the other types of Cant 

e hol’,’ is similar to the above. The fuse for cast-iron bombs should be inserted in th 
the stopper. 
detonator attached is firmly pressed into place. 

A cavity for the detonator is made in the TNT and the Stopper 

the 
6843. Fuse Length 

A fuse used in detonating an R.A.R. bomb must be sufficiently long to al’o‘&d 
ship to pass out of danger before the explosion occurs, but should not be SO long to 

keep the fuse interval as short as practicable, consistent with safety, for 
accuracy (see 6853(d)). 

results seem to be obtained when the bombs explode at  about the same deP 

buoys. u40d 
determined by experiment (see 6846) and a sufficient length of fuse should be 
to explode each type of bomb at the desired depth. 

a. Fuse intervuZ.-The fuse interval is the interval between the time theterval to 
thrown overboard and the time it explodes. It is necessary to know this For 
the nearest second in order to compute the ship’s run correction (see 6853(d))m ’ t its reo’@ 
this purpose the time of the bomb explosion can be assumed coincident with fro@ 
on the ch*onograph. The fuse interval is timed by means of a stop watch Or ed 
the second hand of a clock, except with the Dorsey chronograph where it is 
on the tape (see 6813). The chronograph attendant records the interval in the BOGb 
Record. 

6844. Igniting Bombs 

With the prepared bomb in hand, the bomber stands by the electric he . is to 
ment ready to light the bomb. The outer covering at  the end of the fuse whlCh* d 
be ignited should be pressed back slightly to expose the powder train. At the s1pi9 
to light the bomb, the fuse is held against the electric heater until ignited. t o d  
evidenced by a tongue of flame and spitting sparks about 2 inches long that shoo d i9 
of the end the instant the fuse is lighted. This continues for about a second ip&otltOg 
followed by smoke rising from the end of the fuse. The presence of smoke 
that the fuse is burning internally. 

Other methods of lighting fuses may be used which dispense with the dec 
ing element. Two accessories are manufactured for this purpose. One is Uonm 
“pull wire fuse lighter,” designed for use during rainy weather; it  fits over the @fuiO 
the fuse and lights the fuse when a wire is pulled. The other, known as a “safety tb@ 
match lighter,” seems better adapted for use in R.A.R. It is a short paper tube * h i d  
can be slipped over the end of the fuse. One end of the tube is coated with the ’@ 

the bomb will sink to a depth where a misfire is likely. Furthermore, it i’s de sirable of 
the sa@ 

Varying lengths of fuse are generally required for bombs of different size 

hydrophone of the receiving unit, which is approximately 7 fathoms for 
TO accomplish this, the rate of sinking of different types of bombs 

bornb ig 

record 

ating 6”’ 

Thi@ 

trio bee: 
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used on the heads of safety matches; it is placed in contact with the end of the 
The fuse is lighted by simply strilcing the end of the tube with the edge of a safety boa 

ht, A b o i b  should be thrown overboard when the flame has progressed about 2 inches 
Po .the fuse. It d l  then rarely bo extinguished by the water. To c h i n a t e  any 
)>bllltY of holding the bomb too long after the fuse has been lighted, some bombers 
fl ess the fuse lightly between the thumb and forefinger to follow the progress of the 

ol 
h. 

"@ by its heat as'it bnrns internally. 
6845. Throwing Bombs Overboard 

After the bomb fuse has beon ignited, the bomb is held for a few seconds until :;$ but smoke is issuing from tho end of the fuse. This indicates that the fuse 
b e t p  internally and will not be extinguished when submerged. The bomb must 

Own Overboard within 5 seconds after ignition of the fuse regardless of external 
::!hternal evidence . The bomb should be thrown overboard in such a manner that 

Qright when it strilces the surface of the water, in order not to dislodge the deto- 
h . this is especially important in the case of cast-iron containers. This is done by 

Old' the bomb with the fuse UP and giving it a slight rotary motion as it leaves the had. ' 
";11 Bombs must be thrown outboard 10 or 15 feet beyond the ship's side so that there 

or ensure a secure footing when handling bombs on a wet deck, suitable matting 

Qato,. 

be no danger of their being carried into the propeller by suction. 

safety treads should be used on the deck a t  the bombing station. 

6846. Depth of Detonation 

by The rates at which bombs of various kinds and sizes will sink may be detcrmined 
Pl~9erilnent. For a tin can bomb, use alid with no hole in it, and for acast-iron bomb, 

Lash 
!'sht t%e, such sail twine, to bombs of various sizes and determine the rate of sink- $? measuring the amount of twine payed out in a given number of seconds, timed 

watch. The twine must be coiled on deck so that i t  will pay out freely 

d surveying in shoal water, or at  other times, it may be desirable to reduce the dePth Of detonation. A bomb may be preventcd from sinking beyond a predetermined 
by suspending i t  from an inflated paper bag used as a buoy, by a length of twine l",? the desk ed depth of detonation. Any paper bag of sufIicient size to support 

bp'lst 'lgh of the bomb in water may be used. Pieces of wood or other similar articles 
h be used for floats, because of the hazard left in cage the bomb fails to explode. 
bot,$'@r bag, are safe for they will soon become watersoaked and let the unaxploded 
Q1tksmk to the bottom. The string should be light so that it will break if it  fouls 

the fuse hole with beeswax. Do not use a bomb with a detonator in it. 

a 

not retard the rate of sinking. 

'Qg, 
6847. Bombing at Buoy Stations 

this is often located with reference to other buoys by R.A.R. distances. Where 
h nZethod of location is used, bombs must be exploded at  one of the buoy stations. 
k c  'a:@ types of bombs are used, but they must be thrown overboard at the buoy a,"" It near enough to the bombing station, and more precise timing is required on 
10 Part of the bomber. As explained in 2533, there are two general methods for 

Q station in this manner. 
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b$ 
If the distances involved are short and only detonators or very s m d  born tbe 

buoy. In such case bombs are ignited and thrown overboard by the bomberfired 111 
regular signal from the chronograph attendant, who has the desired numb:itillste’# 
rapid succession, one after the other, without scaling the chronograph tapes buo$ 
The bomber throws the bombs so that they hit the water within n few feet Q 

Where larger bombs are required, the ship must be underway. The SGP follovrttb 
figure-of-eight course, passing and repassing the buoy, and a bomb is exploded near tbO 

buoy as the ship approaches it and judge the distance so as to light the bomb just 
in advance so that it will be ready to throw overboard when the buoy 8 truct?& be 
abeam. The ship should be maneuvered so that the bombing station Will 
approximately 50 feet of the buoy, when abeam. If the bomber judges that the buoy light tbO will be beyond a reasonable throwing distance, when it is abeam, he should n 
bomb at all. 

required, they may be thrown overboard at  the buoy from the ship lying -to near at tb0 . 

f the 
taking care not to hit the buoy structure and damage the bomb. l3 

buoy each time the bombing station comes abeam of it. The bomber 11111s t %latch eaougi9 b 

p a y  6848. Failure to Detonate 

of the following things may occasionally cause misfires: 
Bombs seldom fail to detonate if they are properly prepared and handled’ 

(a) Breaking the fuse in handling it or using fuse that has been crushed or walked On* 
(6 )  Wet fuse ends. 

(4 Fuse fitted improperly, as when the fuse is not seated closely against the explosive 

(e) Loss of powder from the fuse end before it is inserted into the detonator. 
(f) Too long a fuse, the bomb sinking too deep. 
(9) Use of too light a detonator. 
(h) Fuse and detonator dislodged from bomb container. 
(i) Throwing bomb overboard before the fuse is burning properly. 

(c) Cutting the fuse with a dull instrument or cutting it on a slant. ia the 

detonator, or when the detonator is not properly crimped around the fuse. 

to tbO 
685. CHRONOGRAPH TAPES 

The chronograph tape is the original record from which the time intervalsAs tbO 
several R.A.R. stations are determined for recording in the Bomb Record* @h 
chronograph tape is drawn through the chronograph it passes under two Styluses TbO 
correctly adjusted, draw coincident lines near the middle of the tape. (See 673~erqtdg; 
timing stylus, when actuated, makes short offsets below the line at  regula‘ offeO 
and the signal stylus, when actuated by a bomb or radio signal, makes a longer to 
above the line. 
each station may be determined. 

i p t e ~ ~ ” s  From these offset marks on the chronograph tape, tho time 

6851. Reception of Bomb Returns 
started’ 

holdg 
the chronograph attendant, seated at  the chronograph where the tape emerges’ dr”’ 
the hydro-radio switch in the position to receive the bomb signal through 
phone in the hull of the ship. When the offset cawed by the bomb explosion Is opd 

chronograph tape it is identified by the zero printed with the next tenth SeCoD 
The switch is then released, or otherwise placed in the position, to receive 
signals from the R.A.R. stations, 

After a bomb has been thrown into the water and the chronograph has been 

on a Gaertner chronograph tape, it is marked by pencil for identification-+on a D  ofl@’ 

the 



1 
Scaled tlme to GOBY. 27.57 SeC. ___  _ _ _ _ -  ------------ 

1 1  
Scalad tlme to DAGO . 18.55 see. _ _ _ _ _ _ _ _ _ -  ------ 

from GOBY 
Offset caused by Slgnal 

from DAGO 
Offsat caused by SlSnal 

from ESAU 
offset CaYs.d by Signal 

Bomb 

F~~~~ 141.-Elapsed times obtained from a chronograph tape. 

I3 lO heavy atmospheric static it is often difficult, and occasionally impossible, 
P E ~ ~ ~ ~ ~ ~  radio returns on the chronograph tape. A heavy crash of static will cause a 
b “%ed offset of the signal stylus and a radio signal transmitted during this time will 

Tho duration of an offset caused by static may sometimes be ?du under the static 
Pushing the stylus gently toward the center of the tape, provided the static 

?hevh: ship>s whistle must not be blown while bomb returns are being received. 
’‘lstle not only prevents the radio returns from being b a r d  but also causes a 

. e lost 
Ced 

too heavy. 

offset of the signal stylus, a phenomenon which is called “whistle static.” 
6852. Identijication of Bomb Returns 

R.A.R. was first used, the shore station equipment included an automatic 
” thet transmitted a series of radio dashes, when activated by the bomb signal. A t:F of the ]coy at  each R.A.R. station varied the length of, and the interval 
cb the radio dashes, thereby furnishing a positive means of identification on the 
‘bt::FaPh tape. However, the series of radio dashes interfered with the reception of FQ, In close succession and the use of the automatic key was abandoned. Other 

* lnUt be Used by the chronograph attendant to identify the returns from the 

ai& best clue to the identification of radio returns is the tone of the transmitted 
th as heard through the loud speaker. When the radio receiver is properly tuned, 

from each station usually has a characteristic tone which is caused by a slight 
6 ;> in the cry5 tal frequency of the R.A.R. station, resulting in a small difference 
‘b The radio technician and the 
tQP40‘!aPh attendant soon learn to recognize the different tones and are thus able 

‘@tzF attendant should always know the sequence in which the radio 
For tho first position in a new locality the officer-in-charge 

audible beat frequency on reception (see 6433). 

ldeqtlfY the stations. 

‘hould come. 
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be used should give this information. The length of the signal offset may occasionaUJ” oll tbe 
as a means of identification. The duration of a signal depends principaUy f i d  
strength of the bomb signal at the R.A.R. station, which is variable with distance’ tb0 
on the sensitivity of the R.A.R. station, and to a lesser degree on the stren@ b o f ,  fi 

batteries. If one of the stations is more sensitive than the others, it will trallsrtDd 
longer signal which will be recorded on the chronograph tape as a longer Off’’ 

4 i 0 ~ ~  furnish a means of positive identification. 
In routine ,operations, after a few positions, the identification of the s ~ p  

stations is simple when the positions are obtained at equal time intervals and G8D 
is maintained on approximately the same course. The chronograph attendant ,nd 
take the differences between successive time intervals from an R.A.R. stationd tb0 
from these determine whether the time intervals are increasing or decreasing rd 
magnitude of the change. By extrapolation he can closely estimate the t a O  
for a station at the next position, and he may often be able to identify the first TbO 
returns where the position is near a bisectrix between two stations (see 6823)* e iP  
officer-in-charge should also notify the chronograph attmdant when a major ‘han&ti,0 
course is made and about how this will affect the differences between ~ u c C ~ ~ ~ ~ ~ ~  

In  rough weather a sono-radio buoy that is too sensitive will transmit rad1 
intervals . e o  S i g d s  

tb8 
as the buoy structure rises and falls with the swell or waves; or the noise 
propeller of a nearby vessel may cause an R.A.R. station to transmit signals gbfl~ intervals. Such signals are called strays and the sounds received are short an bop resembling somewhat the chirping of small birds or crickets. Because of their ’@,lob 
ness, such signals are usually easy to distinguish from the bomb returns but, When of 

by 
the fie@ 

a stray is recorded just before the bomb return, too close to be distinguished 
recorded as a separate offset on the chronograph tape, an error may result in t j 0 ~ 1  
ured time interval. During periods when strays are being transmittcd by any stb‘ 

tb@t dr 
e fi0c0’d, 

the chronograph attendant must pay particular attention to the returns from 
tion, and any which he suspects of stray interference should be questioned in ch .cste and the plotting station should be warned when the time intervals are coLn”uD” 

After the returns have been identified, the identity of each should be in &cated ,t $ 
the chronograph tape. The name of the station may be written in full or 1 
merely indicated by using the first letter of the station name, as in figure 141. 

at V d O U 4  

6853. Scaling Chromgraph Tapes 
ODB 

A complete record on a chronograph tape contains a series of signal offsets 
side of the centerline, which have been identified by pencil marks when reCelVedJ tef’ 

Of * line. 
TO measure the time intervals it is only necessary to determine, in fractions t$& 

second, where each signal offset occurs between two adjacent time offsets, first~o‘?$o~O 
the time offsets. t@ automatically as on the Dorsey chronograph (6733), using as an initial the first &le 
offset after the bomb explosion. This initial is numbered zero and, counting fro:t@ 
offset, each fifth one is numbered, as well as the offset preceding each rad1o tsp; 
(see fig. 141). To aid in numbering the time offsets on a Gaertner chrono6raPbbef0 
a length of tape with seconds marked on it may be run off, and the offsets noto tb0 
consecutively for use as a standard scale. 

time offsets at  regular intervals for its entire length on the opposite side of thO C@ 

The time offsets on the tape should be numbered, unless this 

This standard tape may be secured 
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top Of 'he chronograph desk or table where it will be convenient for the chronograph 
to compare any other tape with it when numbering the t h e  offsets. 

Q As R.A.R. chronograph scale (4825) is used to  measure fmctions of a second on a 
148 aertner chronograph tape. With the horizontal lines of the scale parallel to the center- 
oft? the tape, the scale is adjusted until the extreme converging lines on each side 
' m e r e  the 

Offset leaves the centerline of the chronograph tape, the fractional part of the 
ly in tenths and estimated to hundredths. For a Dorsey 

no scale is necessary because the time offsets are registered every 

e determination of time intervals from a chronograph tape 
''lowing terminology is used: 
(u) The initial is the first time offsct after the signal offset caused by the bomb 
'lon. It is marlcad zero on the chronograph tape and a11 time intervals are 

al interval is the interval'between the bomb signal offset and the 
is always measured to the left from the initial, so that this interval ;;\ be applied as a plus correction to the measured times of the radio returns (see 

I @'OW). Errors are occasionally made by measuring the initial interval to the right 
Io' the time offset preceding the bomb explosion. 
th (') The scaled time is the interval between the initial and the signal offset indicating 
Ite PeceiPt of the sound at  the R.A.R. station. It is always measured from the initial, 

left to right. It is equal to the fractional part of a second, measured from the time 
g the return, addead to the total number of seconds from the initial. 

are illustrated in figure 141. 
's run correction.-The position that is determined is the position where 

the water (6811), but by the time of the explosion, the ship, if under- 
e distance from this position and a measurable time will be required for 

6q.,?d of the explosion to reach the ship's hydrophone. The actual time of the 
plug? is always earlier than is indicated on the chronograph tape. All tape times 
Qt ' therefore, be corrected by an interval based on the speed of the ship, the fuse 

(see 6843a), the distance between the bombing station and the position of the 
th;' bdrophone, the depth of the ship's hydrophone, the depth of detonation, and 

table for various fuse intervals and ship speeds is convenient for obtaining the 
This table should be prepared in advance and posted at  the 

graph station. 

e scale coincide with the t h e  offsets where they leave the centerline. 

"elOCity of sound in sea water. 

correction. 
It can be computed from the formula: 

.J ( b  - h)a+ d2 
V T= 

y=ship's run correction in seconds; b=depth of bomb explosion in meters; 
of ship's hydrophone in meters; d=distance in meters the ship (hydrophone 
has traveled during the fuse interval; and v=velocity of sound in meters per 

* It is sufficiently accurate to base the table on an average rate of sinking, 
8 of bomb size, and on an average surface velocity of sound expected during 
d, so that the same table of corrections may be used throughout a season. 
ship's run'corrections given in table 22 were computed by using a uniform rate 

Sinking of % fathom per second, a depth of the ship's hydrophone of 2 fathoms, 
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08 
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. 0 2  

. 0 3  

. 0 3  

. 0 3  

. 0 3  

boo’ 
and a velocity of sound of 1,490 meters per second, for the special case where the 
ing station is directly over the ship’s hydrophone. 

. 0 3  . 0 3  . 0 3  . 0 4  

. 0 3  . 0 3  . 0 4  . 0 4  

. 0 3  . 0 4  . 04 . 0 5  

. 0 3  . 04 . 0 4  . 05 

. 0 4  . 0 4  . 05 .05 

Fuse interval, 
seconds 

. 0 3  

. 0 4  

. 0 4  

. 0 4  

7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 

.04 . 0 4  . 0 5  . 0 6  

. 0 4  .05 , 0 5  . 0 6  

. 0 4  . 0 5  .06 . 0 6  

. 0 5  . 0 5  . 0 6  . 07  

TABLE 22.--Ship’s run corrections 

[In seconds] 

4 

0. 01 . 01 . 01 . 01 

. 0 2  

. 0 2  

. 0 2  
a02 
. 0 2  

. 0 2  
* 02 
. 0 3  
. 0 3  

5 

0. 01 . 01 
. 0 2  
. 0 2  

. 02 

. 0 2  
* 02 
. 0 2  
. 0 3  

. 0 3  . 03 

. 0 3  

. 0 3  

Speed in knots 

0. 01 0. 02 0. 02 0. 02 0. 02 

:E: I :E22 I :E: I : E  I $33 
. 0 2  1 . 0 2  I . 0 3  1 . 0 3  I . 0 3  

11 
- 
0. 03 

. 0 3  

. 0 3  

. 0 4  

. 04 

.05 

.05 . 05 

. 0 6  

. 0 6  

. 0 6  

. 0 7  

. 0 7  

/ 

12 
_c 

0. 03 
. 0 3  
. 0 4  
. 0 4  

. 0 5  

.05 

.05 

. O B  

. 0 6  

.07 

. 0 7  

.08 

.08 
_L 

6854. Disposition of Chronograph Tapes 

Immediately after the time intervals from a chronograph tape have. ug$Dt 
municated to the plotting station, the values should be verified, if there Is ’ tiOD for 
time between positions, or if someone can be assigned to the chronograph tbi’ 
this purpose. The radio technician on watch may occasionally be able to . tifll0, 
when he is not otherwise engaged. If the time intervals are not verified at !hlstifi@* 
this must be done later. The chronograph tapes must be marked for future ldeD 

417 
Chronograph tapes are marked for identification with rubber StaJnP $ * d J  

tb’ 

beeII 

tion and folded and filed in a manner for easy reference. 

shown in figure 142, which provides spaces in which the position number, 
letter, the sheet number, and the date should be entered. The stamp is used On 



No. 41 Position No.. . . $3.. . . . . . .Day.. . ..Ma.. . . . . . 
Sheet No.. 0c.Y .83 4 !. . . . Date. . .6 .6 .: .?!. . 

r 
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CHAPTER 7. THE SMOOTH SHEET 
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71. THE SHEET 

711. SMOOTH-SHEET PAPER 
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hall h”le 
art i d @  

When paper other than Whatman’s standard i s  used, tlle smooth sheet s 
noted in the margin the maker’s name and the trade name or number of the P 

intervals along the margin but if this imprint docs not contain all the desired 
if the entire imprint does not appear on the smooth sheet, it  mllst be noted 
in ink. 

paper, if those are known. Some papers have this information imprinted a t d a l a ~ f  repjar 

thereoa 

7113. Dejective Paper 

Drawing paper is purchased by the Federal Government in accordance with 
ard specifications. These require generally that paper be free of surfacc imp erfectioflsl to bo 
that it be subject to  a minimum dimensional change, that it permit inked lines 
drawn without spreading or feathering, and that it permit several successive erMurc’st d t b  
with rubber or steel, in the same spot, on which lines can bc subsequently inked ,d 

rigid that it will not withstand a reasonable amount of rolling and fIexinE: 

to 
quality of smooth-sheet papcr is found in practice. Paper which does not C O D ~ ~ o h b  
a rcmonable degree with the above gederal requirements shall not be used for S,tating 
sheets and the Washington Office shall be notified of the specific fault in a letter arty, 
the maker’s name, the trade name of tho paper, and tile datc of shipment to 
if these are known, 

little Or no spreading or feathering. I n  addition, the paper must not be SO s .hhout tlff 

cracking. i,; tll10 
Notwithstanding the specification requirements, confiiderablc vnrintion 

* 
7114.. Puper Distortion 

*is tort ion 
a decided under varying conditions of temperature and humidity. 

nuisance to the surveyor in his field work and to the cartographer who subSeq@’” 
rainy uses the smooth sheet in the Office. 

~ ~ c n u ~ ~  
colTect 

climates and in localities whore there are rapid and large chaxlges in llumidity. 
of this distortion, distances once laid off cannot bo assumed to retain their ,,erjfy 
length. If distances are plotted for use a t  some future date, i t  is ncccssarY to 
them before use. 

,Dt&ge 
The best quality of smooth-sheet paper is manufactured so that thc Per‘ 

of contraction or expansion is nearly equal in all directions. lotted’ compensated for, especially if it occurs after the sllrvey has been comp1etdJl I: is 
because the eff& is mcrcly a change in scale. 

l;lielj uniform in d l  directions, as is the case with many grades of paper, its effect is Tezatiofis 
easy to compensate for, provided certain precautions are taken in laying out Pro@ 
(see 1362). die 

mensional change in a standard Whatman sheet of 1.12 percent in lengtll and O* 62 Pe:i 
cent in width; the sheet assuming its greatest dimcn$ions on a foggy day when 
was damp and its minimum on a clear day when the sheet was quite dry. 

expected for the various papers listed: 

Drawing Paper, not mounted on metal, does not exist which is free of 
This distortion is 

The distortion is morc troublesome in 

be 
Such distortion 

Where the pprccntagc distortlo 

One test for distortion made in the field in Alaska in 1931 showecl a *mxirnurn 

may bo Recent tests in the Washington Office sllow tllat the following distortions 
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TABLE 23.-Papar distortion 

'''@ 659 

Type of paper or material 

7115 

- 
Percentage of distortion caused 

by a change from 27 to 89 
percent relative humidity 

Across short 
diincnsion of 
sheet or roll 

0. 29 
0. 51 
0. 65 
0. 76 
0. 61 
0. 65 
0. 97 
0. 40 
0. 64 
0. 82 
0. 99 
1. 00 

Along long 
dimension of' 
sheet or roll 

0. 19 
0. 25 
0. 29 
0. 35 
0. 39 
0. 40 
0. 4 5  
0. 56 
0. 13 
0. 28 
0. 27 
0. 28 
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the configuration of the shoreline, the availability of the signals, and the necessiybid 
controlling offshore hydrography from shore signals. But the maximum si5e’ 
shall never be exceeded under any circumstances, is 42 by 72 inchos. m&Cbae 

s17ie of the 
For projections made in the Washington Office on the projection ruling, 

the maximum size otthe area on which lines can be ruled and the maximum 
paper arc given in 7327. 

71 21. Dog- Ears inoludi”g 
Dog-ears are small drawing paper extensions to the smooth sheet used for &eot 

control stations or portions of sounding lines that plot beyond the limits of 

Dog-ears must be avoided wherever possjble. Eventually they almost a1s5yB et 1t+fe1; 
off OT become so mutilated that they must be removed, and the smooth She 
generally buckled in the process of adding the extension. Extreme care must be 0Xefc% ltbo 
in making the layout in order to ensure that all the needed control will fall 

Where it is necessary to use a permanent dog-ear, the paper shall be ep&e 
iptd’ 

permanence, and avoiding ,tiOD’ 
ference with plotted info**$J fi 
Under no circumstances uore 
permanent dog-ear extond 
than 6 inclies beyond 
the sheet. . to be 

If only a singG ~tatio’ is u& 
included, the dog-ear shall, beadded 
of tracing paper, tcmporarl’y cv 
to the smooth sheet by rubb$icjl 
ment ar in ar~y other TbfeE 
will not damage the sheet* 

fine inked lines shall be drawn on the smooth sheet toward the station on 

temporary dog-ear, should that become necessary. 
thus: “ to  A MARKO” (see fig. 143). 

unavoidably or through an error in the original layout. tqr 

limits of the sheet. ,tapit* 

to the smooth sheet with a wire stapler, using the minimum number that 

the OdR0 

FIGURE 14a.-,Tomporary dopear for smooth sheet. 

of suchlengths and azimuths as will permit relocating the station in the 
Each such line shall be 

*1urna@ 
713. AUXILIARY PLOTTING SHEETS 

Grained or painted aluminum sheets and drawing paper mounted on 
sheets are occasionally useful as accessories to the smooth sheet for- 

ds de #’ (a) Plotting and adjusting the positions of survey buoys located by any of the metbo 
in section 25, when plotting is preferable t o  computation. For example, where the comPUtBt~$@ 
too involved, as in the case of cuts obtained from a vessel whose position is determined ::e located 
point fix (see 2514 and 2552); where buoys are located by taut-wire distances; or where they 
by  subaqueous sound ranging. 

R.A.R., and combinations of these. 

must be transferred to the smooth sheets; in the case of control, by dms* ” 
(see 7411); and in the case of hydrographic positions, either by dms. and dps’ 
tracing-paper transfer similar to that described in 7413. AS finally plotted, the sfloo 

si@’9f io ( b )  Plotting and adjusting hydrographic positions located by; dead reckoning, astronorn 

I n  all cases ’in which aluminum sheets are used as intermediaries the final d d p t  results 

or b 4  
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ah‘% be complete without the necessity of reference to the aluminum sheet which 
The smooth sheet itself, however, must not ; 40t 

e on aluminum, 
a Part of the permanent records. 

7131. Grained Aluminum %eels 

maximum size of aluminum sheets available a t  the Washington Office is 38 by 
and they are all 0.02 inch thick. This size or smaller can be furnished either 

A sheet of maximum size costs 

grained sur.ace of an aluminum plate will take either pencil or ink, but t h P  

nature of the surface wears a pencil point down SO rapidly that it is difficult, 
Soft 

arks can be removed with art gum. A hard eraser should not be used since it 
the grain and Once this has occurred neither ink nor pencil marks can be made 
Portion, unless it is subsequently roughened with a snake slip. Ink 

’errloved from the grained surface by the use of water or a dilute solution of oxalic 
A slight stdin will remain 

Can be removed by the use of tl snake Slip. 
sed aluminum plates need not be returned to the Washington Office. 

1 Painted, or mounted with drawing paper. 
2*50 and the cost of graining is approximately 60 cents Per sheet. 

uPomible, to draw fine lines with a pencil sharpened to a chisel point. 

Ounce oxalic acid crystals to 15 ounces of water). 

7132. Painted Aluminum Sheets 

@ Painted aluminum sheets are similar to the above, except that, instead of being 
‘Ined) the drawing surface is provided by spraying the aluminum with enamel paint. 

are generally given threc or four coats of the enamel, applied in the same 
phs 

ink and pencil wor]~ can be done on painted aluminum sheets although with 
as is the finish on automobile bodies. 

facility as on a good grade of drawing paper. 

7133. Mounted Aluminum Slteets 

th 

, “Wing paper mounted on aluminum sheets is the most satisfactory solution of 
lstortion problem if t]le shocts are not unduly exposed to moisture. The paper 

bes t  be Qunted on both sides of tho aluminum regardless of whcther one or both sides 
@(to be used; otherwise the paper will contract or expand and so warp the aluminum 

Mounted aluminum sheets are prepared in the Washing- 
4 * ce and any mako of unmounted drawing paper can be used. The kinds ordi- 
‘%‘ ‘Qed are chart paper or t,wo-ply Bristol board, depending on tlk purpose for which 

e intended. (See also 233.) 
mounting, thc paper is applied to the two sides, one a t  a time, with a high quality 

hic paste, sparingly used and avoiding oxcessivc moisture, as the latter has a 
to make the paper surface porous or mushy which ruins thc fine drawing quality 

r. One of the requirements for successful mounting is that the paper must 
to the alulninum under considorable pressure, this pressure being more impor- 
the quality of the paste. 
difficulty haR been cncountered with the moisture in the paste oxidizing the 
and causing blisters to  form a t  some future time. Of course this is no draw- 

This difficulty can 
\ u j p Q e  in various ways, one of the most successful of which is coating the aluminum 

that it will not ]io flat. ton OQ 

sheet is being propared for immediate temporary use. 

sheUac before mounting, 
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714. TRACING MEDIUMS 
7141. Tracing Cloth 

Tracing cloth is a fine semitransparent linen or cotton cloth, sized on One d in 

rot@ 

d 
Side, ’Ybs 

dull on the other. The best grade is free from pinholes. Because starch is due' 
preparation, water will ruin and spot the surface, the spots showing on 
tions. When working with tracing cloth, the portion not being used should be p 

rePo 

from perspiration by a sheet of paper. iDk The dull side of the tracing cloth should be uscd for all work because it takes rubbid 
better. 
lightly with a cloth to remove traces of grease which prevent the flow of in 
pen. tr5r 

Tracing cloth distorts considerably more with age and climatic changes 3 ed. 
ing paper and therefore should not be used where a minimum of distortion is re@ 

The most satisfactory tracing cloth on the market in 1942 is [‘Micro 

Inking on tracing cloth is facilitated by dusting with talc or pOUnCe, f ro0  

The best grade of cloth is not as transparent as a good grade of tracing P @ ~ ~ e 8 ~ a ~  11 

&lflOSb fabricated by Holliston Mills Company. 24 i d e s  any width desired, and in rectangular sheets in a number of sizes from 19 by of SUP; 
to 41 by 59 inchcs. The sheet form is available on the *General Sched‘:efflnjsbe 
plies, but the roll form is not. An inferior grade of cloth in 24-yard rolls can b for io 
from the Schedule in widths of 30, 36, and 42 inches. 
protecting the smooth sheet during plotting (see 761). 

It is made in 10- and 20-yard rolls in 

This grade is suitable 

714.2. Tracing Paper 
Tracing paper (or vellum) is a thin tough semitransparent paper Suitable ‘Of 

making tracings. of drawings, or for iniscellancous use where permanence is 
portant or where pencil work is sufficient. 
percent rag, with a high degree of transparency and smooth surface, the t o  

The best quality is odorless, 

mitting erasures without damage to the paper. 5de 
The best tracing paper, not available in 1942 because of the war, is foreignT,rk 

under the trade name “Doric” and is marlcetcd by Keuffel& Esscr Company, pTe*’ tit~tOs 
It is usually obtained in 20-yard rolls in widths of 30, 36, and 42 inches. Subs 

No. 173, fabricated by Frederick Post Company, Chicago, Illinois, is satisfa ctorY must be selected with care as there are many inferior grades 011 the market* 

all except the most critical work. 

for 

71 43. Cellulose Acetate 
f8flili*‘ 

O d  
trade name “Celluloid”) is useful eithcr as a tracing medium or as a transparent ‘Used 
for smooth sheets, maps, charts, ctfc. Cellulose nitrate sllceting must not be dogo 

uiiig acetate on the other hand burns at  about the same rate that paper does. 
The sheeting is used in two grades: (1) low slirinltage grade, for work ‘‘;$i&] 

a minimum of distortion, and (2) ordinary gracle, for purposes in wllich dlrn 
changcs are not important. 

Transparent cellulose acetate sliecting (bettor ltnown under the more 

since it is highly flammable and its prcscnce creates a definite iire h a z a d  Cell 
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723. LETTERING 
gxtrefie” giz0 The lettering on a smooth sheet should be bold rather than the reverse. 

small letters and numerals should be avoided unless lack of space renders a t body ii absolutely necessary. Thin ink should be avoided. Unless ink of suffiCien .@.e 
used, the central part of the inked line frequently thins out, particularb’ 9Bti~* 
mechanical lettering set is used. This results in a poor appearance and makeg black 
factory photography of the smooth sheet impossible. Each inked line, whether in 

Of 
I t  should be noted that, in general, any number appearing in the water and 

the smooth sheet should be in slanting numerals, except of course the soundings 
position numbers, which are vertical (see 7825 and 7843). 

Periods shall not be used in the water area (see 781). 

or color, should present a solid uniform appearance throughout. 

7231. Mechanical Lettering Sets 
le that a Unless the draftsman is particularly skilled in lettering, it is preferab of the50 

mechanical letteririg set be used, where practicable. There are several types ded by 
on the market (see 4834). si@’ 
the manufacturer of the Leroy sets produce too heavy a letter. The preferable 
for smaller lettering, such as station names, is (‘NO. 00.” 

For most srpall lettering the pen sizes recornmen 

724. SELECTION OF PENCILS 
knoflY‘ Although individual preferences vary somewhat, the experienced drdtsmo:equ9e- 

high 
with which make and grade of pencil he can obtain the best results for any €$’en lies, tb0 

grade and of comparable quality, although tests have shown that a vuriation of aPP 

ments. All makes of drawing pencils listed in the General Schedule of s‘pp 
standard list of materials contracted for by the Government, can be considered Of 

imately one grade may be found in the hardness of One make as compared With 
Gradations of any one make, however, can be depended upon to be consistent* 
being listed in the General Schedule of Supplies, drawing pencils are rigidly 
determine whether they comply with the specifications. The leads in most tb0 are made by the same process. Of those listed in the General Schedule in oh-i-no~ 19h2 

Van Dylre Microtomic Graphite is believed to smudge tho least and the rc ,,.fide 
and Turquoise pencil leads are thought to average slightly harder for the Same ‘ dS 

.-noor lee than other makes. 
are, on the average, of a more uniform quality, 

tested to 

It is also the belief of some draftsmen that the K0h-l 
38 OS 

trol 

stations by dms.’and d p .  (see 7411). For these a much harder pencil d d d  00 
extreme care being required to prevent damage to the surface of the paper’ 

a pencil OP a humid day when the paper is likely to  be damp and easily indented, day’ 
grade softer should be used than is customary for the same purpose on a dry 

draN jp Under no circumstances should a hard chisel-edged pencil be used to 
connecting lines between positions on the smooth sheet, because this may a.$g5‘ 
rupturing the paper at  the most critical place, that is, along the line of sou difid” 
Furthermore, the indentation formed makes inking the soundings extremely ed ,because the pen catches in the indentation. A pencil no harder than 4% sharp ’’ 
to a point, not a chisel edge, should be used for this purpose. 

For most pencil work on a smooth sheet, pencils of a grade no harder than 4H should be used, except for the construction of projections and the plotting of con u5ed1 

readt 
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725. SELECTION OF PEN POINTS 

llor The drafting pens on the General Schedule of Supplies are not uniform in quality are they tested as thoroughly as the pencils are. As in the case With pencils, an 
TPenenced draftsman will know wit11 which make and type of pen he can obtain the 

The Gillott crow-quill pen (No. 659) is believed to be the best all-purpase pen t:+ Work, especially after the point has been dressed slightly. For a draftsman 
&p a fine limber point, Gillott No. 290 or NO. 291 is perhaps the best. For 
operage Work Gillott No. 170, and for heavy work such as shorelinc Gillott No. 303 
all?* 404 , are recommended. For the very fine lines required in inking day letters 
($1) Position numbers on sounding lines, a Hunt NO. 104 may be preferrcd to the. 

tho > 1943, because of the war, Gillott pens were not obtiiinable. Esterbrook pens are 
&ad Tlie numbers of comparable 
65gl @' Of Esterbrook pens are 62, 354, 355, 356, 357, and 358, for Gillott pen numbers 

"' 
for a particular style of drafting. 

Ott No. 290 or tho crow-quill. 

available on the General Schedule of Supplies. 

291, 290, 170, 303, and 404, respectively. 
726. INKS 

froQhaterProof drawing inks, particularly colored inks, vary considerably in quality 
the to year and no recommendations can be made at any particular time with 
Q expectation that they will be found correct in the future. Tlie inks listed in'the 
t;?' Schedule of' Supplies are satisfactorily tested before listing, and it is believed 
f ~ ~ ~ l y & ~  It does not 
of the however, that if ink of one make is satisfactory in one or two. colors, other colors 
guide same make will necessarily be satisfactory. Experience is, after all, the best 

'lack waterproof drawing in15 is the only ink which is entirely waterproof. Other 
ealo!ed Waterproof inks are not fully waterproof and this frtct should be carefully 
Co'sldered in connection with their use. 

the Past, Higgins waterproof drawing ink has, perhaps, been found consistently 
than other makes. At the present time both Higgins and Keuffel & Esser black 
roof ink comply with the federal specifications. 

given date the General Schedule is, perhaps, the best guide. 

7261. Celluloid Ink 

Use hhi]e ordinary drawing ink can be used on celluloid sheeting, it is preferable to 
80 Ce!luloid ink because it makes a more permanent bond and does not rubL off or chip 
Q~asl'y* It Can be removed wit11 a steel eraser; light ink work can be removed with 

or an erasing machine, the latter leaving a better surface for redrafting. 
ink will be furnished by the Offi6e on request. It is available in light, 

Qebq . 1 and heavy grades. The medium is more generally used. The solvent in 
'?I ?'d ink evaporates rapidly malting it necessary to thin the ink from time to time. 
BE1' '8 done With a special thinner, which is also available on request. A small quantity 

727. ERASING AND CLEANING 

Q tho construction and plotting of the smooth sheet every effort should be $dQ to keep tho sheet clefin and to avoid placing unnecessary marks thereon (see 731). 
considcrnble care, a smooth slicet will eventually become slightly soiled. 

Qk 

'~dibh 

a tune should be thinned, suitable for the individual draftsman. 

r3 

@' 

405382-&--_44 
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Errors are occasionally made which must be corrected , and tempotary notes clBsntd placed on the shect which must be removed. Bpper* 
of the sheet require extreme care in order to avoid damaging the surface of cau 

eIlcilJ ud 
be removed with an art gum eraser without damage to the paper. Penciled 0r 
the badly smudged places generally require the careful use of a soft red eraser0 snadO 
“Ruby” or “Venus” type now on the General Schedule. Ink; erasures cannot 
without some damage to the surface, but less damage is generally caused With esiVO 
ful use of an electric eraser (see 4852) than by any other method. Nard a:a@ 
erasers should never be used, even for the removal of ink work. if $1 

should always be tested before use to determine whether the color rubs off, 
it 

spor 

or line$ . 
These erasures as well as the 

Most temporary pencil lines and notes, if made lightly with a 3€1 or 4 s  p 
r0r5 

of 

Colored 
and 

they must not be used on the smooth sheet. over 
The sheet in general may be cleaned by crumbling a small piece of art gU? 

and gently rubbing the crumbs across the surface with a piece of clean 
placed flat under the hand. Bread crumbs may be used for the same purpose* 

p 

ved 
It is plseser to 

,viW 

73. PREPARATION OF THE SMOOTH SHEET 

The completed smooth sheet is a valuable original document. 
tal<@ indefinitely in the archives a t  the Washington Office. 

protect the sheet during its construction will be directly reflected in its future long 
The amount of care 

731. PROTECTION OF SMOOTH SHEET 
the Pepor Prior to and during the construction and plotting of the smooth sheet, budd* should be kept in as dry a place as possible, especially if the climate is at 

All drafting work is done much easier on dry paper. 

but there is no reason why it should be soiled cscessively if a reasonable yrodc 
car0 is taken to k e e ~  all parts of the sheet covered, except the small area on 

Smooth-sheet paper has a specially prepared surface and every care should excap 
to avoid damage to this surface. Lines should never be scratched on the PaPBrAnd iPk 
short arcs necessary in constructing a projection. This damages the surface usid 

cov runs in the scratches. It is equally important to avoid the indentations made 
too hard a pencil or by pressing too heavily when drawing lines, particularly in tbO 
nccting lines between positions (see 724). Smooth sheets have been received tilllo 

the paper cracked at  these places. 
follows. mini@@‘1 

and these, particularly the notes, should be made wit11 as soft a pencil as p 
so that they may be erased without damage to the paper. 

7311. Rolling the Smooth Sheet 

It is inevitable that the sheet will become slightly soiled while being 2zl$t@J Of 

which 
is a,ctually being done. 

be take! 

the 

Washington Office with the surface cut so badly by sharp pencils that in a short SOOfl 

When this occurs, deterioration of the 

Temporary construction marks and temporary notes should bc kept at a ractiCa b1° 

if it 

seqUe” Id receives careful treatment during the making of the smooth sheet and sub 
St should suffer comparatively little distortion. If practicable, the smooth SheBteriod 
be kept flat during the entire period of its construction. Rolling during this 

de and tjy1 The mounted paper used for smooth sheets is of the best possible gra 

shot‘ 
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not 
Pl 9n’y harmful to the paper, but results in a curve set’in the paper, which makes 
‘ottl,g and inking unnewssarily difficult. If the smooth sheet must bo rolled at  any 
tl% It should be rolled loosely to a diameter of not less than 6 inches with the cloth- bbcked 

under no circumstances should the smooth sheet be allowed to extend over the edge 
khi 
Of the during plotting. This subjects the sheet to permanent creasing or bending ch result in weakening the paper to such an extent that it eventually cracks or 

side of the paper 011 the outside. 

b%4, 

732. THE PROJECTION 

e graphic record of a hydrographic survey is a smooth sheet, which in cffect is :z Of the area surveyed. A map is a flat-surface representation, at  a given scale, of 
On a map the feat’ures of the earth’s 

!ill s.‘qa~e a are repre scnted with reference to each other according to some system which 
IS In  order to accomplish this best, a projection 
h ‘ s o d ~ t h t  is, an orderly arrangement of the terrestrial meridians and parallels 011 

sti l l  matter liow snlall a part, of the earth’s surface is under coilsideration it is 
4s t P e d ,  and tlieoretically cannot be represented on a plane with perfect accuracy. 
&Q increases, the distortion or the departure from nature becomes greater when 
h is made to show it on a plane surface. It follows consequently that the 

and parallels cannot be shown on a plane exactly as they are on the earth. 
h can bc constructed in which some one or more desirable properties are 
(GheQatically t but only a t  the expense of other properties. Thercforc, every” 
thbt Of Projection is a t  best a compromise. For practical purposes, however, it is found 
“ the area considered is reduced it evelitually reaches a size so small that it can be 

Th 

of the curved surface of the earth. 

”“lluhte their relation in nature. 

’lane subace, 

e area 

11 scale on a plane surface without any plottable error. 
is treated extensively in Special Publication NO. 68, 

7321. The Polyconic Projection 
v 

$ QrioUS Projections 1iave been adopted by different countrics and different survey- 
agencies within each country on which to plot the results of their surveys. The 

and Geodetic Survey has adopted for all surveys a projection, known as the Coast 
tioQsQeodetic Survey po]yconic projection. All surveys must be plotted 011 this projec- 

@Qt Poly~oriic projection was devised by Ferdinand Hasslcr, the first Supcrintend- 
t‘ Of the Coast and Geodetic Survey. It is extensively used for surveys of compara- l::t ‘lnal1 areas, such as those covered by the liydrographic and topographic surveys 
PF ‘Bureau, because it effects a satisfactory compromise with all of the most desirable 

OPertles of map projections, ljecause of its ease of construction, and because a general ?:ifor its use has been calculated for the entire spheroid. The projection data nre 
8, 6 On Clarke’s reference splieroid of 1866 and are contained in Special Publication 
hI ’ *  ’, l’ables for a Polyconic Projection of Maps and Lengths of Terrestrial Arcs of 
p This publication is familiarly known by its short title, “The 

e Polyconic projection is the development of an area by moans of successive 
The central meridian of any 

Th- 

and Parallels. 
olycollic Projection Tables.” 

he surface at  successive parallels. 
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FIOUHE 144.-Polyoonic Prolectton of North America. does not exceed 1” of arc. On 72 lZJ”-’ in , 

scale projection on a sheet 42 bY 088’ 
size the scale distortion in the worst part does not exceed 3 parts in 20,000 and. “th BJld 
mum angular error is 15’!3 of arc. 

such ’@ distance on sheets usually used in plotting hydrographic surveys are of . 
ProPortions 8s not to  be graphically measurable. 

Since the meridians of the polyconic projection arc curved lines concareen e& 
the central meridian two adjacent maps or surveys cannot be joined together I tps  @e in 
west’direction, because the curvatures of the marginal meridians on the two 
different directions. 

I t  is apparent, then, that the errors of 

tourfird 

7322. Verijication of Scales and Straightedges 
9cele9 

Before beginning the construction of the projection, the meter bar and :$zctoess 

is at hand. It cannot be assumed that the scales are correct since in the past test 
have been discovered with apprcciable errors in the divisions. Perhaps the b,”oireot* 
that can be applied in the field is by comparison with a meter bar known to be @other 
In  lieu of this a comparison of the various scales and meter bars against One 
will suffice (see 4821). 

Straightedges can also be tested by comparison dith one another but a better 
is described in 4831. 

and the straightedges should be verified unless definite information of their eevd@ I 

tdt 
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7323. The Projection Lines 

sheet depend on the scale and s h l l  be according to the following table: 
The Projection intervals between the meridians and parallels to be shown on a 

Scale of survey Projection line interval 

1: 2,000 and larger- - - - - - - - - 
1:2,001 t o  1:3,000 _ _ - - - _ -  - - A  

1:3,001 t o  1:6,000 __- - - -  - - - -  
1: 6,001 t o  1: 12,600 _ - _ - - -  - -  
1: 12,501 t o  1:25,000 - -_- --.- 
1:25,001 t o  1:60,000 ---- - - - -  
1:60,001 to 1: 125,000 - - - - - -  
1: 125,001 t o  1: 250,000- - - - -  

Every 5 seconds. 
Every 10 seconds. 
Every 15 seconds. 
Every 30 seconds. 
Every minute. 
Every even minute. 
Every fifth minute. 
Every tenth minute. 

- 

. 'he Projection is constructed in pencil. It must be verified and all of the control 
8tat10ns Plotted by dm 8. and dps. (see 7411) and checked while the lines are in pencil. :p are the projection lines to be inked ILS fine solid black lines 0.15 mm in width. 
' e lme5 should extend entirely across the sheet. NO borders are to be placed on 

an300th ghee ts. 
kt t z h e  uumbers representing the latitude and longitude shall be drawn in black ink 

ends of each parallel and meridian. They should be 3 mm in height and should P, in accordance with figure 145, preferably with a mechanical 
f ? : p g  set. Those representing degrees shall be repeated every 

Qinute on scales of 1: 20,000 and larger; every tenth minute on 
Of 1:40,000; and every thirtieth minute on smaller scales. 

larger than 1: 8,000, wherc the entire area falls within a 
interval, the degree number must be shown a t  least once 

e 'he&, preferably near the center, the other lines being identi- 

Degree 

87" 50' 

32" 15' t 1.d 
th 

Fd 'J' the minutes and seconds only. The numbers must be fol- F1o"RE145.--nufo~~~1~c'~1g 
projecllon lines. 

the respective degree, minute, and second symbols. 
till 'Is should be 1.0 mm in diameter, and minute and second symbols 1.0 mm long, 

The numbers and symbols must Centered on line will1 top of the numbers. 
be 

7324. Construction of a Polyconic Projection 

construction of a polyconic projection is a comparatively simple problem, but ?*@ accuracy and care are necessary. The following instruments are needed: Gter bar, beam compass, straightedge, dividers, and a quarter-meter scale (see 4821). 
elements are found in Special Publication NO. 5,  "The Polyconic Projection 
The area to be embraced and the orientation of the sheet and the scale are 

b the layout of the project (see 136); the interval between projection lines to 

Iphic* the layout locate the interscction of tho most ccntral mcridian,and parallel 
yn to be shown, and tlio direction of the central meridian. The accuracy with 
' @'t@Qd lCh needs to be doll0 depends on how n e b  the edge of the sheet the work will 
& I * If extreme accuracy is required it is generally necessary to lay off carefully 
6: l"'lits of tho sheet on a published chart of the area, thereby locating the central 

@'kction and oriontation, In somB casw oven preliminary mathematical computa- 

' 

: 

' d'awn depends on the scale (see 7323). 
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for e ~ & @ ’ ~ ~ ~  

tions are necessary to ensure the inclusion of the required control points 
where they fall dangerously close to opposite edges of the sheet. - ec;ti@’ 

Although the projection can be made by continued reference to the P‘,“E‘pt@ 
tables, it is most desirable to make a rough sketch of the projection on a sheet be@ 
(see 322), noting on it all of the distances to  be plotted with the meter ba of the 
compass. Depending on the scale of the projection being made and the tbS 
meter bar being used, these distances will of course be reduced for use directly ‘;der 
meter bar. For instance, if the projection is to be 1 : 40,000 and the scale of tbO 
bar is 1 : 20,000 all distances talcen from the tables must be halved. All da 
tables must be taken out for the latitude in which they are to  be used. *ded 

be @d 
of 

“Meridional arcs,” under “Continuous sums of minutes.” The distances mx, nul, T~ZZ,,,?; s~&!e5 
mz6, for each parallel are taken from the table headed “Arcs of the parallel in meters 

r and 

ta froa 

Referring to figure 146, the distances mml, mmz, mm3, and mmc, are taken from the 

FlauRE 14G.-Construction of a polyconic projection ,l$’ 

,,lues ilpf# of 
itudes 1:40,000 or larger. For scales smaller than 1:40,000 they must be taken from the 

under the table headed “Coordinates of cutvature,” interpolating for latitudes and long 
mediate between those given in the tables. 

line ab perpendicular to it. The distances mml, mmz, etc., are laid off along the central mer’ 
the beam compass and meter bar. The straight construction lines cd, cf, gh, and i j  are drawPP 

The construction is carried out by drawing the central meridian and the straigllt 
BT 
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the the northeast to the southwest corner through the construction center with 
rcsponding distance from the northwest to the southeast corner. 

if practicabl.e, immediately following the construction. 

d &,Id) 
The verification must be made the same day that the projection is constructe 

- Preferred maximum limits of sheet 

_- Extreme limits of sheet 
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is used for each State, where practicable, although in the larger States two O.,ct,id# 
systems were necessary. These have been computed on two different types of pro1 
the Lambert conformal conic for those States of an east-west extent prop .,GtioP 
great as compared to their north-south extent; and tlie transverse Mercator p,roLtes OD 
for those States with a proportionately great north-south extent. The coord” 1935 
the State systems have been computed for all geographic positions adjusted since,trYa 

cou and these are published in the official publications of the triangulation of the ethods 
Details of these systems, the methods of making the computations and the a @d 

of plotting various types of surveys thereon, are given in several publications* 
oordWteS’ 

are given in brief in Serial No. 624, Computation of Traverse by Plane c COP 
and in fuller detail in Special Publication No. 193, Manual of Plane Coordinattn tb0 
putation ; Special Publication No. 194, Manual of Travcrse Computatfiputnti@ 
Lambert Grid; and Special Publication No. 195, Manual of Traverse c 
on the Transverse Mercator Grid. hie 

For the coordination of surveys on the systems in type (c )  with hldrogi$8), 
surveys of this Bureau, no information is needed except the knowledge that the 
is on one of the official State systems and which system. 

733. ~ ~ ~ R O G R A P H I C  SHEETS FROM AIR PHOTOGRAPHIC SURVEYs 

raphi’ Where the shoreline and hydrographic control originate with air Phot$,ed bY 
p i ~ t 9 ’  
6011’ 

gill 

surveys (see 239) the information for the boat and smooth sheets will be f‘? 
the Washington Pffice in the form of reversed tracing-paper prints, o d l d  
printed sheets, or map projector transfers. The form used will depend UPon 
ditions peculiar to the project and will be stated in the project instructions. 

be furnished on ozalid prints to  be used by the hydrographic party when 
the stations and building the signals (see 2392). 

the 

The short descriptions of stations, for the information of the hydro@ apbe‘, rec0v’8r~ ‘QR 

099 %c 

7331. Reversed Tracing Paper Prints 
W,sh~gtoJ1 Ordinarily tlie air photographic survey drawings are forwarded to the let$ Office ZLS so011 as the location of the shoreline and the hydrographic control is 

These are reproduced in the Office to the same scale as the hydrographic sur‘ 
reversed copies are printed in black on tracing paper and furnished the hY. drogreP ~ b0 ,,t 

parties. The ink uscd is slow drying and usually the print used in 
id the traGs Q The transfer of the shoreline and control is effected by superimposing 

(inked side down) on the boat sheet or smooth sheet, SO that corresponding pro’ for 
intersections are in coincidence, and burnishing dOW11 the details. Adjustrnonts ,413)’ 
differences in the projections can be made by small shiftings of the tracing ~ 0 ‘  If the ink has dried before the smooth sheets are prepared, additional tra cingp 
prints will be furnished on request. 

sheet can also be used for preparing the smooth sheet some months later. 
.eGtio 

7332. Ozalid Prints 
sa@ 

In some casts whcro the air photographic SU~VCYS arc made a t  oxactb’ the of0 
scale as the hydrographic survey and when sufficient time is not available to Pre$y 

11ic P reversed tracing-paper prints, ozalid prints will be furnished the hydroffrap 
f& transfer of the shoreline and control. 
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1 : 40,000 - - - - - - - - - - - - - - - - - - - - - - 
1 : 50,000 to 1 : 80,000 - - - - - - - - - - - - 
1: 100,000 to 1: 160,000 _ _ _ _ _  - _ _ _  - 

HYDROGRAPHIC MANUAL 

Every 3 seconds. 
Every 5 seconds. 
Everv 10 seconds. 

n 
@.A*'t' 

tion is made, segments of concentric circles are drawn on the sheet from each the 
station as a center, covering the area in which bomb returns were received fro frog 

the short dhtance arcs, which are drawn only in the immediate vicinity of ettch 
respective stations. These circles are termed distance circles to distinguish th@ R,P, fi, 

position (see 763). baged 
All distance circles are plotted in units of time intervals from a given stationciroles 

on an assumed velocity of sound of 1,460 meters per second. The spacing of the 
on the sheet should be according to table 25. 

TABLE 25.-Distance circle intervals for various scales 

I 
Scale of survey Distance circle interval 

I --I I 

11: 200,000 - - -  - - -  _ _ _  _ _ _  - - _ _  1 Everi 15 seconds. 
I I I .,I 

d braT'"' 
The unit of measurement second is used here to mean a second (time) of sou:buld be 

through sea water. oryef 
plotted a distance of 1,460 x 5=7,300 meters from the station a t  the scale of the @ tbe 

Preparatory to placing the ciralcs on the sheet, and preferably even befoz@l 
projection is begun, the boat sheet should be studied to determine the area i;brou&lr 
bomb returns were received from each R.A.R. st,ation. This will be the area be 
which the distance circles should be drawn. uded 
carefully followed in order to avoid unnecessary confusion where many stations are of 
on a sheet.- A table should also be prepared in advance giving the 1engthsind and c o r  
the various radii, computed a t  the plotting velocity of 1,460 meters' per secoa tis? ,,tting verted to the scale of the mPtrr bar being used. This table is'then used for 
distances on a beam compass. tb 

the Sfloof  TO plot the circles the? successive radii lengths arc pricked lightly on 
sheet. This should be done a t  two or more radial directions from the R.A.R. d 
SO that each distance circle when drawn may be checked as it passes through the be@ 
points. To avoid a repetition of measurements, each distance, as set on 
compass, should be plottcd from every R.A.R. station where it will be needed. e drfifl' 

After the plotting of the radii has been checked, the distance circles ar 
blue ink through the pricked points, using a fine light line. The distances in 

Thus, a circle representing 5 seconds of sound travel 

tructio'l It is important that this ins 

the 

seco~d5 

may be placed on the circles in pencil for temporary convenience. 

plotted and the circles are being drawn. This can be accomplishcd, in the 

beill& 
* *  are 
first 

It is essential that the smooth sheet be kept absolutely flat while the rad1' 
tbe 

by laying a straightedge on the sheet from the station to the pricked points, and in t8b8 
second case, by having an assistant slide a straigfitedgo along the shcet pf@llel'$@' 
beam compass, immediately in advance of or behind it, A clean stainless Steel str d iP 
edge, or onc whose underside is covered with a clean piece of paper, must be 'ge 

order to prcvcnt soiling the smooth sheet. 
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to 

the positions. The purpose of inking is to  give permanence to selected arc , d befir 
facilitate future identification of the positions, The smooth-sheet plotter Shodinc@ 

this in mind when selecting the arcs to be inked. In  general, a spacing of about tuDded 
between inked arcswill be satisfactory. Only those portions of the arcs in the ' 
area should be inked. 

$0 as 

736. CHANGING DATUM OF SURVEY SHEET 
to tho To correlate the results of two survcys, it is first necessary to bring the two dip& 

same geographic datum (see 2171). This makes it possible to coinpare correspon 

States are 
areas by means of thc projection lines on the shoots. 

still 0: based on the North American datum of 1927, but many prior survcys are 
the North American datum or some independent datum. To change the datu@ O f t  
survey shect the usual practice is to apply corrections to tho projcction on 
When copies of old surveys are furnished to field parties, the latest datum ccoril' 
shown on the sheet. The procedure given below describcs how this may bc a cor* 
plished under various conditions. Where the datum on a survcy sheet has to be used' 
rccted in the field, the data availablc will generally determino thc method a nufiery 

cal one (7362) and a graphic one (7363). 

Practically all of the recent surveys of tho Bureau in contincntal 

the sb;;y 
is 1.1511 

t o  be 

There are two methods of applying a datum correction to a survcy &eot, 

7361. Distortion Factor 
beet 

the cos': 

Bofore datum corrections can be applied, the distortion factor of the 
be determined in both a north-south and an cast-west direction. 
comparing the scaled distances between projection lines on tho sheet with 
sponding values given in Special Publication No. 5 ,  "Polyconic Projoctlon 
(see 7324). 

This 1s 
by 

Tables 

The distortion factor is determined from the relation: 
'I'abular value-Scaled value= Distortion factor 

Tabular value nf fact"' 
Several distances in each direction should be measured in order to obtain a mean ,,old 
and to cnsuro against errors in tho original projection. TJlo distortion factor cas@ eh 
be applied to cvery distance that is to  be plotted on the shcet. To reduce 
ments on the distorted sheet to truc values the following relation should be used: 

tho 
7362. Numerical Method 

OD In  thc numerical method three widely distributed triangulation Statio~~ailablo8 
sheet are selected, whose geographic positions on thc N.A. 1927 datum are sveY5 
Identify these stations oh the datum of the' projcctioIi in tho old registers in the Suc@k 
Branch of thc Chart Division, or in any of the publications of the Bureau! andof tho 
their geographic positions with tho positions plotted 011 tho shect. tb0 
differences betwcen the values on the two datums is the correction to be aPPliod t",d 
projection on the sheet. The diff'ercnccs for t h o  thrae stations should ncarlY Wal 

ible errors other. If a wide variancc is found, an irivostigation should bo mado for PO@ 
in the computations or for failure to itlentjfy common stations on the two 

TIN JneaD 

daLuflg' 
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lottea 

the P . 5, 
irectloDd 

fiD 
Draw pencil lines tangent to thes . @o" 
parallel to the latitude and longitude 'In linee 
the sheet. The intersection of thesfian+,~flq 

back dms. and dPS. in some cases), and with these values as radii from 
position of the station as a center, swing short pencil arcs in the proper 

t 
FloURE 119.-Chmge Of datum of survey sheet-by 

graphic mothod. 

will give the position of the nod " w f r ~ f l  
Carefully scale the offsets A+ and "g1uSk 
the old datum on the sheet. (Fig* l4'tO the 
rates the application of this me thod 
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AC - 
i 

AD tortion. For example, in figure 150, the  Parallel h Bi tWrs 
station A can be used instead of the parallel throug of A. 
by lnaking it ununeessary tto compute the longitude 
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741. PLOTTING THE SHORE CONTROL 
ccu' 

Shore control may be divided into three classes according to the method 5nd:tbfih 
racyof determination (see 211). First,is the control located by triangulation; sacon biO located by topography; and third, the remainder, which is located by the hY dro&raPdro, 

graphic stations, are invariably located for the purpose of controlling the hY dr@zPoa 
survey. The topographic stations are almost always located for this PUrPoSo' 0' 
cially if the topographic survey immediately precedes the hydrographic surve~onyo]' 

qldv ling the toPOPaPhy or as part of an arc of triangulation, and may or may not be 

p e t ,  
There are several methods in use for plotting the sllore control on the smooth d@ 

idt 

Such detcrrn 453dr 

party, usually by sextant angles. Of these three types of control the latter, the " biG 

triangulation stations, however, have often been located for the purpose Of 

able in controlling the hydrography. 

depending upon the form in which the data are available. 
scribed in the following items. 

positions of control stations. These are described in chapter 2. 
are usually best plotted with the three-arm protractor in the manner described 
if computations are impracticable. 

These mathods *re 
Cuts, angles, and distances may often be combined in various Way s to iaatiOp furp 5 

in 

7411. Plotting b; Dms. and Dps. 
The data for plotting triangulation stations are usually furnished on For@ 2881 

Geographic Positions. The latitude and longitude in degrees, minutes, and t5ti0ps' 
are given for each station, as well as the distances and azimuths between for 

stations along the coast and these are known as the dms. (meridional di'?eDoffi 
and dps .  (para11el differences), respectively, of the stations. Thus, if the P$:;;!36' 
station is given as latitude 54'44'349189 N. (1,057.2 meters), longitude 130 it' 
W. (756.5 meters), its dm. is 1,057.2 meters north of thc 44-minute para1"" 
dp .  is 756.5 meters West of the 56-minhte meridian. 

To plot a triangulation station, the quadrilateral on the projection within $I), 
the station falls is first identified. 
plot its dm. near each meridian line and mark with a fine prick point. Connect tE" dl0 

dp. of the station along this line and mark: with a fine prick point. be 

$0 

station must also be plotted from the north parallel and the west mer1dian &; AS a check of the plotting, and to compensate for any possible distortio:i 

not already available, they may be obtained by subtracting tlic dm. a* 
from the value of 1 minute of latitudc and longitude, rcspctctively, as given 

appreciable amount of distortion the plotted distances will result in two Pairs 

the points proportional to their respectivc distances fronl the projection lines' 
fig. 152.) 

The position of the station should be marked with a fine prick point an 
temporarily by a small circle and the name of'the station, both in pencil. 

The equivalents in meters of the seconds of latitude and longitude are 0 giveDct'6) 

job 

With a pair of dividers and a metric scale (see 

points thus plotted with a fine pencil line, using a chisel-edged 6H pencil* plot tb0 

This 
position of the station provided there is no distortion in thc papcr. 

quadrilatcral. Thew distances are the back dm. and back 

polyconic projection tables for the latitude of the station, If tho shect 

each pair closely adjacent. The true positioll of the station will be u t  a 

for the 

tifie' d iderr' 
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. loto~u These scales may be used satisfactorily for plotting stations on s c a b  ofL&tfige 
and 1 : 20,000. They are not particularly useful for other scales. lot’ 
is in plotting on sheet’s that contain some distortion, and in checking previou$JDRPfl be 
ted positions. ‘Tests in the Washington Office indicate that geographic position the 
plotted with these scales with approximately the same accuracy as is a t tab  ed by bly 
use of a beam compass or dividers, and can be sealed or checked with Co 

greater speed by one accustomed to their use. 

Their chief a 

nsidor’ 

t bJ’ 
74’13. Plotting by Transfer 

The stations located by topography are usually placed on the smooth sbgfie- 
transfer from the topographic sheet. Ordinarily the topographic survey has the de’ 
diately preceded a hydrographic survey and’its scale has been determined if 
sired scale of the hydrographic survey. In such cases, the scales are identical ’ndihe 

rring d there is no distortion in either sheet, the most expeditious method of transfe shoul 
positions of the signals to the smooth sheet is by tracing paper. Tracing cloth the 

than not be used for this purpose since it is subject to larger dimcnsionnl changes 
paper. fipe 

The tracing paper is sccurely fastened Over the topograpllic sheet and a ncedle, pr othclfnte’- 
point, is used t o  prick the exact positions of the topographic stations and t,he adjacent ProJeotioDe tiye 

10 
(see 7661). The stations and the intersections are temporarily identified by symbols 0 .cot@' 
pencil. The tracing paper is then superposed on the smooth sheet with the corresponding 
line intersections in coincidence, and the positions of the  topographic stations are pricke 
holes in the tracing paper into %he smooth sheet, and temporarily marked in pencil. ot ell coid*e* 

betweep In  such a case the tracing paper must be adjusted for each quadrilateral so that  tho difference &lied 
the  two projections is proportioned for each station plotted. Sometimes the tracing has to E r e  js go 
several times, as where stations are located in different parts of the quadrilateral. shOold 
apparent difference between the two projections the coincidence of the adjacent intersections 
be verified before the  stations are pricked through. be 

found more expeditious to prick on blank tracing paper the projection inters tbeP 
the sheet to which the transfer is to be made. These pricked intersections aredotfid 
adjusted, quadrilateral by quadrilateral, to the topographic surveyjrom which both tho 
is traced. This eliminates the awkwardness of having to shift constantly 
tracing and the transfcr paper when making the final transfer to the smooth 
7561). 

sections through the paper; the shoreline and topography are usually transferred at the ’@’ 
otherw? 

rol 
d t1IroUgh 

If there is distortion in one or both of the sheets, the projection intersections will n 

Even if 

it m53’ Where shoreline and other topographic detail are also to bc transferred, cctions 

(see 

1 di+ 
74.14. With Proportional Dividers 

elY Control stations may be transferred from one sheet to another by Prop ,,’tiv 
viders, but this method should be used only w1ipr.e the trnnsfer is from 8 ComP 

rope' large-scale survey to a comparatively srnall-scnle one. The principle of tiha scfilC 
tional dividers is explained in 4812. In using them for the transfer of stations, thOot@l 
setting of the dividers must be used only for a preliminary adjustment. , Before ’ 
use, EL final setting must be made by trial and emor on tho two projections* 

orti@ 

cases, one setting will suffice for both latitude and longitude measurements; 
should be verified and if necessary a different setting used. Control 
ferred by this method should be plotted as esplai~led in t,he second and third P 
of 7411. 
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1li0,P~". 
In  both methods the geograP 0s~~1@9 

 statio^^ 8" 
~ $ 0 ~  

used 
tb0 

positions. - onor@ l lY 

(b )  by graphic plotting on an aluminum sheet. 
tions of the buoys, and consequently their dms. and dps. are obtained; hence * 
of the buoys are plotted on the smooth sheet in the same manner that shore 

accuracy of position for buoy-control surveys, provided accurate methods are 
plotted by dms. and dps.  (see 7411). Graphic methods usually furnish th e ro4 

care is exercised in the plotting; but it is frequently desirable and easier to  

a. BY computation.-Positions of buoys are determined by computation ' 
when it is not practicable to plot the observed data on the smooth sheet, as fardjstefl'* when 
sheet is distorted or the scale is too small or the stations observed on are too tb0 wh@ 

b.  BY graphic plotting.-Graphic plotting should generally be resorted VOlV0 ti 
data can be plotted on an aluminum sheet, or where the computations are iz thr@' 
as in the case of cuts obtained from a vessel whose position is determined by lottiflg 
Point fix. (See 2552 for detailed description of latter method.) Graphic 1100u9 
should also be used where buoys are located by taut-wire distances or by sub84 

it sound ranging or by reference to submarine relief. 
Where a number of buoys have been located and plotted by three-Po'' of@' 

may be desirable to compute the positions of selected ones to verify the aCauracy 
graphic plotting. be 

used and the work should be done with the utmost care and precision. 
buoys are in such locations that the angles of tile tlu.ee-point fix are datiV 
which tends to magnify plotting inaccuracips, 

* t fi& 

I n  graphic Plotting, an accurately adjusted metal protractor shoul$sua~j~ a ~ ~ a y S t b o  

743. STATION SYMBOLS 
OD 

l h h  station used for the control of the hydrography shall be identified (flee 
smooth sheet by its appropriate symbol and name, both inked in the color eclfiCd ped 
fig. 169). The actual station point is a fine needle hole, the edges of which are bl@.cketbB 
by rotating a sharp hard pencil point in tlle 1-101~ to facilitate its use in P lotting 

169 in hYdroPPhY. 
respect). 

On a side (fig* l53), SYmmetriCaIly placed around the station point with the baPe of the t'r 
to the meridian and the apex north, 

located around the station point. 
by the radial plot for the use of the hydrographic party, are classed as topographic 
to supplement those located by the radial plot, and which are located by the hydrographic 

(C) Hydrographic stations (stations located by sextant or other means, see section oi& 
identified by blue circles 3 mm in diameter symmetrically located around the station 
positions of ordinary survey buoys are to  be identified by the symbol for hydrograPvC (d) Stations which have been spotted by the hydrographic party from the details ~I&t t l :oB$ho~ 
graphs or the air photographic survey (see 2394) , shall be identified by green circles 3 
symmetrically placed around the station point. 

(e) R.A.R. stations shall be identified by a double concentric circle, the inner 3 mm 

Ink should never be used for this purpose (disregard fig. 
The symbols and colors shall be according to the following scheme: 

(a) Triangulation and traverse stations shall be identified by red equilateral triangles' Or' 05 
fills 

metrio td 
lace 6 been @ Ste 
byBp 

bB 

ian@ 

( b )  Topographic stations shall be identified by red circles 3 mm in diameter, sym 
Stations on air photographic surveys which have 

Proved method4 shall also be classified as topographic stations (see 2393). Bb&$b 24) 
8. 

in 
&e' 

ld 

in die 
in blue ink, and the outer 5 mm in diameter in a distinctive color corresponding to t he disteXIoe 
drawn from it (see 7637). 

centered by the use of the drop-bow pen (see 4841). 
The symbols for topographic and hydrographic stations are easily rnadoofl bow 

There is some difficulty) 



Triangulation station Buoy 
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(w3%0 ’ @Pb!G 14 Where identical stations are used in the overlapping area of two hY 
surveys, the station names must be identical, If, inadvertently, a differeat 8be0bt 
used than appears on the prior survey, both names shall be placed on the sflOO$f10 @ 
the one actually used in the Sounding Records being followed by the older 
parentheses with an appropriate explanatory note. 

7442. Size of Lettering 
&at a 

Unless the draftsman is particularly skilled in lettering, it is preferabbsfloob 
mechanical lettering set (see 4834) be used in inking station names On the &0u98 
sheet. The 3 mm maximum height of upper case letters may be o b t a i d  la 
of Leroy lettering set template No, 120 with No. 00 pen. Although letters @’ 
height are to be comidered the standard, in congested areas this size is 
impracticable and a smaller size must be used. this 

The most important station names shall be in capital letters; included iD,nOst 
designation are all triangulation station names and the station names of theflgor 
prominent signals (i. e., those most frequently used). Station names of edi&te 

vicinity) shall be in capitals and lower-case letters. 

s o d @ ? $  

signals on a hydrographic sheet (i. e., those used only for sextant fixes in the gun 

9b@11 
North shall be considered the top of the smooth sheet and all station namOLg; 

be lettered on lines normal to the central meridian. 
ted fro$,e shall bc on line with the bottom of the station symbol, and east of and sePara to by a space of one letter (see fig. 169). 

name of a station. Where it is necessary to place the name so far aWU’ 
D@;; may arise as to its reference, a h e  inked amow or loador, in tho Same color the 

should be drawn from the name to the symbol. 
crosses soundings. to ,void it* 

.,d& 
Where this cannot be avoided, as in some case8 of hydrographic stations (Par&y d 
survey buoys) or stations on detached rocks, the’names must be placed where bo 
interfere least with the plotted hydrography. The inking of such names 

(Dot deferred until after the soundings have beon penciled. 

below) by the year of establishment and the year of recovery, a comm 
the name and the date, and a hyphen separating successive dates. 

7443. Placement of Station Names 

Wherever practicable’ 

There should never be any doubt ” that doubt 

where The leader should bo brolceD 

Names should never be placed in the water area whore it is practicable 

e lip0 The name of a triangulation station must always bo followed on the s~mseparatifl~ 

fro?’ 
unless it is clear from the topographic information, names of stations offsbore .het$ 

the high-water line must be accompanied by a brief note, or legend, explaining OT 
the stations are located on permanent features (natural or artificial), on temparBt’ 
ones. If the station is on a rock or shoal, the desired information is usually aPP $0‘ 

the T5the If it is on a pile or other structure built in the water, or is on a pole placed in 
by the hydrographio party, the note must explain fully the circumstances, &t cartographer will know whether to chart an obstruction, pile, or other fetturiafls @ 

location. 
practicable, but indubitably referring to it. 

7444. Stations in Water Areas 

so the tj8 

Such notes should be in black ink, as closely adjacent to the stat1on 
(See 781.) 



t<1'eCe5sary duplicatik results, since 
e*ofh cannot assume a field verifi- 

unless evidence of this appears 
On thesurvey sheet. If an item in the 
stQp not applicable to a particular 

9 8s where no hydrographic sta- tion, 
eQtQare on the sheet, an explanatory 

should be made, such as "nono" 

registry number of the survey 
field e given if lcnown, as well as the 
'tern ]1I;Umber (see 154). Opposite the 
ne, Ref. Sta.9' on the stamp, the 
0 4 ~  :-:Qd date of establishment of somo 

%OQ 

8%3y 

"Hydro, Sta.' I 

No. 42 HYDROGRAPHIC SURVEY 

Field No.%.;i.??!.. Reg. No.. H;fi??;!, , 
Scale 1:. . &q; c?.'?. . . Plotted. : Verified 
Projection. . . . . , . . . .:. .!!s.q..C;. :. .<. C.,E.. . 
pi .  Sta.. . . . . . ... . ..:. . tl..q..C.. .:. .C. .C...3?.. , , 
Top.  Sta.. ... .. . . . .:. .z. g.$; .:. .6. s..!'?:. , 
Hydro. Sto.. . . . . . . . . .:. . !?* k..q.. .:. .e: s,,Ei.. 
.Datum .x?.qx!. .!.EL!?! c.4.C. .!?z?, . . . . 
Ref., s ~ . . . ~ . ~ ~ ~ . . ~ ~ . ~ . ~ . ~ . . ~ ~ ~ ~  ......... 
hat. .... ?$ .*...? ?.* ..... 9g5;g.m. 
Long.. . .6?.*.. .?!.'. . . .4?.?,, X. m. 
FIQURE 164.--Projection and control data for smooth sheet. 
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derived from thc topographic survey, so that they are correct and in agreeme 
i data originating with the hydrographic survey (see 381). 

In order that the hydrographic survey may present a complete graph? to it, 
the area, all topographic details within the limits of the hydrography and & d l a c ~ ~  751. 
including the high-water line, must be shown on the smooth sheet except as note 

The transfer of the topography must be made with the utmost care $0 tha 
is no appreciable inaccuracy in position. Photographic copies of the b’ dropr8ph!i andit’ 
surveys are frequently furnished to the public and to governmental agencies, 

&ord 

North 

t 

pde. uncovers 6f? MI W 

0 
wreck uncoyers Z f f  M1 W 

FIQUXE 155.-f3horoline shown on smooth shcol without obscuring positions of control stations. 

*“ naturally assumed by many of these that the topopaphic details shown 
correct. details 

When the topography is transferred, the high-water line and all offshore 765 
inclusive (see also table 28). Topographic detail must never obscure the con torsof but ID * 

trol stations. only important detail should be shown inside the station SYnlbolJ l p V O d  
no case shall the shoreline be drawn through the station point. Examples $0 be lo 
are illustrated in figure 155. tbO 

Topographic details inshore from the high-water line sllall bo omitted fro” 
smooth sheet, except where stations are on or near buildings (see 7844). 

are transferred a t  the same time in pencil, but are inked only as specifid in 752 tocor 

751. OMISSION OF TOPOGRAPEY 
&eot ip The field plotter may omit all or part of the topography from the smooth 

the following cases: bas 
(a) Where there is no contemporary topographic survey. After the hydrographic SUrveyiO to 

tlie trfltbO (b )  Where the topographic and hydrographic surveys are on different scales a::r date 

been reviewed in the Washington Office, a decision will be made t o  whether any topi@’pby 
#fer be shown thereon. 

presents difficultieg. In such cases the topography will be added to the sheet at a 
Washington Office. 
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754. THE LOW-WATER LINE 
ed We’ 

The low-water line shown on the planetable survey is usually not a surveeY to tb0 
It has ordinarily been sketched by the topographer and is furnished as a P I d e  tb0 
hydrographer during his hydrographic survey. Occasionally, howover, whez ]in@ 
topographer is in a locality at  low tide, he may actually delineate the low-wat 

for bydr(’ 
by rod readings. 

The low-water line is the curve of zero depth and its best delineation i@ 
graphic purposes results from soundings obtained in its vicinity. Since such ifl 
are subject to possible modification in the Washington Ofice, caused by changestbe . on 
the tide reducers or for other reasons, the low-water line shall be left in PenCJ 

the Sflrvey smooth sheet by the field party, to be subsequently inked in the Office when tbe 
is verified. Where minus soundings are plotted, care must be taken to see 

let0 lour- curve is correctly shown relative to them (see 7715). 
After the soundings have been penciled on the smooth sheet, the COI?’ rof0f’ 

water line shall be shown thereon in pencil in accordance with the fo1bwlng 
ences, using the same symbols as are prescribed for its inking (see fig. lug):  

graphic survey has extended over the low-water line during periods of high w a t e r t o  
inked as a continuous yellow line. 

(a) The zero depth curve as determined by the reduced soundings in areas where the 

(b )  Those parts of the low-water line that were rodded in by the topographer at ’ow 

be ,Ve~t~fi1ly 

t i d e t o  

of the h P ”  
(4 In cases not covered by any of the preceding three classes the low-water line shaLEy,tufil’Y 

9OGb 

be eventually inked as a black line of alternate dashes and dots, in the ( c )  Those parts of the low-water line which can be reasonably well determined frorn notes 
Sounding Records and sketches on the boat sheet made by the hydrographer at the time 

from the best available source, usually that sketched on the topographic survey-to be 
inked as a black dotted line. 

Occasionally it may be desirable to delineate tho low-watcr line by Qrnb ols &511 

as for rocky lodges or coral reefs. In such cases tho offshore odge of the sYmb 
coDsideret 

be considered the low-water line, 
The low-water line derived from an air photographic survey shall be th5 

to be in class (d), unless there is a positive statement in the Descriptive Repor;erOd 

in class ( b ) .  

graphic survey-tohe eventually inked as a yellow dash line. be take” 

ols, 

parts of it were rodded in by planetable, when of course those parts shall be ~01191 

The latter, however, is rarely the case. 

755. OFFSHORE DETAIL 
lodg8.8’ 

Topographic details offshore from the low-water line, such as rocks, reefs’ loit ID 
rocky areas, and shoal areas, except islands or islets of some extent, shall be &pbiC 
pencil on the smooth sheet until the soundings have beon penciled. The Ilydro‘ tbe 

t survey frequently contains data which supplement, and in some cases 
topographic survey. Before such details are inked on the sheet, all of the in a c ~ ~  rk 
be considered and disposition made as to character, location, and elovatiOD 
ance with the rules prescribed in 782. 

It is unnecessary to transfer the olevations of bare rocks that do not falld oIoge 
the limits of the hydrography, such as the numerous rocks that are ofton faun 
to the high-wuter line in certain areas. 

date @” 

with@ (See also 7862.) 
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756. METHODS OF TRANSFER 

d are five methods of transforring topographic detail from one sheet to another 
"Onding on the respective scales of the two sheets, the degree of accuracy sought, 

Pr * the instrument equipment available. These are: ((I) by tracing paper; ( 6 )  by 

The projector and pantograph are generally not available to  field parties 
Tocessing Offices and these mothods are, therefore, not described in this section. 

h o J ~ ~ t o r v  9 (C) by pantograph; (d) by the method of squares; and (e> by the radial-line 

to p 
4 d 

BscrlPtion of the projector is given in 4854 and of the pantograph in 4853. 

7561. Tracingpaper Method 

Q the topographic and hydrographic surveys are on the same scale, the simplest 
ethod of transfer is by means of tracing paper. Tracing cloth must not be used. As 

in 7413 the topographic details are traced at the same time that the topo- @$~la i4~d $82 control is pricked througli, making the adjustments for distortion. by small 
Cao bgs of the tracing on the topographic sheet. The transfer to the smooth sheet 
aheetO accomplished in several ways. The preferred method is to use a letter-size 
chalkof thin transfer paper, which is prepared in advance by dusting with red offset 
a Powder (&I), or dry powdered graphite, rubbing it lightly over tho surface wit11 h q U  'Q until an even coating is produced. Red is preferable because of its contrast 
4eed$nChd or inked detail that may be on the smooth sheet. These materials are 
h~ 'n very small quantities and will be furnished by the Office on request. Ver- 
b l a z  Pigment should not be used because it is slightly greasy. In  an emergency 

tracing on the smooth sheet SO that corresponding 
The transfer paper is then placed, coated side 

nd with a stylus or sharp hard pencil the detail on 
tline on the smooth sheet. The transfer paper is 

It is of the utmost importance 
does not slip during the transfer process. This should be checked as each portion is 
e transferred detail is subsequently inked or penciled as explained in 752 to 756 

ere a small amount of transfer is involved, the reverse side of the tracing itself may be coated, 
Another method is to 

of the tracing paper with the lead of a soft pencil, using the side of the lead for 
1 care must bo taken with. the latter method because of the danger of distorting 

cing-paper method excessive pressure must not be used on the 
ill the smooth sheet. A slight pressure is generally sufficient to 

he tracing or tracings used in the transfer shall be forwarded to tho Washington 

Or red carbon paper can be used. 

oining portion of the sheet and the procedure repeated. 

rod chalk only in the vicinity of the topographic details. 

e \vlth the boat sheet (see 8351), 

7562. Method of Squares 

the This method is not sufficiently accurate for the transfer of topographic detail to 
BQOOth sheet, but may be used to transfer the shoreline to the boat shoat or in Other casesm 
1 

'ot the method of squares (fig. 156), common points on the two surveys are selected-usually 
' q ~ ~ ~ t i O n s  of meridians and parallels. Referred to these common points, sets of corresponding 

Or rectangles are constructed lightly in pencil, which are identical when referred to tho actual 
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L n  

f60iliw'" 

t o  ground detail, but differ in size on the two sheets. Every fifth line should be accentuated to 
identification. The detail may then be transferred from one sheet to  the other by re 
positions within these small squares. 

In  order to obtain any reasonable accuracy, the squares on the smaller fife 
be formed by lines not more than one-eighth inch apart. When these sq''r$@e 
correctly drawn, they may be termed corresponding sqomres because each Square 
sponds to its respective square in terms of the ground area. 

ference 

,bodd 

00 
bo draw'dlo 

then 

F~QUIIE 16G.-Rcduction of topography by method of squarcs. 

If it is desired to avoid marking up the source sheet, squares may 
tracing paper and laid over,tlie detail to be transferred. The procedure is 
same as above. 

00 
bo draw'dlo 

then 

F~QUIIE 16G.-Rcduction of topography by method of squarcs. 

If it is desired to avoid marking up the source sheet, squares may 
tracing paper and laid over,tlie detail to be transferred. The procedure is 
same as above. 

CL ___--------__-_--_-----------------; 
FlaunE 157.-Reduction of topography by 

radial-linc method. 

desired to trarisfer to a scalc twicc as 
use dividers to double or halve the 
with the shoreline and plot, the new 
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slrol’ld 
During the plotting of the positions on the smooth sIicct, continued rrfercncO 

815) a’d 
the De’ be made to thc notcs in the “ltemarlrs” column of the Sounding Record (see 

to the notes that  are kept during the progrcss of the field work from which 
scriptivc Rcport is subscqiicntly wri ttcn (see 385). Qriitc frcqucntly valunhlc lljs 
tion will he found in tlicsc sources nrhicll will guide or influcncc the plotter during 
work. When tlic plottirig of each day’s hydrograplly IULS been complctcd, tho smo:o- 
plotter rntcrs his initials with a colored pcncil at the end of the day’s entries in t1le @for 
priatc space in Stamp NO. 38, Procrssirrg (fig. 183), to intlicntc 11;s rcsponsibi’itJ‘ 
the plotting of that day’s work. 

iIlwfla- 
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Celluloid may be used as a protective cover. This materid is SO t r n s -  
The 

p~ncW objection to celluloid as a protective medium is the difficulty in making tem- 
pofar~ notes on it and in identifying the successive positions as they are plotted. 

After being correctly placed in position, the cover should be secured by weights or 
thu?lbtacks. Since it is necessary to lift the cover frequently, it will be found con- 

to secure it along the edge of the sheet fartheit from the plotter with a sufficient 
n'laber Of tacks to hold it in position, using o d y  one or two tacks elsewhere. 

the protective cover every time a position is plotted. 
fifth one, may be numbered temporarily on the cover 
t least all of the positions on one page of the Sounding 
a line, before raising the cover to number the positions 
ct them (see 7682). The smooth sheet should always 

. smooth sheets are difficult to keep clean since the plotting of positions must 
ectly on the surface of the sheet. A convenient method of protection is to 

ieces of wrapping paper folded in the form of envelopes to 
Over each end of the smooth sheet, each envelope being held togethcr by 
e. These are supplemented by two pieces of Paper folded lengthwise over 

of the smooth sheet, but with the ends open. The paper should completely 
Smooth sheet when each pair is in its innermost position. The envelopes 

loosely enough 80 that they may be slid away from the smooth sheet as desired 
eing worked on. Several loose sheets of paper or a hand 
f the exposed surface to prevent its being touched by the 

'nt small circular holes a t  the locations of the signals are unnecessary. Par 

is absolutely necessary. 

762, PROTRACTING THREE-POINT FIX POSITIONS 

bee-point fix positions are plotted graphically in hydrographic surveying by the 
8 protractor. This is usually a three-arm Protractor made of either metal or 

id having a fixed center arm and two movable arms with which the two observed 
ngle of the fix is set with the left movable arm and the 
ble arm. The protractor is then manipulated into a posi- 
at  the three arms pass precisely through the respective 
of the stations between which the angles were measured. 

mg, which is the center of the graduated circle, then 
position of the vessel or sounding. (See 4534.) 

7621. With Metal Protractor 

Most three-point fix positions are plotted on the smooth sheet With the metal three- 
that Protractor described in 4531. The construction Of the metal protractor is such 
d' It hconvenient or impossible to  use it in plotting positions which are at  short 
18tanceS from the stations. Neither can it be used with the rapidity or ease with which 

to the arms of a metal protractor are provided for use where thestations 
Obeqed on are 80 distant that the regular arms do not reach them. When theso 
e't'hsionS &re Used, e xtra precaution should be taken in the plotting. 

protractor can be used. 
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tb 

the two angles is not less than 60°,  and the smaller of the two anglcs is not less thanw 
Positions based on stations farther away than 10 inches or based on angles smaller.tioDS 
the above prescribed limits, must be plotted with a metal protractor. Critical Po’’ 
shall be plotted with a metal protractor, if practicable. 

7622. With Celluloid Protractor 

The use of the celluloid protractor (4536) shall be limited to areas of the 
sheet where the stations are never more. than 10 inches from the positions, the ~ 7 ~ 0 ,  

7623. Positions Close to Control Stations 

Celluloid protractors of the present model permit plotting three-point fixes tor 
are quite close to the control stations, but because of the opaqueness of the p l D  
near its center, it sometimes happens that even this cannot be used satisf@Ctorily~r 011 
such cases the angles of the three-point fix are plotted on a piece of tracing P”Per’thret3* 
a transparent paper protractor (4539), which is then manipulated the same as ” 
arm protractor to plot the position. 

rotrac 

7624. Procedure for Protracting Positions 
data, and 

pro’ 

The Sounding Record is the official record of the sounding and position 
the plotter should fallow the recorded data strictly, unless it is apparent that 
has been madc. Since the system of field work requires that the sounding her, 
ceed a t  as nearly a constant speed as practicable (see 3461), and since the hydrogrtT tho 
almost invariably, attcmpts to run straight lines, the dead-reckoning position 
vessel provides a reasonable check on the recorded position data. The boat sheet 

charge :t vides the best check since the positions thereon were plotted by the officer-in- 
the time the work was executed, and he WRS in a position to know where his vessel 
the time a particular position was taken (see 7671). ositio~5 

ti1erefor0’ to occur on a comparatively straight line (see 314). or,oP usually protracts all of the positions recorded on one page of the Sounding Itecor ’ ,tld 
one straight sounding line, before comparing them with the boat sheet and- of 

ed them with penciled lines. When the plotter has assured himself that the P 
the series have been correctly protracted, a checkmark in colored pencil must be ’lo&$r 
in the Sounding Record alongside each position number. A pencil of identi@’ d 
should be used by the smooth plotter throughout his work, in making 
corrections in the Sounding Records. bo 

AS the protracting progresses, the no tations in the “Remarlrs” column shouldthO 

smooth plotting, and €or information regarding features to which cuts Were it@ 
which were othcrwise located during the progress of the survey. As each such ark after 
is applied to the smooth sheet, this sllould be indicated by placing a checlsrn 
it in the Sounding Record. 

It is usual to protract all of the positions on the smooth sheet before the soundthd 
are pcnciled, including the detached positions and all the cuts and other dataletedj 
need to be located on the smooth sheet. When the protracting has been com$odd 
the smooth sheet should contain all position information and, in general, It dingsf 
not be necessary to use the protractor during the subsequent plotting of Ihe 
except for occasional verification of a position. 

Lines of soundings are run systematically, and it is usual for a number of p 
The smooth plotter, 

Oslti~J1s 

entries fiD 

noted in order that due attention may be paid to any remark which may effect of 

i d 4  
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using the protractor centerpiece with a hole in it. Only the final position will then be Pricked 
sheet. Care must be taken, of course, to  see that the underside of the protractor is dean* 

plotting separately the locus of each angle, the correct position being a t  the intersectio 
arcs, assuming that they do not intersect a t  too acute an angle. 

beet! 
Wherever the locus of an angle is to be plotted, this car1 be done directly on the smooth:n the 

joed by 
In  ( b ) ,  which usually occurs through a misunderstanding or error, the position is d z y t h e  VV0 

LOCUS OF LEFT ANGL 

POSITION OF OBSERVATIONS 

FIGURE 16Q.-Sextnnt fix plotted by intersection of loci. No common crntrr object. 
t i 9 

In  ( e ) ,  the recorded data may be complete, but the fix is weak, giving an inadequate deter$tted In 
of the position (see 3332). There are two types of such fixes. In one type, the fix Can be 
one position but the result is erroneous because of the weakness of the fix in conjunction $ ~ @ ~ o  
factors. In the other type, known as a swinger or revolver, the fix can be plotted in any , O n e n  

I positions. In either type, the recorded data must be supplemented by the dead reckonligtbet 
determine the most probable position. In the first case it is usually necessary to disregar 
the  recorded data which has resulted in the erroneous position, while in the second Case 
#corded data may usually be used to plot a locus of the position. ecorded 

In (d), it  is generally not possible to  obtain a three-point fix, and other data are Usuf!:;er 1:; 
b y  the hydrographer for plotting the position, such as an estimated distance from the h16 
(or an estimated distance and direction from a control station. All such data should be.plot$ripg 
(used in conjunction with the dead rcckoning in order to arrive a t  the most probable poSit10n70 "odor' 
in mind that the distances are not measured distances, and that the general tendencY Is 

.estimate distances over the water from a stationary position. 

Of the 

(See also 335.) 

763. PLOTTING R.A.R. POSITIONS 
01 for Radio Acoustic Ranging (R.A.R.) is a comparatively new method of cOntiegi@ 

hydrographic surveys. 6# of the equipment and in the field methods. These are described in detail in chap teip 
smooth sheet. It is expected that these will continuo, but at the present til 
methods described herein are considered the most satisfactory and shall be 
other methods are proved preferable, 

are the R.A.R. stations from which the bomb returns were receivod. Like the 
circles described in 7341 these wcs are plotted in units of time. Because of uncertalP Of 
inherent in the R.A.R. method, due principally to the lack of complete kn 

Notable changes have been made in recent years in 

Likewise, improvements have been made in the methods and procedure of P lottiDg . tb 

used U' 

R.A.R. positions are determincd by the intersection of distance arcs whosc 
dis!$z 

owledgo 
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XU Btic,F and alloweci to dry until 
pi- ’ after whidl the celluloid is 

Into place. Care should be 

t p  in 7341 for plotting @ 

to Prick the point in the 
y:>d directly over the station 
pi * These protective celluloid 
t? should not bo confused with 

& circles, which are 
tanportwily to the sheet. 

9 K 
3% K Y  * 

FIQWRE l(iO.-PlOtth! R.A.R.  positions with Odessey protractor. 
(posltlon illustrated is 33 soeonds distant from station A and 27.5 seconds 

dlstant froni station H.) 

ecoIld (see 7341). The radii of the arcs are found on the smooth 
sllort increments or decroments of time to the plotted distance circles. 
radius for a 16.83-second time interval would be obtained by plotting 
,s&-,nds from the 15-second distance circle. TO plot these increments 
lie SheOt, three methods are available: 

OdesselJ R . A , ~ .  protractor.-This device, the construction of which is described in 4637, 
,,d collccntric circles on 8 piece of tra~leparent celluloid, the circles being spaced 

When tlie device 
that the circle corresponding to the time inCreInent or decrement is tangent to 

1,460 meters per second, at the scale of the survey. 
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the proper distance circle, the center of the device will be a point on the distance arc require$ri8’ 
intersection of the two distance arcs can be plotted in the same manner by making the ’IJP Onboth 
concentric circles tangent to  the two distance circles involved. The center is then a Poin:eyjCe ’i 
distance arcs. There is no limit to the number of distance arcs that can be drawn With this 
any one position, although only two distance arcs can be used simultaneously. It is especi’llY 
suited for verification work. 0011’ 

b. With dividers and scale.--In this method a special scale is used, similar to a metric scele\~Cre. 
structed for the plotting velocity of 1,460 meters per second a t  the scale of the survey. T$t8flce 

menta or decrements are measured with dividers. One point of the dividers is set on the t ” 
*red POin be circle and, with the aid of a large celluloid triangle alined toward the station, the des’ 

pricked along the alined edge. This method is slow because the increments or decrement6 
, d e 5  

C. With R.A.R. plotting scale.-A long rule similar $0 an engineer scale is used, with 8otl~e$ 
graduated in seconds for the plotting velocity of 1,460 meters per second a t  various “:$ beiPg 
(see 4828). 0’” 

pricked directly along the edge of the graduated scale. If Sl lCh a scale is not available 8 8ubstit$ided 
be made on a long narrow piece of celluloid graduated in Seconds, with 1 or 2 seconds a t  One end 

short 
into tenths of seconds, the hundredths being estimated. 

After the points for the distance arcs have been pricked on the smooth slleOt’ptted 

We 

plotted in an exact radial direction from the respective stations. 

The rule is long enough to be alined with the station by eye, the desired 

pencil arcs are drawn through them with a beam compass set at the approxa at0 P e p ~ ~ $  

positions of the respective stations. These pencil lines should be short, just long 
to ensure their intersection with the sounding line. For drawing distance b@fl 
various radii, it is convenient t o  use two sets of beam compasses, one with fL 10ng09siVo 
and the other with a short beam, to avoid having GO shift the fixtures an 
amount. ‘ &S 

for 
tho 

Where two R.A.R. stations compnratively close to one mother have bee 
tance circles are drawn from only one (see 7341). TO plot an arc from the 
which no circles have been drawn, the incrcmcnt or dccrcment is measured to tb 6 
distance circle plotted on the sheet. The total distance from t1lis pricked Polnt ce do 
true center of the distance circles is set on the beam compass, but tbc d l s ~ o ~ e i ~ e d *  
must be drawn from the R.A.R. station from which the bomb return was 
In this case the point of the beam compass must be ccIltcred exactly at  ea 

used1 
station 

ch station’ 

tQt sox ,ob 
sually d 

After the distance arcs have been plotted the sextant angles are plotted* 
positions can generally be plotted with a celluloid protractor since they are ‘ 

ositions ”i5 far from the buoy stations. Single angles are often obtained at  R.A.R. P 
the loci of these angles should be plotted, since the locus of each angle SO obta$$16 

in effect another distance arc which must be considered in the deterrninatlon 
final position (see 7635). 

7632- Plotting the Satant  Angles 

but 

their undersurface should be covered with paper so tllat the metal will not soil the frr 
An inconvenience in their use is that the pieces of celluloid Over tlie stations $gllf; 
quently detached by the rulers. The best met1iod of plotting be’arings, Whi?+pstrs 
ficicntly accurate, is by using the circular no-arm protractor (4539). Whennorth.go this lld~ 

B~ ment is used it is centered at the station and oriented by means of a short 
line drawn through the station, the bearings being plotted directly without 
protractor. 

%33. plotting the Bearings 

Bearings may be plotted by several methods. Parallel rulers may be 

,hiitin& 
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7635. Analysis of Data 

For analyzing the various data, it is not possible 
weights to apply to the different situations that might 

to prepare a table 
arise. Experience A 7  

guide and much depends on the conditions prevailing a t  the time of the survey’ ’ 

The locus of one sextant angle should likewise be considered a fixed line Of @e 
unless proved erroneous. Bearings to near objects will generally be accurate’ then 
acoustic returns from the nearest station will generally be found more reliable @ivtd 

be rec those from more distant stations, except that consistently good returns may, 
frOm certain stations while those from other stations may be just as cOnSls paf 
reliable. A position determined by a good intorsectiori of three distance ir 
generally be accepted as a reliable position, but it must be remembered that $$b 
accurate velocity or other factors may cause the arcs to intersect at  a P0sltlon 
is not the correct one. 

three-polnt sextant fixes should be corisidered precise locations until proved the?”’ ositlOfl 

teIlJY 

if 

. &de’ 
be 

7636. Sources of Error in R.A.R. Positions 

Such conflicts may be due to  determinable errors, such as those 
h f o r e  the find positions are accepted, all conflicting data should be e901ved’ arising ia 

possible. 
t h  plotting or in the reduction of the records, or they may be due to  certal’ 
terminable errors inherent in the niethod itself. 
grouped 8s follows: 

The various sources of error 
OP@t 

a. Scaling the chronograph tape.-A large error is sometimes made in identifying the the 
on the tape. If this occurs at one position only of a series of positions, and for one diSt!n:ardertL, 
error is generally recognizable, but where made a t  all of the positions of the series it Is 
detect. A large error in all of the time distances at one position is usually easily detected :In, ha 
resultant arcs plot with a large triangle of error and not in accord with the dead reckon1ng 
error of 1 second in reading the tape has been found in this manner. 

Errors arc also sometimes made in scaling the initials on the chronograph tapes. Such Or’’‘ e@‘ 
is more difficult to detect for it may result in a comparatively small triangle of error that $i?g 
to be caused by the use of an erroneous velocity of sound. Errors arc occasionally made in St&’’ 
the y m b  return on the tape at the time it is received, especially if this occurs durinE Cxcessive the 
conditions or other radio interference, when it is difficult to distinguish the bomb return’ fro@ the 
8tWPJ Of false indications. eot 
Correct return, but changes should not be madc in the distances in the Bomb Record unless the cofltbe 
bomb return can be identified on the tape with reasona\,le certainty. The above arc a few Of 
re%mns Why the chronograph tapes must be available to the smooth-shcet plotter (see 6864)iheet Bfe 

b. Plotting and reduction of records.--Errors in drawing the distance arcs on the smooth the not common. An error is occasionally made by plotting the time increment as a dccremc nt fro@ thefl’ 
next larger distance circle or vice versa, where the position falls approximately midway between orae‘ 
A distance arc may be plotted occasionally from the wrong station. :here 
times made in converting actual elspsed times to those used in plotting. For this reaSon’i,, the 
certain distance arcs appear doubtful, the mathematical conversions should be rechecked 
Bomb Record. (See 8311.) @rti@‘ 

fie5 larly difficult to detect since an incorrect velocity will proportionalIy enlarge or reduce the diStaninB 
from all stations, and the distance arcs will still plot with a very small triangle of error. In andy~&’  
such cams it should be remembered that the correct position will be inside the triangle of tho where the stations are arranged in a triangle around it. A change in velocity will probably alter oeitioP 
distances to all stations proportionally. 
will bo distant from each plotted arc an amount proportional to the distance of each arc fr 
respective station. 

. ce 

(See alRo 6853.) 

In such cases a re-examination of the tape will sometimCs 

Matllematical m o r s  

C. The use of an erroneous velocity of sound.-Thesc ewes are not uncommon and they are 

Therefore, in care of an error in velocity the ~ ~ r r ~ ~ ~  ’,,Ill 
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764. PLOTTING ASTRONOMIC POSITIONS 

Beyond the limit of the usual control, sounding lines are controlled by deadand tbO h g  and astronomic sights. The only data for location of the sounding lines It Is 
positions are the astronomic sights and the carefully recorded dead reckoning’ hts et 

usual, when practicable, to  observe a series of star 
dawn and dusk to give positions a t  these two ere other times, single astronomic sights, usually sun slgh’ieod 
taken and these must bo used in conjunction With the 

iC reckoning. (See also 337 and 338.) astro’Ofl 

sights, the positions are usually computed and lot the @Os on separate records and it is only necessary to P 11er. 
probable positions us determined by the IIYdrogripDo!@ 
These positions may be considered as fixed posibion~,tor$* 
being placed on the smooth sheet explaining their edi&te 
nation, such as “star sights” (sce 3387). Each intcrpaljsd 

by a legend indicating the astronomic body observetf t P  
the initials of the observer (sce 3383). Where star sight4’ 
astronomic sights between two positions fixcd by c ~ c o ~ i D g  
have been plotted on the smootli sheet, the doad ’:ither 0; 
between the star sights must be carefully plotted, 

’lg 

In plotting a smooth sheet controlled by detCrfliDet 

single sight must be plotted as a line of position, acto afld 

aD 
the Smooth sheet itself or on a piccc 
adjustcd to the two cnd positions 
sights, taking all circumstances into 
to arrive a t  the most probable location of the 
This type Of work can be plotted only by on 
familiar with ship hydrography, navigation, and 

(See 3384.) 

FIOURE l01.-Doad reckoning ad- 
lusted toastronomicsigbts. 

errors that enter into dead reckoning and astronomic sights. 

765. PLOTTING THE DEAD RECKONING 
of tho 

Dead reckoning may be plotted in various ways depending on the accuracy 
hydrographic survey and the purpose for which the dead-reckoning plot is 

Where dead reckoning is used alone or in conjunction with astronomic to $0: 
since comparatively few changes in course are made, it is generally satisfactory 

to it lightly in pencil directly on the smooth sheet and make an adjustment o@’ol 
traverse adjustment. Where dead reckoning is used in conjunction with %A*R’ d to it is almost always preferable to plot it on tracing paper so that it can be adPtPciag 

thick tra. bb 
This ’”’5d the other control data. For such purpose a good grade of comparativelY 

paper should be used; Keuffel and Esser Ionic No. 197-I-is recommended- 
sparant ’ a t  first appear too thick and opaque but a c t d l y  it is sufficiently &ran 

otherwise very satisfactory. it i 5  
tb0 which. Several steps in the plotting arc similar, regardless of the purpose for 

to be used. Where the dead-reckoning line is long and it is plotted directly e to tho 
smooth Sheet, the direction of each Course should bc determined by 

en* to be ” 
(See also 337.) . CODtroJr 
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deed’ 
A special compass rose has been found advantageous for making RJ@* 

reckoning plots. This is a partial rose about 16 inches in diameter on heBvy \&I$ 
Each single degree is drawn for about 15’ or 20° on each side of a central line oxt:entrd 
the length of the paper, and numbered according to its angular distance from the f l e d  
line. To use this rose a mean course or an approximatme direction of the line l8 Bss l‘bo 
with respect to which the successive courses are plotted by differences in degrees‘ 
tracing paper on which the dead-reckoning plot is to be made is placed over the 
rose and weighted down. The successive courses are then plotted on tbe trfl:t:op to 
reference to the compass rose by the use of two triangles to transfer each dn aseuolo 
the position from which it is to be plotted. In  using this special rose it is best * 
an average course of an even 5O. bfJ 

Dead reckoning may be plotted by log distances or by time. Each met,bod m’:ov 
preferred under different conditions. If the r.p.m.’s of the cngine are ref@nnbitO u9o 
stant and if a careful record of the time has been kept in the Sounding Record, &I& 

and checking the log intervals and generally simplifies the work. Log dJstNcee dead’ 
probably slightly more accurate and should be used for all comparativdY long ,,fv~Y 
reckoning plots. This is only true, however, if the log is an accurate one and tho:ot& 
is made in waters where there is no floating debris to  become attadled to the log 

. 

of time alone is believed preferable since this eliminates the necessity Of. COJnP 

or log line. the 
Except on the outer ends of offshore dead-reckoning lines, U-turns 

direction of the line changes 90° and soon thereafter another 90’ in order 
ship on an adjacent parallel line) are not plotted unless they are necessary 

turns satisfactorily, unless a fixed position has been obtained between th 
t W S .  

imately two-thirds of the distance a?ound the turn should be added to the 
Course and 0ne-thix-d of the distance to the new course. (See 3454.) is r0‘ 

During the survey the ship occasionally gets so far off line that an Scturn debd 
quired to get back on the original line. It is particularly difficult to Plot zc,rdOd* 
reckoning of these turns because sufficient data relative to them are rarely cbeP&8 
The data needed are the times the vessel begins to turn after each orde’r to d tiB 
course, the time the vessel is steadied on the new course, and the c0Urso ” 
steered on the intermediate course. (See 3464.) 

sentation Of relative courses and distances between fixed positions. Several deabt 
reckoning plots may be included on one sheet of tracing paper but each One shoUld.bf 

should be included on one sheet. The plot should be made neatly and accUrBta1’ 

an@’ tie 9up~j~ 

holidaZl in the surveyed area. The recorded data are rarely adequate 

Where i t  is necessary to plot a 90° turn and other evidence is lacking, 

hi0 Each completed dead-reckoning plot should be the best possible &rap 

Properly identified. In  order to avoid confusion not more than one day , 8 ]lydro&ra$ 

marked for subsequent easy identification. *ttB 
All Sheets of tracing paper containing dead-reckoning plots shall be 

to  the Washington Office for use in connection with the verification of 
after which they are destroyed. 

766. DETACHED POSITIONS 
ortaPCol Tho detached positions in the Sounding Record are of tho utmost a p  tb50° 

since they arc usually taken to locatc rocks, floating aids to navigation, least dep 
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They must, therefore, be plotted 
The plotting of positions on a continuous line of soundings is 

There is no such 
The survey requirement for important detached positions 

In  plotting the smooth 
this checlc angle must always bo used by the plotter to verify the correctness of 

Q8 Protracting. The fact that this has been done must be indicated in the Sounding 
colored pencil checkmark placed after the third or check angle. 

7 11 

other dangers or features of importance. 
reme care. 
CaUy checked to a certain degree by the dead reckoning. 
detached positions. 

, at &.third, or check, angle shall be taken at  such positions. 

by 

767. USE OF BOAT SHEET IN Snl.OOTE PLOTTING 

7671. Comparison With Boat Sheet 

the protracting of the smooth sheet, constant reference should be made 
la the boat sheet, as a check on tho smooth plotting. Generally, a visual comparison 

8u'ci@nt, but where difficulty in plotting is encountered or where numerous errors 
found in tho recorded data, it is sometimes advisable to trace from the boat sheet 
Positions of an entire line for comparison with the smooth plotting. Where a dis- 

c'epancJ between the two is noted, it must be investigated. Such discrepancies may 
from errors in the 8 moot]l plotting; from errors in the boat-sheet plotting; or from @ h r Q  

abg 'n the recorded data. In  determining the position most probably correct, 
b facts must be kept constantly in mind, the most important of which is t'hat the 
ehe@t Position is usually plotted independently of the recorded data. The plotcter, 

has usually observed one of the angles and knows which signals he used. The 
Furthermore, the officer-in- Other 

charge b o w s  wh a t  he is trying to  do and where the most probable position of the vessel 
It frequently 

happen% either illtentionally or unintentionally, that an angle is measured to a different 
that previously used, but in the haste to  plot the position, the change of "gbal * 

3 2 1 ~ ~ )  (SO0 also 

PrequmAy when some error has been made in the observed data, such 8s an ' W e  P1 ObsQrvcd on a wrong signal or an error in reading the sextant, the boat-sheet Pltter U Y  not have sufficient time to determine what this error is. He plots the 
6$2Qn a8 best he can, and may instruct the recorder to question either the entire 
he With a little patience 

determine what tho most probable error is, and can make the necessary 
y?ctlon to the recorded data. Such corrcctions must be made with a colored pencil 

7672. Positions From Boat Sheet 

Po' are cases in hydrographic surveys whore it is impossible to obtain a three- 
B Q ~  fix O r  other position data. This frequently happens in narrow winding channels 
the 810!%h. Tho hydrographer, in such cases, spots his position on the boat sheet from 
~@,ad]acent features of the shoreline and from his sense of dead reckoning. The 
lh ttth Plotter should transfer such positions to  the smooth sheet and note that fact 
cube Sounding Record with his colored pencil. In  addition, he should transfer the 
h ed connecting lines betweon positions, which in narrow channels usually conform 

!he bends in the shoreline, it bejng impossible to run a straight course between 
Po81t10ns- (See 3252 and 3352.) 

'%le he obtains orally from the other angleman. 

8, irrespective of whore the recorded data place the position. 8hoUld b 

not reported or is not entered in the Record when it is reported. 

a part of it. The smooth plotter should study such cases. 

Be 7741). 
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erroneou5 
There are occasional cases where position data, although recorded, are oouPo 

that they obviously cannot be used. In such cases the smooth plotter's last r:-Bbeeot 
is the boat sheet. de* position and trying various combinations of angles and signals, he will be able 
termhe what the recorded data should have been. 

768 HYDROGRAPHIC MANUAL 

Often by placing the center of the protractor on the 

768. IDENTIFICATION OF POSITIONS 
.&fb11 be Each hydrographic position, regardless of the method used in plottifg, puflbdf 

marked on the smooth sheet by a small prick hole and identified by the posit1on .ti00 
the prick hole being accentuated by a fine ink dot of the same color as the Pozqerf 
number and day letter (see 7681). At  the beginning and end of each line, fhe]iPe; 
intermediate fifth position, and at  any pronounced change in the direction Of 
the position number shall be accompanied by the day letter. 

duiflg 
Beginning with number 1, consecutive numbers are assigned to positi$ter (see 

each day, and each day's field work by each vesscl is identified by a day in color 
3311 and 3312). The day letters inked on the smooth sheet musf correspond 
and case with the entries in the Sounding Record, and the position numbers mustletter50 
pond in number with the entries in the Sounding Record, and in color with the day beid 
The colors to be used for this purpose are blue, purple, green, and red, preference ellog 
given in that order for the predominant color on a sheet. The use of black pd' is forbidden (see 8121). A contrast is desirable between two colors used fo 

or pagO pose on the same sheet. 
Position numbers and day letters are usually inked as each sounding line ,@+' 

of the Sounding Record is protracted. This is generally often enough to avoid &flg 
In congested areas, it is sometimes convenient to connect the prick holes represe uent id@'t'* the positions with pencil lines on the overlay tracing, to assist in their subseq 
fication on the smooth sheet. @lPk 

The position number must be so small that it can never be confused with a ifY' 
bg ,  and yet should be large enough so that it can ordinarily be read without a Ilas"oeod 
ing glass. Vertical figures and letters shall be used, and these shall ordinarily figof 1 mm in height. In open areas, where the soundings will be inked larger tha n aV<bila 
the position numbers and day letters may also bc slightly larger than the merage' tb@ 

r d o  in areas of close development, where the soundings will have to be inked 
average, the position numbers and day letters should be somewhat smaller tha 

ill0 
os0 

(see 7732 and fig. 163). 

7681. Position Numbers and Day Letters 

not ad 

,alW 

inking 
Their purp if 

Because of their small size, considerable care should be taken in 

is to permit ready comparison of the plotted data with the Sounding Recor ' 
The position number should be placed preferably just below and to the right * tter 

position dot, with enough space left for the entry of the sowding so that when t h ~ ~ ~ ~ @ "  
is inked the position nunlber will be close to, but just below and to the right Of also 
sideration being given to the size of tho sounding to be inked at  the position. 
7762.) 

has been done, it is usually advisable not to ink the position numbers ~ I I  

position numbers and day letters, and in their placement on the sheet. d and 

illegibility makes this difficult, the purpose is defeated. E 

( S O B  

In congested areas, and especially in those areas 
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f rockg 
It is frequently impossible or impracticable to determine the positions 0’ 

f tx@l  is awash, dangerous wrecks, floating aids to navigation, etc., by three-Point 
other means described above in section 76, In  areas where the gcneralhY~ogTapby~o 

this method of location, cuts may be taken from known shore positions, but morecybo 
quently they are obtained during the hydrographic sumey by n, third observer\Bi 
takes a sextant angle to the object simultaneously as the angles for position ’$th tho 
observed. @Ore 
position at which they were taken, and the object cut in is described. @re 
cuts from different positions, which will give an adequate angle of inters 
usually taken tjo each object. t sPet 

As the smooth plotting proceeds, these cuts must also be plotted. 
should be used as a guide for the approximate locations of thc objects cut in’ 

Such cuts rarely result in a perfect intersection and R judicious interP 
Thi the data is necessary to determine the most probable position of the objecks, ~IP 

distance of the object from the vessel, the inherent strength of the positlo’ as LP 
the size of the angle of the cut must all be taken into considcration. so 
certainties in the position fix are concerned, the smaller the angle Of the ctlle 
will be the effect on it due to slight inaccuracies in tho fur, espccially when 
cut in is at  the same approximate distance as tho stations uscd for the fixrn of tbe If the object being located is a floating aid to navigation, the direction 

frequeptl: 
current at  each observation should be considered. 

Where many cuts have been taken to different objects in an area, it  ’9 
extremely difficult to be certain which cuts were taken to idontical o b J ~ ~ a f u s I O p  
careful study of all the facts and data is necessary to avoid the possibilitY O 
of cuts. 

769. PLOTTING SUPPLEMENTAL DATA 

controlled by thee-point sextant fixes, such objects are usually cut in (See 7415). frp 

These extra, or third, angles are recorded in the Sounding Recorn 
Three ’ 

OctiOal 

The boa 

t the1& 

8nd 

d the 
811 

read tbO” 

77. SOUNDINGS AND DEPTH CURVES 
The soundings are the most important part of 8, hydrographic survey, be Jefir 

greatest care must be taken in putting them on the smooth sheet. 
and legible and, in general, a magnifying glass should not be required to eoU9’J 
The smooth plotter,must always bear in niind that an illegible sounding TbO 
transferred to a published chart may possibly result in loss of life and PropartY‘ ex@ 
fact that the work is verified before publication does not relieve the plotter 
cising care in the first instance. circ@‘ d l  soundings are penciled on the smooth sheet in the field. Under flaOfterverl‘ 
stances are they to be inked by the field party. 
fication in the Washington Office. 

They must 

is accomplished only 

771. DEPTH U ~ I T S  

OcOfiP sheet. The depth unit to be used will depend on the general region (in wyhobarte* 
the survey is located), on the specific locality, and on tile unit used on 

hic 
Only one depth unit (fathoms or feet) shall be used on each hydroBap . 

7711- Depth Unit in the Atlantic Ocean 
tribUtdy The depth unit of surveys in the Atlantic Ocean and bodies of water 

thereto shall be integral feet (and occasionally to tho nearest balf-foot) t 
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A. SMOOTH-SHEET SOUNDINGS 
arei” 

Where the depth unit on a hydrographic smooth sheet is feet, all soundings din@ 
ntegral feet (and occasionally half feet). Where the depth unit is fathoms, *11 Sou:orsi~P 
are in integral fathoms or fathoms and decimals. To accomplish this * ‘On !l@ 
from the unit of the depths in tho Souiiding Records is frequently necessary* figUr’ 
shall be done in accordance with the following rules which are also illustrate d 

(1) Where the same depth unit is used on the smooth sheet as in the Sounding 
integers on the sheet, any partial units shall be converted into whole units by changing 
into the  next greater integral unit, and changing decimals below 0.75 into thc next lcsser 
unit (e .  g., 2.75 to  3.75 fcet=3 feet; 12.75 to  13.75 fathoms=13 fathoms). 

tenths, partial units shall be converted by changing 0.075 or more into the ncxt ‘greater 

162: but ip 
ReCOrdt $ore 

; t h r 0 l  

9 ,pd 

,PitSf 

fatho$ it, (2) Where a8 in (1) the depth unit is the samc but  the soundings arc to  be plotted indecpfil up 

(3) Where a8 in (1) the  depth unit is the same but  the soundings are to  be ~ l o t t e d f ~ t & ? $  feet; 

be 
then 0.25 t o  0.75 shall become 3, and 0.75 to  1.25 shall bccomc 1 (e .  g., 3.25 to  3*75 

thet ‘Oe,t 
3.75 to  4.25 feet=4 feet). 

(4) Where the reduced soundings in the Sounding Record are ill a diffcrent unit , o t ~ 9 h  
used 011 the  smooth sheet, they shall first bc converted to  their ecluivalent values in the srn 

lotting* unit and then apply rule (1) or (2), as the  case may require t o  obtain thc values for p 

and less than 0.075 into the next lesser unit (e .  g., 2.575 t o  2.676=2.6 fathoms). 

Table 26 illustrates the application of these rules: 
TABLE 26.- Conversion of reduced sounding values to smooth-shed values 

- -- - --- -___ 
Roduced soundings In 

Bounding Rccord smooth shcct in 

I?eel Futhonia 
-1 .  25 -0. 21 

-0. 25 -0.04 

0. 75 0. 125 

1. 75 0. 29 

2. 75 0. 46 

-3. 75 0. 625 

4. 75 0. 79 

5. 75 0. 96 

Fathoma . i&thoma 
-0. 125 

-0. 025 

0. 075 0. 45 

0. 175 

0. 275 

0.375 

0 .475  

0. 575 

0. 675 

0.775 

0. 875 

0. 975 

B. CHARTED SOUNDINGS 
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Sounding on 
amooth sheet 

fleet 
1 
2 
3 
4 
5 

tioundlngs on 
smooth sheet I To bo chartod In 

To be chartod In 

Quarfer jafhoms Half Jafhome Integral jafhoma 

-- 
0 0 0 

0 
0 

% 
0 

% 
1 34 M f 

Infegral fafhoma 

0 

0 
0 
0 
0 
1 
1 

' 0  0 

772. PLOTTING THE SOUNDINGS 
,did9' 

To avoid soiling the smooth sheet during the penciling or inking of tlle.sou\yorkOd 
it should be kept completely covered, except for the small area a c t d ; Y  gitb 
on. A convenient method is to use a large piece of celluloid about 2% feet S q " 5 ~ o + d  
a circular hole, 3 to 4 inches in diameter, cut in its center, the celluloid cella' 
around as necessary during tho work. Paper can be used instead of celluloid, bat of 
loid has the advantage of permitting the work to be seen through it. Other grd'  

e pro" ping paper. (See 731.) 
.tiOfl 

cedure used in plotting tho positions; that is, the plotter usually begins Po:kk$ 
1 of "A" day and plots the soundings in the order in which they wero ~ctuellYdya;#' 
in the field. 
geous to depart from it in special cases. 

cording to the recorded time, or the travel of the paper in the case 0;: dey18tiop' 
and spacing dividers (see 4813) shall always be used for this purpose. 

the sheet can be kept covered with convenient sized pieces of obsolcto char ts or 

The plotting of the soundings on the smooth sheet follows generally the 

This procedure is, of course, not a requirement, and it may bo 
s p 5 d  
tbCJg,#' 

All soundings that are penciled or inked on the smooth sheet shall bo 
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8425’’ 

be made for each R.A.R. sheet and included in the Descriptive ICeport (seeag be@ 
This will give some idea of the relative accuracy wit11 which the hydrography ’ flede 
controlled, if the depths are accurate. This t&ulat,ion crm be most convOnlent’y ere 
as tho soundings are plotted on the sheet. At each crossing the depth diff COP 
computed and when these data are available for tho entire sheet, percentages are has 
puted which will give a reasonably fair idea of the accuracy with which the 
been controlled. 

eren~e’ 

7723. Spacing Echo Soundings 
s 

Because of the possibility of obtaining an almost infinite number of soundingGafi Or 

should bo shown on the smooth sheet. Echo soundings arc spaced in t h  convan itbed 
manner, except that a certain percentage of those recorded will often have ed ut irreg”‘ 
from the smooth shcct. oler 
lar intervals, but these arc usually more important than tliose recorded at rOg(seo 
intervals, because they dcfinc irregularities in the general slope of the bottoIII’ 
3423.) ClOOk 

Where soundings are penciled on the smooth slicet directly from a fathogram’ d Op 
time is not necessarily used to determine the spacing. Tlle printed fathogra? of tbe 
the 808 Fathometer contain equally spaced vertical arcs, by which the SPaclng do 
soundings may be dctcrmincd. Whcn a fathogram is used, the three-Pomt fixe580d 
often taken a t  the exact moment tho stylus is marlring on one of the vertical tbO 
irrespcctive of clock time, with the interval between positioiis being determ 
number Of Spaces betweon position arcs ratllcr than by the number of tbSb$ seconds. p 
the spacing dividers should be adjusted between any two consecutive :&O’ 
smooth sheet SO that cadi divider point represents a vortical printed arc On ”;h 

the echo method is used, there arc frequently more soundings recorded th@ tionl”l 

to be O f l  

I n  echo sounding, soundings are frequently record 

9 use 

ined bJ’ d 

Whcn soundings from such a record arc to 1 ) ~  transferred to tho S?oo 

gram, if the scale permits. When this is done divider point on tho @O0 tb0 
one of represents the position of the vessel wlicn the souncling was recorded On , rcletiofl 

did not coincide with one of the vertical arcs, the method is similar except that Ira ,,lo& 

vertical arcs. dill&’ 
with the printed arcs, rather than to the clock time, as is necessary for sOu:biOb 
recorded in a Sounding Record. Where thrce-point fixes llavc been obtuinedctio~’J 

parts of the spaces between the position arcs mush be considered in making tho 9P 
divider adjustment on the smooth sliect in relation to the positions, 
divider point will stdl represent a printed arc. 

Mechanical spacing of soundings derived from a fatllogram is not to 
Selection should be rnadc as described in 7726, plotting tl-lc soundings on 
sheet in thcir correct positions between the points of tho spacing dividers 
to their positions betwccn corresponding vertical arcs on t11o fathogram. 

In  any case, tho divider points should be adjusted to a dCfiillte 

go that 

be toideted* tb 
tho @$6 

by .refe 

7724. Frequency of Soundings ted 
be s@leo ~ J I  The scale of the smooth sheet and the sounding interval will ordinarily e so~oia 

The frequency of recorded soundings is, of course, greater in s l d o N  5 b ~ @  
so as to permit all soundings recorded in the Sounding &cord to be shown On th 
sheet. 
deep water, and this may result in more soundings bcing recorded than can 
on the smooth sheet. 

be 
I n  this case selection is nemssary (see 7725). 
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In 
Where the depths are recorded on a fathogram a different problem is present:; lipB 

this case, soundings are selected from a continuous profile of the bottom spfic* 
tradersed by the sounding vessel. The smooth plotter must have an aPProP gn&. 
ing in mind a t  all times, but he must not select the soundings by any regular sp 
The soundings selected should, insofar as their frequency permits, present "siselfl 
record that will approximate the graphic profile. In  all cases the least dcPth Of test 
the bottom must be selected, and this must be followed and preceded by tho gfeathO 
depths, where practicable, irrespective of any intermediate soundings. Likofl1'lse' b0ttOfl 
greatest depth of a depression in the bottom must be selected. In very irregulafundiD&s 
the number of these to be shown wilI be regulated, of course, by the number Of s o u d  
that can be legibly shown on the smooth sheet in a given space. Intermediate 
ings shall be selected which will best delineate the actual profile. 

7726. Selection of Soundings From Fathogram 

773. PENCILING THE SOUNDINGS 
to acbievO 

of lessof 
clarity. critical soundings should never be obscured by placing soundlngssbo& be 
importance too close to them. er&'J used, but it must not be so hard as to indent or cut the surface of the paper. Genof tho 
a 3H pencil will be found satisfactory, but this will depend on the humiditY 

As each day's soundings are penciled the plotter shall enter his initids gehiol,ndid 

In penciling the soundings, the smooth plotter must use every effort 

A pencil hard enough to prevent smudging 

atmosphere a t  the time (see 724). colo'ed 
pencil in the appropriate space in Stamp No. 38, Processing, placed in 
Record a t  the end of each day's work (see fig. 183). 

7731. Style of Numerals 

The penciled soundings shall be bold vertical numerals, drawn with sing2perjenc0 
Hair line or fancy lettering must not be used. The beginner will Usually but skill is 
some difficulty in penciling soundings neatly with even-sbed numerals, 
easily acquired with a little practice. 

0 0  Most of the numerals representing soundings should be about 2 mm in beigbt. Qk 
er the sOuafO size of the numerals, of course, should vary somewhat according to Wheth 

d b0 
s sboul 1.8 

ings are sparse or congested in any given area. In areas where the s 
sparse the size should be increased about 10 percent, and in congested area 

9 0  
mm in height, although even this limit may have to be lowered for areas in wblc\f@bJ 
soundings would otherwise be illegible. The important things to remember ar&sipg 
that no  sounding should ever be illegible and, second, that in order to present a 'ticabla' 
appearance a uniform size of numeraI should be maintained as far as p 
(See fig. 163.) 

to follow, the numeral representing the least depth should be drawn sXdlt1Y 
bolder. 
examination of the sheet should disclose these without the need for a meticulous 
ing-by-sounding examination of ths areas. (See also 7753.) 

7732. Size of Numerals 

,,nding9 

reduced about 10 percent. Ordinarily, no sounding numeral should be less 

rnc 
e d$dt  

d In areas of intensive development where individual lines of soundings ar 
1nr&@ *; 

and a c@& Such.depths are the most important soundings in the area, so1'D 
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EXTREME MAXIMUM SIZE 
f.- o n e  inch 4 
2s 3 5 4 3 2 qOd 2616 4 

33 Soundings .......................... 2.2mm. 
50 ,C Character of bottom ........ 2.0 mm. 

7 L 5 6  30 w;, 78 ; position numbers 

231 100 c 398 274 126 mi 53,,c 

0 fne gy S 

and day letters ............ 1.0 mm. 
crs S P 62 i 

PREFERRED AVERAGE SIZE 

? a 4 5 6 7 5  3wd 32 Z6W T 
Soundings ......................... 2.0 mm. 

and day letters ............ .0.8 mm. 

4 5 r  
57 

7!633 49 32 2k 62 E position numbers 

291,'.20 318 249 1% 53 

Character of bottom ........ 1.8 mm. fne 9y S 

crs S P 

I S  c 

7733. Orientation of Numerals 
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7734. Fractions and Decimals 
whole 

Figures in a fraction or the decimal parts of a depth unit must be smaller than 15 numbers. In  general, the over-all height of a fraction should not be more mlere& thea 

,mi&@' 
percent greater than the over-all height of the whole numbers in that vicinity. 
fraction stands alone the horizontal bar between the numerator and den ction 
must be included, in order to avoid mistaking the component parts of the tioD for whole numbers. But if the sounding is a mixed number-that is, where a fret 
accompanies a whole number-the bar shall be omitted. ,&on 

The decimal part of a fathom shall be considered as the numerator of * fLIlcjled 
whose denominator is 10, but with the denominator omitted, and shall be so p 
and subsequently inked on the smooth sheet. The horizontal bar which is, ed as 
used between the numerator and denominator of a fraction shall be rotann 

t w  
line under the decimal part of the sounding. 

fathom, on a smooth shect whoso depth unit is fathoms, the decimal Part 
preceded by zero, as Oa. 

is necessary with whole numbers, since their smaller size requires greater P . 
the formation of the numerals, in order that they shall be perfectly legible In sp 
their reduced size. 

drawn and SO spaced that no doubt can ever arise as to whether a fraction 
alone or is part of an adjoining number. 

nor~l5"' 

NO depth shall ever be shown as a decimal alone. m e r e  the depths are less be 

tha* 
in 

erfoCtion it0 of 
' Greater care must be taken in pending and inking fractions ,and 

be In  congested areas it is particularly important that fractional nwbors ,t,fids 

7735. Zero and Minus Soundings 
be td"' 

Where zero soundings are placed on the smooth sheet, extreme care mvst 0s 
in drawing these figures in order that they will not be'mistaken for off-lYmg roGkbgoSO 
islets. This is especially important along rocky coasts where s m d  ted . 
rocks or islets are frequent. 

A minus sounding (see 7715) should be preceded by a minus sign (e& -')** 0' 
and not bi,s~ minus sounding is a fraction, the minus sign shall procode tho numerator, 

a line with the bar between the numerator and donominator, sincc in tlle 
it might be mistaken for a part of the bar. 

If tbO 

latter 

(See also 7734.) 

* t i 4  
The center of the number, including the fraction if any, is considered the Po': for 

the soundings at  positions. tb0 
In  penciling or inking soundings at  positions it is important not to obsoure tho 

where &I4 
if *fly1 of position dot by any part of the number. 

number is composed of an even number of digits, considering the fraction, 
one digit, the sounding shall be placed with an equal number of digits on. each 'it$ 
the position dot. where the number is composed of an odd number of dlg its it . t i o ~  
be placed as follows: (a) one-digit numbers immediately to the right of tl10 '::bird 
dot; and ( 6 )  three-digit numbers with the first digit to the left,and the second 
digits to the right of the position dot. 

7736. Position of Numerals 

of that sounding and shall be so penciled and inked on the smooth sheet, edC@ 

Thorefore, in those cases, 
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(c) An inaccurately calibrated sounding apparatus or the misapplication of tlrc CorrectionS! 
which may be the following: 

(1) Leadline not compared with the standard. 
(2) Leadline varied in length between standardizations. 

(3) Sounding machine registering sheeve 

FtounE 104.-Right-hand pago of Soundfng Record with 
corrections properly made (reduced about one-half). 

- 
not correctly calibrated. used 

(4) An erroneous velocity of Bound 
in the reduction of echo soundings. 
(d )  ~rroneoi is  application of any of the datt” 

(e) Large clock errors which may result 

(f) An inaccurate plane of reference; 

used in reducing the soundings. 
jn’&n 

errors erroneous tide reduction. 

from thifi source may occur where- 
(1) The tide gage is located at to’ 

a distance from the area being sounded. 
(2) The area being sounded is blo 

(3) The tide gage is SO located that 

&cd 
shoals from free access of the tide. 

the 10‘ rise and fall %f the tide, particularW 
water, is not correctly recorded. duo to 
(g) A rough state of the ~ea-errOrs d d S  this condition may be detected where 

work performed in rough weather is adjtlcent,: 
another day’s work performed in calm WeetbcfJ under 
wllere crosslines have beell run in en area 
different conditions of sea from those Wh$hji:i 
tained at the time the principal system 

free 

was run. ctlY 
(h) Where thc lcadline or wire is not 

vertical-such condition occurs when tho ’ d 
ing line is run in a wind, sea, or current, 
soundings being parlicularly vulnerable inwater 
revec t  (see 3464); wire soundings in deep impOBSf’ 

may be similarly, aifectecl because of the the Pas’’ 
bility or impracticability OF maintainill: 3422). 
tion of the vessel vertically over the lead t”re 

(i) Where handlead or wire sounding;here 
taken in an area of very soft or oozy bottom, the 
it  is difficult or quite impossible to  detect WhE1I 

lead strikes the top of the soft layer. 
upt810p;; (31 Where soundings arc taken on abr 

be 
(1) In handlead or wire sounding’ 

(2) I R  echo sounding, the sound ”’rpfl 
reflected from the side of the slope 
from vertically beneath the vessrl (see oSitiOP 

(3) A small displacement of the p by 5 
of the sounding may affect the depth 
considerable amount,. 

lead may slip down a rocky slope. 

7741. Corrections to Rtxordcd Datu 
tpir  

or SO@ 

The instructions for recording the data forbid erasures, and recorders corrcc:h OpO 
errors by crossing out the erroneous entry and writing t‘iie corrected one above Or 

side (see 81). The smooth plotter may frequently find that the rejected cntrY7 
part of it, was correct, but that its application may not have been corrcct. 
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An example of a right-hand page from the Sounding Record of three-point fix 
hydro@aphy is illustrated in figure 164. Typical errors and omissions are shown, to- 
gether With the proper method of checlunarlcing and correcting them. The corrections 

be made by the smooth-sheet plotter according to the following general instruc- 
tlons : 

('1 All corrections and notes in the Record must be made in colored pencil, the same as used for 
the positions (see 7624), in order that  i t  will be clear what data were used for plotting 

The original recorded data shall never be erased, no matter how certain the plotter may be as 
to the correct entries. Such corrections should be made by crossing out the recorded $ata and, where 

But in any case, the correct data 
Bho'ld be SO entered that  no mistake in interpretation can be made. 

e Position and tha t  i t  was not a correction made in the ficld at the time of recording the data. 

entering the correct data  above the erroneous data. 

('1 The reason and authority, if any, for the revision shall be cntercd. 

. After tlie smooth sheet has been completed, it should be in complete agreement 
'lth the corrected Sounding Record. No positions should appcar on the smooth sheet 
""pt those which are based on data in the Sounding Record, or are fully explained by 
?lementa1 entries; neither should any depths be penciled on the smooth sheet which 

It should be possible at 2 b e  in the future to justify any information on the smooth sheet by reference to 

775. CONGESTED AREAS 
Cases frequently occur wliere it is impossiblc to  show adcquatcly  arts of SU~VCYS 

at the Scale of the smooth sheet. Among these are: (a) intensely developed small 
(a> soundings taken in small docks and alongside small piers; (c) large water 

developed with two or more systems of lines, Clarifications in (a) and ( b )  aro 
Plished by means of subplans at enlarged scales (SCC 7751), and in (c) by means 

not appear in the Sounding Record or on the fathogram. 

e 'ounding Record or fathogram. 

&CCOQ 
of 

overlay tracings (see 7752). 
7751. Subplans 

'Uall congested areas shall be shown at enlargcd scales in subplans in otherwise 
b''hk SPaccs 011 the smooth sheet, wliere practicable. The scale and extent of the plan 

135"ZO' 

0 Her 

57"0( 

NITAL COVE 
Scale 1:10,000 FAT 135020f Scale 1:2,500 

FIOWRE 166.-Subpl~ Of small C O W  on smooth shoot. 

'hall b Bt . e large enough to show the positions and soundings clearly, and to includo the 
"ltlons used to control the hydrography to be plotted thereon. 
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Enlarged subplans, such as those to include the water area of a small bay, bi$” 
inlet, or anchorage area, shall be surrounded by a heavy margin in black ink. toPe 
subplan must include the scale, the name of the water feature, if any, and at leas 

of the smooth sheet of which the plan is an enlargement, where it can be done w1 
interference with the hydrography. A fine dash pencil line should be drawn arou nd th* 
area on the original scale which has been enlarged. Details shown in the enlarg dd 
may be omitted from the original scale. Wherever practicable, the subplan r;.jr 
be located so that its meridian and parallel coincide with two of the lines of tb 
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meridian and parallel. An arrow should be added leading to the plan from th5,tbOat t Part 

Where soundings are taken in small docks and along the sides and ends of oftbegs 9fl 
cipal projection. (See fig. 165.) asI 
piers and are located by reference distances to or along the piers, enlarged plans 

Scale 1:5,000 

FIOURE lBB.-Subplan Of pier with soundings alongside. 
0d 

shall be shown as nearby as convenient to the areas at the original scale. If the caldtbe 
plan cannot be shown adjacent to the area, there shall be an arrow lead&& 
enlarged pier from that place on the shoreline where the pier is located. Such j~ 
need not contain a scale nor be surrounded by a margin. Each plan s h d  shO‘ 
figures the principal dimensions of the pier. 

to  

(See fig. 166.) 

7752. Overlay Tracings 
@I@ 

Where the subplan method is impracticable, because of tlie extent of :‘ig:oj 
involved, or for any other reason, overlay tracings shall be used. These are PI0 
tracing cloth, at  the scale of the smooth sheet, of one or more of the several sfst$& 
sounding lines used to develop the area. In order to achieve clarity, it is to 
necessary to use more than one overlay. The overlays need be only large 
include the hydrography in question, and need not cover. the entire sheet. sbOOb* 
tracting is done directly on the tracing using the control points on the smooth ad Both positions and soundings on the overlay shall be inked (positions in blaolc 

ugllrod 

soundings in red). ‘@Vfl  

Tb0 p 

Each overlay tracing shall be refercnccd to the smooth sheet by number as .Oat,id’ 
lay to accompany H-5236,” and shall be marked by a sufficient number of Pro’ des. 
intersections, at  least two of which shall be identified by their latitudes and 1ongibu5Dd 

Smooth-sheet plotters may determine where overlay tracings are necessazsib10 
what portion of the work should be so prepared by the criterion that it must ba 11101 
for the verifier to identify each position on the various sounding lines. As a genera’ ’ of 

sysb0’:ra where the sounding lines are not much less than one-fourth inch apart, two 
lines may be satisfactorily plotted directly on the smooth sheet, but where there 
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O r e  than two systems the additional systems should be plotted on one or more overlay 
N 
t%lgs. 
pch” ‘Or there are three systems of sounding lines, A, B, and C, in an area, system A should be plotted and thesoundings 
DSh:? on tho smooth sheet. The position dots should be inked but the position numbers and day letters should be left in 
’81bQat this Stage of the plotting. It Is often advantageous to identify the positions temporarily by placing the numbers and day 
a outside of the congested area, connected to their rospectlve positions by lightly penciled leader lines. The second system, 
tdirPeither A nor B Is too closely spaced, should then be plotted directly on the smooth sheet in the same manner as A. In penofling 
$:tQdings of system B it will be found that some of those occur where soundings from system A have already been penciled, and it 

enecessaW to erase some of the A soundings to make space for sboaler soundings obtained on the Bsystem. The resultant sonnd- 
?On thesmooth sheet should be an adequate selection from thc A and Bsystoms, depending on the depthsobtained. No preference ‘82:; be given to tho soundings of ono system over the other. After tho soundings have been penciled, the position numbers and day 

%q be of system Cshould now be plotted on the overlay tracing, with the least depth found by that system empha- 

by:z$21rsst depth obtained from all of the systems on any given shoal must be plotted on tho smooth sheet and indicated 

r p p  be hked where they will not interfere with the soundings, using short loaders where necessary. 

Bn amow pointing to it, on which is lettered the depth, position number, and day letter. 

oso end in n clear space is given the depth, and the position number and day letter (see 7763). 

4 1  overlay tracings must be forwardcd to the Washington Office with the smooth 
When the latter is verified in the Office the positions will be transferrod from the 

overltlYs to the smooth sheet, and a selection of soundings made which will adequately 
the depth s in the area; after review of the smooth sheet the overlays will be 

estroYed. 
7753. Least Depths 

The least depth on each shoal, whether or not it contains intensive development, 
8h0u1d always be shown slightly larger and bolder than the surrounding depths, in 
:der that it will not be overlooked even in a cursory examination of the smooth sheet. 
P And in all cases where there is any doubt about the least depth being 
ia noticeable, there should be addcd, in pencil, a legend “Least depth _ _ _ _  ft” 
th‘ ‘’0” space (on the land area if necessary) with a fino arrow, or leader, drawn toward 

e Q1nhum depth. The position number and day letter should also be given if not 
Othewise clear. 
bB If available, a bottom characteristic should always be addcd as near the least depth 

Practicable. 
%e same general proccdure shall be followed whcn such least depths are inked in 

.the ‘$,e, except that the position numbers and day letters will ordinarily not be inked 

7732.1 

‘‘the legend. 
776. DEPTH CURVES 

’epth.cUTzm, or curves of equal depth, arc shown on the smooth sheet,for the pur- 
of bringing clearly to  the eye the general configuration of the bottom, and for 

%) e‘pha5izing important navigational features, such as shoals and channels. They are 
d* Of Value in studying the adequacy of tho survey in the Office, where areas are often 

i~, Depth curves are comparable to contours on land, each curve representing an 
d ‘gmav line on the ground (in the water area), every point of which is a t  the same 

below the sounding datum. The principles which govcrn the delineation of land 
CaPtours are oqually applicable to the drawing of depth curves, and a knowledge of 
4 graphic expression and submarine relief is essential for thcir correct representation. 

of the Characteristic bottom forms in any region is of value in the interpretation 
8s such forms usually repeat themsolves in similar regions, and often 

the 
op - ‘bnormal or improbable depth curves are strong cvidcncc of probable uncertainties 

““Curacies in the hydrographic survey or the reduction of records, and the soundings 

Pose 

that require additional field examination. 

region. (See 3531 and 355.) 

4e538~44-48 
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or positions controlling such abnormalities should always be verified before accePt"? 
as correct (see 353). 

Depth curves shall be penciled on the smooth sheet before it is transmitted to 
Office. The colors adopted to  represent the various depth curves on hydrogr5Ph" 
surveys are listed in table 27. Depth curves on smooth sheets are only inked 
Washington Office after the survey has been verified. 

the 

in tb' 

Curve in 
fathoms 

0 
% 
1 
2 
3 
4 
5 
6 
10 
20 
30 
40 
50 
100 
200 
300 
400 
500 

1,000 
2,000 
3,000 

TABLE 27.-Depth curves 

I I Curve in 
feet 

To be inked j in 

7761. Selection of Depth Curves 
3bi5 All of the applicable depth curves listed in table 27, except as modified under i&- 

heading, shall be penciled on the smooth sheet. However, if the survey includes 

curves listed, additional curves should be drawn. Thc nonstandard curves and 
reason for using them should bc given in the Descriptive Report (see 8424 .  

shall alwsys be penciled on the smooth sheet by the field party, and the %-fathom 
shall be added where it may b j  useful in small-boat navigation. 

On steep slopcs the curves may be so closely adjacent as to  be confusing; in such 
the shoalest and the deepest curves are gencrally the most important and S h O  

shown, omitting the less important intermediate ones. Where rocks or steep 
rise suddenly from much greater depths one or more of the decpcr depth curves eral 
frequently be omitted; for instance, if a 5-fOOt depth on a rock is surrounded by gen 
depths of 20 fcet or more, the 6-foot curve must be drawn, but the 12- and 18-f00t tl10 
may be omitted. In channels with steeply sloping sides, the curve which gives of 
maximum through depth is the most important and should be shown at  the exP@i;o$ 
some of the shoaler curves. Likewise, whore islands, shoals, or reefs risc abruptly 

nificant submarine features which are not emphasized sufficiently by the Use of the 

cllr~Os Although thay will ordinarily not be inked (see 7763), the 4- and 6-fatbom 

claritY + 
cese5 

Occasionally some of the depth curves should be omitted for reasons of 

uId 
s ~ l ~ 3 s  
&O"d 

cupes 



19 
depths where there may be 19 
dangers to navigation, one 19 

should always err on the side 2o 20 24 

‘“Ve must .be drawn to in- 19 2 ,  21 24 

the part of the area in 19 

?hiCh a shoal sounding is pos- 20 

‘lble. For example, where A 

23 21 
22 21 

2 3  

23 
2 4  23 

B 
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Depth curves or parts of curves that are not well defined, as where they 
dependent on one or two soundings, shall be shown as broken lines, except where ologe 
inshore, in which case they shall be omitted entirely. 

011 

the smooth sheet. Where it is not well defined by the soundings, data from other 
sources as prescribed in 754 should be used for its delineation, 

The low-water line, of zero depth curve, is one of the most important curves 

7763. Inking the Depth Cums 
The depth curves are inked in the Washington Office following the colors,g i ~ e n  

in table 27. The word “omit” opposite a depth in the table indicates that o d n  ariV 
that ctirve is not to be inked. 

Nonstandard curves penciIed by tho smooth-sheet plottor to delineate subJn asin0 
features not sufficiently emphasized by the standard curves (see 7761), shall be inked 

Any curves not inked shall be erased by the Verifier’ 

in brown on the Emooth sheet by the verifier. (Sea also 9336 and 9342b.) 

777. INSPECTION OF PLOTTING 
After the positions and the soundings have been plotted and the depth CUT@ by 

and the bottom characteristics (783) have been added, the work shall be inspected 
a responsible person for completeness and accuracy. In addition, the depth curves 
and the differences in depths at crossings and between adjacent sounding lines 

to 
be critically examined. 

ensure that they are cle$r and legible; there shouId be no doubt, under any clscu@- 
stances, as to the least depth on any rock or shoal. doubt 
about the deepest *draft that can be carried safely through any channel, along 
ommended course, or through any particular areas where passage of vossels is frequent’ 

7771. Diflerences i n  Depths at Crossings 
of l%ere excessive differences a t  crossings am encountered in a survey, a study 

The inspection should also include an examination of all critical soundif&’ 

Neither should there be 

the results should b e  made in order to discover, if possible, the source of the trouble 

fault in the sounding apparatus or in the method, or some error in the record. WWt and to make such corrections as are necessary. 

is to bo considered excessive will depend on the strength of the control, the accurncy to 
of the sounding method, and the character of the bottom. It is impossible to fornula 

hydro* 
t differ’ One experienced in 

graphic work will recogniec, for any set of conditions and any‘given area, wha 
ences are excessive. 

Where differences in depth are discovered, all the possible causes must 
sidered, and almost any one discrepancy may result from either an  error in P 
or an error in depth. It is particulmly important to remember this, cSPcial” 

account for the difference in depth. (See aIso 563.) 
The alIowabIe difference in any given case should not be based on a Percantogo 

of the depth, but rather on the lateral displacement of the depth curves. 

Such differences may be due to 

rule which will cover all of these variablc conditions. 

be Con’ 
ositiofl 

in 
areas of steep slopes, where a slight displacement in the position of the sounding may 

In 
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atively even bottom, such as exists in the Gulf of Mexico, a difference of 2 or 3 feet 
QaY be excessive, because of the amount the depth curve is displaced. On the other 
hand, in areas of steep slopes a difference of several fathoms may be readily allowable 
since the position of the depth curve may not be affected appreciably. 

If the control is strong, excessive differences should not be caused by uncertainty 
Of Positions except in cases of pure blunder. Individual cases of excessive differences 
QaY result .from an error in protracting or from an error in the reduction or plotting 
Of the soundings, and the first step in tho elimination of such errors is to verify the 
Positions and depths Where crosslines have been 

on a different date from the original system of lines, the discrepancies may be due 
to differences in sea aiid weather conditions on the two dates; and these should be 

A statement shall be made in each Descriptive Report relative to the discrepancies 
at crossings (see 842K). Generally, this may consist of a simple statement of tho 

of crossings a t  which the differences are 1, 2, 3,  etc., percent of the depth. 
BCcausp. of the relative weakness of R.A.R. control in certain areas, a complete tabula- 
tlon of the depths at  all crossings shall bc made for each R.A.R. sheet (see 7722~). 

the vicinity of tlie discrepancy. 

7772. &uiniiiutioii of Depth Curves 

The best evidence us to the adequacy and completeness of the survey is whether 
the depth curves can be completely drawn, and whether their shapes and convolutions 
are natural, A study of the depth curves may disclose discrepancies from several 
'OUrces. \Viere tho depth curves do not, represent nornial types of bottom relief, 
'0Qe Source of trouble is to be sought. For example, a tidc gage inadequately located 
"f~h reference to the hydrography will result in depth curves having a jagged unnatural 
'ppearance if based on adjoining parallel lines run at  diffcrent stages of the tidc. 

A study of the depth curves, and a consequent study of the hydrography in the 
"cinity, may also reveal discrepancies due to the use of different methods of sounding 
Or the use of digwent sounding instruments, and may result in actual corrcctions being 
bade to some of the lines of soundings and in rejections of others. 

. 

78. ADDITIONAL DETAILS ON SMOOTH SIIEET 
781. EXPLANATORY NOTES 

A variety of miscellaneous explanatory notes is required on the smooth slicet befora 
it can be considered complete. Such notes should bo mado as short as practicable and 

give the desired information. (See fig. 171.) Those referring to hydrographic 
features shall be in slanting letters, and those referring to land features shall be in 
":tical letters. The lettering should be freehand, upper and lower case, thc average 
hcl&t of the capital letters being 1.8 mm, the lower-case letters being proportionately 
'Q%r. The size of tho 
lettering should be consistent throughout each sheet, in order to present a pleasing 
1&PPoarance. In  congested areas it may be reduccd in order to conscrvc space, but tho 
ett@rs should never bo so small as to  require a magnifying glass to read them. 

A good deal of latitude may be taken in the placement of notes, as long as it is 
perfectly clear to which feature a note applies. This may be accomplished in many 
CasCQ by the use of leaders (see 7914). 

Notes should ordinarily begin with a lower-case lcttcr. 
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Unless stated otherwise under the specific paragraphs, all explanatory notes PJaced 
t those in the land area or in clear spaces in the water area shall be inked in black, bu 

that must be placed in the sounded area should be lcft in pencil for subsequen 
in the Washington Office, after verification of the survey. 

notes, or any symbol that appears in the water arm, as thoy might be confllse 
bare rocks. (See also 783.) d 

elsewhere in this Manual, the following gencral classes of notes are required. 

lower-case letters, and in parentheses (see fig. 171) .  

“marked”. 

by the word “landmark”, together with the elevations above the ground and above meall 1 
if known; and if the iimw is riot self-explanatory, a fcw words describing thc object shodd be a 
(see 7844). 

(c) Each object in the water area used as a siyual dial1 be cxplaincd by a I l ( J t C  statillg 
it is of temporary or permanent iiatiire, ancl if pcririaiierit its cliaructcr inlist \)e c1rlicrii)rtl for the 
matiori of the cartographer in charting (see 7444). 

(d) Iiacli control station that  is a natural or artificial object and is pcmianc!nt or semiiierln 

(e)  If the xoilrce of the position of a control station is other than the official records of the 

t inkid 

Periods shall not be used under any circumstances in connection with rIays7 

In addition to  the types oI notcs referred to above and thosc specifically mentio” 

Word (a)  The name of cacli rnarkcd recoverable topographic station shall be followed IJY the 

( b )  The name of each rccommendcd landmark shown on thc hydrographic sheet shall be follo\“ed 
1 igh W@’ 

dded 

,zrllotller 

anellf 

irlfor- 

Bureau' bhdl be briefly described in one or two words iinincdiatcly following the station riamc. 

an explanatory note shall IX added aftw the station narric to  stat,c the source of the data. 

782. ROCKS, REEFS, LEDGES, AND ROCKY ARSAS 
in tile 
bo Do 

ilsed for 
bbrCvi- 

The representation of these features is one of the most important pbasos 
plotting of a smooth slieet. Great care is ncccssary in order that tlicrc s l d  
ambiguity regarding tlicir true character and that tho conventional symbols 
such features conform to the adopted standards in part “0” OP thc Symbols and A 
ations chart (see fig. 189, part IX). 

In applying these foaturrs to thc smooth shcrt, those that originate sok‘lY . arid 
hydrographic survey or that result from nn adj ustmcnt betwecm the hydrogr@hlc 
topographic data should be lcft in pcncil by the field party (see 7827). A’’ Other 

survey) should be inked in black unless otherwise notcd in this Manual. 
treatment sbould be followod in the case of descriptive notcs or clcvatiolls 
panying such features. 

wit11 ti’’’ 

ogTaP@ 
features (and primarily these include information transfcrrod from the top sinZ;’a‘‘ 

(Sre 7825 and ttible 28.) 

7821. Pluries of Reference or Sounding Dalums 
of refer’ 

vyrcter ence (sounding datums) and one special plane arc in uso. They arc meall  owp pacific 
fin@@ 

(MIJW) for thc Atlantic and Gulf areas, mcan lower low water (MLLW) €or the 
areas, and mcan low water springs (MLWS) for t ~ l e  ~ucific entrance to the p. ~ 1 0  
Canal (SCC 8224). Thc plane of moan high water (MRW) is tho datum to w ~ ~ ~ ~ ~ ’  

t P B  
shorelinc and all land elevations arc rcafrrrcd (see 2311). 

All rocks, reefs, and ledges shown on the smooth sheet must be referred 
plarics, and to  no others, and they must be symbolized in accordance with the 
given in 7823. 

In the hydrography of the Coast and Geodetic Survciy two general planes 

rLl]~9 



“le rock as seen by the mariner. On 

“I tile data relative to roclrs, reefs, and 
ledges. (See also fig. 1G8). The rules 

of Course, not inflexible, and in 
“’elr application consideration sllould be * 

given to  the c~iaracter of the area, 
’vl‘ctbr exposed or protected; tlic 
’roxilnity to sliore; tlie range of tlie 
t’de; and the extent of tho minus tides; 
“le ‘Ontrolling factors in all cases being 

emphaqis on dangers and the tho 
P’obabl~ visibility of the rock a t  some 

of tlie tide. (See 9334a.) 
Regardless of the sounding clatuin, 

,yFe4ces to Allalltic Coast iiicludc 

Panama Canal 

I I I 

I 
R O h K S  A W A S H  

I S U N K E N  R O C K S  I 
FKIURB 188.-Rclntionship of rocks t o  tidal dntum plnncs. 

7823. Rules of Application 

c a* Bare roc]cs.-~toclts wit11 elevations of 1 foot or morc abovc mean high watcr on t,hc Atlantic 
~ l l e  actual sliape of 

b: ’ock should be sho\Vll if it  js lilore than onc-ldf niilliinctcr in  diirrnclcr 011 the sWWg SlICl‘t, other- 

z ’* Rocks awash.-Rocks sllall be rcprcscnted by tho awash symbol wlicrc tlicir summits arc in the 
between 1 foot &ovc mean high water and 1 foot below the sounding datum on tho Atlantic 

The same applics t o  reduced soundings in roclcg Ysi tllat arc \)g d@,hs considerably grcatcr than the soundings. Tlicsc liniits arc for 
edr’ced dcpt 11s i n  thc Soutiding Record. 

The symbol for a rock awash is three crosscd lines, one of which is parallcl t o  tlic lines of latitude. 
1 ‘* Sun/cen rocks.-~oclts potelltially dangcrous to  navigation, whosc suinniits are bclow the 
Obcr limit of the xonc for rocks awash, arc classcd as sunkcri rocks, and arc rcprcscntcd on tllc smooth 

by 8p11l>ol (a simple cross), or by a sounding accompanicd by the 1cgcnd“llk” dcpcnding 

(1) Thc sy11111ol sllould be used whcre IJic dcpth ovcr the rock has not bccn dcfillitrly detcr- 
PniIicd, as in case of traiisfcr from tlic topographic survey, or wherc brealccrs hnvc bccn cut in but 

soundings taken, or whcrc tlic dcptli obtaiiicd docs not rcprcsc~~t  tlic least depth ovcr thc rock. 

or 2 feet or more on Pacific Coast, sllall bc sliown as barc roclis. 

Igc It shotlld bo indicated by a dot. (SCC fig. 169.) 

On tilc l’acific Coast, t,]lc lilnits arc 2 feet. 

nature of the availablc information. 
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dePtb 
(2) The sounding, with legend “ I W ’  appended, should be used in all cases, where t 2 0 r e  00 

on the rock is known, and where the rock, at the sounding datum, is covered 1 foot Or 

there js 
the Atlantic Coast or 2 feet or more on the Pacific Coast. 

(3) The abbreviation “Rlc” may be appended to the sunken-rock symbol Where 
risk that the latter may be overlooked or mistaken for a defect in the paper. e d  

(4) Under no circumstances shall both the least depth and the symbol be used to 
the same rock. ,,ccurete’Y 
d. Accuracy of location.-Any specific rock (bare, nwash, or sunken) which has been 

located by a rod reading, a three-point sextant fix a t  the rock, or sextant or planetable C‘ 

a good intersection at the rock, shall be encircled by a dotted line to distinguish it from 
whose positions are estimated, or are from generalized symbolization. 

If a rock is so located by the topographic survey, the dotted line shall be in black ink. 
by the hydrographic survey, the dotted line shall be left in pencil to be inked in red after the @Oot 

sheet is verified in the Washington Office (see fig. 169). 
It is to be noted that the dotted line is not to  be used around rocks located by estimate 

tances from a sounding line. 

ts forfling 
those rookS 

If loo@; 

dj8- 

7824. Reds and Ledges 
which flay 

or may not be above the sounding datum in elevation. A roclry recf is always b 
tached from shore, but a coral reef may or may not be connected with the shorc;& 
ledge is a rocky formation connccted with and fringing the shore, an.d is gcni  the 
above thc sounding datum in elcvation. These terms should always bc SO TIsed u,llcss 
Sounding Records, and will be construed in accordancc with these definitions, 

ked information from other sources indicates otherwise. 
by 

on tho smooth sheet to show thoir nature and extent. They may be reprCsentCd tho 
symbol or by broken line and lcgend depending on which method will Sho$d&o, 
feature correctly and clearly with the least amount of work. A small reef a consid*Cr’ for example, might bo shown by symbol but a large recf or ledge extending 
able distance along the shore may be indicated more economically by a broke” ‘lPO 

with an appropriate legend. ,iflit5 
There is no distinctivc symbol for a submerged rcef or ledge, and where tho sullker 

have been determined they should bo indicated by a broken line, enclosing 
rock symbols or an appropriate legend (sce 7826). wherO 

No distinction is made bctwem the symbol for a rocky rcef and a ledge* bo], 
a reef is continuous at  thc sounding datum, the standard rocky-ledge or col*al s y ~ & ’  
as the case may be, sliduld be uscd (scc fig. 189, part 11), but wherc tho roof is g”&olS 
submerged and projccts only in spots abovc thc sounding datum, roclc-nwasb sS‘ s i 0 ~ 5 *  
should be used to represent the protuberunccs arid sunken-rock symbols, tlm dcp e t i f l ~ 5  

unobtainable from a single sourcc. tho 
sheet, their limits and cxtent should be basod on all available information be t&ofl 
Sounding Records, the boat shect, and the topographic survey. tof 
to distinguish between positions outlining a reef, and thosc outlining a sandy 
line intcrspcrsed with rocks awash. 

A reef is a rocky or coral elevation dangerous to surface navigation, de- 

These features when bare or awash a t  the sounding datum must be c:lear13’ 

res 
From their very nature, tho oxact delinentions of reefs and ledgrs an? ‘Ora 00th 

Therefore, in plotting such fcaturcs on from 
Care should 

low-@ 

7825. Elevations and Notes 
dahu? 

All notes and elevations relative to roclrs should be referred to the P‘.eCiyB,lfiYI‘ 
planes applicablc, and not to a goneralized one. For oxnmplc, “uncovers 2 ft  
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P u d  be used and not "uncovers 2 f t  at LW”. Bare rocks should be referred to mean ’” ’ W e ?  (MHW) and rocks awash to tho sounding datum (MLW, MLLW, or MLWS), 
?‘@pt that rocks awash at  mean high water should be SO designated (see 7823). Elcva- 
tlons above any datum should be given in feet to tlic nearest whole foot. Descriptions, 
such as “brcaks at  half tide”, “breaks in heavy weather only”, and the like, are of 
““lo for charting and should be shown on the smooth shcct whcrevcr the information 
“ been obtained. Jiidgmont is required in tShe selection and proper placcment of 

h 
in order to avoid crowding tho shect with a multitudo of unimportant notes, 

no importa,~~t danger should ever be shown by symbol alone. 
a* Bare rocks.-The elevations in feet of bare rocks should be shown by slanting figures, in paren- 

theses~ close t o  the feature. If they+originate with the topographic survey they shall be shown in red, 
Otherwise in pencil to  be subsequently inked in black in the Washington Office. (See also 755 and 782.) 

by socks awash.-Elevations of rocks awash above the sounding datum may be indicated either 
hates, such as “uncovers 2 ft at MLW” or by slanting figures alone, in parentheses and under- :Fd1 for example (g). (See part “0” of the Symbols and Abbreviations chait, fig. 189, part IX.) 

beawash at the sounding datum or a t  mean high water, a note such as “awash at MLLW” should 
sl used. No rigid rules need be followed, however, in the use of one form or the other. It is left 
iq;? to the discretion of the smooth-sheet plotter. Generally, howcver, it  is desirable to use notes 
pock e Case of isolated rocks, or for the highest rock in a group of offshore rocks, or for the outermost 

Of a number of alongshore rocks. In  congested areas or for the many less important rocks the 
uqderscorcd figure should be used. 

Reefs and Zsdges.-The above considerations also apply to  the notes and elevations of reefs “‘ led@& above the soundiiig dat,um or to  the rocks awash in a generally submerged reef or ledge. 

7826. Rocky Areas 

to m e r e ,  owing to licavy seas, low tidc, draft of vcssel, ctc., it has bccn impossiblc 
sound in an area with a rocky bottom, but which, is otherwisc clear of rocks, the 

abPro&atc daiigcr limit should bo indicated by a line of sunltcn-rock symbols. 
th h a r e ,  owing to a multitude of scattered rocks, it is nccdless to sound in an area, 

@ Positibns of the off-lying rocks should be dctermined and tho  unsounded area should 
be @arkcd “foul-unsurvcyed”. (See also 7824.) 
&e m c r c  large areas, unimportant for navigation,.have not bccn thoroughly survoyed, 

u ’hW~ thick beds of kelp border tlic shorc or where an extensive foul area exists in a 
‘@‘Ote locality, the outer limits should bc shown on the smooth shcct and a11 appropri- 
“@ legend added inside. For lrclp, tho symbol should bo uscd nnd tho area should 
“’ltah the lcgend “licavy Icclp, not navigablc, not thoroughly surveyed”. For a foul 

a dasli line shbuld be uscd cnclosing the legend “foul, not tlioronghly survoyed”. 
(‘@@ 3623b and 367.) 

7827. Reconciliatiora of Topographic and Hydrographic Data 

As is notcd in 75, discrcpnncics botwocn the topographic and hydrogrtiphic survcys 
to tho location and cllarnctcr of rocks should bo liarmonizcd in tho field by a further 

@‘‘bination if necessary, and all differences reconciled in the Sounding Records, on tho 
6heCts, and in thc Descriptive Reports before submitting the survey to the Office. 
t where it is not feasible to.invcstigatc thc discrcpnncies further, or to consult tho 
:Po@liphcr, tlic smooth-shcet plotter should thon ovaluatc all the information availablc “‘ both sources, taking into considcrntion the strength of the position determination, ‘ Proximity of the survcyor to the feature, the stage of the tide, etc., and rcsolvc the 
t4 
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differences in favor of the weightier evidence. Generally, the following rules 
found applicable: 

io survey a. Bare rocks.-Their locations and elevations should be accepted from the topograPl’the t@‘ 
except where there is unmistakable evidence of incorrectncss, or where i t  is obvious that 

rules give’’ graphic location is weak. Where discrepancies .between the two survcys result from the $el1 
in 7823 for interpreting the sounding data, then the sourcc that  makes the rock a bare roc 
govern. (See 7825a.) hi6 

topogr@ b.  Rocks awash.-‘l‘he locations of such rocks should generally be accepted from the 
survey and should seldom be modified by the hydrographic survey. Their elevations nbove tlzmbtiofl 
ing datum should be taken from the hydrographic survey because of the more definite tidal irlf 
available, and tlic closer proximity of the hydrographic party to  such features. 

C. Sunken rdcks and brealcers.--‘l’he locations of sunken racks and breakers, and notes 
thereto should be accepted from the hydrographic survey, but it should first be detcrmillcd 
identical feature is involved. 

Changes in the character of rocks should not be made on the topograPllic 
where the differences arc consistent with the stage of tide a t  the tirnc of S U ~ V C Y J  

explanatory note should be added to the topographic Descriptive Report. 

re l a t i l~~  
the  

l I P C 3 ’  
a~ 

783. BOTTOM CHARACTERISTICS 
ctcristlcs After the soundings and depth curves have been penciled the bottom chara doptcd 

should be penciled on the smootli shchct. 189, 

part XI) and thcsc must bc used on hhc smooth shcet, cvcn if nonstandard &brL tj1d 
have inadvertently been c.n tcrcd in the Sounding Record. It should be notC(tlOu~S 
lowcr-caw lettws arc used tlirougliont for adjectives, to distiiiguisli thein from Dof 
which all begin with capital letters. Periods must not be used after abbrcViatioas’ but tbaro 

should be a slight space brtwceii them. A standard bottom chiiracteristic ”OU &* 
appear on thc smootli sheet thus: “hrd S Sh P”. (See also 384.) Attcntio”. is :l$kJ1 

to the fact that ‘‘rlcy” is tlio nbbrcviation for rocky bottom, but tile abbrcvjat’On 

even rocky bottom (scc 7823r). 

should be made. If a large number arc recorded, as is usually tlic case in arcas 
by handlead or wire sounding, probably only paxt of those nced be shown on 
shcct. 
characteristics are obtained, and probably all obtained should be shown on tpl~lstt~s 
sheet, including thosc tvliosc locations arc somewhat indefinite. Bottom c W a c  d 
obtained whcn tinclioring and picking up buoys and when observing t c m P ’ a t u r e s ~ c J l  
snlini tics slioulrl he shown on tlic smooth shwt, if nn  approximate locatio 
given. * 5ro 

Harbors, anclioragcs, and shoals arc the arcas wlicrc bottom charactcristlcs 
been o!i most important. Each shoal must show a bottom characteristic, if onc 

taincd thereon. In  harbors and anchorages, a sufficient number should be p tllcrC 
show, particularly, where changes in the character of tlic bottom occur; but  w b c ~ ~ 5 r & ’  
is u monotonous sarncncss in the character and quality of the bottom, too many 
teristics should be avoitlrd. (See 3842.) ~1 &” 

Bottom characteristics sliould, if practicable, be placed on tho Snlo0 W y  
reasonably close to and a little below and to the right of the soundings wllich 

Standard abbreviations llavc been a for siicli information (see part “S” of Symbols and Abbrcviatioiis. chart, fig , V i l l t i O ~ ~ q  

are hypliens or o tlicr coririecting symbols to bo used between abbreviations, id 

SClCC ti@ 

3 
In  placing the bottom cliaractcristics on the smooth ’ sheet a judicioLIs 

On the other hand, wlicrc echo sounding is used, comparcitively fmV 

&ed 

bottofl 
t1lC sfloo 

tllC q0 8 

*tll 

n llas 

J O t t C d  
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'ecohiPany. Wlicre stlch placemerit interferes with the clarity and legibility of the 
the bot tom cllaracteristic should be placcd in any coiivcnicnt spacc in tlio 

P e d i a t c  viciiiity of tllo accompnnyifig sounding. Thg abbreviations should be 
@tte'ed in single strolco slarlting Icttcrs, the capital letters liaving an avcrage 1)ciglit 

J' less than the soundings and the lower-case lctters correspondingly smaller. 

In 
' the smooth &ect 1ins been verified, the bottom characteristics will be inked 

black in tllc Waslliligtoli ofice. At that tinic, if it appoars tliat an iiisuficirnt 
Were obtaiiicd, thc now survey inay bc supplcmcntcd, on direction of the Chief 

Of s'rvCJ'~ Brnncli, wit11 bottoin characteristics from prior surveys (sce 3842 and 

7831. Silted Areas 

%htl 
fig. 163.) 

83336). 

S]io:h(' fathograms of echo-sounding instrumciits operating a t  supersonic frequcncics 
quite clearly, under certain conditions, layers of silt or otlier loosely distributed 

80di'"ent overlying tile substrata. Tlicsc arc comrnonly found in bnys, lalrcs, or 
:taries, Where silt-laden streams hnvc doposited tlicir londs, or in oflshorc bnsin nrcns 

' A "Word of tlic cxistciice and limits of such sediincntary luycrs is oftcn of con- 
@C importance. Wllcrc encount,crcd in an arou bring survcycd, t,lic Washington 
If kc' sllull be notified of tho spparci?t fcuturcs and spccid instructions will bc issued 

'Qootli-slicct rccoril is cicsircd. 
h Such cases the silted nrcns sliall be noted on tho smooth sheet, nt tlie time the 

'auqdings rLrc plotted, mid t,lio approxiinatc outlinc of cacli arca moro tliaii 1 incli 
d ' a Q c k  or 1 inch witlc, slinll be sliown by a dash pencil line. A notation esplt~in- 

$J1'eir significance shall bo iiinclc on t h o  title shcct mid in the Dcscriptivc Report. 
O'tlillcs will bc inlrecl in a browii dash line aftcr verification in tho Washington 

pp blIerc siltcd areas are so frcquent that they will be confusing on tlic srnootli slicct 
%' be confllscd wit11 tlic dcptli curves, their limits slinll be sliown in brown dwli "lk lin 

8heet bog on a tracing-cloth overlay. The overlay sliall be referenced to tlie smooth 
fis 1 1  y Projection intersections tlirougliout the nren and sliall be identified by t~ title, 
sile2v@rhy showing silted nrcqls on H-5236." A notation shall be placcd on tho title 

h blQe silted arotls nre &closed by tlic fatliograins a discussion of their estinintcd 
Q F Y ,  sizes, and t~ppnrent thickncsscs slid1 be made in tlio Descrip tive Report, 

P'ctive of wlietllcr t~icir outlines are sliown grapliically on tlio sinootli slieet or on 

'lnusual conc~itions miiy permit tlie deposition of silt. 

!a 

at tlic tirnc of inking tho dcptli curves. 

( & O m  537) t~int sucli an overlay accompanies tlie sinootli slicet. 

784. AIDS TO NAVIGATION 

Bh 'l aids to iiavigatiou, fixed and floating, within tlic arca of tho survoy, sliall be 
b,ob on tho smooth sheet. Tlic positions of iixcd aids located by triaiigulatioii sliall 
h>ihOkn by sta1idar.d triangulation station symbols; whcrc locatcd by topographic or 
drr$@Qhic methods, control station symbols shall be uscd if tliu aids werc so used 
(a g the hydrographic survoy ; otlicrwisc, nautical chart syinbols should bc uscd 6 be * F- 169). Tho positions of floating aids, irrcspcctivc of method of locntion, sliall 
hh:dlcated by thc actual aid symbols and co10i.s uscd on tlic nautical cliarts of the 

e"* (Sec part "L" ol Symbols and Abbreviations chart, fig. 189, part VIlI.) 
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9iIOfl 
The smooth-sheet plotter shall compare the plotted information with thaibli&ed 

on the charts and with that given in the most recent edition of the Light List ,Psition Or 
by the United States Coast Guard, and any material disagreement as to P Of 
characteristics shall be nobd in the Descriptive Report (see 842e). The P 
all fixed aids shall also be reported on Form 567. (See also 383.) avi&“’ 

tion located in the water area, and these shall be shown in pencil similar 

Where items 7841 to 7847 inclusive specify that certain data are to  be left 
by the plotter, they shall be inked in black after verification a t  the Washingto’ 

O , i ~ i ~ O g  

Hydrographic survey parties are required to obtain the depths a t  d l  aids to ’ 
to  

soundings. in PO”’ ’I 
o$c@ 

7841. Fixed Aids to Navigation 
, C t P  

Fixed aids fall into two classes, lighted and unlighted, and their correct 

In  the case of lights, the light sector shall be shown graphically and tho l ipi t  0‘ designations are “lights” and “beacons.” 
dro’ 

visibility in miles given, in pencil, if thoso have been determined duridg the ’yoot)l 
graphic survey. The characteristics of the lights need not he shown on the sm 
sheet. 

All fixed aids that have been rebuilt since the date of a previous deters 
position, whether or not they are reported to  have been rebuilt in the 
are relocated by the survey party, but must not be referred to as recovered 
The earlier determinations are lost stations and no reference to them s h d  b 

Of inatioQ 
ositioOf 

Pteti~Ogf 
00 

e fled0 
the smooth sheet. (See also 3831.) dater 

Where an abandoned light structure is still prominent, its position shall bo 
mined. If it is not located by triangulation, nor used as a control station, 
shown on the smooth sheet as a landmark (see 7844). 

bo it &afi 

7%42. FZouting Aids to Navigation 
tsbiPsr 

Floating aids to navigation are divided into two classes, buoys and ligh oil1‘ 
Their positions are usually determined by the hydrographic party, eithcr by threO*%fi’ 
fixes or by cuts (see 3832). Standard symbols are used to represcut them 011 ’:“CicJ0 
sheet (see 784). The small dot at  the lower end of the buoy symbol or theTbo typo 

buoy should be indicated by the correct symbol, and the number of masts On 

sm@U of 

‘I IO* 

a t  the bottom of the lightship symbol indicates the position of the aid. 

ship should also be indicated by the symbol used. 

line with the long axis. 

lj&ll’ 

The symbol for a buox is an elongated diamond shape with its longer ,xis 2. OP 

1igbdl0 dY 
in length and its shorter axis 1.2 mm. The dot is 0.8 mm distant irom 

larger size than the above dimensions so that when the pencil outline is draw’ OP 

sheet, it will be of the required size. 

”” 

Buoy symbols are best ma& by means of a ceIIuloid template cut to a ’ 
(See fig. 153.) 

@es’ 
784.3. Names of Aids to Navigation 

Cure must be taken that the aids to navigation are identified by their correct ’J$’’ 
which in all cases shall be assumed to be those given in the latest edition o i  tbO 
List. (Scc fig. 169.) oat* 

n the s;ig11t (a) Thc Light List names of all aids to navigation must be shown 0 t)h(? sheet. If the aid has a station name which is identicaI with that given in 
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It shall be shown in accordance with 744. If an arbitrary station name has been 
u1 the hydrography, the Light List name shall then be added in red, upper and 

)o&2ere  are also frequent cases in which the position of a fixed aid has been deter- 
froh tc the past and it is designated in the triangulation records by a name differing 
% .@ correct one. I n  such cases the name, as given in the Light List, shall be shown, 
-!thedlatQIY followed by the incorrect name and date of location in parenthcses. 

oq,(*) Beacons, where shown by chart symbols, should be identified by their numbers 
bl, thus: No. 31, with the .number underlined in blue where located by sextant. 
the @’@ are shown by coQrol station symbols, the designation should also indicate 

“lor of the beacon. Example: (B Bn No SI). This should be placcd immediately 
e station name, and in parentheses. 

th Buoys do not ordinarily have station names, but they must be identified by 
Qeu clsssifcation and number placed immediately adjacen t to the symbol. Examples: 

b (d) where the position of a11 abandoned light structure is shown, the name must ‘ follohd by the word “unused”, in black ink and in parentheses, to show it is not 

(e) The size of the lcttering to be used for names of aids to navigation should be 

f$QQ 741 

list ‘ 

ting letters, in parentheses, irnmediatcly below or adjacent to the 

%le: Bay Shaft Light (SAND‘ POINT LIGHTHOUSE, 1887). 

(S?e fig. 169.) th 

‘6, s 3, etc. 

Os@ as a light. Example: BIRD ISL,4ND LIGHTHOUSE (unused). 

8oQewhat smaller than that used for station riamcs (sce 744). 

7844. Landmarhs 

( A report on rccommended landmarks for charts is required on Form 567 
8534). Each landmark, so reported, that is within the limits of the topographic 

4@O@aphic survey must be plotted on one or thc other of such sheets. If a land- 
10 “ located by triangulation, the triangulation station symbol shall be uscd; whcre b:ied by topographic or hydrographic methods, control station symbols should be 
bise the objects were used as control stations during the hydrographic survey; othcr- 
11 ’ the landmark symbol, a small black ink circle, 2 mm in diameter, should be used. 
Irsh0’n on the topographic sheet, it is not ncccssary that it also bo shown on the.hydro- 

422 It is probable that most of tbc land- 
th reported will have been used as signals to control the hydrography, and  fore, will be indicated by station symbols with their corresponding station names.  dentif^ if^ these as recommended landmarks, the landmark: name as reported on Form 
“1 be shown in black ink and in parentheses after the station name, and the word 

‘Qd‘a”’’ in black inkt shall be placcd in parentheses below the station name, accom- 

above 9 the elevations (also in black ink) of the landmark above the ground and 

bpesThe hydrographer frequently detcrmines that certain large buildings and struc- 
k, ’ b t  rccommcnded by the topographer, are suitable for landmarlts. If these 
P .e?ot been used as signals they should be plotted on the hydrographic survey, the l:ip of each being indicated by the landmark symbol, accompanied by the land- 
the haQ (also in black ink) as reported on Form 567. The word ‘%ndmark” and 
hpplevations should be given as requircd above. If in a largo structure, a d c h i t e  
a , o o ~ l l  as a spire or cupola, is recommended as a landmark, it is necessary that tho 

s h e t  show its position relative to  the remainder of the building (see fig. 155). 

if it is not otherwise needcd thereon, 

lahied b 

Qean high water, if these are known. (See fig. 169 and 85348.) 
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both 

It is particularly important that the elevations of landmarks be kllowDeley&- 
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above the ground and above mean high water, and the legends must malm these 
tions clear. They are necessary for the charts and for the Coast Pilot. 

784.5. Ranges, Bearings, and Sailing Lines 
ended All ranges, bearings for clearing dangers and otlior purposcs, and recornfnWb& 

sailing lines on courses or ranges, shall be shown on the smooth sheet in Penczl bo15 
they have been determined by the hydrographic party, and the following "ZriDg 
shall be used: A range shall be shown as a broken line of short equal dashes; a as a 
shall be shown as a dotted line; and a rccommended sailing line shall be S s z d i 0 & 5  
continuous line broken at  irregular intervals so as not to be drawn through e follo,qee d 
(see fig. 169). It should be noted that that part of a range line which is to bdetorflind 
by a vessel is a sailing line and should be so symbolized. 
the ranges or to which the bcarings apply shall be correctly shown and idenbified'encil 
the names of the objects and the purpose of the range or bearings indicated 'I1 

The objects which an 

along the lines. (See 356.) Or 
two li&Y 

true t@ 
Where a range (indicated by brackets in the Light List) formed by 

by two beacons, is located within the limits of the survey, there are specific in if tho 
for the determination of its azimuth by the survey party (see 3833). OnlYonhh~ 
azimuth has bcen determined by the hydrographic party shall this line be showDse,,& 
smooth sheet. The instructions for such locations call for obtaining strong @ion& 
fixes on the range a t  a sufficient distance from the front range mark to produce for 

llC0 azimuth line for accurate scaling. I n  thc case of ranges cstablishcd. at  an entra "heSB 
use in crossing a bas, a sextant fix should be obtained on or outside the bar* ,ob  
fixes are indexed in the Sounding Records and must be plotted accuratcly on @~]@ 
shect. From these plotted positions the rnngcs are penciled. 
scaled by protractor and notcd in pencil along the range lines. 

Thc aximut1Is 'I" 

7846. Overhead Clearances 

Bridge clearances and the clearances of overhead cables are important to 
tion and should be shown on the smooth sheet for the information of the chart 

Eo!' piler.. 
a. Bridge clearances.-The vertical and horizontal clcaranccs should bo g 8836)'; 

all bridges over navigable waters if such information has been obtained (Se:l/jst 0 

Where a discrepancy exists between tho ficld data and the data given in $ed 
Bridges Over thb Navigable Waters of the Unitcd States," published by "le "bd 
States Corps of Engineers, the field data should be given on the smo0tl1 s~~eebt,  ~4zP)' 
attention should be called to  the discrcpancy in the Descriptive Report (see oPo; 

the type of bridge, whether fixed, draw, ctc.; tho horizontal clcarancc in feet; '$lo." 
vertical clearance in feet above mean high wntcr. 

6. ( h r h e a d  cables.-The locations of all overhead cables, transmissionr tdep enol 
dash p oa 

f@' 
ce in 

i@' Thcy should be left in p e n d  by the ficld party. 

The notation on the smooth sheet should include the name of tho bridge, if I t  11': 

The note should be in the 
in figure 171. bop:; 

or telegrapll, Over navigable waters shall be shown on the smooth sheet by 
lines in a manner that will interfere least with the plotted soundings. Tho 
the smooth shoot should state "overhead cable" and should give the cbartLn 
at  mean high water (see fig. 171). 



STATIONS: 
Triangulation and traverse ...... VALES, 1942 Arbitrarynameassigned A K I M (BERT, 1g4') 
Marked topographic ............... 0 LICK (marked) Topographlc ................. 0 SOW . 

Hydrographic and ordinary buoy 0 c 0 D Spotted lrom photographs 0 c u p  
R. A. R. and sono.radio buoy 0 ES AU in water area (description) 0 Far (temp pile) 
Tide ............................... -0 Tide Station Current ...................... 0 Current Station 

SHORELINE: 
Fast, solid land Marsh, a w a m p . a n 9  

(02 mm) From topographic or air photographic survey (0.4 mm ) 

............... (0.2 mm.) .-/ Revision by accurate methods (0.4 mm.) 

Revision sketched by hydrographer (0.4 mm.) ......... - - - - - - - - 
Piers and waterfront areas (0.4 mm. and 0.2 mm.) - (O2mm) -----A- 

U L!=l 1 I 1 I ' l - f  
LOW-WATER LINE: - . rc' Rodded by topographer at low water . -. -. -. 

Sketched from topographic data .......+*****'"'' 
Zero depth curve from reduced soundings 

Sketched from hydrographic data .............. ........... 
-i- 

ROCKS: Bare 0.  (shape or dot) Awash * Sunken ........................................ 
..... /&, 

Awash, individually localed by topographer ;.%:' 

Awash. indtvidually located by hydrographer '*" 
Sunken, rnd!vidually located by toPographe' '::;;,, 

. . .  

FJ Sunken, indwidually located by hydrographer 
Zt,r pencil on smoolh sheet, inked at Washington Off'ce '"lY 

AIDS TO NAVIGATION: 
Lighthouse - name from Ligtit List ............ A Bay Shaft Light 

Structurenotusedasaid ......................... A BIRD ISLAND LIGHTHOUSE, I857 (unused) 
and(frorn listof geographic positions) ................ ISAND POINT LIGHTHOUSE, 1887) 

used as station 0 WI n 
(B Bn No 33) 

Beacons 

- topographic location 

0 Low 
(R Bn No 32) 

(not used as station A No 33 A No 32 

used as station 0 Oak 
(6 Bn No 33) 

not used as station A No 33 
- hydrographic location 

0 Moo 
(R Bn No 32) 

A No 32 

Buoy - (hydrographic location identified 0 c 33 .0 N 3 2  
by position number) 

LANDMARKS: 
.......................... 

H\FJ) 
Used as control station O TAX ( STACK, white, concrete) 

(landmark: 102 f t .  above ground,,l34 ft. above M 

(landmark: 60  ft. above ground, 241 f t .  above MHvc') 
Not used as control station ........................ 0 TAN K , ELEVAT E D (Country C IU b Hi1 IS) 

@ @  
r-.aa/s 

MISCELLANEOUS: 

Range line (in pencil) _ _ _ _ _ _ _ _ _ _  Eddies Olfshore limit 01 breakers 

Recopmended sailing line (in pencil) -24-21- Bearing line (In pencil) ... , , , , , Tide rips 

(in pencil) --w&~--- 

. .. .. 
FIGURE 169. -Special symbols for w e o n  hydmgraphfe sheets. 
(These are in addition to and are sometimes used instead of tho= 
shown in figure 189). 
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7847. Cable crossings 

’he shorc ends of submerged cablcs shall be show;n on tlic smooth sheet by dash 
Each end should be marked lines indicating tho general direction of tho cable. 

submerged cable” (sec fig. 171). 

785. SYMBOLS FOR SMOOTH SHEET 

The symbols to  be used 011 the smooth sheet arc generally those used on the charts 
’hich are illustrated.in figure 189. It is not .necessary that tlic symbols on the smooth 

be 8s perfect as those on the charts, nor that tlie drafting bc as artistic (sqe 721). 
“lght modifications in the direction of simplicity may be madc, the important thing 

that they convey the information neatly and unmistakably. 
th ’here arc cerhin exceptions to the usc of chart symbols for smootli sheets, and 

have hoen discussed in detail in prcccding paragraphs. Examples OI this diver- ?? arc the dcpth curves, which arc sliown in color on tho smooth shect but me sym- 
ol?ed on the charts; and lights and beacons which arc almost invariably shown by 

. %ure 169 illustrates tlic symbols and lettering to be uscd on the smooth sheet, 
symbols ratlicr than by tlie chart symbols. 

’hlch differ from the symbols uscd on the published charts. 

786. MISCELLANEOUS DATA 

’0 addition to thosc mentioned hcrctoforo, as many of tlie following dctails as have & Obtaincld by the field party shall bc shown on tho  smooth sheet. They should bc 
In Pencil unlcss othcrwisc notcd, to bo subsequently inked at  the Washington Office 

verification. 
7861. Tide Rips 

‘ ’hose occur in places where strong currents are found and arc usually cncountcrcd 
“le vicinity of shoals or wlicrc the bottom is uneven. A knowledgo of thcsc is of 

;hlportance to thc marincr and thcy should be shown on thc smooth shcct citlier by 
Wherc tlie 

,“att1,, is extensive, tlic approximate limits should be outlined and an appropriate 

7862. Breakers and Shoal Areas 

or by symbol and legend, and qualiiicd as heavy, modcratc, or light. 

‘Wti Ptivc nota added. 

’he limits of brealrcrs, whethcr ofl‘sliorc or alongshore, should bo shown by a dash 
IQ+, 

the notatioii “brcakcrs” addcd. Wliero cuts are talrcn to singlc brcaks, their 
‘“ection should bo indicated by thc sunkcn-rock or rock-awash symbol, as thc case “’ be. If thore are no rocks, tlic spot should be encircled with a brokcn line enclos- 

% the Word Id brcalrcrs”. 
b ‘ h . l  arcas covercd at tlic sounding datum, ovcr which sounding lines liavc not 

run, should be outlined with a dash line within which the cstimatcd dcptl~ is ‘Q8erted 

Boll ”he low-water limits of shoals, bars, mud Aats, sand banks, etc., that bare at the 
the“dlinl: datum but wliicli liave not bceii accuratcly surveyed, should bo talron fro111 

The 
eetlbatcd llcig ht nbovc tho sounding datum should bc given if available. 

I est available sourcc and shown on the smooth shcet in accordance wit11 754. 
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7863. Marine Ve@?tUtiOn 
’ mu5t 

The limits of grass and other marine vegetation extending near the surfaCe. it 
be indicated. Wherever a distinctive symbol has been adopted for such vc&etatlonol, 

the character of the vegetation within being indicated by appropriate legend. 
reprHePt The symbol for grass or any other land vegetation should not be used to abbre’ marine growth. If the bottom is grassy, the standard bottom characterist’ 

viation for grass should be used. 

should be used, except that limits only of extensive beds should be outlined bY s p b  

7864. Kelp 

Kelp is one of the most important of the seaweeds encountered on a hydro&‘ its 
one of 

t refloo 
survey and should be indicated on the smooth sheet wherever located. 
principal characteristics is that it generally grows in rocky bottom and for tha the 
its presence indicates a possible danger. This is particularly true in Alaska whore In 
only indication of many submerged pinnacle rocks may be a strand or two of :sere it 
exposed waters kelp may grow in depths of 9 or 10 fathoms and in protected 4 t h  
may grow in even greater depths. Dead detached kelp should not be confused 

the latter live kelp’ attached to rocks; the former floats on the water in masses, while 
streams away level with the surface. (See also 36233.) ‘ t9 

Kelp should be shown by symbol where the patch is a small one. OdY the liflbJT 
of extensive beds need be delineated by symbol, the remainder being indicated 

tide such appropriate legend. 
information should be added to the smooth sheet. 

apbi’ 

Where the kelp is towed under at certain stages of the 

7865. Tide and Current Stations 
sheet 

bY ”’ The locations of all tide and current stations shall be shown on the smooth 
by blue circles, slightly larger than a hydrographic station symbol, accompanied 
name “Tide Station” or “Current Station” lettered in blue. 

7866. Wire-Drag Finds and Clearance Depths 
lud@& ’*: 

bottom characteristics, should be transferred to the hydrographic sheet in Peen be# 
in the same depth unit as tho soundings. Wl-mre a wire-drag examination has d (if 
made to determine the least depth on a shoal or obstruction, the least dep th f o u n N j ~ ~  

less than that of the hydrographic survey) should be plotted in pencil, and a the 
a leader added giving the least depth with position number and day letter, 
clearance depth obtained. 

Where a contemporary wire-drag survey has been made, all drag finds, inc ink BP 

7867. Ferry Routes 

Each ferry route should be shown by a single dash line representill&. 
route as nearly as it can be determined without sextant angles. Each term1nus 
be marked “ferry.” 

‘i 
the smooth sheet in accordance with the symbols shown in part “0” of the sYmbod @Od 50 

Abbreviations chart (fig. 189, part IX). Wrecks are of two kinds, strand 

7868. Wreks 
Within the area of the sumey,wrecIrage not afloat is located and should ba 
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“nken, the former applying where any portion of the hull is above the sopnding datum, 
’hlle the latter applies to those with less than 10 fathoms over them or where the masts 
Only are visible. The topographer, presumably, will have located all stranded wrecks, 
and these will be transferred from the topographic sheet to  the smooth sheet along with 

Sunken wrecks are located by the hydrographic the 
and their positions must be plotted from the data in the Sounding Records. It 
be noted that the symbol for a stranded wreck differs from that for a sunken iFk, and that where masts are visible in the latter case, tho notation “masts” must 

A special symbol is provided for use in showing the depth by which a wreck or 
Other Obstruction has been cleared by the wire drag. 
th . h e r e  tlierc are a number of wreclrs, or an amount of wreckage, so extensive that 
* e,lndividual items were not located, the outer limit of the dangerous area shaIl be 
IlIdlcated by a dotted line within which the woyd “wreckage” is shown. 

Other topograp.phic information. 

‘ppended to the symbol. 

7869. Obstructions 

A variety of obstructions which may be dangerous to navigation is encountered in 
k!drographic surveys, all of which must be shown on the smooth sheet. If the obstruc- 

has not been cleared by the wire drag, it is indicated by the least depth obtained by 
bethods, surrounded by a dotted circle, and accompanied by the word “obstruc- 
Or its abbreviation. If the obstruction has been cleared by the wire drag, a spe- 

‘la’ sgabol is provided which shall be used to indicate the safe depth of water over the 
Obstruction (see part “O!’, Symbols and Abbreviations chart, fig. 189, part IX). 

787. GEOGRAPHIC NAMES 
7871. Authority of tlte Smooth Sheet 

Q The hydrographic survey and, therefore, the smooth sheet shall be the authority for 
geographic names of hydrographic featurcs, such as channels, sloughs, rivers, inlbts, F, ~ocks, shoals, and of topographic features offshore from the high-water line, such 

th ‘lnd1 rocks and islets. Even if the topographer does obtain and verify a portion of 
plese Qames, tlie hydrographer is responsible for their correctness and their correct 
th&ceQnt on the smooth sheet. In  addition to the above names, the names of some of 

prominent topographic features should be added to assist in correlating the 

Although not all geographic names may be charted, it is desirable that all features 
?’’’hich there are local names be named on the smooth sheet. These should be distinct ig&p applicable to definite places or areas. Where names are indefinitely applied, it 
b est not to show them on the smooth sheet, but they should be mentioned in the 
t F P t i v e  Report. It is incumbent on the smooth-slieet plotter to take extreme care 

at the names are spelled correctly and that they are applied to  the correct features. 

7872. Placement of Names 
* Creographic names should not be added to tlie smooth sheet until after the posi- 3‘ and soundings have been plotted. They should be placed so as to indicate 

ppQIJ’ and without ambiguity the features designated. Where it is impracticable to kp the names closely adjacent to the features, they may be placed some little distance 

t!,Q” 

e 

survey to the land features. (See dso  section 16.) 

aJ’ and connected to  the respective features by leaders or arrows. 
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Geographic names must not obscure nor confuse the soundings. 
hydrographic survey, it is generally necessary $0 place all the topographic 

important in the placement of the names of small streams, sloughs, and inlets. a 
names have to be lettered in the water areas, particularly in very congested are tbs 
judicious placement of the name and spacing of the letters will often avoid obscurintop 
hydrography. 

On an 

many of the hydrographic names inshore from the high-water line. This is m e r e  

I n  such cases the lettering may be spread out or closed up as the 
ditions require. tbe 

M O S  
Geographic names should be oriented on the smooth sheet so as to  be read 

south rcgardless of the direction of the projection on the sheet (see fig. 170). 
names should be lettered in a straight line parallel to the parallels of latibud 

t 
if e and! 

North North 

FIQUHE 170.-Orlentation of names on survey sheets. 
to 

practicable, placed immediately east of the feature named. Where it is n~cessary to 
place a name on a curve, the beginning or end of the name should be nearly P ~ O s t  
the parallel of latitude. A name should not be lettered on a reverse cUrVQ* ticab@ 
preferable is a compound curve with the flat part of the curve as nearly as Prac 
parallel to the parallels of latitude. 

If the geographic feature to be named covers a considerablo area, as an It 
bay, the name should be placed preferably in the approximate center of the area' 
should extend across the longest part of thc feature and, if practickble, should ihe l;flitS 
general curvature of the feature. osed Of 
or even close to the limits of tlle feature in question. 
several words they should not be too widely separated in order to extend the third ti@* 
of the feature. Instead the name should be repeated a sccond, or even a 

such as a boundary line, railroad, or channel, that does not extend east an 

(1) Where the direction of the feature is from east of north t o  west of south, the 

(2) Where the direction of the feature is from west of north t o  east of south, the name 
(3) I n  the rare case of a feature whose direction is exactly north and south, the 

sralle' 

*sl*nd Or 

011oN tba 

ull l e d 1 '  

,bOJ 

shOllld 

Such names should never extend beyond 
If the name is COflp 

ht Where it is necessary to letter a geographic name along a perfectly straig 
d \Nest' 

following rules should be followed: 

begin at the southern end and extend toward the northern end. 

Of 
beg i d * '  begin at the northern end and extend toward the southeast. 

the  name should be at the southern end and extend toward the north, 

78 73. Lettering Geographic Names 

All geographic names on the smooth sheet shall be left in pencil. Theyfeat~reSf 
made with single stroke capital letters. The names of the topographic 



FlGURE 171. Section of completed smooth sheet (reproduced at actual scale) 
('The black %-and 86.foot curved represent pencil lines.) 



FIGURE 171. Section of completed smooth sheet (reproduced at  actual scale). 
(The black W a n d  86-foot curved represent pencil lines.) 
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- 
general are the names of evcrything above mean high water, shall be vertical 
The names of the hydrographic features, and in general of all featurcs below 

' high water, slia]] he lcttered in slanting letters. In  the latter classifications are 
I"cl'ded, of course, shoals, reefs and banks, rocks awash, and sunlren roclrs. 

The names of the most minor foatures on the smooth sheet shall lx lettered in 
Ch'rncters 0.1 inch in lieight and this height shall be increased according to the impor- 
t'''@ of the feature to a largest permissible height of 0.25 inch. For an equal impor- 
t''ce Of names i t  is essential t o  remember tliat slanting lcltors ~11011ld be sliglitly 

than vertical letters because an optical illusion makes tlie same size of vertical 
ettering appear slightly smaller, 

7874. Inking Geograpltic Names 

Geographic namcs must never be inked by the field party or by the Processing 
This is done in tlie Washington Officc after the geographic names have been 

3 e d  and approved (see 9321). The inking of the geographic nanm of hydro- 
features is often deferred. until after the soundings have been verified and inked. 
geograpllic names are inked in black using a mechanical lettering set. 

788. LIMITS OF ADJOINING SURVEYS 

thhe limits of adjoining surveys or the overlapping soundings must not be sllowli on 
th '&OOth sheet by the field party. These will be added in 
>le Office at the time of verification. However, it is incumbent on the smooth-sheet 

Otter to make a comparison with the overlapping soundings on adjoining survoys in 
to determino whether holidays, or excessive differences exist, and to permit 

co the drawing of the depth curves in the area based on all soundings obtained. The 
bbP\Pllri5on is also necessary as a basis for information required to be included in tlm 

CoQParison is best made by tracing tho overlapping sou#dings of onc survcy and 
aUperi'nDosing Where adjoining surveys are on different :::2 the soundings on the smaller scale should usually bo superimposed on the larger 
8hceda The tracings, properly labeled, should be forwarded to tho Ofice with tlie smooth 

(See 3233 and 3256.) 

escr'Ptivo Report (see 8424 .  

tracing on the other. 

79. THE COMPLETED SMOOTIT SHEET 

8.'ld completed smootb slicct shall be considered tlie authority for the hydrography 
(8 Or tbc topographic details within its limits offshore from the high-water line 

e@ '')* The smooth sheet as submitted by a field party or by a Processillg Office 
e complete, except that certain portions are left in pencil for inking after 

'ad erl'cation in the Washington Office (see table 28). After the sheet has been inked 
% t p e w e d  there should be no necessity for reference to either the Sounding Records 

:boat sheet, or to any other records, in order to interpret the data shown thereon. 
b A smooth sheet is, of course, supplemented by information in the 

es~plptive Report of a natura which cannot be shown easily by graphic means (see section 84) 

ah &ief of Party must supervise in a general way the preparation of the smooth 
If; to assure IiimseIf that it is bcing done in accordance with standard practice. 
'Poci~~ @ Plotting is executed while the party is still on the working ground, he shall take 

cam to see that any errors, omissions, or discrepancies iii the field work are 

8hob1d b * 

.g* 171.) 
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corrected in the field. On completion of the sheet he shall make a final imPOctioDvd 

(see 7941). 
the sheet and all the accompanying records and shall report this fact, with his aPP0 

791. COMPLETION OF THE SMOOTH SHEET 
through To assure completeness of the smooth sheet, constant checkingis necessarY is &e out its production. Much of the work done on the sheet is self-checking and iLOrtain 

orsop duty of the smooth-sheet plotter to check his work as he proceeds. However) 
specific steps mentioned in this Manual do require verification (in the field) by a 

After the plotter has completed the routine work on the sheet, it must be inyutinO, 
thoroughly and special attention given to those parts of the work which are not 7912)# 
such as comparison with the Sounding Records and the boat sheet (see 7911 an 

other than the plotter (see, for example, 746). 
BOtOd 

7911. Details From Sounding Records 
wbicb 

The completed smooth sheet should depict graphically all the information 
has been entered in the Sounding Records. 

OOflP'91 atic page by page comparison with the Sounding Records shall be made after 
tion of all the plotting. Special attention should be given to allentriesin the (ifiernar*sto aids 
column and to all other entries that are not routine, such as cuts to rocks and o b j O ~ t g  

navigation, and notes relative to the distance the sounding vessel passes any been 
Each detached position should also be verified in order to  ensure that it 'la' 

plotted and that the correct depth has been shown. 

To assure that this has been done, a sy 

791 2. Details From Boat Sheet 
hOIPP1 The boat sheet often contains supplemental details and notes which are 

in interpreting the Sounding Records and all of theso should be considered in c ~ ~ $ ~ ~ ~  
with the smooth sheet. t O! or kelp, but such informtion should be used with discrimination. It is hCUlnb:$ It 
the plotter at this time either to transfer this data to the smooth sheet Or to 

As part of the smooth-sheet inspection, a detailed systematic comparison SboubeOP 
made with the boat sheet, in order to  ensure that all essential information has field 
transferred to the smooth sheet. It is important that hydrographers t s h e ~ p  realize that after review of the smooth sheets in the Washington Office, the boa 
are retained only a short time before they are disposed of. 

Occasionally, the boat sheet is the sole source of rocks, 

by deletion or by indicating on the boat sheet that it is valueless. Id b0 

in tho 

791 3. Importance of Clarity 
d that It is important that the completed smooth sheet is clear and legible a? 

information thereon is indistinct or ambiguous. (See 721.) Tho most 
features on a smooth sheet are the locations of and least depths on shoals. $9 

these items. The least depth on any shoal should be apparent a t  a glance witru,753' 
necessity of a minute inspection of the arm, and should be emphasized accord1ng th0r6 i4 
If for any rcason an important feature is obscured or shown in a manner 7914)' 
risk of its being overlooked, .a note should be added calling attention to it (yi s j l o ~ p  
Dangers and shoals should be emphasized and it is more important that they 
with distinction than that a routine symbolization be followed, 

aubmitting the sheet to the Washington Office, the smooth-sheet plotter sh odd v;@O 



h ’749 THE SMOOTH SHEET 7914 

7914. Use of Leaders 

n notes are occasionally used on the smooth shcet to avoid possible 
rolsQtcrPretation W I  1 of the data (sce 781). I n  order that these may be placed where they 
op interfere with tlle hydrographic data it is often necessary to use a fine leader, 

leading from thc note toward the feature to which i t  refers. Such lcaders or 
'bo's are frequently of advantage to emphasize the least depths 011 shoals (SCC 7753). 

7915. Removal of Temporary Notes 

temporary pencil notations ,made on the smooth sheet during the plotting, 
should be removed before the shcet is transmitted to the Washington Office. 

7916. Initials of Plotter and ver$er 

the construction and plotting of a smooth shect various spccific stops are 
PcrforQed. T’lc records must show clearly responsibility for each step, whether it is 
g2P]0lting or verification. Rubbcr stamps are provided for this purpose. Stamp No. 
8he>drographic Survey, is placed in tlic lower right-hand corncr of the smooth 

tlic iriitials of the plottcr and vcrificr of the phascs of work indicatcd thcrcon 
‘beat be appropriately cntcrcd (sce 746). Rubber Stamp No. 38, Processing, (fig. 183) is 
entered ill the Sounding Rccords at  the cnd of encli day’s hydrography, and the plotter 

cntcr his initials in the approprintc spaces using a pencil of thc same color he Os@d to 
of th chcclrmarlr itcms in tlic Sounding Ilocords during tho protracting and plotting 

best 

e data (scc 76 and 773). 

792. SCHEDULE OF PENCILED AND INKED DETAILS 

thntPor the guidance of the smooth-sheet plotter, table 28 lists the various details 
t ‘re to be shown in pencil and in ink on the smooth sheet wlicn it is forwardcd 
tiQ:hs Washington Office. It is to be noted particularly that practically all the 
ink graphic information offshore from the high-water line is to be shown in black 

If It originates with the topographic survey and has been verified by the hydrog- 
p&ph!r~ but like information originating with the hydrographic survey is to be left in 

793. REGISTRY NUMBERS AND TITLES 
P@QC,l. 

‘t, the beginning of cach ficld scason each survey sheet is assigned a temporary ficld 
:zbcr by the Chief of Party (see 1541 and 3213). Thcse field numbers are used for 

ence purposes during tlic carly part of the season, but are subscqucntly rcplaced by 
Tho rcgistry riuinbor 

be available on completion of the smooth sheet, and if so, this number should be 
Bhobn hJ in penci 1 on thr back of the sheet in the middle of each cnd, with the corresponding 
ab, ‘umber just above it. The registry number should be used in referring to the 
~ ~ d ~ ~ h  sheet or to  any of the records pertaining therato, after it is available. (See 1542 

the smooth sheet is rcceived in the Washington Office and registered, i t  
e8 a part of the permanent archives, and thereafter is never taken from the 

registry 1iumbcl.s assigncd by the Wasliington Office. 

1543.) 

b@coIh 

&gh‘ngton Office. 
b 



TABLE 28.--ScheduZe of penciled and inked details 

Pencil 

Registry number. 
Soundings. ~ 

Bottom characteristics. 
Geographic names. 
Sailing lines. 
Notes concerning rocks, least depths, etc. 
Tide rips. 
Swirls. 
Marine vegetation (in general). 
Ranges and bearings. 
Depih curves. 
Low-Rater line. 
Lines connecting positions. 
Light sectors. 
Leaders or arrows in sounded area. 
Notes in sounded area. 
Adjustments between topographic and hydrographic data. 
Ferry routes. 
Submerged cables. 

Rocks (bare, awash, or sunken). 
Reefs. 
Ledges. 
Wreckage. 
Breakers. 
Limiting danger lines. 
Foul areas. 

I 

*From hydrographic survey: 

Kelp. 
Fish stakes. 
Spoilareas. - 
Bare rock elevations. 

Black ink 

Projection lines. 
Projection numerals. 
Datum note. 
Geographic position of reference triangulation station. 
High-water line. 
Large buildings. 
Landmarks (symbol, name, elevation). 
Notes in land area. 

*From topographic survey: 
Rocks (bare, awash, or sunken). 
Reefs. 
Ledges. 
Wreckage. 
Breakers. 
Limiting danger lines. 
Foul areas. 
Kelp. 
Fish stakes. 
Spoil areas. 

Various colored ink 

Position numbers. 
Day letters. 
Position dots. 
Station names. 
Station symbols. 
Tide gage locations. 
Current station locations. 
Survey buoy symbols. 
R.A.R. distance circles. 
R.A.R. distance arcs. 
Navigational aids. 
Shoreline by hydrographer. 
Bare rock elevations' by topogra- 
pher. 

*These features, if they originate with the hydrographic survey, are to be left in pencil on the smooth sheet, when transmitted to the Washington Office; 
if such data originate with the toDoeraDhic survev and are verified bv the hvdrosraDhic survey, they are to be inked in black ink. 
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The title of thc hydrographic survey must not be penciled or inked on the smooth 
However, 

e lnfo1mation ncccssary for the title is reported on Form 537, Hydrographic Title 
by thc field party. This is accomplished in the Washington Office. 

"leet (sec 8412). 

794'. FINAL INSPECTION 

After completion of the smooth sheet the plotter should inspect the entire work 
tho'ou&ly to m&o sure there are no errors, omissions, or discrepancies, and that the 

He should 
QlSo himself that all toniporary notes have been removed (see 7915) and that the 
:;:ls of the plotter and verifier have bcen appropriately entcrcd on tho smooth sheet 

In the Sounding Records in thc stamps provided €or that purpose (see 7916). 
If thc hydrographer who was in actual chargo of tho ficld operations cando so, he 
'nsPcct tllc smootli shcct and make a thorough comparison with the boat sheet, to 

QSsure &self that tlic smooth slicet is complete and accurate, and that i t  dclincates 
~ e ~ r l y  the results of his ficld survey. Becausc of his intimate knowledge of the area, 

1s b possible that his inspection may disclose an erroneous intcrprctation made ' the Plottcr. This is particularly true in the case of rocks, shoals, breakers, and 
"'% for which tho information in thc Sounding Records is somctimcs inadequate 

and appearance conform to the standards prescribed in chapter 7. 

%hall 

aQbiguous. 
7941. Final Inspection by Chief of Party 

iQ After thc completion of the smboth sheet, and before it is transmitted to the Wash- 
rfon office, the Chief of Party shall inspect the sheet and all of tho rccords. He shall 
to :?sh on a separate sheet oI paper as part of the Descriptive Report a statement 

e effect that the slicct and accompanying records have been inspected by him, and 
'PproVcd. (Scc 8437.) 

795. PRINCIPAL DEFICIENCIES OF SMOOTH SHEETS 

o h t h o  past, hydrographic smooth sheets rcccived in the Washington Office, have 
'0 'Cc"io~ally th been found deficient in various rcspccts, and to assist in eliminating these 

a list of principal deficiencics is furnislicd hercwith. This is not intended 
t ~ o u ~ ~ ~ P l e t e  list of all of tlie deficicncics, but it docs contain those which cause most 

e e 

during the verification and review. 
Positiolls have beell incorrectly plotted duc to tlie UEC of a protractor out of adjustment. 
h o r r c c t  spacing of souiidiiigs; omission of soundings from a failure to utilize properly the 

(') Onlission of too large a percentage of the recorded bottom characteristics. 
%k/t' Excessive size or careless lettering of position numbcrs and day letters; very iiifrcquciitly 

(e) Positions plotted with angles differing from those in the Sounding Record with 110 correctio~~ or 
Ote ''"il~g been inado in the Record. 

(f) Certain 11otcs in the Sounding Records have been ignored. 
Pathq(') Soundings penciled in a straight line between positions where the vessel followed a curved 

' h )  Limits and numbers of adjoining sheets shown in ink (these should be omitted entirely). 
('! 

Cb$!>lurc to  check and investigate depths which appear erroneous, or excessive differences at 

'"ailable; insertioii of soundings not recorded in the Sounding Record. 

g their size too small; careless placing of tbem. 

names inked (these should be left in pencil). 
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rovided the 

w-*”&er 

(k) Inaccurate transfer of the shoreline from the topographic survey. 
( 2 )  Failure to have some of the operations checked, or failure to  enter in the place P 

(m) The use of too hard a pencil. 
(n) The omission of a reference triangulation station and the geographic datum. 
(0)  The omission of the minus sign from soundings above the sounding datum; the. lo detufl, 

line incorrectly drawn with reference to  the half-foot soundings above and bclow the soundlngornitted 
( p )  The omission of important notes which appear only on the boat sheet, having beon 

from the Sounding Record. 
(p) Inking the low-water line (this should be in pencil), 

initials of the person performing or checking the operation. 

796. SHIPMENT TO WASHINGTON OFFICE 
,pociaJ Completed smooth sheets shall be shipped to the Washington Office only in 

For metal or heavy cardboard tubes, which may be obtained on requisition. 
smooth sheets shall never be rolled to a diameter smaller than 4 inches, and 
forwarded by registered parcel post or express. The boat sheet shall be 
separately. (See also 836.) 

Each smooth-sheet shipment shall be accompanied by a copy of the tran 
letter (Form 413), on which it is listed, the original being forwarded under sep 
cover. 

,hall 
ed 

,itti*& 
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CHAPTER 8. RECORDS AND REPORTS 
The importance of clcar and comprehensive rccords and reports of a hydrographic 

cannot be overemphasized, for the value of a survey, no matter how complete 
‘Ild the field work may be, is impaircd if the records and reports are incom- 
plete~ unintclligiblc, or inadequate in any rcspcct. Satisfactory records can bo obtaincd 
“ly tho exercise of good judgment and constant attention and care on the part of all 

p with the complexity of modern hydrographic surveying thc number of necessary 
F d 5  and reports has incrcased; it is no longer possiblc nor desirablc to confinc these 
p” “unding Records and a Descriptive Report. It is incumbent on the Chief of 

to sco that the records arc arranged in tho most convenient manner for all con- 
:?‘d, that all nccessaiy records and reports are submitted, and that they are appro- 

lately cross-referoriced for easy reference and complete undcrstnnding and intelligi- 
* All records and reports which pertain to one hydrographic sheet, and one only, 

:hallld boar clcar ly the rcgistry number of that survcy. (See 154.) All records and 
submitted on a scasonal basis, or any other basis SO that they are npplicablc to 

Ope than on0 hydrographic survey, should bear the rcgistry numbers of all of the 
s“vey5 to which they arc applicable; and the Descriptive Report accompanying each 
““0 should refer to all o i  the special, seasonal, or other records and reports which 
‘“Ltain any data hich are pcrtincnt. 

81. SOUNDING RECORD 

’he Sounding Record (Form 275) is the most important record connected with n 
“?:graphic survey. It is the official record of tho soundings, and generally of the 
Pasltlon data. It should be complete and sclf-cxplanstory. From it, sometimes 
‘‘PP1e~mtcd by accompanying records, it should be possiblc, without difficulty or 
t : u b t j  to replot the hydrographic sheet at any future date. All entries and notes should 

understandable at any future date, when pcrhaps radically diffcrent methods 

b- ’Orm 275, Soundings, is the basic record book for all hydrographic surveys, except 
””-9aS surveys wliich are recorded in Form 411, Wire Drag, and dccp-sea wire 

:2:d1%s whicl 1 arc recorded in Form 376, Soundings with Wire. Under certain condi- 
\r Gcncrally the same 

shall conta in the complete record of time, dcpth, position data, and misccl- 
Po ‘‘~ous entries and notes; although a t  times, when it is more convenient to  do so, the 
R.‘ltlon data may bo recorded as a, separate record. In Radio Acoustic Ranging (1t.A. 
‘1; tt’e Part of thc position data consisting of the time intervals and R.A.R. distances is 

in ’he sounding of each hydrographic survey unit sliall be recorded clironologically 
‘:Parate series of volumes (temporarily consecutively nuinbored) for each hydro- 

>hlc sheet. Under no circumstanccs sliall hydrography to bc plotted on two or 

COQcern e& 

bill$ 

be m use. 

1 another form of Sounding Record may be used (see 817). 

recorded in a separate book, the Bomb Record (see 8311). 

Ore bdrographic sheets be intentionally recorded in the snmc voluIl1e. 
4g538~--44-49 
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FIGuIm 172.-Itrcord o( handlead nud wire soundings-scxhnt flxcs. (noubla pngo of Yountling Itccord rcduccd sboUt 
if &c 

by a launch in an area surveyed by a ship, may be rocordctl in 11 ship volll*ner 
convenient. * tl@ 

The record must be urimistaliably Icgiblc. Fine lettering is not requir'cdj '''vir. 1 *wc is i t  ncccssary to print in making entries, but i t  is essential that cvcry niim('J'a 7 
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each 

to 
show the relationship between these acts and their recorded times. Generally OCCB’ 
entry should appear on the same horizontal line with its respective time, but 
sionally, miscellaneous notes and entries may be made a t  other places and refefled 

onedelf’) 
FIG6RE 174.-Record 01 echo soundings-R.A.R. control. (Double p g o  of Sounding Rocord reduced about 

‘ The approved manner of recording handlead, wire, and edho soundings 
d troll’ 

c o ~ *  
by three-point fixes is shown in figures 172 and 173; and that for echo soUndl”’peD 
trolled by R.A.R. in figure 174. In’these figures the limited space available has 
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In recording hydrography, while space should not be 
no attempt sllould be made to save it by crowding the positions and other data. 

1' Cases it may be necessary to leave a number of blank spaces between soundings 
" 

th .Recorded data shall never be erased; all corrections shall be made by crossing out 
'"correct entry and making the correct one directly above or to 0110 side, whore i t  

Entries wllich arc rejected as erroneous shdl be indicated 

Rubber stamps are provided and must l e  used for rccoriing nearly all the informa- 
beginning and end of the day's work and for inany of the changes 

dunhe the day. (See 813 and 816.) 
To facilitate plotting soundings on the boat sheet a carbo11 copy of that part 

ie each Page of the Sounding Record includiiig position niinibcrs, time, and soundings 
long narrow strip of paper. This is held tcmporarily in p h o  

Paper clips during the recording, and as each rccord page is completed thc carbol~ 
h th  

copy ls givcln to tha boat-sheet plotter. 

as mu& as possible. 

Order to provide plenty of room for position data, cxplanatory notes, etc. 

e 

' an R written boldly over t ~ i e  entry. 
be misinterpreted. 

a t  

"lnetimes mado on 

811. RECORDER'S DUTIES 

Tlle recorder keeps thc official written record and notes of tho hydrographic SW- cy in the Sounding Record, with a few exccptions. A compctcnt rccorder must 
e thorough, conscientious, accurate, and not easily rattled by confusion; and he must b.e 

~ % h l Y  familiar with all pliases of sounding and with the requiremcnts of this 

h a  The importancc of tlie duties of the recorder cannot be ovcrcmpliasizcd, for i t  is 
." "cord that contains practically the entire data of tlie SIII'VCY, and any error, omis- 

Or ambiguity will almost certainly cause confusion in t h o  subsequent plotting 
of tlle work and may be the cause of a large amount of UnlirceSSnrY 

'eld worlc. 
The recorder mllst be certain that he hears and records all data con~cctly nntl that 

He 
>d repeat all soundings, angles, and 0 t h  data us lie records them and must not 
b$tate to ask for repetition when necessary; he should be particularly cmefd to dis- 
' &ish 7's from 11 's, and other confusing numbers (see 4623). The recordrr should 
:?htlY note ally uilusual occurrences or improbable data and should immrdiatrly 
soquest verification, or report them to the o6ccr-in-charge. An unusual or improbable 
in?""g should be checked immediately, and he should usually detect a gross blunder 
b j t p t m t  reading, or an impossible fix. Data which arc confirmcd sl~ould bc mtukxl 

recorder should strive to make the record neat and must make it, without 
legible. He should nevcr make an erasurc, but cross out the incorrect entry. 

bill ?less they are kept in a clear and intelligible manner their valuc in later years 

a recorder is responsible for checking the leadline and recording tho results in 
Ccordance with 4622. Rubber Stamp No, 35, Leadlinc Comparison, shall always 1)c 

"'W His principal duties are dcscribcd in 3414. 

QlO' 

@ record is complete and in accordance with thc roquircmcmtrs of this Manuul. 

a c h h n a s k  (d) or with an "O.K." 

a survey has been verified, the Rrcords inay be referred to numerous t imw 

@ gl'eatly diminished. 

*Or this purposc. (See also 3414 and fig. 178.) 
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81 11.  Standard Abbreviations 
u i d ,  Because of the vast amount of recording and the speed which is often req 

abbreviations for many of the terms and expressions which are used repeatedly 
advantageous. The list which appears here is to be considered standard. This docs 

but not 
not preclude the use of common well-known abbreviations wllicll may not be 
If the need arises for an unusual abbreviation for a term used repeatedly, 
included in the list, it should be explained in thc froat of soundiiig volume No. 
sheet for which it is used: 

Abbreviations chart (fig. 189). 

included. 

1 of e@cb 

Abbreviations for bottom characteristics are given in part “S” of the SYm bob a’d 

abbreviation term 
- .............................. no bottom (at 18) 

<. ............................ angle 
0 .............................. station 

in range .......................... I or on range 
e €  
ah .............................. ahead 
n. S. .......................... host shect 
C/C .......................... changed course 
cor.. ......... _.... ............. correction 
dist ............................. distanco 
D. R. .......................... dead reckoning 
fath. ........................... fathometcr 
fm ............................. fathom 
F. 6. ........................... full speed 
H. L. .......................... handlead 
IT. S. ........................... half speed 
hyd..  .......................... liydrography 
I,< ............................ left angle 
Lat. or *. ...................... latitude 
L. B. .......................... linc begins 
L. E. ........................... line ends 
L. L. ........................... lendline 
Long. or A ...................... longitude 
L. T. ........................... line turns 
L. T. L. ........................ lirir turns lelf 

abbreviation /er IN 

L. T. R. ..................... iinc turns right 
M- ............................. missod Sounding 
N. 0. .......................... no good 
N. P. -: ........................ not plotted 

O W - .  ....................... object 
o/c.-. .......................... on courso 
POS- .......................... position 

E...- .......................... rcjected 
R< ............................ right ando 
R.A.R. ......................... Radio Acoustic R’ngiOg 

N. R. .......................... no rcturn ( R . A J ~ J  

P. e. c. ......................... per standard c o n l ~ ~ ~ ~  

r. p. m. ....................... revolutions par minute 
R. C. .......................... revolution count“ 

S.. ............................. samc 
sdg- ............................ sounding 
81.8. ......................... slow speed 
6. R.  n. ...................... sono-radio buoy 
st. .............................. stop 
sthd.. .......................... starboard 
St. S.  ......................... standard sPCcd 
T. ............................. truo (ImarinS) 
T. W. .......................... Taut wire 
v. C. .......................... vortical cast 
W .  r). .......................... wiro drag 

812. PAGE HEADINGS 

The appropriate entries shall be made in full in the spaces at  tho top 
and last record page of a day’s work and, if it is divided between two ~ ~ l u m ~ ~ ~  be 
last page of the first and the first page of the second volume. The entries s?&@- 
made 011 rucli page if this docs not preclude tlie proprr recording of more vital;’;Ucclitjf 
tion. A dating stamp and rubber stamps with the vessel’s name and the gcIlorU uIld@f 
may be used to entcr these data after the completion of the day’s work butof tho 
no circumstances should such information be stamped on pages in adVaIICB 
recording. 

on 

81 21. Day Letter 
letter 

For proper identification, each day’s work of each vcsscl sliall be a jettOs 

bY 
in alphabetical ordrr (brginning with the letter A and omitting I and 0)’ SUCl1 @e 

to be entered in color in the appropriate space a t  the top of each record Page* 
survey ship and each smaller unit shall have a separate series, distingilis11ing 
using capital letters of one color for the sliip and lower-case letters and a diffcre’ 
for each othcr vessel-thcsc distinctions to be prcserved in the rccoids and OI1 

Two small boats uscd by thr same hydrographic survey unit on tlic sumc 
be distinguished. 

til~flolos 

rloed 
t1,o 

See 3311 for special caws when sounding is continucd past fll 
.dp&” 
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thc alphabet is exhausted, double letters should be used in accordance with 
3311’ &r colors, blue, purple, green, and red should bc givcn preferencc in the order 

Yellow and black shall not bo used. 

813. INFORMATION AT BEGINNING OF DAY’S WORK 
‘ Certain inforination rclativc to  personnel engaged, instruments used and their ad- 
l‘stQcnts, and ot1icr pertinent facts, wliich are important to 8 proper understanding 
“d ‘PPhtion of the records, sliall be entered at the beginning of each day’s work. 

Entries 
If, for spccial reason, additional shall b 

I‘ “le margin whcro it will llot be ovcrloolicd; 110 important information should be 
o‘ittcd just bccause space has not been provided in one of the stamps. 

stamps for this purpose llavo been standardized and shall bo used. 
e made in every applicable space in each stamp. 

!‘forQation is 1 jc  ved dcsirablo it should be rntcred just Lwlow the respcctivc! stamp or 

ahQl1 If a change occtirs during tlio day to affect any of the information, a ncw cntry 
0 mad<>. If most of tlie information in oiic stamp is affected, usc tho stamp; 

inal<c tii e cntry in the “Remarks” column. 

81 31. Personnel 

’he names of tlle persolinel cngagcd in tho survrying, and the numbers of thc instru- 
used by each, shall bo entered in the appropriate spaccs of Stamp NO. 32, Pcr- ;?‘ (fig. 175). 17‘ a t e r  tlic last name in full, prrccdrd by initials, unless tlio cntry 

The corroctncss of tlic instrumcn ts used- ;;‘’ be verified and that fact iiotcd aftcr the iiumbcr of each iiistrumcnt. Figure 175 

Q ’Opetition, whew initials will sufice. 

a facsimilr of Stamp No. 32 with tlio cntrics proprrly madc. 

I No. 32 PERSONNEL 

In charge .... J:.!.:.$.‘?ljf.h ...................... Cor. 
Plotter ...... A*. . A : . . ? : . . .  ... .ProtractorNo.H!9?..:. .o!f ..... 
I,. Angle. .. ../... .A... . s.. ...... .Sextant No. . H .2 $?. . : .. o?. .... 
R. Angle.. . . A * .  .A:. .Ne.!??*. .Sextant No. .u 3 0 6 . .  :. . ou.. ... 
Recorder.. . e*. .L... ../?ne$. .Clock No.. .H!.$g.. . : . . !?K. . .  
At chronograph. 4. .e Sam*. .. .At fathometer. 8.5.  AP.?f$.T:. . 
At sounding mach., ................ .Leaasman. .c:fl:, f f P . ? / / .  . 

.. . 

Pmum 176.-I~’ucsiinilo of Pcr\onnol stamp w it11 cutrics progcrly inado. 

tfi b l e n  the operations arc 011 n watch basis and most of the pcrsowicl are rclicvcd at 
P For tcm- 
QOtos‘. OPQrv rolicf of members of tlio watch, or wliai oiily onc pcrson is rrlieved, appropriatn 

intervals, thc stamp sliall be rcpcatcd at the changc of rach watch. 

‘h tho  [[Itcniarlis” column will suircr. 

81 32. Sounding Apparatus 

fibD;lC kind and instrumcnt number of the sounding apparatus shall be antcrcd in tlic 
thi, ‘Priate spacrs of rubber Stamp No. 33, Sounding Apparatus. Figure 176 shows 
th All of tlic apparatus which may bc usrd during 

should bc cntwrd. 
2’hc caliiwntioii vclocity of an who-sounding ins trumcn t uscd sliall always bo 

as wcll as thc dcpths of tlic oscillator mid hydroplionc or transccivcr, thc setting %od 

with properly madc cntries. 
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No. 33 SOUNDING APPARATUS 

Pathometer .&CB$.Y. Model., .<, .... .No.. .?$. ..... .Cat. Vel.. !.?.e.. . Fm/S@* 
Initia1,set.. I t  f f .  .reading(shoalest edge). .!?:.?. a Ft* ............ ..... ...... 

Tronscei  v e r  
-&e NO.. ..... .?. .... .depth. .. !.? .. .Ft. Hyd. No..  ...... .depth.. ..... .Ft‘ 

Bar check, pp. .  ....... .Vole . .  ....... .Speed count, pp. .  ..... .Vol..  ...... 
Sounding Mach No.. . .?$. ... .Location sfP.4:. .$id<. .<?r,:d;.Sl~eave No. .  H $?. 

Sheave factor. .!..(?.?f?@. .From test , .  ..... ,df?c.i.!. .. .?.?... ..... .19??.*. 
2 Leadliiie No.. ........................ .Graduated in.. c5.C k... .. ............. 

. 

Leadline comparison on page .?.-?. Vol . .  4 .J ... .... ......................... 
FIQURE 17G.-Facslmilc of Sounding Apparatus stamp with ontrirs properly made. 

eri~oPs 
When a leadlinc is used, refermce shall bc made to all of the leadline GOmp 

Any change during the day’s work, which affects any of the information 
(see 4622) which are applicable to this day’s work. iven ip 

thc stamp a t  the beginning of thc day, slitill be notccl in the "Remarks" column’ 

8133. Preliminary Run and Weather 
distance in 

The time the party or unit got underway or left headquarters and thc 34 (fig* 
nautical miles to position 1 of the day’s work shall be cntcrcd in StnmP PIo‘ staflP* 
177). Thc statc of tho wcather, wind, and sea shall also be entered in this 

N o .  34 Depart Arrive Distance I 
Ancllotage.. ......... ........................ Mi. 
Working grounds . : ............ :. . .?: 2 6 ... : . . .  !?.,?. .. , M i .  

Wlnd.. ....................... .Sea .. Mopl’e.r.4.ff.. ..... 
Underway a t . ,  ... .:. ........... :Weather. .Q.<e.r:c.q.S.f. ..... 

FI6UHE 177 -Facsimile or Stnmli No. 34 with rntrles prolmly rnndo. 

1 ,  colufl*‘* Any change which occurs during the day sliall bo noted in tho “Remarlrs e distal@ 
This samc stamp shall be used at the end of thc clay’s work to enter th 

from work and the time of arrival a t  headquarters. 

81 34. Comparison of Sounding Apparatus d 
h y  standardization or comparison of the sounding apparatus which is @log be @ad5 

the beginning of the day’s work or during the day shall be entered in columns 
headings of Stamp No. 35 (fig. 178). 
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stamp is a multiple-purpose stamp to bo used for leadline comparisons, fatho- 
The two inapplicable lieadin@ should be crossed 111 

Comparisons, or bar c1iecks. 
Out 

b . readings of the nppnratus 
]‘lng tested should be entered in thc. 
iftShand column; the lcngtlis or depths 
i:2!e standnrd witli which comparison 

made should bc entered in the 

each time the stamp is used. 

or depth 
D-M 

punitus u i th  eiitrics proprrly inndo. 

:)ecks*) When the leildline is tested and found to be correct for d l  depths for which 
(See Is to be or has bcon used, onc entry stating this is sufficient, ns in figure 178. 

173.) 
814. COLUMN ENTRIES 

8 As may be see11 by reference to figures 172, 173, and 174, the pages of tho Soundixlg 
It is important that each entry bc made in the 

eo?ect column and tliat the entries be neat enough so that t h y  do not encroach 0x1 

B!3acent columns. Sloppy rocording inalios tho subsequent intcrprrtation of thc r ~ -  ‘1 ds 

th All of the events and data which nrp related to a specific time entry shall appcar 011 e horizontal line witli the time, except for the position data where thc first entry :p E& on that line (see 8146). Certain notations and miscellaneous entries in the 
eQarlc~” column may be referred to their respective times by the use of appropriate 

Cocresponding reference marks a t  both. 
where it is 1iecessru.y during tlic dny’s work to enter data or long esplnnntory notes 

”‘ich cannot be coiiveniently kept within the limits of tlie “Remarld’ column, the 
should be interrupted, tlie entirc width of the double page used for the elltry, 

the record resumed below the entry. 

are ruled into 11c.adc.d columns. 

difficult and mny result in misintorprctation. 

8141. Position Numbers 

’OSitions shall be Ilumbercd consecutively starting with number 1 at the begi~ining 
Tllcse position numbers shall bo entered, opposite their respective times, 

“@ column headed “Position Number.” Each number shall be within the angle 
‘ h b  talr O1 thus (e4); tho syrnbol should bo mad0 with care so that it cannot be mis- 

@‘ for part of the numbcr or for the letter I or L. 
numbers are to be given in accordance with 3312 and 6812. When using 

* control, eacll position in the Sounding Record on wliich there is a bomb 
e ldcntificd by the additioii of n lower-casc b to the position number. In t h o  event 

?! the bomb is a dud or that thoro are no usablo results, the b shall be crossed out. 
Ptlo1l numbers in tilo Bomb Record shall bo idontical witlt those in tho Sounding 

tion:. other ontrios shall appear in the “Position Number” column except the abbrevia- 
for allead and st. for stop, which should be written close to the right-ht~nd 

day. 

(see 8311). 
“Cord 

%e 
Of the COlUlllll. 
466382-144-60 
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8142. Time 
d ,erid- 

daf$ ian shall be noted at the head o€ tho “Time” column a t  the beginning of each frofl 
work (see 151). 
0 (midnight) to 23 (11 p. m.). data 

All times shall be recorded in the “Time” column, with the corresponding o&. 
to which they refer entered on the same liorizontal line. must be 

lained iU tion, each recorded sounding, and each entry that will be used in plotting, 
recorded. Additional events which need to be timed in tho Record are exP 
different parts of this Manual-among the most important arc: the time of an R’ 

433)i ”* position (Mill), the exact time of irregularly spaced souiidings (3431 and 3 UDgeS jn 
times of stopping for vertical casts and going ahead (3422), the times of oh 
course (3373) and turns (3463), and the times of turns a t  cnds of lines. 

I n  connection with vertical casts, the abbreviations st. for stop and ah. 
shall be entered immediately preceding their rcspcctive times on the horizontol 
immediately before and after the respective soundings. 

I t  is important tha-t the exact times of the following dctacbetl events bo 
detached soundjngs‘which are not a part of a sounding line; lenst depths on 
covered by drift sounding, or otherwise, with only the criticol soundings 
positions to determine the outline or limits of an area where a tidal plane of rcferenCe 
involved; a measurement or estimate of the height of a shoal or rock above 
or an estimate of the dcpth of water over a feature on which a sounding cannot 

US in R.A.R. control, they must be set in agreement a t  thc bcginning of the 
verified a t  intervals throughout the dny (see 6811). 

Standard time shall be used in all hydrographic recording and the standas 

Time shall be recorded by numbering the hours consccutive’y 

The exact time of each 

for &heod 
lille, 

recorded: 

rocordod 15 1 

a 

the ~ a ’ ~ ~ ~  
be takeP’ 
ad d@l 

day gd 
If two or morc cloclcs are used for the times of different parts of the record 

81 43. Soundings 

The soundings shall be entered in the double column headed 
one blank horizontal line after each position. Every soundhg ,shall be r 
fathoms and decimals, or feet and dccimals (see 124) ; no sounding shall be 
fathoms and feet; fractions shall not be used. Tho integcrs of the numbers 
recorded in the left-hand column, the tenths bring recorded in tho right-han 
The depth unit shall bc indicated by drawing lines through the inapplicable, 
ings a t  the top of the tloublc column on mch page. 

The dcptli units in which the soundings arc to be recorded in various circum 
are specified in 3112, There is no objection to  changing from 
the recorded soundings; where this is clone soundings shall be omitted from two ord4’ 

Since . t zontal lines, in which the new unit is to bc boldly indicatctl (see fig. 172). 
ono depth unit is used on onc hydrographic shect (see 771 and 823) it is Inor0 convenle\ an 
that as largo a pcrcentagc of thc rrcordrd soundings as practicable is in this 
that changes from onc unit to nnohhcr arc held to LL minimum. 

Handlend soundings for comparisons, or interspersed with cdio soundiDgg’ 
be in the same unit as the echo soundings, they 

No bottom soundings are almost valueless, but where they cannot be voided d 
are to be recorded thus, &, meaning that a t  18 (fathoms) bottom wus not seaG’le 
(see 3542). dill$ 

*C@ 

to table 29. 

sbJ 

Soundings shall be rccordetl in integers, or to the nearest decimal part, 



For soundings in feet 
-~ 

Charactkr of area or bottom 
I n  protected waters 

I 11 Record 
soundings 

to  the  
j , nearest 
I 

/ /  I 

foot 
0. 2 

0. 5 

1. 
1. 
1. 

~ 

Enter 
iorrect ions 

t o  the 
nearest 

foot 
0. 2 

0. 2 

0. 5 
0. 5 
1. 

I n  exposed maters 

Record 
ioundings 

to  the 
nearest 

foot 
0. 5 

1. 

1. 
1. 
1. 

Enter 
:orrection: 

t o  the 
nearest 

foot 
0. 2 

0. 5 

0. 5 
0. 5 
1. 

I 

For soundings in fathoms 

I n  protected Raters 

Record 
soundings 

to  the 
nearest 

fathom 
0. 1 

0. 1 

0. 2 

r 0. 1 
I 0. 2 

{ E 
1. 

Enter 
rorrectione 

to  the 
nearest 

fathom 
0. 1 

0. 1 

0. 1 

0. 1 
0. 1 
0. 1 
0 .2  
0. 5 

In  exposed waters 

Record 
soundings 

t o  the 
nearest 

fathorn 
0. 1 

0. 2 

0. 5 

0. 2 
0. 5 
0.5 
0. 5 
1. 

Enter 
:orrections 

t o  the 
nearest 

fathom 
0. 1 

0. 1 

0. 2 

0. 1 
0. 2 
0 .2  
0 .2  
0. 5 
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81 44. Bouorn Characteristics 
, l  wid1 

The character of thc bottom shall be cntcrcd in the colunin headed “Bottom ’ 
tbi5 
n d  Symbols and Abbreviations chart (fig. 189, part XI). Characteristics not OD 

chart shall be writtcn out in full. The proper intcrprctation of many of tho terms 
misccllaneous instructions for recording them are given in 3845, 3846, and 384‘. the 

Dctachcd determinations of the character of the bottom, as from the flukes 
anchor, from a buoy anchor, or tit IL serial tcinperature station, must always b.o a fixed 
panicd by a position-by the best estimated position from dead reckoning lf a 
position cannot be obtaincd (scc 3841). 

( $ 1 ’  of the frequency spccificd in 3842, using the stnndnrd abbreviations from part 

814.5. Compass Heading 

The vessel’s liencling by compass at  all timcs during sounding shall be entcrcd 
in 

tho column hcadccl “Heading by _ _ _  . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Compass”; and in the 
space shall be indicatrd wlicthcr the steering or standard magnetic compass or gyro- 
compass of major survcy units is in use. 

in lIyd*O. In  launch and small-boat hydrography controllcd by thrce-pomt fixcs, and If 
graphy con trolled by rangcs or distancc angles, compass hcadings may be omitted‘ 

le9 they arc omitted, the gcncral direction of the linc being run (unlcss distance an& ,~ 
used) shall be entered in the L‘Rcmarks” column. If rangcs or distance anglLvitl~ 
being uscel that fact shall bc en tcrcd vortically in the cornpass heading cdumnintries, 
the abovo exception, no cntrirs exccpt hcadings shall bc made i n  this column- in 
such as c/c and  o/c to indicate “changcd course” and “on co~lrso~’ properly bclOng 
thc “Remarks” column. 

blank 

dance All courscs shall bo entered in clegrws, cloclwisc from north. 
Coursc entries in conncction with changes in course and turns shall be in act?" 

A time cntry should be mnde in thc “Timc” column oPPoslte with 3454 and 3463. 
course entry. 

8146. Position Data 
tcrcd ’ 

Insofar as practicable, all position data, except R.A.R. distanccs, s l d  be ::have 

,itb 
The first entry of position dnta shall invariably be on the same horizontal lin:onsc- 

bo1 

in the column provided in the center of the right-hand page. It is disconcerting 
a part of these data rccorded in thc “Remarks” column. 

thc? corrcsponding time and position numbcr on thc left-hand page, followed On 
’r and cutivc Iincs by the rcmaindcr of the position data. Thc position numbc 

which appear on tlic left-hand pagc shall bc rcpcatcd immediately to the left O 
cntry of position data (src 8141). 

re- 
Time-point jfiz.-TTlir namrs of tlic t h e e  stations of a three-point fix shall bctiofl 

cordc;d vrrtically in thc lcft part of thr column, with thr nama of the center s t a ) O f t  
indcntcd slightly. Thc objects shall always bc recorded clocltwisc, that i9~recorded 
object first, the ccntcr object ncxt, and t h o  right object last. Thc angles are tll0 
in thc right part of thc column, thc lcft and right angles being recordcd OPP 

f the 

Thc rcquired frcqucncy of position is spccificd in 3313 and 6812. 

the 

Osite 

names of the left and right stations respectively. ntal 
A thrcc-point fix sllall always bc recorded bctwcrn two licavy ruled . llorizo n9 @fb 

lines, leaving as many blank spaccs in the “Timc” and “Soundings” colllrnns 
necessary to accomplish this. 
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Rliere tlie same control stations arc used for successive fixes, it is not necessary 
to repeat the names; the word “same” or tlic letter S, covering thc tlirce spaces occupied 
by the fix, may be used at each positioii to indicate n repetition, provided that the 
‘tation names arc entered for the first position on each page and every time nny one 
Of the stations is changed. 

Ca’resP04ding fixes, pr(1fprably with one blnnk intcrvcning space. The names of tlic 
“O Objects, recorded clockwise, arc entered on tlic sanic linc with tlir “cut” angle. 

rrcordcd names of stations must ngrcc with thosc on the boat slicct (src 3245). 
In llddition to the systematically spnccd positions, supplrnicntal positions and 

S‘pP1(‘mcntal angles are ofton required t i s  explained in dif€crciit parts of this Manual. 
Otlicrs occur in 

‘OQneCtion wit11 locating buoys (see section 25) rmd Iiydrograpliic stri tions (243, 247, 
“d 248). Otliclrs occasionnlly requirc(1 arc’: in connrction witli revision of tlic liigli- y.h (3244 and 381) ; to locate a vcrscl for iisr t is  ti liydrogn~pliic station (3365) ; on 

‘l%ational range to determine its azimuth (3833) ; in connection with drnwing form 
tlir vrsscl (382) ; to locate rodis, obstructions, wrccks, &e., (srr 363, 364, nnd 

b I If One of tllc objects of a three-point fix is n distnnt tnngcnt, thcl lieiglit of rye must 
If one of thc objccts is npprrciably cibovc tlic horizon, its vcrtical 

Iz*A.R. position.- R.A.R. distiiiiccs arc recorded in tlic Bomb licacord and sliall not the rcPcatrd in the Sounding Record. Tlic position numbers and symbols sliall bo en- 
l F r C d  in tlrc Sounding Itccord, rind opposite tho first numbor on ciicli page thr entry 
ti$ B m b  R(wxd” slid1 bc made. E ~ t r ( ~ i n r  cnre must be tulrcn to ensure thnt tho 

‘ 9 11PPlernental angles, or cuts, observcd a t  tlirce-point fixcs ai*(’ rrcordcd below the 

‘le of tlir most important of tlirse arc spccifird in 3312 m d  3313. 
so 

‘ 
Qcludcd (33363). 

lnllst bc includrd (3338). 

d’ S‘PDh~noiltal positions, for whicli there nrc 1io R.A.R. PIWRE ] i o  --~acsi~mlo of stanw 
lor loa and rovolotlonsountcr 

3312, 3313, and 6812). Each of tliesc slid1 bc givcn ti con- 
:Ftive number . Sincc these are not entered in tho Bomb Iiccord, tho result is that 

Position numbers in tile Bomb Record arc not consccutive. 
uisceZZan,eow,s contToZ data.-A numbcrcd position sliall bc given to onch entry of 

co“rOl data wliicll will bcb used in plotting tlie sounding line, rrgnrcllrss of its ntitiire, 
“C1udiQg the ti1 ncs a t  romc changes in course (SCO 3373). 
b Bearings.--wllcre rccordcd for use as position data, the number of degrees shall 
1‘ by T to indicate u true bearing, and by P . S . C .  to indicate ti collipass bearing. c:k latter case the values of the variation and deviation sliall be entercd and the 

t~ R‘nges.-Wliere souiiding lines are run on prc-rstnblislicd ranges the. positions 

lstp‘CeS, arc often rcquired in connection with R.A.R. (see rrndlnas 

g convertc.d to a true bearing during or at tlic end of the day’s work. 

nurnbcrcd tind the data rrcordcd in accordance with 334. 

815. REMARKS AND MISCELLANEOUS l<NTRlES 

E ’II the “Eelnar1<s” column sliall be cntcrcd all additional information required 
the Proper 11ndcrstmiding and correct plotting of tlic work, for wliidi provision 
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No. 39 LINE BEGINS 

0 ,  

Lat.-.-~3..?~-g..6 ...... Long .__. 7.&Z.Q..?& . 

HYDROGRAPHIC MANUAL 

6‘1,. T. It.’ made in a continuous line of soundings. 
I 

(e) The abbreviation “I,. T. Id.” Or d8,, to ID’ 
to sllall be entered after the  entry “line en 
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(‘) Any condition of sea or weather which affects materially the accuracy otherwise expected 

(’) Notatiorl of ally echo soundings taken when the vessel is stopped or proceeding at slow speed, 
an instrument that  has been adjusted to  cornpeiisate for scttlerncnt and sqklat (57(j)). 

* Descriptive Report notes (385) do not take tlie place of notes properly belonging ‘ the Sounding Record. 
Stations or objects cut in sliould be described at tlic time the first cut is recorded 

(248)* Notations sliould illdicate where the trnck between fixes should be tnlren 
mitre positions outlining an area nre recorded, a 

of the area shall be made, differentiating particularly between n reef and 
Slietclies should be included of the more important reefs. 

A multitude of various miscellaneous entries arc required, too numerous to be 

where notes arc too long to  be entered in the “Remarks” column, the sequence 

’ 
In 

recorded data. 

the boat sheet (3352). 

low-watcr line (7824). 

eeSCriPtion d 

individually. 

“cording may bo interrupted to record a note the entire width of the pnge. 
Of 

816. INFORMATION AT END OF DAY’S WORK 

At tlic end of each day’s work certain entrics arc required. Rubber sttimps are 
OVided for most of theso and entries shall bc macle in every applicable space in each 

registrat,ion, a t  tlie cnd of the dny, of the transmitted signal of m y  ccho-sound- 

A leadline comparisoii arid a bar clicclc nre rcquircd n t  the end of thc day, using 

The time of arrival a t  and distance to lieadquarters are rc~quiretl, using rubber 

Pr 
5t8Qp* see also tlic instructions in 813. 
’ 

log 

P‘lbber Stamp No. 35 in accordance with 8134. 

StaQp N O .  34 (sce 8133). 

used shall be entered in the “Remarlcs” column. 

connection witl.l reductiorl of 
Fiourts. 1R1.--FaCsimiIo of stamp for voriflcatiou of soxtauts 

and clock. 
rubber Stamp No. 38, Processing 

la ”‘* IS3), is required (seo 824). Unlcss this stamp is impressod as oach day’s work 
d CohPlctcd, space must be left for it. The location of the tide gage used during tho ‘’ “hall bo critorcd in this stamp in tlio space provided. 

81 61, Statistics 

The statistics for each day’s work shall be givon a t  tho end of each day, using rubber 
Where a day’s work is recorded in two volulnes, 

sliall be divided between the two volumes, tho stamp being used at the @Qd 
‘Q 

Of record in tile first volume, as well as at tlic end of the day in tl~esecondvolume. 
le 

thetEcllo soundings are riot to be counted-note that the stamp specifically indicates 

istjcs (fig. 182). 

provides columns for this division. (See also 124.) 

Only liandlead and wire soundings nrc to bo countcd. 
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No. 37 STATISTICS.. .G.. .DAY 
This Vol. : Total 

No. sdgs. (H. L. and wire) I 6  . 16 

No. positions ...................... 73 . 78 
hIi1t.s sdg. line. . .  .: . .!?.S. 3.. . .Naut. .  ... !!.?..? ... :. .. (2.2. .?. .... Sld(. 
Dist. to and from:. . .  .??. .‘?. . .X;.iut Mi. 
Misc. dist. run. .  . .  :. .... 6:. 4. . .Naut. Mi. .?. , , . Naul. 
Sounding continued in volume.. .................................. 

...................... 

:, 

FIOURE 182.-Facsimlle of Statistics starnp with cntrbs properly msdr. 

81 7. O T H E R  SOUNDING RECOKDS 
us0 is Two experimental forms of Sounding Records hnvc becn dcvised, wllos~I,l~finge- 

SLlTllOl 
under consideration for echo soundings recorded graphically. 
mcnt is radically difl’ercnt from Form 275, many of tllc coliimn lleadiirgs arc tllc 

di& and tho same instructions should be followcd in using them. 
The principal innovations in thr IIPW forms are that two are used, iJlc are 

being recorded separately from the position data and other datn, and tha t  data are 
recorded horizontally instead of vertically. 

In  thc form in which the position d a h  t ~ r o  Jxworded, the rlaines of tllr  st^^^^^"^ 

Although the 

T’he data in tho  srparute vO~lllncs * 
correlated by time and position numbers. &Id 

loft o d e ]  angles of a three-point fix arc recorded on on(: horizontal line-loft ohject, 
mannOT‘ center object, right angle, and right ohjoct. Cuts arc rccordcct ill a similar al.a 

One hlanlr horizontal ljnr i s  Irft bctm w n  positions. 

us0 of 
recorded in the “Rcmarl~s” colirmll. 

The form in which tlic souiitlings w e  rccorclrtl is inteiidctl for the ternp”@’Y ns 11.11 
the hydrographrr in inlring the soundings on th(1 boat shrot. 

in@ being plotted and inked on the smooth shcct from the fathogram. (See 562’) ed 

in to 10 numbered columns. Soundings arc rccordcd on the assumption that ’’‘~p 
equally spacod. d 
times of intemediatc soundings arc omitted. Tllc souiiding on tllc position is clltcre 
in the first column, which may be considered the zero column, iind the successiv lakoa 
arc numbered from 1 to 9.  or example, if fivo cqun~ly spnccd sour~jings fir(’ 

between two successive positions, they are entered on a horizontal line nine 
numbered 1 to 5, a line being drawn through the romaining spaces. soLl’ld- 
soundings occur bctweeri positions they can bo rntcrccl on II seeold linc, the t#cllLl1 

t$‘O 
If a11 occasional s ~ i o a ~  or deep sounding iicwjs to ~ ) o  iiitorpo~atcc~ ~ ) ~ t j q ~ ~ ~  to 

soundings at regular intervals, it can be insertcd a\)ovc tlio line wit11 a caret ”““,“d ate 
indicate this. The form is of no vnluc whore many soiindings have to be record 

for 
One blank horizontal line should be loft bctwoon entries. If n rctluctioI1 ,($nd‘ 

~ ~ l c  1)ottorn c~ltu.acteris~l~ 

It is not to be used official record of soundings, the fathogram itsrlf srrving for this purpose and tIl0 sound’ 

e S  d i d  In  the new forni the soundings are recorded on a horizontal line, w l d l  

The position number arid the time of the position arb recorded. 

c ,olU@ 

in coll’fll’S 

If more 

ing after the position being entcwd in tlio first column, iiumbcrcd 10. 

irregular in trrvds. tido 

is necessary for boat-sheet soundings, i t  may genrrally be made mcntally as tbe .cJJ’ 
ings arc inltcd on the boat sheet. If it is necessary to reduce the soundings aritllme~lo~ld 
for tide before thcy arc inlrcd on the boat sheet, enough blank Iiorizontal spacoS \io&’ 
be left in the record for this reduction, the rrduced soundings bcing cntcred vOr 
below the corresponding soundings before reduction. 
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818. SUPERVISION AND INSPECTION 

Altllougli tllo oflicer-in-c.11alg-e is rc1sponsiblc for thc rccorc~s, 1ic is 1lsually fully 
othc~lwisc during the actual souliding, uiid liis assistant, u s d l y  the right aiiglc- :-QJ 5 * m  supervise tllc actual rocording mid rliccl: closoly tlie marlier and accuracy 

It is tliv lattcr who usidly tolls tlic rccordor 
at uiscrllancous entries to  nialie. HC sliould see that clear esplanntory notes arc 

hh 

entered wherever necessary. Some Iiydrogrnpliic or topographic information is found Only sucli notes arc often of supremo importance, as for 
Hc should mako ;TtPm t h t  thev arc adoquute and nccuratc. Question inarlis should not bc left in 

Record  to  ciusc future confusion. Rojcctioris of slioal soundings, wliicli inay be 
ObvlO'ls to  the llydrograplier, sliould be logically nnd fully explaincd. (Src 3413.) 

8 daily roview of tlic boat sllret and Sounding Record shnll bo niadc by tllc hydrog- 
lnp"er at  ~ l i i c h  time tiny ~ ~ r o r s  or omissions in tlie rrrordcd cliitn should bo rcctlified 

res "he hydrogrnpllcr in ( - 1 i q ( i  of tlic party, or of t h o  w n t c l i  if on bonid ship, sliull bo 
Pollsible for tllc accuracy and a(1cquacy of tlic recorded dntn and at t'lic cnd of tllc '"" or match slinll npprow the  rvcord for that day, or watch, ovor liis signnt!ure 2 3412). The siginturc slinll br rntcrcd in the appropriate spaw in Stamp No. 36 tt I 8 l )  W1iic.h should be irnprrsscd n t  tlic cnd of cwAi tlnp, or cncli watch if opci-ntions 

Ith thc recorder does his work. 

in tlw ''Iicmarlrs" colunlri. 
, p'c1 thoso referring to rocks awash and rcvision of sliorelinc. 

3246). 

'*' a watcli basis. 

in inirnodiato cliargc being spccifically rosponsiblc for the day-to-day examina- 
si Tlic Chief of Party need liot 
I$ the Sounding Records. The spa providcd in Stanip No. 36 may bo disregarded. 
ththe Chief of Party docs iiispcct tlic Records gcncrally, he may placc liis signaturc in b, 'paC0, a with inclusivc datcs to indicntc that part of thc Rccords to  wliich his inspec- 

' '@neral instructions to tJic 1iydrogr.aphcr by tlic Chic€ of Party sliodd bo wvrittmi 
e SWnding Record and signed by him. 

for the approval of each day's recorded data. 

Pplics. 

(Src nlso 3411.) tb 

81 9. COMPLETION OF SOUNDING RECOIIDS 
3 tlic cornplotion of a Iiydrograpliic survcy, all of tho Sounding Records for that 

@ o ~ ~ ~ ~ ~ " l b e r i l ~ g . - T I i e  Records arc to  be grouped in the proper order, the various groups shall be 
Illg I and thc complctc set of Records shall bo numbcrcd consccut ivcly and pcrmanently, includ. 

P ~ Q ~ : ~ ~  field iiuinbcr and registry iiuxnbrr of tlic hydrographic survey sliall be lilaiiily inarltcd in 
bh,pe On the In the relatively rare case 
%+ of a Soanding Record have to  be plottcd on differcnt, smooth sheets, the numbers of both 

shall be ciitcrcd on thc cover label and reference must be madc on the proper p a p s  of the Rec- 
~ ~ ~ ~ ~ ~ l s h e e L s  involvctl. I t  is not necessary to copy a portion of the Record into another volume. 

d'  4% Zabel.-The data called for 011 the covcr labcl and titlc pagc sliall bc ciitered in black 
ink, except thc position numbers and day lctters, which shall be cntcred with ink of the color 
used in  tlic Record, alld the survey nunibers which arc left in pcncil. 

table.-Thc deviation table for tlic compass u y d  for hydrograpliy shall be critcrcd on 
the firRt \~oliimc. of cacti sct of Records, and in the proper Record (with rcfcrcnce to  date) if 

a'y vollinies used solcly for cuts or other miscellaneous data. 

cover label and t h o  title page of each volunic of soundings. 

hgec; 
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usjog changed during the course of the survey. This is not necessary for launches and small boats 

d .  Zndex of cuts.-An index of all objects such as signals, survey buoys, aids to  rmVigati Logl$ 
marks for charts, rocks, and breakers, the positions of which have been determined by sextant 
shall be entered as follows: If a separate volume contains all such data, the index s h d  be S.fill be 
page 2 of that  volume; if the data are interspersed through the Sounding Records, the index 

’11 entered on page 2 of volume No. 1, giving the volume and page numbers on which &re 
data for the location of any given station or object (see 248). this d e d  References t o  positions taken t o  determine the azimuths of ranges shall be included in 
(see 7845). s o n  SUO’’ 

e .  Index of hydrographic in;formation.-A separate index of special hydrographic infornl’:eteteohed 
be 

portable compasses. (See 144.) l t d  on, 

entered 

as currents, tide rips, overfalls, and swirls shall be entered on page 2 of volume No. 1. 
determinations of the character of the  bottom not recorded in the Sourldi~~g Records 

d r d  
prepared, in accordance with 2164. If typed, this should be pasted inside the title pa@ Of sou$iCh 
volume No. 1 for that  sheet or, if desired, it may be lcttered on the first record pages, 

the boai hydrography has been omitted for this purpose. 

and ther: 
sheet, this fact shall be noted in the list (see 241). 

throughout the  Sounding Records, the cuts are t o  be indexed in accordance with d “IndeXoomput~ 
Where final buoy positions based on these cuts have been determined by the field party Thoss 
tion, by plotting on an aIuminum sheet, or otherwise, that  fact must be made clear in the ind$ntified. 
cuts tha t  are t d  be plotted on the smooth sheet t o  determine buoy positions shall be properly thod 

All buoy stations whose final positions have been determined by the field party, by. anY$enired 
other than by plotting on the smooth sheet, must be included in the list of buoy 
in the Descriptive Report (see 8436). 

Any 

indexed. &dl.bs 
f. List of stations.-An alphabetical list of the stations used on each hydrographic sheet 

Where a station has been relocated by a more accurate method, after having been med On 

g. Buoy positionS.-Where buoys have been located by sextant cuts recorded here of cuts. 

82. REDUCTION OF SOUNDINGS 
to the Recorded soundings must be corrected for any departure from true dept l~+dueo~ tb0 

method of sounding or to a fault in the measuring apparatus and for the he16 ht ll,@ 

tide above or below the plane of reference at  the time of sounding. Souodi~g5 
arc provided in:Foi-m 275, Soundings, in which to enter the corrections and the 
after reduction. 

Vertical 

821. CORRECTION UNITS 
. 

Parts of units shall be 
Corrections (sometimes called reducers) shall bo entered in thc same unit In d 

the soundings have beon recorded (see 3112 and 8143). jfl 
in decimals-fractions shall not be used. Where the soundings have been recorded e@ 

recorded in fathoms, the corrections shall be cntcred in fathoms and dccimab* 
shall be drawn through the inapplicable unit a t  the top of each column on eac1’ 

have feet, the corrections shall be entered in feet and tenths; where the soundin, fill@ 

O P  

822. CORRECTIONS TO RECORDED DEPTHS 
tlJ0 

Each correction, preceded by the proper arithmetic sign, shall be entered pot be 
horizontal line opposite the first sounding to which i t  is applicable and noedog&6b 
repeated, except opposite the first sounding on each page and at  the beginning 10 to 
sounding line. 
all foIlowing soundings until a different correction or sign is entered. 

Iicab A Correction or sign once entered shall be considered aPP 
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Where soundings are 
recorded to the nearest 

joot 
0. 2 
0. 5 
1. 0 
1. 0 

fathom 
0. 1 
0. 2 
0. 5 
1. 0 

Enter corrections 
to  the nearest 

foot 
0. 2 
0. 2 

jathoitt 
0. 1 
0. 1 
0. 2 
0. 5 

lrh@ range through wliiclr any correction is to be applied is as follows: 
hj-+?e corrections are entered to  tho nearest 0.5 foot or less, and to  the nearest 0.1 fathom, the 
f0]l Covered shall be from one-half below to one-half above the correction applied, according to  the 

Owing tabulation: 
Whether added to  or subtracted from the sounding 

Range. 

0. 1 to  0. 3 foot=O. 2 foot 
0.3 to  0. 5 foot-0.4 foot 
0. 5 to  0. 7 foot=O. 6 foot 
etc. 

0. 25 to  0. 75 foot=O. 5 foot 
0. 75 t o  1. 25 feet= 1. 0 foot 
1. 25 to  1. 75 feet= 1. 5 feet 
etc. 

0. 05 to  0. 15 fsthom=O. 1 fathom 
0. 15 t o  0. 25 fathom=O. 2 fathom 
0. 25 to  0. 35 fathom=O. 3 fathom 
etc. 



Y A O ~  ’” 
teff 

Where corrections are entered t o  the nearest 1.0 foot or t o  the nearest 0.2 fathom Or Rce$plied’ 

8221 HYDROGRAPHIC MANUAL 
the 

range covered shall be eccentric, from one-fourth below t o  three-fourths above the correction 
or vice versa, according t o  the following tabulation: 

Range 

Corrections added Corrections 9 2, btracted 

-0. 25 t o  - 1. 25 feet= -1. 0 foot 
t - 1. 25 to  - 2. 25 feet= - 2. 0 fee 

-0 .25 t o  3-0. 75 foot= 0 foot 
0. 75 to  1. 75 feet=1. 0 foot 
1. 75 to 2. 75 feet=2. 0 feet etc .  
etc 

- 0. 05 to  -E 0. I5 fathom = 0 fathom 
0. 35 fathom=O. 2 fathom 

-0. 05 to -0. 26 fathorn = -0. fathorn 
-0. 25 t o  -0. 45 fathom= -0. ftLtlLo’n 0. 15 to  

0. 35 to  0. 55 fathom=O. 4 fathom e t c .  
e t c .  

0. 375 to  
0. 875 to  
etc. 

frtth0fl 
fetho’ -0. 125 to +O. 375 fathoin = 0 fathoni 

0. 875 fathom =O. 5 fathorn 
-0. 125 to  -0. 625 fatllonl 
-0. 625 t o  - 1. 125 fatlioins5-1’ 

1.  375 fathorns= 1. 0 fathoin Pt c. 

8221. Leudlinc Corrections 
( I  pead* 

llle bP’ 

gf@’ 

Leadline corrections shall be entered in the I ‘  Corrcctiori” column h a d e d  @isOfl 
line.” They result from the use of a leadline of incorrect length, w b o s ~  3 C O r n P  octioDS 
with a standard has given the corrections to be applied (sec 4622). 
to be entered are derived from the entries rnadc in Stamp No. 3.5 (fig. 1781, 

If the length of a leadline changes appreciably between comparjsoIl% 
tions shall be proportioned according t o  the length of time it  was usrd for so“ 

The ‘Orr 

ginning and end of the day, and somctimcs during the day. ofl,,$* 

,,de* 

“hadline.” They rdsult from tlie usc of a worn registering sheavc, or from day 
of stranded wire (see 4641). T~JC sheave factor is entered at the beginning ,ultipl+*B 
in Stlamp No. 33 (fig. 176). 
the recorded soundings by the sheave factor. 

8222. Wire Soundirig Corrections 

Wire sounding corrections are also entorcd in the “Correction” 

of t w  

The corrections to bc cmtered nrc found by 

8223. Echo - Sounding Corrections 
I! Colu’p 

Velocity corrections to ccho soundings shall be entered in the “Correction to 

,I’ 

Sdac:flt 

flc51’5 

h~aded “Echo.” 
bottom differing from thc calibration velocity of the particular echo-sounding 
(see section 56). There are two general methods by which the corrections 
indirect and a direct one. 

In the indircct mcthod t h o  corrections arc obtained by numorical or odl 

from obserwd temperatures and salinities (see 5613 and 5615). I n  thc direct fltj~f15 
also known as t h e h r  check method and used for soundings in shoal depths, 
arc obtained by direct comparison (see 5617). tiol’ 

plot a correction curvc, from which is tnbulatrd the mngo through which cacll 

In citlicr casc the corrections applicable to tho various depths aro entered&qoft 

They result from the actual mcan velocity of sourld from. 

. I (]on 

corre 
1190d 

I n  both mcthods the data a‘’ 

a p p h  (sco 5614). in tile 

Sounding Racord from a tablc, a oopy of which is included in the Descriptive 
(see 8434). 
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B !cllo-soun&iig iiistruincllts arc intended to be adjusted and opera trd SO that the 
“loclt~ a n d  tide a corrections arc tllc only corrections that need be applied to echo 

80u‘dings ( S C O  55 aiid 56) . If for any reason, an additional correction is found to be 
“ece~s~ly, i t  slioul(1 bp (~Ilt(qyd separ.ately in tliv ( (  Correction” column 1icadc.d "slope" 

QpTopriately l l ( . a ~ .  
The effect of a11 erroxicous motor spccd on the calibration velocity sliould be notcd 

(’@‘ 5553). Tllis slloulcl be ta1ceIl into accouiit by basing the velocity corrcctions on 
“tuQl instru,nc.lltal velocity instead of on the standard calibration vclocity (see 

‘QC! 20) 

4od 

tho 

8224. Tide Reducers 

b@l recorded souiidings must be corrected for tlic height of the tide above or 
Thcsc corrections are 

e‘tcad in tho “Correction” columri hcadcd “Red. for Tide.” 
tio, ?’“e Planes of reference adopted for the reduction of soundings and tlie publica- 

plane of reference at the times of tlie soundings. 

Of cllnrts of tlio Coast and Geodetic Survey are as follows (sec dso  2172): 
(‘) the Atlantic Occaii and Gulf of Mexico-the ineaii of tllr low waters (MLW). 

the Pacific Occan-the meail of the lowcr low waters (hfLLW)-except for the Pacific @htr ‘“e to 1~a11~111a (>aria1 wliere it is the mean of the low watcr springs (MLWS). 
For certain of thc larger navigable rivers and lultcs special plancs have becn adopted. 

be ”’e h a t i o i l  of tlic tide gage t o  bc used in connection with each day’s work slid1 
cnterecl in the appropriate space in Stamp No. 38, Processing (fig. 183), a t  tlllr end ‘ Of th 
”he tide reducers are derived froin lnarigrains from automatic tido gages, generally 
"bed cspccially for this purpose, or occasionally from observed tides (lieiglits 

+Aftey tlic lieiglit of tlic plane of reference for tlie particular gage or staff has bcen kpecl froin the Wasliiiigtoii Office (see 1215) the rcduccrs can be scaled directly from 
@ ‘%3ams, if available, and entered in tho Records. 

It‘ most cascs tllc marigrams or records of staff readings must be sent to the 
BslL1llghi Ofiicc bcforc the plaiic of referclime is dctcrmincd. I n  such cases copies 

8cal e mado of tllosc parts of tlio marigrams noccIcd, or tlie hourly lieiglits must bc 
~ ~ o ~ ~ h ~ ~  wliicli cul’vcs can bo rcco~~~tructod.  Thc  rcducors can then bo scnlrtl 

pull instructions for deriving tlio reducers arc contained in Special Publication NO. 

(see also 4672). 

b 

copies or tho rwonstructed curves wlicii nccded. 

116 ’ 
of Title Obscrvations. 

823. UNITS OF F ~ N A L  REDUCED SOUNDINGS 

”’e algebraic sum of all corrections applicable is added to or subtracted from each 
(4 90“ding, the result being entered in the double column h a d e d  “Field” under “Re- 

Ced Soundings.” These reduced souiidings will bo in tlio same depth units as t h o  
Q Z d o d  soundings. Tlie unit shall be indicated by drawing lines through the inappli- 

in ”h may result in some rcvjuced souridiiigs being in fathoms and tcntlis and s o m  
h and tenths on tlic same Iiydrograpliic survey, or oven on tho  samc page of tho 
&@:::d* In the latter casc.thc chnnge of unit must be boldly indicatrd, a t  tho place 

jl, pp”?. One depth miit is used on one hydrographic sliect (see 771). For convcnienco 
converted to tlic one dcptli unit to be used 

‘ S‘lbheadings a t  tho top of the double colunin on cach page. (SN. fig. 172.) 

w~icre i t  occurs. 

lott1llg, all soundings sliall finally 



No. 38 PROCESSING 

.. S.TA.y.Q.4 .‘?.Q ... Tide Gage atC;).?!?.Tk.A.ND..!??‘?: 
.... I’laiie of K e f . .  .k?.. .& i .w;. ...... Antered:Clieckt.d 

Tide Red ........................... :A. .P.. $:: ..fl:+...N; 

Leudliiie Cor.. ...................... :A,.!; .?..:A,. !:.N; 

Vel. Cor ............................................... * R. A .  G. .G. C. W. 
Index Cor . R. A .  G. .G. C. W. ............................................. 

.................................... Soiiiidings reduced 
Positions plolted.. N .  J. 8. 

J. A. S. A .  A .  N .  

.................................... 
J .  C. E .  Graph scaled.. ........................................ 

Soulidiilys peliciled. .................. E.. 9.. 6:. ....... 

be checked. To indicate nrk 

shall be placed oPPoslte bot’ 
d 

this llns beon done, 8 cb~ck:~~l, 

correction entry and at “le 

tom of each column of reduCe 

ous correction entries in a bot‘ 

$11 SU@* 

soundings. If thcrc lLre 

umn, one check marl^ at the 
8, pl.~coss- tom of the column 

Rubber Stamp NO. 3 ,,,sed 
ing (fig. 183), shall be i ~ ~ ~ : c o r d :  
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records sliould be just as clear, complete, and self-explanatory as the Sound- ‘ 

‘% Records and the same precautions are required in the recording (see 81). 

831. POSITION RECORDS 

of VVh it call br doile coilvciiicritly it is always desirable to ltccp the complete record 
Using certain typos of 

Cohtrol, howcvcr, i t  is necessary to record the position data in a separate record, and it 
o~casioi~ally be more convenient to do so even when using tliree-point fix control. ph 

at e ‘extalit observers may liave to station tlicmselves on tlie flying bridge, or elsewliere, 
d soQ‘?- distance from the echo-sounding instrument, where it is inconvenient and con- 
uclve to error, to record both the position data and soundings in the same recold book. 

is no objection to separate records in such cases but tlie greatest carc must) be 
ph 
taken to correlate the two records accurately by time and position numbers. 

In surveys controlled by R.A.R., tlie position data arc received n t  tho chrono- pph station, usually in tho radio room and frequently some distance from tlie ship’s 
01’ tlir plottirig room, and a scparatc Bomb Record must bc used for the data. 

ab Position data for dead recltoning, and often in conncction with R.A.R. surveys, are 

a survey in one book-the Sounding Record. 

on a special form designed for this purpose. 
sights also arc recorded arid computed separately. 

831 I .  Bomb Record 

the 3 sllrvrys controlled by Radio Acoustic Ranging (R.A.R.), dcscribcd in chaptcr 6, 
p1 For 

Ottlng Positions based solrly on R.A.R. distances, tlie data shall be complcte in the 
r But the dead 
:ironing and all supplemental data, such as bearings arid sextant angles, shall be 

in the Sounding Record. R.A.R. position data shall not be rcpeated in, nor 
“pied into, tlie Sounding Record. 

‘*A.R. distances mcasurcd to  locate buoy stations (sec 2533, 2534, 2573, and 
2s’q) shall also be rccordcd in the Bomb Record. This Rccord shall be the original Pce of the data uscd to determine buoy positions by this method (see 8324). R.A.R 

mensured to determine the vc4ocity of sound expcrinicntnlly slid1 also be re- 2Z.h tlie Bomb Record, but tlie corn, ’s p oridirig observations or ineasurcmeiit~ to 
111~ t h o  horizontal distances arc citlicr rrcorded in the Sounding Record 01‘ 011 

special forms desi& rncd for taut-wire measiircmrnts (see 8323). 
in tlio Bomb Record are made at  the chronograph station, ustlally by tlie 

ch’ohOgrrtpli att,endaiit (see 6712). Thr entries must be clear and complete arid tlic 
~ ~ ~ ~ 0 1  instructions for recording in the Sounding Record must be followed (see 81 and 

I , Bomb ltccord and the Somding Rccortf arc itlcntical in shape and size and arc ‘” similar in outward appearance. A sample double page of the Bomb Record is 
‘l‘Otn in figure 184, in wliicli tho approved manner of rccording R.A.R. data is illus- 2tcd* The Record is designed for the use of sliorc stations and it is arra~lgcd SO that 
18 Crc.hm from two SttLtions may be recorded in the space to wliicli one position number 
b es51@kd. But R.A.R. control is now planned with a view to getting a t  least three. 
“b distances at a position, so cacli double page of thc Record  hall be used as a 

c o 9 t 1 n ~ o ~ s  liorizontal record, the data for one position bcing carricd ~CI’OSS both pages, 

,Omb Record (Form 670) is tlie offici’al record of the R.A.R. position data. 

Record, and reference to other records should not be neccssary. 
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CHRON. RATE, M I A N  TIME; $I 
FIWJRE 184.-Rccord of Radlo Acoustic Ranging data (double pago of I3oinb Rccord roduccd about ollo.ha'r)' .de5 

Pro9:@ with the position number repeated on thc right-hand page as illustrated. 
for four returns, and n fifth and sixth return may be rccordcd in tlie horiz 
provided for remarks if this spacc is not necclecl for its intcndcd purpose. 

The following genwal instruc*t~io~is shall be followwl in recording data i" 
Record: 
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Page heading and day letter.-Entriea in the spaces provided at the top of the page shall be Fde to agree with those in the Sounding llecord. The instruct io~~s in 812 and 8121 should be fol- 

** Position number.-Different series of consecutive numbers for corresponding positions and 
The position number as recorded in the Sounding 

t$eord shall be entered in the space provided for the “Bomb number.” Every care must be exercised 
To this end position numbers 

b‘ be communicated between the chronograph station and the plotting etation in accordance 
hl Ith 6813. Position numbers will not run consecutively in the Bomb Record because in 1i.A.R. 
b:’ s‘PPlemental positions may be numbered in the Sounding Record at which no R.A.R. distances 

Time of position data.-The timc that the bomb strikes the water is the official timc? of 
It shall be noted on the clock at the chronograph station and entered in the space provided. 

e ‘lock shall be compared frequently with the sounding clock, and adjusted if necessary, SO tha t  
the two clocks never differ by more than a few seconds. (See 6811.) 
tihod* of ship, fuse interval, and ship’.r run correction.-The speed of the ship (in krlots) at t h e  
ah Of the position should be entered in the appropriate space and the fuse interval (in seconds) 
r,;‘Ild be cntered in the space immediately below this. The ship’s run correction (6853(d)) is deter- 

pp e‘ !tation names.-The R.A.R. station names are entered in the spaces provided, in the order of 
b,DX‘mltY of the stations t o  the position, the noarest station being listed first. Abbreviations may 

‘Ised after the first position on each page, initial letters sufficing if there is no duplication. 
!* Initial interval and scaled times.-Tbe initial interval (6863(b)) and the scaled time for rach 

‘:“Ian (6853(c)) arc taken from the chronograph tape to hundredths of a second and entered in the 

for g’ Elapsed time.-The scaled time, initiitl interval, and ship’s run correction shodd be suinmed 
th each Station to  find the elapsed time (6963(e)), which is elitered in the “Elapsed” column under 

When returns are received from more than two 
the initial interval and the ship’s run correction need be entered only on the left-hand page, 

The day letter shall be entered in color as  in the Sounding Record. 

shall no 1ongc:r be used while sounding. 

ensure that  the position numbers in the two Records agree. 

Obtained (see 6812). 

Ined from a table and entered in the space provided. 

Bcaled” Column, under the double column hcaded “Times (seconds) .” 

double column licadcd “Times   second^)." 

sum being carricd over and entered in a n  appropriate space on the right-hand page. 

clarity of the rccord 011 the clironogrt~ph tape should be indicated for each 
station in tlic s p ~ c  provided below f,lie other rccordcd data. Tlic amplitude of the pd ‘ Weived at cacli shorc station (6816) should also be recorded in the spaco providod. 

“Romarlts” liiic should bo rccorded any gcnrrtll information relating to tho 

tile 'pacts arc provided at tlic bottom of each riglit-hand p ~ g e  in which tho  initials of 

R.A.R. surveys, buoy stations are frequently located by R.A.R. distances from 
These data should be recorded in the Bomb Record and 

$plJ’ idmtificd by a notation in the margin of the left-hand page, a s  shown in figure 

the Bomb positions duririg a taut-wire m~asurement for the purpose of determining 
tiallg ’@locity of sound experimentally should likewise be identified. Such bomb posi- 
ph s h l d  be riunlbered so they cannot, possibly be confusrd witdl position numbers. 

@J’ dlould a11 be indexed on tllc first or scronc~ page follo~ing tlic title page of volume 
“* of tho Bomb Records. 
t a survey controlled by R.A.R. can lie plotted, t h o  velocity of sound which is 

W?cl for cacli distance a t  each position must be entered in tho Bomb Ihcord. 
t ’“ velocities should be cntercd in thc left-hand column under the lioading “Dis- 

(meters) ”; t ho  right-hand column should bo roservod for possible futuro c1ialig:cs. 
f .la hot lirccssary to enter velocities in t h o  Bomb Record for R.A.R. distnnccs t & m  

PC~Sons pcrforming the oporations sliould be entered. 

to buoy to be located. 

pmpose of locating buoy stations. At sonic convenic~nt pla 
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toring 
Record, preferably at the end of each day’s record, the initials of the persons en 
and checking the velocities should be recorded. 763) 1 

Distances in meters arc no longer used in plotting R.A.R. smooth sheets (seeurnod 
and need not be determined. be 
velocity of sound of 1,460 meters per second. and 8 converted to account for the difference between the actual velocity of sound t@es 
velocity of 1,460 meters per second. It is necessary to  change the actual elapsed~h,@ 
to what they would have been had the velocity been 1,460 meters per second. tho 
are several methods of making this conversion. The increment to be adde 1,460 elapsed time (because the actual velocity will almost always be greater 
mbtcrs per second) may be found from the following relation: 

All R.A.R. smooth sheets are plotted at  an 
Therefore the elapsed time s flust 

d to 

actual velocity- 1,460 
1,460 X elapsed time Increment = 

a slide fUlo’ 
fit 

These increments may be determined with suficient accuracy 011 

Table 36 contains factors by which the elapsed times may br converted into ,]SO 
the plotting velocity ; a computing machine should be used. These factors ::;city 
be used to construct a graph or a table of increments for a limited range Of in tbe The convcrted times to be used in plotting the smooth sheet should bc enter ed 

Bomb Record in the spaces to  the right of the corresponding elapsed times. I t . ~ . € L  
survey. The volumes shall be numbered separately rind consecutively in tile PP~’ letd 
chronological order. The cover label and title page of each volume shall be C O r n P ,  stfl 

Tba reg1 
u d 0 f  

in accordance with the instructions in 819b for the Sounding Record. 
number of the survey shall be entered in pencil in the proper space. to contra of bomb positions should be given, followed in parentheses by the number used 
the hydrography. 

uired for 
&d* 

tbo 

Sound 
sta- 
01’ 

The BoEb Records shall constitute a part of the permanent records of On 

The totn1 

8312. R.A.R. and Dead Reckoning Abstract 

The use of the R.A.R. and Dead 1Zcclconing Abstract (Form 722) is not req 
surveys controlled wliolly by R.A.R. It is a convenient work sheet, llOWeverJ 
many 1lydrographers prefer to use for ready reference wliile plotting the positions 
boat sheet. 
&xmd. 
tions available at t ~ i e  plotting station. ‘rile velocity usetl in plotting eacll distnr:ged 
the boat sheet should be entered in the “Reinarlcs” column, or if the same velocitY 

a Pf in plotting all distances it sliould he entered at the top of euch page. 
For s11rveys controlled wholly by R.A.K., the abstract shall not constit“ tll-S1l~fl 

of tho Permanent records. They should be mado available for use by tlio ~ ~ n o ~ , e y i o ~ @ d  
Plotter, but m y  be destroyed after the smooth sheet has been verified and 

examP’o 01’ 
a t  the Wasllington Office. 

Occasionally, dead reckoning must  be used to supplement R.A.R., US for oIllpaoy’ offshore loops (3371) ; in such cases Form 722 must be used, and sliould nc(&cr tfJe 
the other records of the survey, and be ‘forwarded to the Wusliington Office. 

llld 
and sbot1,6 Form 722 must always be used in connection with astronomic control 

Some of the entries duplicate the information contained in the 
However, it contains the only record of the elapsed times frorn 

They should not be transmitted to the Office. 

survey has been reviewed, the abstracts are destroyed. 

ad to be forwarded with the other records of tlie survey wlien they are trrmsIr l i tL 
Washington Office. 
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831 3. Astronomic Sights 
’liere sounding lilies linve been controlled by astronomic sights, recorded obser- 

B“lons alld computations on Form 719, Astronomic Sight for Hydrographic Control, 2d the sheets on which the lines of position were plotted, and Form 722, R.A.R. and 
Reckoning Abstract, shall be assembled in chronological order arid bound in a loldop Qh and forwarded to the Washington Office. The computatioiis atid the plotting 
for any one hydrographic position should be assembled together. 

S1nootli copies need not be made of tiny of tlie computatioiis or data-the originals, 

?’’le Use of Form 719 for the computation of askoiiomic sights is explained in 3382 ‘‘4 th 338, e Plotting of inorriixig and evening star sights on separate slieets is described in 

Written report need accompany these records unless tlic observations have been 
f 

9 ‘1‘ unusual purposes, o r  methods not described in this Manual were used in 
Qd”RtilQ t~ho sounding lines to the lines of position. 

832. CONTROL RECORDS 

In n(ldition to tlic control stations located by triangulatioii and topography, sup- 
I’leQenta1 stations must often be located by hydrographic methods for use during the 
$>gry,liic survey. This is particularly true of offshore surveys, where buoy stations 

The observations taken to locate such stations 
tions e l’ecorded permanently and tlie record, together with the associated computa- 

Tliese 
Sole records of tlie data used in determining tho positions of the buoy stations, “d th 

hod ”le locatioli of buoy stations requires a lmge amount of varied observatioii dnta 

(be :)$1IOy stations 1ocate.d by direct reference t o  shore control and the necessary computations 

lociited by tlie hyclrogrnplier. b 
’ Q s t  be transmitted to  the Washington Office with the smooth sheet. 

Qf3 tile 
form n part of tho permaimit records of tlic survey. 

t coml)~ tations. Such control records mtiy be conveniently grouped as follows: 

0lWrvations and cornputations of buoy traverses (see 8323). 
I3l1(~y stations located by It.A.11. distances (see 8324). 

it, bu~y-controllcd I~ydrograpliic survey may require only the control records listed 
$tBb(.O1’ Nxortls listed in (a ) ,  ( b ) ,  and ( c )  may be required, depending on the method of 
t % l S h i g  the roritrol and the type of survey. In any case tlic records and compu- 

sllould bo srparatcd into tlic~sc tlireo catcgorics for trnnsmittd to the WaShilig- 
‘@e(’. A iiotice “Not for Gcndcsy” should be includcd in cacli package of such 

scrit to tlir Division of Gcodrsy wlicn rrccivcd a t  the 
O@CC. 

Or; TJ’P~d copics of these control records and computations arc ]lot I ~ C C C S S ~ ~ Y ;  tlie 
1 g i ~ a l  topics ill pcqlcil, if legi:iblc, will suficc, AU of tlie computations must be 011 

i;:ep-siz papcr or be foldrd to that size for facility of storage in t h o  archives. Ody 
b ‘CcOmpanying report, when rcquircd, nid tlic list o l  buoy station locations in the 

SO that, tllcy will not 

eer’lptive Rcport (8435) need be typed. 

8321. Station Locations by Sextant 

ih tpxtmt obsrrvations to locate a few supplemental stations may be rccorded 
‘QIsjd, Souiidirig Rocord with tlie hydrogaphi (see 248 mid 8146), but whenever a 

‘I’ablc number of stations arc so located by tho liydrogapllic party the obser- 
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y01,Jne 
vations that are taken to locate them should be recorded in a separate sOundirg d 
or notebook. This record is often used by personnel who were not assOcl~n,~orj’* 
the field work, so it is essential that the record be complete, clear, and self-exp c~e&’ 

The observations taken to locate each shore station or buoy station must be 
identified and the manner of recording should bc as specified in this Man:$ draI$‘’ 

Observations to locate topographic detail and to determine elevations e volume* 
ing form lines from the ship, as described in 382, may be recorded in this Sam 

All data contained therein shall be indexed on thc front pages of the VO1ufle~ui~l* 

This volume shall be labelcd “Station Locations by Sextant” and sha the@ 119 
bered as one of the Sounding Records (see 819) arid shall bc forwarded dl’ 
part of the permanent records of the survc’y. 

11 be 

8322. Buoy Locations 

All of the computations to determine the positions of buoy stations !ieDtified 
vations on shore stations shnll be bound together in one folder and plainly 
on the outside. An abstract of all computations involved in determining the ’Os 
of each buoy station shall be made and placed in the front of thc foltlcr. 

Of 

cornputations should be hcadcd “For location of station- - - - - - - - - - - - 
together with the position computations, should be asscmblcd together 

new method is used which requires an explanation. 
by the hydrographer, a short typewritten report should be prcpared and PInccd 
folder with the abstract of computations. 

not with these computations. 

least the first thrcc and somctimcs 011 a11 of the following forms: 

Each 

the 
,, and tbeser 

folder# 
A written report need not accompany the records of buoy locations, Unless 

d ad? JIG Whcn this is deeme 

oundipg The observations to locate buoy statiolis arc recorded in a separate&Ords-’ 

The folder should contain, for each buoy station located, computations 

Computation of Three-Point Problem, Form 655. 
Computation of Triangles, Form 25. 
Position Computation, Third-Order l‘rirtngulation, Form 27. 
Reduction t o  Ccnter, Form 382. 
Inverse Position Computation, Form 662. 
Azimuth by Inclined Angle, Form 720. be 
Where observations to locate buoys nrc niadc n t shore stations, th0yb~$~01~’ 

recorded in Form 250, Observations of Horizontal Angles, or in Form 251. 0 utabjofl‘* 
of Horizontal Directions, and this record should bc transmitted with tho comP 

0s’ 

volume or notebook (see 8321) and this is transmitted with a Souding 
011 at 

8323. Buoy Truverses 
dista?:oDso 

numerous records and computations arc required to determine the fin, 1 POS1 bo 
sh$de, 

the 0“ 

Where buoy stations are locnted by traverse-by taut-wire or log 

For transmittal to the Washington Office these records and computations 
bound in three separate folders, each bcing appropriately identified 0’1 
which shnll contain the following: 

Abstract of Buoys Planted, Form 714. 

Log rum to measure distaiices (recorded on Form 777). 
Taut-Wire Traverse Observations, Forin 777. 
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stract of Buoy to  Buoy Azimuth, Form 718. 
AziInuth by Inclined Angle, Form 720. 

Position computations (Form 27). 

eg Insofar as possible, tlie records and computations for each buoy station shall be 
in the folders in the order in which the traverse was computed. 

the A short report sllould be typewritten on letter-size paper and be forwarded with 
d ‘?cords and computations. In  it the details of the traverse should be briefly 
e8cr1b@d under the following headings, insofar as applicable: 

‘* Proje~t.-The proper nuinbcr should be given, and the method used to  control thc Ilydrog- 

’’ -&out of schcnle.-Thc general layout of the scheme of control buoys should be explained, 
bnUaUal features of the scheme should be descriled, and any influencing factors should be discussed. 
%qC’ ’eterniination of positions.--l’he method of locating each tie-in buoy station and each buoy 
@by: not in the traverse should be given. Where a method described in this Manual is used, it 

closures-For each traverse, the length of the traverse, the total closilig error (in 
The average closing 

?Per Statute mile for all the traverses shall also be giveq. Any method or expedient used in the 

shotlld be described briefly. 

e 
’’ 

‘dentilied simply by the proper reference number. 

and the closing error (in meters) per statute mile, shall be tabulated. 

‘Putations or adjustment of the traverse to  reduce the error of closure shall be explained. 
‘* Btatistica.-The following statistics should be included: 

Nuniber of buoy stations located by observations 011 shore stations. 
Number of buoy stations located by traverse. 
Number of buoy stations located by observations on traverse stations. 
Total number of buoy stations located. 
Number of sun azimuths observed. 
Total length of traverse (in statute miles). 

Of above report need not include any description of the buoys used, the matliod 
‘q]$horing the buoys, the field methods used, or any other such details, for they 

‘he following records should be bound with and be made a part of the report: 
theQ’ ‘ketch of buou-control scheme on letter-size paper or tracing cloth. The relative positions and 
8 h 2 Q e S  of the buoy stations of the traverse should be shown, and the relative positions of the 
‘i@itlt4tions (names are not necessary) used in locating the tie-in buoy stations. The approximate 

e apparent from the other information given. 

b. 

i; Record of tuut-wire calibration (see 4467). 

Of the area surveyed should also bc delineated. 
of log tests (see 4454). 

TTuverse adjustment (see 944). 

8324. Locations by R.A.R. Distances 
b R ‘OY stations are frequently located by R.A.R. where the survey is controlled 

“A-H. and stations are required far ofl’sliore. The forms 011 which the data are 
713, Buoy to Buoy Distances by Bomb, and Form 715, Abstract of 

should be arranged in  chronological order and bound in a folder for 
Washington Office. 

the The report should describe briefly 
Pt *‘@:1lods used to determine the positions; and if by a graphic plot, the scale of the 
h:ytlOn should be given. Where the distance arcs to any station do not intersect 
4 ‘ Point, and a position is accepted based on unequal weighting of the measure- 
O$ts, the reason for this must The graphic plot should not be sent to the 

but it sllould be retained until the hydrographic survey has been verified and 

short typewritten report should be included. 

stated. 

Bh@iv@d* 
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833. VELOCITY OF SOUND RECORDS 
is 

For hydrographic surveys utilizing echo sounding or R.A.H.,  a knowledgeare d 
required of the velocity of sound in the water surveyed. The values to be u ~ p c c i d  
based on water temperature and salinity observations made in the area, 01 01' 
tcsts, and these form a part of the record of almost every hydrographic survey. 

8331. Temperature and Salinity Observations 
717, 

the top 
Record of Temperatures, Salinities, and Theoretical Velocities (see 6341), and and 
perature and salinity graphs are plotted on Form B-1528-5, Graph of T e r n ~ ~ e J ' ~ ~ ' T ~ ~ b y  
Salinities (see 6342). These forms, or the temperature curves derived from 'l~eo~ogicOl 
thermograph slides (473) if that instrument is used, shall be arranged in chroJ Tbe 
order and bound in a separate folder for transmitta1 to tho Washington OficliTitcofl 

report is not required. 

made of the record of observations, unless they w ~ c  recorded in black ink orig 
that photostat copies can be made for interested pcrsons. 

perm The observations of water temperatures and salinities are recortled 011 

contents shall be appropriately identified on the outside of the folder. A 

inally! The temperature and salinity curves should bc inked and typed COW 

8332. Velocity Corrections 
e lB i~ds  

Velocity corrections (561) are determined for. limited areas in which, and 
stablei of time during which, the physical characteristics of the water are rclntivelY 

tlmt mean values will suffice for use in correcting cello soundings.  or sac11 area fIQfl 
period of time, mean regional tcmperaturo and salinity curves must be drawn'ericd 
which the curve of velocity corrections (5614) may be derived by either th0 n'~l,ould 
or the grapllic method (see 5613 and 5615). These curves and computations o g i d  
be clearly identified as to applicable area and time, assembled in sets in cbronol qV 
order, and bound together in a folder for transmittal to the Washington Ofi? of tbe 
originals will suffice-neither typed copies of tho computations nor sniooth cop'es 

an 

curves are required. writtell 
The method of computing velocity corrections has been standardized and a to 

report is not required unless, for some reason, the hydrographer finds it necessary tbo 
IBining 

tl1e cofl' Use a method not described in this Manual. 
method nnd giving the reason for using it should accompany the curves and 

In such case a, short report 

pu tations. in this 
The records of simultaneous comparisons (see 5522) should aIso be i1duded eflb ,,piPfl folder, together with any tcsts of other sounding apparatus applicable to tho 

iised in thc survey. 

8333. Horizontal Velocity for R.A.R; 

An abstract of the results of the tests to determine the apparent 
of sound should be transmitted to the Washington Office with tho 

corresponding horizontal die tanccs, measured or computod, from which 
survey. 

velocities were derived. The tlatc and timo of each test shallbegiven. 
which each horizontal distance was dctermined shall be indicated. 

The abstract should be a tabulation of the elapsed timos lneasUrO 
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computations made to determine> horizontal distances wherc tlia bomb posi- :F are fixed by sextant angles and any computations made to determine the velocity 
b sound indirectly (see 6353) should be retained until tlir hydrographic surveys have 

verified and reviewed, but nee(1 riot 1w forwarded to the Washington Office. 
' * A report should be forwarded explaiiiing how the horizon tal veloc- 
tb, used in plotting the smooth sheet were detei*niined, referring to  6361 and 6362, and 

Tlie report should contain a discussion of tlie 
Ally 

method used should be justified. 
of tlie results, and any particular difficulties should be elaborated 011. 

methods of applicatiori should be ciescribed in full. 

834,. SURVEY DATA OF OTHER ORGANIZATIONS 

recopds of survey data of ol,l~cr orgaiiizrttions wliirli should bc submittetl With other are of tho following several classes: 
tria,(a) CoUtrol data of triaiigiilatioii schcmes which liavc bccu connected to the federal network of 

gulatiol, by tlie establisllillg agency, a rccord of which is not iii 1,hc Wasliiiigtoii office (see 216). 
BtJrvi: Colitrol data  of triaiiglilatioii schemes which arc co~i~icclcd to  the federal network by the 

HYdrograptiic stirveys inadc by otlicr organizations, which arc riot duplicated by tile survey 
party' but with which a junction is iiiadc (scc 3131). 
d ( d )  Hydrographic fiurvcys inadc by other organisatiolis, whicli sllow chaiiges or arc of illore recent 

than those 011 wliicli the charts of tlie area arc based. 
8tJtv 

(e) ~ a p f i  or blueprints from otlier soiircw which are sii1)iriitLcd to supplcimeiit a topograpliic 

4'Paif) or blueprints from other soi~rces which show changes whicli have taken place in the 

IL 
sk@tcll 
Q Copies of tlie hydrographic surveys in (c) 
t 'lSt be forwardetl with the otlier rccords of the hydrographic survey, mllcss t h ~ e  is 
eesollable assurance tliat copies are already in tlic Office filrs, in wliicli latter cusc tlley 3 be 

With resport 1'0 (d) ,  ( e ) ,  

&h cOpiCs of the maps and surveys in ( c ) ,  (d) ,  ( e ) ,  and (f) arc usclrss unlcss cacli is on 
QCc'lrtitr proj(bction by wliicli it can be corrrlatrd with the work of Idle Blireau, OS 

each contaills tit ]cast tJirro points whose geographic positions nrr lcnown (see 
%ss 

col)iCs of sm.vc.ys or maps in (d) and ( j )  slioiild be forwnr(jc(i ollly tiftcr proper 

~ c ~ ~ ~ ~ a 1 ~  t~lc.y must sllow ; iirst, information of a naturc suitable for charting, and 
to Tlic survoys must bo of sufficient accuracy 
ah$Qit tlipir application to the chart without miduc forcing. Tllc Cliicf of Party 

"at(? ovrl- ]lis signature tlie fact t(l1iit ail examination lias been made on tlie grqund 
tu111 existing conditions have 1)eon noted on the plnn; the date of tho 

Upo .PPitll respect to ( e )  and (f), features that are of use to the navigator as 1andma1'ks 

(RCC 224). 

Of this 13ureau (see 2361). 

for chart correction. ' 

'it11 rcsp(1ct LO (a)  alld ( b ) ,  descriptions of stations, geographic positions, 
of the triangalation are required. 

Unmistalrably referred to by an identifying number. 
copies of tlie surveys must be fui*nislmi in cacli cnsc. 

2961 and 3131). 

of 

1 01lly projects actually complotcd. 

' h ~ o ~ t n n t ,  r r n d  must be located by the field part,y indepentlcntly from the pla11. 

835. COMPLETION OF RECORDS AND REPORTS 

in le S11011ltl be the aim of tho Chief of Party to forward nll field records n'nd slioets 
13cf0rc forwarding, colldi t8ion 0s ncalsl;y com]jIpt(~d as  the circumstnnccs 11crini t . 
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WRS' 
he shall inspect thoroughly each sheet and Descriptive Report, and in a gonera1 field 
accompanying records. Any deficiency must be fully explained. All results Of as 
work shall be forwarded to a Processing Office or to the Washington Office tllorl~ed, 
practicable after the completion of the field work and, unless otherwise 
before the beginning of another project or another season's work. 

0.9 soon 

8351. Data To Be Forwarded 
to be for. 

hi0 
warded to the Washington Office in connection with difl'erent types of b'drogrR:rd 
surveys. 
for shipment. (See also 859.) 

For convenient reference there is given herewith ~1 summary of the data 

This list should be consulted before the records and reports are rap 

A. FOR EVERY HYDROGRAPHIC SURVEY 
Smooth sheet: 

Hydrographic title sheet (Form 537). 
Tracings of junctions of adjoining surveys. 
Overlay tracings of congested areas. 

Tracings of transfer of topography. 

List of control stations. 
Record of cuts to  hydrographic signals (if recorded separately). 

Boat sheet: 

Sounding Rccords (Form 275) : 

Wire-drag records (Form 41 1 ) .  
Descriptive Report: 

Statistics. 
Tide note. 
Geographic name list. 
Buoy station locations. 
List of wire-drag groundings. 
Approval shcet. 

Descriptions of hydrographic stations (Form 524). 
Recovery of topographic and hydrographic stations (Forin 524). 
Tick records (as available) : 

Report of establishment of tide station (Form 681). 
Marigrams. 
Tide tabulations and computations. 
Ideveling record, tide Rtation (Form 258). 

B. ADDITIONAL FOR ECHO SOUNDING 
Fathograms. 
Record of temperatures, salinities, and theoretical velocities (I'orni 717). 
Bathythermograph record of serial temperatures. 
Graphs of water temperatures and salinities (Form 13-1528-5). 
Computations of velocity corrcctions. 
Velocity correction curves (Form 5-100-5). 
Velocity correction abstract (with Dcscriptive Report). 
Overlay tracings showing silted areas. 

C. ADDITIONAL FOR RADIO ACOUSTIC RANGING 

Bomb Records (E'orrn 670). 
Record of tests to  determine apparent horizontal velocity of sound in sea water. 
Report on liorizoiital velocity for R.A.R. 
Record of locations of R.A.R. stations. 
Tracings of dead-reckoning plots. 
Report on buoy stations located by R.A.R. 
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D. ADDITIONAL FOR TAUT-WIRE MEASUREMENTS AND BUOY CONTROL Ab 
Of buoys planted (Form 714). 

4?t0-buoY distances by bomb (Form 713). 
4 Of bombed distances (Form 715). 

by inclined angle (Form 420). 
Of buoy-to-buoy azimuths (Form 718). 

sights for 11y drographic control (Form 719). 

E. ADDITIONAL FOR ASTRONOMICALLY CONTROLLED SURVEYS 4 
p ~ n o m i c  sights for hydrographic control (Form 719). 
totted lines of position. d;: and dead reckoning abstract (Forkn 722). 

Of 10, tests. 

F. AREA REPORTS 

Observations (Form 270) : 
abstract of currents observed (Form R-233). 

observations and computation of compass deviations (Forms 354, 355, and 358). 
8Rnet1c dWlination records (Form 3%) : 

836. SHIPMENT OF RECORDS 

Transmitting Field Records, shall be used to transmit all hydro- 
Washington Ofiice, the original and one duplicate being mailed in 

pb and records, when forwarded by mail, should bo well wrapped and registered. 
bpckages Weighing loss than 4 pounds each may be mailed under frank, ana registered 
& Q : : ~ ~ I I ~  of the registry fee only. Any number of packages may be mailed a t  one 

Pacltages weighing between 4 and 70 pounds cannot be mailed under frank and 
( t p d ;  parcel post postage plus the registry fee must be paid. Such packages are 8 With the same care as though sent first class. The smooth sheet, boat sheet, and 
“lndl% Records shall be mailed at  different times as security against total loss of the 

hpkben sheets and records are forwarded to the Ofiice, each package of a season’s 
dab, :‘ell be numbered consecutively, beginning with No. 1 and continuing until all 

s 

Or the season have boon forwarded. 
4c538~-44--51 
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The number of each package and a list of its contents, with a reference to 
try number of the survey, shall be noted in the transmittal letter. A carbo” 
of Form 413 transmitting the records shall be included in each package. 

Records and computations destined to divisions other than the Division 
should not be included with hydrographic data on the same copy of Porn  413* 

Sounding Records and other data should be duplicated only when sP 
rccted or when there is considered to be an unusual risk in the method of for 
(See also 326 and 796.) 

ecificdlJ’. 

drv 
A Descriptive Report shall be written and submitted to accompany each :$ tbO 

graphic sheet. A separate Report for each sheet is preferable, but where much shOQtSf *’ information, such as control data and survey methods, is common to sever 
in launch surveys, one Report may be submitted for two or more adjoining e u@d 
season’s work. Where separate Reports are submitted, cross references can 

The purpose of the Report is to supplement the smooth sheet and Sounto direC 
cords by information that cannot be shown graphically on the smooth sheet Or dn5 
attention to important results. I t  outlines the conditions under which the.woLEd r r  
done. It should be written with a view to assist the cartographers who VerlfY w ~ c b  
view the survey and chart the results. It serves to  index all records and rePo?sstad’ 
are applicable to the survey, and to give, in concise form, information on certain 080’ 
ard subjects. The Descriptive Report should, therefore, be written with these p:r$dfij 

in mind. General statements, as well as the detailed tabulation of self-evldea by dOPhb 
such as inshore rocks and shoals, or rocks or coral heads that are encircled 

385, ’ 1  curves, serve no purpose and should not be included. 
A daily joprnal should be kept by the hydrographer, in accordance with dividu’ 

satisfactory Descriptive Report cannot be written from memory nor by an reps‘sd 
having no personal knowledge of the field work unless he has such a carefully 

84. DESCRIPTIVE REPORT 

sheets 

to avoid repetition of parts 6f the text. dink? PB’ 1 

- 
bl0J 

n,pplica 
journal . 

Notes made o n  the boat sheet to supplement the daily journal shall, if 
be incorporated in the Descriptive Report. to gritu 

In  surveys of large extent or of a complicated nature, it  may be advisable A ,goss 
special reports on certain phases of the work covering the entire season or & I ‘ ~ ~ *  DascrjP tiq8 
reference to each of these should be made under the proper heading of the 

11 data, os0 The Descriptive Report of a limited isolated survey should include a of th lis 
Report. GO@‘ 

putations, forms, etc., ordinarily mailed as separate reports, with the excWtioD ar 
specifically required to be submitted separately, such as coast pilot notes andlaodln 
for charts. 

* f16 841. SEQUENCE OF CONTENTS 
efor The various data which are required on separate sheets shall be arranged 

after the text in the sequence described herein. 

841 1 .  Descriptive Report Title 

Form 504, Descriptive Report, shall be used as the outside cover sheet! 
appropriate entries being made. 
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8412. Title Sheet 

iq ltles shall not be placed on hydrographic sheets by the field party. But the 
Orbation for the title of a survey shall be furnished on Form 537, Hydrographic Title 

b - One copy shall bc forwarded attached to the smooth shcet, and on0 copy shall 
e Qaerted in the Descriptive Report. Entries shall be made in all applicable spaces 

4 0  the form. Tho title of a hydrographic survey must clcarly indicate the limits of 
sha:?veY and agrce with the entries in the Sounding Records. The information 
Q include the specific locality, year of the survey, the names of those persons actually 

T* 

Sheet. 

of sounding, the depth unit, and the plane of reference. (See 9322.) 

841 3. Index of Sheets 

there arc a number of sheets in one projcct, an admirable practice is to 
y d  an index of theso on a small-scale outline map, on which the limits, numbers, 
Q of the various sheets are shown. Whore this is done, a copy should be 
’ ‘erted in the Descriptive Report, with the specific survey crosshatched or otherwise 

, as it is of considerable assistance to the cartographers and others using the 
‘ d d  The scale of the index is immaterial, but the size of the paper should be 8 by 
‘Ox re inches. It may be prepared at  an enlarged scale for reduction and multilitli 

Production in the Washington Office, or drawn on tracing cloth a t  the final scale for 
;y:alid Prints. I n  addition to the limits of sheets of the project it should include any 
b ‘Ctlona with prior surveys. Prior surveys in the area may also be outlined if this can 

@ without confusion. 

Qbke 

8$2. DESCRIPTIVE REPORT TEXT 

t\ 1 The text of tho Descriptive Report shall be typcwritten on letter-sizo paper with 
@‘khaQd margin of a t  least 1 inch. It need not bo submitted in duplicato. ’ 

aQpv ‘Oh text shall be entitled “Descriptivc Report to Accompany Hydrographic 
bhal??’ R-- _ _ _ _ _ _  (Field No . _ _ _ _ _ _ _ _ _ _ _ _  )” (insert registry and field numbers) and 
scale Qclude the title and year of the survey. At the top of the page shall be given the 
the Of the survey, the names of tlie Chief of Party and the major survey vessel, and 
otpQaUe of the officer in immediate charge of the field work, if other than tho Chief 

f O p 2 h e  text should bo written clearly and concisely, and according to a standard 
It is intcndcd to supplcment and not duplicate the information which is more 

’Qrb “‘@“J’ evident on t he smooth sheet. Methods- and instruments may bo identified and 
exPlanations avoided by use of the referencc numbers in this Manual. Wherever 
is made in the text of the report to a feature on the smooth sheet, tlie latitude 

hebdzgitude shall bo given. The text shall be arranged under the following lettered 
gs and in the order appearing here, omitting any inapplicable headings. 

‘>Ppl PToJh-Include the project number and date of original instructions, and the dates of any 
tlab,e‘nental instructions and letters which are pertinent. Give also thc addressce of the instruc- 
s 

SurW/ limits and d&s.--Give the general locality and limits of tho survey and refer to  the 
Give the dates of beginning and ending field work. 

“%~. makes a junction with prior surveys, mention these by rcgistry numbers, dates, and 
’”th ’ a?d if an indox of sheets is not furnished, list by registry numbers all contemporary surveys 

“by. 

4. 

Td letters if they are addressed to a person by name. (Scc 121.) 

thQof sheeta if one is included. 

khlch junction is made. 
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Include any remarks about the progress of the work, explaining especially the reason 

C. Vessel and equipment.-Identify the vessel or vessels actually used in thc survey 

Give the turning radius of each vcssel at the speeds at which each was operated during 

Identify by types and serial numbers all echo-sounding instruments used, give the 

r range st,ijoo D. Tide and current stations.-Give the location of the tide station and any time 0 

,"ling 
or by for 

60  cord^" 

unsatisfactory progress. ,nd give 
they 

the general area in which each operated. tier' 
operated from the ship, from a camp, or from a shore base, giving the locality or localities Of th$$og 

raphy in accordance with 3463. 

If the survey was made from launches, state 

of ohhe' 

sounding cquipmcnt used, and the general area or depths in which each  as used. 

tions which were applied t o  the tidal data  in reducing the soundings. 
was used, identify specifically the parts of the survey t o  which each applies. 

tide If more than one 

List the current stations if any were occupied. 
E. Smooth sheet.-State where and how the projection was made, whcthcr by halld 

machine, and how the shoreline arid signals were transferred if unusual methods were used, " 
example, those described in 7331 and 7334, 

State whether the transfer of shoreline and topographic details has been verified in 

F .  Control stations.-Give the source of the control for triangulation stations; give the n ~ n l b ~ ' s  
the  Chief of Party, and the year of location. For topographic stations give the redstr$ent,ifY1pg 
and years of the topographic sheets from which the positions of the stations wcre taken, 

,,riles' the  method used on each; t h a t  is, planetable, air photographic, or graphic control. 
Where survey buoys were used for control, explain in detail the method used to  locate 

8' a special report has been made (see 832), in which case a mere mention of the  method Of 

reference t o  the report will suffice. 

them by name. 
in other parts, or if any specific stations are less accurate, identify these by area or 
the reason for the deficiency and a statement as t o  what effect this may be expected 

with 767. nfifi0 of 

ea d e  th 

Explain in detail any special or unusual methods used to  locate any control 
If the positions of the control stations in any par t  of the area are less 

position accuracy of the soundings. * jdent' 
G .  Shoreline and topography.-Give the source of the shoreline and topographic deteils' *"' 

the the 
hic detoilsd& fying topographic surveys by number and year. If any of the shoreline or topograP 

found t o  be inaccurate or t o  have changed since the original survey and were revised 
rapher, identify specifically the parts revised, giving reasons for revision and complete detells 
mcthods used. (See 381 and 763.) e Bdj' 

Any discrepancies between the topographic and hydrographic surveys which had to 

If the survey is of an area where there is no prior topographic survey and the hydrogrePused, 

@tOd 

,rtY 

this, 

should be explained in detail in accordance with 7827. hjCP d 
furnishes these details, a statement should be made as t o  their accuracy and the methods 
whether they are adequate for charting (see 3812). vented If the low-water line is not defined by the soundings, describe the conditions that  prc 

H .  Soundings.-State the methods by qwhich the depths were measured, describing 
detei' 
rded 

to tile reco 
dif' 

define the S 
methods. of 

&hod 

d tbO 
adjustment used. used '&de* 

If R.A.R. control was used explain in detail the method of determining the velocities be to 

J .  Adequacy of survey.-State whether the survey is complete, and whether it is Dnd 6tst\be 

thatr  of 

(See 3122.) 

any unusual methods or equipment and any  unusual corrections tha t  were applied 
depths. 

I .  Control of hydrography.-State the methods of horizontal control used and 
ferent areas in which each was used. 
any  par t  of the work had to  be adjusted in horizontal position give the reason and 

method of plotting, unless this is included in a special report (8333) t o  which reference m:Z;eqUfite 

supersede prior surveys for charting. 
detail what is required for completion. Identify any  par t  of the survey tha t  is less reliab$d 
remainder or tha t  fails t o  comply strictly with the requirements of the Hydrographic ' 
the  project instructions, giving the reasons in each case. 

State whether the junctions with the adjoining surveys are satisfactory or whether 
excessive differences exist. 
junctions. 

Explain in detail any unusual or substandard 

Identify any part of the survey tha t  is incomplete 

hota *days Or 
the 

dregn State also whether the depth curves can be adequately 
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&,ention any nonstandard depth curves used to define special submarine features. 

Per Crosslinea.-State the percentage of crosslines run and give discrepancies a t  crossings in 
of the depth; a list tabulating eacli crossing is not required except for survey8 oontrolled by R*A*R* t. 
(See 3571 and 7722a.) 

aheya CornParison with prior  surveys.-Compare the results of the new survey with those of prior 
3 8 1 ~ )  2 the area, identifying the latter by registry numbers, dates, and scales. (See 3234 and 
debtribe . ate the general agreement or disagreement between the new survey and prior surveys; 
to the 'In general, investigations made of any discrepancies found and give conclusions reached as 

'let ln tabular form any fcaturcs or depths on prior surveys whose existence has been disproved, 
Include in the list bare rocks, as well as subsurface 

D ? and depths. 
%t *lgc"ss the agrccment or disagrccment in dcpths a t  junctions with prior surveys and if an adjust- : "quired, make a rccommendation as to how this is to be effected. 
'b ompare thc new survey wit11 any surveys in the area by the United States Corps of Engineers. 
d are generally not duplicated, the discussion will ordinarily be limited to the agreement or 
h~?~~?cl i t  a t  the junction. The Enginecrs surveys should be identified by date, sealc, and sheet 

and, Unless copies arc known to be available in the Washington Ofice, those with which CoQParison is mad 

?%mison with charl.-Compare the new survey with a copy of the largest-scalc chart of 
'hh?' Identifying the chart by its print date and givc similar information, without duIAication, to 
othe~~qulred for the prior surveys. Dangers, shoals, and wrcclcs are often charted from sourccs 
to th h&n the surveys of the Bureau and it is important that defiiiitc recommendations be made as 
'4d: disposition of diiferences bctwcen the new survey and the chart. This comparison shall be 
eqUiredgardlcss of any difference in scalc betwccn the new survcy and the chart. If the comparison 
caBpar* In L has been made, most of the charted data will already have been considered. If the 

'"p" required in L has not bccn made, this comparison with the chart shall be COnlpldC 

Bi\r*  '* "nUer8 and s/loals.-Tabulate and describe the important n e w l ~  found dangers and shoals, 

'@hi qlnplcte information sllould be included in the Sounding ltecord regarding the estcnt of develop- 
i h f ~ r & ~ ~ ~ ~ d i Q g  the time sllcnt in drift sounding ovcr an area or in watching for breakers. This 

(SCC 3666.) 
% Uncharted dangers and ~hoals  should be discussed fully giving the depths found and the 

depth ygcrs slid shoals found with the wire drag but not cleared should be listcd, miLh the least 

th.a let Charted dangers or slioals, or those shown on prior surveys on which thc least depths arc less B'$:hF found on the new survey. Discuss each case separately as to the adcquncy of the new dot% 
''2 a e a recolnrne&,tion ill each case as to whcthcr the previous dcpth should bc retained. (See 

'lad 363.) 
' i t b ~ ~ ~ ~ i o I ~  specifically each danger reported to the Unitcd States Coast Guard in accordancc 

1 '  
a h O h l ~ l u d c  a statement that all charted dangers, shoals, and bare rocks were found as cllartcd, or d 0% CePths were found exccpt for those listcd in L, M ,  and N.  
)at pil Pitot information.-Inforination includcd under this heading shall be repcatcd in a special 

in accordancc with 912, or an cstra copy should bc furnished and marlccd for the 
I,* ''0' Section. (See 159.1 'tiaT '"y tiwas rccoinrneiided as anchorages in newly surveyed areas and give the following infor- - depth of water; holding quality of tho bottom; ranges or bearings for entering or anchoring; 

a h ' b ~  from wind, sea, and currents; thc availability of fresh water; and the extent used by the - Lsa ' l l~  and other vessels. 
Places where the sliip or launchcs anchored wliilc making the survcy and givc informalion 

C 2 to 'he above insofar as it is applicable. 
% Give recommcndcd courses and the '" olllng debth and its location in each, according to the new survey. Give controlling depths and 
Bd:?ations in all artificial channels. Recommend courses for navigating any part of the area for 

JeaSons for the discrcpancies. 

sllould be dclcted from the charts. 

(See 3132.) 

e should bc forwarded with the smooth sheet. h. 

t , re 

"' detallcd. (See 3522.) 

In! the latitude and longitude of each, and tlic least dcpth on each with its position number. 

R 
p e d  and time spent in search for any reported danger not found. 

t. Ound in each case and additional information as required above. 

should not be repcatcd in the Descriptive Report cxccpt in spccial cascs. 

%t p.Ot 

Iat 

natural challnels that can be usod for navigation. 

this informatmn is available. 
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,ree; 

give 

close 

-knowvn 

Describe all useful ranges, bearings, and other marks for clearing dangers or passing 
over them and the best courses across bars in accordance with 356. 

Describe the prevailing weather in the area for the period of the survey if i t  is a little 
otherwise, describe only weather conditions differing from normal. 

Describe the currents encountered in the area (the average and maximum experienced) 
their directions, and state the basis of the information if current observations were not made’ 

Mention any wrecks 0.r obstructions which are dangerous t o  navigation (see 365). 567 ” 
P. Aids to navigation.-The positions of fixed aids t o  navigation shall be reported on I‘ 

accordance with 8532. &i96 
List all floating aids t o  navigation located, using the exact nomenclature given in the Lig$bers 

and give the  latitude and longitude of each, the depth of water at each, the position number Or ’ 
of the location data, and the date of location. materie”f 

Mention specifically any aids to  navigation whose positions or characteristics differ 
from those on the charts or in the  most recent edition of the Light List (see 784). united 

A reference shall be included to  any report made during the field season directed to the 
States Coast Guard relative t o  aids to  navigation. (See 3832 and 863.) . B t h  

List the azimuths of all ranges maintained for navigation that  were determined in connection 
the survey. (See 3833.) 

List all unofficial aids to  navigation stating their purpose, whether maintained and 
and whether such maintenance is seasonal or not, if this is known. Give the position alld a 
of each aid, and the date of establishment if known. (See 3834.) 8 @ee 

List the overhead clearances of all bridges and telephone or telegraph lines over waterw’8.J’ Over the 
3836). State whether each was measured, estimated, or obtained from the “List of Bridges ~ i s O ~ ~ ~  
Navigable Waters of the United States” published by the United States Corps of Engineers* 
any discrepancies between the field data  and that found in thc above publication. of thei‘ 

Mention any submarine cables and ferry routes within the area and give the positions 
termini (see 7847 and 7867). 

(2. Landmarks for charts.-Data relative to  landmarks for charts shall be submitted On of the recop 
on a n  area basis. (See 166.) 
mended landmarks within the limit of the survey, but no other data  are necessary. (See 8534’) 866) 

fU1” 

which reference shall be made under this heading. Thc reports required on this Subject ”$OUld 
described in section 16. If a special report has becn recently submitted or will be Subm.itte$:jch 
not be duplicated here, but  it should be supplemented by (1) any additional informatlond feeYre9’ 

‘0 
been discovered, and (2) recommendations for naming important previously ullname 
(See 164.) e o g r d l  

d If the one survey constitutes the entire season’s work, all of the information required On 

full 
Any geographic names which are found t o  apply t o  areas of indefinite extent should 

S. Silted areas.-Where silted areas are detected by the use of a n  echo-sounding instrum$!$essa 

fro@ 
d 

1134 ” 
d io 

hi0 u.-y. ~isceltaneous.-Inchde under these letters other information which shodd 

drOgre$ve Z. Tabulation of applicable data.-Include a complete list of data  connected with the hY otlPfor. 

4 o r a  
A reference to  this report shall be made. 

(See 784 and 8531.) 

by who:; 

56‘ Forfl 

A reference to  this report shall be made here, with a list 

R. Geographic names.-A special report on geographic names is required (see 163 

names may be included here rather than in a special report. (See also 8433.) di$@e 

under this heading and not shown on the smooth sheet. 

discussion shall be included as t o  the frequcncy and size of the areas and their apparent 
(See 7831.) 

T. By-product information.-Give any information of scientific or practical value 
the survey or from special investigation or observations made. 
been submitted they shbuld be referred t o  under this heading by  title and author. 

resulting hev8 nltt.re 
If special reports of this 

(See 

8585.) be include 

the Descriptive Report in special cases. 

survey, including all forms, records, and special reports which are not made a part of 
Report and excluding, of course, Sounding Records and Bomb Records. 
warded t o  the Washington Office. 

(See for example 8434.) 

each Give the date 
(See sections 83 and 86.) 

a4,3. SEPARATES FOLLOWING TEXT Of 
sbaets b0 Various tabulations and kinds of information are required on separate sb&l 

paper inserted in the Descriptive Report. Each of these that is applic~b~~Ofls.  
furnished, inserted in the order in which i t  is described in the following 
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nll$?inning with the first page of the text, it and the attached inserts shall be 
h g t ,  consecutively, ending with the approval sheet (8437) which is always placod 

8131. Statistics 

and of statistics of field work shall be made for each hydrographic survey 
b$'ttached to the Descriptive Report. The sheet should be headed "Statistics for 
a j  'graphic Survey H-- - - - - - - - - - - I t  (insert here registry number of sheet and year 
b8:?y in parentheses), followed by the name of the vessel and the project num- 
bep The statistics should be arranged by days, giving for each day, the volumo num- 
th Or n'Qbcrs, the day letter, the date, the numbor of handlead and wire soundings, 
8::Qb@r of positions, and the number of statute miles of sounding. Totals for the 
411 ' should be given, including the total numbor of square statuto miles of sounding. 

two or more vessels are used on one hydrographic survey, the statistics 
8tat1stics should be given in standard units (see 124). 

should be shown separately. 

8432. Tide Note 
' li note, on a separate sheet of paper, shall be furnished for each survey and 
?$d in the Descriptive Iteport. The location, including the latitude and longi- 

Of each bide station used for reducing the soundings plotted on the sheet shall :?* If more than one station was used, the tide note should define the limits 
This note should also state the height of the 

at  each station corresponding to the plane of reference and whether any 
tp t ions  for diff erenccs in time or height were applied to the observed tides. If 
a t : t 9 Y  heights Were furnished from the Washington Office the tide note should SO 

tho . should the same tido note be applicable to more than one survey, a COPY of 

"m in which each was used. staff 

Orl@nd note shall be jncludccl in the Dcscriptivo Report of each. 

8433. Geographic Numc List 

alphabetic list of all the geographic iiames penciled on the smooth sheet 
list be Prepared separately and inserted in the Descriptive Report (see 165). The 
8ll3 bo arranged in two columns, if thcm arc many names, provided there is a blank 
'q No other 
th?Qation ghoulld be included wit11 this list, except references t o  any special reports on 

Iect and to the pages of text of the Descriptive Report, where geographic names 
% dhlSsed . (See also section 16.) 

Of l% inches to thc right of each column for Office entries (sce 9321). 

%b* 

8434. Velocity Correction Abstract 

" abstract, in tabular form, of the velocity corrections which were applied to ao(iho soundings shall be included as a separate entry, for each survey where echo 
'% 'gS are used. These corrections will generally be derived from the corrcction 
Irk  k,hich are submitted with the special report on the velocity of sound (seo 833). 
'ettit?l report is not submitted; a dotailed explanation of the derivation of the Cor- 

'ha11 be furnished under one of the U to Pheadings in the Descriptive Report. 
$O,561.) 

* d:fbent corrections were applied through different time periods, the abstracts 
'Ildlcate clearly to  which periods ehch abstract of corrections is applicable. If 
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sb&ll be 
the same corrections are applicable to several surveys, a copy of the data 
included in each Descriptive Report. 

e ha"' 8435. Buoy Station Locations 

Where buoy stations or R.A.R. stations were used and final positions Of sba'l 
been derived other than by plotting on the smooth sheet, an alphabetic list 
be prepared giving the correct latitude and longitude of each station. If two " deeD bet 

d 
buoy stations in close proximity to  each other were used, the inclusive dates 
which each was used shall be noted. &serve 

A concise reference to the method of location, the records containing the locat~OD 
data and the computations, and to the special report which contains the buoy bcr 
data, if one was submittcd, shall be added. (See 832.) No other data should 
cluded on this separate insert. 

&51l b' 8436. Miscellaneous 

After the abstract of buoy locations and before the approval sheet there lftllesC 
inserted any other data which are believed to be an essential part of the recOrds;ctiop s3) 
are voluminous they should be bound separately in thcir propcr groups 
and forwarded with the records of the survey, but should not be included in pe~cr$ 
tivc Report. Examples of such arc the original obscrvations, computations) pl:ojll 
lines of positions of astronomic sights; the computations of buoy stations; the veltjle$ 

of sound tests; and the computations of taut-wire traverses. 
arc not required-the originals will suffice-nor is it necessary to ink 
(see for example 3382). 

of jpg1s Smooth copies the orig 

to  tbi? 8437. Approval Sheet 

The Chief of Party shall furnish on a separate sheet of paper, attached ' B a s  
ficd Descriptive Report, a signed statement of approval of the survey. This shall 

7941). It should include a statement as to the amount of personal s ~ P ~ r v l s ' o ~ ~ e  
ficld work and the frequency with which he examined the boat sheet, Whctl~' flDf 

vey is complete and adcquatc, whether additional ficld work is rccomrnende &st@" 
additional information not included in the Descriptivc Rcport that may be Of 
to the Office in reviewing the survey. 

When a hydrographic shcet is transferred clscwherc for completion, 
with instructions from the Office, approval shall be made of only that part 
plotting cornplcted a t  the time of transfer. If the completed smooth 
to the Chicf of Party for examination prior to transmittal to the Washing 
his approval of the entire sheet should then bc added. 

a gcncral approval of the smooth sheet and all accompanying records 3410f tbo 

844. ADDITIONS AT WASHINGTON OFFICE 
*t records O ~ S J  

o@ to 

of hl1e 

Between the receipt of the hydrographic sheet and accompanying 
Washington Office and the final approval of the survey by the administrati;ffeflcd 
certain forms and reports arc added to the Descriptive Report, in the order 
below. 

-a .  Records accompanying survey and Oficc statistics.-On this form a n  entry 

The purpose ol each addition is briefly stated. 
is 'Oded *!ir&' 

fin 
records accompanying the survey, such as, the number of boat sheets, sounding V01ufle9' 
drag volumes, but  this is in no sense a list of the data  required in 8422. 
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b  survey^ and the amount of revision made to the sheet during verification. 

then the Same form there are included certain Office statistics incident to the verification and review 
Of the sUrveY~ such as, names of the verifier and reviewer, thc time required for the Office completion 

Office' itlmmediate attention routing.-As soon as a Descriptive Report is received at the Washington 
thebin, examined and routed to sections for immediate attention to any specific information 

aiOn '* Tide We.-Thc Rccords arc examined, insofar as tide reducers are concerned, in the Divi- 
hYd Of A memorandum is prepared, approving the plane of reference for the 
tik:sraphic survey, based on the information included in the tide note submitted with the Dcscrip- 
' Report (See 8432). There are also given thc final value of the plane of reference (sounding datum) 
~re l a t loa to  the tide staff and bench marks, and the height of the plane of mean high water above the 
p;: Of Form 712, Tide Note for 

Sheet, is used for this mcinorandum and is substituted €or the original tide note, which 

d* Reuiew.-A report is written by tho cartographer who reviews the survey. This report com- 
$ ~ ~ ~ ~ ~ l t s  of the su rvey with prior aurveys in the area and with the charts, calls attention to any 

The report is inspected by the Assistant 
-Of the Surveys Branch, and is approved in writing by four administrative officers. The original 

;cbla report is inserted in the Descriptive Report, and a copy is sent to  the Chief of Party under 
(See 9348 and 936.) 

M-238 is used. 

and Currents. 

Attention is called to any deficiency in the tide records. 

'' dise8rded. (Set 9323.) 

I and lists additional work which should be done. 

the field wop k was done. 

845. DEFICIENCIES IN FORMER DESCRIPTIVE REPORTS 

'&Portant deficiencies in Descriptive Reports submitted in the past have been: 
(a) The report consisted mainly of general statements of belf-evident information. 

;4ade for their disposition. 
tion 

" ~ o t  given. 
Chi,E(' 

rmPortant charted soundings were not mcntioned individually nor was definite recommenda- 

The time spent on the investigation of differences between t$e new sjirvcy and prior surveys 

Descriptive Report was not signed by the hydrographer or was not approved by the 

to Unibd States Engineers blueprints did not include the survey numbers and 

%re(' Bridge clearances were not compared with charted or publishcd values, or recommendations 
made as to the best disposition of differences. 

NO mcntion was made of overhead cables, submcrged cables, transmission lines, etc. 
't~ &I$:, 

'f Party. 

comparison was ma& with the published chart or with prior surveys because of differences 

85. MISCELLANEOUS REPORTS 

4 'number of miscellaneous reports are roquircd from all hydrographic survey parties 
C@pt& ad!ltlon to any previously described in this chapter. Most of these are required at 
h d t i m e  intervals during the survey, or at the end of tlie season on an area basis. 
d]itFPtion of each report, or form, required and tlio data tb  be fu~~isl iod are given. 

Of these is +en ill 859; it should be roferred to in conjunction with tho list in 8351. 

851. PROGRESS SKETCHES AND REPORTS 

b\&h,donthly, M season's, rind annual progress skotchcs and reports of a11 work accom- 
. shall be submitted by field parties in accordance with the Regulations. In 

Each of 
E be submitted as soon as practicable after tho end of tlio period for which the 
Bpgt is made. All progress sketches shall bo made on tracing cloth, using black ink 

nces a semiannual progross sketch and report arc required. 

$85 shows tho standard symbols to bo used on progress sketches. 
4c6382+4---62 
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Sextant Fixes: 

Directions: 

Distances: 

Traverses: 

Hydrography: 

Topography: 

Sun Azimuth ...................... . , . ... . , . 

Taut Wire _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  chart. . a title, 
the 

LO8 - -  -- - -  - -  -_ _ _  _ _  _ _  _ _  _ _  _ _  _. similar to those on smooth sheets, g localltyr 

Acoustic-,-, - (Measured in Both Directions) scale, project numbcr, datcs of SUrVeYJ of party 
Taut Wire. Sun Azimuth 

of vessel or party, and name of Chief or by 
The scale may bo given as a ratio, *oc' 
rcfcrring to tlic chirt from wliich tho pro] 
tion has bcen traced. . a pro- 

and gee' 
Area S u ~ e d  /$Y/MM/Xfi 0;: jcctio$. and just enough shorclino d e t d  

graphic names for easy identification; florlc 
should be omitted so that all field 

.. ..., season's work, rcgardless of tho sue "' 

Each progress sketch shall contain 
i+g, Taut Wire with Acoustic Measurement _ _ _ _  +---- 

p.coustic- - + - - (Arrow points to R.A R ,  Station) following information : class of wor'', naflo 

Taut Wire. Sun AI. with Acoustic Distance .- 

Log. Sun Azimuth __.__.__.________. 

Thc progross skctch must Acoustic Distance. Sun Azimuth 

N#M#$//,A 

accomplished can bc clearly shorn* &odd '* 
Progress for all types of work 

W"e Drag Areas ~z<z~;;z$z<%;g added each month. Tho inform@ti0nbeiog to 
be gcncralizcd, tho principal object that 
rcport areas surveyed and in a Way to tho 

Triandahon  Recovered Stations 0 New Stations the information can bo transferred, linCs 

9p /* MAY 

k%&& ~~4gz5z&$g SO 

Base line 1 OfIice progross cliurts; actual soundlag 
Main Scheme should not be shown. t (@ 
Intersection Directions As the survey sheets are laid OU find 

identified by field numbers on tho ithOub 
progress sketch, if this is practicable fOrNfird$ 

151 

Observedone Direction &---------a 1361), their limits should be s'hOfl OD tfdy 
FIGURE 185.-SymboIs for prbgrcss skctobes. 

confusion; otherwise the shect layout diagram on a separate tracing should be ts 
to tho Washington Ofice with the progrcss skctch each time additional sheo 

A new monthly progress sketch shall be startcd at  the beginning of each season~5cb 
continued throughout the season, irrespcctive of fiscal years. Tho results $,ill be 
month's work are added from month to month. Monthly progress ske~ches 

~ out. -(See also 1542.) 50d 
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retuned to the Chief of Party, without request, after the information on them has been 
transferred to the Office progress charts. 

851 2. Season’s Progress Sketch 

th A Progress sketch, made on tracing cloth, summing all the information shown on 
Tho monthly 

sk gresS sketch may bo used for this purpose, if desired. The title must state “Progress 
etch to Accompany Season’s Report,” and should include the date of closing field work 

tp :ddition to  the information in the title of the monthly progress sketch. When this 
is forwarded it should be accompanied by a request for thc number of copies desired I 

pro triangulation executed by a field party sliall be shown on a separatc 
gresS sketch also attached to the season’s report. This slretch should be prepared in 

‘ccordance with instructions on pages 115 and 116 of Special Publication No. 145. 

rrlonthly progress sketches, shall accompany the seas’on’s report. Pro 

851 3. Annual and Semiannual Progress Sketches 

( A Progress slretch on tracing cloth with maximum dimensions of 8 by 10% inches 
itandard lettcr paper size) shall accompany the annual report and bo submitted as of 

3o of every year. A similar progress sketch shall also accompany the somiannual 
report Whan the latter is requircd (see 8516). If a field party has worlrod on more than 
Ob0 
th- The scale of 

Triangulation may be generalized to  show the :: Coverod, Tho titlo should state “Progross Slretch to Accompany Annual Report’’ 
S°Fhnnual Report,” as the cas0 may bo, and includb the followiIlg information: 

Fof.Work, locality, project number, fiscal ycar, inclusive dates of field work, namc of 

during the fiscal ycar, a separate slretch is required for each. 
lS ‘ketch must ncccssarily bo small. 

O r  party, and namc of Chief of Party. 

851 4. Monthly Progress Reports 

pe Each Chief of Party, each Commanding Officer, oach District Supervisor, and each 
t in charge of a Processing Officc or other independent establishment, shall mail ’ the Washington OEcc a brief monthly report of work accomplished. This report $:: be mailed so that i t  will arrive in Washington, D. C., not later than the 25th day 

e honth, and shall cover the period from the date of thc provious month’s report. 
Each Chief of Party shall mail to the Washington Office, not later than the 10th 

day Of each month, a report and daily journal of occupation of his party during the prc- ‘@din p g month. This shall bo made on Form 20a, Monthly Report and Journal of Field tFtY. It must be submittcd in accordance with instructions printcd on tho back of 
f e sorb; all pertinent dotails shall be furnished. This report, if properly kept, will 
upQ1sh the information for computing the cost data rcquirod in 8515v). 

P Chief of Party, cach Commanding Officor, and each pcrson in charge of a 
>ssing 0ffic.e shall roport monthly to  the Washington Office the progress of office 
Ee“‘]t on survey sheets and field records tor which ficld work has bean completed. Thesc 
t2ts shall bo mailed on the 1st day of the month. Separate reports aro required 
0th I-Iydrographic surveys, topographic surveys, and 

field records shall be roported scparatcly on tho three different forms which are 
P‘ovided, in accordance with the instructions n t  tho bottom of each form. 

Project of each field party. 
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Duplicate copies ‘of reports from Processing Offices shall be miiled to the 

The Forms to be used are: 
M-961, Progress of Ofice Work on Topographic Sheets. 
M-962, Progress of Office Work on Smooth Hydrographic Sheets. 
M-963, Progress of Office’ Work on Field Rccords. 

of Party of the respective projects (see 9266). 

8515. Season’s Report 
thnD A season’s report shall be submitted by every Chief of Party, not later 

month after the season’s field work is completed. This report shall be in detsil?. cop 
ing each project completed or in progress. When field work on one project date 
tinuous from July 1 to December 31, the report shall be made as of the latte; q d  
if there is no immediate prospect of completing the project. Descriptions ’ 
recommendations on, new methods of field work, descriptions of new instrum 
equipment, nnd similar subject matter should be submitted as separate special rep 
(see 858). 

The following information and data should be included in the season’s 
(a) The project number and the name of the officer submitting the repDrt a t  the top 

(b)  Dates of original and supplemental instructions and of beginning and ending field 
or per- (c) A brief chronology of the activities of the party. 

(d) Brief mention of any unusual activities, such as assistance rendered to other vesseb 
, p i t y  

(e) The general organization of the party, including a list of all officers and the genera’ 
in which each was employed, giving any dates of reporting or detachment. i d  

(f) A table of statistics on Form 21, Statistics, Cost, and Summary of Field w ~ ~ s ~ ~ $ i c s  
a summary of the results obtained. 
for the 2 years should be separated. Instructions for the use of Form 21 are printed on its back*’Tbe 

(g) Cost data on Form 615, in accordance with instructions on the back of the form‘ 
Monthly Report and Journal of Field Party, Form 20a, should be kept in such a manneT 
information needed to compute the cost data will bo readily available (sce also 166). 

BurVeYB’ 
or lo 

either completed or uncompleted, including any already forwarded to the Washington ofirc,uded 
8 Processing Office, and any remaining on hand from previous seasons. flash’ 
an estimqte of the time necessary to complete the office work on each sheet forwarded fo the 
ington Office or to a Processing Office for completion. 

epts &lod 

report: 
of the Out- 

work. side cover, 

aons, and surveying that is not a part of the project (see for example 356). 

Where the report covers operations in 2 fiscal years 

that 

(h) A brief summary of the methods employed in executing the work. 
(i) An inventory of a11 computations, field records, hydrographic and topograP 

There should be 

ngulation* (27 The season’s progress sketch in accordance with 8512. 
(k) A separate progress sketch on a larger scale, if necessary, showing only the trje 

851 6. Annual and Semiannual Reports 
133-5r 

An annual report shall be submitted as of June 30 of eacli year on Form M-l ell be 
Annual Statistical Report. 
allowed to interfere with,its preparation and transmittal. Statistics only are ‘T sepa’ 
the information being needed for inclusion in the Director’s annual report, JUDO 
rate report must be made for each project. The person who is Chief of Party 
30 shall submit this rcport for the entire fiscal year, rcgardlcss of the length flp& has been chief of that party. 

r e P t J  this report. 
If a project is completed between July 1 and December 31, a semiann‘ydate; if 

similar to the annual report in all respects, shall be submitted as of the letto 

This rcport must not be delayed-no other w0rls 

of ti@e 

The annual progress sketch (see 8513) shall acto 
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One project is in continuous progress and not conipleted on December 31, the semi- 
report is not required. 

852. NAVIGATIONAL INFORMATION 

Persons in the scrvicu of the Coast and Geodetic Survey should report to the 
ashing.ton Office all valuable information obtained affecting the in terests of naviga- 

tion &long the coasts. Special reports should bc made promptly of any information 
Of the following classes (giving in each case the authority and such' recommendations 
" @'y Seem desirable): rocks, reefs, shoals, or sunken wrecks (with the least depths 
::8them), either not cliarted or incorrectly charted; important errors or omissions on 
in charts or in Coast Pilots; changes in depths or directions of channels; and changes 

Coastline, currcnts, ctc. (See also section 17.) 

8521. Chart Letters 

' h'lisccllaneous information subrnittecl by a field party and others for use in chnrt- 7g is filed in a "Chart Letter File" in the Nautical Chart Branch, and each communica- '" is lcnown as a chart letter and is given a consecutive number within the calendar 

Persons submitting sucll information should bear in mind the ultimatc usc of the data Letters shodd not bo. 
P r n p a & d  by enclosures of awkward size on which information hns bcen noted in a 
" which provents tho enclosure from bcing cut into letter-sizc scctions. Skctchcs 

?'Id be on letter-size papcr or be folded to this sizc; scctions of charts, likewise, should 
C!t to httcr size and if more than onc chart-scction is rcquircd to cover tho drca, the' 

Futt'n& should be done before any notations or otlicr data are cntercd on them, to 
ens're that the entire notation appears on the scction to which it refers. 

practically evcry communication of this kind is so fiIed. 

submit them in a form convenient for this purp~se.  

8522. Dangers to Navigation 

dangers and wr~clcs discovered that are considcrcd to bo Inenaces to navi- ptlon shall be reported immcdiatcly by radio, telcphonr, O S  tclegraph to the Corn- 
of the noarcst United Statos Coast Guard District and to the District Super- :FJ and a copy of tlie notifying message shall bo forwardcd to tho Washington Office. 

(d Qessage sliall bo in tho following form: " (object) covcrcd by (depth of water) n t  
discovered; distant - - - - - - nautical milos or yards, beming - - - - - - dcgrccs 

d' tracing from the boat shect or chart showing the exact location of the danger 
>@red should be forwarded to the Washington OEce at  the earliest opportunity. 
P sl~n,ll *bo included in the Descriptivc Report mentioning cach danger 
eported to the Const Guard, so that such information will not be duplicatcd. 

'lo'ting Wl.CCl<RgC, logs, derelicts, or otlicr floating objects siglitcd' whiclr are 
tf\stlacOs to navigation shall be promptly reported by radio, telephone, or telogrnph to 

of tho nearest Coast Guard District and a copy of this notification 

. 

' 

@ 

0 forwarded to thc Washington Office (sco 365). shall b 

8523. Erroneous Charted Data 

C b t s  of the most recent print date and Coast Pilots of the area being surveyed 
be exaInined carefully by tlic Chief of Party. Should any information of bn- 
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be 
Of 

portance be shown erroneously or inadequately the Washington Office 
notified a t  the earliest opportunity. (See also 173 and 175.) In general, pilots 
the Coast and Geodetic Survey should carefully examine all charts and Coast te 
covering areas with which they are familiar, and report any erroneous or inadequa 
information. 

8528. Positions of Survey Buoys 
at ODCe Each time survey buoys are established or removed a report shall be mad: Notice 

d should 
to the Washington Office in order that this information may be published in tb 
to Mariners (see 286). The report should give the positions of the buoys an cteristics 

to report 
state the type and whether lighted or not, and if lighted the color and chara 
of the light. Where the buoys are cqually spaced in a line, it  is sufficient 
the latitudes and longitudes of the two buoys a t  the ends of the line and thLo given. 
of intermediate buoys; otherwise the latitude and longitude of each should 

853. AIDS TO NAVIGATION 

Aids to navigation are established to aid the mariner in navigating the flo,tiDg 
waters and ,it is vitally important that the aids be correctly charted, that the 
aids be maintained in their charted positions, that they be correctly pIaced with 
ence to the new survey, and that any deficiencics be promptly reported. d 

Where thc actual description or characteristics of any aid to navigation 11 be to differ from thosc published in the Light Lists or on the charts, the facts s%uard 
reported immediately to the Commander of the nearest United States Coast 

Where a lighted aid to navigation is found extinguished, report should be :,a). 
during 'be Reference shall be made in the Descriptive Report to every report, madonavigatioD 

are foUD 

District and to the Washington Office. ,de 

immediately to the Commander of thc nearest Coast Guard District (see 

course of the field work, to Coast Guard oficials relative to aids to 
(see 8422'). 

8531. Positions of Floating Aids 
ted, @Dd 

dah@, 

The charted position of a floating aid to navigation is its oflicial positio:hartd 

All floating aids to navigation within the area of a survey shall be loca of 
listed in the Descriptive Report for that survey. The latitude and longitude 
the depth of water a t  each, the position number or numbers of the location 
and the date of location shall be given. 

position is corrected by hand, pending a corrected printing. Every egort is 
by the Coast Guard to maintain floating aids a t  their official ppsitions. aid is Dot 

Errors in the positions of floating aids arc of two classes, (a) when tbe teb' 
at  its official position and ( b )  whero the official position of the aid does not 
serve the purpose for which it was intended. for the During the survey, if the official position of a floating aid is adequate 
purposc intended, but the aid is found to be not a t  its position, the lattCr '&istriGt* 
be promptly, reported directly to the Commander of the nearest Coast Guar d p  the 
It is important to report the date on which the aid was found to be off station 
distanceand direction it was off station. be up' 

During the survey, where the official position of a floating aid is found to ,rhod 
favorably located for the purpose for which it was intended, the facts shall bo 

(See 84213.) 

notice of a change is published in the Notice to  Mariners, in which case the pado 

roP 
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t 
,' tho Commander of tlie nearest Coast Guard District and to the Washington Office 

The report should be accompanied by a photostat or tracing of the appli- 
@ Part of the new survey as shown on the boat sheet, with a recommendation as to 

Cab1 

4 h e r e  the survey discloses the need for additional aids to navigation to mark newly 
8CQv@red dangers, recommendation shall be made promptly to the Commander of the 

'learest Coast Guard District, and a copy of the recommendation shall be forwarded to 
the Washington OfEco. 

h e r e  the survey discloses the need for additional aids to navigation to mark clian- U s  4 .' Or for any rewon other than that given in thc preceding paragraph, the recommen- 
tat?" shallabe forwarded to the Wnsliington Office accompanied by a photostat or 
'"'"g of the applicable part of the boat sheet. 

the aid should be located. (See also 3832.) 

8532. Positions of Fixed Aids 

the geographic positions of all fixed aids to navigation which were located during 
In making out this 

fo% the app l iable  parts of the instructions given in 8534 should be followed. I t  is 
ant that the names of the aids entered 011 the form be identical with those in the ?Port 

'1ght Lists. 
' It is to be emphasized that the positions of a11 aids located are to be reported, even '' 

new positions merely serve to verify provious gcogrupliic positions, or tlie cIiarte(i 
'Da1tion8. 

bghThO report shall be made on an area or seasonal basis. A separate report for each 
E The aids to navigation sliall be listed separately '" the landmarks, since these reports serve a different purpose in the Office. (See % 

b A;zimuths of ranges determined in accordance with 3833 sliall be reported in the 

'@%n should be reportcd 011 Form 567, Landmarks for Charts. 

Ographic sheet is not desired. 

383i.) 

escrlPtiVe Report €or each survey (see 842P). 

8533. Chart of Objects for Use of United States Cpast Guard 

4' The objects selected for tlie use of the United States Coast Guard in accordance "' 1651, shall be plotted on a copy of the latest print of the largest-scale chart of the 
"'% Part, The chart should not be cut into sections, even though the notes apply to 01i1y a 

A short legend as, "Objects for Use of u. s. Coast 
and the date o€ the field survey from which the information was obtained, 

&he? three objecls selected for each fix sliall be encircled in red on the chart, 
th Adjacent to 
888dPosition of each object selected, a description from which the object may be identi- 
bp shall be noted in red. The fix selected for each aid shall be indicated on the chart 

th with tlie legend "N.A. 1927" printed in tlie upper right-hand corner are on 
h:e* American datum of 1927. Charts for continental United States without 

Q the upper right-hand corner, may be on either the North American datum of 
ChaptQr the North American datum (see 1125 and 2171). Tho geographic datum of a 
ke lnaY be ascertained by comparing the scaled position of a charted object with its 

position as given in the triangulation data (see 7362) ; or the datum will be 

the area of the chart. QbPd , l  

e shown on this chart. 

er already cliarted as landmarks or plotted by the survey party. 

ped arrows a t  tlie aid, pointing toward the objects to be used. 
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furnished by the Washington Office on request, as will the difference in meters 
the field datum and the chart datum. V e P  

The prepared chart, after the information placed thereon has been carefdy&ad 
fied, shall be forwarded by the Chief of Party directly to the Commander Of th;tS p? 
Guard District in which the area is located, with a transmitting letter statlag 
pose. There may be inclfuded in this letter any explanatory.information neededt; 
interpreting the data contained on the chart, although the data furnished 
chart should be complete, if practicable. 

etgeea 

The following data shall be forwarded to the Washington Office: 

(b) A list of the objects, with their latitudes and longitudes, that have been plotted 
forwarded to the Coast Guard. 
should include only those objects not already charted. 
the form, the title should be cut off and a new heading, “Objects for Use of U. s. Coast 
written in. 

(a) A copy of the transmitting letter. the and 
The list shall be prepared on Form 567, Landmarks for Of 

use 11 
To avoid confusion with the Cued 

The datum used shall be stated. 
(e) A special report of this work. 

No Ohbef 

ded in *’ The transmittal of these data shall be handled as a separate subject. 
field information or notes shall be attached to the forwarding letter, or i d u  
envelope. 

for 
A report on landmarks for charts, in duplicate, on Form 567, Land d&t tbO 

Charts, is required for all hydrographic surveys. This report shall be subJnltte top0’ 
end of the season tor the project as a whole and not for each hydrograPhi! osob& 
graphic sheet. The original copy of Form 567, together with any a ~ c o m p ~ n ~ ~ ~ ~ ~ b d b ~  
or sketches submitted, is numbered and filed as a Chart Letter in the Division Of &red 
(see 8521). For this reason any sketches submitted shall be of lettcr size Or p!ep g e r  

ter-slze. 9 for folding to that size; likewise, any charts submitted shall be cut into let aotatiofl 
tions. The duplicate copy should be marked “Coast Pilot Section’’ and wbicb 
made on it as to the relative prominence of each landmark, the directions OdY Of10 each is visible or obscured, and how the landmarks affect the Coast Pilot. 
copy need be submitted of any chart-sections or sketches. tbah 

order ,p Reports on landmarks shall, if possible, be complete in themselves in 
further reference to triangulation data and topographic sheets may be “7 the valu0 
report shall state whether or not an inspection has beon mado to determln 
of the landmarks when viewed from the water area. 

8534,. Landmarks for Charts 
marks 

aided. 

tho ob”’ ‘Or Landmarks no longer in existence or which should be deleted from 
any other reason, shall be reported as follows: 

(4 Where only a few landmarks are to be reported, Form 567 may be used. 
positions need be given to the nearest tenth of a minute only. List these on a separate ‘ 
form and not with new landmarks to be charted. 

( b )  Where a number of landmarks are to be reported, chart-sections shall be subrnitte 
the landmarks to be deleted are indicated (see B(3) below). Form 567 need not be subDittedbrts 
ward these chart-sections by a transmitting letter, a copy of which shall accompany other rep 
Form 667 submitted at that time. 

landmarks only where there are no other suitable objects in the vicinity 
of a very permanent nature. 

rephi‘ 
The geoB of ths 

OPY 
&ob 

don p f .  

a9 
e listederO Flagstrtffa and flagpoles, because of their temporary nature, should or if the' 
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A. PREPARATION OF FORM 

567 shall be prepared in accordance with the following instructions: 
(l) Objects of special importance or prominence shall be indicated by an asterisk (*) preceding the 

In the selection of these, the total area involved should be considered by 
’calities* Where an object is the most prominent in a locality it should be SO marked, even though 
It ‘hay be less pro minent than many others in an entirely different one. This is desirable in order that 
a ’‘‘p@r distributio n of landmarks may be avaiIabIe rather than a concentration of them in one locality. 

(‘1 In the first column headed “Description” the description shall be divided into three parts, 

It should be short and a 
general term and usually should not be accompanied by any descriptive terms. 

If it is essential that any descriptive 
term be charted in addition to the name, then the descriptive term slut11 also be in capital letters. 

If the landmark has been located 
by triangulation, or used as a hydrographic signal, the name of the triangulation station or the 

This will identify the landmark in the other 
records. 

(3) In the coluxnns headed “Position” the position, where accurately known, shall be given in 
degrees~ minutes, and the dms. and dps. in meters, and where so given the data will be assumed to be 
sr‘c?ntlY accurate for all charting purposes. If the position is not known accurately enough for 
2:t1ng PUrposes, the data shall be given in degrees, minutes, and tenths of minutes; and where so 
I @n The method of 
ocatlob and the datum used shall always be entered. 
be ,, ‘4) After Form 567 has bcen prepared and typed, the positions as given on the typed copy shall 
t’ @l’lfied by plotting them back onto the original survey sheets or, in the case of triangulation sta- Pnot on any slleet, by comparing them with the original checked computations; and a signed stste- tpt that this has been done shall be made on the copy submitted. Checkmarks shall be shown on 

of the object. 

fOllOws 
(a) The name recommended for charting shall be in capital letters. 

(b)  Descriptive terms shall follow in lower-case letters. 

(C) Any other identifying data shaIl be in parentheses. 

signal shall be given in parentheses. 
In general such identifying data shall never be used in charting. 

will not be used for charting until more accurate data have been obtained. 

e fohn after the dma. and dps .  

B. PREPARATION OF CHART-SECTIONS 

R e r e  a number of landmarks are reported, a recently printed copy of the chnrt of 
8 are% cut into letter-size sections, shall be prepared and submitted, in addition to 

The area which has been inspected shall bo outlined on theso chart- 
and a recommendation shall be made for each charted or plotted landmark 

the area outlined. 
tho (I) NOW landmarks shall be plotted and identified by the landmark symbol ((3) accompanied by 

The geographic datum of the chart must be known and 
eos81dored in tile lotting (see 8633). 
4 q  (2) Charted landmarks, the continuai~ce of which is recommended, shall be checkmarked ( V ) ,  

the position has been actually verified during field work, the checkmark shall be accom- 
Panled by th 
Bopd ,, Where a landmark has been verified only by visual inspection, the 

Qirclp) Charted landmarks, the dcletion of which is recommended, shalI be indicated by an x in a 
be ’ accolnpanied by the word “delete” (8 delete), and the reason for tho recommendation shall 

chart-sections are submitted, Inndmarks to be deleted nced not be listed on 
”‘Q 567. 

new uncharted landmarks are shown on the chart submitted, a notation 
e made thereon in a prominent place giving the latitude and longitude, with 

B e c ~ ~ d s  in meter s, of some one charted landmark, as is required in paragraph 34, page 8 
Of the Topographic Manual. The datum used $hall also be noted on the chart. 

OVrrl 567. 

The following procedure shall be used: 

pame recommended for the chart. 

e word “verified.” 
verified” shall be omitted. 

%iVCtl, 

b 

406382-44-42 
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legibb’, ” Names and notations on these chart-sections shall be typed or lettered e sectloa 
red ink. 
as the landmark to which they refer. 

Care must be taken that such notations always appear on the sarn 

d 
thege 

of reporting it, be standardized. The cartographers should not have to interpret Dost 
data because they cannot see the object in the field and cannot know what l s , t ~ f i l l  
prominent about the landmark. If a landmark is reported on Form 567 as a 

t becaugi yellow tank,” the cartographer cannot tell whether the landmark is prominen, terPre 
it is a tank, because it is yellow, or because it is tall. 
these data and give them.in proper form for charting. tic5b]0. 

for 
I n  general, descriptive terms shall be omittcd from the name recommended 

the chart. Colors dcscribing an object are particularly objectionable on account Of 

their temporary nature. The material out of which an objcct is built is not 
on the chart, since the mariner even whore only a short distance away cannot 
an object by the material. The adjectivcs tall and tallest are unnecessarYt 
the object were not tall it would not be a prominent landmark. Whcre a descriptive in the 
term is neccssary to distinguish a charted landmark from other landmarlss be in 
vicinity which are not charted or not located, then the dcscriptive term shall 
capital letters according to A(2) (b)  above. 

In  general the use to which an object is put is nonessential on the chtrt, 

C. STANDARDIZATION OF NOMENCLATURE 

It is essential for charting purposes that the nomenclature used, and the 

The field party 
The following stand 

ardiz5tioa 

of nomenclature must be considered general but is to be followed so far as PraC 

because if 

unless 
t39 

this use contributes to the identification of the objcct. In  rcporting bU1ldlnge the which or 

$in& 

this nsme 

WER, landmarks, avoid so far as possible using a name that indicatcs the usc to 
building is put. It is preferable to use some term such as DOME, To 
SPIRE, which describes the shape of the top of the building. 
the use, such as schoolhouse or courthouse, shall follow in lower-case letters. 

In  general the company’s name shall be omitted from the chart unless 
or an abbreviation of it is visible on the landmark in letters large enoWh to 
as an identifying feature to the mariner. The company’s name should properly 
undcr A(2) (c) above. 

charted in parcntheses following the name of the landmark, as DOME ( 

Whcre they are indl 

The name descr, 

shall be 
In  a few cascs of very well-known buildings, the name of the buildiIlg s ~ ~ @  

Where two similar objects are closely adjacent the word “twin” shall be seated ” 

ed 
In  cases where only one of a group is to be charted, the name should b 

HOUSE), TOWER (EMPIRE STATE BLDG.) . i t d  

if the objects are charted as two separate landmarks. 
only one landmark the word “twin” shall bc used. 

in parentheses by a descriptive lcgend, including the numbcr in the group’ 
e follo70r 

54 

cxample (TALLEST OF FOUR) or (NORTHEAST OF THREE). 

is unessential since this is shown graphically on the chart. 

. features 
afd 

In  the name or description of a landmark, its relation to other topograPhl‘ 

Abbrcvi‘ations of colors, where given, shall be in accordance with the s$$0f19 
bottom characteristic abbreviations (see part “S” of the Symbols and AbbrO 
chart, fig. 189). 
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following classifications, which include most landmarks, arc defined and ~ L C -  

coQpanied by remarks to statldardize their use. They sballl bo SO used SO far as 
"acticable 

BulLDING.--(Scc House.) 
CHIMNEY.-That projecting par t  of a building for conveying smoke, etc., to  the outer air. 

la*Cerrn t o  be used only where tlle building is the prominent feature and tlie charting of some 
speclgc Part of it is desirable; for example, the chimney of a large factory. 
b ' cUPoLA.-A small turret or dome-shaped tower rising from a building, in cases whcre the 

it is 'OME.--A large cupola of rounded hemispherical form, or a roof of the same shape, whether 
Ytua1lY rounded or many-sided. 
pLAGpoIA2.--A single staff flagpole rising from the ground and not attached t o  a building. 

Ql PLAGSTAFF.-A Siilglc flagpole rising from a building. This is not desirable as a land- 
(s&FkJ uoh due to its nonperinancncc. Although i t  is desirable that  the most dcfinite par t  of a building 
!ant " the flagstaff) be pointed at in making observations, this is not necessarily the most impor- 

Wherever possible give, for use on the chart, tha t  par t  of the build- 

TOWER.-Aiiy scaffold-like tower on which flags are hoifitcd, such as a Coast Guard akelcton 
Po TANK or OIL TANI<.-&ilce these differ in sliape and size from a watcr tank, the com- 

Will be used. 
O9 or BUILDING.-Altliough it is desirable to  locate a house or building by observations 
PQsessPecifiC point, as tl1c west gable or the flagstaff, such terms m e  not desirable for charting pur- ' i t  is the structure itself which is the landmark. Use HOUSE or BUILDING followed 

descri*tion of the point in either capitals or lower-case letters, according t o  whether i t  should be 
On the chart or not. Where tlie outline of the building should be shown on the chart, the  following oat~tion,,, 

kep$ooKOuT TOWEIt-Any tower surmounted by a small house in which a watch is habitually 
'11 c & ~ ~ ~ ~  a8 a Coast Guard lookout tower or a fire lookout tower. Do not use this term in describing 

'lld'ng is the promil lent object and where the cupola is small as compared to  the building. 

fFt for charting purposes. 
? which the flagstaff rises, as TOWER, CUPOLA, DOME, etc. 

steel flagpole or a Weather Bureau signal tower. Do not use Signal Tower. 

und name 

chart outline"-should be made on Form 567. 

servation tower, or a part of a building in which 110 watch is kept. 
IMoNUMENT.--Do not use Obelisk or other terms. 
Or' TANK.-(See Gas Tank.) 
RA1310 MAST.-A general term to include any tower, pole, or structure for elevating antennas. 
aplRE.---h~ gclleral, ally slender pointed structure surmounting a building. Tlic spire is rarely $ than tWo-thi rds of the cntiro height and its lines arc rarely broken stages or other features. 

Spire is not applicable to  a short pyramid-shaped structure rising from a tower 

is Q:2CIc--Any tall smolrestack or cliimncy, regardless of color, shape, or material, if the  stack 
DO not use Chimney. 

" ~ I Q ~ ~ " ~ D ~ ~ ~ E . - A  tall cylindrical structure, in a waterworks system, whose height is several 

It ?ANK.-A tarlk for holding water, when its base rests on the ground or other foundation, and 

hu;tNK (ELEVATED).-A tank for lioldiiig water, where such tank is clovated high above tho 

a) A part of a structure higher than the rest, but having vertical sides for the greater 

isolated structure with vortical sides (not othcrwiso classified), high in proportion to 
basc, and of simple form. 
top of a skyscraper, high in proportion t o  its horizontal size and rising above its 

'' (dl structtlre, whether its sides are vertical or not, with base on the ground and high in  
Its sides may be open framework, such as a Bilby steel tower. 

PQII$RE~*---Do not use Lone tree or Conspicuous Zone tree. This is assumed, otherwise t,lie tree 

Steeple, bebry. 

Prominent, as a landmark, than any buildings in connection wi$i it. 

than its diameter. 

e he'Rht is not much grcatcr than its diameter. 

Or other foundation by a tall skeleton framework. 

the 
Of Its 

Bbr~O~~dings.  

to  its base. 

not Serve as a landmark. 
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WATER TOWER (infrequent) .-A decorative structure enclosing a tank or standpipe’ 

WINDMILL.-A self-explanatory term. 
as auch, when by its appearance i t  would not be recognized as such. 

EXAMPLES 
CHIMNEY, schoolhouso (Mt. Vcrnon E. 5.) 
CUPOLA, schoolhouse (Normal School, 98 ft. high) 
FLAGPOLE (Grecn Hill Country Club) 
LOOKOUT TOWER, Urc, stccl (110 ft. high) 
SPIRE, church (A Nanticokc Church Spirc) 
STACK (Aica Mill) 
STACK, black, metal (at Hot House) 
STACK (TALLEST O F  FOUR), black 
STACK, whitc, concreto 
TANK (BAY STATE GO) (0 Bay) 
TANK (SOUTE) (southcrly of thrcc ycllow tanks) 

’TANK, steel (126 ft. high) 
TANK, ycllow (A Hot) 

‘TOWER (CITY IIALL) 

854. DESCRIPTIONS OF STATIONS 
d@ ia@ . , Station descriptions on the appropriate forms shall be submitted for $;:deS($p 

tion stations, and all recoverable topographic and 
tions for the triangulation stations should be 
and should be forwarded by transmitting letter with other 
included on a transmitting letter with other records pertaining to 
descriptions of recoverable topographic and hydrographic 
for each sheet with the other records having to do with that 

A description should be typewritten and only one side of 
space is required, one or more continuation cards should be used. 

The correct form to use in each case, with a reference to the text, where 
pole‘ 

Fof l  On* 
NO. 221 
525 2212 
626 2271 
525 2361 
524 2361 
524 236 
524 246 
524 

use of each form is described, is listed below: 

Triangulation station established _ _ _ _  - - - - - _ _  - - - - - - - - - - - - - - - _ _ _ _  _ _ _ _  - - - - - - - - - - 
Triangulation station recovered, lost, or searched for but not found..---_ - - - - - - -  - -  
Stations of other agencies connected to C. & G. 5. triangulation _________.._- - - - - -  
Recoverable topographic station established.. - - - - _ - - - - - - - _ - - - - - - - - _ _ - _ - - - - - - - - 
Recoverable topographic station recovered, lost, or searched for but not found--- - 
Stations of other agencies located by C. & G .  S. topography _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - -  
Hydrographic stations bee topographic stations) _ _ _  _ _ _  - _ _  - _ _ _  - - - - _ _ _  - - - - - - - - - 

855. COAST PILOT REPORT 

Coast pilot notes should be forwarded in duplicate as a separate report tllay , 
of the season. While such notes are used in the compilation of new editions, atted O’ 
usually published first in Supplements. The report should therefore be submtlii~bout 
Such form that one copy of it can be cut and used in the Coast Pilot Sectionaad915* 
copying. Instructions for the preparation of coast pilot notes are given in 912;ia &Ob 

During a hydrographic survey each hydrographer should lseep a jou!na 01.1 at 
notes and memoranda are entered for use in compiling the general coast Pilot 
the end of the season (see 159 and 385). frootbO 
obtained while en route to  and from the project area as well as that t pg0: 

pilot notes, or an extra copy of that part of the Descriptive Report should 

in foro These notes should include. 
season’s field operations (see 175). Any information reported under (‘0, Cons ,o@ 
information,” in the Descriptive Report (see 8420) should be repeated in the ailed 

e m 
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sep?ateb and marked for the attention of the Coast Pilot Section. Important infor- 
should be forwarded a t  once, but the general report should be submitted a t  

In  all cases where information in the Pilots is found to  be the 

Any sailing directions 

end of the season. 
and adequate a statement to this effect should be included in the notes. 

I3lot notes should be complete, clear, and accurate. 
be checlced before inclusion in the report. 

856. GEOGRAPHIC NAME REPORT 

practicable, a special report on geographic names shall be submitted to 
cQvcp the Project area, or that part of it surveyed during the season. VVhcre only one 
11 ‘graphic sheet comprises the project, the information may be included in the 
desc?’tive Report (see 842R). Tho information to be included in the report is 
i F b e d  in detail in 163, and other information of value in composing the report 

Contained in section 16. 
&nd In thc project area has rccently been covered by air photographic survcys a d . gyographic name report has been submitted in connection with that project, 
‘p’lcatlon is to be avoided. Only new information which is disclosed and names in 

area which were not investigated by the air photographic party should be 
the 

bdr 

‘QCIuded 

%,E3 

857. RANGES FOR COMPASS DEVIATIONS 

addition to showing on the smooth sheet, in accordance with 7815, all useful 
Of natural objects and those established by thc United S t a h  Coast Guead, a 

s’e:ial report uld be inadc for each projcct or season’s work, of prominent and 
@‘% distinguislle d objects and ranges that are suitable for use in determining devia- 
t104s Of ship magnotic compasses and mors  of gyrocompasses. 
find ?he report should include a description of each object, its latitude and longitude, 
C ? intended use; spccial cmpliasis should bo placcd on how to idcntify it with 
hleptaQtY from the area wllcre it will probably be observcd; the azimuths of all recom- 
1 e“dcd ranges should be included, with a statemcnt as to how each was determined. 
‘structions 3833, for obtaining azinuiths of ranges by planetable and scxtant are contained 

hin+iOn should be niade in this report if any azimuths from wharvcs were deter- 
In accordance with 356, and to whom the results were given. 

858. SPECIAL REPORTS 

at special reports on other subjcct<s, which are of broad scope or intorest and which 1G. e ‘Ot to  the survey or the season’s work, should be submitted from time to 
’h,$ . Each of these should be written as an cntity and under no circumstances should 
~ac~lnformation be included in either the season’s report or a Descriptive Report. 
%hey!, tllose reports should bo entitled “Special Report on (subject matter) by (author’s 
@ ’ It should be approved and forwarded by the’Chief of Party. Among t h o  
“I subj~cts which should be treated in this mannor a few are specifically mentioned. 

8581. New Methods and Equipment 

6 42 members of survey parties should bo cncouragcd to study tho principles involved 
BCtipt. ”Qaphic surveying and to oxpcrimcnt with new methods and apparatus. De- 
‘a l ~ 9 , ~ ~ ~ ~  of new methods and apparatus, and suggestions for the improvement of those 

be furnished as scparatc reports. 
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Changes in methods and equipment that will have no effect on the accM$ior 
operations, such as the design of a new type of signal or buoy, may be used wityuof the 
approval of the Washington Officc. Those changes which do affect the quabtY ,& 
work, such as new instruments, etc., may not be used in actual survey work 
npproved by the Office. 

8582. Submarine Features of Interest 
arinO 

Modern methods of survcying are disclosing in considcrable detail s u b f l ~ o d  
features of interest to scicntists and geomorphologists, as wcll as to navigators' jli0 prominent among theso are the large submarinc valleys and canyons in dentiDg f l a~Y  
continental shelves and slopes, and the large submarine mountains. 
other submarine features of less spectacular size, such as silted areas and saDd 
which the survey may disclose that may be of as great or grcatcr interes 
reports on such features are particularly valuable. 

Thore are 
w&v!; 

t. SP@ 

those. that 
8583. Photographs 

ortunlty Photographs of field activities, pcrsonncl, and equipment, particularlY 
illustrate actual survey operations, are of considerablc value, and no OPP 
obtain them should be neglected. 

Personal negatives may be forwn rded to bo Negatives are preferable to prints. 

Negatives or prints should be submitted separately and not made a par623fb 
copied and returned to the owner. 

special or season's report. Each photograph should be accompanied by Fora 
Photograph History. (See also 1591.) 

t o f a  

8584. Weather 
of 11$; 

working in the same locality. Likewisc, similar reports should be furnished well-lOo@ 

h tho'' Weather is a major factor in the quantity and somctimcs in the quality 
graphic surveying. Where a party is operating in a remote region, about w b c  
comparatively little of record concerning tlic weather, the expcricncc of 
should bc furnished in the form of a special rcport, which may bc of aid to 

when abnormnl weather conditions are encountered in comparatively 
areas. (See also 1453.) 

8rM 

OptbOrs 
for sea@ 

to COD' 
8585. Scientific Knoudedge 

Officers surveying in remotc regions should bo alert t o  tlicir opportunities aDtb@' 
tribute valuable information to othcr branches of science, such ns g~ology~ ql@'' 
pology, volcanology, and glaciology, among others. Such informa tion should 
be furnishcd in a spccial rcport. 

J*Ofl 

r t ~ Y 1  (Set? 

859. REPORTS REQUIRED FROM HYDROGRAPHIC PAI~TIES 
tin@ For convenience a list of tho miscellaneous reports required a t  variou 

the hydrographic parties is furnished bclow, with tlic form numbers, if 
references to the places in t,his Manual where the requirement is mentioned* 
also 8351.) 

ANNUAL unzbe' 
Name of Report Form No. Rejerefice It 

Progress sketch- - - - - - - - -  - - - - - - - - - - - - - - . - - - - - Tracing cloth- - _ _  - - - - - -. -. 8613. 
Statistical report- - - - - - - - - - - - - _ _  - - - - - - - - - - - - - M-1133-5- - - - - - 8616 find 1660 . - . - - - - . - 
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SEMIANNUAL 
[Required in certain c1reurnstaneos.l 

proBres?e of Report Form No. Reference number 
at . , sketch _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _  Tracing cloth-- . - - -_ -  .- --..__ 8613. 

at18t1cal report-- _ _  _ _  .- _ _  _ _  _ _  _ _ _ _  _ _  _ _  _ _  _ _  _ _  M-1133-5 _ -  - -  _ _  - -  - -  - -  8616 and 166. 

MONTHTAY P pgress 
Of Office work on sheets and records.. ._ fir-961, At-962, Af-963----- - - 8614. 
sketch-_ - . - - . - - . - - - - - Tracing cloth- - - - - - - . . - . - - - - 8611. 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Tracing cloth _ ~ ~ - ~ ~ ~ ~ ~ - - ~ . . . . ~  8611. 

Of Progress of field work _ _ _ _ _  _ _  _ _  _ _  _ _  _ _  Letter to arrive at Washing- 8614, 
ton Office by the 25th of 
eacli month. 

epOpt and journal _ _ _ _  _ _  _ _  _ _  _ _ _ _ _ _ _ _ _ _  _ _  _ _  _ _  20a.- - _ _ _  _ _  _ _  _ _  _ _  _ _  _ _ _ _ _ - _ _  8614 and 156. 
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CHAPTER 9. MISCELLANEOUS 
91. COAST PILOT 

t . .lr1le Coast Pilots of the Coast and Gcodetic Survey are ti series of volumes con- 
'Qlng information of importance to the navigator wliich cannot be shown conveiiicntly 

'I'lie inforniation covers a wide variety 
subjCct~, among wllicli are descriptions of tlie coasts, harbors, dangers, and land- 

of 

Yks; and directions for entering harbors and for coastwise navigation. A new edition a is publislied about every 7 years, although the interval may vary from 5 to 
depending on the importance of tlic region, the number of changes, and oMm 

12 

factors. Supplements, containing corrections, cliaiiges, and new information, are 
P'blishcd about once a year. 

and is not readily available elsewhore. 

911. SOURCES OF COAST PILOT INFORMATION 

information used in the preparation of Coast Pilots and Supplements conm 
"Oh many sources, the most important of which are: P* 

in the Coast Pilot Section, Washington Office. 2" revision parties. 

Fhart Letters and other files in thc Nautical Chart Branch, Wasliington Office. 
e y  sheets, Descriptive Reports, and files in the Map 13a11, Wasliington Office. 

Oast pilot reports from field parties. 

Publications by other federal bureaus; and by State, port, and local authorities. 

912. COAST PILOT REPORTS FROM FIELD PAI~TIES 

* Coast pilot reports from field parties arc nrnong the most important sources of 
"r0PQation. t If properly preparcti, tliey furnisli a typc of inforlnation, often unob- 
a"hable elsewlierc, tlmt is most nceded, such as controlling depths; descriptions of 

and landfalls; strength of currents; niid (.xistonce of tide rips arid cross currents. 
- such information is not includcd in tlic field party's report, an csliaustive and often 

tl!e'Consurning examination of Descriptive Reports and survoy sliects is required, 
'hlcll docs not always yield tlic best rcsults. 

.? mere revision of tlic publislied text of a Pilot is not all that is rcquired, but 
"dltiO~al new information should bc obtained that will enhance its. valuo. Tliis 
'ppli@S to a surveyed as well as an unsurvcycd area. 

lnsoftir as practicable, advantago should be talrcn of the transit of vessels be- 
Errors and deficiencies 

ehould be reported (sce 175). 
Information of local origin rclativo to tho area in which a ficld party is 1 ~ 0 r l ~ h Z  

aho'JkI be investigated and reported. Likewise, directions in an area being S U ~ V C Y C ~  

:puld be verified by actually running the courses and sounding along tlicm before 

Information vital to tho navigator should be reported nt once and by radio, if 
hecessar~. General notes, in duplicate, should bo submitted at the end of tho field 
ss'soQ, and should be clearly marlred "Coast Pilot Report" (see 159 and 855). 

Ports to checlr tlie applicable parts of the Coast Pilot. 

ey are recommendcd and submitted to tho Ofice (see 356). 



81O’ 9121 HYDROGRAPHIC MANUAL 

91 21. Preparation of Report 
,,uellY 

0&90 necessitates a number of corrections and changes in the Coast Pilot, and in suehiving 
the report should be prepawd in the same manner as the Supplements are, fy 
references to the page and line numbers (sce 915). 

of a 
a considerable part of the text that does not require change. 

Whore tho text of the Pilot is correct and adequate, tho rcport should consiSt 
referred 
shodd 

mere statement to that cffect, with an cxact refcrence to that part of the Pilot 
to. \ Where many short changes are to be made, as in names or dcpths, theJ’ 
be shob-n in the margins of pages cut from the Pilot, with leaders or arrows indicition, 
the parts affected. Where ckianges are extensive and include much new infora 

d pages may be cut from a Pilot and bound together with sheets of blank paper* 
changes and the new information can then be typed on tho blank sheets and refereace 
to the printcd text on the opposite pnge. 

The report should be submitted in such form that one copy of it  can be cut and 
in the Coast Pilot Section without copying. 
needed for revision or manuscript. 

material desired for Coast Pilot is dcfined. 

The manner in which the report is prepared is important. A new survey 

I t  is only necessary to SUPP 
new data, and to indicate the page, paragraph, and line affected; this avoids re copying 

used 
til it is 

The duplicate copy is filed un 
the The person preparing a coast pilot report should be fnmiliar with 916, Where 

9122. Landmarks for Charts 
Tb8 

d e  Form 567, Landmarks for Charts, should be submitted in duplicate. 
plicate copy should be marked, “Coast Pilot Section,” and notations should be 
on it to show the relative prominence OI each landmark, the directions from Which 
is visible or obscured, and how the landmarks affect the Coast Pilot. (See s534 and 
916, Landmarks.) 

9123. Coast Pilot Copies of Correspondence 
the coast 

((For coast 
When correspondence from the field includes information of value to 

Pilot Section, an additional copy should be forwarded, clearly marked 
Pilot Section.” 

913. PREPARATION OF A NEW EDITION 
describ ed 

The various steps necessary in prcparing a new edition of n Coast Pilot are 
in 9131 to 9139 inclusive. 

9131. Preparation in Ofice for a Field Inspection 
uired, 

Aftcr the decision has been made that a new edition of a Coast Pilot is !‘e: peed 
it  must first bc determined what parts, if any, of the region described in tho p::a;lable 
to be field inspected by the reviser. This depends on the adequacy of the for 
information and on the character of the region. Such a decision must be 
each new edition prepared. 

If -a field inspection is required, a11 available information applying to the @r?$ 
edition of the Pilot must be examined, and the part that needs consideration Orve]: orlo d 
cation in the field assembled for entry in the Field Record Books. 
of preparation for a field inspection, the reviser should thoroughly familiarize 

During the 
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coast pilot requiremcrlts, and with the purposes of o t81icr nautical publications. 
should avoid entering in tlic record a mass of information that will never be used, 

will llave to  be sorted over and only dcla.ys the writer of the manuscript. 
.a*  Field Record Books.-These books are prepared for the convenience of the 

and writer; they also constitute the permanent record which is retained in the 
Of the Coast Pilot Section for reference during the life of the edition. Large blank 

record books, about 10 by 14 inches in size, are most suitable for this purpose. Stock 

The Printed pages are cut from two Coast Pilots and niountcd on tlie left-hand 
Pages of thc record books. This leaves a wide margin on the loft-hand page and tlie 
e'tire right-hand pago €or the entry of notcs and corrcctions. It is advantageous to Ql y O h t  thc tcxt in scparate paragraphs, witli spaccs bctwcen them. Then the informa- 
*lo' sehtcd from the coast pilot filcs should be cntcred, with a mfcrcncc to the authority '' Some of tliis can be pasted, and some written in ink, using ink of a differ- 

color from t h t  to be used by tho reviser in the field. 
Each entry written in tllcse record boolcs should bc rcfcrred to the csact place in 

"@ of tlie l'ilot to wllich it refers, by n leadcr or arrow, by corrcsponding numbers, 
With a little care tho reviser, a t  the end of his 

a:d work, will llavc a nearly complete rough manuscript, thereby reducing consider- ' the time required for preparing the manuscript for tlie printer. 
onc of the rcoord books a definite section should bo set aside for the assembly if tables for tho appendix of tht3 Coast Pilot (see 9135B(5)). As far as possible the 

should be prepared in thc Office and checked in t l i ~  field. '* Publications, instruments, etc.-The following publications, instrumcn ts, and 
Other material arc rcquircd for a field inspection: 

b e ut 

fil 

each Case, 

some other unmistaliable means. 

Publkatlons 

Oharts of the area, corroctad to dato-two comploto sets (threo copios of some) will be needed. 

tUrront Tablrs and 0 t h  publications on curronts, such as Current Charts. 
t:'~t Coast Pilot supplomont, extra copios. 

9 c 0 5  to Mariners (srrango to havo thorn rnnllod to rovisor In tho f l~ ld) .  
paQphl~ts and maps from oil oompanios. 
<ivatclY Publishod coast pilots. 

Navigational Aids, II. 0. 205. 
woathor Aids to Navigation, H. 0. 200. 

"'le ~ a n u a i  (Qovcrnrnont Printing ofiioo). 'Ido Tables. 

Pilot, oxtrn copies. 

Rht Lists. 

h t o s  Corps of Englnocni publications: 
Port Rories. 

and Tarmlual Charges. 
Of Brldgos O Y O ~  Navlgablu Watcrs. (navn a copy oorrootod to dato for the rogion involvod.) 

Report. 
nulos and Regulations. 

Instruments 

DB0,t compsss. 

B%f cue. 

3y box With poncils, dividors, cra.wrs, ink, clips, rubbor stamps, triangles, rulor, etc. 

desk, 
Fbta in  pons. 
peWno.  
py*lel rulers. 
p p t a b l o  (soe theodolitu). 

oxoa for stationery, books, and instrumcats. 

O&CS* 

'"Wing irrstrumonts. 

'malic compass. 
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Protractors, thrce-arm metal and celluloid. 
Scales, metric. 
Sextant. 
Tapes, 800-foot and 30-meter. 
Theodolite (not necessary unless some special fleld work is rcquired). 
Watch. 

All necessary stationery and forms for submitting monthly accounts, truck record, launch log, etr. 
Approvcd mtimates (obtain these beforo going into the field). 
Contracts for supplies: 

Tires and tubes. 
Spark plugs. 
Batteries. 
Arrange for credit cards for the purchasc of gasoline and oil. 

For accounts, the following items are reguired 

Orders-allowance for milcage, etc. 
Requisition of funds and checks, 

c. Local federal o$ices.-Before beginning field work, the reviser should ,btaia agencies OS 
many addresses as possible of the local officcs maintained by various federal ,yet 
in the region to be inspectrd. 
(see 9135B(5)). be must 

and the determined. This may be by boat or truck. There are advantages to both aretiqO 
matter should be carefully weighed, with the particular region and the comp 
ckpcnse in mind. 

enough to 
rnaY bo 

In  some regions a boat is indispensable, and the best size is one large 
include living quarters for the party. In  other localities the principal travelymust be 
by truck, and local launches can then be used. In such cases, an attemp solno 
made to arrange for the temporary use of launches operated by the Bureau, Or:: c115r* 
other government agency. If this is impracticable, private launches may 
tered as required. Ferry boats and local steamers can be uscd to advanta6e. 

Coast Guard, for the reviser to travel on the vessels of that bureau. In some porte 
Corps O' limited cooperation of this kind may be obtained from the United States 

Engincers, or from port authorities. * for- 
e. Duplication of information.-Several federal agencies publish info1matlon 

rnerly found only in Coast Pilots. Some of these publications are kept current by 
daily or weekly corrections issued free of charge. Information thus available should In psrti~ularf 
not be repeated in the Coast Pilots cxcept in special circumstances. light 
information that is subject to frcqucnt changes should be omittcd; for e x a ~ $ , ' s o l ~ t ~  
and fog-signal characteristics. 
before the new edition of the Pilot is issued. Furthermore, it would be UndpatpS 
duplication, since details of such changes may be found in three other PubllC t p C  

that are issued free of chargc. Coast and Geodetic Survey charts also Show ,tlIcr 
changes, being corrected by hand to the date of issuG. Lilccwisc with ~snyeedleSs 
instances of duplication-and the reviser will save himself a groat deal of 
work and have a much more legible Field Record Book if he lcccps this 

f. Extenf of detail.-Excessive detail must be avoided. The size and t;ypctbC 
vessels using cach particular waterway must be taken into account, as W ~ ~ v ~ 5 t o ~ ;  
amount of traffic. flu5 
but of the yachtsman and fisherman as well, must be kept in mind. 

These arc published in the appendix of the Coast 
Many of these offices are important sources of information* 

d. Transportation.-The principal mcans of transportation t o  be used 

d States If possible, authority should be obtained from the Commandant, Unite 

If such information were included, i t  might b 

t d f  

in mind. of 

Usually the requirements, not only of the profcssiod 
Allowance 
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9132. Field Inspection for Coast Pilot Revision 

a. ~UTpose.-T'le principal purposes of a field revision are to -verify and correct 
"atements in tile Pilot, to delcte material no longer of value, and to add new wortli- 

f In  addition to tl&, local deficiencies in the charts and suggestions 
A Or their improvement &ould be obtained and reported to tlie Washington office. 
frran@mcnts should bo made for local correspondents to inform the Omcc of all 
U t ~ e  changes affecting navigation. 
t b* -&Cord.-Tlle reviser sllould enter in his Field Record Books all inforination 
O bo used in revising tllc Pilot, with authorities wlicre practicable. A11 ficld entries 2;' be in in]< of a distinctive color not uscd in tllcse Records for ally other purpose. 

eP'nce may be mado to cliarts for tlic purposc of clarifying or amplifying tlie test ,  
(1s part of tbo  permaiieiit rccord so far as the Coast Pilot Scction is concerncd. but 

Ete chart-scctions that are preparrd as a permanent rccord arc filed in the Nautical 
art Branch, and instructions for tlicir preparation arc given in Si521 and 91333. $sg5 Of cornplctcd or projected work should be obtained locnlly and submitted to 
Office (see 2361, 834, and 916, Blueprints and maps obtained locally). 
Corrections, information, etc., sliould be written, or securely pastcd or clipped in the 

spaccs of the Field Record Book. The place in tlie text to which each entry '"? be clearly indicated by a leader or arrow or in sonic o t h r  clcar and 
F a h b l e  manner. Clarity of meaning and definiteness arc of supreme importance. 
Q statement may be misinterpreted and result in an crror, or its clarification 

' ' plan of work.-It is worth wliile for the reviser to outline an approsimate 
'tlqor&Q Both road maps and general charts 

be used, and a system of inspcction sliould bo tentatively adopted; that is, 
'a'tes ahodd be marlcpd and the areas indicated for inspcction by truck or boat. 
:etbe cooperation of tlie United States Coast Guard has been obtaincd, a cdl  should 
bb:ade on tlm District Commander t o  lcarn what areas can be inspected with tlie 

Yf his equipment. It will then be apparent where a chartered launch will be 

The use of ferries, nnd trips on coasting vesscls, fishing vosscls, etc., shodd be 
CQnsidered. 

d* Information recluired.-Ii~formatioll on a great variety of subjects is required. !:rap as Practicable these have been listed in 916 in alphabetical order, with notes 
eo::dicah arid limit the amount of detail that should be obtained and published on 

8ho e* sources of information.--Following is a list of organizations and officials who 
Itocommenda- 

" to pcrsons to be interviewcd in an area should be obtained, if possible, before Pval there. Information from tlmse, as well as from other sourcos, must be cllecld ' the reviser. An actual inspection should bo made in all cases wlierc practicable. 

infomation. 

IaboAous and time-consuming rcsearch or correspondence. 

and plan bcfore starting field work. 

e d ~  and the necessary arrangements can be more intclligcntly made. 
'eqlllp 

Qbj ect. 

be interviewed for the purpose of obtairiing local information. 
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the 9otlrC0 
inforf18- 

When the information in the report is not checked by@ctual inspection, 
should be given, so that its value may be weighed against possible conflicting 
tion that may be received at  the Office, 

District Headquarters. 
Chart agencies. Yacht clubs. 
United Statcs Corps of Engineers (District and local). 
Branch Hydrographic OWces. 
Maritime sssociations. Towboat captains. 
Pilot associations. 
Fishermen associations. 
State organizations for port and waterway improvoment. 
Port managers. 
Harbor masters, Harbor police. 
United States Coast Guard headquarters and all stations, 

United States Local Inspectors. 

Operators of repair yards anti marine raiiwaYS* 
County and municipal engineers. 

Captains of coastwise vesso~s opcrating in the a*&cr@~ 
Individuals very familiar with tho a m ,  such 

Engineers or ofllcials in charge of walor tf3‘z1’inR 
old residents, and town ofllcials. 

railroad wharves), or sewage disposal. 

IS (such 

including masters of lightships and tenders. 

9133. Chart Inspection in the Field 
elleDt a. Charting data.--While inspecting a region for coast pilot revision, an 

opportunity is afforded the reviser to notc changes necessary on the charts and 
data for their revision. 

While a reviser is not expected to have time to locate accuratdy a stion 
necessary for chart correction, or to  undertake actual survoys, much useful inforflflitlr 
can be submitted and frequently locations adequate for charting rnay bo obtained to 
out appreciable loss of time. But the fact that time does not permit the  revise&^ 
locate features should not deter him from furnishing information about changes’ 

for ,,vision information is useful 8s history and directs attention to tho neccssity 
surveys. 

of la~d~nerks  
166 

to obta’ 

11 fcst@ 

The data submitted should consist of the following classes of information: 

t. (See 
Landmarks.-To be added or deleted. 

should be made. 
and 8634.) 

Waterfront improvements and changes.-Include condition, additions, and deletions Of w l l a f E ~ b ~ l  
Bridges.-To be added or deleted, including infoririation regarding horizontal and 

clearances of fixed bridges and drawbridges. Where new bridges are indicatcd on C 1 i s 2 ~ e ~ ~ ~ t 5  

information regarding the roads leading to  them should be furnished, if possible. 

rCg&rdine i f l  
This isNaI‘ 

to 

Definite statements regarding deletion 
A statement tha t  a landmark is no longer prominent is not sufficien 

(See 916! 
or maps obtained locally.) the 

Removal of old pil&g.--In marking wharves and bridges for deletion, information 
removal or existence of old piling should also be obtained and furnished t o  the Office. 
portant, and the reviser should s ta te  definitely whether the information is sufficiently re1ieb1c 
rant  deleting the feature or whether i t  should be retained as ruins. 

Rocks, shoals, and other obstructions.-Include discrepancies between charted conditioirdiflg 
actual condition which may be observed or reported. 
the existence of unchartcd rocks, shoals, or othcr obstructions of iinportanco to navigation‘ O@ce’ 
i t  is not feasible to  obtain the positions of such reported dangers, a report should be made to the 

&S 
with recommendations for future surveys. 

Pized aids lo navigation.-Include structures carrying airway obstruction lights, 
lights, such as  isolated neon signs, which might be useful to the mariner. 

Geographic names.-Include changes, additions, and deletions, giving authori6Y. 
mark on chart-sections, if charted name is correct. 

The coast pilot reviser has a n  excellent opportunity to  verify charted names and to 

d ones. Submission of such data  should follow generally the instructions given in section 16’ 

If ” 
with local information and, if possible, blueprintE of the latest surveys should be obtained‘ boritl’ 
recent survey exists, a statement of the present reported depth should be made, giving 
(See 916, Channels.) 

*nd 

Local authorities should be consulted 

other 

oheck. 
us0 

11 
bteio 

Dangers charted.-Include those charted as “Reported”, “E D”, and “P D”. checke 
Channel depths.-Include conditions of shoaling. Charted~channel depths should also be 

the &ut 
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areae.-Include locations of termini. 
Overhead *. cable crossinas.-Include clearances. (See 916, Aerial cables and trolley wires.) 
u n u s ~ l  characteristi&-Of shoreline, such as colored bluffs or other features that may be useful 

‘a!dmarks. 
lZecoWnendations for new suroeUs.-Thcse should be made in a special report to the Office. 
b* Submission of data.-Tho following proccdure is recommended for submitting 

changes in the field on onc sot of charts, which sot is retained by tho rcvisor 

* Cut these charts 
‘11’0 lCfter-sixe sections, and forward thcm to thc Officc with a transmitting letter 
p g  suitable explanations of the changos. After these arc rcvicwcd in tho Division of 

Oastal Surveys for futuro investigations thcy are filod as Chart Letters in tho Nautical 

. Preparing tho set of chart-scctions for the Office, the reviscr should boar in 
‘lQd that landmarks, bridgos, wharves, and other faaturos cannot bo applicd to 
the ‘hart without actual location. Meroly spotting a fcaturc on a chart is not sufficiont. 9 should be made to locate the features, a t  lcast by sextant angles. If time 

not pcrmit this, and the feature is spottcd or drawn in approximatcly, a nota to 
effect must bo madc on tho cliart-soction, with an explanation in tho transmitting 

The roviocr should indicate definitcly whcthcr thc foaturcs noted on tho chart- 
p n s  wcro located or drawn with sufficient accuracy for charting. His judgment 

respect is morc valuable tlian an o ~ c c  intcrprctation. HC should furnish 
actually observed or statc tlio method by which tho fcaturc was locatcd. 

(SCC also 8521.) 

- 
‘‘fornation regarding changes: 

for field use. 
prCPare a second sot with notes relating to  chart corrections. 

Branch of the Division of Charts. 

l % + r .  

alld notcs made on chart-soctions should bo in rcd ink. 4 1  

91 34. Inspection of Chart Agencies 

$4 During the course of his inspection, tho revisor shall visit tho chart agoncies of 
8 e Bureau to obtain and checli information, and 110 will usually bo roquircd to make 
‘ ColnPlote inspection of these agencies. Special instructions arc issucd for agency 
“8pections. 

91 35. Preparation of Manuscript 

manuscript for a now edition of a Coast Pilot is complotcd in tho Coast Pilot 
except for stamping the type numbers, which is done in tho Editor’s offico. 

p, ‘.manuscript may be prepared for printing either by cutting and mounting tho 
b F 5  edition, ,or by typing. If the first mcthod is uscd, tho paragraphs should 

separated by 1 inch or mom for tlic insortion of corroctions, additions, and type 
1‘ “‘b@rs. If tho manuscript is typed, it should be double-spncod. Clcarncss will 
:d‘lcQ tho Cost of typesetting and result in fewer corrections to tho proof. whore a 

osas-r~fcrencc is mado in tho manuscript, a mcmorandum should be madc on the back 
e Page indicating exactly to what the roforonco rafcrs. 

Of th 
Q Tho Writcr sllould bo familiar with certain scctions of the Style Manual of tho 
’ o\r‘rnbnt Printing Ofico, and with tlio “Instructions for Authors and Illustrators,” is'!cd by tho Divisioll of Publications, Dapartment of Commerce. If he is without, iF exPericncc in tho prcparation of manuscript for the printor hc will find it advanta- 

to use an old manuscript as a guide. 
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arb 
to the 

reliDi~5rJ' 

n the 

The following paragraphs doscribe the manner of preparing the different 
of the manuscript and the order in which they are arranged for submission 
Editor: 

A. PRELIMINARY ITEMS 

Before beginning the manuscript for the text proper, tho following p 
items aro prepared: 

(1) Cover.-This is a single sheet, on which is shown, in tho desired positlo 
title for the outside of the finished cover. 

(9) Title sheet.-This may be cut from a previous edition and pasted. 
formation on it should be corrected as necessary. The new serial number is 

(3) Table of contents.-This is prepared in the Coast Pilot Section. I t  shodd 
accurate, as it is used by the Editor in marking the type numbers for the PriT$&+ 

(4) Chart index map.-The one from the previous edition may be used 89 nuw 
ard, but it should be checked in the Nautical Chart Branch for changes in Chart tor 
bers and chart limits (see 916, Chart changes). The names of all places used In "lap 
headings should be shown. All charts should be listed by number, and in PU$$$ 
order, with their scales and prices. The limits and numbers of the adjoining 
and Coast Pilots should be shown on the index map. The title of the indexoftba 
should include the title, the number and year of the edition, and the serial number 
Pilot. All changes to be made in the index map should be indicated on the ,Dt and it should be sent to the Division of Charts for reproduction. The Governmfor 
Printing Office will requisition the number needed, Obtain an estimate of the costthe 

8tioD i* index map be bound in place. 
ia 

the text has been brought up to date, and a general description of the metho 
writing the Pilot. Considerable care should be taken to explain the method '::its 
linking the text to the charts so that the reader may utilize immediatelY and , n ~ d  
fullest extent the information in the Pilot. The preface is signed by the Direct' tlla pilot 
should be referred to  him for approval. ,The date given is the date to whicll 
is corrected (see 916, Dating a Coast Pilot). be 

(6) Important.-This is a memorandum printed in bold-faced type. 
d less than one page in length, and i t  faces page 1 for convenient reference. 

of brief statements explaining special features and units in the Pilot, in ord;* 
repetition in the texlt. 

The 
iD- 

by the Editor. be 

use on the printing requisition. The requisition for the Pilot should require that 

(6) Preface.-Tbis should contain a brief statement as to how the inform 
d ,Sod 

I t  flust 
It, consi?s 
, $0 5vo' 

B. PREPARATION OF TEXT 
of which 

Each chaptc; 
chart (I 

the 

The manuscript for the text proper is divided into chapters, the first three 
deal with information of a general nature affecting the region of the Pilot. 
thereafter describes the area shown on one of the general coast charts; that is, 
the largest-scale continuous series on a coast, such as the 1:80,000 scale Series 
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At1 
t antic Coast and the 1:200,000 scale series on the Pacific Coast. By dividing the 

ln manner it is possible to show economically the numbers of these charts as 
Of the folio headings on each page. The chapters are subdivided into sections 

nccOly& 

Tn Writing Some Pilots, such as those of southeast Alaska, where the topography 
, and consequently the chart layout, is very complicated, it may be inadvis- 

;:'''$%e the text into chapters according to the layout of tlie pertinent charts. 
th '"h Cases, tlie text should be divided by reference to tlie geographic features; as, 

entrances from tho sea, the intervening sections of the outer coast, and the 
prQc1p4 straits or sounds with their tributary waterways. (See 916, Folio headings.) 
th ( I )  Chapter 1 .-Government Services to  the Navigator.-This chapter describes 

f?Ctions of tho various federal agencies concerned with navigation, and contains 
lnfomation of value to  the mariner that is not readily found elsewhere, Because Other 

ii:: .@aterial s eldom changes, it has been assembled into one chapter and plated so 
t The writer of a Pilot should avoid 

* the cllapter is revised, the order of arrangement may be changed, and 
?forQation of a similar character may be added. Minor changes are occasionally 

eCe"'~~, but in In aking them it is first advisable to consult the Editor regarding 
QoverQmt Printing Office methods. 

(') Chapter $'.-This chapter contains information of a general character concern- 'k th 
?ofbgs' region described in the Pilot, such as local services, local weather, harbors of 

. ' EL generalized description of the inland waterways in the locality and those 
~ ~ ~ 0 ~ s  to it, a nd other in€ormation of tlie type given in chapter 1, but wllicli is 
i8Cu11ar to the region. information is also given on the extent to  which navigation 

aR'cted by tho presence of weirs, traps, log storage, etc., in use by local industries. 
lna1ly, there is included information of most value to a stranger approaching the 

@!, Such as descriptions of offshore currents, banks, and dangers; and of the most 
OhlUlent landmarlis, thc first landfalls, the general character of tlie coast, localities %re 

2 may be divided into two chapters if the extent of tho material warrants it. 
f @) Chapter S.-This chapter consists of a brief doscription of the routes usudly t i F d  by vessels in approiicliing the region from offshore, in traversing the region, 
c Pflshore and coastwise, nnd in running from port to port. I n  general, routes 
t p n g  more than ono chapter of tho text are described+ here. Whore routes join 

to b information is followed by tabulated Directions with courses arid distances 
leg: @&de good on the routes described. (Local Directions are given in place in the 
611 o! Succeeding chapters.) A standard form of tabulating these Directions (see 
t r 3 g  sample) lias been adopted and should be used in all Pilots. Where Directions 
h Oven for a very long route, as in Alaska Coast Pilot, Part I, an additional column 

g to the layout of the largest-scale charts. 

lt. can be reprinted as Chapter 1 in all Pilots. 
elsewhere tlie information contained in this chapter. 

I?* 

mecks are most common, and the condition of surveys. 

ON@ described in other Pilots, proper reference shall be made. 

used to showmcumulative mileages. 
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Directions 

SAN DJEGO TO SAN PEDRO BAY AND TO SAN FRANCISCO 

TABLE l.-San Diego to San Francisco 

[Charts 6101, 6202, 6302, 64021 

Positions 
(Reverse directions in ilalicu-read upward) -- - -- 

1. Point Loma Light, bearing 45'. distant 2.4 miles. Chart 5101. 

--s 

True tour@ 

Degrees 
320 
140 

293 . 
115 

291% 

307 
167 

329% 

-_. 

1113.: 

149% 

336 
166 

339 
169 

/ 

TABLE 2.-San Diego to San Pedro Bav 

IChart 61011 

TABLE 3.-San Pedro Bay to San Francisco 
[Charts 6101, 6202, 6302. 64023 

1. Los Angeles Harbor Light, bearing 315O, distant 0.25 mile. Chart 5101. 
D i r e c t _ _ _ _ - - - - - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Degrees 

p 
the regioP 

Light, td San Francisco Lightihip. 

(4) Chapter 4 to Appendix.-In chapter 4, tho dctailed description of e9k 
begins. Each chapter is divided into sections according to the layout of the r:o of 
scale charts of the area. The subjects to be described and the amount and &P' 
information to be given regarding each arc included in 916. The sequence Of de Tho 
tion of the region should bc geographically continuous as shown on the charts' 
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p i p t i o n  of each port should follow, so far as possible, the sequence given in 916, 

The Pilot should be written so the reader will be able to locate readily the names 
Of features in the text and to determine the numbers of the largest-scale charts on 
\YhlC1l they appear. To accomplish this the features described in a section, 

(a) Nust  be described as they appear on the largeet-scale chart. 
they(b) Must be indexed where they are fully described. To avoid confusion and excessive indexing, 

should be indexed elsewhere only for special reasons. 
(') Must be bold-faced under headings of the largest-scale charts, where they are fully described. 

thepee are used elsewhere, they are printed in ordinary type so that  they will not be indexed 
f * This will make it obvious anywhere in the text which of the large-scale charts sho\ni the 
e4ture being described. 

This mct'hod of correlating tho Coast Pilots with the charts not only malm the 
chart numbers readily available to the reader, but it also indicates the charts best 
sultCd to his ne&. This promotos tlie use of larger-scale charts. 

The nicthod is illustratcd by one of tho chapters from Coast PPilot, Scction A, 

Or' information. 

If til 

Coast, 1941 edition, the table of contents of which is as follows: 
Chapter 14. Cape Cod Bay 

[Chart 12081 

qYQoyth, IGngston, and Duxbury Harbors (245). 
C 'lrections, Plymouth Harbor. 
hoastl t o  Bornstable (1208). 

Harbor (339). 
heil%t Harbor (581) 
4 ov'ncetoWn Harbor i580). 
PProaching Cnpe Cod (1208). 

Tho chapter title in tliis case is tlic same as tlie titlc of coast Chart 1208 (scale 1:80 d . ' OO), but this need not always be tlie case. There may be instances where it will be 
eslrable to deviate from the chart title. Matters 

b !liar to the region covered by the chapter should usually be given here at  the 
e?'rling of tlie chapter, except those requiring a knowledge of the text of the chapter, 

"lch Should be given at the end. 
b under tlie chapter title is given the first center head, "Plymouth, Icingston, and 

l lxbbY Harbors (245)." These harbors are all shown on Chart 245 (scale 1:20,000), 
i?$@St-scale Chart of them. The descriptions in this section give all the informa- 

"equired about these harbors, including such of thc approaches as are shown 
All names and features appearing on this chart that are to bo indexed % b 

10 'ld-faced in this section, and only in this section. The reader is thus enabled t o  
f readily the names of the features in the text; to find the place in the text whcre a, 

is fully described, by referring to tlie index; and to find the number of the largost- 
'"lo chart on wliich it is shown, by referring to the center head under which it is 

dtscribod. 
Tho Directions to Plymouth Harbor iiicludc most of the Directions for Icingston 

:d 'uxbury Harbors. I t  is not necessury to malic a center hcad of this, but it has 
th:!e in this case, principally becausc of tlie prominence of the harbor and bccause 

The numbars 
" the charts recommondcjd for use in following tliose Directions are given'in their 
P'opcr Places in the Directions in such a manner as to be most convenient for use. 

(See also 916, Folio headings.) be, * 

'hart 245. 

lrections arc given from points that aae not shown on Clinrt 245. 
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of lofist 

,0,000)~ 
of coast 

Continuing south from the area shown on Chart 245, there is a section the shown on Chart 1208, which is on no chart of larger scale. 
eastern entrance of Cape Cod Canal, which is shown on Chart, 251 (scale 1: 
Between Chart 251 and the Barnstable Harbor chart there is another section 

t d O  shown on no chart of largrr scale than Chart 1208. 
The entire section of coast from the Plymouth Harbor chart to the 

Harbor chart is described under the next center head, “Coast, Plymouth to 
stable (12081.” All names to be indexed under this section are shown in bo1$!;$ 
type. Those which are also on Chart 251 are shown in ordinary type since they 
indexed under that chart. 

separate chapter. Even the controlling depth is omitted in this section, tl10 

of controlling depth in the canal changed. For the same reason no mention is Dede 
the depth through the canal in describing routes out of Boston. However, $0 preserve 
continuity in the texb, the page where the canal is described in full is given wb orever 
the canal is referred to. 

different 
the large-scde charts which join each other and there is no difiiculty in follOwin~ arO 

adopted plan, in describing these places. Where tho charts overlap and haturL 
shown on both, it is not necessary to mention that fact. If the scales of tb 
are the same, make the division at  the most natural place. 

The final section in this chapter, “Approaching Cape Cod (1208),” gives 
information of value to the navigator in approaching Cape Cod Bay. This sect? 
center-headed and the chart number is shown as in the preceding cases. 
mation can be combined with that given at  the beginning of the chapter and 
either at  the beginning or at  the end. 

tabular form generd information of n local character. 
that should be included is given below in the sequence to bo followed. Other irlforfla- 
tion of a similar cliaracter may bc added. 
only to the region covered by the Pilot in which they are piiblished. 

This section extends to  

No description is given here of Cape Cod Canal, for it is describod in full in its 

inclusion would mean an additional correction in the Supplement every time 

Barnstable, Wellfleet, and Provincetown Harbors are shown on three 

e c l d s  

is 
Such Infor* 

laced 

(6) Appendiz.-This comprises the final chapter of the Pilot, and in cllldCs tion in 

, r t O  
An outline of the inform’ 

Except as noted, tlic (lata in all casos 

Coast and Geodetic Survey: 
Coast Pilots. (List all published by the Coast and Geodetic Survey, wlth prices.) 
District Ucadquarters. (List all niaintaincd by the Coast and Geodetic Survoy, with addresscs.) 
Chart Agencies. (List the cities and towns in which Coast and Geodetic Survoy chart agencies are locatcd.) 
Distance Tahlc. (Include information from Serial No. 444, giving local distances:) 
Planixbetric Maps. (List those published or which will be published in the near future.) 

Rangcs for 1)ctermination of Compass Error. (Includc a table of rnngcs suitable for dctcrmining compass 

District Offlcos. (Givo addresses.) 
Local OoBces. (Give addrcsses.) 
Port Series. (Give numhcrs of volumes aud titles.) 

Variation of the Compass. (Include table of latest values, with annual change for various places in tho area.) $00 916* 

Ranges.) 
Corps of Engineers: 

Hydrographic Offlces. (List all Branch Ofllces with addrcsscs.) 
Coast Gunrd: 

District Commanders. (Oivc nddrcsaea.) 
Captains of the Ports. (Givc locations and jurisdictions.) 
Buoy Depots. (List places where they aro locatcd.) 
Air Stations. ,(List places where they are located.) 
Radio Direction Finder Stations. (List places where they ate locatcd.) 
Lifeboat Btations. (Give names and locations of St8tiOns.) 
Hours of Operatlon of Fog Sig~ials. (Give table.) 

Customs Ports of Entry. (Oive addresses, and dcsigoato thoso at which documonts arc issued.) 
Immigration and Naturalization Offlces. (Qivc addresscs.) 
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9136. Marking Manuscript jor Editor 

Those words and phrases that arc to be printed in capitals, bold facP, or italics 
sho!ld be indicated by the writer of the manuscript birnself. This must bc done, 
aectlon by section as written arid wliile tho infor~nation is fresh in mind, so that cm- 

may be placed more readily and accurately where it belongs and only thcrc. 
Ph 

of the type will be detcrminctl by tlie Editor, who uses the table of contents Th ‘ hls guide, 
d l  type marking for tho printer is done by the Editor, who uses only one family ’‘ This family bas been dcvelopcd by the Government Printing 

By using only one Imily of type, 
the exPense of typesetting is greatly reduced. 
h CCllLer 

should be given in position, centered, and typed in capital letters in the manu- SCpi 

type is used in the test to enable tho reader to  locate readily names 
‘nd it@nls of inore than avcrage importance, and i t  is indicated in tho manuscript by 

horizontal bracket over tlic word or words to be bold-faced. But too much bold 
fails to  accomplish its purpose and sllould be avoidcd. - The words ‘(caution,” “danger,” “warning,” “rock,” ctc., are sometinws printed 

I‘ bold face to attract the reader’s attention. All names and plirases to bo indexed 
th0‘l1d bo in bold face, as well as paragraph headings such as “Directions,” “Supplies,” 
t,!lots,” “Ico,” “Currents,” and “Tide.” The figures of recommendcd courscs should 

rtalics may sonietimes be used in the text, as for the name of a vessel, but their 
genord Use is not. rccominended. All words to bo italicized are underscored. 

Tables aro printed according to standard rules and no inarlring by the writer is 
‘equired , except that tlie table heading is underscored if it is to be italicized. 

the “Century.’J 
to  give any size or style of type face desired. 

Except for contor lieads, words should very soldoin be printed in capitals. 

Pt. 

’ In bold face, as r(273°.” 

9137. Requisition for Printing 

be A sufficient number of copies should 
’ If rm undcrcstimatc is mado and a reprint 
I‘ “q&d laLer, it can be made by tlie photolithographic process a t  a cost only slightly 
@‘Ore than that of plating. Do not order plates ordinarily. 

757, in quintuplicate, is required. 
Ordered to last the l i h  of tho edition, 
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$eria1 
cost of 

sllch as number of the new edition is assigned by the Editor. 
illustrations and enter it on the requisition. 

rip ted 
binding in the chart-index sheet (if not so specified, it niay be stapled in), a,nd nurn 
every fifth line for certain parts of the text without decreasing tho width of the p lated 
part of the page. 
for use, and describe. 

The exact full name of the publication must be shown wherever used. 
Obtain the estimated 

Note any unusual requirements, 

Give the jacket number of any sections that are alrefdy 

9138. Galley and Page Proofs-Proofreading and Correcting 

It is very’important that the galley be proofread by the writer or bY gomeofla 

ti00 by 
familiar with the manuscript and coast pilot work. 
ing to the Government Style Manual. 
applying such information as has been rcceived since the manuscript was comP 
The date of the last Notice to Mariners used is considered the date of the pilo t, a d  is 
entered as such a t  the end of the preface. 

are very 
dditiop’ It is essential that all corrections be made on the galley proof, as there 

strong objections to making any a t  all on the page proof. Corrections a d  a 

to tl1° 
are expensive, even to the galley proof, and should be kept a t  a minimum. 

galley proof need be checked. 

4 0  
ever should be made unless they arc of unusual importance. ossible. necessary, they should be made in a manner to c p s e  as little resetting of type ”SPl.ifltipg 
It is usually best to consult tho Editor about this, because of his familiarity with 
procedure. 

In  proofreading, the author should always hold the latest proof, and the 
should be read to him. 

C!orrections are indicated 
A Pilot is brought up to date a t  this 

When proofreading the page proof, only the correc.tions and additions made 

Only essential corrections can be made on the page proof. wh atso’ No additions 
Where additions 

9 139. Indm 

or a Coast Pilot Section, the work should be done by someone cxperienced in indexlngiope. 
careful study should be made of a good index to see how cross-indexing is best infop 

the The value of a Coast Pilot to the user depends largely on the accessibility of the 
mation contained and the ease with which that information can bc referred to 

e degree respective charts. 
the value of the Pilot, and the utmost care should be exercised in its preparatlo”’ bered 

When the galley proof is received, all names and headings to be indexed are ” d 
on cards of a convenient size, usually 3 by 5 inches with trimmed edges. 
is used for each name. The number of the largest-scale chart on which tho for 
appears is entered in parentheses after the name. Additional cards are Propared 

Char@ fre 
W W b  cross-indexing as necessary. One card is used for each entry in the index. 

indexed by number in the same manner, and later the numbcrs of the pages On 
they are described are added. 

When the page proof is received, the page numbcrs are entered on the card: by 8 

which all entries on the cards are checked. The original entries may be prepare 
t W  stenographer, but they should be checked in the Coast Pilot Section. 

After having been checked, the cards are arranged in alphabetical sePeacebf the 
numbored 80 that they may be rearranged readily if disturbed, and a typed Copy 

in tho 
The index is ordinarily preparcd by the Editor. If.it  has to be prepared 

It follows, therefore, that the indcx determines to a lar! 

one ofif 
festufe 

after 
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la not customary to require a proof of the index. This is proofread in the Government 
'noting OEce, 

914. INTRACOASTAL WATERWAY PILOTS 

b 
scribe 

A Coast Pilot generally describes all of the navigable waters in the region covered, '! t'here are special Coast Pilots in which this is not done. Those Pilots usudly de- 

The ordinary Coast Pilot includes descriptions of the waterways which combine to 
t'he ~ n t r a c o ~ t a l  lvaterway, but theso descriptions are scattered through the book 

::d lningled with tho descriptions of the adjacent coast, inlets, mid streams; and where 
ere is a special Intracoastal Waterway Pilot they are given only briefly. 

The htracoastal Waterway Pilot consists of a continuous description of that watcr- :' and Very little else, except descriptions of channels or inlets that connect the 
aterwaY to the open sea. 

R, The development of the navigable channcls which form the system of intracoastal 
aterwaYs is almost entirely in the charge of the United States Corps of Engineers, "' DePartmcnt. This agency maintains District Offices, each of which is in charge 

d ! waterways in a specified area, and each issues, from time to time, a bulletin 
b p b i n g  the condition of the waterways under its supervision. The Corps of Engineers 

Publishes two pamphlets, one describing the Gulf Intracoastal Waterway and the 

Coast Pilots of these waterway8 must differ in some respects from Coast Pilots of 
Coastal waters. They must be written in a manner to pcrnlit the greatest use to  be Fde of the reports of the Ur&ed States Corps of Engineers. The form of these @Ports bauwh should be studied, and the Pilot should be written so that it can readily be 

For this reason, statute 
"les are used instead of nautical miles. 

These Pilots must be corrclated with tho Intracoastal Waterway charts, but this 
8hou1d not interfere with presenting much of the detail in the same form and order 

Otherwise the instructions for the preparation 
Qaluiscript of Coast Pilots apply equally to the Intracoastal Waterway Pilots. 

TIWe Intracoastal Waterway Pilots, although published primarily for the usc of 
:'a'1 craft, must be written for tho navigators of the largest vessels that C L ~ I ~  usc the 
b,$"'?aYS. Information applicable only to vessels too large to use the channels should 

'9 little detail should be givcn about the navigability of tributary streams. SO 
'Och Of the navigation is in shod water that the range of tide is of the greatest impor- 
@e* Where grounding is likely to occur, the character of the bottom should be noted. 

should be given of localities where sloughing is likely to occur or where freshets 
Any areas where snags are likely to be "d 

e?cOuntered or where vegetation may affect navigation should be described. Certain 

parts of the Intracoastal waterways are marlred with so many aids to navi- ?''on that great care must be taken to avoid overloading the Pilot with so many 
ti{?led descriptions of these that it will bo impossible to lump it corrcotcd. Change- 

@ detail, particularly that concerning aids to navigation, must be avoided SO far 8s 

particular route, such as the Intracoastal Waterway. 

th 

the Atlantic Intracoastal Waterway. 

UP to date and supplemented by use of the reports. 

the Corps of Engineers reports. 

'Qlttcd. 

Storms may tend to shoal the channels. 

Of information become of increased importance in these Pilots. h l S  

- 

PPectlcable. 
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&S to The use of the proper amount of detail and the development of the text $9 $g 
facilitate as much as possible the use of the reports of the Corps of Engineers in brln$a] 
tho Pilots up to date are the most important considerations in writing the Intra@ 
Waterway Pilots. 

915. SUPPLEMENTS 
The purpose of these publications is to bring the Coast Pilots up to date by ed, dosorib* 

,,suall~ 

ortance ing the changes affecting the text that have occurred since the edition was issu 
also to give any additional information that is available and of sufficient imp 
to warrant publication. 

Supplements are issued whenever sufficient material has accumulated, 
about once a year. Each Supplement supersedes its predecessor and must be cornPlete 
in itself without reference to preceding Supplements. 

them. 

aria& An inspection of any current Supplement will reveal the methods used in Prep 

The following general rules must be followed: 
(1) Give the page and line numbers affected. 
(2) Where most of the text of a sentence or paragraph in the Pilot is unchanged, give the 

tion by stating that certain words must be deleted or added. 
(3) Where the majority of the text in the Pilot requires correction, give the correction by 

that certain sentences or paragraphs should be deleted and others substitU 
(4) Where new information is furnished, direct that additional sentences or paragrap 

be inserted in the proper place. 
(5) The rules for writing a Coast Pilot should be followed in preparing a Supplement* 

,tatiPg 
ted &S give” 
hS, &S giVeU’ 

t pilot !fO 
916. COAST PILOT GLOSSARY 

of deso‘lp’ 
ill th1S 

ublished 
ABBREVIATIONS, SYMBOLS, ETC.-Use the Symbols and Abbreviations chart 

Notices 
ADVANCE NOTICE-When a Coast Pilot is to be revised, insert a statement i” theinfor@’ 

AERIAL CABLES and TROLLEY WIRES.-Give the minimum vertical clearance d add ’ 
In the case of high-tension power lines, allow an appropriate safety facto‘ 

If advance notice is required to have an overhead obstruction temporarily remove 

AIDS TO NAVIGATION.-Location, importance, and permanence are the factqrs t ~ ~ ~ W S e g  
mine the detail t o  be given in dcscribing aids. For information as to  how to describe dlffore 
of aids, refer to the name of the type of aid in question, such as buoys, lights, and beacons‘ 

If aids are usually removed from their stations, or if the type of aid is changed, during definite dates. 
season, explain, but give only approxiyate dates, except where the Light List gives 

on of tb; 
@$,boUtd 

year. In such cases give a general statement to that effect, but avoid giving detail fort Avo’ 
such aids may be correctly located at one time, they may be differently placed the next seaSon&e @lS0 
making disparaging remarks. 

In  the following glossary, the various subjects to be treated in a Coas 
arranged alphabetically with an explanation of the treatment and method 
tion to be used. 
glossary. 

by the Bureau (see fig. 189). 

to Mariners, requesting intercsted persons to forward to the Washington Office any avalleble 

All cross-references, unless otherwise indicated, refer to items 

tion affecting the Pilot. * &t fleen 

&a high water. 
caution note. d for 

passage of a vessel, give the necessary details. &be‘‘ 

the 

When referring to an aid, use the name given in the Light List (see 7843). 
In many placcs yacht clubs and local authorities maintain local aids during some 

Do not name the local authority or give definitc dates. 
Buoys.) 
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BEACONS.-Note the existence of lighted airway beacons and give at least approxi- mate Positions. State whether they are visible by day or night, or at  both 

in (in general).-A list of the best harbors of refuge for the arca should be given 

&tio::. describing anchorages jn the text, give tho value of each anchorage in various weather con- 
Obt . This depellds in part on conditions that are not always to be determincd from the chart. 

local reports on the value and accessibility of different anchorages under various conditions. 
f bottom, and state whether %he holding ground is good or otherwise, if such GiV0 

p m a t i o n  is available, Dofine by ranges or landmarks the position recorninended as an anchorage, 
Possible. Give the controlling depth of water at the entrance. If the anchoragc is SllbjCCt to 

8q'a11s, draws, or williwaws, or if the swell makes in, describe the conditions under which these phe- 
"lnena Occur, the precautions necessary, eta. If tho anchorage area is liltely to be crowded by other iz::: Or by moorings, describe the cond~tions, aiid state what part of the area is most likely to be 

'or remote localities, describe whatever communications may be available, distance to post 

ANCHORAGES, EXPLOSIVE.--Thc limits of tlicse are shown on the charts, to which reference 
th be made. Navigators must obtain authority to use these anchorages from the Captain of ' Port* Refer them to that official for the rules and regulations governing their use, which are 
FgeablC. Give only that part of the regulations that should be known before the Captaiii of the 

Ort 1s consulted. 
ANC~ORAGES,  SPECIAL.-Naval and yacht anchorages, special yacht basins, and special 

REGULATIONS.-Rcstricted anchorage arcas are shown on the charts and 
d be defined by a reference to the chart. ltulcs that are changeable should gcnerally be omitted; 
QC iuporht or unusual rules should be included. Refer the navigator to thc Captain of the Port 
' Master for special regulations. In all cases give such of thc regulatiorls as a navigator 

0 areas may be restricted or forbidden by either the District Engineer or the Coast 
42ard* I n  some cases, publications describing the areas and giving the rcgulations of these agencies 
bub:asued free. Where this is tho case, it  should be noted in the Pilot, and thc address at which the 

'cation may be obtained should be given. 
be the anchorage regulations in the "Rules and Regulations Relating to  the Navigable Waters I"oF 'nited States," published by the United States Corps of Engineers, but see that they are correct 
ate* 

OF COAST ON MAKING LAND.-General notes i r e  to be given in chapter 2 

4PPRAISERS STORES.--If there is one in the port, give the address. 
4PPROACHES TO HARBORS AND PORTS.-Give descriptions and sailing directions froin 

bf ?qNIc.-Tllis term when used with reference to the shore, refers to rivers only. (For its use in 

9, B4RS.-Describe the principal marks and aids to navigation. Give directions for approaching, 
8;:tdesCriDtions of outlying and other dangers, and how to avoid them. If the bar is dangerous, 

Give the least depth 
$ ?dth at the best place for crossing the bar, and the most favorable time for crossing inbound. 
(Yak ' the bar breaks in ordinary or only in heavy weather, and how far out the breakers extend. 

Give the 
Givc the changes in depth and shift in position, to which the bar channel, 

t$EACHES.-This term refers to the strand; there is no beach on rocky shores. Note as much 
Dcscribe places suitable for beachiIlg 

t' bBEACONS.-Describe location, shape, appearance, visibility under various conditions, and iden- 2:e Give the elevation. If lighted, 

ah0 "ARINGS AND COURSES.-All courses given must be true and from 0' to  360'. Bearings 
must be true, but may be &her in degrees or points; where accuracy is required, use dcgrces. 

Note their prominence. 
If they are near the coast, their elevations should be given, if available. 

Chapter 2 (See Harbors of refuge). 

and type 

OQce, etc. 

for unlighted vessels. Describe these in the samc inarincr as other anchorages. 

~ 

local knowledge must have to guide him until hc can contact local authorities. 

Reference should be made to this publication. 

and from along the coast. 

to  an offshore feature, see Shoals. See also 1682.) 

Under what conditions, and describe those most favorable for entering. 

the velocity and direction of wind, and the stage of tide producing these conditions. 
of the bottom. 

are subject, if available. (See Channels.) 

'haracter of the beaches as is of value to the navigator. 
"@%el. 

Qarks, as the importance and value of the beacon warrants. 
the same manner as other lightcd aids. (See Aids to navigation.) 

465aa244-64 
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jp the 
Points shall be used only to indicate approximate or general directions. A table is includedionsin 
appendix of each Pilot for conversion of true directions in degrees to equivalent magnetic direct 

possible, refer them to some fixed prominent object, that is unmistakable, easily identified’ 
permanent. 

points. (See Magnetic courses and bearings.) If 
and Avoid so far as possible referencing courses to floating aids to navigation, such as 

Give danger bearings where important. daders Bearings to clear offshore dangers, etc., are given from seaward, but to locate offshore eBa,gd. 
or objects, they are given from landward. ,nd 

BLUEPRINTS AND MAPS OBTAINED LOCALLY.-From the U. S. Corps of Engineers of 
local authorities, such as State, county, or town engineers, it is often possible to obtain b1ueprin;bis 
surveys, and maps of harbors showing changes that affect the charts, as well as the Coast pilots’f velue 
should be done where possible. It should be borne in mind, however, that such data, t o  be ofede@l 
for correlation with existing surveys and charts of the Bureau, must be connected with the 
network of triangulation. d and the lent control (see 2361). For use in Coast Pilot revision only, such accuracy is not require J 

reviser should use his judgment as to  what is needed. 
A personal inspection of the area will generally be required to ensure that the map conditl~d 

shows actual conditions. State on the print whether this was done and note existing 
&re on plainly. (See 2361 and 834.) 

of harbore file in the Office. 
are sometimes made by local interests and copies may be available. 

Give bearings of ranges and channels. 

Light hectors are defined by giving bearings frorn 

Three well-distributed points, so connected, will ordinarily provide 

or blU@.rint 

Many blueprints of surveys by the U. S. Corps of Engineers-and other organizations 
Depths in channels and at wharves can often be found on these. Maps 

BONDED WAREHOUSES.-If available, describe facilities. 
BOTTOM, CHARACTER OF.-(See Soundings.) ible 
BOUNDARIES.-National or State boundaries should not be mentioned because Of Poyuch, 

complications. 
If information about boundaries i R  required, refer to U. S. Geological Survey Bulletin No* ,, ,hid 

BOUNDARIES OF INLAND WATERS.-These arc given in the (‘Rules of the BoEdJ coed 
are issued free of charge by thc U. S. Coast Guard. 
Pilots. (See Rules of the Road.) they 

BREAKERS.-Give location, limits, and stage of tide and weather conditions at 
break. State whether the rock or reef bares, how much, and a t  what stage of tide. (See Bars’) should 

BRIDGES.-Bridge data should be included in a table in the appendix. This fablietpbU- 
include all bridges over navigable waters in the region, together with information that Can 8t mefin 
lated, such as, type of bridge, prescribed signal for opcning, horizontal and vertical clearance\ridge, if 
high water, which side of draw or bridge opening should be used, and depth of water below 
pertinent. Bridge data for the most important ports, in which there may be a number zLo:ld 
may be included in a table in the text where the port is described. 
be duplicated in the appendix, but reference should be made to  the page of the text where 
be found. in 

Any necessary rulcs and regulatiow governing the operation of bridges should be includ$d‘ 
the text. The reviser should obtain copies of such rules and regulations. It is essential that trbridgep 
Pilot contain enough details to enable the mariner to make full use of the channel through th 
but details of no value to  the mariner should be omitted. f the 

Where there are a number of bridges in the same locality there will probably be onough find 
regulations common t o  all or nearly all of these bridges, so that these regulations can be gro 

Boundary monuments are sometimes landmarks and may be described ” 

They are not to be published in the 

817. 

which 

they These latter bridges 

u p *  
printed only once, noting the necessary exceptions. the u‘ s. Information regarding bridges can be obtained from two volumes, both published by ver.neV1’ 
Corps of Engineers, which has jurisdiction over the construction and operation of bridge4 
gable waters of thc’united States. 
Waters of the United States,” contains the rules for operation of most of the bridges; and ttpeniDg6 
“List of Bridges over Navigable Waters of the United States,” gives the dimensions of thoBngi@”@ 
and other data. d@ 
is the authority for information regarding bridges, and where there is a discrepancy betwTr used’ 
obtained in the field and those contained in these publications, the safer of the two should for eboh 

One volume, “Rules and Regulations Relating to t e 

Copies of these, corrected to date, should be obtained. The U. S. Corps Of 

The reviser should make certain, while still in the field, that the necessary information 
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b *  
$Idee is available. If ]lot, he must obtain it locally or from the District Office of the U. S. Corps of 

‘gloeers. 

ti,, 
The information 

State 
Much of\this information is contained 

” the Port Series. State also facilities for putting gasoline on boats; tank, drums, float, wharf, or Pk* This is particularly important at isolated places. Oil barges are maintained at some localities 2 Part of the year, and at some, gasoline is piped t o  landing floats used by launches, etc. Where 

BUOYS.-Thcir appearance or location should not be described in too much detail, as these are  
subject to change. It is usually sufficient to  say tha t  &‘The north end of the shoal is marked by a buoy ., 1 

are , 
Necessary details 

If a description is considered necessary, use the 
hOQenclature in 917. 

The numbers of buoys should not be given, except where necessary, as occasionally in writing 

BUNKERING.-This refers to  water, coal, fuel oil, Diesel oil, and gasoline. 
should describe facilities, quantities available, and the rate of putting on board ship. 

4 ship is burlkcred while at anchor or alongside a wharf. 

ere are facilities of this kind, they should be described. 

No more detail should be given in the description than is of actual value. 
on the charts arid in, the Light Lists. 

at buoys should not be given except for a special purpose. 
the If are reported to  tow under at times, the navigator should be warned, and in some cases 

Conditions may be described, as spring tide or freshet. 
Loc411Y maintained buoys may not be dependable. They may vary in this respect from year to  
and 80 it  is usually sufficient t o  say that “The channel is marked during the summer season by 

In localities thc type of buoy is changed during the winter season when they are endaligered 
by ice* Where this is the case explain, but  avoid being too definite, and avoid definite dates except 
’here given in the Light Lists. 
26 hloorillg buoys are maintained in somc harbors by port authorities or steamship companies. 

e general locations of these should be given, with necessary informatioll as to  their use, and whether 
Charges are madc. 
d If a Yacht club maintains moorings for the use of visiting yachts, mention that  fact, omitting 

Seaplane landing areas, torpedo ranges, ctc., may be marked by buoys. In these cases, the gen- 
$l.locatiOn, wit11 a statement as to  whether the buoys are lighted or not, and any rules affecting 

1 * At some wharves onshore winds and seas are such that  one or more buoys are maintained for 
%h off the wharf or for hauling off. If this condition exists, it  should be described in detail, with 

If conditions 
*lues requ ire the use of an anchor when going alongside, it  should be noted, and the reason should 

given. 
are Cargo is often discharged and received by vessels lying at a moorilig or at anchor. If moorings 

Pnalntained for this purpose, describe them and their use, describing any conditions tha t  lnay be 
such as sudden changes of weather, sea from a certain direction, etc. 
STAI(ES.-If used by local people to  mark channels, that  fact should be mentioned in 

Give the controllirig depth and width, and state 
Give the available length of each lock, capacity iL.lOcks, dcptli over sills, controlling vertical clearance under overhead s t r~c tures ,  passing points, 

’ up Points, local contractions, variations of surface elevation, period open t o  nsvigatioo, toll charges, 
>:$:;pd regulations governing operation. Also describe any currents, special arichorage basins 

to,...rt importaut to  have the detailed description of a canal in one place, and only one place, in the 
If the same canal is referred to  in other places in the tcxt, do not give any details which will 

(See 

LAUNCH WAYS,-Mention in the text the location of any in isolated regions, 

C ~ p I T A L I Z A T I O N . - W l i ~ ~ ~  such words as cape, point, island, etc., are used with a name, the 
Thus, Montauk Point, Mt. Desert Island, Cape Cod, Point 

maintained bUOys,” without further comment. (See Aids t o  navigation.) 

subject t o  change. 

‘’’gation should be given. 

:xPhat ion of the dangcrs and ways of avoiding them as may be warranted. 

the 
but details must be avoided. 

CANALS.-Describc location and approaclies. 
they are maintained or subject t o  change. 

P Special aids to  navigation, and special publications issued by canal authoritics. 

constant correction in the Supplements. Use cross-refcrences freely in such cases. 

8iv 
’ 
‘“ capacity, if available. 

letter should be capitalized. 
onception, Gulf of Mcxico. (See 917.) 
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’ the I@’‘- 
CENTER HEADS.-These are to be typed or lettered in capitals, and in place in tered. 

script. The chart number is given on the second line immediately below, in parentheses and 
CHANGE O F  SHORELINE OR DEPTHS.-Mention any reliable evidence as t i  observed* 

or extension of shoreline or change of depths. 
Give evidence, if w y ,  of subsidence or emergence of shores. Locate and describe the limits Of hive ’ 
operations, such as dredging gr other rapidly changing conditions, should not be described‘ 
structions that will remain for several years, such as those incidental to tlie construction Of a n ~ v l -  

bridge, should be described. Note especially localities where changes of any sort affecting $0 
gation are likely to occur, and report to the Office those which should receive frequent attention 
that publications may be kept up to date. d the 

CHANNELS.-In the Pilot give controlling depths of channels, widths if necessary? ” d by 
probability of change. 

chennel ” maintenance dredging. 
CegeS 

shown by the channel lines on the chart, give as much information as is warranted. In some Give 
the project should be described, and the extent of completion should be given, with the datedy spoil, 
the character of the bottom. 

the chfifl”’ color, marine growth, ctc., and give light effects if they are of any aid in distinguishing 

pilot being 
limits. 

revised and obtain the most recent information available on the condition of the waterways under 
jurisdiction of each office. The peculiarities of some of the dredged channels may be of greate$::; 
Tendencies to  fill at certain places and the reasons for the filling, such as currents, current Coast 
sloughing, floods, seasonal freshets, and ice, arc important and should be explained in the 

es ,ffectiPg Pilot wherever such a condition is known to exist. If the depths are stable and cham out- 
navigation are rare, explain. The extent of maintenance dredging is important. Where rocks ifl- 
crops exist in dredged channels, with less water over them than the general dredged depth, it 

maxinufl 
portant to state that the bottom is rock. 

draft differs from the minimum depth in the channel, give the reasons, as swcll, squat, tide, En2a@e 
or soft bottom. 
railways, and coal stations, and give the manner of approaching them, and why. (For chaPnels 

i* 
over bars, see Bars.) 

for us* 
writing Directions to say to follow the aids. 

Note important facts regarding change 

dumping ground for dredged or other materials. Report all obstructions. TemporarY obst‘uc Ob- 

Where dredging is mentioned, state if the channel depth is malntaine 
If the controlling depth given is not for the entire width of the 

State whether the sides arc defined, at high or low water, 

The reviser shall call at each District Engineer Office in the region covered by the the 

State the maximum draft known to have been taken through the channel. Where the 

Note the depth and character of approaches to wharves, piers, drydock‘, 

Describe aids to navigation as necessary. In some well-marked channels, i t  will be 
Usually i t  is better to give courses and distances 

in fog. s epe r~~e  
For emphasis it may be advantageous to give the least depth and its location in a 

Local information as to depths may not be dependable. 
paragraph. 

Such information should be 
fully checked, by soundings, if possible. 
Branch, and then to thc survey sheets, or to the blueprints of the U. S. Corps of Engineers, 

Refer to the file of chart standards in the Nautical be 
8s 

necessary, to obtain information not yet shown on the charts. of the If a special method of showing the depths is used on the chart, such as by quarter widths 
channel, the method used should be described in such detail as is necessary to make i t  dear* h&nges 

If the depths change, or the position of the channel shifts so frequently that details of the2ition in 
are given in Notices to Mariners, either a t  regular or irregular intervals, include that infor 

bY the the Pilot. 
In describing channels of such width that objects on both sides may be used sirnultaneo‘f~gidF$ or 

navigator, the channel should be described as a whole. Otherwise, the descriptions of differe 
sections of the channel may be separated in such a manner as to conform best to the layout Of the pi'ot' nt to 

CHART CHANGES.-Before sending the manuscript of either a new edition or a SupP1elnthd’ 
press, the Nautical Chart Branch must be consulted for changes in the limits of the charts Or 

CHECKING.-The importance of checking the manuscript cannot be overemphasized’ 

Every line of the manuscript, not only the parts that are changed, must be read and 

numbers for the region being covered. un1e$9 

this is done thoroughly, errors are certain to  occur. &ec bed ed 
hes che”l’ with the charts. 

in the field. 
The field reviser should use a system of checkmarks to indicate what he 
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The recommended Directions should be checked with particular care. They must not only be  
“‘led Survey parties are instructed to  sound along 
‘I‘ courf%?S which they recommend (see 366). Every course and distance scaled from a chart must be 
checked* (See Directions.) 
p- It must be borne in mind tllat a n  error in a Pilot may have a very serious consequence. Coast 

’lots ape frequcl1tly used in In~v courts, and their accuracy must be bcyolld question. In  fact, the 
6rrst and most important rcquiremcnt is accuracy. 
1 ’he importance of accuracy is illlistrated by the action of the Director of the Bureau of Marine 
ppectiOn and Navigation in the case of the  grounding of the s. s. Al‘anhatkIn in January 1941. 

the list, of findings of the Marine Investigation Board against the master is included, “He failed to  
c d t h e  information and advice noted in section D, United States Atlantic Coast Pilot with refercnce 

‘Ilaking this approach.” 
COAST.-In general, this tcrln refers t o  a strip of land of indefinite width bordering outside 

but  $]ley must follow the best routes. 

“‘aters. 
‘’oMPAss ERROR RANGES.-(See Ranges.) 
CONFIDENTIAI, MATEltIAL.-Matcrial marked “Confidential” must be locked in the vault 

“en not in actual use (see also 125). 
‘0NTINUITY.- IIcscriptions must be continuous. There must be no gaps. Gaps may he 

avciCkd by a special explanation or a cross-reference. (See discussion of Cape Cod Canal in 
9136n(4)). I n  a manuscript, each page must begin with a new paragraph. 
Tb COUl~SII:S.-Tlle words LLcourse” nnd lLstecr’J niust be used to  mean “make good a courfie of.’’ 

e latter is a n  awkward phrase t o  use continually, and the “Important” note (913SA(6)) should 
an explanation of this meaning so that  the words “course” and “steer” can be used in the text 

”’ithoUt risk of being misinterpreted. 

On the spine of the  book sllould be standard, that is, it  should read from the  bottom up. 

COU1tSES AND BEARINGS.-(Sce Bearings and courses.) 
COVER.-A proof of the cover should be required, and it should be checked. 

~ R o s s - R E : F E ~ ~ E N c ~ ~ s . - - ( s ~ ~  Page references.) 

The title s h o ~ n  

CRUISING.-Much of the infornlation given in the Pilots should bc obtained or checked from 
Tile field reviser must use his judgment to  make the most effective U s e  possible of the float- vecssCl. 

‘“ av ailable. 
CURRENTS.-(See Tides and currents.) 
CUSTOMS.-Include in the appendix a list of addresses of customhouses. 

Contain a certain amount of information on this subject,, varying with dilkrent ports. 
should he ma& as to where the customs officer boards incoming vesgels. 

The tcxt should 
A statement 

CUSTOMS PORTS 017 ENTRY.-Besides being listed in the appendix, this information should 
be given in place in the text (see Port information). 

4’ . DANGER CUnVE.-Note the  depth curve that may be considered the danger curve, if con- 

DANGER ZOWES.-Frorn time t o  time the United States War and Navy Departments desig- 
‘ate certain areas as danger zones, and publish rules and regulations for the control of all shippillg 
‘‘thin Such areas. 

where practicable, tile limits of these zones are shown on Coast and Geodetic Survey charts. 
The limits and regulations are usually given in a number of publications, such as the Hydrograpllic i2 and C05St Guard Notices to  Mariners and the Hydrograpliic Ofice Weekly Bullctin. The  

ea that  these areas arc in use and are dangerous to  enter are published in the Notices to  Mariners. 
the Coast Pilots i t  is sufficient t o  give the general location, and refer t o  the specific chart for the 

definite limits. That  part of the regulations of importance t o  navigation should be quoted or explained 
the text, and reference should be given t o  the  publications in which the times of use and other de- 

tails are advertised. 
th DANGERS, 1 NSHOHE.-Give extent and nature; least depths over them; whether visible; if 

ey.break, at nrl~at stage of tide; how much, if any, is bare at the chart datum; marks or ranges for 
‘le‘rlng them by day or night. 

Describe any light efTects on shoals or discolorations of the water thnt affect navigation. 
In regions Tvhere dangerous shoal areas or pinnacles are marked by kelp or other marine growth, 

state the ordinary significance of such growths, at what stage of tide they show at the surface, and  hen^ if ever, they are towed under. 

‘tlons make this information of value: 
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In regions where boulders, ledges, coral heads, or similar dangers probably exist, it  is verYshodd 

flogt 
There is no need to list each one of a number of dangers in a locality. A description Of $cieDt* 

DANGERS, OUTLYING.-Describe and give Directions for clearing them. 
DATE OF A COAST PILOT.-A new edition of a Coast Pilot is given the date to the 

dock% is 
DATE OF INFORMATION.-Where information, such as depths in channels, or in CenerallJ’ 

subject to change, the date of the soundings, or information given, is very important. (See 

Channels.) of the 

able t o  mention that fact. 
avoid those places where the depth does not exceed the draft by so many feet. 

prominent, or possibly the one farthest offshore, with a general statement, will generally be 
(See Bars.) 

Where boulders are common, a warning should be given that vessels 

which it 
corrected. 
This date is entered on the galley proof a t  the end of the preface. 

This i s  usually the date of the latest Notice to Mariners used in correcting 

both the month and year sbould be given, although the year alone is sufficient in some Cases’ 

DATUMS.-Refer depths and elevations to the same datums used on the Charts ,hat 
region. Explain this clearly and unmistakably in the “Important” note (9135A(6)), and sta’8y b; 
the datums are, as mean low water, mean lower low water, mean high water, as the case 
Do not give the datums in the text, except for some special reason, as when some other datum AbbrC- 
to. Abbreviations for datums may be used, but must be in accordance with tho Symbols and should 
viations chart (fig. 189), e. g., MLW, MHW, etc. 
be included in the “Important” note. d give DEFENSIVE SEA AREAS.-Define by general statement or referetlce to the chart1 ’negistC‘ 
the special regulations affecting navigation. These may be obtained from the Federal ’ 
and t\e Notices to Mariners. 
in the text. ,lpOrt 

DEFINITIONS.-Refer to “A Glossary of Sea Terms,” by G. Bradford, and to th! 
Dictionary of Technical Terms,” published by the American Association of Port 

as the tor’ DELETE.-A term which is much used but whose meaning is not as clear to some 
“strike out.” 

DEPTH AND DRAFT.-In general, give depths; there are exceptions, but care flust ,,f tho 
in recommending channels for certain drafts, since it cannot be known what the condition hiCh 
sea may be or how a vessel will handle. 

condlt10*5’ 
a channel would not be safe for a draft that could be carried through i t  under ordinary o ~ C ’  
In some cases squat or list must be allowed for. In river channels the freshness of the water is 
times a controlling factor. (See Channels.) described, 

in the 
but omit the datum. 

is referre 

An explanstion of these abbreviations 

The regulations may be groupcd in one place and referred to 

be u8ed 
Use the latter in Supplements. 

There may be a number of special conditions .? 

DEPTH UNITS.-Use the same unit that is used on the specific chart being 
(See Datums.) Do not give meters, but include conversion tables 

appendix. (See Meters.) reeu~@n5 
DERATIZATI0N.-If certificates are required or issued, explain the conditions. 

concerning rat guards, etc., are effective, include whatever detail appears to be required* 
DETAIL.-Avoid including too much detail where not needed, a8 in channels &ha 

marked, even if they are winding. 

+11 
,B@ 

t are 

This type of sailing direction may be bcst handled in 
by a simple statement to “follow the aids.” 

impossible to keep such descriptions corrected in the Supplements. 

It is often 

r&e5J 

Too much detail may be confusing and involves too many changeable features. 

DIRECTIONS.-The field reviser should obtain all possible information about different lack Of 

established ranges, precautions that may be necessary on account of set of the current Orbscrd’  
turning room, whether local knowledge is necessary, and whether any unusual caution must be 

Note all ranges or features that are of value in malting courses good. that 
In Chapter 3 of the Pilot, after the description of routes, nuch Directions are tabulatc$thiP 

cover more than one chapter of the text (see 9135B(3)). Local Directions (thosc included &Out 

any one chapter) for cntering ports, etc., are given in place in the text with other informationbut the 
the place referred to. dly 
latter should be avoided unless the Directions are of unusual length, since they cost more 

‘hlle 

those 

Local Directions may be given either in paragraph or tabular form’ 
and 

Local Directions should be headed, “Directions, -. - - - - - - -. - - - - - _”, the name Of 

Important Directionsl 

give less information. Ort 

h for@’ or route to  which they apply being always included. 
heading should be bold-faced as should all figures denoting courses. 

Where Directions are in paragrap or 
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Of 
f length, or those involving a number of charts (as where Directions for a port are given 
’Om Beveral points), may be center-headed. (See explanation of Plymouth Harbor Directions in 

Directions must be scaled with special accuracy and care. They must be plotted on the largest- 
and the routes must be examined carefully t o  make certain that the recommended courses 

In  selecting routes, the writer must bear in mind that, although many vessels 
Certain cutoffs or special routes that  may save them a little time, the Coast Pilot should recom- 

An able navigator, with local knowledgo, can use 
(Sce Two-way courses.) 

In some 
necessary to  refer to  buoys, but avoid, as fa r  as possible, the usc of objects of a cbangeable 

Many changes in Supplemcnts can thus be 

D. Directions should not be given for cliaiinels that  are so shifting in character as t o  make the 
lrectionS Unreliable. 111 some cases they may simply consist of instructions to  follow the  aids as 

foundl Any known 

“”‘ 
and the bcst. % 

Only routes that  are safe and conservative. 
any short Cuts, but  these should not be recommended to  the general public. 

Positiol~s in Directions should be rcferenccd to  fixed objects of a permanent nature. 

or those whose positions are subject t o  change. 
it 

“Voided. 

with a statement that the aids are moved as the channol shifts its position. 
to  sloughing, filling, or shifting of dredged channels should be described. 

Directions shall be given in the form illustrated in 9136B(3). 
(See Checking, and Port and starboard.) 
DI~COLORATION O F  WATEIt.-This diould be described in detail where it inay occur to  
an cxtciit as to  affect navigation. 
’ISTANCES.-Distances should be given in nautical miles and tenths, or in yards where @e In the Intracoastal Waterway Pilot, follow the system of the U: s. 

corps of Engineers, .which is statute miles. Do not use fractions; the graphic scales on the cliarts 
”@ lrl In * . decjmals. The lengths of short courses in Directions may be given t o  the nearest 0.05 mile.- 

glvlrlg lengths of measured trial courses, use as many decimals as are necessary for aCCUrACy. 
D°CKS.-A dock is the slip or waterway between two piers or projecting wharves. (See 

‘&rues.) 
’OCK CHAItGES.-State if they are made, but  do not give tho rates. 
DOLPHXNS, PILES, NTc.---If of importance to  navigation, mention their approximate locations 
use; Whcthcr for tying up to, for storage, for working off wharf, etc. 
’RYDOCKS.-(Scc Marine railways.) 

theirDUES-POItT, DOCKAGE, PILOT, ETC.-Tlicsc are  generally too cliangeable t o  permit 
In  some cases, where fixed by IAW, it is permissible t o  quote in par t  if coiisidcrcd 

accuracy is required. 

quotation. 
de8irable. 

EcHOE8 -(See Sound refiectioii.) 
Q. D.- (&e P. D. and E. TI. dangers and soundings.) 
‘LEVATIONS.-Refer elevations t o  the same datum used on the charts, e. g., mean high water 

V (‘@@ batum~) .  Give known or estimated elevations in all cases where the information may bo of 
‘Iue to  the navigator. This is of particular importance whcrc the elevation will help identify a 

‘4Pdroa% an ofrshore rock, etc. 
The purpose is to  inforin :p Give the rate at which coal and 

ee (See Bunkering.) List thc  

f “ERRIES.-The reviser may find it advisable to  take trips on some ferries to  notc the routes 
It is dcsirablc to  notc in the Directions - localities wrherc ferries usually cross main steamship tracks. This information may be of con- 

s‘derablc Value during fog. 
lnformatioll should bc gircn as to tlic kind of ferry, whether passenger, freight, or automobile, 

and Ports at which ferry service is available. This is of particular importance in comparatively 
‘“lated regiolls. 
C$ I FIELD WOIEIC.-Thereviser jn charge of the field iiispection sliall ascertain wlicther the various 
1v1810nS of the Bureau desire him to do any special field work, and also shall report to  the Bureau 

Reports by individuals and organizations that  field surveys arc needed should 
The reviser should recommend further survcys on account of 

p ~ ~ I ~ ~ I r ~ I l ~ ~ , -  I’acilitics for Iiandling cargo sliould bc briefly noted. 
OIfiCors if they must be preparcd t o  use their own cargo gear. 

loaded, and whether fuel and water may be taken at tbe wharves. 
“Oral facilities available, such as electric powcr, stevedores, rail connections, etc. 

and to  obtain iiiformatioIi from their captains. 

, 
‘@@dB for surveys. 
‘%Ported by evidence of the  need. 

develoPmcnts, shoaling, changes, wrecks, reports of obstructions, inadequacy of old surveys. eto. 
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ofices 
FISH AND WILDLIFE SERVICE.-If either federal or State bureaus maintain local of the 

in the district in which a reviser is working, he should obtain the addresses for the aPPendi:fora5’ 
Coast Pilot, and inquire of the officials in charge for their regulations, as well as for genera’ 
tion. &a’ 

FISH TRAPS AND LOBSTER POTS.-Note presence and season, where they affeci:ild be 
tion. 
given in the Pilot. 

ing the region, but do not give their exact boundaries; generalize them. 
these purposes should be described, with a warning to navigators to keep clear. 

FLOATING DRYD0CKS.-(See Marine railways.) umbers 
FLOATING LOGS AND OBSTRUCTIONS.-These arc frequently found in suffiCiCrft 0~se ,  

in certain localities as to constitute a danger to the navigation of small craft. Where such ” the 
the Coast Pilot should warn the navigator. ier, 

FLOATS.-Private or public; this docs not include every bathing float and private plessure~blic 
The locations of public floats that are available to strangers should be given. Give depths at ’$teV 
floats. pot, 
whether stores may be taken at a float; and if water, oil, and gasoline are piped to  the ftoEtii State 
explain how they can be obtained, 
whether ice is available. 

FOG SIGNALS.-Give kind, but omit characteristics. A t  some wharves and yact, ,,less 
special fog signals are operated, which should be described. 

I W  
FOLIO HEADINGS.-These are the headings that are printed a t  the top of each Page’e&ed 

structions to the printer are written by the Editor on the first page of the manuscript, and lLre rep 

For several reasons, including economy, the chapter title, plus the number of the 
chart (see 913SB for definition), the area of which is described in the chapter, is used as a fol’o 

Where the topography of a region is so complicated that it is not practicable to divide the 
Pilot into chapters, according to  the layout of the charts, another system of folio headif@ mus%’e 
used. In general, the same principle as noted above should be followed so far as practlcahle‘be Se’ 
same folio heading should be used for a number of consecutive pages. Folio headings s h o u l ~ u ~ b e r  
lected according to  the areas shown on the general coast charts, and wherever possible, the osle 
of the general coast chart should be shown in the folio heading and the number of the lergest4 on 
chart in the center head. 
general coast charts. do 

Report any of their activities or regulations that may affect navigation. 

If old stubs, broken off stakes, or piles are a menace, the localities and conditions 
Describe the general situation in the area in Chapter 2 of the Pilot. 

Special areas 
Limits of fish-trap areas in many localities are shown on the charts. Refer to them when d for 

If there is no public float, and a p’rivate float is commonly used, give the depth there’ 

For isolated regions be more explicit about stores, ” 

Note silent zones as “reported’ 
the evidence of their existence is unusually well established. 

on the first page of both the galley proof and the page proof. c o d  
d i d  

for all pages in each chapter. COBst 

In some cases it may be preferable to  use other headings than 

FOREIGN TRADE ZONES.-Give the locations of such zones as are in the area; Otheraiee 

FREIGHTERS.-In some regions revisers, while traveling from port to port, have found beat 
of coastwise vessels and terminal officials of the freight and passenger lines to be amonB 
sources of information. frtcili- 

GEOGRAPHIC NAMES.-These should be spelled as they are on the charts. This is to 
tate reference from the charts to the Coast Pilots, and vice versa. The origin and dat; DivieioP 

under 
n and 

should, however, be considered, and if the spelling appears of doubtful authority, th  
Inquiry should be made concerning charts in preparatlo 

revision. Consult the geographic name standards in the Map Hall. (See 9821.) for the 
Decisions of the U. S. Board on Geographical Names should be followed without Waiting det5 

approved form to appear on the charts. In cases of disagreement or changes in names, Obtai” 
which can be submitted to the Board for a decision. 

not mention them. ofice‘s 

the 

of the 

* Charts should be consulted. 

e 7843). (See section 16.) 
The names of aids to navigation must be identical with those in the Light Lists (se 81@@ 
Where a place is known by more than one name or by variants of the same namer ifdone @Iy 

names should be given in parentheses after the accepted chart name. @ae 
in the,part of the text where the main description of the feature is given; elsewhere, the ”” 

ding alone should be used. 
As many geographic names as practicable should be included in the index, even inc1‘ 

names which may not need to be mentioned in the text for other reasons. 

But this should 

SO@ All names should be indexed. 
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a record of authorities for new names and proposed changes in names (see 162 and 163). 
GRAVING DOCKS.-(See Marine railways.) 

tides, GRIDIRONS.-State where these are available alongside wharves for docking small craft batween 
Dose Beaches where small craft are commonly beached, or that are especially suitable for this pur- 

of loHARBOR MASTERS.-The harbor master, if there is one, is likely to be one of the best sources 
k A special effort should be made to contact this official. He is most likely to 
'"' definitely the rules or regulations of the port that are in effect. He is also likely to be exceed- 
'"'P well informed about local changes, and it is desirable that amicable relations be established Th him SO that he will be willing to furnish information to this Office by mail, if desired. The fact 

at there is a harbor master should be noted in the text, under the name of the port, and the port 

'' small towns the harbor masters change so frequently that it is not practicable to list the latter 
The list in the appendix, however, should include the name of each town having a harbor 

and the address of liis office if one is maintained, or, if not, the place where the harbor master 

HARBOR ItEGULK~IONS.--Those parts of harbor regulations that are of value to the navi- 
gator @b3pt Special regulations for the control of certain industries should not be given 

As an example of this, consider the detailed regulations to 
CP"rol the handling of oils. Fuel oil, gasoline, and other oils are,practically always handled by spe- claists* no They are familiar with the regulations and are informed when changes are made. There is 
Pr to include regulations of that kind in the Pilots, but the navigator should be warned of any 

'@cia1 

OF. REFUGE.-List in Chapter 2 of the Pilot, under local information, the best kors of refuge in the region. Give full description in the proper place in the text, with informa- 
Give depth in channel and in harbor, ::tp of bottom, peculiarities of weather, amount of protection afforded, security, swinging 

If t?OsPITALS, MkRINE.-Givc locations of these in the text and list them in the appendix. 
8iv e Public Health Service has no hospital of its own, mention any other hospitals; in some cases 

B$ec$yACINTIIS, GRASS, WEED, MARINE GROWTHS, ETC.-State to what extent they 

bhi rCE*---l'he extent to which it interferes with navigation and the approximate dates between 
of *" thie Condition usually exists should be given. Describe in detail, giving effect of wind, kind 

channels are kept open by ice breakers, and to what extent aids to navigation are 
bast affected* Describe average conditions, but give additional information about conditions in the 

th TtLUSTRhTION&-In the pilots now published by the U. S. Coast and Geodetio Survey, ! little, if any, need for illustrations. The comparatively complete charts and system of aids 
th "'p$km are sufficient for navigation without illustrations, except in a very few regions. Of 
%.ks "glans i t  is very difficult, if not impracticable, to  obtain illustrations of value. Illustrations of 

th The title of any illustration published should include the bearing and approximate distance of 

the '"RACOASTAL WATERWAY.-The amount of information that should be included in 
'lots general Coast Pilots regarding the Intracoastal Waterway, and in tho Intracoastal Waterway 

hob "garding the coastal areas, will be determined by the writer for each area. Generally Coast 
sh?ld contain descriptions of the inlets and waterways leading to the ports at which vessels 

'act ged ln coastwise trade call. If there is an inside route from these ports to the other ports, that  
A cross-reference 

$tailed e made to the Intracoastal Waterway Pilot, where the route,is fully described. In  this way 
correction will need to be made in only one publication, thereby simplifying the problem of 

"'lng the Pilots to date. 

be mentioned, 

information. 

be listed in the table of harbor masters in the appendix. 

be usually found. 

be given. 
they apply to navigation. 

ecautions that he is required to take when bunkering or handling oils. 
r"forlnation should be given as to whcre harbor regulations may be obtained and where the - 

resPonsible for the regulations and their enforcement may be contacted. 

to accessibility under difficult weather conditiong. 

' (See Anchorages in general.) 
"GHWAYS.-State what highway connections there are in isolated localities. 

e the location of and distance to the nearcst Marine Hospital. 

"avigation. 

lcel 

Winters, if available. 

Own and easily recognizable features should not be used; they are not worth the expense. 

feature from the camera station. 
INLAND RULES.-(See Rules of the Road.) 

be stated and the controlling depth given, but details must bo omitted. 

* 
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The Intracoastal Waterway Pilot should describe the inside passage, and briefly thethen refe‘ 

JETTIES.-State if jetties cover and are dangerous, and at what approximate stage 

and inlets extending from it to the sea, but should not give coastal descriptions, or more 
to  ports not located on the route or reached by it. 

Describe, as warranted by their value for protection, for landmarks, and as dangers, 

(See 914.) tide. 
f the Give 

if so* 

toNS 

oriptions 

it 
under 

height above mean high water. shOB1s, 
KELP.-Where important, the extent of kelp beds should be given. If it grows On 

should be described. 
a t  times, and how it shows. 

given in place in the text. Describe the appearance of the coast on making the land-On a boldtanke 
the headlands, peaks. etc., with their foSm. color, and height; and on a flat coast, the watsq@n 
spires, beacons, etc. 

fUbCtionlPgbll any local features that may be used in fog or at night if the aids to navigation are not 
LANDING FIELDS.-Report any in the locality visited. 

should be described in the Pilot; for example, seaplane landings a t  which supplies are aveileble’ Of 
that affect navigation. Bad 

LANDING PLACES.-These are of special importance on dangerous coasts. StatClooetion 
peculimities affecting landings, stage of tide best for landing, and when dangerous, etc. ,longs’ .de 

LANDINGS.-State whether public or private. take’ 
and in the approach. 
on board. (See Floats.) by rego’” 

ope” 
dOarkgJ 

Include appearance, quantity, whether seasonal or not, whether it 
818 

coast 
(See 3623b and 7864.) 

LANDFALLS.-First landfalls are described in Chapter 2 of the Pilot. Local des 

Streaks of color in bluffs, etc., may be useful identifying features* 

Any of importance to 

Mention regular routes and special services available in isolated P1aces’ 

If the former, give the depth of water 
State whether fuel, water, and supplies are available and how they 

LANDMARKS.-Instructions for obtaining and furnishing information on landmarks 
survey parties are given in 155 and 8534. 

Describe all prominent landmarks likely to be of most use for navigation or for future 
ations. 
give their measured or estimated heights. State if mountains mentioned are often dou 

Check in the field landmarks shown on charts or mentioned in Pilots, and report thos:table 
no longer of value. 
charting exist, select and locate them. Those sighted and recommended for charting, but reported not 
should be reported to the Office for future location. 
Form 567 in accordance with 8534. 

LANGUAGE.-Simplicity, clarity, and conciseness are essential. 
expressions should be used. The text should be clear even to a landsman going to sea for the 
time. in the 

LATITUDES, LONGITUDES, AND CHART NUMBERS.-About once each two ”$e 
text, one feature shall be selected and marked with an asterisk. The footnote shall consist ~~~s~~~~~ 
tude and longitude of the feature to the nearest tenth of a minute and the numbers of all the 
Geodetic Survey charts which include that position. Latitudes and longitudes of lights and ’ 
features are not to be given in the text, the need bcing fulfilled by the footnotes. stetiof15 

in the region and their locations, and mention each with location in the text. 
inactive. 

SorlfeY 
Ian If objects, such as mountains, hills, cliffs, islets, or rocks, are recommended 

d-c@Ped* rC 
that 

Landmarks may be located by sextant angles, If new landmarks s‘ located’ 

de n i t e 
first 

All landmark information shall be . 

No ambiguous Or in 

LIFEBOAT STATIONS.-Include in a table in the appendix all Coast Guard Lifeboat that ” 
Indicate those 

LIGHTHOUSES.-(See Lights.) 
and the ljgbtf LIGHTS.-Fixed lighted aids to  navigation shall be called “Lights” in the Pilotfljn of the 

otore 
Of 

given in the Light List shall be used and bold-faced in the text. 
consisting of its elevation and the distance i t  is visible, shall be given a description 0:::; $e$1:,, 

the appearance of the structure that might aid in identifying i t  in daytime, using the e ~ c e p ~  
clature used in the Light List. Omit color of light, characteristics, phase, period, and (‘light 
in unusual cases. 
house” is not to  be used as a part of the name of the aid to  navigation, but it may 
description of the structure, or a house or tower no longer used to show a light may be refer$:j;i$ 
“abandoned lighthouse tower” or an “abandoned lighthouse.” 

the number of lights, elevation, and distance visible. 
other lights. State type of fog signal operated, but not the characteristics. If auxiliary lightguged 
fog signals are used in emergencies, describe them in the same manner. 
to show the heading of the lightship. 

With the descriptio 

supporting it, including, if necessary, adjacent structures. This description shall indu nofl 

in the 
be Used &’ 

Give types of fog signals operated, but not the characteristics. The 

of Use the term which is most 
LIGHTSHIPS.-Give the appearance by day, identifying marks, number of in case 

efld Omit changeable characteristi@, 

Describe any lights’ 



MISCELLdNEOUS 9 16 

POTS.-(See Fish traps and lobster pots.) 
sion LOCAL MAGNETIC ATTRACTION.-Information of this kind should Originate in the Divi- 

Of Geomagnetism a d  Seismology. Local reports from the field should be forwarded to that 
Pivision for verification and information. Include in the Coast Pilot the location, limits Of area 
'hYolved, and maximum magnitude of error. 

' 0 ~ ~ s  .-(See Canals.) 
piidtt0G BOOMS.-Note where and when they may exist, if of interest to navigation. If the natural 

Of the channel is restricted by them, or if some arcas are enclosed by them to the extent of 
a'ecting navigation, describe the condition. State if they are lighted. 
" navigation of a channel or canal is affected by these or if their presence 

f 'AGNETIc COURSES AND BEARINGS.-Tables shall be included in the appendix to 
'cilitate the conversion of true directions in degree8 to magnetic directions in points. These tables 

Convert true directions for every 20 into magnetic directions to the nearest eighth point, and F1d In most Pilots, the magnetic 
li:tlons in Points can be given for every 2 O  of variation, but in some regions the range Of Variation is 
b Feat for this. In  such cases, the tables need not be made larger, but the directions in points may 

RAPTS.-State if 
may be a danger during fog or poor visibility. 

range of variation in region described in the Pilot. 

e 'venfor only every 40 or 50 of variation, as necessary. 
'APS.-(See Blueprints and maps obtained locally.) 

b Give 
t*m length, depth forward and aft, and tonnage of vessels that can be hauled out. Also give 
Vep;ontrolling depth in the channel to the plant. State if there is a machine shop, and, if SO, give a 

Give the same information for floating drydocks and 

be The table in the appeiidix shall give the dimensions, as above, of the largest vessel that can 
be h?'l@d out on a marine railway in every port, in the region covered. Similar information ~11~11  
iS "" in the same table for floating drydocks and for graving docks. State in each case if there 
k ~ ~ ~ ~ I L h  shop. More detailed information may be given in the text if desirable. (see Repair 

LOW WATER, MEAN HIGH WATEB, MEAN LOWER LOW WATER, ETC.- 

8Pat 'ETERS.-Some navigators arc inore familiar with the metric system than with the English 
f e'l of measurement. For their convenience there shall be included in the appendix suitable tables 
a'the CO1lVersion of feet and fathoms to meters, and vice versa. 
b hlETEOROLOGIC CONDITIONS.-Tables shall be ineludcd i n  the appendix- giving the best 

Obtain data from the Weather Bureau 

SPEED TRIAL COURSES.-To be referred to as such, unless the length is 
Give the exact lcngtli and course, and state whether tlic length is in nautical or statute ;k 'escribe the appearance of marks, and give any other information of value to the user. Request 

It MoUNTAINS.-A~~y hill more than 1,000 feet in elevation should be referred to as a mountain. 
hoau Cpvcred, State whether the siinirnit is 
it of Give any details that  inay aid in its identification or that lnay make 

RAILWAYB.-Give a description under each port where there is one or more. 

general statement as to its capacity. 
docks. 

BUOYS.-Mcntion where used. 

information available for four or five different places. 
"&st Guard. 

mile. 

Ves8els to keep well clear of 'the course while trials arc being run. 
MOORING BUOYS.--(S~~ ~ u o y s . )  

8QOW. state wl~en, and give the elevation of the tinibor line. 
or cloud-capped 

hTA~ES.--(See Geographic names.) 
'8 gi:UMBEItING or  4 LINES.-In the part of the text where the detailed description of the region 
hho " Generally this will be from cliapter 4 to the appendix. 

facilitates text refrgenccs, particularly in tlic Supplements. 
oBSTRUCTIONS.-Where information is based on reports, or is of an indefinite character and 

If it is from an unverified 

oBsTRUCTION LIGHTS.-These should be described if they arc used, and as much detail as 

orsTER CULTURE BEDS.-The general location of those should be given, with a proper 

value. 
IsLANDS.-Wliere these occur, as off the Mississippi Passes, describe them. 

every fifth line should be numbered. 
(See 9137 and 916.) 

by a survey, give dates, with all pertinent information. 

ecessary should be included. 

'pnlplp &bout speed and wash in the locality. 



916 HYDROGRAPHIC MANUAL 

the pege ’ 
proof. Cross-references are essential in many places, but should not be used indiscriminately* @stt 
complicated area, like southeast Alaska, a great many will be required, but on a straightaW” 
there need be very few. In some cases considerable repetition may be avoided by using This is e 

PARAGRAPHS.-Each page of the manuscript must start with a new paragraph. to go OD 
requirement of the Government Printing Office Style Manual. 

PAGE REFERENCES.-These are supplied by the Coast Pilot Section and entered On 

th@* 

If a paragraph is too long 
one sheet, add to the length of the sheet. Short paragraphs are desirable. With de’* P. D. AND E. D. DANGERS AND SOUNDINGS.-Give available inforrndont 

PILES.-Piles are sometimes left in place when a bridge or structure is removed’ 

PILOTAGE.-State whether i t  is required by law or is necessary because of difficulties 
Give information as to whether pilots take vessels a t  night; where 

Give extent of investigation made, if any. ID Such 

cases the condition should be described in the Pilot. ,,vige’ 

tion for strangers. Or 
boarded; description of pilot boat and signals; and location of cruising ground. State C~pies  if ,,f Pri&,v 

d 
special arrangements can be made for pilots, and describe how they can be made. 
and local Pilot Rules and Regulations should be obtained and used as authorities. 

Give special regulations of importance. Describe where t o  anchor while waiting for a $$:’ 
state if tug is available and used for towing, docking, and shifting berth. 

State whether a vessel is liable for payment of fee if pilot is not taken and give any 
It is not necessary to give all of the details of the pilot regulations, but that pnrt Of 

POPULATION.-The population of the various ports dcscrjbed in the Pilot shoul 
given unless that information serves some special purpose. be 

PORT AND TERMINAL CHARGES.-Too much detail of a changeable nature mug:See 
n avoided. It is usually sufficient to state that charges are or are not made for certain servioee’ 

PORT INFORMATION.-The following data are commonly reqilired for each port imde” 
in the Pilot. of the 

Series @tiOD this order for all ports of commercial importance. 
the the U. S. Corps of Engineers, n reference may be-made to that publication, and some of not lessen 

in the Pilot may then be more gencralized, but the fact that  it is so dcscrjbed docs vigfitios 
responsibility of the reviser to include in his record all information essential to the which safe ” the pev‘l’ 

tretion’ of a vessel entering the port. 
gator should know before arriving at the port. 

(See Dolphins, piles, etc.) 

Pilot rates ’I1 
should not be given. ti00s’ 

incoming stranger should be given. 

cxoePto go 

d IlOt be 

ve1ue 

Port Series.) d@Cribe 

so  far as practicable this information should be given in the Pilot jn 
If the port is described in the port 

adpinis All details must be included for any port regulations 
Give the addrcss of the office of port 

Qeneral description of port: 
Location. 
Landmarks. 
Channels, depths, cte. 
Dangers. 
Pilotage. 
Towage. 
Quarantine (fumigation). 
Customs. 
Port of entry. 
Marine documents, if issued. 
Immigration. 
Hospitals and Relief Stations. 

Quarantine. 
General. 
Forbidden. 
Qovernment vessels. 

Bpecial (yachts, etc.). 
Mooring buoys. 
Regulations, if Important. 

Anchorages: 

Explosivo. 

Harbor Regulations. 
Tides. 
Currents. 
Bridges: 

ciearmces. 
8ignals. 
Regulations. 

Directions. 
Port Bervicos: 

Dockage and wharfage. 
Facilities. 

Supplies: 000 I 

sions, water, and electricitY* 

8 toragc. *‘“k 

. Fuel; 011, Diesel Oil, gasoline’ 

Lighterage. 
88lVage and wrecking gear. 
Marine repairs: 

Communications. 
Qovernment offlces. 
Ranges for compass adjustment. 
Weather: 

Fog. 
Prevailing winds. 
Storms. 
Ice. 

8torm warnings. 
T I ~ C  signals, visuai’. 
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the above outline is primarily designed for ports, it should also be followed in describing 

di ’oRT AND STARBOARD.-Avoid the use of these terms as much as possible by giving the 
Of the Use a definite statement that is independent 

‘ If the ::? If the publication is 

”‘ and Other bodies of water as far as practicable. 

rectloh bearing of the object in degrees or points. 

SERIES.-These publications contain much information of value t o  the reviser. 

of date, verification of information of a changeable nature is necessary. 

OFFICE <&-If there is no post office at  a landing, village, harbor, etc., in an isolated 

AIDS.-If they are maintained locally, they may be mentioned as such, but details 

heading. 

used is of recent date, the information therein can be accepted. 

05’ ENTRY.-(See Customs ports of entry.) 

and O u t  

P 
eg‘oll’ that 

‘‘st be 
entioned. fact should be m In such cases, give the distance to the nearest post office. 

(See Aids to navigation.) 

be given about them. The csact title of the publication and the place where it can be 

field reviser should obtain copies of publications issued by port authorities, port commissions, 
‘hat ~ ~ ~ ~ ~ ~ 8 ,  yacht clubs, and other similar organizations which give information on subjects . 

hh Q U A R ~ ~ ~ ~ ~ ~ . - ~  ive any special features of the quarantine regulations that a shipmaster I Describe the quarantine anchorage and give the 

% RADIO.-This subject is almost completely covered in Chapter 1, as far as the Coast Pilot is 
Sufficient information is given there for a ship officer to be independent of the radio 

’:::tors for information concerning his own legal rcsponsibility for his radio, and concerning the 
% Q ~ F ~ ~ ~ S  available $0 him. It is not 8 function of the Coast Pilot to include a radio operator’s 
‘hey Wave lengths may be given in certain instances when 
‘06 Reference to H. 0. 205 and H. 0. 

e treated in the Coast Pilot. 

be acquainted with before being boarded. 
the quarantine oEcer boards vessels. Describe any ‘special signals. 

cerned* 

‘ 
are 

‘AAPlOBEACONS.-Give location and refer to Light List and H. 0. 205 for details. 

Call letters should not be given. 
“Qlikely to  be changed, and are of sufficient importance. 

be made freely. 

fQr + ACON BUOYS.-Note the location and name. Refer t o  the Light List as necessary 

DIRECTION FINDER STATIONS.-These should be mentioned, and reference 

Bib DISTANCE + FINDING.-If stations are equipped for this method of distance finding, 

RADro TOWERS.-Should be described like other landmarks. Include lights and elevations. 
Is WRADlo TELEPHONES.--In regions where shore radio telephone stations are few, or some one 

Particular importance, g ive details, except those of a oliangeable nature. 
trUt~LROADS.-State if there is a railrosd siding on a wharf, or if cargo must be trucked. If 

hare run on the wharf, describe the condition. 
sQall ports, state if there is a railroad connection and, if not, how far it is to a railroad or truck 

PANGEs.-& not give the characteristics of the lights, but describe the marks to  facilitate 
p M t i O n  in tho daytime. Give bearing or azimuth of range. Where azimuths of ranges have 
‘hadetermined with sufficient accuracy for use in determining compass errors, the azimuths are 
dekpi(? and minutes in the Light Lists, and the Coast Pilot should mention this fact in 

’“g the range. Unless given to minutes, the determination is not suitable for such use. 
list list of ranges suitable for compass-error determination should be given in the appendix. In this 
%hculd be given the Light List name and the description of each range mark, the true bearing t o  

the variation a t  the place for a definite year and the annual rate of change of variation. 

of operation. 

the Light List and to H. 0. 205 for details. 

e that information in the text with any necessary references. 
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or for 

that 

, fl~;rsl or 

If the use of apparently suitable ranges is not recommended because of local attraction’ 
other reasons, the condition should be described in the text. 

Describe ranges in use by pilots and the means of identifying them. 
will be useful. Give ranges to clear dangers, if available. (See Aids to navigation.) 

REEF.-A reef is a’ rocky or coral elevation dangerous to  surface navigation, .Whlc 
may not be exposed at the chart datum. A rocky reef is always detached from shore, while be given a 
reef may or may not be connected with the shore. 
which a reef bares or breaks. Tho area that bares a t  the chart datum may be estirnated;B&$ht 
statement may be made that it bares so many feet at that plane. 

range‘ Suggest other 

It is important that the stage of tide B 

Peculiarities, such 
effect, etc., should be included. (See Dangers, inshore.) and prePBr0 

RELIEF STATIONS, PUBLIC HEALTH.-Give locations of these in the text, 
lists for the appendix according to class. endi% 

REPAIR YARDS, ETC.-In addition to the information given in the text and in the to 
for the larger marine railways and drydocks at each port (see Marine railways), it is desi$!$‘ 
describe in the text, under the port name, special facilities for repairing small vessels. The Ton@e, 
sizes that can be accommodated should be given, including the length, dcpth forward and aft, 
and often a statement of the draft that can be taken to the dock. It is important to state if @’$: 
shops arc available, and whether they are equipped for more than minor repairs to small boats* 
if supplies are available a t  repair yard. 

REPORTS.--When it is impossible to verify them, important corrections should b‘ 
reports. limit of 

RIVERS.-Give controlling depths and the class of vessels which can enter, uPstre~~freshet~; 
tide, depth on bars and permanency of channel, strength of current, anchorages, effectand suitabi4 
distance to head of navigation for steamers and other craft. 
for boilers. Give Directions, and information necessary or of value to  the navigator. If $:$$fis 
very well marked, a statement to “follow the aids to navigation” may be nearly d l  the 

of required. (See Channels.) vessel8 
ROUTES.-Reviser should ascertain and report the routes generally followed blst pilot. 

various classes, powers, and sizes. U. RULES OF THE ROAD.-Do not publish these-they are issued free of charge by the d, 
Coast Guard. Where special rules apply, describe the condition with as xnuch detail as warran$flg 

SALVAGE GEAR.-If available, give the type and radius of action. 
gear, etc., a general statement should include that information. 

SEAPLANE LANDING AREAS.--In some harbors certain areas are reserved fOrthe 
landing. 
Pilot according to the importance of the area and the permanence of the regulations. 

, erltered &’ 

In  some cases the source and date of thc report should be given. 

State whether water is fresh 

These routes should be described in Chapter 3 of the c0 

If there are 
SC@;oBsl IBD0 

The use of these areas by shipping is restricted. This should be described In sending 

SEAPLANE RUNWAYS.-Obtain location of them and note facilities, such as g&s for ’$$jos* 

t o  

(See 
fields.) ote9, 

supplies, ctc. 
Usually a caution note will be sufficient. 

Bvlg~tiO 
surface navigation. 

ener~li’e d should be called a bank. 
1601ete 

avoiding specific mention of each shoal spot unless there is a very definite reason for it* 
shoals, the outer part of a general shoal area, or an especially dangerous part may be considered Zztlb 

charts, except to mention it in a general manner or as a caution t o  the navigator, 

rivers. Describe, giving characteristics, such as height, color, wooded, sandy, cU1tivstedJ of inforfie tiop I t  
Also give the appearance from seaward of land, points, islands, and rocks. This kind 
should be very carefully evaluated as to  its value to  the navigator and should not be &’en 
has such value. *cer 

SIGNALS, SPECIAL.-This refers to such signals as those for a doctor, a fireboat, 
Where these are used, describe them. 

SILENT ZONES.-(See Fog signals.) 

Publish any special rules or regulations of a permanent nature affectlllg ” 

a de*Ber SHOALS.-The term shoal should be limited to a detached area which constitutes 

d, A detached area whose least depth is such that it is not a danger to 
(See also 1682.) 

A series or group of shoals should be considered together; the description should be 

the exceptions. In describing shoals, there is no need to repeat information clearlY Describe shown 

effects, if any. Describe local phenomena, such as jellyfish shoals. (See Kelp.) egoePt 
SHORE.-The term shore refers to  the narrow zone of land fronting any body of weterr bold’ 

&@ 

eto, 
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REFLECTION.-Note and describe any places where this may be used to advantage 

tan pUNDINGS.-Describe e the character of the slope of the bottom and whether soundings 
Note 

special submarine features, such as valleys, escarpments, etc., that may be useful as submarine 
off points and headlands note danger curve or sharply defined depth curves that are 

Where the character of bottom is of value to navigators, describe 
much detail as necessary. 

be 8TANDAIiDIZATION.-So far as possible the methods used in writing the Coast Pilots should 
h$:ndardized. Much time can be saved both in revising the Pilots and in preparing Supple- 

’ ‘‘ all the Pilots are written in the same manner, as outlined. 

In “vlgation. 

on to warn of the approach to danger or to enter ports in thick weather. 

in rounding such features. 

STARBOARD.--(See Port and starboard.) 
AND LAUNCH SERVICE.-In isolated regions, all information available about 

fteigGhamer or launch service should be given. Describe the kind, whether passenger, automobile, 
Any variation in service in the different seasons of the year inust be include& 

b SToRAGE.-If available, state the kind, whether covered, open, general, or cold. Are there 
If small-boat storage space is available, give the size of the largest boat handled. 

f&,STonM WARNING DISPLAY STATIONS.-List in appendix, and also note in place in text. 

thaiF:LE hlANUAL.-This is issued by the Government Printing Office, and contains rules of 
of Many examples 
k l a o u n d i n g ,  phrasing, abbreviations, etc., are given and the writer should familiarize himself 

Only, or combined. 

warehouses’? 
e 

there are day and night displays and if small-craft warnings are displayed. 

ce governing the preparation of manuscript, and the correction of proof. 

It and use it as a reference book. 
BELLS.-Note and refer to Light List for details. 
sc the Symbols and Abbreviations chart, published by the Bureau (see 

bithPABLE O F  CONTENTS.-The writer will find it advantageous to preparc a table of contents 
chafi numbers, chapter by chapter, before writing the different chapters. 
where the chart diagram is at all complicated, the areas covered by the largest-scale charts 

be outlined in colors on a copy of the small-scale chart which is tho subject of the chapter. 
(8 P4Bbf3.--AU tables, except for Directions and sometimes for bridges, should be in the appendix. 
(ore:pndix in 9135B(5).) In  one of the Field Record Books a definite section should be set aside 
the 0k.Fmblage of tables for the appendix. So far as possible, the tables are to be prepared in 

I ‘ and verified in the field. 
manuscript, each table must be shown on a separate sheetwithout any of the text appearing the 

.rrDEs AND CURRENTS.-Practically all the information relative to tides and currents is 
All additional information obtained in the field 

t a t i 3 m a t i o n  on tidcs and currents already published on charts and in tide and current publi- 
i@p References to these publications are 
%J(!‘ant+ If information is of special value, a general statement should be made. Peculiarities 

Port or place being described is one of the standard ports for which daily predictions &re 
&te If there 

Publications by the U. S. Coast and Geodetic Survey, such as books 6r current charts, 

“pal?  shoal areas, especially in enclosed waters, give the variation of surface level due to storms and, 
ib8 develop a relationship between velocity and direction of wind and the magnitude of result- 

Changes in surface elevation. 
’lQeS of change of current, etc., should be referred to the time of high or low water at a port 

tid:z.tides are predicted in the Tide Tables, because the reader is apt to be more familiar with 

‘ diWming tidal currents, use the expression ‘‘current’’ rather than “stream.” In  describing 
consider carefully expressions such as ‘‘flood current,” and “north-flowing current,” and  US^ 

sheet. This is a requirement of the Government Printing Offioe. 
’ 

by the Division of Tides and Currents. 
e referred to that division for approval before publication. 

sholIld not be repeated in detail in the Coast Pilot. 

‘‘‘01d b 

14egularities of tides and currents should be described. 

‘‘.the Tide Tables or Current Tables, that fact should be explained in the Pilot. 

with tidcs and currents a t  any locality, they should be described in the Pilot. 

“‘ that best and most clearly defines the condition. 
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Ofl 
Give velocity, direction, duration, and the  relation of time of slack current t o  that  of high $eg 

water. and and at other contractions of the fairway, across bars, in entrances, and in approaching docks 
piers. Also note the occurrence of rips, swirls, and eddies, and the  effect of wind and freshets in 
currents, and if flood or ebb current is ever entirely overcome. Describe fully all abnorm81t1?oth 
currents or marked variations from usual phenomena. The notes should covcr the entire *re8’tiddi 
inshore and offshore, and include all horizontal movements of surface waters, whether tidal, 2$i6ed 
or both. if 
in velocity, direction, and duration thereby, the variations produced should be determ relationshi* 
possible, their relation t o  the conditions tha t  produce them given-for example, the 
between the velocity and direction of the wind and the velocity of the current. .hid 

A general discussion of the wind currents on both Coasts is given in Chapter 1 of the p i l o t t ~  di9 
is standardized. Local wind currents may be described in  the text under local h e ~ ~ f - h o u l d  be 
cussion of offshore currents and general coastwise currents in  the area covered by  the P1l0 
included in Chapter 2. 

All current velocities should be expressed in knots. 
T I D E  RIPS.-Give location and limits, and conditions of tide, wind, and sea which 

T I M E  SIGNALS.-These are described in sufficient detail in Chapter 1 of the 

Note directions of currents with reference t o  axes of channels and openings through 

Where the currents are due to  winds or other meteorologic cause, or are greatly 
iDed and’ 

t h e g  
these 

Ally 

places displaying visual time signals should be noted in the text. fedi‘ 
yered 

by oil truck and put  on board vessels, givc quantity available, and  rate of bunkering. (See 

Bearings and courses.) ,ad 

or make them worse. 
conditions. 

Give warning if they are dangerous under certain conditions and define 
If i t  is possible t o  avoid them, describe how t o  do so. 

TRUCKS.-If there is no railroad siding on the wharf, state if trucks can be used. 
ties for handling freight, and whether i t  is hauled by truck t o  and from port. If fuel can be 

T R U E  COURSES AND BEARINGS.-Only true courses and bearings are to  be given’ 

TOWBOATS AND WRECKING EQUIPMENT.-State whcther towboats are avrtileble ’ 
if they are used for docking or mooring vessels. I n  the text and in Chapter 2 of the u:diive 
paragraph headed “Towboats and Wrecking Equipment,” so tha t  both items will be Lor@ 
the  ports at which towboats and wrecking equipment are available, including such items * this 
power of towboats and the kind of wrecking equipment available at the different Pl@c@’di:,fflilb 
equipment is available at a number of ports in the region, i t  may be tabulated in the app 
references in Chapter 2 and in the text. 

fie‘ 
two routes in the  Directions, one for entering, and one for leaving. Par t  of the Directions for]aoe6J 
York and for Boston are  now in this form. 

OP 
UNCERTAINTIES.-Whcre there is uncertainty regarding the correctness of statements ’‘ 

estiofiziot 
the If considered worth whilc by the Ofice, such information may be entered in 

Usel 
for boilerGiye 

and for drinking; piped t o  wharves and floats, or delivered by water boats; quantity av5i1ab1e’ 
the maximum rate at which water can be delivered t o  vessels. Give the upstream limit s f  ”lt fresh 
at different scasons or under various conditions. State whcther overboard water is suficlentlY 

be for  drinking or for boilers and if i t  is used for these purposes. 

be important, and include in Pilot if worth while. 

recoppepd TWO-WAY COURSES.-In areas where traffic is congested, it may be desirable to 

other p Before recommending two-way courses for 
study carefully the information available, and obtain the approval of higher authority- 

tained in interviews, they should be forwarded to  the Office with an explanation and a 
their value. 
as  a report rather than as a fact. 

WATER.-Give the  following information on this subject: whether i t  is suitable 

that IDeY WEATHER.-Obtain information in the field on any local peculiarities of weather 

Chapter 2 should contain a description of the weather and weather abnormalities 

in theip fib0 
ID 

WH ARVES.-The depths at diffcrent wharves in  the‘ principal ports are given 
Corps of Engineers Port Series. The accommodations at such ports must be menrgi$g, 
Pilot, but the  descriptions can be more generalized if they are  described in  the PO flh&rVeg 
a n y  case, the maximum draft that can be accommodated at a port, and the depths at thoseis reBdil’ 
and floats used by  the public must be given. 

&lishe ,bljsb 
available eIsewhere should not be incIuded in the  Pilot. 

p in the Pilot. 

,hioh 
found in the region covered by the Coast Pilot. u. 5. 

Detailed information of this kind that 
d Only 

Descriptions of the  wharves at many small ports, and the depths alongside, are P 
It is important t o  get such depths, reduce them t o  the  sounding datum, 
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theu 
able z ~ p  depth at ( G U C ~  a) wharf was (80 many) feet in (July 1940).” Also give length of avail- , storage, and transpodation facilities, cargo-handling gear, fueling facilities, information 
about Bupplies, power connection, water, etc. 

3 The Pilot must be written primarily for,the convenience of the majority of its Users. If the psis an isolated one frequented only by small craft, such as those used by fishermen and yachtsmen, bp descriptio1ls of wharves, floats, sild facilities for such craft must be included than would 
required for a well-developed section where the existence of these facilities lnay sometimes be 

of a Regardless of source, the date of the infornlation must be considered, and if the informcttion is 

there Wharf is reported to be dilapidated or in ruins, consider the advisability of giviWJ the date if 
It is important to note old piling that lnay be a 

‘enace to navigation. 
hllNDS.-Express in nautical miles per hour, and points true, or give force by Beaufort scale. 

~ ~ ~ ~ C I ~ 8 . - I n f o r m a t i o n  regarding the occurrence of wrecks is often of value. Iriquirics must 
isasters9 and thc cases investigated to determine the various causcs coiitributing in any way to nlarine 

b * such as little-known currents, inadequacy of aids to navigation, mislcadirlg or deceptive 
t:ttou relief in approaches, shifting shoals and channels, imperfect or inadequate charts. In general, 
%lid b of wrecks can be treated in Chapter 2 of the Pilot to very good advantage, although mention 

e mado at the proper places in the text where there appear to be an unusual number of wecks, 
that the re are unusual dangers. If there is a natural reason for wrecks in any locality, 

it, and state how to avoid those conditions. 
setibhlreCks that arc of importance to the navigator, either as dangers or landmarks, sliould bc de- 

Do not describe those that will be removed before the Pilot 

iFgeab le  type, it must be of recent date or be checked. 

PPears to be a chance of repairs being made. 

* 

“,In a8 much detail as warranted. 
PubbBhed. 

917. NOMENCLATURE AND TERMINOLOGY 

~bbrewia2ions.-Abbreviations must agree with those in use on the cliarts (SCC 9 b 0 1 S  and Abbreviations chart, fig. 189). For furtlier reference, use the Govern- 
?? ‘tYle Manual. In case of uncertainty, comply with the rules given in tlie latest pori of the “ b c r i c a n  Standard Abbreviations for Scientific and Engineering Terms,” 
ahphlet No, ASA.Zl0.1-1941 (Library No. 503 A 51). 

Sty] cuPita&ution, compounding, and punctuation.-In general, the rules given in the 
e MVfanual may be accepted as final authority, but in some cases, Webster’s New 

ernnational Dictionary, and other authorities must be considered. 
Piop~3&tions.-“A Glossary of Sea Terms,” by G. Bradford, is a reliable reference 

1~p22kr~inology.-The following terminology is in use in the Coast Pilot Section in 
I ]iaC Capitals and lower-case letters are used as  in tlie examples. Obviously such 
can %not be complete, but the corrcct usage with respect to terms not included 

determined by analogy. 
boulder buoys-continued. 

CeOrgetown Harbor breakwater lighted buoy 
bridge; Brooklyn Bridge; the Pennsylvania 

h i h a d  bridge lighted whistlc buoy 

Georgetown breakwater  ; lighted bell buoy 

lighted gong buoy 

lighted trumpet buoy 
red buoy 

a building; Whitehall Building 

bell buoy trumpet buoy 
black buoy vertical-striped buoy 
fairway buoy whistle buoy 
Gedney Channel bell buoy church; a church; St. Philips Church; St. 
Cedney Channel lighted buoys 
gong buoy close to (hyphenate only when used as an 
horizontal-banded buoy adverb) 

Phillips Church spire 
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close aboard 
Coast Guard 
Coast Guard station 
coastline 
coastwise 
curve 
customhouse; Charleston Customhouse 
daymark 
deep-draft vessels 
deep-sea 
dock; thc dock; but National Docks 
extremity 
factory; a factory; but Commonwealth Shoe 

Factory 
fairway 
A agstaff 
foghorn 
fog signal; Point Reyes fog-signal station 
heave-to 
high water (hyphenate only when used as 

hotel; or the hotel; St. Margaret Hotel 
ingoing 
inshore 
International Code 
jetty (see breakwater) 
keep a sharp lookout, but look out for tho 

buoy 
I e ad 1 in e 
lee shore 
leeward 
lifeboat 
lifesaving station (in text); but U. 5. Coast 

Guard Lifeboat Station 
,light; the light; Owls Head Light 
lighthouse; the lighthouse 
lightship; the lightship; Ambrose Lightship 
low water (hyphenate only when used as 

an adjective) 
marine railway 
mast head 
mean high or mean low water-MHW or 

MLW (no apaces) 
mid-bay ; mid-channel; mid-river; midstream; 

midway 
molchead 
naval vessel 
navy yard (capitalize if specific navy yard 

is meant) 

an adjective) 

nearby 
north or northern, etc. (as adjective) 
northward, etc. (as adverb) 
off-lying 
offshore ,, pier 
pier; the pier; pier B; Commonwea" 
pierhead 
pierhcad line 
pilothouse 
pilot vessel point 
point; the point; Point Blunt: &fontauk 
quarantine station 
radiobeacon 
radio direction finder 
radiogram 
radiophone 
radiotclegram 
radio telegraph 
radiotelephone 
R.A.R. 
r. p. m. 
railroad 
range lights 
Bandbank 
shipboard 
shipyard; Lawley Shipyard 
shoreline 
stack (use rather than chimney) 
Standard Oil Co. 
steamer 
steep-to 
Submarine Operating Area 
tidal bench mark 
tide station 
topmark 
towboat; water boat; pilot boat 
upturned 1 ,mall 
vessel; steamcr; sailing vesse ; tesd of 

waterfall 
water tank 
weather-bound 
weather shore 
wharf; a wharf; Tillson wharf 
windward 
wire drag; (hyphenate only when 

oraft 

(and boats); (to be used ins 
bark, schooner, boat) 

Bs 

an adjective) 

92. PROCESSING OFFICES 

Proccssing Offices are cstablishcd from time to timc, and maintained9 
coastal cities conveniently located to project areas or to home ports of 
The Processing Offices are for the purpose of processing, in an orderly 
manner, field records of surveys accomplished from vessels, where there 
tunity fo complete the office work on board ship. The offices are under " 
authority of the Director. In  matters pertaining to the survey work 
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P 
( p g  office may be under tlie general supervision of the senior Commanding 

in the area or, if a t  a city which is a district headquarters, may be under the 
of the District Supervisor. 

921. PERSONNEL AT PROCESSING OFFICES 

io? O$icer-in-charge.-The officer-in-charge is assigned by the Director, usually 
r@cOQ Period not to  exceed 1 year. So far as practicable the officer is selected, upon 
kh Illendation of the Chiefs of Party whose records are to be processed, from those BU;?~ been employed during the preceding season on the field work of one of the 
fit The officer-in-charge 
‘ ’ ‘ON’ Processing O&xs acts as Chief of Party and handles dl accounts of his office, 

Payment of personnel, rent of office space, and miscellaneous expenditures. 
“ioqThe officer-in-charge &all bo directly responsible for the maintenance and oper- 
fill He is in immediate charge of all personnel assigned to the office, 
t0 P B r a 1  Property and instrumental equipment, and all records and data transferred 

lrn ‘Or Processing, and is responsible for the care and upkeep of the quartcrs occupied. 
P ‘: Additional oficer personneZ.-Whn practicable, additional officers are tem- 
?h Ora%’ assigned between field seasons-one officer from each of the survey ships, 
1 0 . ~ ~ ~  records are to be processed at  the oflice, except the ship from which the officer- 

o&’’!e officer next junior in rank to the officer-in-chargo acts as assistant to the 
er-ln-charge in the conduct of the Processing Office and is in charge during his 

bQC: serwice personnel .-Civil service personnel employed a t  the Processing 
bi, are appointed by the Secretary of Commerce upon recommendation of the 
d e!tor. They shall be employed, under supervision of the officer-in-charge, on 
g::gy Computation, preparation of correspondence, reports, accounts, and other 
Chap ‘Onnocted with the work of the offices, and will be responsible to the officcr-in- 

the work of which is to be processed a t  the office. 

Of his office. 

is transferred. 

ab%,, . 

for the efficient prosecution of the duties assigned. 

922. TRANSFER OF RECORDS 
chi ‘@cords of field wodc to be processed shall be trinsferred to a Proccssing Office ljy 
be sf‘ Of field parties under authority from the Director. Receipt of the records should 
h ‘CkhoWledged by the officer-in-charge on Form 413, Letter Transmitting Field . 
q$?ds, the original copy being forwarded to the Chief of Party concerned and a 
thatlCPte Copy being forwarded to the Director. After receipt by the oficer-U~-charge, 
to shall bo responsible for tho safelreeping of tho records until thoy are returnod 

b, thCopies of letters transmitting records to the Washington Office ~ h d l  be forwarded 

Pt Chiefs of Party, wliose surveys are to be processed, shall forward the records 
o‘ptlY during tlie season as the field work and the preliminary office work are 

$$tleted, in order to establish and maintain a regular flow of work to the Processing 

Qhali ik@Wise, surveys on which the office work has been completed at Processing Ofices 
‘@h foIwarded promptly to the Washington Ofice, or to tho Chiof of Pwty con- 

ed lor his inspection, in order to  maintain a steady and regular flow of sheets to the 

e 

‘ Processing Office to the Chief of Party who accomplislied the field work. 

of Party or forwarded to tlie Washington Office. 

r], 
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topokP* Washington Office. 
siirvey sheets, long after they have been completed cannot be tolerated. 

The practice of retaining survey records, especialb’ 

field 923. PRELIMINARY OFFICE WORK BY FIELD PARTIES 
The function of a Processing Office is to complete such office work OD oflNiflge the io 

records as the regular personnel of the survey party is not able to  c ~ m p l e ~ : ~  req&$ 
lack of time or personnel. 
special experience or special familiarity with the particular field operations $ork 
performed by the field party. Maximum efficiency will be obtained If ,$@f5 
transferred to the Processing Office is of n general routine nature. TO this ‘ worl< bOfofS of Pnrty shall make every eflort to complete at  least the following office llofl@; transmitting field records to a Processing Office. These requirements, fluc 

as should not be considered as preventing a Chief of Party from completing 
more of the office work as time and personnel permit. 

In  general, all preliminary work of a n a t a  sllall 

9231. Hydrographic Surveys to 
o,ou&lJ’$ a. Sounding Records.--The Sounding Records shall be csamined th 

ensure that the record of thc field work is clear and complete (see 3257 a~~~ 
corrections to soundings, such as tide reducers, velocity corrections to echo 
and corrections to  compensate for an error in the apparatus, shall be 
checked (see 822) ; but the soundings need not be reduced. 

complete, that all essential notations are clear and that nonessential notation 

:$id$ 
cntdod ’ 

b.  Boat sheet.-The boat sheet shall be examined thoroughly to 

Sd deleted (see 3257). be ODtor 
c. B o m b  Records.-The velocity of sound for each R.A.R. distance s ~ ~ D 1 l o e s .  (sO’ 

and checked. The R.A.R. distances need not be reduced to plotting dl 
8311.) 1ocatte buog 

d. B u o p  positions.-All traverses, astronomic sights, and othcr data t.O. shal! od 
shall be computed, ndjusted, and checked, and a lisl of final buoy P o 9 ~ ~ ~ ~ e r &  
furnished, except for buoys located solely by cuts, whose positions are to 

Citf 
e .  Special reports.-All reports on special subject,s, such as echo soundings’ tra ver5” 

of sound, buoy control, Radio Acoustic Ranging, and taut-wire sun-azimuth 
shall be prepared. 

.f. Miscellaneous.-Kach survey shall be accompanied by notes for marl< D~ 
Report (385), including statistics (8431), and a memorandum listing 0fific0 dollc 

the Processing office. I n  this memorandum attention should be directed to ’%’ f l P  the office work that are not of a routine nature, or in which special dificu$yvlJ1~c 
expected, and all available information should be included that may be 
processing the records. 

by plotting on the smooth sheet. (See 832 and 8435.) vel0 

. tift’ 
D@Gdptb& (See 832 and 833.) 

has been done on the survey by the field party and the work remaining to be eg of 

9232. Topographic Surveys bod- 
a. Inlcing.-The shoreline, station symbols, and all off-lying features hall b;e$@ 

Appropriate notations shall be uddcd lightly in pencil to guide in inking 
that require special care, or to explain any Eeaturcs that might be misinto@ retedjttdd 9 

b.  Descriptive Report.-The Descriptive Report shall be prepared an d sUbfl 

final form and approved. 
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9233. Triangulation 

4 The tdangulation record books and triangle closures shall be checked, and prelim- $2 lists of directions prepared and checlced. A rough sketch of the scheme, coni- 
and to scale, sllall be furnished, supplelnented by clarifying notes whera necessary. 
Ptions of stations and recovery notes shall be prepared, at least in pencil, lnalring 

'eEcpi 

that all dista nces and directions to  reference niarlrs are included. 

9234. Tide and Current Records 

otlierwise instructed, chiefs of field parties shall forward dl tidal data and 
*'.Of current observations directly to tho Washington Office. AS tido reducers 
tideoPdrnarily be entered in tlie Sounding Records and clieclrcd by the field parties, no 

records will be required by tlie Processing office. 

9235. Miscellaneous Records 
A hi-~ishCol)Y of the season's progress slietch, and the sheet layout if available, shall be 

?iscelhneous data not liuving a direct relation to  the hydrographic and topo- 
@c surveys, sucllas inapetic observations a i d  the like, should be processed by the 

party and forwarded directly to the Washington Office. 

'd to the Processing Oflice. 

924. COMPLETION WORK BY PROCESSING OFFICES 
Qeld records will or.dinnri]y b'e transferred to a Processing 0ffic0 by chiefs Of field Pastics - The Processing Office s h d  

~ ~ ~ t ~ 9 u e  the ofice work to t11p extent usually required of field parties before transmitting 
%&s:Fds to tllc washiligtoii Office. In goiicrd, work to be performed by the Pro- 

all preliminary work has been completed. 

' Oace  will incluc~e t ~ i e  following steps. 

9241. Hydrographic Surveys 

(') The reduction and checking of the soundin, ns in the Sounding Records. 
construction and inking of smootli-sheet projections, and the plotting 

'"Q of the control stations. 
('I Plotting the positions of the soundings-the three-point fix and R.A.R. positions. 
(' PenciZing the soundings. 
(e) ' tho geographic names in pencil. 

preparation of the title sheet (Form 537). 
(') %e completion and writing of the Descriptive Report. 

9242. Topographic Survqs 

') Inlcing the projection, inshore details, vegetation, and other details not 
( 

(*) Lettering the geographic names in pencil. 
('I The preparation of the title sheet (Form 5 3 7 ~ ) .  

b( j b ) .  

the depth curves in pencil. 

&id. 
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9243. Triangulation 
the 

(a) The preparation of typed copies of the lists of directions furnished 

(b)  The computation of triangles and positions. 
(c) The preparation of typed lists of geographic positions. 
(d) The preparation of a sketch of the scheme. 
(e) The preparation of typed copies of the descriptions of stations and re 

(j’) The preparation of a report on the triangulation. 

field party. 

,OVOrJ‘ 

notes, from notes furnished by the field party. 

9244. Miscellaneous Work 
ShfJ 

When specifically authorized by the Director, or when the officer-in-charg:j the 
determine it to. be practicable without interfering with the processing W($&y. 
office, boat-shect projections may be prepared a t  the request of a Chief 0 

925. INSPECTION OF OFFICE WORK BY CHIEF OF FIELD PARTY 

Completed hydrographic smooth sheets with their Descriptive Reports ry forwarded by the Processing Office to a Chicf of Party for his inspection W h z e f l s  11, 

quested by that officer, or when the officer-in-charge of the Processing ofice party# 
advisable to call some questionable features to the attention of t,he Chief Of tho 
If further office work on a survey is considered degirable by the Chief of @e&’’’ 
sheet and Descriptive Report shall be returned to the Processing Office. by tho the sheet and Descriptive Report shall be forwarded to the Washington office ,059’ 
Chief of Party, and a copy of the transmitting letter shall be furnished to the p;5rhY, 
ing Office. When a sheet has been inspected and approved by the Chief Of 
he shall indicate this fact in the Descriptive Report (see 8437). 

5y be 

artYJ 

926. ACCOUNTS, REPORTS, AND CORRESPONDENCE 
arter9r 

a. Accounts.-For Processing Offices at cities which are district heaf$,,ssiog 
the District Supervisor shall make all disbursements. &dl p” Offices shall be kcpt separate, and a separate statement of allotment balances ec~fi  
submitted for the Processing Office. For other Processing Offices, and When:&f of 
cally so instructed by the Director, the officer-in-charge shall be bonded as a pep Party and as such, shall handle all accounts of his office in accordance with th 
lations and instructions from the Washington Office. *tted OP 

b .  Progress reports.-Reports of progress on office work shall be sabrn1 and 
the first of each month to the Washington Office, using Forms M-961, &f f o r P  
M-963 in accordance with 8514 and the instructions a t  the bottom of each tilt 
Duplicate copies of these forms shall be forwarded to the District Supervisor 

or policies of the Processing Office, the officer-in-charge shall correspond directlyori~i’ 
and receive instructions from the Director. Copies of all such correspoadeDc0 C o p  
nating a t  a Processing Office shall be forwardpd to the District Supervisor or the to 
manding Officer supcrvising thc office work on surveys. On matters Pert$Etfld 
specific surveys and records, the officer-in-charge shall correspond directly ,do tho 
receive instructions from the Chief of Party concerned, or with the officer Who 

The accounts of the 

,962, 

or 

Commanding Officer under whose general supervision the office operates. 0rk 
c. Correspondence.-In all matters pertaining to personnel and the g ~nera’ $ith 
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‘ b e  
@r y. Ordinarily, copies of .such correspondence need not be forwarded to the 

‘sh”‘gton Offkc nor to the District Supervisor. 

93. HYDROGRAPHIC SURVEYS AT THE WASHINGTON OFFICE 
931. RECEIPT AND REGISTRY 

tjohThe Surveys Bran& of the Division of Charts is the custodian of all llydrographic 
111’ ey sheets and Descriptive Reports. All Sounding Records, Bomb Records, and 

aceua~eous hydrographic data are in the custody of the Library and Archives. 
data from the field are received in the Library, where each item is checlred 

“a‘st the trnnsmitting letter (Form 413) and stamped with the Bureau property i:Qp* Receipt is aclsnowledged by the Chief Clerlr of tlie Bure‘au. All tlie data are 
@‘ forwarded to t,he Surveys Brnnch where each survcy is assigncd a registry number ‘‘642) 

th This registry number is stamped on 

:h e 
sheet, Descriptive Report, Sounding Records, Bomb Records, and all 

Or miscellaneous records and reports pertaining to the survey. ?’he Sounding 
k p d s ,  Bomb Records, and otlicr miscellaneous data are then rcturncd to the Library, ere 
E Sounding Records are then forwarded to the Division of Tides and Currents 
OF verification of the tidal plane of rcferencc (sounding datum) (see 9323). 
’ 0, *” bdrograpliic smoo tb  sheets and original topographic survey sheets are storod 
th ‘Soproof vault convcniently located in the Surveys Branch. Adjacent to the vault, 

lS Qintained a file of charts, known as diagrams, on which tho limits of the sur- 
%’s ”@ outlined. Every survey ever made by the Bureau is indicated on tlicso chart 
diogmQ. This file of charts serves as an index by area of the surveys. 
d’ As Soon as a hydrographic survey is received by the Survcys Branch, its area is 
lbgrabmed on the proper chart diagram. 

list At the time the survoy is diagrammed, a clieclr is made to see whether the data 
ed on tho last page of the text of the Descriptive Report (8422) have been received in ? ‘Rice. A statistics sheet ( 8 4 4 ~ )  on which are listed the number of Sounding pds, Bomb Records, etc., is inserted in the Descriptive Report. The Descriptive 

G P O r t  is exnmincd by the Chief of the Surveys Branch, the Immediate Attention 
tQ eQOrandum (1’ iorm M-238) is inserted, and the Descriptive Report is forwarded 
$ Other  Officials in tlie Office for immediate attention to any pertinent information 

932. MISCELLANEOUS OPERATIONS 

9321. Verijiiation of Geographic Names 

and is recorded in tho register of surveys. 

are given accession numbers and are classified and rccorded. 

4ta1n0d therein. 

a4 colnplete sot of nautical charts of late date is mainbained in tlie Surveys Branch 
kt All names for which tlie U. S. Board on Geo- 
a,aphlc6l Names (see 167) has rendered decisions are identified on these cliarts, and 

Other names are investigated in connection with the survey sheets they are approved % th 

4 r.3rrnanent and complete record of the investigation of the geographic names $*bed on ITorm A-712, filed by area. Each copy of tlie form is for the names 
4 * Each named feature 
atidentified by latitude and longitude, and the sources on which the name appears 

@ ltsted, such as the surveys and charts of the Bureau by numbor, the Coast Pilots. 

Fftandard of geographic names. 

esO standards for charting. 
* I  

area of 6 minutes of latitude by 6 minutes of longitude. 
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Board On the Light Lists, and other federal surveys and maps. 
Geographical Names are identified, and any alternate nnmes found are listed. of 

The geographic name list included in the Descriptive Report (see 8433)aaes on 
hydrographic survey is checked against the set of chart standards and alla:,d are, at 
the list, whose spelling and application are exactly identical with the stand beln& 
once approved for inking. All others are investigated before approvd ”’ 163 
made of the special report on geographic names submitted by tlic field party ($:”” 
and 856) ; or they may have to be submitted to the U. S. Board on Geographical 
for decisions. 

Decisions of the U. 

9322. Title and Geographic Names Inked 
ttncllod t; 

d 
All names which have been approved on the geographic name list fi 

the Descriptive Report, are inked in black on the smooth sheet by one person 
to that work, using a mechanical lettering set. At the same time thc title is d 
on the hydrographic sheet, from information on tlie Title Sheet (8412) , using 
form and template. The result of this procedure is that tlie promillent letter’’’ 

and those on all sheets is of equal quality and appearance. 
All names applied to hydrographic features are inked in slanting letters ined 

applied to topographic features in vertical letters. Sizes of lettering are deter’n 0 
names Or Of by the relative iniportance of the features named. Where convenient, the 

kept Out d 
the Sounded 

placed on the sheet as they appear on the chart, except that names ore 
the sounded area so far as possible. Any namcs which must be placed in 
area are left in pencil until after the soundings have bcen inked. the lines Of to be read from the south and as many as possible are lettered parallel 
latitude. 
pound curve-never a reverse curve. 

i n j l ~  

a StandE‘ 

All names are 

a Those which cannot be lettered in a straight line are lcttcred along 
(See also 787.) 

d 

Currents checks the plane of reference for each tide station used in the rercli.ipa~Y 
soundings. 
plane of reference differing by more than 0.3 foot from the final adopted P’::. lliD the 

defined limits, only a selected few of the reducers entered in each day’s worlc arc 
The reduction of the soundings is not ordinarily checked in the Office. 

to the Surveys Branch for insertion in the Descriptive Report in place of 
tide note. (See 8432 and 844c.) 

impressed on the inside of the back cover of each volume of the S0unding.R 

9323. Verifiation of the Sounding Datum 
Tides On receipt of the Sounding Rocords from the Library, the Division of duction Of 

reduction of the soundings is made. If the plane used is found to be correct c~lecl~cd, 

,@P is 

If the survey party, in reducing the soundings, has used a P 

Form 712, Tide Note for Hydrographic Sheet No- - - - - - , is filled out and 

To indicate that the plane of reference lias been verified, an approval 
ecords. 

bee0 
bas i p d  

of 
gor1‘ 

offioO od 

933. VERIFICATION OF I-IYDROGRAP~IC SURVEYS 

After a hydrographic survey has been received a t  the Washington Ofi;:’.. ver 

Theyerification of a hydrographic survey consists of a thorough ex8 

registered, and the various steps mentioned in 932 liave been completed, 
and the soundings are inked by a cartographer. rnioatioP 

the survey data as submitted from the field to ensure that all phases of tll>ao,&l fi 
have been completed in accordance with chapter 7 of the Hydrographic 
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‘nY other specific instructions. Subsequently the soundings, ’bottom char- 
acteriistlcS, and other details in the sounded arca are inkcd and any deficiencies are 
“hdied, 

( It imperative that Jiere be no duplication of work by tlie verifiers and rcviewers 
934). The verifier’s duties are with the present hydrographic survey and its 

?;QpanYing records, and with correlating it to otlier contemporary surveys- the 
“graphic survcys with which it makes a junction and the contemporary topo- 

graphic 02 air photograpliic survey. When the verifier completes his work, the survey 
be a complete and accurate record of all hydrographic information currently 

That is tho function of tho reviewer (see 9343). 
J any matters pertaining to the review that are noted during the verification 

she ’hilo drafting of tho quality found on charts is not requircd in inking hydrographic “’ must be no sacrifice in accuracy of any important details on the sheet, nor ‘ll th 
t e legibility of tho soundings (see 721). Soundings particularly should be unmis- 
hYd akablJ’ legible and they should be inked in accordance with 773. Notes pertaining to  
I rographic features should be in slanting letters and those pertaining to topographic 
e‘t11res in lTcrtical letters (sce 781). 

kh 
li verifier should be thoroughly familiar with chapters 3 and 7 of thisMnnua1, 

requirements for field work and for the preparation of the smooth sheet are 
93:; In his verification he is to be guided by tlie instructions in 9331 to 

inclusive. No hydrographic smooth sheet is to be considered as verified until 
’Ch:q‘-hments and instructions have been complied with insofar as practicable. 

kith 

area. The verifier must not consider the present survey in its relation 
s in the same locality. 

be called to the attention of the reviewer on Form M-99G. 

detail. 

“hcdule of penciled and inlied details in 792 may bo used as a check list. 

9331. Boat Sheet and Records 

khee:he Descriptive Report should always be consultcd before any work is done on the 

l ~ p 1 A ~ e  boat sheet should be refarrod to constantly during tlie verification, particu- 
abpDl 

The boat sheet ofteu contains 
hke$QQtal details and helpful notes, some of which, after being edited, should be 

0 ” ~ 0  Sounding Records contain no data that are not essential to the complete and 
i@e plotting of the survey. Every miscellaneous entry in the Record, ospecially 
f.ae @ *‘RemarkspJ column should be noted and checked with colored pencil. In  many 
UQ: the only information available regarding rocks awash, which are often of supreme 
CQg rtance, is found in the “Rcmarlcs” column. Always consult higher authority in 

original entries in the Sounding Records are always made in black pencil. 
endQ@nts in colored pencil by the person who plotted the sheet should be considered 

by tllc verifier but, as they are often made months after the date of the field 
jlp“t’ Verifier should use independent judgment as to whether the amendments are 
%\r stl‘ed. More weight should be given to amendmcnts made by a mcmbcr of the 

$0 ”‘e verifier should cbeclunarlr with colored pencil all positions that he verifies, 
fop He should use the same color 

’ as it frequently contains vital information. 

check tho accuracy of the protracting (see 767). 

On the smooth shcet (see 3212). 

the required action is not entirely clcar. (See 815.) 

;a 

Party. 

a diff erent color from that found in the Records. 
40tations that hc malies in the Record. 

4w32-p4--66 
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kOD’a& I n  generd the verifier will not need to consult records such as deed-rec 
of SOllDd’ abstracts, astronomic data, and Bomb Records; or special reports on velocitY 

Radio Acoustic Ranging, or taut-wire sun-azimuth traverses. 

9332. Protracting 
t e ~ a l s  Of The mota1 protractor should be chccked before beginning work and fit in 

I n  checking protracting, consideration diould be given to the quality of work.oD 

,oflIllateJf 

a month or so thereafter (see 4533). 

sheets previously verified, which were plotted by the same person or under the accuratO 
of the same officer-in-charge. flitb 
and carefully done, the amount of checking should be held to a minimum: 
no guide to the probable accuracy, the verifier should begin by verifying aPP of 

17& 
the plotting is satisfactory, thereafter he should verify the protracting in the follofl 
cases only: 

Where these have been found to be uniformly 

10 pcrcent of the positions and, after convincing himself that the general accu 

7771). 
(a)  Where p(isit,iuris differ appreciably from tlic boat xhcet (sec 7671). 
(b )  Where the depths at crossings or along closely adjacent parallel lines diffor (see beeD 
(c) Where there is reason to  suspect, when inkiiig the  soiindings, ttint, a positiol’ 

( d )  All detached positions serving t o  locate critical soundings, rocks, or buoys (see 766)&30~rd’ 
(e) Positions tha t  cannot be rccoriciled with thc time interval or course in the Solllid?g dlgerencO ip 
cf) Adjacent positions, where other checks fail t o  reveal the cause of an excessive 

I n  all cases the boat sheet should be compared with the smooth sheet* 

erroneously plot,ted (see 774). 

If t P  

,,,ad% by 

depths at a crossing of sounding lines. 

l i ~ 0 S  survey is not so complicated as to malic it impracticable, a tracing of tlmsOun ding @Dy 
on the smooth sheet may be made and superimposed on the boat sheet to 
differences in protracting of the two sheets that should be verified. 

ordOd 
the person who plotted the smooth sheet, or they may be due to errors in 

reveal 

Errors in plotted positions may be duo to careless protracting or mistake 
the rec 

data in tlic Sounding Record. This byp0 A metal protractor out of adjustment will result in errors in positions. 

Thc three-point fix may be weak or almost indeterminate, as where the p 

Many of the errors which may occur in the recorded data are discussed “ 

The Imwiled soundings are to be considered as a guide only. Every S.oun$tgt;l’ 

the sheet shall be checked against thc Sounding Record or the fathogram to the 
t h e  it is inbed or afterwards. The cartographcr must also pay particular l$ou,diDg9’ 
spacing as indicatcd by the intervals bctwecn the rccorded timcs of the sp@olflg 
The standard spacing dividers should always bc used for this purpose. 
soundings the instructions in 7721 shall be followed. 

3454 and 7682), to variations in thc speed of thc vessel (see 3351, 3461, and 
to variations in course between fixed positions (see 3352, 3463, and 7672). 

of error can be detected by the approximate uniformity of the errors. 

lies on or near the circumference of the circle passing through the three 

ositi~fl 
(a 

,tf%tloDS 

revolver) (see 3332). 34141 

3416, 76248, and 774. 

9333. Soundings and Bottom Characteristics 

eed 

9 P0 d turn @fid Spccial attention should be given to tlic placing of soundings aroun 7721), 
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' character of tile i&d soundings shall he in accordt~nce with the instructions 
" 773- Soundings in fractions or decimals sliall be in accordance with 7713 and 7714 

51rall bc inlced in accordance with 7734, but which fractional soundings aro to be 
!'Bd be decided a t  tho tiino of verification. Minus soundhgs shall be inked 
;" Speoial attention must bo paid to ensure that the 
east is plotted on all shoals and dangers, and in accordance with 7753. 

all recorded soundings cannot, or need not, be plotted, and where soundings' 
are talcen from fatlIograms, selection shall be made in accordance with 7725 and 7726. bh th ere the soundings are from fathograms or where some of the soundings recorded in 

e Sounding Records are omitted in the inking, a notation should be included ih the 

' a* Erroneous soundings.-These may be due to errors in tho recorded depths, errors 
the soundings, or the soundings may not be in their true positions. Owing 

' the fact that tlicre is little opportunity to check the various field operations as they 
Perfornod, tho verifier of the smooth shoet must watch for all abnormal soundings 

Examples are: depth curves out of harmony with others 2 the locality; bad crossings; shoal soundings where none sllould bo expectcd; deep 
"dings in shoal areas. 

d The re- 
hct'?n of all suspicious soundings should be checked. Soundings talcon with an inclined 

l"d'u,e or wire arc always too deep ( S C O  3464). 
is diDisCl'epancies botwoon the soundings of ovorlapping survoys, or whero tho W O ~  
b stant fyom tho tide gago, may bo due to erroneous tidaI planes. Such cases should ' to tlie Division of Tides and Currents for re-oxamination. (So0 also 825.) 
'lot '* Bottom characteristics.-Bottom charactoristics sllall always be inked, but it is 
h nocossary to  ink all that are recorded, and a judicious selection is roquircd. 

e bpttom charactoristics of outstanding shoals should always be shown. Wlmre echo ipdl% has boo11 Used, it may bo ncccsstlry to carry bottom charactoristics forward '' Prior surveys (900 3842). Tho symbols of part "0" of tho Symbols and Abbrevia- 
tloQs Chart (fig. 189) shall be used, and shown in accordsnce with 3843 and 783. 

with 7715 and 7735. 

' 0  the sheet. 

constituto errors, 

The Various causos of orrors in rocordod soundings are discussed in 774. 

9334. Topography, Rocks, and Shod Areas 

The shoreline sl1ould always be shown on inshore surveys. It is desirable, although 
(So0 751.) Slrorolho revised 2 the hYdrographer or originating with the hydrogrnphic survey should bo inked in 

CC'Pdance with 753. 
'OQtcnnporary topographic surveys are tho source of the shorelino, most of the 22 stations, and many of the rocks on hydrographic shrets. They should be ex- 
'd for roolrs, ospocially rocks awash, which may liavo bccn omitted or transforrod 

I' errOp- Such of these as appear authontic should bo placed on tho sheet. The 
6gr,@aDhic survoys are also tho source for tho low-wator line whero tho hydrographic 
blIsQ ?'fails to define it with zero soundings. Tho air photographic surveys should 
it, The low-wator h o  s h d  bo inltod 

4CCopdanco with 754. 
bb 'hod areas that are covered a t  low water but that have not been sounded should 

o u t l b d  with a black dash lino and appropriately marked. These occur infre- 

to have tho sliorolino on offshoro survoys. 

examined when drawing low-water lines. 

qbe"tly. 
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a. Symbolization of roclcs.-Rocks shall be symbolized on hydrograp11ic 
accordance with 7823, reefs and ledges in accordance with 7824, and other rocky 
in accordance with 7826, and the elevations and notes accompanying them 
according to 7825. Adjustments between topographic and hydrographic 
be made in accordance with 7827. 

Without exception, where a sounding, surrounded by deeper water, (36 )  
zero and tho notation in the Records is “rky” or “on rock,” tho rock awash sYm 
shall be used (see 78233). For emphasis, a rock constituting a monace to na$$$ 
may be symbolized by the rock awash symbol and accompanied by the notation. 

Where the notation 

data 

rodUces to 

a t  extreme low tides”, even though not in accordance with 7823. iiR]<” Of 
The correct notation for a rocky bottom is “rky”. as &niflg 

“ROclc,” has been used in the Sounding Record, it should be interpreted uBStiOP 
“rky”, unless the surrounding depths are much grcatcr than the sounding j?ik,, is to 
or a special explanation is placed in tlic “Remarks” column, in which case 
be appended to the sounding. 

Where a cluster of rocks awash is contiguous to the shoreline and doscriPbiveo~ 
arc g;ven for each rock, only those notes shall be inked that give the olevationsting of 
outermost rock and of tho higlicst rock. Where the reef is a detached one, oint 0‘ 
numerous detached rocks, or is continuous in character, the higllcst rock Or p ,Dd 
the reef should be described as well as such otli6r rocks or points as the imPOrtanco 
extent of the feature justify. shall 

The range of tide given in the report of t h o  Division of Tides and c11rreD? tllet 
be examined before being uscd to determine the heights of rocks, to malie Cert”ln 

it is based on MHW (and not on MHHW). 

9335. Adjoining Surveys t r d ’  
Where two surveys join or overlap, the soundings at  the junction shall ba 

ferred from one of the hydrographic sheets to the other. The purposes of .onctio~S, 
are: (a )  To permit a comparison to be made between the depths a t  tho J o i ~ b  
Where different methods, such as echo sounding and leadline sounding Or tll!e:$ 0: 
s?xtant fixes and R.A.R. control, are used on two adjoining surveys, a defect 
the methods is strildngly disclosed from a study of the overlap. It also Por$i+? 
junction of the depth curves on the two surveys. 
been left in the hydrography a t  the junctions. (c) To simplify chart construction‘ 

the traDSfe‘ 

( b )  To insure that no holidoy 

I n  effecting the transfers, tho following practices shall be followed: 
In  general, overlap shall be transferred from the smaller scale t o  the larger Scale 

I n  changeable areas, only hydrography from surveys of the same, the following, O r  

year, shall be transferred. is no 
In  unchangeable areas, contemporary surveys should always be transferred. Where thy;e ne’ 

contemporary survey, hydrography from prior surveys shall not be transferred except where thSt ’ 
survey is a resumption of a previous project, or where the project instructions specify d fibo‘ 
satisfactory junction shall be made with a prior survey. 

sbeOb* 
it whether such junction has been cffccted. 

If a transferred sounding falls too close to a sounding already on the sheet, omit the formersov~dl”g 
is an important shoal sounding, in which ease i t  should be shown and the less importent 

frog 

,,ding 1:40,000 t o  1:20,000). This usually means the transfer of fewer soundings. 

shot1’ I n  such eases the latest survey 

Soundings on a sheet must not be obscured by soundings transferred from an adjoinin$163s 
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OQitted* I n  gcneral tlic cartographer should be guidcd in omitting ovcrlapping soundings by the 

Do not transfer bottom characteristics from an overlapping sheet, unless the latter is to  be super- ‘@de& 

here comparativc soundings occur within tlie overlapping area, transfer only one of each pair 
Of “vc,, It is immaterial whicli one is transferred, but if it  is the vertical cast, omit tlic lettcrs 

I t .  Transferred soundings should always be in color. Red, blue, and grecri are the preferred colors. 
hO: Permissible to  use tlic same color for overlaps from two diffcrcnt slicets provided the slicets are 

For esamplc, red can be used for overlap at the top and bottom of a sheet. 

alld notation “JOINS H-- - - - J ’ s l i ~ ~ l d  always bc placed just outside the limits of the hydrography 
fpo:n the samc color as tlic transfcrred soundings. A similar notation should be placed on the slicet 

”hich tlic overlap was taken. Where adjoining surveys havc been registered but not verified, 
notations should be made in pencil. These notations should be made with the Leroy lettering 

aetl using NO. 100 template (slanting letters). 
‘Pundings from overlapping shects are t o  bc shown oiily t o  just outside of the limiting line of 

aoundlngs on tho principal shect. Where no actual overlap exists between tlic two slieets, only the 
‘learest line of soundings need be transferred. 
t t a c i p e r c  the scales of the two adjoining shcets are the 8anie, soundings arc to  bc transferred by the 
a Where tlic scplcs arc different and tlic lines regular, proportional dividers, or 

Projector, should be used for making the transfer. Thc cnds of straight portions of lincs cull be 
4ahsferr~d by proportional dividcrs and intcrmcdiatc soundings filled in with the spacing dividcrs 
@Ither from the sheet propcr or from t,lie Sounding Records. Where the lincs arc irregular a projector 

be used, or a pllotostat of that  portion of th r  slicct diould be made to  tlir drsircd scalc nnd the 
Roundin@ transferred by the traciiig-papcr method. 
pi wllcre an cnlargcnicnt of more than twice nccds to  bc niadc, the overlapping souiidings should be bpd directly on tlic slicct if the control is avnilaljlc. Otlicrwisc the cnlargcnicnt should bc made 
beiFjector ,  by photograpl~y, or by proportional dividers, ~vliiclicrcr is more ccoiio~nic, great care 

’hcrevcr overlap is transferrcd, the curves on tlic two shcctts should bc made identical in the ”erlap. 

hllere a sheet is surrounded by a iiuinbcr of slicets, always show all overlaps on one sheet, whrre 
pOaa!blQ to do so. Where thc scalc is the same on overlapping shc\cts the ovcrlap should bc placrd on 
the '"short sheet. 

rules as w11e n inking soundings on coinciding or closely spaced adjacent lines. 

Contiguous. 

g-paper method. 

taken in  such eases when using the lattcr nicthod. 

9336. Depth Curves 

The doptli curves sllall be drawn lightly in pcncil by tho  verifier in accordance with 
after tlioy liavo been approved, they shall be inked in t h o  standard colors given 

In general, all applicable curves given in the table 
be inked, oxcopt thoso marlcod “omit,” which are only to bo used where neoded 

All curves not. 

7’62 
“ 

27 in accordance with 7763. 

‘OkQd shall 110 erased. (So0 also 93423.) 
submarine relief that might otlicrwise bo ovcrloolted. 

9337. Confidential Sliects and Records 

ti4.1,,”1rv~y sheets and records of n confidential nature nrc plainly stnmped “Confiden- 
P4. They nrc kept in lockcd com- 

Etrnents in tlic vault in the Division of Cliarts and nrc removed therefrom only on 
“pproVal of the Chief or Assistant Chief of the Division of Clinrts. They must be. 
Io aced in the loclrod compartments each evening before the close of tlie day’s work. 
bsofar as practicable nny work requiring their use slinll be completed within one 

q, Cpnfidential sheets and records are to be reproduced only as approved by tlie Chief 
dSalstant Chief of the Division of Charts. Negatives made in reproduction slid1 be 

destpoYd immediatcly afterward. Reproduction copies sent out of the Office are to 

wllen they are rcceivod a t  tlie Wasliington Officc. 

peP1 

Orking day. 
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be dispatched either by registered mail or by special messenger (see 125). 
of the transmitting letter shall state the method of forwarding. 

The file 

9338. Miscellaneous 

All aids to navigation should appear on the hydrographic sheet. 
rapher should see that all located by triangulation or topography or apPeanng 
contemporary hydrographic or wire-drag surveys are plotted or transferred. 

done in the Office. Certain steps in the construction and field plotting of smo oth sheets 
are required to be checked (see 746). If there is no evidence that this has been done In 
the field, it shall be done by the verifier. 

The instructions of the Hydrographic Manual specify that corrections for 
soundings shall be entered to closer limits under certain conditions (see 8143 
and the verifier shall verify that this requirement has been complied with. 

Pencil notations and temporary marks of all kinds, except place names, 

The 
' on 

The cartographer verifying the survey should supply such deficiencies 88 can be 

and @) 

on regis. 
hydrographic and topographic survey sheets, myst be removed by the cartogra' sorns 

should 

pher before the sheet leaves his custody. 
fore the phases of the verification and review of a survey, but these must be removed be 

sheet is returned to the files. If a temporary record is necessary, such record 
be made as a note on an attached sheet of paper or on a tracing of a section of th 

1 &eOts' 
Although the registered air photographic survey is a pho tolit1iof;raphic COPY, 
registered copy and should be treated with the same cure as other origin8 
Copies of these, printed on chart paper, may be obtained from the Distribution Branch' 
on which any required notations may be made. 

Temporary notations are necessaI'Y in 

e ghOet' 
it js the 

9339. Written Report 
veri. 

The verifier shall prepare a critical report on the survey, using Form i t~ l -9~"  yid@ 
fiefs Report of Hydrographic Survey No. W- . . . ,for this purpose. This form Prospece 

space a check list to ensure that the verifier omits no phase of his work, and provides 
for comments as to the quality of the field work and office work on the surveYt !nd 

forfled. for calling the reviewer's attention to any facts about which he should be itball in* 
All written references to registered hydrographic or topographic survey (1907)a clude the year of the survey in addition to the regiutry number, thus: H ~ 3 5 ~  

as he (See 1543.) 

believes are of permanent value shall be included in the written review, after 
DO' verifier's report is removed from the Descriptive Report. 

scriptive Report. 
by each in his verification and review, and indicates by certain statistics the 
revision that had to be made to the sheet during verification. 

The written report is primarily for the use of the reviewer. Such comments the 

The Office statistics sliall be prepared on Form M-1683-1 and added t. 0 the spe;t 

temporary survey records of the Coast and Geodetic Survey and ink the slloot tl 

This includes the names of the verifier and reviewer, the tlrne *mount 
(See 844.) 

934. REVIEW OF HYDROGRAPHIC SURVEYS 
dono Tho purpose of verification is to verify certain phases of the officc work te ,on* 

hydrographic survey sheots in tho field or a t  a Proccssing Office and to c0rro1' 

complete contemporary record. 



‘4% 855 MISCELLANEOUS 9341 

b Purpose of the review is to extend this correlation into the past and more 
‘Oad1y into the present and future, and generally to consider the survey in its broader 

‘“Pect~ insofar as its application to the charts is concerned. The survey is compared q t h  B prior survey (hydrographic, topographic, and wire-drag) made by the 
ur@au covering tllo samc area, and with charted data thnt have originatcd from 

Other 8ources. 
,The aim of tile review is to malm the survey complete with reference to all infor- 

on prior survey sheets, so that it is unnecessary for the chart compiler to 
\y Co?sult any prior surveys of the area covered, except as specifically mentioned in the 

review. 
”he reviower must bo intimately familiar with ooiiditioiis in diflcrcnt regions, 
not Only wit11 present-day standards of accuracy and metliods of surveying, but %Qd 

with those of prior periods. 
Qlso 

9341. Rmords, Reports, and Instructions 
’ bcgiiiiiirig the review of a hydrographic survey, the reviewer should familiar- 
‘‘@ hmsdf wit11 the survey, the methods of field work used, the characteristics of the 
\~r* ’ and the preceding office work. For this purpose he should first familiarize himself tith largest-scalo chart of the area, and thon rend the following to snc whothcr ’’ contain data or information that might affect the general trcatmrnt of the shcct: 

%a 

(a) The project instructions (see 121 and 8428). 
The Descriptive Report (see section 84). 

(‘1 The verifier’s report (see 9339). 
(d )  Special reports intimately connected with the survey (see 8422). 

9342. Inspection of the Work of the Verijer 

b lrhe rovicwer should inspect generally the various phases of the office work done ’ Verifier, choclcing anything important that  has not previously beon cheokod, 
th critically any changes that the verifier may havu made to ensure 
fi  &t He should call to the verifier’s attention any errors or dc- 

c‘@QcleS in t l ~ e  latter’s work, n,nd have the errors corrected and tlie deficicricies 
shpplied. Particular attontion should be given to tlic following: 
bt a’ Di$erences of depths at crossings.-Thc rcvicwer sliall inspcct thc shoot for cxccssivc differelices 
h @.fossings that have not already been noted. Any found shall be investigated with a view t o  

e t l p g  them and ascertaining the probable causes. (See 7771 and 842K.) 
!Utiona cur~cs.--l‘hc sheet diould be examined for omitted dcpth curves or unnatural convo- 
4 In coastal waters and inside waters, where the bottom 

Beqe~ally flat or regular, interrnediate curves of 3, 24, and 3B feet should sometimes be inked t o  2i:F features that  would otherwise be unnoticed. In offshore coastal waters beyond the 20- 
&hall Any nonstandard curves 

Qp,,: JunctionR.-The rcvicwer should examine individually the various junctions with contemporary 
&nd and scc that  the soundings have becn correctly transfcrred and verified, depth curves adjllsted 

tioh Surveys tha t  are not coiiternporary but with which the projcct instructions specify tha t  a junc- 
bey8ahall be made, are t o  be similarly treated. Where the instructions rcquire a junction with sur- a3~,:;,y United States Corps of Engineers, such junctions are t o  be examined for adcquacy (see 

d’ Adjustmenis of topographic and hydrographic data.-Conflicts between contemporary topo- 
and hydrographic surveys should, of course, be adjusted by tlie field parties before the SUP 

are justified. 

with a view to remedying them. 

CUrve the standard curves shall always be inked (see table 27). 
e inked in brown. (See also 7762 and 7763.) 

and proper junction notes made on the rcspective shects. 

u t  the soundings should not be transferred. 
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veys are forwarded t o  the Oflice (see 381 and 7827). Those conflicts which are still found 
should be adjusted in accordance with 7827. bares oi The reviewer may, with discretion, alter the symbol of a rock or change the amount ’i aith0Y 

hlC a topographic sheet to  bring i t  into agreement with a contemporary hydrographic she‘ 

survey, if the difference is consistent with the stage of tide at the time of the survey; an 

” 
note should be added t o  the review of the topographic survey. 

the Office (see 7912). for 
on the  smooth sheet and having no other authority should usually be referred t o  the fie Id Padyviih 
disposition, but where a satisfactory disposition cannot be made in this manner, they 
discretion, be transferred t o  the smooth shcet. 

e. Datum note.-The reviewer should check the correct application of the horis 

Where the dms. and dps. of the reference station are found to  agree with the V ~ ~ ~ s f r o a  field 

a n  accompanying notation. But  he should not change the character of a rock on a erplana toPOgra;or)’ 

The smooth sheet should contain all information on the boat shcet whcn it is found 

ontel datu@ 

resultiflg 

Rocks and other hydrographic data  inked on the bout sheet but 

note in Stamp No. 42 on the smooth sheet. 

from adjusted office computations, the word “adjusted” should be added, and if they 
computations, the word “unadjusted” should be addcd. 
stations should always be marked “unadjusted.” 

R.A.R. stations or buoys cited 

9343. Comparison With Prior Surveys 
to flak0 

This is onc of tlie most important phases of the rcvicw. Its p~irposc is surveY5J 
certain that the survcy being rcvicwed is adequate to  supcrscde the Prior 
and to carry forward to tlic new survcy in colorcd ink any important data not ‘ 
nor disproved by the new survcy. 
chart compiler to consult prior survcys of an area covcred by IL modcrn survey, 

,ifid 
tl10 

Aftcr review it  should be unnecessary exoept for 

as specifically mentioned in thc writton rcvicw. tionst 
Comprehensive evaluation of the material requires, among othcr considera th 

that tho rcvicwer utilizc his knowlcdgc of the accuracy and limitations of bo 
and obsolete methods of surveying. Each prior survcy must be intlividUa1ly 
pared with tlie prcscnt survey. flit11 

Important shoals and rocks on prior surveys shoultl be considered Sel?arate*y voriiied I’ ’ 
rc:spcct to thc general charactcr of the bottom, and whcrc not rc\nsoiiablY rofor(g@ 

position or depth by tlic new siirvcy, their corrcctncss should bc vcdicd by red~c’ 
to the original Sounding Records, with special regard to the type of s o u n d i n ~ a r ~ i O ~  
tion, plotting, and character of control. If found correct, the advisabilitY Of 

but the correct information should bc indicated on the old sheet in red ink with 

them forward on the new survey should be considered. 
grapllic or topographic survey, during the course of the review, should not 

Errors found on a 

explanatory note. (See also 9344.) ‘ tjle 
a. Wire-drug surveys.--Except where shoaler depths have becn found‘ bLI,,al.d 

survey, all soundings and groundings on wire-drag surveys shall be carried 
color on thc ncw survey (set 7866). 

9344. Treatment of Rocks From Prior Surveys 
1,een ve?’ It will frequently be fourid tliat roclis sliown on a prior survey linvc not os are 

In  the disposition of such cases all available In 

of 
fied by the new survey or have been located in a slightly different position, foflatioa 
somewhat different character. 

the S$:bed. 
should be consulted and the Eollowing rules should be followed: 

(a )  Rocks bhown on a prior hydrographic survey tha t  are not authenticated in 
Records or confirmed by othcr surveyR Bhould be considcred as nonexistcnt and approPriatcly 

d i d  
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s%ey (’) where the position of what is presumably the same rock diffcrs on the new and the prior 

V * where a n  adequate examination, madc by the new hydrographic or topographic survey in the dOlnlty Of a rock or rocks, fails to  disclose the cxistcnce as shown on the prior survey, the rccom- 

Oq General statements in a Descriptive Report, parbicularly of a topographic suruey, tha t  certain rocks 
?hold surveys could not bc found should be accepted only BR proof that  such rocks are not bare rocks. 
in should be transferred either as rocks awash or as sunken rocks, depending on the circumstanccs 

p2i Rocks originating with a prior tOpOb rraphic survey and not disproved, that  arc to be carried 
should be shown in color on both the ncw topographic and the new hydrographic survcy. 

h;:: that are t o  be carried forward froin a prior hydrographic survey should bc shown 011 the  new 
Ographic survey only. 

00 tl( Bare rocks 011 a prior topographic or hydrographic survey, that  arc not shown or disproved 
hydrographic or tobographic survey should be carried forward as rocks awash. 

(’) Rocks awash 0x1 a prior survey that  arc shown as sunken rocks on the new survey should be 
2i?:ed as rocks awash tinless thcre is information 011 the new survey to show that  the rock was 
4 v’sible at low tide. In such cases the rock awash syiiibol should be shown in black ink on tllc @’ 

hBuz. Sunken rocks 011 prior surveys, if not disproved by the new survey, should be carried forward 

arpve(h) In general, the delineation inside Ihe low-water line should be acccptcd as correct on the new 
d except that  isolatcd roclts awash shown on a prior topographic survey, that  arc not located or 

’ he new position should be acccptcd as corrcct. 

endation made by the  hydrograpller regarding its disposition, should be followed (see 842L). 

each Particular case. 

survey and a note niadc in the Sounding Record. 

on the new survey, should be carried forward in color. 

9345. Comparison With the Chart 

\\r* A comparison should be made with the largest-scale clinrt of tlie area, uSi17g one 

tIl0 a* gydrography.-Most of the charted dntn will alrcndy have been considered in 
Attention need be given only to those dntn trace- $$ to chart letters, field examinations, U. s. Coast Guard and U. s. Hydrographic 

Notices to Mariners, U. S. Corps of Engineers bluep~ints, or other sources. In 
compnrison with surveys of other orgnnizations sliould bo restfricted to clinrted 

lofo?ation only. Only in exceptionnl cnses is inforlnntion from sucli sources actually 
cQrned forward on the new survey. 
io ’* Controlling depths.-The controlliiig deptli notes, wliicli are clinrted in clinnnels 

no soundings arc clinrted, should be compnrod with the new survey. Those 
The notes are usunlly bnscd on dntn *bed by the United States Corps of Engineers. It sliould be borne in mind that 

f ~ , , , ~ ~ ~ e s  are frequently based on dntn subsequent to tlie date of tlic survey nnd thore- 
s‘Persede tlie survey information. 
’* Aids to nawigation.-The aids on the new survey sliould be compared with those 

O4 the latest aid prooj, to  see whether the positions nnd chnrncteristics are substnntinlly kc salne. They sliould bc. examined to see wlietlicr they sntisfnctorily mnrk tlie 
@‘tures or serve the purpose for which tliey are intcndod. 

lth the most recent print date (1127), for matters not nlrcndy considered. 

“&Parison with prior surveys. 

in tlie foim “24 feet June 1941”. 

9346. Descriptive Report 

As the i.evicw progresses, onch statement in tlie Descriptive Roport and in the %i$,,, 
t report should be considered nnd each pnragrnph should be checlrmnrlrcd in @d in1 the bi when disposed of. Whore additioiial evidence has altercd positive stntcnients in 

escriptive Report, a mnrginnl notntion citing tlie disposition and nuthority 
Notations made in the Descriptive Report or tlie written e lettered ill red ink. R‘obld b 

4s5382-44-50 



9347 HYDROGRAPHIC MANUAL 
91 

review, after the review has been signed, must be initided’and dated. If thesenot’$$ 
or any alterations made on the smooth sheet, are of suEcient importance to 
charting and the survey has been applied to the chart, special notification must 
to the Nautical Chart Branch. 

e Ide 

9347. Matters Left in Abeyance 
is made, ” B 

for examplc, where an item must be referred to the field party for a rccommendntiolLu& 
book entitled “Matters to be Disposed of” is kept in the Surveys Branch, inwy;utora 
be entered all matters left open on revicwcd surveys which require some p0Sitlv tb@ 
action. All entries must be clear and cxplicit, and be in sllfficient detail to tb@ 
meaning obvious without further study. Such entries should always be headed bYa,d 
registry numbers of .the aff ccted surveys, diagram number, initials of the reViow!rro@ 
date. 
entries. 

It is not always possible to dispose of all matters a t  the time a rcviow 

Each reviewcr shall be responsible for following up and disposing of hls 

9348. Written Report 
*6flJ’ 

The main purpose of the written review of a hydrographic survey is to atate briur 
and concisely, as a matter of permanent record, the pertinent facts relating to the jns trot' vey. The review should serve as a guide to the chrzrt compiler and as a basis for of tb@ 
tions for future additional field work. &od verifier’s criticism as are found justified and should be made a matter of record’ 
should consider the broa,der phases of the survey, such as: 

or other purposes. 
( b )  The resnlts of comparative studies of old and new surveys to dotermin 

inconsistencies are the result of inaccuracies, or changes of artificial or natural 
(c) The investigation of charted shoals and other dangers to nnvigation in 

of the new survey for the purpose of determining which can be superseded Bnd 
should be ret ained . 

reviewer’s broad experience with many types of surveys. 

It should embody such important Parts 

(a)  The adequacy and sufficiency of the results of the field operations, for c1lertiDg 

. ewj&bef 
8 , 

hb 
ahlcb 

the 

the 11! 

(d)  Suggestions for improvements in field and ofFice methods, based On 

rD.c ticab” Based on the review made, the written report should follow as closely ns P 
the following outline: hi6 

A .  Shoreline and signals.--‘l‘he origin of the shorcline and oif-lying toPo%$@ 
features and of thc positions of the control stations shall be given. A cross-ref P 842 will be sufficient, whcre this information is included in the Descriptive Report (see 
and @. 

B. Diflcrences of depths at crossings.-Include the result of 9342a. th@ 
ia tbe 

wllicll C. Depth curves.-Include a statement as to the completeness with 
depth curves could be drawn, bearing in mind that it is sometimes impr&cab1’ 
interests of safety to run sounding lines sufficiently close to shore in rocliy areas 
delineation of all the inshore curves. 

9342~). Important discrepancies that cannot be reconciled should be cornflantcd 

be discuked singly.pr by groups depending on their character .and, wliere ppssibl’’ 
be listed in chronological order. 

to *endit 

s (gee 
D. Junctions.-Include n statement as to tlie adequacy of the junction 

including probable causes. g Ill&! 

Ofl, 

E. Comparison with prior survpys.-State tlie results of 9343. Prior surveys~odd 
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After a brief digest of the comparative findings, conclude with a definite statement 
” to whether the prior survey is superseded or should be used to supplement the new 
EurveYa I n  some cases i t  may be advisable to recommend retention of bottom 

I& wire-drag surveys under. a subhead and state wlicther the new survey depths 
arC)n harmony wit11 the effective drag depths and whether any conflicts noted should 
be invcStigatcd. Wire-drag surveys are never to be supcrscdcd by ordinary hydro- 
’a~llic surveys. 

F e  Comparison with c]bart.--Qivc number and print date of chart (see 1127) with 
:hich comparison was made, and tlic results of the comparison (SW 9345), under thc 
ollOui% su bheads : 

th  ~~drography.-Include the results of 9346a. It may be advisable in some cases to  recommend e This paragraph, when miscellaneous matters are 
coosidered, shall be concluded with a bricf digest of the findi6gs and a definite recommendation for 
retention 01 disconti nuance of the items considered. 

A bricf statement that  the prcscnt survey 
depths ape in agreement or in conflict with the charted information will usually suffice. 
ib - Where the new survey discloses that  an aid 

Its ‘?Cia1 position is a menace rather than an aid to  navigation, or a new unmarked danger is noted, 
a recommendation should be madc. 

Q. Condition of survey.-Undcr tlic sublieads (a) fiold work, ( b )  Sounding R ~ T o ~ s ?  
‘) Doscriplive Report, and (d) field plotting, statc briefly wlictlior the condition 

Cases where the procedure is definitely wrong or fails to comply with 2 ‘@Wiramcnts of the Hydrographic hlanual should bo specifically mrntionod. But it 
pUst be borne in mind that the Manual is infrequently supplemented or modified by 

‘@Id and Office Memorandums, and that improvements in survey methods frequently 
The important parts ’‘ the verifier’s criticism that are found justified and should be called to  the attention 

Compliarrce with the prqject instructions.-A brief statement tlia t con:piinncci 
the instructions is satisfactory is usually the only commenl required. 

I .  Additional fifipld work recommended.-A brief statement thnt the survey is com- 
Or satisfactory will apply to most surveys. Where further work is desirable, it 

d bWlly consist of examination of shoal indications, disposal of discrcpnncies, furtlier 

J-  ~isceZZaneous.-Undor this heading include only matters that ccrnnot bc covered Fder one of tlie otlier lieadings. If only one topic is included, tlie ptlragraph should 

List d l  supcrscded 
!peJ’s (wire-drag surveys excepted), accompanying eiicli with II nota tioii 11s to wliother 

from the old survey. 

of such information on the charts. 

‘* Controlling depths.-Includa the rewlts of 9346b. 

Aids to nauigation.-Give the results of 9345~. 

satisfactory, 

in procedures differing from thoso described in the Munuul. 

hydrographer, should be included. 

eveloPment of outstanding oceanographic features, or elimination of holidays. 

% an appropriate heading. 

Is “entirely” or “in part.” 

c. Superseded survqp.-Tliis paragraph is purely statisticnl. 

9389. Inspection of Hydrographic Survey 

After til(> Ilydropupllic survey has bcon roviowed, it is critically inspected by the 
488ietant Clliof of tllc Survcys Branch. The purposc: of the inspection is to gain a n  
o\lor-all picture of the survey with regard to coverage, dcliricntion of dopth curves, and  :tical dqt l ls .  The written review is examined to s(?e that all pertinent facts hnvc b~011 

@q‘atdy and clearly preson tod; particular attontion being paid to tlw rccommonda 
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* ,urvoY5 tions of the reviewer regarding the disposition of rocks and shoals from 
and of charted information originating with other sources. 

935. APPROVAL BY ADMINISTRATIVE OFFICERS 
t11o cofl- 

tborougl‘lJ’ 
a&in&fOn 

licatlofl 
be rnaY 

After the hydrographic survey has been verified, reviewed, and inspected! 
plcted sheet, the Descriptive Report, and the written review arc examined 
and read carefully and approved by four administrative officers in the 
Office, who are charged with the prosecution of the field work and with the 
of the results to the charts. Before its final approval the written review 
amended or supplemented. UI@ 

After approval a copy of the written review is forwarded to the Chief of party foMard it 
whose direction the field work was accomplished, and he is requested to. lon&oS to the hydrographer who was in‘immediate charge of the work, if the latter lS no work 
attached to his party. A copy of the written review of a survey on which OGceo$oO~ 
was done a t  a Processing Office is also forwarded to the officer-in-charge of that 01d 
This serves to call to the attention of those responsible any shortcomings 
or office work and sets standards for future work of like character. 

in tho fi 

94. COMPUTATION OF BUOY POSITIONS 
ObserVfl’ Positions of buoys should be computed as soon as possible after tho field tlioY fir0 

tions have been completed. @de 
needed for control of the hydrographic survey, so the computations should be fltbO 

in and the positions adjusted without delay in order to  discover any deficiency 
mion atDy 

exten91“0 
o?)scrvations which should be remedied before the buoys are removed. 
buoy stations arc being located, as a t  the beginning of a field season Or in cbo~P traverses, one or two persons should be assigned to this duty of computing and 

on tbe ing the computations. 
boat sheet in a short time without overtime work by personnel with ohhe 
d utics. f0rfl5~ 

The observations should be recorded and the computations made 011 regular 
lojh inch:; preserved in three-ring binders made to take letter-size paper (8 by 

Where there are many buoy stations it will be convenient to  use three or four traVO‘SO bind 
to segregate the records, as follows: 

tb0  
Of the four, the “Buoy Data Book” is the most important. It should be On 

ship’s bridge a t  all times during a buoy-control survey. In it should be kept UT*’ 
of buoys anchored at ,  and removed from, stations, and all records of distanoe floa9u901 
ments. It should contain the complete record to date, and blank forms for 
as follows: 

Buoys are left at  their stations only as long 

r ro&ulbr This assures the availability of the positions for 

(a) Buoy Data Book, ( b )  az imuth  (c) 
computations, and (d) computations of tie-in buoys. 

futuro 

Form 714, Abstract of Buoys Planted. 
Form 777, Taut-wire Traverse Ohscrvatjon8. 
Form 713, Buoy to Buoy Distances by Bomb, 
Form 715, Abstract of Bombed Distances. 

bb9ts5fit 
The second binder should contain the azimuth data, including Form 7l8) 

Where a buoy traverse is computed by using geograpliic positions, thcs 
tions arc mado on Form 27, Position Computation, Third-Order Tr ianP 
these should be lrcpt in a third binder. 

of Buoy to  Buoy Azimuths, and Form 720, Azimuth by Inclined Angles. Ut@’ 
B cofllP,pd 
lation, 
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is where tllere are buoy positions computed from observations to shore stations, it  

* the total of the buoy positions is small, all of the above forms and computa- 
tlons can be conveniently kept in one binder. 
Qs tllc observations nor the computations of a buoy traversc are self-checking, 

ie Thc accuracy of a buoy traverse 
O?Y h o w n  from its closure error, and frequently much surveying is done using buoy 

8tat10ns of a, traverse before it is finally closed and this crror is known. In order to 
that errors are not made in the computations, every step must bo clieclced, and 

position computations slioultl be made for tlic geographic posit'ions (see 9441). 
Qrtlcuhr Ga,re should be given to the verificat,ion of tr&VCrSG adj11StmCntS (See. 944) - 

Qdvisable to  use a fourth binder for these computations. 

observations and compu tations. 

94.1. REDUCTION OF SUN-AZIMUTH OBSERVATIONS 

cos i 
. cos h COS A=---- 

h' tan h 
sin A (approximate) correction (in minutes) = 

e 'lslbh horizon, and h and A are as  in the prcccding formula. 

in 
th'%Cll h' is 

. 
Zo%l angle may also be obtained from the second formula given in 3338. 

measured angular height, in minutes, of thc observed point above 

IQ the case of an clcvated shore station, as described above, tlie corrected hori- 

94.2. BACK AZIMUTH CORRECTION 
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Y%l@ 

yefo for 
north-south azimuths and a maximum for east-west azimuths. Aa in buoy traverses 

The difference between a forward and back azimuth is designated Aa. Its 
varies with latitude, azimuth, and the distance between buoys; its value is 

is identical with the same value in geodetic computations (see Form 27). Its apProgl- 
mate value may be found with sufficient accuracy for use in computing buoy trf@es 
by using the dcad-reckoning positions of the buoys, the taut-wire distances b&ween . fiuv 
them, and the sun azimuth. 
place logarithms. 

by Aa,  as found abovc, and the resulting azimuth uscd in thc position comPut~Btop 
of the buoys, after which, with these more accurate data, a new value of 

recomputcd, using the azimuth corrected for the second value of Aa. 

The computation may be made on Form 27, 

Where the back azimuth is necdcd, the obacrvcd aTiniuth should be corrected tloDg 

mined. If an appreciable differcnco is found, the geographic positions shodd be 

943. SCOPE OF BUOY ANCHOR CABLE 
Geodetic Survey buoys anchored with only one cable, as is usual in tho Coast and 

Eurvry (see 283), arc free to swing around thcir anchors to vaTious positions, dep the 
on the direction and velocity of the current. The horizontal distance between 

bUoJ’ buoy and its anchor is called the scope. 
Thc scopc varies with thc length and weight of the anchor cable, the type Of +tb 

structure, the depth of water, and the mcthod of anchoring (see 2836), as wel* 
the velocity of current. Scope is difficuIt to dctcrmine accurately because of the to fl’” beso 

variable factors; and accurate experiments have not been madc, on which for crnpirical formulas. Where scope is apprcciablc, an allowance should be mado . 
it in buoy computations and cven where their positions are determined gWJhicR$$ers 

Scope should be determined and allowed for in a standnrd mttnner. 
buoys are anchored with the cable recommended in 2832, tbe following formu1@ 
been found to give approximate scope with sufficient accuracy for various 
current vclocitics, and for galvaniied wire rope and chain. 

In n weak current S= 1.8288(L- D). 

estirnfited 

In n moderate current S= 1.3716(L- D) +0.4072JLa-DDa. 

d L is fibe 

tb0 
Where a relieving buoy is used, the horizontal distance (in meters) betweenTbO 

relicving buoy and the buoy structure must be added to the resulting 8 V a l ~ e ~ ~ c ~ o f ,  
length L must be reduced where the anchor cable is found to be fouled on th 
or where its effective Iength is reduced from any cause. 

this 
marker buoy to the anchor of the survcy buoy by a light line. Tho lcI@$~eo~eope 
line should only slightly exceed the dcpth of water plus the range of tide. b d 9  
can then be dwivcd from simultaneous depression angles measured to  the two 
when in range. 

In n strong current S=0.9144(L-D+JY-Da ). 

in which S is the  cope (in meters), D is the depth of water (in fathoms), an 
total length of anchor cable ({nfuthoms). 

BJ1 
& 5 0  Provision may be made to measure the approximate scopc, by anchoring 

9431. Correction of Distance for Scope d 
be 

at the time the distances arc measured by taut wire, the measured distances be 
corrected for scope to obtain tlistanccs between the buoy anchors. The  scope ‘$07 

If the velocity and direction of the current a t  cadi buoy station are 

computed as explained in 943. For thc computation, the azimuth between t@ 
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a4chorS may be assumed to be the same as thc azimuth bctween the respective buoys, 
the lead of the anchor cable may be assumed to bo the samc as the direction of the ;?* Let tho difference betwecn the latter and the azimuth of the buoys be angle A. 

!h the scope multiplied by cosine A is the correction for distance and the scope mu]- 
The first 

Pa'ue Used to correct measured distances to  distances between buoy anchors; the 
is used in correcting observed azimuths to azimuths bctwcen buoy anchors 

It 
advisable to mako a sk&ch of the line of buoys, showing thc rclative direction of the 

ed.bY sine A is the eccentric distance normal to the line between buoys. tip11 

('@@ 9432). 

is 

Cu4ent at  each buoy, for use as a guidc in applying tho corrections. 

Care must bo talrcn to  apply the correction for distance with the proper sign. 

9432. Correction of Azimuth for Scope 

, If the scale of tho survey or the dosirod accuracy warra,nts it, tho azimuths ob- 
$ved between buoy structures may be reduced to azimuths bctwcon thcir anchors 

!PPbing corrections for occontricity. The scopc is found as in 943 and rcduccd to 
dl'tance Ilormnl to 1,110 line betwoan buoys as in 9431. Tho eccontric corroction is iFd on tho relative positions of tho two buoys and their rcspoctivc anchors, bearing 
'lnd that tho measured distance and azimuth are between buoy structures. The 

ecc@htriC correction for azimuth may be found from thc following relation: 

eccentric distance normal to lino of buoys 
distance between buoys tan CY= 

i"'ch Q is thc small arigular oorroction to azimuth, and tlic two distances are in the 
sa'e units of length, 
t'0Q ' if If t the two eccentric distances normal to the line of buoys arc combincd, by addi- 
put . 1n opposite directions and by subtraction if in the same direction, only one com- 

Q If logarithms are not used in tho formula, tlio rcsult will bo tho natural tangent of 
oi'!Ch 'nay bo dividcd by 0.00029 (tho natural tangcnt of 1 minute) to find the value 
8~; '? minutes. Using natural functions, thc entirc computation may be madc with 

atlon is required to find the angle a. 

'lent accuracy on a slide rule. 

944. BUOY TRAVERSE 

tho B r O Y  traverses aro osscntially the same as random travcrscs on land, oxccpt that 
bq>QUths of tlie various portions of a buoy travorsc are each moasurcd independ- 
2 ' 'nstoad of being carried forward from an initial line through convontional hori- 
81"!a1 The horizontal distances between buoy 

aro moasurcd by taut wire or log. With tlio azimuths and distanccs bctwocn 
oItCDnt buoy stations lcnown, tlie positions in a travorse may bo computed by one ' methods describcd in 9441 and 9442. 

fP~aversc computations are not difficult but attention must bo paid to  detail. The 
od'ctlon of tho distances and azimuths for scope, tho computation of the positions, :$: adjustment of a traverse, are operations in which crrors are easily made unless 
41 strictCst attention is paid to the proper application of the various corrections. 
diffebstracts should either be carefully cliockcd or be prcpared independcntly by two 
%aFBllt Persons as a chock. Computations of buoy positions by the field party are 

measured a t  the turning points. 
&%, 

"d to bo corroct-they are not checked a t  tho Washington Offico. 
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944.1. Computation and Adjustment by Using Geographic Positions 
either The positions in a buoy traverse may be computed by geographic position 596, 

on Form 27, Position Computation, Third-Order Triangulation, or on pnn 
Position Computation Traverse. Form 27 is preferable becauso two positions 
be computed on each copy of the form. 

To chcclr. traverse computations, the positions should be computed indeP 
by two dXcront persons on separate copies of the form. If the results agree, 
of the computations may be destroyed. 

endePtly 
one set 

, 

TABLE 30.--Adjustment of buoy traverse computed by geographic positions 11 

Gal- - - - 

Hem.-- 

Fun _ _ _ _  
Eat ___. 

Dot _.__ 

Cop _ _ _  

Tap _ _ _ _  

Meters Melere 

- - - - - - - - - - - - _ _  - - - - - - - -. 

3, 71.5. 7 3, 715. 7 5 9  01. 5 

2,432. .5 6,148. 2 5 7  03. $ 

2, 622. 2 8,770.4 59 21. ( 

3, 897. 9 12,668.3 GO 37. I 

.5, 722. 3 18,390. 6 60 57. 2 

4,375. 9 22, 766. 5 58 31.8 

- - - - - - - - - - _ - - - - - - - _ - -  
38 41 424.3 
74 47 685. 7 

138 41 1.747. 1 

(38 40 362. 0 initial buoy 
74 49 970. 9{ tion. 

-0. 2 38 41 424. 1 
$2. 6 74 47 688. 2 
-0.4 38 41 1.746. 7 

tablo 
The adjustment of a traverse computed by geographic positions is shown 11 colu?p’ In 

30. The fixed position of the initial buoy is entered in the “Adjustcd position,,posi@ 
The traverse computations are started from this position. In the column 
from traverse computations,” are listed the computed geographic positions ,,itioPJ 
buoy stations in the traverse, including that of tlie terminal buoy, whose fixed p titudo 
in addition, is entered in the “Adjusted position” colunin. The differences In la fir0 
and longitude between the computed and the fixed positions of tho tcrmin olosafo entered on the last horizontal line in the column headed “Adjustment for accord0 
error.” This error is proportioned 
ing to distance from the initial buoy and thc proper proportional part is applied to 
buoy in the traverse. The proportion is based on the progrcssivc distances 
in tho column headed “Sum distance.’’ 

Geographic positions of buoy stations should always bo expressed in 
minutes, and meters. This eliminatcs tlie many conversions of seconds to metors’ 
vice versa, and the chancc of making errors in such conversions. 

of all tho 

al buoy 

This is the closure error of the traverse. 

@9l 

a d  

9442. Computation by Rectungular Coordinates 
raotaP’ 

The positions of stations in a line of traverse buoys may be computcd b ~ h i c l ~  is 
gular coordinates in a manner similar to  the computation of land traverses 
explained in any good textbook on elementary surveying. This is the famili’r*tj~flg’ 
putation by latitude and dopartiire, modified to  give correct geographic p 091 

174 46 ’ 94. 2 

74 44 738. 0 
38 42 1,234.0 

138 43 1, 296. 6 
174 42 240. 7 

$4. 2 74 46 ’ 98.4 

$0.  0 74 44 744. 0 
-0. B 38 42 1,233.4 

-0. 8 38 43 1, 205. 8 
-18. B 74 42 249. 3 
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To make the computation, starting with a buoy whose position is fixcd, known as 
the initial buoy, the buoy stations are tabulated in the order they are to be computed, ph the azimuth and the distance between each pair of stations properly entered. 

ach distance multiplied by the cosine of the respective azimuth gives the plane lati- 
"?@ difference, and multiplied by the sine of the azimuth gives the plane longitude 
?"fence (departure). The progressive algebraic sums of latitude difference and 
FFltude difference are next dctermincd for each buoy station; diffcrences of north 
ttltUde and wcst longitude are additive, and those of south latitude and east longi- 

The rcsulting sums are the values in meters, uncorrected for 
to be applied to the position of the initial station. They can be corrected ' simple methods dcscribed below with sufficient accuracy for the usual conditions. 

b 

The plane longitude differences must be corrected for convergencc of thc meridians. 
correction must be computed for each pair of adjacent buoy stations and applied &8 The 

C?ection is zero on north-south lines, and so far as azimuth only is concerned, is a 
p i m u m  on east-west lines. Special Publication No. 5 can be used in dcter~niiiing 

For the mean latitude of the line of buoys, take froin the left-hand 
Pege the value (in hundredths of meters) of tlie change in length of 1 minute of longi- 
:de Per minute of latitude. Multiply this valua by the difference in longitudct (in 
I betwcen the pairs of buoys, and then multiply this product by the diffrrcnce ' latitude (in minutes) between the forward buoy of the pair and the terminal buoy of :hn traverse. Or, the difference in length (in mcters) of 1 minute of longitude at tlio 
Patud~s of tlie forward buoy of tlic pair and tlie terminal buoy can be talcen dircctly ''' the tables by subtraction, and multiplied by tho difference in longitude (in min- 

I n  the northern hemisphere the correction incrcascs 
longitude differencc whcre the torminal buoy is soutli of tlic buoy to which tlie 

F c t i o n  applies, and vice versa. Thc approximato latitudes and longitudes of tlio 
d"'y stations as determincd by dead recltoning are sufficiently accurtite for use in 

There is d so  a latitude corrcction, which is applicable where thc differanccs in 
b,@tude between succcssive buoys are large enougli to warrant it. It varies with t'lie 
400 '''tude and is in proportion to tlie square of tlie difference in longitude. In latitude 

For ah b Ordinary traverse whose whole length is in the same general direction and with 
' %Q approximately equally spaced, this corrcction will be satisfactorily talcen care of " 

adjustment of tlw closure crux. Whore it needs to be npplied, the correction 
ip talten from Special Publication No. 8 under the appropriate latitude, and from 

@ column on the right-hand page, using tlie differencc in longitude betwecn SUC- 

pairs of buoys. Thc corrcction increases the latitudc difference where the for- 
Pi- "' buoy of a pair is soutli of tlie prc ding one, and vicc vorsa. The corrcction is Q 

'grWhw om,  bcing applied to the plunc latitude diffcrenccs in the same manner as 
rloscrlbed abovc for the longitude corrcctions. 

To find the closure error of a traverse computed by this method, convert the total 
@cted travcrse valucs for the tcrminnl buoy into minutes and meters and apply this 

po , .e geographic position of thc initial buoy. Compare the results with the fixed 
gsltlon of the tcrminal buoy. Tho diffcrcnces in latitude nnd longitude (in meters) 

* e  t*lQ closure error, which should be distributed tlirough the trnverse according to 

are subtractive. 

a Progcssive algebraic sum to the progressive sums of longitude diffcrenccs. 

Is Correction. 

betwecn the pair of buoys. 

ctebining the corrections. 

the correction is loss than 3 mcters for a longitudo difference of 6,000 meters. 

COP? 
th 

from the initial buoy. 
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Specid I n  converting these traverse values into minutes of arc and meters, using 
Publication No. 5, use the metric value of 1 minute for the mid latitude of any trave@ 
distance to convert latitudes-but the metric value of 1 minute of longitude for tbO 
latitude of the terminal buoy must be used to convert longitudes-not only for the 
terminal buoy itself but for each of the intermediate buoys, 

I n  this method of computation the time savdd by not having to compute and t:i! 
the geographic positions, as in 9441, will probably more than compcnsate for the 
tional time needed to apply the required corrections. 

94X3. Finding Location of Large Closure Error 

An accurate buoy traverse will generally close with an error of about 1 meter 0r 

statute mile of traverse, and where the closure error is much Iargcr than this, a blUder 
may have been made in the computations. 
sis of a graphic plot showing the error will often give a clue to its location. 

If there is a large error of closure, an 

Buoy positions are almost daaY5 
TIE IN BUOY plottcd on the boat sheet as they Fii A 

computed, for use in controlling 
hydrograp}iy. This constitutes. 
graphic plot of thc traverse 1 ‘n wh1c.b posr 

osi tioa the relation between t#lie fixe 

Id tion of the tie-in buoy and its P 
w computed from the traverse 
bc shown. Figure 186 illustrntesat 
graphic plot of n traverse starting E. 

The difference between the fixed 
position of buoy E and its computed position is the closure error EE’. If the azimuth 
of EE’ is nearly the same as the azimuth of one of the lines of buoys, it is like17 that of 
closure error is due to an error in one of the distances used in computing that part 
the traverse. 

Where the azimuth of EE’ approximates none of the azimuths of the line5 ora  0‘ 

buoys, the following test may disclose the location of a gross error in the field Work E 
blunder in the computations, causing an error in azimuth. 

tho figur0* 
t b u d ’  

and E’ and a perpendicular bisector is drawn a t  the midpoint, as shown in 
If it passes near a buoy position, an error in azimuth was probably made a t  tha 
In the case illustrated, the azimuth between buoys C and D should first be checkod1 
reobserved if necessary, in attempting to find the error. 

a 

FIoUREJBB.-To locate a large closuro error in 8 buoy tra\-erSe, buoy A and ending a t  

A line is drawn joining 

95. FORMS AND PUBLICATIONS 
951. LIST OF FORMS 

Hydro’ For convenient reference there are listed hero the forms mentioned in the osdOd 
graphic Manual; the list includcs practically all the forms that are CommonlJ’ ? tho 
in hydrographic surveying. Reference numbers given refer to those headings fl 
text under which the use of a form is described in more or less detail; no 

ere@ 
In r04~05k 

8 let@ 
number is given opposite forms which are merely mentioned in the text. 
ing forms from the Office, all those listed whose numbers aro not preceded by n@ 
should be ordered on Form lla, but the experimental forms listed (those whose 
bers are preceded by a letter) should be identified by both number and title. 
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niimbcr 

951 
432 
433 
166 
8615 

7411 
4231 

2216 
2216 
1433 

81 

81 

81 
836 
8411 
4231 
4231 
2361 
227 
2272 
8412 

8634 
433 

8616 
1691 
2286 
2511 

8311 
1434 

844c 

2863 
2633 
6341 

3382 
94 1 
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fiepence  nu"bcr 
Ti t le  3377 Form No. 

722 
757 Requlsltlon for Prlntlng-----------.- ------.--__ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - -  4466 
777 Taut-Wire Traverse Observations _ _ _ _  - - - - - _ _  - - - - - - - - - - - 
A-712 ,Geographic Names. 6342 
0-1528-5 Graph of Temperatures and Salinites _ _ _ _  -. . - - - - - - - - - - - - - - - 5614 
5-100-5 Velocity Corrections- - - - - - -  - - - - - - - -  - - - - -. - - -  - - - - . - _ -  ._ _ _  - - _ _ _  - - - - _ _ - -  - - - - -  844b 
M-238 Memorandum-Immediate Attention- - - - - - -. -. -. -. -. - -. - - - - - - - - - 
M-438 Monthly Statistical Summary. 8514 
M-961 . - - - - -. - - - - - - - - - 8514 
M-962 Progress of Office Work on Smooth Hydrographic Sheets- -. . -. -. -. . - - - - - - - 8514 
M-963 Progress of Office Work on Field Records-- - - -. - - - - -. . - - - - - - 9339 
M-996 Verifier's Report of Hydrographic Survey-_ - 8616 
M-1133-5 Annual Statistical Report _ _ _ _  - - - - - -. - - - . - - - -. - - - - - - - . - - - - -. - ~ - - - - - 844~ 
M-1683-1 Check List and Office Statistics _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -  
R-233 Abstract of Currents Observed. 

R. A. R. and Dead Reckoning Abstract- _____________. _ _ _ _  _ - - - - -  9137 . . .  . .  

- - - - - 

Progress of Office Work on Topographic Sheets_-- - - - - - -. . . 

- -. - - - - - -. - - - - - - - - - - 

_ _ - -  

952. PUBLICATIONS OF THE COAST AND GEODETIC SURVEY 
Gee. The following field manuals and associated publications of the Coast anthouid 

tp detic Survey should be in the library of each vessel for reference, and officers 
have persona1 copies of many of them. They are issued free for oficial US0 
Bureau, but may be purchased only from the Superintendant of Dociinients~ GoVOfl. 

ment Printing Office, Washington, D. C., a t  the prices listed. 
of worlzJ 

&lid 
In the tabulation, the publications are grouped under the various classes 

and are arranged according to their publication numbers. A complete list of tllO,P 
cations of the Coast and Geodetic Survey is conlained in the List of Publicat1o"" 
the Department of Commerce, a copy of which may be obtained free on request. 

f 

Speclal ASTRONOMIC OBSERVATIONS pricC 

14-Determination of time, longitude, latitudc, and azimuth 
654 

publlcalion 
No. 

_ _  -.. _ _  _ _  - -  - -  - - - -  

CARTOGRAPHY 

5-Tables for a polyconic projectioii of maps and lengths of terrestrial arcs of nleridiall 301 
25# 
5b 

5t  
6Ob 

parallels based upon Clarke's reference spheroid of 1866 _ _ _ _ _  ~. - - - -. - - - - - - - - - -  
57-General theory of polyconic projections-_ - - - -. . _ _  _ _ _  - - _ _  _ _  _ _ _  - -. -. .. . -. -. - . - - - - - -  
60-A study of map projcctions in general _ _ _ _ _ _ _  . -. -. - - -. - - -. - -. - - - - 

75-Radio compass bearings _ _ _ _ _  - - . - - - -. - - - - - - - - - - -. . - -. -. - - -. -. - - -. 

$1. oo _ _ - -  
68-Elements of map projection with applicatiom to map and chart construction- - - - - - - * - -  

. - - - - - - - - - -  
205-Cartography _ _ _ _ _ _  - - - - - - - -. -. - - - - - - - - - - . . - .  . . . . . -. - . - - - - - 

1st 
65b 

GEOMAGNETISM 

96-Instructions for the compensation of the magnetic compass _ _ _ _  - - ~. . . - - -. -. - - - - - . - 
Serial 166-Directions for magnetic measurements _ _ _ _ _ _ _  -. - -. -. -. . . - - .  -. - - - - - . -  

154 

LEVELING 154 

51 
_ - - -  104 

HYDROGRAPIl Y 

11 8-Construction and operation of the wire drag and swcep- . - - - - .  . . . . . . . - - - - - - - 

140-M~anual of first-order leveling _ _ _ _  ___. .. . ._.____. . . .-- -. .. . - -  - - - - - -  

0 C E A N 0 G R A PH Y 

108-Velocity of sound in sea water _ _ _ _  - - - - - - - - - - - - - - - - - _ _  - - .  - - - - - - - - - - - -  
147-Measurement of salinity of sea water.. -. -. - .  . . . . . .. ~ . -. -. -. -. -. -. -. - - - - - - . ~ ' 
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T I D E S  AND CURRENTS 

Price  

306 
156 
15c 
lot 

953. REFERENCE BOOKS 

Stallda.rd treatises on oceanography, surveying, navigation and seamanship, and 
;her subjects associated with hydrographic surveying and the work of the Coast and 
’p:detic Survey shollld be availiible for reference in the library of each survey ship. 

9531. Publications on lfydrograplby and Oceanograplry 

e following lists of books are intended to be suggestive rather than inclusive: 

4 
4 “ttUdY of the ocealiB-,- - - _ _  . - - -. -. . . - - - -. . - -. - - - - J. Johnstone 
p o k  Of occallography _________._____..._. . ._.__._. J. T. Jenkins 

- - - _ _ _ _ _ _  - _  British Admiralty 
$$hlc.meteorology and hydrography- - -. . . . . - -. - - - - - - - - v. 13jcrlrnes 
p %lnecrs bulletins- - - .  _ _ _ _ _ _ .  -.  - .  

<‘“‘”s of oceanography and their work- - . $$21 instructions for hydrographic surveyors----- __. . . -. British Adiniralty 
hpdrOgraphiC and gcodctic surveying manual 
hydrOgraPhic review-publishcd scmiannually by--- - - - - - - - Intcrnational Hydrographic Bureau 
0 ‘graphical tables- __. ._. ___. _ _  ._. 

p F o g r a p h g  _ _ _ _ _ _ _ _ _ _ _  ~-~ 
p+l geography of tile sea- - - - 

Pce of the sea- -. -. . . . - .  . - . 
‘ha 0 Of the velocity of sound in pure water and sea water. - - - British Admiralty 

’40 - 
”@ tide- -. - _  _ _ _ _ _ _  ~ - - . _ _ _ _ _ I  _______. 

lra!b manual of hydrographic survcyi11g~- 

..__.__ -. -. IT. S. Coast and Geodetic Survey 
- - . - - - - - W. A. IIcrdman 

H. 0. publication NO. 215 

~. . .. -. _...__ _ _  M. Rnudscn 
H. 13. Bigclow 

-. -. -. - .  _. . . .-. . . . . _. M. F. Maury 
National Itescarch Council “lCs of the carth-vol. V-occarlography.. - - ~. . . -. - -. 

. . . - .  -. . . .. . - . . - - G. H. Fowler and E. J. Allcll 

ceaQ: their physics, chemistry, and gencral biology- - - 13. U. Svedrup, hl. W. Johnsoll, and 
R. 1%. Flcming 

- -  - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  H. A. Marmer 
. . . - .__ - .__ _ _  13. A. Marmcr 
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9532. Publications on Navigation and Seamanship 

A glossary of sea terms __- - - - -_ - - - - - - - -__________________ G. Bradford 
Altitude, azimuth, and line of position ________________..____ H. 0. publication No. 200 
American ephemeris and nautical almanac- - - - - - - -. -. . . . - -. U. S. Naval Observatory 
American nautical almanac _ _ _ _  - - - - - - - _ _  _ _  - .  -. -. - -. -. U. S. Naval ObservatorY 
American practical navigator-Bowditch _ _ _ -  - - - - - -. - - -. - - - . H. 0. publication No. 9 
Azimuths of celestial bodies of declination 24’ to  70°- - - - - - -. - H. 0. publication No. 120 
Azimuths of the sun and other celestial bodies of declination 

0’ to  2 3 ° _ _ _ - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _  . .___ .____________ H. 0. publication No. 71 
Dead reckoning altitude and azimuth table-Ageton- - - - - - - - H. 0. publication No. 211 
International code signals, Vol. I., visual __--_--_._. _ _  _ _  _ _  _ _  H. 0. publication No. 87 
Merchant vesscls of the United States __________._._.______ Bureau of Customs 
Modern marine engineer’s manual ___-. - - - - . - - - - . - - - - - . - . - - A. Osbournc 
Modern seamanship .. _. -.__ _ - _ _ _ _ _ _ _ _  . -  _. _._. _._. . _ _ _  A. M. Knight 
Modern shipfitter’s handbook _____-. -. - - -. - - - - _ _  - - - - - .  - - _. W. E. Swanson 
Naval institute proceedings-published monthly by-------  _ _  U. S. Naval Institute 
Navigator’s compendium-- --. - - - . - - - - - - - . - - - - -. - - - - - - - - - - A. J. Tellicr 
Navigation and nautical astronomy - - _ - - - - - - - - - - -. -. -. - -. . B. Dutton 
Navigation tables for mariners and aviators-Dreisonstok---- H. 0. publication No. 208 
Piloting, seamanship and small boat handling _ _ _ _ _ _ _ _ _ _ _ _ _ _  C. F. Chapman 
Pocket book of ship materials and their uses _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _  H. H. Thayer 
Position tables for aerial and surface navigation _ _ _ _ _  _ _  _. ___. H. 0. publication NO. 209 
Practical air navigation- - - - - - - - - - . - - - - - - - -. -. -. . . . . - - 

Practical manual of the  compass _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  U. S. Naval Institute 
Principles of naval arcliitecture (2 volumes) ___________.__ _ _  H. E. Rossell and L. 13. Chapme’ 
Radio aids to  navigation _.. ._.____ 1%. 0. publication No. 205 

tin N O *  
Radio weather aids to  navigation __---_--._. _____.__ _ _ _ .  _ _  H. 0. publication No. 206 
Shipfitting practice--. - -. - - - - - .. - - - - -. . . - - - . - . - - -. -. -. 
Simultaneous altitudes and azimuths of celestial bodies- _ _  - - - 13. 0. publication No. 201 
Standard seamanship for the merchant service _ _ _ _  _ _  _ _  _ _ _  ._. F. Riesctiberg 
Tables of computed altitude and azimuth in 7 volumes.. - - -. H. 0. publication No. 214 
The naval artificer’s manual _ _ _ _ _ _  .. __. ._ - _ _  ___. ._ __. . . . . . U. S. Navy, Bureau of 

and Repair 
The rules of the nautical road ____--------_-.._. .__ .___  __. R. F. Farwell 
The Sumner line of position furnished ready to  lay down on 

the chart by means of tables of simultaneous hour angle 
and azimuth of celestial bodies _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  H. 0. publication Nos. 

Treatise on navigation and nautical astronomy, including 
the theory of compass deviations ____._______ _ _  - -  _____._.  W. C. P. Muir 

Watch officer’s guide __-.______--_-___-_-______________ .___ U. S. Naval Institute 

Civil Aeronautics AdministrBtioD 
Bulletin No. 24 

345 . .  
. State of Pennsylvania B d e  

Const*~otioP 

203 arid 

9533. Publications on Surveying and Astronomy 

A textbook of geodetic astronomy __--_---._._._.___ - - _ _  J. F. Hayford 
A treatise on practical astronomy--. - - - -  - .-. -. _. - - -. - - _ _  C. L. Doolittle 

Analytical computations in aerial photogrammetry.. - - - - - - - - Photogrammetric Engineering‘ 
VII, No. 4 

Elements of precise surveying and geodesy--- -. - . . _. . - _ _ _ _  M. Merriman 
Field book of the skies -__--..-- _ - - - - - _ -  - -  _ - _ _ _ _ _ _ _ _ _  _ _ _ .  W. T. Olcott 

Aerophotography and aerosurveying ____.__ ~ __.___. - _ _  _ _ _ _  J. W. Bagley vel, 
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-- 

S t a m p  
No. 

20 
24 
31 
32  
33 

34 
35 

36 
37 
38 

39 

40 
41 

42 

Use dcs- 
cribed 

and fac- 
iimilc i n  

HYDROGRAPHIC MANUAL 

TABLE 31.-Rubber stamps for survey records 

For in- 
shore 

handlea 
surveyc 

T i t l e  of s tamp ,  or use 

8132 X 
8133 X 

8134 X 
816 X 
8161 X 

824 X 

815 X 

6854 _ _ _ _ _ _ _  
746 X 

-----_._______ 

For in- 
shore 

surveys 
b y  fa th -  
ogram 

For ship 
surveys 
(exclud- ing 

R.A.R.) 

x x x x 
x x 
x x x 
x 
x x 

/ 

_ _ - - - - -  
x 
/ 

96. TABLES 
drag 

hy hav’B 
ot~lOrs 

In  this section is included a variety of tables, diagra~~is, and lists, which 
rapher may need to use repeatedly without rcfcrcncc to tlle tcxt. Most of them 
bcen prepared especially for convenient use in hydrographic surveying, alld 
aro not rcadily availablc elscwhcre. 

961. VELOCITY OF SOUND TABLES 
ic guf’ 

Tho velocity of sound in sca watcr is of suprcmc importancc in hydroPph of 
veybg, since most of tho dopths arc now mcasurcd by ccho sounding an 1t is 
the control of offshore hydrography is by Radio Acoustic Ranging (R.A.R.). 

oth echo necessary to use the*velocity of sound in sea water in connection wit11 of 
sounding (see 561) and R.A.R. (scc 636). Two mcthods of dcriving tho VclOci~~ofl 
sound from thc obscrved physical characteristics of thc water are provided: (It). hdy 
tables, and ( b )  from diagrams. be 
more accurate than those scaled from the diagrams, although t h o  latter 
sufficiently accurate for all uscs in hydrographic survcying. 

d mUcb 

Volocitics dcrived from tho tables will bo 

961 1 .  Velocily of Sound Computations 
tbO 
341 

velocity of sound at that depth may be derived from tables 32, 331 d Sea 
These tables arc based on Teblcs of tho Velocity of Sound in Pure WatCrdzir51tS. 
Watcr, H. D. 282, publishcd by the Hydrographic Dcpartmcnt of the British A 

Oda7 If the temperature and salinity of sea water at  a spccific depth are ICD 
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2 table 32 aro given tho VeloGitirjs (in motors por second) for various temperaturos 
Tho corroction 

1 aPPlicd for any other salinity is given in table 33; it is subtractive for salinities 
P? than 35.0 Tho correction for 

Tho prossurc cor- 
Varios not only wit11 hydrostatic pressure, but also with gravity and tlioreforo 

$htly W i t h  latitude; but tho moan values in tablo 34 aro sufficiently accurate for 
Tho pressuro correction is iioarly proportional to  depth, 

ahd f d' . pr doptlis loss than 1,000 fathoms, it may bo found with sufficient accuracy by 
'vldln& &lie depth (in fafhoms) by 30-tho rasult being the correction in niotcrs 

Pep second. 

sUPfacc atmosplleric prossure and at  an assumed salinity of 35.0 to b 
and additivo for salinities above 35.0 

Os?upe at latitude 45O is given in table 34; it  is always additivo. 

SurvoYing purposes. 

.'.--- '---- '---- 
;:I-- --  

'*---  3..- 4---: 

h 

1440. 8 
1445. 4 

1445. 4 
1450. 0 
1454. 4 
1458. 8 
1463. 1 
1467. 2 

I' 
32.-1.'elocity of sound in sea water- in  melers per second; at surface atnaospheric pressure 

and salinity 56 oleo. 

., --I---- 
40. 3 
45. 0 

45. 9 
50. 4 
54. 9 
59. 2 
63. 5 
67. 6 

71. 7 
75. 7 
79. 6 
83. 4 
87. 1 

90. 7 
94. 2 
97. 6 
00. 9 
04. 1 

07. 2 
10. 3 
13. 3 
16. 2 
19. 0 

21. 7 
24. 4 
27. 0 
29. 5 
31. 9 

34. 3 
36. 7 
38. 9 
41. 1 

-- 
.2 

39. 9 
44. 5 

46. 3 
50. 9 
55. 3 
59. 6 
63. 9 
68. 0 

72. 1 
76. 1 
80. 0 
83. 7 
87. 4 

91. 0 
94. 5 
97. 9 
01. 2 
04. 4 

07. 6 
10. 6 
13. 6 
16. 4 
19. 2 

22. 0 
24. 6 
27. 2 
29. 7 
32. 2 

34. 6 
36. 9 
39. 2 
41. 4 

__- 
.3 

39. 4 
44. 0 

46. 8 
51. 3 
55. 7 
60. 1 
64. 3 
68. 4 

72. 5 
76. 5 
80. 3 
84. 1 
87. 8 

91. 4 
94. 8 
98. 2 
01. 5 
04. 7 

07. 9 
10. 9 
13. 9 
16. 7 
19. 5 

22. 2 
24. 9 
27. 5 
30. 0 
32. 4 

34. 8 
37. 1 
39. 4 
41. 6 

.4 

38. 9 
43. 6 

47. 3 
51. 8 
56. 2 
60. 5 
64. 7 
68. 8 

r 72. 9 
76. 9 
80. 7 
84. 5 
88. 1 

91. 7 
95. 2 
98. 6 
01. 9 
05. 1 

08. 2 
11. 2 
14. 1 
17. 0 
19. 8 

22. 5 
25. 2 
27. 7 
30. 2 
32, 7 

35. 0 
37. 4 
39. 6 
41. 8 

.Ir 
_-__ 

38. 5 
43. 1 

47. 7 
52. 2 
56. 6 
60. 9 
65. 2 
69. 3 

73. 3 
77. 3 
81. 1 
84. 8 
88. 5 

92. 1 
95. 5 
9s. 9 
02. 2 
05. 4 

08. 5 
11. 5 
14. 4 
17. 3 
20. 1 

22. 8 
25. 4 
28. 0 
30. 5 
32. 9 

35. 3 
37. 6 
39. 8 
42. 0 

.- 

.G -__- 
38. 0 
42. 7 

48. 2 
52. 7 
57. 1 
61. 4 
65. 6 
69. 7 

73. 7 
77. 6 
81. 5 
85. 2 
88. 9 

92. 4 
95. 9 
99. 2 
02. 5 
05. 7 

08. 8 
11. 8 
14. 7 
17. 6 
20. 3 

23. 0 
25. 7 
28. 2 
30. 7 
33. 1 

35. 5 
37. 8 
40. 0 
42. 2 

_- 
.7 __- 

37. 5 
42. 2 

48. 6 
53. 1 
57. 5 
61. 8 
66. 0 
70. 1 

74. 1 
78. 0 
81. 9 
85. 6 
89. 2 

92. 8 
96. 2 
99. 6 
02. 8 
06. 0 

09. 1 
12. 1 
15. 0 
17. 9 
20. 6 

23. 3 
25. 9 
28. 5 
31. 0 
33. 4 

35. 7 
38. 0 
40. 3 
42. 4 

--.. 

.8 
-- 

37. 1 
41. 7 

49. 1 
53. 5 
57. 9 
62. 2 
66. 4 
70. 5 

74. 5 
78. 4 
82. 2 
86. 0 
89. 6 

93. 1 
96. 6 
99. 9 
03. 2 
06. 3 

09. 4 
12. 4 
15. 3 
18. 1 
20. 9 

23. 6 
26. 2 
28. 7 
31. 2 
33. 6 

36. 0 
38. 3 
40. 5 
42. 7 

_- 

.D 

36. 6 
41. 3 

, 49.5 
54. 0 
58. 4 
62. 6 
66. 8 
70. 9 

74. 9 
78. 8 
82. 6 
86. 3 
89. 9 

93. 5 
96. 9 

1500.2 
03. 5 
06. 6 

09. 7 
12. 7 
15. 6 
18. 4 
21. 2 

23. 8 
26. 4 
29. 0 
31. 5 
33. 9 

36. 2 
38. 5 
40. 7 
42. 9 

---- 
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in table 

TABLE 33.-Salinity corrections.-Corrections in  meters per second, to be applied to the velocities 

[Enter this table with the salinity and temp rature of water in O C .  at the depth. When tho salinlty is more than 36 the 

58 to account for salinity 

!s additive; wben less, it  is subtractive.] 

co@ctio~ 

Salinity 960 

0 

-46. 1 
-39.5 
-32. 8 
-26. 2 
-19. 6 

-18.3 
-17.0 
-15. 7 
-14. 3 
-13. 0 

-11.7 
-10.4 
-9. 1 
-7. 8 
-6. 5 

-6. 2 
-6. 0 
-5. 7 
-5. 5 
-5. 2 

-4. 9 
-4. 7 
-4. 4 
-4. 2 
-3. 9 

-3. 6 
-3. 4 
-3. 1 
-2. 9 
-2. 6 

-2. 3 
-2. 1 
,-1. 8 
-1. 6 
-1. 3 

-1. 0 
-0. 8 
-0. 5 
-0. 3 
0 

0. 3 
0. 6 
0. 8 
1. 1 
1. 4 

1. 7 
1. 9 
2. 2 
2. 4 
2. 7 

5 

-44.4 
-38. 1 
-31. 7 
-25.4 
-19.0 

-17. 7 
-16.4 
-15. 2 
-13.9 
-12. 6 

-11.4 
-10.1 
-8. 8 
-7. 6 
-6. 4 

-6. 1 
-5. 8 
-5. 6 
-5. 3 
-5. 0 

-4. 8 
-4. 6 
-4. 3 
-4. 0 
-3. 8 

-3. 5 
-3. 3 
-3. 0 
-2. 8 
-2. 5 

-2. 2 
-2. 0 
-1. 7 
-1. 5 
-1. 2 

-1. 0 
-0. 7 
-0. 5 
-0. 2 
0 

0. 3 
0. 5 
0. 8 
1. 0 
1. 3 

1. 6 
1. 8 
2. 0 
2. 3 
2. 6 

Tomperature "C. at depth 

10 

-42.4 
-36. 4 
-30. 3 
-24. 2 
-18.2 

-17.0 
-15. 8 
-14. 5 
-13.3 
-12. I 

-10.9 
-9. 7 
-8. 5 
-7. 3 
-6. 1 

-5 .  8 
-5. 6 
-5. 3 
-5. 1 
-4. 8 

-4. 6 
-4. 3 
-4. 1 
-3. 8 
-3. 6 

-3. 4 
-3. 1 
-2. 9 
-2. 6 
-2. 4 

-2. 2 
-1. 9 
-1. 7 
-1. 4 
-1. 2 

-1. 0 
-0. 7 
-0. 5 
-0. 2 
0 

0. 2 
0. 5 
0. 7 
1. 0 
1. 2 

1. 4 
1. 7 
1. 9 
2. 2 
2. 4 

15 

-40. 6 
-34. 8 
-29.0 
-23. 2 
-17.4 

- 1 G .  3 
-15. 2 
-14. 0 
-12. 8 
-11. 6 

-10.5 
-9. 3 
-8. 1 
-7. 0 
-5. 8 

-5. 6 
-5. 3 
-5. 1 
-4. 9 
-4. 6 

- 4 .  4 
-4. 2 
-4. 0 
-3. 7 
-3. 5 

-3. 3 
-3. 0 
-2. 8 
-2. 5 
-2. 3 

-2. 1 
-1. 8 
-1. 6 
-1. 4 
- 1 .  2 

- 1.  0 
-0. 7 
-0. 4 
-0. 2 
0 

0. 2 
0. 4 
0. 7 
0. 9 
1. 1 

1. 3 
1. 6 
1. 8 
2. 1 
2. 3 

20 

-39. 2 
-33. 6 
-27.9 
-22.2 
-16. 6 

-15.5 
-14.4 
-13. 3 
-12.2 
-11. 1 

-10.0 
-8. 9 
-7. 8 
-6. 7 
-5. 5 

-5. 3 
-5. 1 
-4. 8 
-4. 6 
-4. 4 

-4. 2 
-4. 0 
-3. 7 
-3. 5 
-3. 3 

-3. 1 
-2. 9 
-2. 6 
-2. 4 
-2. 2 

-2. 0 
-1. 8 
-1. 5 
-1. 3 
-1. I 

-0. 9 
-0. 7 
-0. 4 
-0. 2 
0 

0. 2 
0. 4 
0. 7 
0. 9 
1. 1 

1. 3 
1. 5 
1. 8 
2. 0 
2. 2 

- 
25 - 

-338. 5 
-32.9 
-27. 2 
-21. 6 
-16.0 

-15.0 
-13. 9 
-12. 8 
-11.8 
-10.7 

-9. 6 
-8. 5 
-7. 4 
-6. 4 
-5. 4 

-5. 1 
-4. 9 
-4. 7 
-4. 5 
-4. 3 

-4. 1 
-3. 9 
-3. 6 
-3. 4 
-3. 2 

-3. 0 
-2. 8 
-2. 6 
-2. 4 
-2. 2 

- 2. 0 
-1. 8 
-1. 5 - 1. 3 
- 1 .  1 

-0. 9 
-0. 7 - 0. 4 
-0. 2 
0 

0. 2 
0. 4 
0. 6 
0. 8 
1. 0 

1. 2 
1. 4 
1. 7 
1. 9 
2. 1 
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TABLE 33.-sahity c o ~ e c t i o n e . - ~ o x ~ ~ ~ ~ i u e d  

p4QE 875 

\. 

2. 4 
2. 6 
2. 9 
3. 1 

. I o  

2. 3 
2. 5 
2. 8 
3. 0 

Temperature "C. at depth 

5 I 10 

2. 8 2. 6 
3. 0 2. 9 
3. 3 3. 1 
3. 6 3. 4 
3. 8 3. 6 

4. 0 3. 9 
4. 3 4. 1 
4. 6 4. 4 
4. 8 4. 6 
5. 1 4. 9 

G. 3 6. 0 
7. (I 7. 0 

16 

2. 5 
2. 8 
3. 0 
3. 2 
3. 4 

3. 8 
3. 9 
4. 2 
4. 4 
4. 6 

5. 7 
6. 8 

20 I 25 

3. 3 I 3. 2 

3. 5 3. 4 
3. 7 1 3. 6 
4. 0 3. 8 
4. 2 4. 0 
4. 4 1 4. 2 

5. 2 
6. 4 6. 5* 5 1 

9611 

30 

34*-l'rewure corrections.-Corrections in meters per second, to be applied lo the velocities in 

With the dcpth In fathoms and tho tcmpcraturo of wstcr In OC. at the depth. Add this corrcction to the VOIoCitlc8 

table $8 to account f o r  the pressure or depth Ik 
this 

In tablo 82.1 

I Temperature "C. at depth 

2. 2 
2. 4 
2. 7 
2. 9 
3. 1 

3. 3 
3. 5 
3. 7 
3. 9 
4. 1 

5. 1 
6. 1 

5 

0 
1. 6 
3. 3 
5. 0 
6. 7 
8. 3 

10. 0 
11. 6 
13. 3 
18. 0 
16. 7 

18. 3 
20. 0 
21. 6 
23. 2 
24. 9 

26. 5 
28. 2 
29. 8 
31. 6 
33. 1 

10 

0 
1. 6 
3. 3 
4. 9 
6. 6 
8. 2 

9. 9 
11. 5 
13. 2 
14. 9 
16. 6 

18. 2 
19, 9 
21. 5 
23. 1 
24. 8 

26. 4 
28. 1 
29. 7 
31. 4 
33. 0 

15 

0 
1. 6 
3. 3 
4. 9 
6. B 
8. 2 

9. 9 
11. 5 
13. 2 
14. 8 
16. 5 

18. 1 
19. 8 
21. 4 
23. 0 
24. 7 

26. 3 
28. 0 
29. 8 
31. 2 
32. 8 

20 

0 
1. 6 
3. 3 
4. 9 
6. 6 
8. 2 

9. 9 
11. 5 
13. 2 
14. 8 
IS. 5 

18.1 
19. 8 
21. 6 
23. 1 
24. 7 

26. 3 
27. 9 
29. 5 
31. 2 
32. 8 



9612 HYDROGRAPHIC MANUAL 

I I 
34. 9 34. 9 
36. 5 
38. 2 
39. 8 39. 8 
41. 5 1 41. 5 1 

_ - _ _ - _  ~ 

34. 9 
36. 5 
38. 2 
39. 8 
41. 5 

_ - - _ - - _ - _ _ -  
34. 9 
36. 5 
38. 2 
39. 8 
41. 5 

_ _ _ - - - -  
34. Q 
36. 5 
38. 2 
39. 8 
41. 5 

4 0  1 
43. 2 
44. 8 
46. 5 
48. 1 
49. 8 

51. 4 
53. 1 
54. 7 
56, 4 
58. 0 

59. 7 
61. 3 
62. 9 
64. 6 
66. 2 

69. 5 
72. 8 
76. 1 

85. 8 
89. 1 
92. 3 
95. 6 
98. 9 

102. 1 
105. 3 
108. 5 
111.7 
114. 9 

118.1 
121.3 
124. 5 
127.7 
130. 9 

43. 2 
44. 8 
46. 5 
48. 1 
49. 8 

51. 4 
53. 1 
54. 7 
56. 4 
58. 0 

59. 7 
61. 3 
62. 9 
64. 6 
66. 2 

69. 4 
72. 7 
76. 0 

85. 7 
89. 0 
92. 2 
95. 5 
98. 7 

101.9 
105. 2 
108.4 
111.6 
114. 7 

117. 9 
121.1 
124. 3 
127. 5 
130. 6 

43. 1 
44. 8 

' 46.5 
48. 1 
49. 8 

51. 4 
53. 1 
54. 7 
56: 4 
58.0 1 
59. 6 
61. 2 
62. 8 
64. 5 
66. 1 

69. 4 
72. 7 
75. 9 
79. 2 
82. 4 

85. 7 
88. 9 
92. 1 
95. 4 
98. 6 

101. 8 
105. 0 
108.2 
111.3 
114. 5 

117. 7 
120. 8 
124. 0 
127.2 
130. 3 

43. 1 
44. 7 
46. 4 
48. 0 
49. 7 

51. 3 
53. 0 
54. 6 
56. 3 
57. 9 

59. 6 
61. 2 
62. 8 
64. 4 
66. 0 

69. 3 
72. R 
75. 8 

82. 3 

85. 6 
88. 8 
92. 0 
95. 3 
98. 5 

101. 6 
104. 8 
108.0 
111.1 
114. 3 

117. 4 
120. 6 1 
123. 8 
127.0 
130.1 

43. 1 ;i: 7 
44. 7 46, 
46. 4 41.9 

53. 0 54.5 
54. 6 56.5 
56. 3 57,s 

48. 0 49. 
49. 7 
51. 3 52, 

51. ' 

57. 9 

59. 5 61. 6 
61. 1 G2, 
62. 7 64, 
64. 4 65- 
66. 0 

69. 2 
72. 5 
76. 7 
79. 0 
82. 1 

85. 4 
88. 7 
91. 9 
95. 1 
98. 3 

101.4 
104. 6 
107. 8 
110.9 
114.0 

59, ; 

9612. Ye~ocity From Diagrams 
9611 to  "d 

The diagrams (figs. 187 and 188) may be used instead of the tables in to theg 
velocities. These diagrams are based on the values in the tables but, owinbblas dJJ 
small scale, the velocities cannot be derived with quite the accuracy thaf the 
give. But if the values are interpolated carefully from 
velocities should be sufficiently accurate for use in computing 

Onc diagram is for vclocitics €or tho rnngc of tcmpcratures from 0" $0 l5 



VELOCITY OF S O U N D - M E T E R S  PER S E C O N D  
FIGURE ISi.--h’omograph for derivation of velocity of sound in sea water (for temperatures from Oo to 1 5 O  centigrade). 



T E M P E R A T  U R E "C. 

VELOCITY OF SOUND-METERS PER SECOND 
RGCXE 188.-Nomograph for derivation of velocity of sound in sea aater (for temperatures from 15O to 30° centigrade). 
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the ot,her is for the range of tamperatures from 15' to 30' C. Both diagrams are used 
in the same way. Enter the diagram with the temperature a t  depth on the scale a t  
the top of tho diagram and drop vertically to t h o  diagonal line representing the salinity, 
then follow horizontally to the diagonal line representing the depth of the observation, 
and from here drop vertically to the abscissa scde a t  the bottom of the diagram and 
read the velocity of sound. If the upper series of depth curves is used the upper of the 
two velocity scales should be uscd, but if the lower series of depth curves is used tho 
Velocity should be read from the lower of the two velocity scales. 

961 3. Velocity Correction Factors 

For deriving tho factors used in computing velocity corrections to be applied to 
echo soundings, to account for the deviation of the actual velocity from the calibration 
velocity of the echo-sounding instrument, table 35 is given. The use of the factors is 
explained in 5613 and they arc used in the examplc of velocity correction computations 
in table 20. 

TABLE 35.-Velocily correction factors 

)n velocity 
V...w per second) 

' per second) 800 

-0. 00205 
-0. 00137 
-0.00068 

0.00000 
$0. 00068 
$0. 00137 

$0.00205 
$0.00273 
$0. 00342 
$0. 00410 
+O. 00478 

$0. 00647 
$0. 00615 
$0. 00684 
40.00752 
$0.00820 

+O. 00889 
$0. 00957 
$0. 01025 
$0.01094 
$0. 01162 

$0. 01230 
$0. 01299 
$0. 01367 
$0. 014i35 
t o .  01504 

+O. 01572 
+O. 01640 
+O. 01709 
$0.01777 
+O. 01840 

810 

-0. 01438 
-0.01370 
-0. 01303 
-0. 01235 
-0. 01168 
-0.01100 

-0.01033 
-0.00965 
-0.00898 
-0.00830 
-0.00763 

-0. 00695 
-0.00628 
-0.00560 
-0.00493 
-0.00425 

-0.00358 
-0.00290 
-0.00223 
-0. 00155 
-0.00088 

-0.00020 
$0.00047 
+O. 00115 
+O. 00182 
+O. 00250 

+0.00317 
$0.00385 
+O. 00452 
+O.  00520 
$0. 00587 

820 

-0. 02641 
-0. 02574 
-0.02507 
-0.02441 
-0.02374 
-0. 02307 

-0.02241 
-0.02174 
-0.02107 
-0.02041 
-0.01974 

-0. 01907 
-0.01840 
-0.01774 
-0.01707 
-0.01640 

-0.01574 
-0.01507 
-0.01440 
-0.01374 
-0.01307 

-0.01240 
-0.01174 
-0.01107 
-0.01040 
-0.00974 

-0.00907 
-0.00840 
-0.00774 
-0.00707 
-0.00640 
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TABLE 35.-Velocily correction factors-Continued 

Actual 
velocity 

(in meters 
per second) 

Calibration velocity 
. (in fathoms per second) 

800 

$0. 01914 
$0. 01982 
$0. 02051 
$0. 02119 
$0. 02187 

$0. 022q56 
$0. 02324 
$0. 02392 
$0. 02461 
$0.02529 

$0. 02597 
$0.02666 
+O. 02734 
$0.02802 
$0. 02871 

$0.02939 
$0. 03008 
$0. 03076 
$0. 03144 
+O. 03213 

$0. 03281 
$0. 03349 
$0. 03418 
$0. 03486 
$0.03554 

$0. 03623 
+O. 03691 
$0. 03759 
4-0. 03828 
$0.03896 

+O. 03964 
$0. 04033 
$0. 04101 
$0.04170 
$0. 04238 

$0. 04306 
$0. 04375 
+O. 04443 
$0. 04511 
+O.  04580 

$0. 04648 

$0. 04785 
$0.04853 
$ 0.0492 1 

$0. 04990 
$0. 05058 
$0. 05126 
$0.05195 
$0. 05263 

+ O .  04716 

810 

$0.00655 
$0. 00722 
$0. 00790 
$0.00857 
$0.00925 

+0. 00992 , - -  - - - - ~  +o. 01060 
$0. 01127 
$0. 01195 
$0. 01262 

$0. 01330 
$0. 01397 
$0.01465 
$0. 01532 
$0.01600 

$0. 01667 
+O. 01735 

$0. 01870 
+O. 01937 

+ O .  02005 
+O.  02073 
$0.02140 
4-0. 02208 
$0. 02275 

+O.  02342 
$0. 02410 
$0. 02478 
$0. 02545 
$0.02613 

$0. 02680 
$0. 02748 
$0. 02815 
+O.  02883 
$0.02950 

$0. 03018 
$0. 03085 
+O. 03153 
$0. 03220 
$0. 03288 

$0.03355 
$0.03423 
$0. 03490 
$0. 03558 
$0. 03625 

$0. 03693 
$0. 03760 
$0.03828 
$0.03895 
$0. 03963 

1-0. 01802 

820 

-0. 00573 
-0.00507 
-0. 00440 
-0.00373 
-0. 00307 

-0. 00240 
-0. 00173 
-0.00107 
-0. 00040 
$0.00027 

$0. 00093 
+o. 00160 
+O.  00227 
$0.00293 
$0. 00360 

$0.00427 
$0. 00493 
$0.00560 
$0.00627 
$0.00694 

$0. 00760 
$0. 00827 
$0. 00894 
$0. 00960 
$0.01027 

+O. 01094 
i o .  oiiGo 
$0. 01227 
$0. 01294 
$0. 01360 

$0. 01427 
$0. 01494 
$0. 01560 
$0. 01627 
$0. 01694 

$0. 01760 
f O .  01827 
$0. 01894 
$0. 01961 
$0. 02027 

$0. 02094 
$0.02161 
$0. 02227 
$0.02294 
+O. 02361 

+O. 02427 
$0. 02494 
$0.02561 
$0. 02627 
$0. 02694 
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1,488--- 
89--- 

1,490--- 
9l--- 
92--- 
93--- 
94--_ 
95-_- 
96-_.. 
97--- 
98--_ 
99--.. 

1,500--- 
01--- 
02--- 
03--- 
04--- 
05--.. 
OB_- -  
07--.. 
08--- 

9614. Velocity Reduction Factors for R.A.R. 

IJydrographic surveys controlled by Radio Acoustic Ranging (R.A.R.) are plotted 
on smooth sheets by using an assumed velocity of sound of 1,460 motors per second. 
This vclocity was chosen so that the corrections to tho elapsed timcs to account for the 
actual velocity will always be positive. Tablo 3G givos the fac- 
tors by which the actual elapsed timcs may be multiplied to find thc times to be used 
in plotting on smooth sheets on which the distsncc circles have been drawn for an 
assumed velocity of sound of 1,460 metors per second. 

(See 7341 and 7631.) 

TABLE 36.-Velocity reduction jaclors jor R.A.R. 

1. 01918 
1.01986 
1.02055 
1. 02123 
1. 02192 
1. 02260 
1. 02329 
I. 02397 
1.02466 
1.02534 
1. 02603 
1.02671 
1. 02740 
1.02808 
1.02877 
1. 02945 
1.03013 
1.03082 
1. 03151 
1.03219 
1.03288 

?actors for roducing olnpscd Hmo 

1 Velocity 1 Factor 

I__-. 

1,461_-- 
62--- 
63--- 
64--- 
05--- 
66--- 
'67--- 
B8--- 
69--_ 

l- I 
1. 00068 
1.00137 
1.00205 
1. 00274 
1.00342 
1. 00411 
1.00479 
1.00548 
1.00616 23--- 

24--- 
25--- 
26--- 
27--.. 
28--.. 
29--- 

1,530--- 
31--.. 
32--- 
33--_ 
34--- 
35--- 

I 1,470---/ 1.00885 
71--_ 1. 00753 

1.04315 
1. 04384 
1. 04452 
1.04520 
1. 04589 
1. 04658 
1.04726 
1.04794 
1. 04803 
1. 04932 
1. 05000 
1.05068 
1.05137 

72--- 
73--- 
74_-_ 
75--- 
76--. 
77--_ 
78--- 
79--_ 

1,480--- 
81--. 
82--- 
83--- 
84--_ 
85--- 
86--- 
87--- 

at actual volocity to corrootod t h o  at voloclty of 1,400 motors per socond.] 11- Velocity i Yactor 11 Velocity 1 Pactor 1 -. -_____~ -__ 

-___ 

1. 00822 
1.00890 
1. 00958 
1. 01027 
1. 01096 
1.01164 
1.  01233 
1. 01301 
I .  01370 
1. 01438 
1.01507 
1. 01575 
1. 01644 
1. 01712 
1. 01781 
1.01849 

09--- 
1,510--_ 

11_.._ 
12--- 
13-__ 
14--- 

19--../ 1.04041 1 

1. 03358 38--- 1. 05205 
1.  03425 37-_- 1. 05274 
1. 03493 38--- 1. 05342 
1. 03562 39--- 1. 05411 
1. 03630 1,540--- 1. 05479 
1. 03699 
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962. STANDARD WIDTHS OF LINE 

Standard widths of lines are printed by reference to which the draftsman can gags 
the width which is prescribed for use in any given class of drafting. 

0.10 MILLIMETER = 0,0039 INCH 

1 
2 
3 
4 
5 

0.15 MILLIMETER = 0.0059 INCH 

6 1. 82880 0. 54681 1.09361 
12 3. 65761 1.09361 2. 18722 
18 5.48641 1. 64042 3.28083 
24 7.31521 2. 18722 4.37444 
30 9. 14402 2.73403 5.46806 

0.20 MILLIMETER = 0.0079 INCH 

6 
7 
8 
9 

0.25 MILLIMETER - 0.0098 INCH 

10. 97282 3. 28083 6. 56167 % 12.80163 3. 82764 7.65528 
48 14. 63043 4.37444 8. 74889 
54 16.45923 4.92125 9,84250 

0.30 MILLIMETER = 0.0118 INCH 

19. 68500 
22. 96583 
26.24667 
29. 52750 

0.40 MILLIMETER = 0.0157 INCH 

1. 82880 1. PO000 
' 2. 13360 1. 16667 

2.43840 1.33333 
2. 74320 1. 50000 

0 . 5 0  MILLIMETER = 0.0197 INCH 

075 MILLIMETER - 0 0 2 9 5  INCH 

100 MILLIMETER = 0 0 3 9 4  INCH 

1 5 0  MILLIMETERS = 0 0 5 9 1  INCH 

2 0 0  MILLIMETERS = 00767 INCH 

963. MISCELLANEOUS CONVERSION TABLES 

For miscellaneous use several conversion tables are included which have varioug 
applications in hydrographic surveying. 

TABLE 37.-Linear distance conversion-fathoms-meters-feet-yards 

Meters to- 1 1  Feet to- ll Fathoms to- 

I I II I , I1 I I Feet I Meters I/ Fathoms 1 Yards Feet 11 Meters I Fathoms 

3. 28083 ' 1 1 '  0.30480 I 0. 16667 
6.56167 0. 60960 0. 33333 
9. 84250 0. 91440 0.50000 

13. 12333 11 1. 21920 I 0.66667 
16.40417 1. 52400 0. 83333 
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TABLE 38.- Linear di8lance conversion-naulical miles-statute miles-kilometers 

3; 47357 
4. 34196 
5.21036 1 6.07875 

963 

1. GO935 
3.21869 
4. 82804 
6.43739 
8.04674 
9.65608 

11. 26543 
12.87478 
14.48413 

0. 62137 
1.24274 
1. 86411 
2.48548 
3. 10685 
3. 72822 
4.34959 
4.97096 
5. 59233 

"C. OF. OC. 

-2. 2 41 5. 0 
-1. 7 42 5. 6 
-1. 1 43 6. 1 
-0. 6 44 6. 7 

0. 0 45 7. 2 
4-0. 6 46 7. 8 

1. 1 47 8. 3 
1. 7 48 8. 9 

_____I_ 

- 
OF. 

54 
55 
56 
57 
68 
59 
60 
61 

12. 2 
12. 8 
13. 3 
13. 9 
14. 4 
15. 0 
15. 6 

67 
08 
69 
70 
71 
72 
73 

19. 4 
20. 0 
20. 6 
21. 1 
21. 7 

80 
81 
82 
83 
84 

2. 2 
2. 8 
3. 3 
3. 9 
4. 4 

49 9. 4 62 
50 10. 0 63 
51 10. 6 64 
52 11. 1 65 
53 11. 7 66 

23. 9 
24. 4 
25. 0 
25. 6 
26. 1 

88 
89 
90 

17. 2 
17. 8 
18. 3 
18. 9 

76 
77 
78 
79 

- - 

1 
2 
3 
4 
5 
6 
7 
8 
9 
- 

Kilometers to- ll Nautical Miles to- (1 Statute Miles to- 

Kilometers II Nautical 
miles 

Nautioal 
miles 

0. 86839 
1.73678 
2. 60618 

Statute 
miles 

1.15155 
2.30311 
3.46466 
4.60621 
5. 75776 
6. 90932 

Kilometers 

II 
0.53959 
1.07918 
1. 61878 
2. 15837 
2. 69796 
3.23756 
3.77715 
4. 31674 
4.85633 

1.85325 
3.70650 
6.56975 
7.41300 
9.26625 

11.11950 
12.97275 
14. 82600 
16.67925 

6.94714 
7.81553 

TABLIU 39.-Temperature conversion 
CENTIQRADE TO FAHRENHEIT 

'-2 
-1 

0 
1 
2 
3 
4 

28. 4 
30. 2 
32. 0 
33. 8 
35. 6 
37. 4 
39. 2 

5 
6 
7 
8 
9 

10 
11 

41. 0 
42. 8 
44. 6 
46. 4 
48. 2 
50. 0 
51. 8 

12 
13 
14 
15 
16 
17 
18 

53. 6 
55. 4 
57. 2 
59. 0 
60. 8 
62. 6 
64. 4 

19 
20 
21 
22 
23 
24 
25 

66. 2 
68  0 
69. 8 
71. 6 
73. 4 
75. 2 
77. 0 

26 
27 
28 
29 
30 
31 
32 

78. 8 
80. 6 
82. 4 
84. 2 
86. 0 
87. 8 
89. 6 

\ I  It I II I II I II I 

FAHRENHEIT T O  CENTIGRADE 
\ 

OB. 

L 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
L 

O C .  

26. 7 
27. 2 
27. 8 
28.3 
28. 9 
29. 4 
30. 0 
30. 6 
31. 1 
31. 7 
32. 2 

16. 1 )I ;' 
16. 7 
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TABLE 4O.-Map scales and equivalents 
(The term "scale" as wed In the formulas at the bottom of the table is the rociprocoi of tho fractlonal scn 

Fiaetionel scale Feet per In. I_-- 
41. a07 
60.00 
83.333 

100.00 
126.00 

200. 00 
208.333 
260.00 
300.00 
333.333 
400.00 

Em. 00 
583.333 
000. 00 

700.00 
, 760.00 

800.00 
833.333 
000. 00 

1,000.00 
1,100.00 
1, 200. 00 
1,260.00 
1,300.00 
1,320.00 
1,333.333 
1,400.00 
1, m. 00 
I, m. 00 
1,000.007 
1,700.00 
1,700.00 
1,800.00 
1,800.00 
2, ooo. 00 
2,083.333 
2,040.00 
3,333.333 
4, ooo. 00 
6,208.333 
6,280.00 
0,060.oa7 
8, ooo. 00 

10,000.00 
io, 4 i a . 0 1 ~  
10, Mx). 00 
aO,833.333 
21,120.00 
41,000.007 
83.333.333 

loa. 007 

410. a07 

mo. oo 
000. a07 

Scale Formul as... ._ ~ 

In. per 
1,ooo it. 

24.00 
20.00 
12.00 
10. 00 
8.00 

5.00 
4.80 
4.00 
3.333 
3.00 
2.60 
2.40 
2. 00 
1.714 

1.616 
1.600 
1.428 

1.260 
1.200 
1.111 
1.0 
0.009 
0.833 
0.80 
0.709 
0.768 
0.760 
0.714 

0.026 

0.688 
0.608 
0.660 
0.620 
0. GO 
0.480 
0.379 
0.30 
0.260 
0. ID2 
0.180 
0.180 
0.126 
0.10 
0.000 
0.006 
0.048 
0.047 
0.024 
0.012 

a. 00 

1.007 

1.333 

0. a07 

0. ao 

Inchcs per 
stat. milo 

iza. 72 
106.00 
03.30 
52.80 
42.24 

20.40 
26.344 
21.12 
17.60 
16.84 
13.20 
12.072 
10. 60 
0.051 
8.80 
8.00 
7.02 
7.643 
7.04 
0.00 
0.330 

6.230 

4.400 
4.224 
4.062 
4.00 

3.771 
3.52 
3.30 
3.108 
3.100 
3.00 
2.033 
2.770 

2.534 
2.000 
1.584 
1.320 
1.014 
1. OOO 
0.702 
0.000 
0.628 
0.607 
0. 600 
0.253 
0.260 
0.127 
0.003 

31. a8 

6.807 

4. noo 

3. ga 

2. a40 

Bculo 

Stat. mile 
per in. 

0.006 
0.00c 
0.01( 
0.01f 
0.024 
0.035 
0.03I 
0.031 
0.04; 
0.067 
0.003 
0.07C 
0.07C 
0. O N  

0.114 
0.126 
0.12f1 
0.133 
0.142 
0.151 
0.158 
0.17U 
0.18Q 

0. 227 
0.237 
0.240 
0.250 
0.263 
0.206 
0.284 
0.303 

0.322 
0. a33 
0.341 
0.300 
0.379 
0.386 
0. 600 
0.031 
0.768 
0.980 
1.000 
1.203 
1.616 
1.8LI4 
1.873 
2.00 
3.046 
4.00 
7.801 

16.783 

0. i i a  

0. 208 

0.310 

Scnle 
GEG 

- 

Meters per 
in. 

12. m 
15.24( 
2' 4(U 

GO. 80C 
00.00( 
03. GO( 
70. UH 
01.441 

101. 00c 
121. ox 
127. OM: 
162.4N 
177. B(H1 
182.88c 
201.1OP 
203.2CK 
213.30C 
228. O N  
243.84c 
264.000 
274.321 
304.801 

3il: 4w 
38. IO( 

336.281 
a06.701 
381.001 
300.241 
402.337 
400.401 
420.721 
467.201 
487.081 
608. 001 
618.101 
630.440 
648.041 
679.121 
008.001 
036.001 
804.074 

1,010.002 
1,210.202 
1,587.603 
1,000.347 
2,032.004 
2,438.406 
3,048.000 
3, 176.000 
3,218.004 

0,437.388 
12,700,025 
26,400.060 

a, 360.012 

~~ 

't. per in. X 
0.3048000 

Acres per sq 
in. 

0.038 
0.067 
0.160 
0.228' 
0.358 

0.018: 
0.090. 
1.4341 

2.66001 
3.073 
3.8861 
'6.730: 
7.811' 
8.204 

10.00 
10.203 
11.240 
12.013 
14. 092 
16.042 
18.606 
22.967 
27.778 
33.068 
36.870 
38.787 
40. OM) 
40.812 
44.006 
51.063 
68.770 
03.700 
00.346 
71.111 
74.380 
82.874 
91.827 
00.030 

100. ooo 
256.070 

022.744 

I, 020.304 
1,400.24 
2,206.084 
2,400.08 
2,600.00 
0,003.007 
10,240.00 
30,866,027 

168, 422. 608 

(Sealo) 2 

43, MI0 X 144 

0. a37 

2. om 

307.309 

(140.00 

Bq. in. per 
aero 

25.001 
17.424 
0.274 
4.360 
2.798 
1.608 
1.088 
1.004 

0.484 
0.302 
0.272 
0.251 
0.174 
0.128 
0.121 
0.100 
0.008 
0.080 
0.077 
0.008 

0.064 
0.044 
0.030 
0.030 
0.02R 
0.020 
0.026 
0.026 
0.022 
0.010 
0.017 
0.010 
0.015 
0.014 
0.013 
0.012 
0.011 
0.010 

0.004 
0.003 
0.W15 

0.0010 
0.0007 
0.0004 
0.0004 
0.0004 
0.0001 
0.0001 
0. ?25 
0. so2 

0. a07 

0. 003 

0. ooa 

0. ooia 

13, MI0 X 144 
(Scnlo) 1 



PAGE 885 MISCELLANEOUS 964 

964q. TRIGONOMETRIC FUNCTIONS FOR CLlICLE-SHEET CONSTRUCTlON 

For use in constructing circle sheets (sec section 37) a tab10 of iiatural half-cosecants 
and half-cotangents to four places is given. The values are given for cacli 10 minutes 
from lo to 20°, for each half degrec from 20' to 50°, and for each dcgrcc from 50' 
to 900. 

-==z=== 

Angle 

0 1  

1 00 
10 
20 
30 
40 
50 

2 00 
10 
20 
30 
40 
50 

3 00 
10 
20 
30 
40 
50 

4 00 
10 
20 
30 
40 
50 

5 00 
10 
20 
30 
40 
50 

6 00 
10 
20 
30 
40 
50 

7 00 
10 
20 
30 
40 
50 

yz coscc 

28. 6493 
24.5570 
21.4879 
19. 1008 
17. 1912 
15. 6288 

14. 3269 
13.2253 
12.2811 
11. 4628 
10. 7468 
10. 1151 

9.5537 
9. 0513 
8. 5992 
8. 1902 
7. 8184 
7.4789 

7. 1678 
6. 8816 . 6174 
.3727 . 1456 

5. 9342 

5. 7369 . 5523 . 3792 . 2107 
.0638 

4. 9196 

4. 7834 . 6546 . 5320 
.4168 . 3069 . 2023 

4. 1028 
.0078 

3.9172 . 8306 
.7479 . 6686 

TABLE 41.--NaiuraZ half-cosecants and h uljkotangents 

% cot 

28. 6450 
24.5519 
21.4820 
19.0942 
17. 1839 
15. 6208 

14. 3181 
13. 2158 
12. 2709 
11.4519 
10. 7352 
10. 1028 

9. 5406 
9, 0375 
8.5847 
8. 1749 
7. 8024 
7. 4622 

7. 1503 
6. 8634 
. 5984 
.3531 . 1252 

5. 9131 

5. 7150 
, 5297 . 3560 . 1927 
.0390 

4. 8041 

4. 7572 . 6277 
. 5049 
.3884 
. 2778 . 1725 

4.0722 
3. 9765 
.8852 
.7979 
.7144 
. 6344 

Anylc 

a /  

8 00 
10 
20 
30 
40 
50 

9 00 
10 
20 
30 
40 
50 

10 00 
10 
20 
30 
40 
50 

11 00 
10 
20 
30 
40 
50 

12 00 
10 
20 
30 
40 
50 

13 00 
10 
20 
30 
40 
50 

14 00 
10 
20 
30 
40 
50 

% coscc 

3. 5926 . 5198 . 4499 . 3827 . 3182 . 2560 

3. 1962 . 1386 
.0830 
.0294 

2.9777 
. 9277 

2.8794 . 8327 
. 7875 
.7437 . 7013 . 6602 

2. 6204 . 5818 
f5443 
.5079 . 4726 
.4382 

2. 4049 
.3724 
. 3408 
.3101 
.2802 
,2511 

2. 2227 
. 1951 . 1681 . 1418 . 1162 
.0912 

2. 0668 
.0430 
.0197 

1. 9970 
.9748 . 9531 

yz cot 
__- 

3. 6577 . 4841 
. 4136 
.3456 . 2803 . 2174 

3. 1569 
.0985 
.0422 

2. 9879 
.9354 
.8847 

2. 8356 
.7882 
.7423 
.6978 . 6540 . 6128 

2.5723 
.5329 
.4947 
.4576 . 4215 . 3864 

2. 3523 
.3191 
.2868 . 2554 
. 2247 . 1948 

2. 1657 . 1374 . 1097 
,0826 
,0563 . 0305 

2. 0054 
1.9808 
.9568 
.9334 
.9104 . 8880 

Angle 

O I  

15 00 
10 
20 
30 
40 
50 

16 00 
10 
20 
30 
40 
50 

17 00 
10 
20 
30 
40 
50 

18 00 
-10 
20 
30 
40 
50 

19 00 
10 
20 
30 
40 
50 

20 00 
30 

21 00 
30 

22 00 
30 

23 00 
30 

24 00 
30 

25 00 
30 

$6 coscc 

1. 9319 
.9111 
.8908 
.8710 
. 8516 . 8326 

1. 8140 
.7958 
.7779 
.7605 
.7434 . 7266 

1. 7102 . 6940 
.6782 
.6628 . 6476 
.6327 

1. 6180 . (3037 
.5896 . 5758 . 5622 
.54s9 

1. 5358 
. 5229 
, 5103 
.4979 
.4857 
.4737 

1.4619 
.4277 . 3952 
.3643 
.3347 
.3006 
.2797 . 2539 
. 2293 
.2057 

1. 1831 . 1614 

)4 cot 
-_ - 

1. 8660 
.8445 
.8235 
.a029 . 7828 
. 7030 

I .  7437 . 7248 . 7062 
* (3880 . 6701 
, 6526 

1. 6354 . 6186 . 6020 . 5858 - 
.5699 
.5542 

1.5388 . 5237 . 5089 
.4943 
. 4800 . 4659 

1.4521 
.4385 
.4251 
.4120 
.3990 
. 3863 

1.3737 
.3373 . 3025 
. 2603 
.2375 . 2071 . 1779 . 1499 
, 1230 
.0971 

1.0723 
.0483 
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Angle 

0 1  

26 00 
30 

27 00 
30 

28 00 
30 

29 00 
30 

30 00 
30 

31 00 
30 

32 00 
30 

33 00 
30 

34 00 
30 

35 00 
30 

36 00 
30 

37 00 
30 

38 00 
30 

39 00 
30 

40 00 
30 

41 00 

HYDROQFtAPlIIC MANUAL PAGE 886 

TABLE 41 .-Natural half-cosecants and hal~-cdangenls-Continued 

4 coaec 

1.1406 . 1206 
. lo13 
.0828 
.0650 
.0479 
.0313 
.0154 

1.0000 
0.9851 

.9708 

.9569 

.9435 

.9306 

.9180 

.9059 

.8941 

.8828 

0. 8717 
.8610 
.8507 
.8406 
.8308 
.8213 
.a121 
. 8032 
.7945 
.7861 

0.7779 
.7699 
.7621 

1.0252 
.0028 

0.9813 . 9605 
.9404 
.9209 
.9020 
.8837 

0.8660 
.8488 
.8321 
.8159 
.8002 
.7848 
.7699 
.7554 . 7413 
.7275 

0. 7141 
.7010 . 6882 
.6757 
.6635 . 6516 
.6400 
.6286 . 6174 
.6065 

0.5959 . 5854 . 5752 

?4 cot I/ 
0 1  

41 30 
42 00 

30 
43 00 

30 
44 00 

30 

45 00 
30 

46 00 
30 

47 00 
30 

48 00 
30 

49 00 
30 

50 00 
51 00 
52 00 
53 00 
54 00 

55 00 
56 00 
57 00 
58 00 
59 00 

60 00 
61 00 
62 00 

?,4 COBec 

0.7546 . 7472 
.7401 
.7331 
.7264 
.7198 
.7134 

0. 7071 
.7010 . 6951 
.6893 
.6837 
.6782 
.6728 
.6676 . 6625 . 6575 

0.0527 . 6434 . 6345 
.6261 . 6180 

. 6104 
0.6031 . 5962 . 5896 
. 5833 

0.5774 . 5717 . 5663 

?,4 cot / /  Angle 

-11 
0.5651 . 5563 

.5457 . 5362 . 5269 . 5178 

.5088 

0.5000 
.4913 
.4828 
.' 4745 
.4663 
.4582 . 4502 
.4424 
,4346 . 4270 

0.4195 
.4049 . 3906 
. 3768 
.3633 

. 3501 
0.3373 
. 3247 . 3124 
. 3004 

0.2887 
. 2772 
.2659 

0 1  

63 00 
64 00 

65 00 
66 00 
67 00 
68 00 
69 00 

70 00 
71 00 
72 00 
73 00 
74 00 

75 00 
76 00 
77 00 
78 00 
79 00 

80 00 
81 00 
82 00 
83 00 
84 00 

85 00 
80 00 
87 00 
88 00 
89 00 

90 00 

H coaec 

0.5012 
.5563 

.5517 

.5473 

.5432 

.5393 

.5356 

0.5321 
.5288 
.5257 
.5228 . 5201 

. 5176 . 5153 . 5132 . 5112 . 5094 

0.5077 . 5062 . 5049 
.5038 
. 5028 

. 5019 . 5012 . 5007 

.5003 . 5001 

0. 5000 
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965. THREE-LETTER STATION NAMES 

Control stations to which three-letter names are to be assigned in accordance 
with 2151 and 2152 shall be named from the list in table 42. Duplication of station 
names on one survey she& is to be avoided, but there is no objection to such a duplica- 
tion on adjacent sheets. 

TABLE 42.-Three-letter station names 

bbe 
Ace 
Act 
Add 
Ado 
Ago 
Aha 
A i  
4 P  
Amp 
Amy 
Ann 
Ant 
Apt 
Arm 
Art 
Ask 
Avo 
Axe 
A Z O  

Bag 
Bah 
Bat 
Bed 
Bib 
Big 
BO& 

Bob 
$on 
Box 
Bum 
BUS 

But 

Cab 
Cam 
Car 
Cat 
Caw 
Cod 
Con 
coo 
COP 
cow 
Cry 
Cue 
Cur 
c u t  

Daw 
Day 
Deb 
Dif 
Dim 
Dip 
D ix 
Doc 
Dog 
Don 
Dot 
Dud 
Dun 
Duo 

Ear 
Eat 
Ebb 
Eel 
Egg 

Ego 
Elf 
Elm 
Emo 
End 
Eon 
Era 
Erg 
Est 
Eva 

Par 
Fat 
Fed 
Few 
Fez 
Fig 
Fin 
Fit 
Fix 

Foe 
Fly 

Fog 
Fop 
For 
Fox 
Fro 
Fly 
Fun 

G ad 
Gag 
Gal 
Gam 
Gas 

Gem 
Goo 
Gat 
Gig 
Gin 
Gob 
Got 
Gum 
Gus 
GUY 

Hag 
Hat 
Hem 
Her 
Hex 
Hid 
His 
Hod 
Hoe 
Hon 
HOP 
How 
Hub 
Hug 
Hum 
Hut 

IC0 
Ida 
Ion 
Irk 
Its 
I V Y  

JaP 
Jar 
Jay 
Jaw 
Jib 
Jim 
Job 
Joe 
JOY 
Jug 
Jut 

Ked 
Ken 

Kid 
Kim 

Lad 
Lam 
Lax 
Lay 
Log 
Loo 
Let 
Lip 

' Liz 
Log 
LOP 
LOW 

Lug 
Lux 

Mag 
M a1 

KBY 

Man 
Mar 
Maw 
Max 
Met 
Mid 
Moo 
MOP 
Mug 
Mum 

Nat 
Nay 
Ned 
Neo 
New 
Nig 
Nil 
Nip 
Nit 
Nix 
Nod 
Non 
Nor 
Now 
Nub 
Nul 
Nut 
Nux 

Oak 
Obi 
Odd 
Off 
Ohm 

Oil 
Old 
Ora 
Orb 
o u t  
Owl 

Pad 
Pal 
Par 
Paw 
peg 
POP 
Pet 
Pie 
Pin 
Pit 
PiX 
PlY 
Poi 
r o t  
Pro 
pug 
Pup 
Put 

QUO 

Rag 
Ram 
Rat 
Rov 
Rig 
Rim 
Rio 

Rip 
Rot 
ROY 
Rub 
Rue 
Rum 

Sad 
sag 
Sal 
Sam 
sax 
Sot 
Sic 
Sip 
Sir 
Sis 
She 
Ski 
Sky 
Sly 
Sol 
SOP 
sow 
sox 
Sty 
Sub 
Sue 

Tan 
Tap 
Tax 
Thy 
Tom 
T O Y  
D Y  

Tub 

Use 

Val 
Van 
Vet 
Vex 
Via 
Vim 

Wad 
wag 
Wan 
War 
WE3 
wax 
Wed 
Wee 
Wen 
Who 

Wig 
Win 
Wit 
woo 

Yak 
Y ani 
Yea 
Yes 
Yet 

zag 
Zig 
zoo 



97. SYMBOLS AND ABBREVIATIONS FOR NAUTICAL CHARTS 

The standard symbols and abbreviations which have been approved for use On 

nautical charts published by the Coast and Geodetic Survey are reproduced as figura 
189 on 11 consecutive pagea, and a section of a finished nautical chart is reproduced 
figure 190. The same symbols and abbreviations are to be used on hydrograph'' 
survey sheets, except as specifically mentioned in tho text of chapter 7 and as shorn 
in figures 169 and 171. For example, depth curves on hydrographic sheets are drawD 
in distinctive colors and not symbolized as on the published charts. 

PAGE 888 



NAUTICAL CHART 
SYMBOLS AND ABBREVIATIONS 

COAST AND GEODETIC SURVEY 
USED BY THE 

I 
~~~ 

General Remarks 

(1) 

(2) 

(3) 

Soundings are expressed in feet or fathoms as stated in the t i t le  o f  the chart. 

The visibility o f  lights is in nautical miles for an observer's eye 15 feet above water level. 

N.A 1927 at the upper right-hand corner of the chart is an abbreviation for "Nor th  American 

datum o f  1927". 

( 4 )  

(5) 

(6)  

Longitudes are relerred t o  the Meridian of Greenwich. 

The coastline is the line o f  mean high water, except along mangrove and marsh. 

Nautical charts, unless otherwise noted in the tit le, are constructed on the Mercator projection, and 

are computed for the middle latitude o f  the chart or the middle latitude o f  a series o f  charts. 

(7) Heights o f  land and conspicuous objects are given in feet above mean high water, unless otherwise 

stated in the t i t le o f  the chart. 

mean high water. 

Elevations o f  rocks, lighthouses, contours, and hills, are in feet above 

Underlined elevations o f  mountain peaks are in feet above mean sea level. 

(8) Dredged channels are shown by limiting dash lines with the depth, month, and year o\ 

Explanation o f  marginal notes may be found in the Coast Pilot, and in the Chart Catalog. 

The use o f  capitals and the style of lettering given on this sheet is not always rigidly adhered to on 

latest examination. 

(9) 

(10) 

the charts. 

(11) Caution note: CAUTION 
Temporary changes affecting 

Lights, Buoys and Day Beacons 
Aids which have been destroyed or removed, but which 

will be reestablished and are temporarily replaced by aids 
of different characteristics, are indicated in color by the 
following abbreviations. 

D 
T R B  
T B B  
T F B  
T F R B  
T FL B '  
T F L R B  
T F L G B  

Destroyed, t o  be reestablished. 
Temporarily replaced b y  a red buoy. 
Temporarily replaced by a black buoy. 
Tedporarily replaced b y  a lixed white l ighted buoy. 
Temporarily replaced b y  a fixed red lighted buoy. 
Temporarily replaced by a [lashing white lighted buoy. 
Temporarily replaced b y  a flashing red lighted buoy. 
Temporarily replaced by e flashing green lighted buoy. 

(12) The use o f  colors is optional and some of them may be changed for special reasons. 

Symbols and abbreviations are numbered in accordance with a standard form proposed by the International 

Vertical {igures indicate that the symbol or abbreviation is in accordance with the I. H. 8. standard. 

Symbols or abbreviations which differ from those oT the I. H. 8., or which do not appear on the standard 

Hydrographic Bureau. 
i 

are indicated by slant figures. 

Figures in parentheses indicate that the symbol or abbreviation is in addition to those shown on the standard. 

N o  periods are used after abbreviations placed in water areas. 

FIOURE 189. -Symbols and abbreviations far nautical charts (Dart 1). 



l -  
I 

or w h m  a pmmt 

*:a:: .. 
Stoner or gravel 

81 

d Rock, uncovers at chert datum 



L \  I 

I I  - 



F. 

gt. great 

8 9  large 

established 

mrintainrd 

ctric 

w t r ,  privrhi 

45 



d 





J. 
2 

3 

(30)  

6 

8 

iscellaneous E . . tions 

lfesaving Station 

A 

Signal Station 

FlagstaN 

Weather Bureau 

Signal Station 

Flagpole 

Flag tower 

Lookout tower 

Standpips 

When on land 

I K. Lights 

7 

10 

il 117) . 

See Cenrrd R 

Position 01 light 

Light 

Lighthouse 

Aeronautical lioht 

Lighted beacon 
(Post light) 

Lightship 

Lighted bu 

Rellector 

Private ligh, 
(maintained b y  private 
interests; to be used 

arks, nols 11. 

31 

(39) 

(40) 

42  

44 

(44a) 

47  

49 

Interrupted quic 

63 

64  

66 

6 7  

68 

69 

71  



. I - -  

L. , Buoys an 

I 

2 1  

3 

P 

6 

8 

22 dJ 

24 ' 

ightship 

A i r w 4 y  buoy (Mid-Channel) 

/unction buoy 

'solrtd danger buoy 

Vnck or obstruction buoy 

M. Rac" 1 Stations 

I ,  .. Horizontrl br 
1. S. Horizontrl str SI 

32 /. 8. Verticrl str 
93 ;hw. checkerd 
41 H. white 

43 

s a  

Privrt. rid to nrvigrtion 

8 9 (  

(64) 

A 
6 

Fog Sig. 

BUE-BEL 







The outer rose is in degrees with zero 

at true north. The inner rose I S  in points 

with the arrow at rnegnetic north. 





INDEX 
(The boldface numbers In the left-hand column are the ilcm 
numbers accompanying tezt headings. See preface jor ezplanatlon 
O f  these numbflu.) 

A 
Roforonco 

nnmcs.-.. _ _  ~ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  ._ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  7843(d) 

No. Pngo 
740 
741 

Abnndoncd light structuro(s) _._.___ ~ _--. ~ .---- 7841 

Record. _ _ _ _ _ _  ~ _ _ _ _  __.___- - - -  _ _  - -  - -  - - 
Abbrovintions. stnndnrd. (Ilsts), whcro pub- 

Book-L’Gforcnrc ( U S / )  ......... . . ...-- .---._.. 
divta&s (see 11. A. R. distnnces) 
oncr~y,  trunsnilssion through clastic 11lodiu111. 
rcsistnnco definition .--. ____. . . _ _  __._--.____ ~ 

resistancotof nir nnd wntor COmpnt’Cd .....-..- 
unit($ (see also Trnnsmittlng uliits, flccus- 

1 . 1 ~ .  and undor nnmc of spooiflo Instru- 

Abbrovintions 
for uso in Sounding Record (Zlsl) _ _ _ _ _ - - _  ~ - - - -  8111 
Nautical chnrt - (fllwlraled) - _ _ _ - -  _ - - -  Pe. 18B 
Stnnderd - for sounding ( l ist) ___.__ _ _  _ _ _ _ _  8111 
Unusual -to be oxplninod in Soundina 

8111 

Ushod--. _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ - - -  ~ - ---  _ - - -  917 
Absorption or sound (see Bound, absorptioti of) 
ACoustMn) 
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Dccimnls 
Smooth shcct, usc on.. _______..______._.._ _ _  7734 
Smooth shccts, whore required on. _ _  _ _  _ _ _  7714 
Sounding, usc in _ _ _ _ _ _ _ _ _ _  _ _  - _._. _ _ _ _ _  _ _  _ _  _ _  - 8143 

Declination, magnctic 
Dcflnition. -. . -. - -. ~ - - - - - - ._ -. - - -. - - - - - -. - - - - 
Whore to find valuc of - _ _  - - _ _  _ _ _ _ _  _ _  - .- - 

Dcep, definition ... _ _ _  _ _  -. . -. . . .. . . -. . . _ _  _ _  -. - 
Deep-sea dcprcssions, terminology-. _ _  ~ ____. - _  - 
Dcep-sen elevations, terminology. -. . -. - -. -. . . . 
Dcep-sen soundings (see Echo sounding expedi- 

ants and Wire soundings) 

4413 
4416 
16816 
16816 
1681c 

Deflcicncies of smooth sheets. ~ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _  796 
Definitions (see also spccifle term) 

of scn and port tcrms, where found _ _ _ _  ~ .____ {!!! 
Degrees and minutcs, symbolization __._ _ _  __._. 7323 
Degrees, ccntigradc nnd Fahrenheit, conversion 

tables .......------....---.----------- 963 
Degree-volume of a thermometer. ~ _ _ _  _ _  _ _ _  .~ - 4712 
Density of sea water (see a280 Snlinity) 

A parent -, dcflnition .__________ _ _ _ _ _  _ _ l  6331 
OEscrvcd - definition _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  .-. 6331 

Deposits, marin; (see also Bottom characteris- 

acographic distribution of - - - - _ _ _ _ _ _ _ _ _  - 3848 
tics and Silted areas) 

Typos-.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _____.___. . _ _ _  3844 
Depression(s) 

Definition.. _ _ _ _ _ _ _  _._ _ _ _  _ _ _ _ _ _ _  _ _ _  _ _ _ _ _  _ _ _ _  
in irregular bottom, soundings rcquircd in ... 3433 

10816 

Depression angles 
Accuracy 3362 
Formula for detorminlng dlstancc- - - _ _ _ _ _  _ _ _  3362 
Limitation of use. _ _ _ _  _ _  .- - _ _  _ _  - _ _ _ _ _  _ _  ... .. - 3362 
to buoys . . 25 
to obJccts in wator .___________._...... ... . .- 3363 

at crossings (ace Depth differcnccs and Sound- 

Chnngcablp -, dntc of sounding datn rc- 
Chnngcs in -, positions nt .____ _ _  _ _ _  _ _  _ _ _  _ _  3112(d) 

Dcpth(s) 
ings at crossings) 

quircd-.. --. . . - - ........-.- _ _  _ _  -. - _ _ _  916 

363 

[363 Abnormal - disclosc survey fnults _.___ _ _  ,772 
Bont-shcot- _______.____________--~--.- 3264 

Intcrvnl betwccn - ... _ _ _ _ _ _ _  ~ _.__._._ 3533 
Coastal shelves, typo of - on ._.___._____ 363 
Color rcprescntntion (table 67) - - - -. . . __. - _ _  776 
Contours on ndjncent land, similarity to ... 3631 
dcflned by hnlf-foot soundings. ._ _ _ _ _ _  -. _ _ _  7713(1) 
Dofinition _ _ _ _  ~ - _ _  - - - - ._ ~ - - ~ - -. - - -. . . - 776 
dolineation ____.____________.__.---.-.-...- 7762 
EvIdencc of adcquacy nnd nccurncy of 363 

survcy _ _ _ _ _ _ _ _  -. - __. . . . - -. - .- - _ _  _ _  _ _  .{7772 
Evidence of errors in soundings ...-. : _ _ _ _ _ _  774 
Examination of - . . . . _ _ _ _ _  _ _  -. _ _  - .- .~ - 03426 
IIorizontnl displacement . . . -. -. . . -. -. - - - - - 3671 
Illdcflned -, symbolization.. -. .-. - _ _ _  - 7762 
Inking - on smooth shccts ... - _.___.____ {ii!: 
interrupted nt soundings and ositions 7762 
Nonstandnrd -, whore use$ ______.. ----?: 7701 
Omission of sclccted - ~ _________._...___ 7761 
Penciled - loft on smooth shect. ..._____ 7761 
Puprose _ _ _ _  ________. . -. .. _.__ _ _  -. _ _  .-. .- - 776 
Safcty considercd in drawing - __.._.___ 7762 
Selection. -. . - - - ~ ~ -. - ~ - - - - - - - - - - -. . . . . - - - 7761 
Smooth-shoot -, whon inked. _ _  _ _ _ _  -. . 776 
Smooth sheet rcprescntation pnttorncd 

after boat sheet. _ _  _ _ _ _ _  _ _ _  _.____. _ _ _  7762 
symbolization (fable 17): -.-. .. . . . . . . -. ~. . - ~  776 
Topographic experience valuable in drnw- 

in - __-:_____ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _  -. 363 
differ consfstcntly from prior data.. _ _ _ _ _ _ _ _ _  3621 

curve(s) .-------..---------.--......---------- 776 
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Rcfcrcncc 
De th(s)-Continued. No. 

dfffercnccs (see also Soundings nt crossings) 
AlIowtihlo - _ _  _ _  - _ _  _ _ _ _  ~ _ _  ___. - - .. _ _ _  _ _  

based on depth curvw _ _ _ _  _.__ _ _ _ _ _ _ _ _ _ _ _  3671 
at crossings. _ _ _ _ _ _  _ _ _ _ _  ~ _ _ _ _  _ _  _ _ _  ._____ ~ _ _  3671 

Inspection of - _ _ _ _ _  _ _ _  -. _ _  _ _ _  ___. . . 9342a 
Causcs ______.____________....-.---.---- _ _ _  7771 
Doscriptive Rcport requlremcnts. _ _ _ _ _ _ _ _ _  842K 
Examination of - rcquired. _.__ _ _ _ _  _ _ _  _ _  7771 
Field investigation requircd. -. _ _ _  _.__ _ _ _ _ _  3671 
Horizontnl-position errors cnusing - _ _ _ _  3671 
Resounding rcquircd. ~ _ _ _ _ _ _ _  _ _  _ _ _ _  _ _ _ _  -. - 3671 

measured by use of revcrslng thermometers.. 4716 
measuremcnt(s) (see also Echo soundings; 

IInndlend soundings; Soundings; and 
Wire soundings). _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  311 

nccurncy rcquiromcnts ._____ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3111 
methods approved __________________._____ 3114 
mcthods'noted in Dcscriptivc Rcport ...... 84211 
mothods, obsolete .....--. ____. ..-. - _ _  - _ _ _ _  ~ 3116 
units.-. _ _ _ _ _ _  _ _  _____._..__ ~ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _  124(a) 

Rulcs for various depths nnd instruments. 3112 
mcasuringap aratus ______.__________ ~ _ _ _ _ _ _ _  46 
~ccan io  termLology, dcflnition..-. _ _ _ _  --. _ _  - irmb 
registering devices (see Rcgistcring dcviccs 

and under name of spccifle instru- 
ment) 

unlt(s) ________________..._.--------. ~ _ _ _ _ _ _ _  771 
Atlantic Orenn - _ _  ._._.__ ~ __._._._.___ 7711 
Changing - in Sounding Ilccord _ _ _ _ _ _ _ _  8143 
Coast Pilot nsnge _ _ _ _  ~ _ _ _ _  _ _ _ _  -. . ____. ___. ~ 916 
conversion -... . _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  ~ ..._______ 7716 
for variousdepths and conditions (tabZe68).. 8143 
One -only on one hydrographic sheet.. 823 
Pacific Ocean - .-- _ _  -. _____. _ _  _ _  - _ _ _ _ _ _  7712 
Rulcs for various depths and instruments . 3112 

tions 
Dopth layers in vcloclty of sound determinn- 

Adjiistmcnt for uncqunl - _.______ .__ _ _ _ _ _  {::f% 
{E Selection of - ~ _ _ _ _ _ _  _ _ _ _  ________._.______ - 

Dcpthonietcr Bludworth (see Dludwortli 

Description of stations (see spccific typo of stn- 
1)e;thometer) 

tlon) 
Descrlptlvc pcographic nnmes .-... -. -. - ____. . . . 161 

Additlotis Inserted at Wnshington Omce .... 811 
Aids tod~nvigntlon, noiifcdornl, roport on.. . 3834 

Dcscri[Jtive l{lJIJ(Jrt(s)-.. . _________._.  _ _  . _ _ _ _ _ _  84 

Aids to navigation rcports to Coast Guard 
montioned .___. .. . . ~ _ _  _ _  __.__ _ _ _ _  -. . 863 

Approval by Chief of Party. __.__._..____.__ 8437 
Bcnrings, recommcnded, to be doserfbod..-.. 366 
Brlat sheet notcs to he incorporntcd in - _ _  84 
Const Guard reports to mcntloned. _ _ _ _ _ _  - 3832 
Const Pilot ihformntion'duplicatod. - - - -. . -. - 866 

84 Contcnt _ _ _ _ _ _ _ _  _ _ _ _  ______.__ ~ _ _ _ _ _ _ _ _  ~ .-.___ 

Contents, scqucnce of ... _ _ _ _ _  _____.._ .._.___ 
Courscs rccommcnded, to be dcscrlbed.. __._ 356 
cover .... .___.____. ..._______. ~ ..__._ .-... . .. 8411 
Cross rclercnces, use of.. ___.._. . _ _  ~. . . ..... 84 
Custody of -, nt Wnshington Omce.. ... .- 931 

Value to smooth-shoot plotter .__._________ 76 
Dangors and shonls disproved, report on-----{fil 

Daily Journal for - _ _ _ _  _ _  -. {2 ..- _ _  ___. - ..-~ 

Dangors prcviously reportod, to be men-' 
tloncd.. -. ~ - _ _  - - ~ - - ~ ~ - - - - - - - ~ - ~ .- ._ - - 8622 

Data prcparod on seasonal basis _ _ _ _ _ _  -. - .~ .- 84 
deflcionces typical.. _ _ _  _ _  - _ _  _ _ _  _ _  ~. . . -. . . - 846 
Depth dis~repaneics between two ad oinlug 

surveys, invostigation rcportcd. _ _ _ _ _  3132 
Gcogmghic nnmc dntn to be Includod ...-..-.{::: 
Loast depths cleared by drng rcportcd .....-. 3663 
Loast depths unverifled reported. _ _ _  -. .. -. - 3621 
Low-water liho not dovcio cd, Justifled 3122 
Marginnl notations by rcv'i,wer. - ~ ~ - - :::::: 9346 
notes furnished to I'roccsslng Omws ..-...... 0231f 
One - serving for sovcral hydrographle _ _ _ _  -. - ___. _ _ _  - 84 
Prcpnration of - _ _ _ _ _ _  .-. _ _  -. -. _ _  ~. - - _ _  _ _  - 84 

shccts. ~ ~ _ _ _  _ _  _ _  ___. 

at Processing Ofices _ _ _ _ _ _ _  - _ _  ~ .._____ _ _  _ _  - 9241(h) 
Purpose. - - - -. -. ~ ~ - - - - - - - - - - .- ~ -. - -. . - - - - ~ - 84 
Ran cs recommended, to bo described ..... .. 360 
Revkwer's use of - ___._ - ~ - - - - -. ~ ~ ~ ~. - 9346 
Rock data disproved, to be oxplained ........ 363 
Routed to interested sections _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  8446 

Shorclino omittcd from boat shoot, oxplalned. 3232 
Soquonce of contents.. - ~ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  ___. I::; 
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Rcforonco 
h c r l p t l v o  Ro ort(s)-Continued. No. 

Shorolino rovglon oxplninod- __. -. -. . - -. -. -. - 381 
8tntlstlcs roqulrod ...... _ _ _ _  _ _ _ _  _________. _._ 8431 
toxt, nrrnngomont of _ _ _ _  -. ~ -. . _ _  -. . -. .___. .-. 842 
toxt, propnrntion of.-*-. -. _ _ _  ~. _ _  _ _  ____. ..- 842 
titlo. --. . ____. . -. . . _ _ _  _. _ _ _  ~ _ _  -. . -. - ..~. .. _ _  8411 
Vorlflor’s usc of - - - ~ ~. -. . . . -. -. _ _  -. _ _  9331 

Dctnchod posltlons 
_ _  _ _  - _ _ _ _ _  .-__ Chock nnglo roqulrod _ _ _ _ _  _ _  ._ 

Importnnco .... _ _ _  _ _  _ _ _ _ _ _ _ _  _ _  ~. -. -. . --... . _ _  766 
Plotting - on smooth shoot. ~ -. _ _  - -. . . - _ _  766 

G: 
Vorlflcntion of - _ _ _  -. . -. . . . . . . . . -... ...- 7911 

btnchod soundings (see also Dctnclicd posl- 

btnching rod 

tlOns) 
8cttlcmont nnd squnt oorrcctlon.. _ _  _ _  -. . . . -. 663 

Depth to bo uscd in. _ _ _ _  _____..__. . _.___. . _ _  4666 
1)cscrlptlon .... . - - - - _ _  -. - ~ ~ - -. - - - - .. . . . . . . .. ~ 

Slnkcr usod with - _ _ _ _ _  ~ _ _  _ _  _ _ _ _  ~ .-.. ..__ 4666 . - - -  
Dimcnslons nnd wolght _ _ _ _ _  _ _  .-- -. ._._.__ - 4666 

butnil cxcosslvc nvoldcd in Const Pilots ...... 916 
I)otnllk on smohli shoots, inkod or Poncilcd ~ 

table 88) ___...i _ _ _ _ _ _ _ _ _ _ _  -- ___.____ 792 
Dctnils tobc included in Const Pilot (see spool- 

no Itcm In nlphnbotlcnl Glossary, 
916, ingc 824) 

~ ~ o n n t i o n  of bombs 
1)opth roduction _ _ _ _ _  - - -. - - ~ -. ~ ~ - - ~ - ~ -. ~ _ _  - ~ 6846 
Bnlluro to dotonnto, musts. - - -. -. . .~ - -. _ -  ~ _ _  6848 

botoiintor(s).. _____.____-_ _ _ _ _ _  ~ _____.____- _ _ _  667 
Crimplng -, mothod ..... _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  6842 
Mcctrlc - 

DuPont “888” - usod In cxpcri~ncnts.~. 667 
Ex loding - _ _  - - - - _ -  .~ _ _  - ____. ~ ______.. 667 
Lnfuctlon poriod in - _ _ _ _ _  ..._____..__. 667 
TlmoIng ln- _ _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ _  667 
Typo of - roqulrod for It. A. R __.____.__ GC7 
Uso in cxporlinonts _ _ _ _ _  _ _  ___._ ____ .  .....-- 667 

fuso (see also Fuse) - - ~ _ _ _  _ _  ___. - _ _  _ _  - -. - .___ 668 
hdvnntngos.. - _ _ _ _  _ _ _ _ _  _ _ _ _  ~ -. . . . -. _ _  - . -~.  667 
Doscr Ip Lion ~. -. . - - - - - - - 667 
Morcury, fulmlnntc of, uscd In - .__ .. 667 

Inscrtlng - In bombs .___-_____________.___ GG? 
I’urposc ... ~ - - .- _ _ _ _  ~ - ~ - ~ -. . . . . . . - -. . . . .- 667 
Stowngo-.. _ _ _ _  ~ _ _  _ _ _  _ _ _ _  - - ~  __. _ _  -. ~. - .. ...-. 667 
Ty os _ _ _ _ _  _ _ _ _ _  _____.. _ _ _ _ _ _  ._..____.._._._ ~ 667 

b y  cvo opmont, hydrographic _ _ _ _ _  _.__ __.____._ 356 
IJont shcct rnnrkcd for - _ _ _ _  - - .-. _. ..- .__. 3242 
Bottom cllnrnctcr to hc consldorod ... .--... ~. 3Gll(c) 
Chnngcnblc arcn rcquirorncnts .-..... _____.__ 366 
Complct,lon of - nt orid of sonson _______.__ 1343 
Congcstcd - (ace Congostod nrcns and 

-. . . . -. -. . . . . 

Ovorlnv i.rnclncs~ - --.... ~ ~ - ~ ,  
Dotbition ____. .~ _ _ _ _ _  _ _ _ _ _  ~. . . . . . . . - -. . . . . . 366 
Extonslvo slionl nrcns . . . .- . .. . .~  __._. ... 367 
Extont of - - ..-. -.... . ._.___ 366 
Inshorc nrcns ________..____ ~ - .  . _ _  . . . ... - 366 
Nnvlentlonnl lninortnncc of nrcn t o  bo con- 

Rhonl indications. - - - - - ~ - ~ ~ -. -. . . ~ _ _  . -. . . - 366 
Bounding-lho diroctlcn _ _ _ _  . -. - _ _  - _ _ _ _  36li2 
Wiro drug suhstttutod for - _ _ _  _ _ _  _ _ _ _ _  _ _ _  366 

bovintion see aonipnss dcvintion) 
of radio 6irectlon findcr (see Rndlo ilircctinn 

Witom oozo _ _ _ _  _ _ _  _ _  .. -. - - _ _  _ _ _  _ _  _ _ _  ~ _ _ _ _ _ _ _ _  3848 
h l m n c o s  dlstnncc 11. A. 11. (.pee 11. A. R., 
biffcroncos In dopth (see Doptli diRcronoos  UTI^ 

Qiffrnction ofsound, offoct on 11. A. R........ 6233 
bhgliy tloscrl lion nnd use .... - -. - _ _  ~. - _ _ -  _ _  - 4247 
b ~ p  of tilo son Rorizon 

corrcctlon to sun-nzlmuths .... _ _ _ _ _  _ _ _ _  _ _ _ _ _  941 
Formnln for - _ _  - -. - -. _ _ _  -. ._.._ _ _  -. _ _ _ _ _  3362 

bircction, sounding lino R. A. R. (see Boun+ 

h x t l o n  tfioodohcs (ace Tlioodolll,6s, dl- 

flndor) 

difioroncos bf distnnro) 

Soundings nt crossings) 

in iinos 11. A: R.) 

6146 
0223 

Rnetors cnuslng - . - __. .- _ _ _ _  _ _ _ _  _ _ _  _ _ _ _ _  - 6144 
~toductltin of ocho intonslly tloo to ........... 6144 

bkcrcnnncios hotweon tonoernnhlc nud lludro- 
381 

. -- 
grnpblo survcys to bn‘rcconclloil-. - _ _ _  

Discropancios, dopth (8ee I>opth dlnoroncw) 
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Itcforonco 
No. 

Disk stntion mnrk (see Btntlons, control, mnrks) 
Dispincomont, vortical, of vossoi (see Sott,la- 

Dlstnnco(s) 
mcnt nnd squnt) 

Dcnd-reckonlng - _ _  . - - _ _  .- -. . . -. -. . . -. . . . 3374 
Estlmntod -, unit of mcnsuroniont, 

Estimriting - at sca _ _ _ _  - - - - -. - _ _  - _ _  ~ -. --. - 3J6 
Mop - 
mcnsurcd by 

stnndnrd.. ._.______.._____.-.____... 124(b) 

mowurod wltli mnp monsuro. - _ _  .-. . . . ... 4833 
mossurcd wlth oplsomotcr _____. . . . . . -. . . - 4832 

do rosslon angle ..... ______.__.__.______ -. . 8362 
fjrocnutlons roqulrad. - - -. -. - .~. ” .  - - __. . - 3362 

rnngo finder nocuracy obtnhmblc . -. - -. . - - - 4Mi 
sext,nnt (see bextonictcr) 
subtondod vorticnl nnglo .... -. - .____ -. - _ _  .. 3363 

I’rccnutlons roquircd. _ _ _  ~ - _ _  ____.__ ___._ 3303 
Slilp’s forcmnst usod ..... _ _ _ _ _  -. -. . _ _ _ _  - - 3366 

brit wlro.. _ _ _ _  _ _ _ _ _  _ _ _ _  _____..____._._.___ 4466 
vorticnl nnplc nbovo horizon.. - - _ _  ~. - .- __. . 3364 

Bormuln for - .._...___. . . .______. 9364 
Uults of- mcnsuromont, stnndnrd. ___.___ 124 
Unlts usod In Const Pilots ____..___.I__ _ _  .___ 916 

Distnnco nnglos see also Circle shoots) 
us0 in dovolopLg shoals. _ _ _ _ _ _ _ _ _ _  _ _  _ _  _ _ _ _ _ _  3662 

Usc In running sounding llncs. ____. .__ _ _  -. ~. {% 
Di8tnncc nrcs, 11. A. R. (ace R. A. R. dlstnncc 

Distniico clrclos, R. A. R. (see R. A. R.  dlstanco 

Dlstnnco to work In Sonndln Rccord ____..___ 8133 
l)lstortion in drawing pnpor ?tablc#9) ..-...... 711.4 
l)lstorl,ion survoy shcct 

Ihtcrrnlhlng - --. . -. _ _ _ _  _ _ _  _ _  .___ _ _ _ _  _ _  - ~ 7361 
I~ctermlnlnp cnst niid wost - _ _ _  _ _  _ _  _ _ _  -. - 7371 
Dins. nnd dpa.  ndfustcd for - _ _ _  _ _  - -. ~ _ _ _  - 76 
cffoct 011 grojcctionlcss shoots. -. . .- _ _  _ _  _ _ _ _  _ _  73 

1)ivtdora. - _ _ _ _  _ _  ____._. ~ __. _ _  - - -. _ _  _ _ _  _ _ _  .- _ _  45 
13ow-s~~rIn~ - ____._.. ~ ____.___ 4f 

1)cscrlption ... _ _  __. - _ _  ____._ _ _ _ _ _ _ _  ~ _ _  _ _ _ _  4! 
IInlrsprlng - __---._.___._ ._._-._ _..__--.- 41 

Atljustnicnts. - _ _ _ _ _ _ _  ~ .-.... .___ ~ ___._____ 4s 
Dcscrl~itlon _____. _ _  _ _ _ _ _ _  ~ .__..____...__ _ _  41 

Ordinnrv - ....- .__._ 41 

nrcs) 

drclos 

Spncin - _ _  -. - _ _  _ _  _ _ _ _  - _ _ _  _ _ _ _ _  _ _  - _ _ _  - _ _  4813 
doscrfption and sleo. ____________.____ ~ .___ 481.1 
Spaclna SolllldhlgS wlth - .___ _ _ _ _  ~ _.___ 4813 

Sounding In - _ _ _ _  __. - - - ...-. - .._ -.. .~ _ _  _ _  
Soundlngs In -, at cnlnrgod sonlc .. _. . ~ -. -. 

Dog-onr(s) ____._ _ _ _  - - ~ - -. - ~ ~ - _ _ _  _ _  -. . _ _  ____. _. ~ 

Attnchinp - t o  sinootli shoot.. _ _ _ _ _  ~ _ _  _ _ _ _  7121 
on bont slioots.. _ _ _ _ _ _ _ _ _ _ _  ________. ~ ___..___ 1366 
Station o n  - radlntlug lincs to ........ .-. . 7121 

I>omo, donnition). _ _ _ _ _ _ _ _  ____. ~ - __._ .- _ _  - _ _ _  .. I ~ H Z ~  
Doric trnotng pnpcr _ _ _ _ _  ~ __. _ _  -. - -. .~-. - - .-. - 7142 
1)orscy chronograph (acr Ohronogmph, It. A. 

Dorscy Fothometor, doptli units to bo used 

Dorsoy Fnthomctor No. I - - - - -  _ _ _ _ _ _ _ _ _ _ _ _ _ _  .{:l:4 
Accorncy.. . - 
nmpllflcr dcscripllon ..____ ____._____________ 8242 
Cables Id bo uscd in  instolling - _ _ _ _ _  ~ _ _ _ _  641 

dopth scnlcs. _ _ _  - _ _  _ _ _  ~ _ _  .___ _ _  ~ __._ - _ _ _ _ _  _ _  ~ 6243 
1)cscrlption 
dlnmnm. schcmntlc.. ..__ ._. . .- .__._ _____. .__ $0. lo4 
Dmft nionsuromont refcrcnco poliit. _ _ _ _ _ _ _ _ _  6611(b) 
808 lWAomctor usod to c c m b l n n t i o n  

Errors I n  reading - ___. -. _ _ _  _ _ _ _ _  _ _  .-__._ 646 
Fonturos saltout. __.__. ~ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _  ~ .___ 624 
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rocordcr cnblnot. ___.__. ._ _ _  ._____ .___ _ _  ~ _ _  _ _  5232 
Description. - - - - _ _  __. -. . . -. - __. . . -. _ _  _ _ _  _ _  6232 
pnncl______ .- _ _ _  .- .. - _ _ _ _  _ _ _  ._.__ _ _  - _ _  _ _  -. ~ 5232 
parts ... .. 5232 

recording mochnnisni oporntioii. -. -. - - - - -. - ~. 5232 
ropnirs. - _ _ _  .- _ _  -. . ~ ___. _ _  ~. --. . . _ _  -. - _ _ _ _  5237 
Scntos of-, fntllogrntns.-. .. .____ ~ _____._.. {5237 
Sopnrntion offoct .... - _ _  _ _ _  .- _ _  - _ _  _ _ _ _ _ _ _ _ _ _  ~. 
Sounding orrors duo lo piinso .___.__..__ .__._ 6238(p) 
Soundings in fnthoms, corrcctod for indox 

udJustmont .________ ~ . 5645 
Soundings in disngrcomont on diffcrcnt dopth 

phnsos 5218(p) 
Spnro parts roquirod --. . ______._...___ _ _  .-.- 5237 
spood, motor, voriflcntion nnd ndjnstmont 

(see alao 808 Fnthomotor, tncliomotor)- 5K54 
spood vorlflcntion _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _  _ _  _ _ _ _  5234 
Stylus nrm. - ~ ~ - ~ _ _ _  _ _  - _-. - -. -. -. -. .-. -. ~ 5232 
tnchomotcr. - - _ _  .-. . . .. _ _ _ _ _  -. - _ _ _ _ _  -. -. - -. . - 6234 

froquonoy, verifying. __. . __. _ _ _  _ _  -. _ _ _  .. .- 55W 
opornting unsntisfnotorily.. ~. - - - - 523R(j) 
Oporntiug with an orronoous - .. - _ _  ___. 5564 
oporntion .... _ _ _  _ _ _ _ _  _ _ _  _.__ -. _ _  _ _  - . ~  _ _ _ _  6234 
Porcontngo of crror . ...______ ~ -.-....- 5554 
rood froquoncy vnluos (toble) _ _ _ _ _  _ _  -. -. . _ _  table 13 

tronsmittod signal 
Adjusting - -.. ._____._______________ _._ 6232 
IZffoct of clrnngo of spocd on - ____. _ _  _ _ _  6545 
Rocording - ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  5232 

trnnsmitting unit ____________. _ _ _  .__________ ~ 6231 
froqnoucy .______ ____.___. ..._.___________ 5231 
instnllntion .-.. ~ ...__._.._ .._______ ~ ....--- 5231 

wnrm-up poriod.. -. _._____..___ _ _ _  _ _ _ _  .._._ 6237 
% m o d  tlmos, It. A. It. 

Oonvorsion forniuln -. . _ _  _ _ _  _ _  _ _  - _ _  -. _ _ _  - _ _  - 8311 
convortod to plotting intorvnls .____...... _ _ _ _  8311 
Dofinition _____._______..... ~ _______..._._.__ ~ 6 3 e  
dopondont on pnth of souiitl.. ._____ ~ _ _ _ _ _ _ _ _  M6 
Entering - in Bomb Record. _ _ _ _ _ _  ~ _ _ _ _  _ _  85llp 
from Dorsoy chronogrnph ..... --. . . . . . .~ - _ _ _ _  6783a 
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Roportlng - to plotting stntion (example). 6813 

ordlnnry wlro mpo. ____________._____ 2832 

Elnpsod tlmos, R. A. R.-Contlnuod. 

Elnstioity of n modium, modulus of _ _ _ _ _ _ _  _ _  _ _ _  63 
Eloctrolytio action botwoon stninloss stool and 

Eloctromnanotlc unit of ocho-soundina instru- 
monts _____________________-.-------- 5161A 

Doscription _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  5161A 
Froquoncios nt which usod ..... _____.________ 5lGlA 

E.  Lester Jones _ _ _ _ _ _  _ _  ____________________.___ 415 
Accommodntlons ... - - - - -. - - - -. - -. - - - - - - ~ - -. - 4131 
Bonts. small - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  4132 

Elovntions 
vivon in Const Pilots ___________._.__..__.--- 916 b nit of nionsuromont.-. _ _  _ _  ~. .. - - -. -. . -. - _ _  ~ 124(d) 

Embnymonts, torminology USMI. _ _ _ _  _ _ _ _  _.__._ 1G82a 
Enginoors Cor s of 

control ' stnt fons, topogrnphic connoction 
with.. _____. ~.~ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _  236 

ocho-soundiue instrnnionts. -. . - - _ _  _ _ _ _ _ _  _ _ _ _  629 
2iydrogrnr)tiidurvoys 

compnrocl with now hydrographic surveys 
in Dosrriptlvo Report. _ _ _ _ _ _ _ _ _  ~ _ _ _ _  R42C 

Junctions with - ~ _________________.. ~ . -  3131 
not tluplicntod ..-. _ _  _ _ _ _  _ _  _ _  __. _ _  _ _  - .- -. . - 351 

to bo corrsultod for dnuaors nnd obstructious 

2iydrogrnr)tiidurvoys 
compnrocl with now hydrographic surveys 

in Doscriptlvo Report. _ _ _ _ _ _ _ _ _  ~ _ _ _ _  R42C 
Junctions with - ~ _________________.. ~ . -  3131 
not tluplicntod ..-. _ _  _ _ _ _  _ _  _ _  __. _ _  _ _  - .- -. . - 351 

to bo corrsultod for dnuaors nnd obstructious 
roniovod.-.. _ _ _ _ _ _  ___. ~ _ _ _ _ _ _ _ _ _  _ _ _ _ _  3523 

Enginoors' hnndbooks (Zlst) _.____ _ _ _  - _ _ _ _  - - -  - - -  9534 
English ocho-sounding instrumonts (aee IColio- 

sounding instrumonts, English) 
Enlnrgod snbplnns on smooth shoots ._________ ~ 7751 
ICnlnrgoniypts of hydrogrnphic survoys using 

cirrlo" shoots ... .-. -. - _ _  -. -. . . - 376 
Ensign-Dirkford Co. -. ____.. .-. - -. . - _ _ _ _  ~ -. -. - 668 
Ens1 'n nntionnl, displny of.--.- _ _  .--. _ _  -. .. . -. ~ 1683 
Epittininssn, donnition .-... _..__.__._._..._._. ~ M2n 
Equipment (aee also 1nstrumoiit.s;' Nnvlgntlou 

Dollnition for nccountnbility .___I_________.. 43 
DO ttl ttntling - ..-. _ _  -. . . .- - -. . . -. .. . ~. 40 
Ecto-&ding - (see Echo-sounding in- 

~ ~ ~ ~ ~ ~ ~ ~ ~ c ~ ~ ~ n ~ l n c o . ~  ___. -. -. . _ _ _  -. - -.- ~ __.__ ~ 493 - roport on _ _ _ _ _  .___.___.. 8681 
invontory.. _____. ~ _._______ ._.______ ____.._._ 433 
Nnvigntion - _ _ _ _ _ _  ~ ...-.. ~ - .  _ _ _  _ _ _ _ _ _ _ _ _ _  44 
Position-locntion - . __. -. . . . . . . -. .. . . .. - 44 
1t.A.R. s!li - (ace R.A.R. oquipniont, 

E( uiprnont nnd instrunicut(s) .___.________ ___. 43 
Anro of - ___. -. . . .~. _.__ - _ _  -. . __. -. ___. -.- 431 
1mi)rovomonts in - __.__ ____..... _ _ _ _ _ _ _  .- 43 
overhnulod botwoon sonsous. - _.___ ~ ..___._. ~ 4314 

oquipmont; nird Sorvoy oqulpmont) 

strumonts) 

shiii\ 

ropnirs. -. _ _  -. -. --. _ _  _ _  _ _ _ _  ___. _ _ _ -  - .___ 4314 
mit to \Vtwliington Omce for ro )airs 
Rurvoys ship to bo oquippd with-:::::: 
tosts, periodic. ___.__________________________ 4311 

Icrnsprs, colorod, tond to discolor shoot .__ -. . . _ _  727 
Ernsing Innohiuo, oloctric. _ _  _ _  _ _  - _ _ _  -.- ___. . . ~ -  4H62 

Aclvnntngos.. . ~ ~ - ______. -. . -. -. - _ _  __._ ~ _ _ _ _  ~ 4862 
Mothod of uso ... _ _ _  _ _  _ _  - -. . . _ _  - .--. - .~ __.. _ _  4852 
usu on smooth shoot- .~ .. . .~  ..........-.. . -.. 727 ~ . ~ .  ~ ~~ 

I h w r o s  from sinoollr shoot.. . . -. . . . . . . . . . . 727 
ISrnsures nover pcruittod in Sounding I iwort l .  81 
Erroneous chnrtud soundings. invcstlgntion 

from vossol on routo. - - _ _ _  - _ _  - .__ .___ 173 

ct~usod by irnpropor Uluniiuntion.. . -. -. - - _ _ _  4113 
discovorcd on clinrts.. _ _  -. . .. -. - .. . . .. . _ _  - .~ 8523 
Smnll -, ncciiniulntiou of _ _ _ _  ~ --... . .___._ 361 

Estorbrook puns .. _ _  _ _  -. . -. . ~ ___. . __. -. . _ _ _ _  725 
Estunrlos, limit of sounding in ___.. _ _  __. . --. . - 3123 
Excolslor not to bo usod in packing ins tnnonts .{~~~lb  
Rxpnnsion in drnwinp pnpor (see Distortion) 
lbxplnnntory notos (see Notos, oxplnnatory) 
ICxplorer _____._. _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _  _..__. ~ .____ 412 

Aocommodatlons .... . . .~ _ _ _  ___. . ~. - .-. .... . 4121 
l)imonslons and pnrtioulnrs _ _ _ _ _ _  4 _ _ _ _ _  _ _ _ _ _  412 
Drnfting room .--. _ _ _  _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  ~ _ _ _ _ _ _  4122 
Eoho-sounding oquipmont-.. - - - - -. - - - - - - - - - - 4122 
Elootdo plant. _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  _ _  _ _ _ _ _ _ _  4121 
Fir0 protootion systom ..... _ _ _ _  .... _ _ _ _  ~ -.- 4121 
Frosli wntor ovnporntlng cnpnoity ..... __. . -. . 4121 
Gonornl doscriplion ...-... _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  4121 
Lnunchos _ _ _  - - - - - ~ - - - - - 
Loud-sponkor communiontion systom ........ 4121 
Nnvigntion oqui mont 4122 
Pro )oiling Ilinolirtiory._:::::: 1: 1:: : 1 ::: 1: 1:: 4121 
Radio oqulpmont ______._ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _  ~ _ _  4122 
Rofrigorntion systcrn ... ~ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _  4121 

Errors 

~ - ~ - - ~ ~ - - ~ ~ ~ ~ 
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820 
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Rcferenca 
No. 

Burvey equipment ........................... 4122 
Ventilation system- _ _  ~ ___. _ _ _ _ _  _ _  _ _ _ _  _ _ _ _  _ _ _  4121 
Watertight compartments in - _ _ _  _ _ _ _ _ _ _ _  4121 

8ls osal at end of season. _ _ _ _  - - - ~ - _ _  - - - ~ _ _ _  - 666 

IEZ Zwct-Continued. 
8unding machines, wire.. .................. 4122 

Explosions. subaqueous, probable frequency 
of - - - - - ~ ~ - - - - - - - - - - - - - ~ - - ~ - - - - - - - - 656(6) 

Ex loslvc(s) (seeaZsoBombsandTNT) ....... 66 

Precautions In handling - ................ 
8towsgc.. ................................... 666 

DO%T’B for R. A. R... ..................... 669 

Btoragc during ship repairs. - - _ _ _ _  ~ _ _ _ _  ~ _ _ _ _ _  666 

F 
Factor, log (ace Log factor) 
Faint objects, sextant snglcs to ................ 
Fair-lead, rcgistering shoavc used as. .......... 
Fair sheot (&%e Smooth sheet) 
Fathogram(8) (see ala0 Echo SOUndingB) 

accuracy, factors affccting.. ................. 
advantages, pcrmancncy of record- - ___. ~. _ - -  

4622 
464 

671 
663 
(671~ 

Carbon nodules, cUcct on - 
Dcflnition ................................... 6233 
Doubtful depths, investigation required ..... 671 
808 Fathometcr - 

Bottom relief typos illustratcd ............. fie. 117 
Defective -, causes of. _ _ _  _ _ _ _  ~ _ _ _ _ _  _ _ _  - 6238 

10 117 
Illustratlons of - _ _ . _ _ _ _ _ _ _ _ _ _ _ _ ~ _ _ _ _ _ _ _ p e :  fie. 118 119 

papcr _ _ _ _  _ _  ~ - _ _  

Defcctivc -, typos. _ _  - _ _ _  _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  6238(P) 

Notatlons for corrcctlng soundings ......... 6646 _ _  - - _ _  _ _ _  6233 
dcpth scales. _ _  - ~ - - - - - - - ~ ~ - 6233 
Dcscri tion . - - _ _  - ~ - _ _  ~ - - - - - - - - - - - _ _  _ _  - 6233 
Phase dcntlflcation. .................... 6233 
Placing - on instrumcnt. -. ~ ~ - - - - .~ .- ~ 6233 

travel spocd ............................. 

travel speed uscd to verify tachomctor ... 6664 
scalc ratios- 
scales, depth { 6237 

Expcrimcntal Sounding Records for usc 

Faulty instrnmcntal operation (flluatra- ‘Pll8 
intcrprctation. .............................. 571 

Bottom rccord contlnuous, not proof of no 
danger (esample). _ _  ___. -. - ~ _ _ _ _ _ _  _ _  - 671 

Bottom types how reglstcrcd __._. . - _ _  -. - _ _  671d 
Echo not rec&cd from stccp slopc (illus- 

tration) .............................. 

trattcuns) ............................. 

~ - - 

qUditiCS.-. _ _  . - - ~ ~ -. -. - - - - - - - _ _  - 6233 

Checking - ~ - _ _  _ _  _ _ _ _  ~ _ _ _  _ _  ___. - 6716 
_ _ _ _  _ _ _  _ _ _  .- .- - _ _  _ _ _ _  _ _ _  _ _ _  _ _  663 

623 ............................... 

wlth - 
t h 8 )  _ _ _ _  _ _ _ _ _  _ _  - -  - _ _  _ _ _  _ _ _ _ _  _ _ - _ _  _ _  - 

- - - - - - - - ~ - - - ~ - - .~ ~ _ _ _  _ _ _ _ _  817 G, 119 

Gain control improperly adjustcd (Illus- 

\fie. 11 8 
Invcstigation of doubtful points. .......... 671 
Kclp or othcr marinc growth, rcflcctions 

from ................................. 671f 
Illustrations.. ........................... ~**117 
Invcstlgating - ~ - - ~ ~ - _ _ _  _ _  __. _ _  _ _  - _ _  - 671J {h. 110 

Motor-spced variation (1ZZual7alion) ........ {..!.l18 
precaution ncccvsary in - .............. SI!. 
Rcflcctions side.. -. . -. __. _ _ _  -. . -. . ~. ~. . ~ W I U  

Rcscmhlihca to silt lsycrs (IlZuatration)-. fia. 117 
Rhoal indications to bc bVCStiKatod. _.___ 671e 
Shoals disthguishcd from rcfl&ions from 

Shoals (1  luelratim).. ...................... fie. 118 
k c i p  ................................ 671f 

67lg 

Kclporothcrmarincprowth, rcfloctionsfrom. 6711 
Lcwt and grcatcst dcpths to be shown o n  

shcct- . ~ ~ ~. ~ - - -. ~ ~. - ~ 7726 
Notations ro crly made on - ........... fig. 1.80 
paper (see ‘!atgogram, 8OI)J~athomcter, apcr, 

and under name 01 speciflo Lstru- 

&ray indicstlons ( { l l U 8 b U f h 8 )  ............ PO f 17 
{fig: 110 

ment) 
profllc, compositc naturo of.. --. - -.. - _ _  _ _ _ _  _ _  663 
pro510, not a true lIne profllc .. ............._ 663 
Bcalo cxaggoration on - ___. -. -. _ _  ~ ~ - ~ ~ 663 
Scaling - whcn transcciver Is uscd _ _ _ _ _ _  _ _  666 
Selecting smooth-shcct soundings from - _ _  7726 
rcquiromcnts.. .............................. 671 
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72 
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54 
64 
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72 

Reference 
No. athogram 8)-Oontinued. 

Bimultaneous comparisons idcntiflcd on - - 66!42 
Slope exaggeration on - - - - _ _ _  ____. _ _ _  _ _ _ _  663 
soundin 

oorrcctcd mechanlcdly. _ _ _ _  _ _ _ _ _ _  .. _ _ _ _  _ _  662 
Corrcoting -for soparstion of acoustic 

Bpaclng -on smooth shcct.. _ _  .- - _ _ _  _ _  _ _  7723 

Shoal Ind~catlons on - _ _ _ _  ~ _ _ _ _ _  ~ _ _  ~ _ _ _ _ _  67le 

B08t-XWt URC. _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _  _ _ _  _ _  - _ _ _  8433 
units. ............................... 666 

Gain adjustment, effect on - ........... 67la 
stamp ....................................... 

‘qthomcter (see 11280 Echo-sounding instru- 
montl 

attcndant ‘ 
Duties. - _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _  - _ _  __. - 3416 - _ _  . - ~ ,_..- 3416 in deop water _ _ _ _  ~ - _ _  ~ ~ _ _  _ _ _  
Instmmcnt operation, familiarity with. ~ --{“8;’” 
Multiplc cchocs to bc recognized. - _ _ _ _ _  _ _  ‘67 C) 
to have no other duties _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  3416 Strays to be distinguished from cchoss ..... 67th) 

Visual instrumcnt obscrvcd continuouly ... 67(d) 

Dorsey No. 2 ace Dorsey Pathometor No. 
Dorscy No. 3 see ncrsey Fathometer No. 

Dorsey No. 1 see Dorscy Fathomctcr No. 
lnstmmcnts I 

Adjusting and testing - _ _ _ _ _ _ _ _ _  ~ _ _  _ _  6267 
808 Fathomctcr (see 808 FathOmCtOr) 
installatton (are under name of spoclflc 

Slmplcx.Bludworth (see Simplcx-Blud- 
a12 Fathometer (see 312 Fathomctcr) 

instrumcnt) 

worth Fathometor) 

SOUndinKs (see Echo soundings) 
Fathoms- . 

Atlantic Coast use, on hydrographic shccts.. 77ll(a) 
Convcrsion tablo. _ _  - - _ _  ~ ~. - - - _ _  - _ _  - ~ - - _ _  table 87 
not mixed with feet, in soundings.. .......... 8143 
not used on a shoot with soundings in fcct ... 771 
Artiflcal-Iocntod by triangulation ....... 221 

surveys.. ............................ 3622 
Coastal - terminology .................... 16824 
Marginal co;ltincntal-, torminology ...... 1681~ 
namod on hydrogrn hlc survey8 ............. 161 

PCatUrCS 

Chartcd-not always from 0. & 0. 8. 

riamcd on topograph? survcys- - _ _ _ _  _ _  - _ _ _  _ _  161 
Appcarance from olIshorc..-- _ _  --. _ _  ~ _ _ _ _  - 247 
cut in from vcssol______ _ _ _ _  _ _ _ _  ..- ________. 3841 

Mcthod. -. -. - - - - ~ - ~ ~ - ~ - - _ _  ~ ~ ~ - -. - - - - ~ 247 
Descriptlons requlrcd. - - .~ - _ _  - _ _  ___. . - .-- - 247 

whoro uscd as control stations. ~ _ _ _ _ _ _  _ _ _  3231 
Identiflcation of -for use as signals. _.__ 2461 
locatod from tho vcsscl. ................... 
UnnamCd -, assigning namcs to-- _ _  _ _  - - 164 
used 8s control stations _ _ _ _  _ _  _ _  _ _  __. - _ _  - ~ 247 

N8tUr81- 

Authoritics notcd in - _ _ _ _ _ _ _ _ _  ~. .____. ~ . -  {;E: 
Colored Inks used. {E$ .......................... 
Description .................................. 9131Q 
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No. %Id Rooord Book, Coast Pilot-Con. 
Entries madn In - ___.____________________ 9132(, 
Pre aretion of - _ _ _ _ _ _  - ~ - - _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  - 9131a 
Boofion for nssombly of tablw _______________. 9131a 

Biold work 
Progross roports, monthly, requlrod ... _ _ _ _ _ _  8614 
Bomon’s ro ort ___.__________________________ 8616 

Film (geu Oofiulold) 
Rlltor Junotion box Dorsey Fnthomoter No. 8 - 6261 
Fish and WlldllIe borvlce, Const Pilot roquire- 

m m t e  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  916 
Blsh dnngorR and shoals disclosed by  _ _ _ _ _ _ _ _ _ _  8623e  BIB^, 808 Fnthomoter (see also 808 Fntli- 

omotor, flsh) 
Doflnitlon _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _  6161 

Flahories Bureau of ... _ _  _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0322 
Flshormln to  bo oonsultod about shoals .......- 8622 
Pishers Islnnd Bound round oxperiments in ... 611 
Fish trap nroas nffootfng nnvlgation _ _ _ _ _ _ _ _ _ _ _ _  916 
Fix (ace alao Position, hydrogrnphio, a n d  Throe- 

Accuracy decrease wlth dlstanoo. _ _ _ _ _ _ _ _ _ _ _ _  33 
Deflnitlon _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  33 
Strength of - _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  33 

Flag 0. KI 0. 8. sorvloo, dlsplay of _____.______ 1683 
Fln k 

Dqsplny of - ._._____ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  1583 
Intornatlonal Oodo - 

Signals to  indionto survoy nctivitlos ...-..-- 1584 
URO.---. - _ _  . - - ~ _ _  _ _  - _ _ _  _ _  - _ _ _  _ _  _ _ _  - _ _  - _ _ _  _ _  1684 

Flagpole dcflnltlon ....-. _ _ _ _  _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  85340 
Flagpol& valuo ns Inndmnrks.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  8634 
Flagstnff-doflnltlon-~-- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  85340 
Flag towor, doflnition _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _  86340 
Flat bottom, spnclng sounding lines ovor. _ _ _ _ _  3161 
Flats oxtonslvo sounding llnos on _ _ _ _ _ _ _ _ _ _ _ _ _  31410 
Plats: low-wato; Ilmlts on smooth shoet ........ 7862 
Flats, sounding wlth polo on _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  461 
Pllndors bnr _ _ _ _  ~ _ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  4411 

ndfustmont _ _ _ _ _ _ _ _ _  _ _  _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4414 
Flont attnohod to londllno In dotormining Ionst, 

dopths _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  36G4 
Floodllght to liluminnto loadllno. _ _ _ _ _ _ _ _ _ _ _ _ _ _  3421 
Foramlnlfora. - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  476 
Dorodcop, doflnltlon.. _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  _ _ _ _  1681b 
Foroign coho-soundlng instrumonts (ace Echo- 

sounding Instrumouts undor nntlonnl- 
itY) 

Foromnst usod 8s n flontlng control station ...- 3366 
Form llnos 

Aoournoy of olovntlons.. _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  _ _ _ _ _  382 
by  hydrogrnpiior. - -. . - -. - - - - - - - ~ ~ - - - - - - - 382 
Form for computing olovntlons. - .___ _ _ _ _  ~ _ _ _  382 
Bonn for rooording obsorvod data.. _ _ _ _ _ _ _  _ _ _  382 
obtniirod whllo soundlng .........-. _ _ _ _ _ _ _ _ _ _  382 
Shoots for - _ _ _ _  ___.___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  382 

Forms, us0 (For the uae o/anu specific form, dcc 
reference number in list of forma in 951 

Forms iisod In Iiydrogrnphic survoylng (list)--- 961 
Fouonult’s Inw. ~ _ _ _ _  ~ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4421 

point flx) 

Foul nrcn(s) 
Ilmlts to bo locntod ... _ _  --. _ _  _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _  364 
Svmbolisntlon..-. _ _  -. - -. -. . .~ - _ _  __._____ _ _ _ _  364 
l‘liorou 11 dovclopmcnt 1101 roqulrcd ......... 387 
Utidovo%q,od - syiiil~ollzutlon ... _ _  _. .___. 367 

Irour.liniiol I)uoys, &!rlpllou..~. . ____. ._.- ~ .- 2827 
412 lWlinmotor, Urst us0 of _ _ _ _ _ _ _ _ _ _ _  ~ .___.... 6133 
Prnotionnl dopths 

Oonvorslon of - ______. _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _  7716 
n o w  shown on smooth shoots _ _ _ _ _  _ _  _ _ _  _ _ _ _ _ _  7134 
Whorc roqulrcd on smooth shoots. ____.- _ - _ - _  7713 

Branch ocho-sounding instrumonts (ace Eoho- 
noundlng Iiistrumonts, Fronch) 

lrronoh 1 
Proquor 

dlsorlr 

lnll slgnnls ... _ _  ___. _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  _ _ _ _  272 
IC (10s) 
nzintion 

Ampiiflor - how obtnlnod _ _ _ _  _ _ _  _ _ _ _ _ - -  6103 
Rocoivlna-unlt - _ _ _ _ _ _  _ _  _ _ _ _  ~ _ _ _ _ _  _ _ _ _ _  6102 

llndio - ?ace Rndlo in 12. A. R., froquonoles) 
Sonlo - 

Chnmotorlstios. ~ _ _ _ _  _ _ _ _ _ _  _ _ _  _ _ _ _  _ _ _ _ _ _ _ _  6162A 
DoUnitIon _ - _ _  _ _ _  _ _  _ _  _ _ _  _ _ _ _ _  __________. _ _ _  5152 
1)irocllvlty.. _ _  _”_. - .~ ~ _ _ _  ~ _ _ _ _ _  _ _  _ _  - _ _ _ _ _ _  6162h 
Llmltntlous of us0 In ocho sounding ......-. 6162.4 
unsultnblo for shonl-wntor Bounding ........ 6162A 
Us0 In coho soundlng _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  612 
Us0 In nnvlgntion .-...-. _ _ _ _  ~ _ _ _ _ _ _  _ _ _  _ _ _ _ _  5162A 

Doflnltlon.. - ~ ~. - - - - ~ - ~ 

Advnntngos. _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _  61520 
Doflidtlon .... _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  6162 
Us0 In coho sounding ... _ _ _  _ _  - _ _  _ _  _ _ _ _ _ _ _ _  -([fb, 

{r;iG(b) Sound-wavo - _ _ _ _  ~ _ _  ~ - - - - ~ - _ _ _ _  ~ _ _ _ _  ~ _ _ _  
~ - - - - - - _ _  - -. ~ _ _  _ _  621 

Buporsonio - 

Pngo 
813 
811 
811 

706 
700 

482 

832 
280 

440 
683 
278 
560 
832 

212 
212 
212 
44 

44 

46 
46 
803 
801 
802 
803 
202 
100 
743 
383 
836 
338 

284 
266 
413 
64 
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208 
207 
208 
208 
207 
207 

p07 
840 

282 
282 
286 
286 
171 
442 

710 
724 
716 

183 

463 
465 

447 
447 
447 
447 
447 
440 
447 
668 
013 
668 

448 
448 
441 
448 

No. 
6661 

41 
667 
668 
6842 
668 
668 
668 
668 
668 
668 
6844 
6844 

G 
Gmrtnor olirono rnph (aes a h  Chronogrnpli, 

R. A. &., Qnortnor) _____________.___ 6731 
Qncrtnor Solonttflc Corporation _ _ _ _ _  _ _ _ _ _ _ _ _  _ _  - 6731 
Onao, tldo (ace Tldo unuo) .. 
Gnin’control 

Chronorrnnh rocordine In R. A. R.. - _ _ _ _  6724 .. . 
for bonib rocopllon.. . . . . __. ___. .._.___. . . . 6724 
for rntllo-sljinnl roccptlon ~ _ _ _ _ _ _ _  .._._. 8724 

12oho-sonndlng lnst ruinout - 
ndJustmont ._____. _ _ _ _ _ _ _ _ - _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  5237 
ndvnncod as much as praotlcablo- _ _  _ _  - _ _  - - 662 
l’rocnutlons in ndjustlng - - - - __. _ _ _  _ _ _ _  67(a) 
vnrlatlons, ofloot on soundings..-.- ~ - ~ ~ ~ -. -{ iii: 

Onlloy prools, oorrootin 7 .--..-.- _ _  _ _ _ _ _  _____._ _ _  913H 
Qnsolino, usod to olonn ustiurnonts _ _ _ - _  ___.__ 4313 
Gonorlc tornis 104 

Stnndnrdizod us0 of - -. _ _ _  _ _  ~ __.____. 1G8 
Goodotlo control (see also Oontrol and  Trlnngu- 

Constnl - dlstnncos botwoen stations. _ _ _ _  1212 
ProJoot inst&otious for - _ _  _ _ _ _  _ _ _  _.____ . 1212 

Uonnitlon __._____._____ _ _ _ _ _  _ _ _ _ _  ~ _________. 2171 
ostnblishod by tnut.wIro trnvomo .... _ _ _ _ _ _  - 2564 
Indopondont - _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _  ____. _ _  _ _  2171 

Ihflnltlon __.._.____ ~ ___. ~ _ _ _ _ _ _  ~ ______.__. 2171 

Intlon) 

Goodotlc dntunr(s) (ace also aoographlo datum) 

2171 

Grnplilo motliod ___. _ _ _ _  _ _ _ _ _ _  _ _  _ _ _ _  .__.___ 7363 
Numorionl mothotl.. ___.____ _ _  _ _ _ _ _ _ _  _ _ _ _  7362 
ltororonco stntlon on shoot uscd.. . ~ .~ _ _ _  __. ‘1382 

n survoy shoot. _ _ _ _ _ _ _ _ _  _ _ _ _ _  736 

I)oflnitkrii.. . . . . . . . __. . . . _ _ _  __. . . . _ _  . .. . . 1126 
IIuw lo  ldontlfy- _ _  _ _ _ _ .  . ..______... . . 1126 

~oorrnnhlcnl nntuos. Ilonrd on (a te  1)onrtl O L I  
I _  

Uoogrnphlbnl Nnmos) 
Googrnphic nnmo(s) _ _ _ _  - ~. ~ _ _  _ _ _ _ _  _ _ _ _  ~ ._.-.- 16 

Acciirnoy I n  roportlus- - __. ~ .~ _ _ _  _ _  - _ _ _ _ _  103 
Alaska - (Dnkor’s 
Assignmont of now - _ _ _ _ _ _ _ - _ _  ~ ____..__-- 104 
Ohnrtod -, lm ortnnoo of oorrootiioss In... 182 

Iotlonnry) ...... -- - - -  ~ 1672 

ohartod inoorroctfy. _ _ _  _ _ _ _ _ _ _  ~ __.__ _ _ _ _ _ _ -  102 
Oonst Pilots, -In _ _ _ _ _ _ _ _ _ _ _  ~ ___.___- ~ -..- C!G 
Consulution of mnp soureas _ _ _ _  _ _ _ _  .~ __._____ 162 
I)cclsion by tho Uoartl roqulmd- ___. __. _ _  -. - 1872 
I~oscrlptl \~o -, ur~snllsfnoloritless of .... . .. . lG4 

I1R7 

1)osoriptlvo Roport roqulromonts..-. --._- __. 
8433 
162 disngroolng in namo, usngo, or spoiling ..-...-{ 1672 

Dlsputod - _______. _ _ _  _ _  _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _  167 
Dual - for ono fonturo. _____.___________ - 162 

Exnmplos of - Informatlon.. . _ _ _ _ _ _  _ _  _ _  _ _ _  1863 
dupllcatlon _ _ _ _  - ~ - - - - -. ~ -. - _ _  - - _ _  - ~ - _ _  _ _  ~ ~ {E 

Pago 
a#) 

311 
024 
626 
047 
026 
025 
626 

026 
026 
048 
(148 

048 
048 
038 
048 
048 
048 
048 
048 
047 
026 
026 
026 

oaa 

052 
032 

GI2 

032 

471 
610 
642 
463 
644 

332 
60 
83 

10 
10 

07 
140 
08 
C& 
68 

078 
070 
078 
G70 
070 
680 

6 
6 
5 

038 

823 

40 
40 
63 
60 
47 
48 
46 

832 
47 
63 
$0 
40 
60 

746 
780 
701 
48 
63 
61 
47 
62 
51 
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Reference 
No. 

Field invcstigat\oGf - - _ _ _ _  _ _ _  _ _ _ _ _  _ _  _ _ _  162 
Hydrographic feature - in slant lettering. ,1813 

Geographic name 8) Continued. 

Hydrographic surveys, - on _ _ _ _ _  _ _ _ _ _ _  _ _  -(& 
indeflnitely applied, reported in llescriptive _-__ 

Report .............................. 9111 
information (ezamples) ...................... 166 
information required in Descriptivc Report- 163 
inked at Washington Omce ................ --{::;; 
inked only after veriflcation .................. 7874 
investigation made at Washington Omcc .... 9321 
Large areas, - of.-. ....................... 7872 

in sounded areas ........................... 7872 
on a curve.. ............................... 7872 
Size and style standards _ _ _ _ _ _  ~ _ _  _ _  - _ _ _  _ _ _ _  7873 
Standards ................................. 9322 

list, required in Descriptive Report. ......... {i:!3 
Living persons, - honoring. .............. 1671 
Local authorities to bc consulted-* .......... 
Local - to be on smooth sheet.-. ......... 7871 
Local usage .................................. I62 
Migratory features, - on .................. 162 
Nautical charts, - on.. ~ - ~. _ _ _  _ _  ..- - _ _ _ _  ~ - 16 
New - ................................... 1672 
not inked b field partics .................... 161 

orientation on smooth shoot. ................ 7872 
Philippino Island -, special report on..-.. 1672 
placement on smooth sheets ................. 7872 
Possessive “’s” in - _ _ _ _  - -. -. - - ~. __. .- .. ~ - 
pronunciation. .............................. 163 
Recommendation rcquired where - dis- 

reported y Coast Pilot revisor. _ _ _ _  _ _ _ _  _ _  _ _ _  9133a 

Selection of new namcs _ _ _ _  _ _ _ _ _  _ _ _ _  ~ _ _ _ _  _ _ _  - 164 
Smooth sheet, - to he included on _._--. --{;i;l 
Soundings not to bc obscured by - ____.__ 7872 

rrts”,  possessive, on - _-__ - - - - __. - - - -. .- - -. 

Topographic feature - in vertical lettering. 7873 
Topogra hic Survcys, - on. - -. _ _ _ _  .- - _ _  -. 161 
verifleath at Washington Office ._____ ~ - .. _ _  9321 

Geographic positions (see Positions, geograhic) 
German echo-sounding instruments. - _ _ _  ~. _ _ _  533 
Gillott pons. .................................. 725 
Glasses, shade, sextant (aee Sextants, navigat- 

ing, shade glasses) 
Globigerina ooze ............................... 3848 
Glossary of Coast Pilot subjects. .............. 916 
Gnomonic projection, description .............. 1122 
Qondoi&skiff 

Descriptlon .................................. 4244 
Dlmensiom ___. ~. . __. . _ _  _ _  -. - _ _ _  _ _  _ _  -. - -. . - 4244 
Use .......................................... 4244 

Govcrnmcnt scryices to the navigator, dc- 

Qovcrnor, centrifugal, in echo-sounding In- 
Gradient, vclocity of sound, encct on 1t.A.R.. 6343 
Graphic control survcy(s). .................... 2.17 

Deflnition ................................... 237 
Natureof- .............................. 237 
sup lemental to air photographic survey ..-- 2395 

Grap&c detcrminntion of velocity corrections 
(aee aEso Volocity of sound corrcc- 
tions) ............................... 5G15 

Qraphic rccordcr (aee Fcho-sounding imtru- 
mcnts, graphic recording; 808 Fath- 
omekr; Fathogram; and Registering 
devices, echo-sounding) 

J,ettering - -. _ _  - _ _ _ _  _ _ _  _ _ _ _  _ _ _  - __.. _ _ _ _  722 

Number of h a 1  authorities to consult ....... 1631 

a y e  ................................ 1631 

report required .............................. 

Spelling, importance of correct ............... 162 

standards in Division of Charts ............... 9321 

scribod in Coast Pilot ............... 913613(1) 

struments ........................... 5165a 

Graphic-recording instruments ................ 6137 

Graphite, powdered, use in making transfcrs. - 7661 
Graphs, tcmpc+ure (aee Tern erature graphs) 
Graphs, veloclty correction 8ee Velocity of 

Grease removal from tracing cloth.. .......... 7141 
Green hydrographic clock. .................... 4613 
Green-Bigelow water bottle, description ....... 4742 
Guide flrst echo-sodnding instrument .......... 5131 
Uuidc) R.A.R. tcchniquc developed on ........ 611 
Qulls‘ dangers and shoals disclosed by.. ....... 3621~ 
Gyro&mpass (nee alao Gyroscope) ............. 442 

Advantages, ................................ 4423 

Dovclopmcnt ................................ 612 
Portable- ............................... 6137 

sound correction graphs) 

Page 
47 

747 
47 

746 

746 
61 
49 

747 
848 
747 
847 
746 
063 
746 
746 
746 
848 

50 
701 

48 
40 

745 
47 
48 
40 
63 
47 
40 

746 
63 

40 
62 
49 

40 
814 
49 

805 
60 

746 
746 
740 
48 
40 
62 

847 
747 
47 

848 

502 
666 

300 
824 a 
327 
327 
321 

817 

464 
686 
06 
VI 
Of 

10: 

53: 

62 

74a 

44: 
44‘ 
44: 
G0! 

00: 
38 
401 
44 
651 

33’ 
34 

llelerencu 
No. 

Automatic steering.. _ _  .~ _ _  -. -. -. -. _ _  -. _ _  1431 
Azimuths for use in sctting - _ _ _ _ _ _ _  _ _ _ _ _ _  356 
checked by astronomic azimuth. ~ ~ _ _ _  _ _  - _ _ _ _  442 
Comparison with magnettc composs _ _ _ _  -. _ _ _  442 

error duo to acceleration.. _ _ _ _ _ _  ___. _ _ _ _ _ _ _ _ _  4423 
Forces that act on - ____. _ _  _ _ _  ~. -. .~ ___. 4421 

fyrocompass-Oontinucd. 

Disadvantages ............................... 4423 

functioning Improperly. .................... 442 
Mnintenance ________.__ ..................... 4426 
Oiling - ............................... 4425 

Oscillations of - .......................... 4423 

corded .............................. 442 

Rtsrting - ................................ 4424 
Stnrting - nt sea .......................... 4424 

operated continuously at son. ___. . -. _ _  __. _ _  4424 

re eaters 
%elationship to master compnss to be re- 

Stop - before stopping mnslrr compass.. 4424 

4422(C) 
4422(d) 
4422 
4431 
4422(0) 
4422(b) 
4431 
4421 
4421 

systcm 
Boaring rcpcator, description.. - -. - - -. - - - - - 
Course recorder, dcscription. - - _ _ _  _ _ _ _ _  -. . - 
cquipmout. ............................... 
Gyro pilot, description. -. _ _  __. ~ _ _ _ _  - _ _  _ _  - 
Master compnss, description. .-- ___. _ _ _ _  _ _ _  
Stwring ropeator, description .............. 

3yro pilot.-.. ................................. 
Ctyroscopo, precession ........................ 
Gyroscope, theory of.. ........................ 

11 
LIaltcosecants, natural (fable) .................. 964 

shects.. ............................. 7713 
Elall-tangents, nalurnl (tabZe)---- ............... 984 
Halllorafters Inc. ............................. 6722 
IInmmRrlunh Mfg. Co. ~ _ _ _ _  ~ .-- .. _ _  __. .- 6722 
Ilammor-type transmitting unit, ccho-sountl- 

fng Instruments.. ................... 51611) 
Xnnd-correction date on charts dcfluition ..... 1127 
Ifandlead sounding(s) (.see also’Laadsmnn) . . - - 3421 

Bottom characteristics, frequency rccluire- 
mcnts ............................... 3842 

Calling out - plainly .___. _ _  -. -. -..- ~ _ _ _ _ _ _  4623 
Correrting -for lendline orror ............. nZ21 
Current cdcct on - ...................... {$:ii’ 
Depth limit 01 - .......................... 3421 
Depth unit required in - ................. 3112 
Description of lakiup a - .................. 3421 
Erho soundings nrc rcpincin&! - ........... 342 

duc to similarity of numbers ............... 4623 
from xionvertical line.. ................... 4623 
increase depths appnrontly ............... 4623 

Frequency requirenients ...................... 3431 
Lnunch - ............................... 4626 

Night reading of - ....................... 3421 
Position-frequency roquircmcnts ............ 3313 

naif-foot soundings, where required on smootll 

Elevation of iendsman an advnntagu _.___ .___ 3421 
crrors ........................................ 

misundorstood by recordor. ~. . -. -. .~ .  - -. _ _  4023 

Recording -, approved manner of 
Unoxpectcd depths to bo vcriflcrl by rocmior. 4623 

.-..-- 81 

1682U 
916 
393 
916 
916 , 
916 
3152 
364 
6841 
4414(0) 

3373 
726 

IIarbor (s) 
Definition ................................... 
information in Coast Pilots _ _ _ _ _ -  - -. - _ _  - ~. _ - _  
Iflolated -, survey of ...................... 
rnastcr, source of local inforrnatiom ........... 
of refuge, dcscribod In Coast Pilots.. ........ 
regulations required in Coast Pi1ot.s .......... 
Soundina-linc spncing in - ............... 

ltcduclion of - ....................... 
Heating elcmcnts used to ignitc bombs.. . . . .  
Ilccling mngnet, com BSS adjustmotit ......... 
nclmstnan (ace also &xskain) 

Ex erience - needed for dead reckoning .-- 
nigp&, drawing iuk(aes atao Ink, drawing) ..-. 
Uigh tit10 

Extensive shoal areas soundcd during - -. (3121 3661 
Low-wnter line sounded during - ........ 3632 ..- - 

nigh-water lino (see also Bhoralinc and 7‘0110- 
graptilc ................................. data) 

Deflnltion lGR2lJ 
Distnnco estimntcd to - .................. 815(0) 
symbolization.-- .._..... ................. 752 

~~ 21’1 
Hill tops 

Errors in locnting -by soxtnnt 

“TIolidnys” in hydro rnphtc survey 
used as control stations. . . . . . . . . . . .  ..{:&a 

Where- are likefy ............. -.:’ 3641 
...... 1 3641 



iwercnco 
No. 

Uomogonoity of sen wntor 
Condltlons for - .......................... 622 
Ocourronco of - . . __. ~ - - -  _ _  ~. -. . - _ _  

nook0 ......................................... 47 
Uook, spooinl, for woighlng buoys. ............. 2862 
IIorizon closuros In trinnguliition, rcquiro- 

Rorlzon distinctness importnnt in astronomic 

&rlzontnl control (see Control, and spoclflc 

Eorlzontnl control (of hydrogrnphfc survoys) - - 33 
nccurncy ..................................... 332 
Doflnltion ................................... 33 
Esporlnlly nrournto - ..................... 334 
Lnrgoscnlo survoy - by thrco-point flxcs.. 3341 
Lnr o sonlo survoy roqulromonts ............. 334 

mothods, speoinl ............................. 3320 
positions by dlfYcront mothods, dlflcrenro In. 381 

Uorizontnl dntum (.we acogrnghio dntum) . . 

.-. 622 

monts ............................... 223 

obsorvntlons ......................... 3384C 

typo of stntlon) 

mot%&. ..................................... 332 

norsos uso by shoro pnrtlcs.-. _ _  --. .-.- _ _ _  1361 
Rosplt)nls, Mnrluo, llstcd In Const I'iiot.. ... 916 
Uours, nuinboring in Soundlng Itooord ...... ,X!i2 
Rughos nnd Son, Henry.. ................... .{r& 

by - ............................ 632 

Uuntiug dcflnit,lon .......................... 6243 
~uygon"s  constructLon for rotloctotl wiivos.. ... 6221 

~ChO-so~ndfng  lnstruznents nrnnufnclurod 

Uughos MS 12 I) (see M S  12 I), Ilttghos) 

IIydro~rnphor 
Dutlcs, oxtrncurrloulnr, of WtlrotxDhic ",. 

............................... party ;IS 
rwponsiblc for Sounding Rocnrd ............ 818 
Rosponslblllty in dnngcrous wnlors ........ 361 
Tnrm ILY usod in thls Mnuunl ............. 114 .......... 

Rydrogrnphlc 
dntn, mlscollnnoous, Indoxod I11 Soutidi~rg 

dntn of othor orgnnlzntlons conlpnrod with 

lniinch (see Lnunch, survoy) 
Mnniinl. contcnt. ...................... 114 

I~ecords ............................. 8lYc 

smooth shoot.. ...................... 9:Ma 

~ ~ ..,. ~~. 
opwntions ................ .--*-. .......... 34 
posltlons (me Posltlons, hydrogrephlc and 

shoet(s) (see also Dont shoot and Smooth shoot) 
'I'lirao-polnt flx) 

I3112 
Dopth unlt, on0 only to n - ............ '771 

Dntn furnlshod flold party ............... !3!- 
from nlr pliotogrnphlc survoys. ............ 

................................ Indox U ~ I J  
1l111Its glvon In I)oscTlpCivo I W o r I . .  ..... 8421f 
lunctlons glvun lo Dcscrlptivo Itepnrt. .... X42!f 
briontntion- ~ ~ - - - - ~ -. . -. ~. . - - - ~ ~ 1382 

1366 

projootod from nlr plrotogrnphlc sorroys. _ _  7334 
81zo mnxlmum, of - . ~ -. . - . ~ ~ -  _ _  _ _  _ _ _ _  1363 
Blzo: stnudnrd, of - _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _  1363 
Trnnsmlt ta l ._ .____.__________ ............. 836 

printed from alr photographic surveys ..... 2392 

fllgnals [see also Slgnnl bullding* Slgnnl cloth; 

nlong sand boaohm-. _ _ _ _  .-. _ _ _ _ _  ~ _ _ _ _  _ _ _ _  
Stgnnls; and Whitowwb) 

nlong iutlontod coasts ...................... 2341 

Cllfls, plnclng - on ..................... 2481 

2341 
2341 hpponrnnco to bo vnrled .................. -{2,5 

Colors of - . . - - - - - . -. ~ -. - -. -. -, -. - -. . -. { 
I)ontliticn ................................. 
IXstnnco vlslblo ........................... 
fucllltnto hydrogrnphy if prouorly bullt.. _ _  
Broquonoy roqulromonts. - _ _  - _ _  ~. ~. _ _  ___. ~ 

Gonornl dovcrlatlon _ _ _ _ _  ~. ._____ _ _ _ _  _ _ _  __._ 
arnphic control survoy to locnto - . . . .  
llolght and slzo ......................... 
Innecossiblo shorollno, lomtiiig - nluug . 
1,nunch stirveys, -for. . . . . . . . . . . . . .  
oliiccd irdvnntngoously for Iiytlrogrtqdw'Y 

llSC ................................. 
ilnccd to rovi(lostronKttlrco-polot flxcs .... 

hnno tnbk  locntion of- ~ _ _ _ _ _ _  ._. ._. _._ 
Bunlight - facod to roflect.. _ _ _ _  -.- .___ 
Itofrnctidn onoot on visibility of- __--._ 
Slgnnl notlccs postod on - _.__ ~ _ _ _ _  .__. 
Spncing roqulrcments. - - ~ ___. ___.__ __-. _ _ _  
Tnll - (see Slgnnls. 40-foot hydro rn hlc 

and Biguals, 08-foot Iiydrogrnp7iic5) 

2116 
272 
2141 
242 
271 
237 
272 
2401 
271 

234 
234 
234 
271 
272 
271 
2541 

Pngo 

680 
~ 600 

400 
1% 

76 

242 

21 1 
216 
212 
223 
233 
223 
215 
210 
277 

22 
883 
7112 
406 
408 

GO1 

470 
601 

200 
760 
270 
8 

770 

8s; 

a 
2GU 

in? 
714 
71F 

10 
074 

1c 
7% 
787 
787 
st 
?( 

10( 
67! 
071 
?! 
21 

78! 

9: 
0: 
0: 

10! 
IO( 
16: 
16, 
1 O( 
0 

16, 
0' 

16' 
0 

16 
10 
16 

0 
0 
0 

16 
15 
16 
9 
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Rcloro~ico 
i ydrograbic-Continuod. No. signals-continued. 

'l'ouipornry ntlturo of - .~ _ _ _ _  -. ~. . ____. ~ 2341 
Targots nrrnngod to refloot sunlight ........ 271 

Accurncy roqulromonts.. .................. 24.1 

ocnto by ........................... 2393 
Clnsslflcntlon .............................. 2116 
Doflullion.. ............................... 
Doscrl Hou ........................ 245 
1ocntoci)by - - - - - - -  

Typos.. .................................. 271 

*Ir P 8 
stnt ons (see also Control statlous) 

hot0 rnphio survoys, peroontego 

nir photogrnphlo survoy ............... 2392 
Prrcoutngc nvnilnblo ................... 2393 
Symbollzntion. _ _ _ _ _  _____. -. ___. -. ___._ 2392 

plnnrtnblo trnverso symbollzntio n.... ... 2383(b) 
pinnotnblo triangulbtlon, synibolizni.ion. - 2393(c) 
scxtnnt nnglcs from nlr photogrn~)l~io 

slntious. ............................ 2383 cl 

Sy~ubolizntlon .......................... 2393(d) 
Noc~ulromcnts ........................ 2393tdI 

soxtnut nnglw from othor coulrol stntlons. 2433 
scxtniit nngios (tom vossch .............. 

Symbollzntlou ........................ 
soxtomotor ............................. 

Llmlt of us0 ........................... 
sytllbolizntioIl ......................... 

thrco-point flx ut stntiou ................ 
locntod wlth roforouoo to dotnii on photo- 

gmphs .............................. 
plniiimotrlc nmp dotnll.. __. -. -. . - -. -. 

Loonting - in innccossiblo plnoos. - - -. - - - 
Locnt,lon mothods. ........................ 
Mnrklnp - ............................ 
niimcs longth of ........................ 
nnmcs'to bo tiikon from llst (Ifs t ) .  ......... 
not uuod In locntlug othor stations. _.___ . 
Obscrvntlonv to locnto --, rocortls ._.__ . 
Rooords of obsorvod dntn ................. 
rolocntod by othor mor0 ncournto tnothods.. 
supplomonting tiioso locntod by 

air photogrnphio survcys ............... 
topogrnpliic survoys .................... 

I-."- 
2393(e) 
2393W %;I 
2431 

2194T3 
2394A 
246 
243 
216 
2151 (2), 
986 
24 I 
248 
248 
24 1 

2393 
242 

i2292 
Synibollzntlon ............................. 

Whore nocdcd .... .:..... .................. 241 

Accuracy.. ................................ 1126 
Additional flold work rccaotnu~c!tided. _ _  .. - W 8 1  

Ailccluncy ................................ 

srirvcy(s) 

discussod In Doscrlptlvo Roport. _ _  _ _  _ _ _ _  842J 
rcporlod in ruvlow ....................... 93480 

Idontlflcd on smooth shoot ............... 9336 
In dlsngrocmnnt. ........................ 3132 
limits omitted from smooth slrcot 111 flold. 788 
ovorln requlrotnonts .................... 3132 

Approval by 9dmlnktrntlvo OITicors.. ..... 936 

Ad olrihg - (see alao Junctions) 
doiiipnrison required.. .................. 788 

I rn& of soundings .................... 9336 

Approval b y  CMof o[ Pnrty. .............. {E:: 
- 1  

Bnslo--. dnsorlptlon. .................... 861 
Buoy-control -, stntlstlo of ............. 258 

Coniplotod -, rovlow by  hydrogrnpllor.. 3267 
Contompornry --, ]unctlotis with.------ 3133 
oontrollod nslroaomically, records roquirod. Ha13 
oontrollod by buoys, rocords roqulrod ...... 832 
controllod by  trnnslt shoro obsorvntlons~.. ~ 3342 
controllod partly on bonrd nnd partly on 

slioro ................................ 3343 
controllod wholly or artly froin shoro ..... 3323(u) 
controllln - (see 'Aorizontnl control) 
dntn submfttod by nruw (list) .............. RSBll?' 
dntums .................................. 2171 
Dny's work, ldontlflcntlon 01. - - _ _ _  _ _ _ _ _ _  . . 3311 
1)ofluitlon. ................................ 31 
Dopth oucvos, - to wnrrnut drnwlrig 

dovoloptnont (see Dovolopmont) 
dlscropnnolos corroctod in flold ............. 79 
orrors corrootod I n  flold .................. 79 
Explorntory - .......................... 3941 
Fonturos to bo nnmod ou - ............ I81 
fluld iiunibors ............................. 1641 
lIorlzotitnl control of - (de6 also Horlzon- 

tal control) .......................... 33 
Mothod ldentiflod In Doscrlptlvo Roport. 8121 

By-products of - ....................... 1134 

coutlnuous.. ...................... 363 

Pngo 
162 
92 

182 

105 

101 
01 
(il 

103 
106 

101 

1n1 
101 

101 
101 
101 

105 
101 
102 
102 
1 02 

in0 

ion 

in6 
in1 

in1 

1 02 
102 
100 
104 
1W 

(3) ti4 
8R7 
103 
10D 
1ou 
104 

101 
104 
100 
104 
GXX 
103 

5 
R50 
101 
200 
207 
272 
276 
788 
850 

747 
852 
105 
i47 
10b 
852 
880 
2,w 
7D2 
207 
140 

7 
211 
106 
770 
770 
224 

224 
210 

786 
a8 

212 
ID1 

270 

747 
747 
309 

47 
39 

211 
788 
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Hydrographlo-Continued. 
survey(s)-continuod. 

in advancaof control ... . . . . _ _ _ _  __. . . . . . _ _ _ _  
index. at Washington Olllco. _________.  . _ _ _  
inshore linit ~ _ _  - - - -. -. - - - - - ~ - - - - - - - - - - - - - - - 
unctions (see Junctions) L argo-scale - oontrolled from shorc ...--. 

Large-scale -, controlling- - - - - - - - . . - - - - - 
Large-scale - launches and small boats 

to he used..-. _ _ _ _ _  ____..____ ____._ _ _  
here signals are not visible.. 

umbers and 

Numbering - ositions ... _ _ _ _ _ _ _ _ _ _ _ _ _ _  
numbers (ace Fiefd numbers and Registry 

Registry numbers) 

niimhnm) 

Launch - w 
Numbering - (see Field n 

- .-, omco statistics. .-- 
Omce work required at P 
Omce work required Of fl 
Offshore - 

Bottom characteristics obtained on - - 
Lfmits of - _ _ _  - - - ~ ~ - - - ~ - - - - - - - - - _ _  - - - on large scale. - - -. _ _  - _ _  --. ~ 

01Pb*$ee Prior surveys, h drographlc) 
omissions su plied in the fled. _ _ _ _ _ _ _ _ _ _ _ _  
Other organkhions' - 

Duplication of - _ _  ~ _ _ _ _  _ _ _ _ _  _ _ _ _  _ _ _ _  ~ 

Junctions with - -.- _ _ _  _ _  -. -. _ _ _ _ _ _ _  - - 
Traqsmitting - data to Washington 

instructions.*. - _ _ _ _  _ _ _ _  .- - _ _  -. - _ _ _ _ _ _  
osition data in a separate record book--.. 

Groject area dividcd into zones for - _ _ _ _  
Project instructions for - -.- _ _ _ _  _ _ _ _ _ _  _ _  
Projection used for - _ _ _  _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  
Purpose ........-----------.--.~----------- 
Recommonding additional fleld work ....-. 
records 

Custody of - at W ashln ton Omce 
Receipt at Washington 0nkce.- _ _  - _ _ _  1:: 
registry nnmbers, assignment of.--.. _ _ _  - 
Requirement (list) _ _ _ _ _ _ _ _ _ _ _ _  _ _  _ _ _ _ _ _ _  _ _  
Bhlpmont of - _ _ _ _  _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  
Assignment of - _ _ _  ~ ~ - - - - - - - - - - - - - - ~ - registry numbers 
Proper use of - .___ _ _ _ _  .____. _ _ _ _ _ _ _ _ _  

Registry of - at Washlngton Ofnoe...--- 

Reference 
No. 
392 
931 
3632 

3342 
334 

136 
3866 

331 

9339 
9241 
9231 

3842 
122 
37 

79 

3131 
3131 

834 
341 

1214 
831 
134 
1214 
7321 
31 
93481 

931 
931 
931 
8361 
836 

931 
9339 
931 

~ ~ - - ~ ~ ~ - - ~ - - - - - - - 3 1 
2 hydrographer. _ _ _ _ _  ~ _ _  _ _ _  _ _  _ _ _ _ _ _ _  _ _ _  3267 

ed In Descriptive Report.- _ _ _ _ _ _ _ _ _ _ _ _  844d 
in Washington Ofnco _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _  934 

scales ... .- _ _ _ _ _  ~ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _  _ _ _ _ _  _ _  -. _ _ _  1133 
Relation to sounding line s wing 316 

Bhipment of recordsse aratcry .... 1::::::: 326 
Statistics required in 8escriptive Report-. 8431 
Buperscded - listed In review. - ~ - _ _ _ _  _ _  - 9348K 
Supervision by Chief Of Party _ _ _ _ _ _ _ _ _ _ _ _ _  3411 
Term as used in this Manual _ _ _ _ _  _._______ 114 
Tidal datums, record in Doscriptive Re- 

port. - _ _  ___. . . _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  844c 
Transit uscd to control - ~. _ _ _ _  _ _ _  _ _ _ _ _ _  3842 
Verification at Washington Omco _ _ _ _ _ _ _  _ _ _  933 

Report. _._________ _ _  _ _ _ _ _ _ _ _  _ _  _ _ _ _ _ _ _ _ _ _  9339 
What a - comprises _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  _ _ _ _ _  - 1132 

gooks rcference (list) ~ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  9631 
Dcflnkion ... _._ _ _  _ _ _ _ _ _ _  ~ _ _ _ _  _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _  1131 
Qoncral statement -..... _ _ _ _ _ _  _ _  _ _ _ _  _ _ _ _ _ _  _ _ _  31 

H dromcter jar. _ _ _ _  _ _ _  _ _ _ _  ~ - ~ _ _ _ _ _ _ _  _ _ _  ___. - _ _  4762 
Zpongc rubbor In bottom of - ____. _ _ _  _.__ 4762 
Use on board ship-. - - - - ~ ~ - - - - - - - - - - - ~ ~ ~ - ~ - ~ - 4762 
Wooden basc for - - ____._ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4762 

Spcclflc gravity of sea water) _ _ _ _ _ _ _ _  4761 
Calibration of - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  4751 
Dcseriptioxi ..... _ _  _ _ _  ~ _ _ _ _ _ _  _ _ _ _  ~ _ _  - _ _ _ _  _ _ _ _ _  4761 
How to road - -. _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  4763 
Ranges of graduation .______ _ _  - _ _  _ _ _ _ _  _ _ _ _ _ _ _  4751 
Standard of graduation _ _ _ _ _ _ _ _ _ _  _ _ _  _ _  - _ _  _ _ _ _  4761 
Echo-soun6ing instrument - (see a280 Re- 

reqiuircmcnts 
review 

- - ~ - 

H drography 

Hydrometers (see a180 Balinity of sca water, and 

Hydromotcr sots ....-. _ _ _ _ _  ~ _ _ _ _ _ _  _ _ _ _ _  ____.__ - 476 
Hydrophone s) 

ceiving units, acoustic) 
Carbon-button element ... _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  6162 
Tcstlng and adjusting - _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _  6207(p) 

radio buoy ,___ ~ - - ~ - ~. _ _  - -. . - - - - - - ~ - - 666 
Bomb signal prolongation at - _ _ _ _  _ _ _  _ _  6432 
classiflcatlon.. _._____________ _ _ _ _ _ _ _ _ _ _ _ _ _ _  666 
Damage caused by nearby bomb explo- 

~ - ~ ~ ~ - - - - 2633 
Description _.__. . . ~ _ _  ~ _ _ _ _ _  _ _  ~ _ _ _ _ _ _ _ _  _ _ _  _ _  666 
Displacomcnt type. _ _  _ _  ~. _ _  _ _ _ _  _ _ _ _ _  _ _  _ _ _ _  666 

312 Bathometer - _ _  ~ _.___ ~ _ _ _ _ _ _ _ _ _ _ _ _ _  6213 
R.A.H. - (8ee ah0 IIydrophonos, sono- 

sions. ~ ~ ~. - - - - - - - ~ ~ _ _  - ~ 

Pagc 
308 
847 
271 

223 
223 

22 
231 

212 

854 
845 
844 

303 
13 

280 

747 

104 
104 

783 
250 

11 
775 m 
11 
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101 
869 

847 
847 
847 
784 
786 

847 
854 
847 
101 

21 1 
703 
854 
7 

200 
211 
701 
860 
2.54 

8 

703 
224 
848 
8G4 
7 

860 
6 

101 
412 
412 
412 
412 

411 
411 
411 
411 
411 
411 
410 

461 
406 
467 

613 
608 
013 

122 
613 
013 

RoferCnCQ 
No. 

Hydrophone@)-Oontlnucd. 
R. A. R.-Continued. 

Function _ _ _ _  ~ _ _ _ _ _  _ _ _ _ _ _  _ _ _  _ _  .- - _ _ _  _ _ _ _ _  _ _  666 
Locatlon of - on vessel _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  6721 
Pressure-o crated - _ _ _ _ _ _  ~ _ _ _ _ _  ~ _ _ _ _ _  _ _  666 
Ship insta/hon of - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  6721 
Bhore station - 

Anchorinn method. _ _  - _ _ _  -. _ _ _ _  ~. _ _ _  _ _ _ _  2612 
2612 

2534 
2613 
2611(a) 
2612a 
641 
6721 
666 

R.A.R. 
armature, adjustment of _ _ _ _ _ _ _ _ _ _ _ _  ~ ___.__ 6666 
Oonstruction reaulrements~ _ _  _ _ _  _ _ _ _ _ _ _  _ _ _  666(d 
Deaign requirem-ents _ _ _ _  - 
Directivity of - ~ ~ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _  - _ _ _  666ic) 
Dorsey - (illwrlratfon) - _ _  - - - ~ ~ - - - - - - - - - - 666. 

_ _  _ _ _ _ _  ~ _ _ _  _ _  _ _  666 a) to 

Frequency rcsponso of -__ - _ _  _____.. . . _ _  '666(6) 
leakagc _ _  . . . . . .-. .~ _ _ _  _ _ _  -. -. . . _ _ _ _ _ _  _ _  _ _  6666 
sensitivity requirements.. . . _ _ _ _ _ _ _  _ _ _  _ _ _ _ _  666(a),(d), 

I,\ 
\"I 

suspcnslon. 
tests, continuity .___ _ _  _ _ _ _ _  .. - _ _ _ _ _ _ _ _  _ _  _ _ _  6666 
T pes ........... _ _ _ _  ~ _ _ _ _ _  __._____ _ _ _ _ _  _ _ _  666 
V&cent - _ _ _ _  ___. _ _ _ _ _ _ _  _ _ _ _ _  _ _ _  .- -. - _ _  6663 

Advantages ...... - ~ - - _ _  - - - - _ _  _ _  - ~ - - - - _ _  6663 
cable electric .... _ _ _ _ _ _ _  _ _ _  _ _ _  ~ _ _ _ _ _ _ _ _ _ _  6664 
comphred with Dorscy hydrophono -...-. 6663 
Large type, description _ _ _ _ _ _ _ _  ~ _ _ _ _ _  __. - 6663 
Largo type, suspension ... _ _ _ _  _ _ _ _ _ _ _ _  _ _  - 6664 
Small type, description ...-. _ _ _ _ _ _ _  ~ - _ _  _ _  0663 
Bmall type, suspension. _ _ _ _  _______. .____ 6664 
suspension. _ _ _  _ _ _ _ _ _ _ _  _ _  _ _  _ _ _ _ _ _ _ _  - _ _ _ _ _  6664 
Wherc used _ _ _ _ _  ~ _ _ _ _  ..... r...... _ _ _ _ _ _ _ _  666 

Weight roquirements _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  _ _ _ _ _  666(f) 
Hydro-radio swltch, function.. _ _  _ _ _ _  _ _ _  _ _ _  _ _ _ _  6724 
Hydro-radio switch, operatlon -... _ _ _ _  ~ _ _ _ _ _ _  _ _  6724 
Hypothalnssa, deflnition.. _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _  63% 
Hypsograph, used with scxtomoter-. - _ _  _ _  - _ _ _ _  2382 

_ _ _ _  _ _  _ _ _  _ _  _ _ _ _ _  _ _ _ _ _ _  _ _  _ _ _  2&ll(A) 

I 
Ice sffooting navigation _ _ _ _ _  ~ __._______ __._ _ _ _ _  916 
Identiflcation of stars ____. ~ ______.__ _ _  _ _ _ _ _ _ _ _ _  3387B 
Illumination of ship drafting room _ _ _ _ _  _ _  .__ - _ _  4113 

6221 Incidenco, anglo of, deflnition ____. - _ _  _ _ _ _ _ _ _  ---{0232 
Incidoncc, angle of, cnoct on path of sound -... 6232 
Inclincd sextant angles _ _ _ _ _ _ _ _ _ _ - _ _  _ _ _ _ _ _  _ _  -.-{fiii 

Roducllon to horizontal 
Uotli objects elovuted (Iormula) _____. . . . . . . 3338 
Coinpututioll form- _ _ _ _  _ _  _ _ _ _  _ _ _ _  __. . . . . . 3338 
Correclioii grnpfi. ___. _ _  _ _  . . - ____. __. -. . . . . 33R8 
formula. - _ _  _ _  - _ _  _ _  _ _ _ _ _  _ _ _  _ _ _ _ _ _  ~ _ _ _ _  - - 941 
One elevatcd object ( ornula).-.. ._________ 3338 

Incomplete shccts undes[rsblo at end of season. 1343 
Indox adjustmcni, ccho-soundlny instruments 

(aee also undcr name of spcciflo instru- 
mont).. ___._ ~ ______. _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _  664 

Bnr-check method... ~ - - - - - - - - - - - - ~. - - - - - - - - -(5" 5672 d) 
Condltiom to be observed - _ _ _ _ _ _  ~ ..______ 6572ld) 

faeilitios.. - _ _  -. ~. _ _ _ _  .- .- - _ _  -. - _ _ _ _ _  -. . .. _ _ _  664 
for settlcmcnt nnd squat, effcct on soundings 

not underway-. ~ _ _ _  ____.__ - _ _  _ _  - _ _ _ _  663 
for velocity corrcctlom, spccincatlons for uso. 6G10a 
Record of cach - _ _ _ _  __. ~ - - - - - - ~ ~ - - -. ~ - - - _ _  664 
Scparation effect on - ~ _ _ _ _ _ _ _ _  -. -. - _ _ _ _ _  ~ 666 

must bo accountod for in cortnin instru- 666 
mcnts 

Index disk (see undcr name of spociflc Instru- 
mont) 

Indox disk speod (see Motor spcod, echo-sound- 
ing Instrument) 

Indox, ccho-sounding instrument (ace undcr 
name of speclflc instrument) 

Index error, soxtant ... _ _  _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _  4617 
Indexing a publlcation _ _ _ _  _ _ _ _ _ _  _._____________ 9139 
Indlcations shoal to he devcloped- _ _ _ _ _ _ _  _ _ _  - 366 
Indicator, ichoadunding Instrument (see also 

tlndcr name of speciflc instrument) 
Dorsey Fathometor No. 1-  _ _ _ _ _  _ _ _  .__ _ _  ~ _ _ _ _  8243 



I N D E X  

Roforonco 
Indicator, ochosoundlng Instrumcnts-Con. No* 

6263 
{table 14 Dorsey Fathomoter No. a. _ _ _  - ~ - - _ _  - - - ~ - - - ~ ~ 

812 $athomotor _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _  _ _ _ _  ~ _ _ _ _ _ _  6216 
Idtin1 nngle ath of sound deflnltlon ......... 6292 
Initial lntor~a? R A R doflnltlon _ _ _ _ _ _ _ _ _ _ _  8863 b 
bitial, It. A. 12., ioinitiAn _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _  eclasju] 
bk(s  dr8Whg. _ _  - -. _ _  - _ _  - - - ~ _ _  - - - ~ ~ - ~ - _ _  _ _ _  726 

Celklold -, how to uso .......---....-..-- 7201 
Erasing - - _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  _ _ _ _ _ _  ~ _ _  _ _ _ _ _ _  727 
Thin -to bo avoldcd. - - _ _  _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _  728 
Waterproof - _ _ _ _ _ _ _  _ _ _ _  ~ _ _ _ _ _  ~ _ _ _ _ _ _ _  _ _ _ _  726 ranking, pen points rccommondcd _ _ _ _ _ _ _ _ _ _ _ _ _ _  726 

lnklng smooth-shoot dctalls, roqulremonts 
(table as). _ _ _ _ _ _  _ _  _ _  _ _ _ _ _ _  _ _  _ _  _ _ _ _ _ _ _ _  792 

I d m d  watore, boundnrlea, whero doscrlbed .... 916 
u o t  dollnition.. - _ _  _ _  _ _ _ _ _ _  _ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  1682a 
b e &  on shocts (see Subplans) 
Inshore arena soundod from launchos and 

smali boats _ _ _ _ _ _ _  ~ _ _ _ _ _  __.___ _ _ _ _ _ _  ~ 136 
hshore arcns, sounding Hnc systems lor ....... 8168 
Inshore arons thorough dovolopmont roqulrod. 856 
bide routes’(8ec also Intraconstal Wntorwny) 

htal la t lon of ccho-soundlng Instruments see 
under name of SpecLBo Instrumonto 

bstructlons for flold work (see ProJoct lnstruc- 
tlons) 

Instrumcnt(s) (nee also E ulpmont and undor 
nnmo of specilloLstrumcAt) 

Accountnblllty for - _ _ _ _ _ _  _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  435 
Ooast Pilot flold Inspoctlon, - noodod 

Ball-foot soundlngs roqulrod .... .- ~. _ _ _ _  _ _ _ _ _  7718(d) 

Dopth-flnding - _ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _  ~ _ _ _ _  40 
Drnftin -___ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _  48 

Echo-soundlng - (see Echo-soundlng ln- 
strumonts and undor nnmo of spo- 
clflo instrumont) 

Excclslor, not usod 111 packing - _ _ _ _  ~ _ _ _ _  434 
Expond -, authority to.-. _ _ _ _ _ _ _ _  _ _  _ _  _ _ _ _  4331 
Exporlmental -, roport on. _ _  - .__. _ _ _  . . _ _  8681 
Fathogram soundings corroctod mcchan- 

~. _ _  - - _ _  ~ ~ ~ ~ _ _ _  ~ -. - - 602 
Qlnss-facod -, packing for shlpincnt ...-.-. 484 
Invnetory _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _  433 

Nsvlgation - _ _ _ _ _  ~ ~ - - - - - - _ _  - _ _  _ _ _ _ _  - ~ _ _ _ _  45 
Owanogrnphlc - -. - - - _ _  - - ~ ~ - - ~ - _ _  - - - ~ - ~ 47 
Positlon-locntlon - _ _ _  _ _  _ _ _ _  _ _  _ _ _ _  ~ ~ _ _ _ _  _ _  46 
roqulsltlons .... _ _  _ _ _ _ _ _ _ _  _ _  ~ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  ._ 432 

shipmonk _ _  - ~ - ~ -. ~ ~ ~ _ _  - - - - - - - - ~ - - - - - - - ~ 434 
Pncklng - _ _ _ _  _ _  _ -  - -  _ _ _  _ _ _  _ _ _ _ _ _ _  _ _ _ _ _  _ _  434 
Proccdurc _ _ _ _  _ _ _ _ _  .______ ~ _ _ _ _ _  ~ _ _ _ _  ~ _ _ _ _ _  434 
rocoivod. _____.____ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _  _ _  _ _  - .~ - 432 
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Bhroddcd papcr usod for pncklng - _____._ 434 
Survoy - 

Avallnbllity of- at start of project ......{:’& 
Cnro nftor uso. - ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _  _ _ _ _ _  431 
Cure of - _ _ _  - - - _ _  - - - _ _  _ _  ~ ~. _ _  _ _ _ _ _ _  4313 

-, rcturnod to Wnshlngton 
Jflco .___._ ..~ ___._ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  431 

Dnmngo to bo doscrlbed _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  ~ 4314 
Rcqulsltionlng roplncomonts .... ~ - - - _ _ _  _ _  4314 

drlod nnd oilod nftcr RCtthg dnm 2 _ _ _ _ _ _ _ _ _  4318 
Excoss - to bo rcturnod to 

omcc-.. - ~ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1371 
lnvcntory. -. _ _ _  _ _ _ _ _ _ _  ~ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  ~ _ _ _ _  431 
numbors to bo outcrcd in survey rocords ... 43 
OiiI11g - nftor clonulng. ~ __. . _ _  _ _  ___._ _ _ _  4313 
roturncd to Wrahfngton Offlcc, rcqulsl- 

tlo~llng rcplacomonts. - -. __. ~ ___. -. 4314 
Surplus -, roturnod to Wnshhgton 

bTrnnsfcr of - _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _  _ _  _ _  _ _  _ _ _ _ _ _  433 
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adjustmunt _ _ _ _  _ _  _ _  _ _ _  _ _  - _ _  ~ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  66 

- - _ _  _ _  - - ~ - 6848 
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I’rocautlons noccssary. ~. _ _  _ _  _ _ _ _ _ _ _  _ _ _ _  _ _ _  6621 
I’rocoduro .___ _ _ _ _ _ _ _  _ _ _ _  ~ ______._ ~ _ _ _ _  _ _ _ _  6621 

Misc&nneous - ~ _____. - _ _  _ _ _ _ _  _ _ _ _ _ _ _  _ _  488 

icnlly--- ~ - 

Lost - _ _ _ _ _ _ _ _ _  _ _  __._______ _ _ _ _  _ _ _ - _ _  _ - _ _  4331 
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Dannors nnd shoals dlscloscd by - _ _ _ _ _ _ _ _  36231, 
Invostlgntod thoroughly _ _ _ _  _ _ _ _  _ _ _  _ _  _ _  _ _  - _ _ _  8623b 
Navlpntionnl lniportnncc of - - - - ~ _ _ _ _ _ _ _ _  7804 
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licy nutomatlo, former usc In It. A. R. - --.. ~ 6862 
Kcy~ng clrcult, coho-sounding Instrumont (see 

l<lcl powdor, uso In niaklng trnnslcrs. _ _ _ _  ~ _.__ 7601 
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Koh-i-noor poncils _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  ~ _ _ _ _ _ _  _ _  724 
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Reference 
Eandmark(s for charts)--Continued. No. 

elevations required on smooth sheets---.-.-. 7844 
Form 667, instructions for preparing. _ _ _ _  _ _ _ _  8634A 
Nomenclature (ezamplea).. _ _ _  _ _ _ _ _  _ _ _ _ _ _ _  _ _ _  8634C 
Nomenclature standardized- - - - - - - - - __. . - - - - 8634C 
planimetric maps locating - on _ _ _ _ _ _ _ _ _ _  165 
recommended by hydrographer.-. - 7844 
Report required ............................. 8634 

Duplicate copy for Coast Pilot Bection--.- 8634 
Selection of - ............................. 156 
shown on topograghic or hydrographic sheet. 7844 
Smooth-sheet identiflcntion required ....... ..{;::i6) 
symbolization ............................... 7844 
Terminology, approved .____ - - - - - ~ - - - - -. - - - - - 8634C 
Triangulation IoCatiOn of - _ _  ~ _ _  .-. - .- .- _ _  221 

Langevin ...................................... 612 
Lnngevin-Tonly elcctrolitic rccorder (aee also 

Laplam azimuths .............................. 223 
Latitude and longitude numbers on smooth 

Echo-sounding instrumcnts, Brcnch) 631 1 

shoots 
Placement ................................... 7323 
Bize .......................................... 7323 

Latitude and longitude scnlcs (see Scalcs, lati- 

Launches of the Explorer ...................... 4122 
Launch(es), fishing 

for hydrographic snrvoys. -. ~ ~ 4233 

Launch(cs), hydrographic. 

tude and longitude) 

(4211 

How powered.-. ............................ 4233 

Dangers to he survc ed in - .............. 361 
Drags used to slow Jown - ............... 3461 
speed while sounding.. ...................... 3461 

Launch(es), survcy ............................ 42 
Characteristics of - _ _ _ _ _ _  ~ _ _  _ _ _ _ _ _  _ _ _ _  _ _  - - 421 
Dimensions of one of Ezplorer'a - __._.___ 4211 
Equipment, survcy, described _ _ _ _ _  _ _  ~ _ _ _ _ _  _ _  422 
General description _ _ _ _  - - - - - - - - - - - - - - - - - - .- _ _  421 
Leased - ................................. 423 

Bids for - .............................. 4231 
Inspection report. - - - _ _  - - - - - - -. . - - - - - - - - - - - 4232 
Preferable type ............................ 4273 
speciflcations .............................. 4231 
Bnrvcy of- ............................ 4232 

Lonslng - procedure ....................... 4231 

Launch hydrographic party, personnel of. -. . - - 142 
Layout shcct (aee Shoot Layout) 

Leadllnep) _ _ _ _ _  _ _  _ _ _  _ _  .___ _ _  .- .-. -. - __. . _ _ _  -. - 402 

Types used cy  C. and G. 8. dcseribcd ....... 421 

Leaders', use on smooth sheets ................. 7Y14 

Attach ng lead to - ...................... 4661 
Checking - (aee Loadline vcriflcation) 
comparison (aee Leadline verification) 
Current effect on - ...................... 3464 
Depth changes disclosed by - _.__ _ _  _ _ _  - .- 3416 
Description ............. L .................... 462 
Bloat attachcd to - for us0 in surveying 

shoals..- ___. . _.__ ~ .___ _ _ _  _ _ _  _ _  _ _  _ _ _ _  3664 
Heaving out the right longth of - _ _ _ _ _  _ _  - - 3421 
identiflcntion marking ....................... 4621 
length ....................................... 4621 
marked in fathoms of feet, not both _ _ _ _ _ _ _ _ _  ~ 4621 
marked in fathoms, standard marks.. - _ _  _ _ _  - 4621 
marked in feet, standard marks.. _ _ _ _ _ _ _ _ _  _ _  - 4621 
marked under tension. _ _ _  - - ~ ~ - ~ - - - - - - - - - - - - - 4621 
Marking - ............................... 4621 
Marking a new - ......................... 4621 
Marking for use in chccking - ............ 
marks, how to attnch.-. _ _ _ _  ~ ____. - _ _ _ _  _ _ _  _ _ _  4621 
material.. -. _ _ _  .. -. - __. _ _  -. - _ _ _  _ _ _ _  - _ _  -. - _ _  - 462 

Preparing - for use. - ~ - _ _  _ _ _ _  ~ _ _  - _ _  - _ _  - 4621 
Preseasoning - -. - - - - - - - - ~ -. . - - -. ~ ~ -. -. - 4621 
should never he boiled ..................... 4621 
SpCCiflWtiOIlS _ _ _ _  ~ - - - - - - - - ~. -. ~. - - - - - - - -. - - 462 

Propeller, keeping - out of ................ {E:' .~ 
Re-mark -, when to ...................... 4622 
Samson tiller rope ........................... 462 
Sinkin rate ................................. 3421 
Boundkg with -, description ............. 3421 
soundings (aee Handlead soundings) 
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Frequency requirements ................... 4622 
Recorder responsible for - ~ _ _ _ _  _ _ _  ____._ 4622 
Recording - _ _ _ _  _ _  _ _ _ _  _ _  _ _ _  .-. . - .- ~ _ _  _ _  4622 
Recording - in Boundlng Record ........ 8134 
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Lcadlinc(s)-Continued. 

Leadsman 
alternating with nssistant.. .................. 3416 
Assistant to -, duties of ................... 3416 
Canvas bolt to support - ................. 4626 
Depth changes, - warned of expected. - -. - 3421 
Dutles.. ___. _ _ _  _ _ _  _ _ _  ____. -. -. -. -. -. -. .~ -. . 3416 
Handlead soundings, how to take .____ _ _ _ _  _ _  - 3421 
Instruction in sounding _ _ _ _ _  -. _ _  _ _  _ _ _ _ _  -. _ _  4623 
Lookout, -serving ns .................... 3416 
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Dccp-sea - ............................... 
TTnndImd - --.._.I__ 

Attaching - to lendline.. ............... 4661 
Sinking rate. .............................. 3421 
SDecial - for soft bottom ................ 4663 . 
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Sizes and weights ........................... 
Woights used in serial temperature obscrva. 

dcights of - ........................... 462 
Pine - ................................... 4662 

4661 
4661 

tions ................................. 0321 
Leaks in hydrophone cable, tests for-- .__ ._._._ 2613 
Leasing launchos procotlure.. ................. 4231 
Lenst dopttis (sEk also Dangers to navigation 

Dotcrminatlon of - ....................... 366 
dotermined by 

and ShOQlY) 

closely spaced sounding lines. ............. 3662 
drift sounding.. ........................... 3664 
feeling with leadlinc ....................... 3664 
wire-drag .................................. 3663 

Inking -on smooth sheet ............. 7866 
determincd from an anchored boat ..--.- -. -. - 3664 
diEerlng consistently from prior data ........ 3621 

17732 
Emphasizing -on smooth sheet ........... 7763 

i791; 
Former - not verifled, reported in Descrip- 

tive Reoort .......................... 3621 
found 

by IoclInK wlth leadline .................... 
Data to be recorded. .................... 

hy wirc drag need not be investigatad.. -. . 
Uoscriptive lleport requirements. - _ _  __. -. . 
visually. ................................ 
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IlCU ........................................ 

from prior wirc-drag surveys need not he 
verified .................................... 
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Legend to accompany - .................. 
Low tide, - dotermined at. ............... 
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Wire-drag clearance, allowable ............... 3663 
Wrecks ...................................... 366 
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7824 Ledge, definition. -.- _ _ _  _ _ _ _ _ _ _ _ _  __. ~ _ _  _ _  ._._ --{ 

Ledges, symbolization 

Legonds (866 Notos, explanatory) 
Lcgibillty requirod in Sounding Record ........ {..l 
Lcnscs. instruniont 

......................... 
Leeway on dead-rockonlng sounding Ilues.. ... 3371(1) 

Cleaiiing - ............................... 4313 

Leroy lettering sot ............................. 4834 
pon sizes for - ............................ 7231 

Dusting - ~ _____. -. -. -. -. . _ _  __. . -. . __. . 4313 

remplate sizo for control-station ntirnes ...... 7442 
Lcttering sets, mechanical ................... --(:!!: 

Lerov - . dcscrintion.. .................. POIE ckxmlng..~. . . . . . . . . . . . . .  
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624 
626 

670 
629 
431 
664 
513 
613 
607 
626 
617 
613 
6 14 
614 
613 
613 
613 
618 
613 
613 

306 

308 
380 

111 

300 
308 
309 
370 am 
a88 
360 

370 

360 

370 

388 
370 
309 

114 
371 
111 

88 
366 
367 

371 
112 
711 
309 

370 

370 

a72 

371 

Heforenco 
No. 

Markln - whon scxtant Is vertical ... 4624 
Mcasurkg - _ _ _  _ _ _  _ _ _ _ _ _ _  _ _  ____. _ _  ~ 4624 

arc, cleaning _ _ _ _  - - - ~ - - - ~ ~ - _ _  - - - - - - - - - - - - - ~ ~ - - 4313 
Astronomic - (ace Bcxtant, navlgatlng) 
callbration _.___ _ _ _  _ _ _ _ _ _  _ _  _ _ _ _  ~ _ _ _ _ _  _ _ _ _ _ _ _ _  4618 
Celestial ohjccts, flndlng In - _ _ _ _  ~ ____. . . 4624 
Descrlption, general-.-. _ _ _ _ _ _ _ _ _ _  -. - ~ .- -. _ _ _  461 
Distances by - (ace Bextomotcr, and Vcrtl- 

distancea formula for corrcction of .... -. . . - _ _  2382 
ecccntrlcfty orror..... -. - _ _  _ _  - _ _ _ _ _  _ _ _ _  ~ -. - _ _  - 4616(b) 
error8 _ _ _ _ _  - - - -. _ _  ~ ~ - ~ ~ ~ ~ -. _ _  - 4616 

Adfustahle - _ _ _  ~ - - _ _  ~ - - - - - - - - - - - - -. ~ ~ - 4616 
Unad ustable - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  4616 

fix (aee 4hree-point fix) 
Flashlight, - rend by.. ~. . . ~ ~ - ~ ~. - -. -. . ~ - ~ 4628 
grnduatlon errors. - - - - - - - - - - - - - - - - - - - - - - - - -. - 4616(a) 
Hydrogra hic - 

ndfustesand veriflod dally. - -. - - -. . - - - -. - - 4617 
Dworiution. peneral. .-.- _________. ___._. .- 4613 

Bextant(s)-Contlnu~d. 
sng~e(s)-contlnued. 

Vcrtlcal-Contlnued. 

cal angles) 

. .  
Uimcri~lons.. __. . _ _ _ _ .  . . . _ _ _ _ _ _ .  ... _ _  ... . 4613 
not tested hekm issue. . . _ _ _  . _ _  _ _  . . . . . . . . . . 4616 

llluminalion for uight w, - criuiiq)ed 
with.. _____. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  __._._ 4625 

Index error.. . -. - - -. - - - - - - ~. ~ - - ~. - ~ - - - - ~ ~. -. . 4617 
determination. methods of .......... .... _ _ _  4617 

nilrrors (8ee alao Mlrrors) _ _ _ _ _  _ _ _  _._ __. -. . . . . 4614 
Adjustin - _ _  4b16 
Descriptkn, general.. - -. -. -. . -. -. . . . . -. . - 4614 
(floss - 

Clcanlng - after we _.___._ ___. . .- .. .-. 461411 
Dlsadvnntngea ..-- ~ - _ _  - .-- _ _  __. ..- .-. . _ _ _  4614a 
Prismatic error In - _ _ _ _  _____.. ___. . . . 4614a 
Round -, Brit,lsh type .... .~.. . . .-. _. . 4114n 
Speoiflcations .... - ~ ~ - - - ~ ~ - -. -. -. . . . . . . - - - 

IIorlxon - - . ~  _ _  ~. - _ _ _  -. -. . ~ _ _  .-- _ _  -. -. ~ 4614 
Atljustlng - _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Index - - ~ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _  ~ _ _ _ _  4614 
Adjusthg- _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _ _ _  ~ ____.__ 4616 

Sizes differ for navlgatlng and hydro- * 

graptiic sextants. _ _ _  - _ _  _ _ _ _ _ _  . -. -. -. . 4612 (4613 
Btcllitc -, advantngcs. .__.___ .__________ 46146 

constants.. - ~. -. . - ~ - -. ~ ~ - ~ - - ~ - - - - ~ ~ -. . . . ~ 2982 
Uesmiptlon, general. _ _ _  -. ~ _ _ _  ___. ~ __. . . . - - 4612 
Dimensions. -. - - - - - - - -. - - - ~ - ~ ~ - - - - - -. . . ~ - - 4612 

C%C) 

{% 

Navlgflthg - 

R h f l d C  g~RSYl3S 

{?E$) Errors caused by - _ _  .~ ~. - ~ - -. . -. - -. . . 
1 osthg - __. _ _ _ _ _ _  _ _  - ___. . ___. . _ _  ~ -. - 4616 
Us0 ... . . -. - - - - - ~ ~ - - - ~ - - ~ - - - - - - - - - ~ - - - ~. 4624 

tcstcd at Naval Observatory ............... 4616 
used for astronomic obsorvatlons-.. _ _ _ _  - _ _  ~ 3384 

180' an les, - for.- ~ - - - - _ _  - - - ~ -. -. - - - ~ ~ -. - ~ 4623 
Orlglna! use. - ~ ~ - ~ - - - ~ - - - - _ _  - ~ ~ - - - - ~ ~ - ~. - - - ~ - 4624 
Principles of - - _ _  _ _ _ _ _ _ _  ___... ~ ._ _ _  -. _ _ _  - 4611 
Prism - _ _  - - - - - - - ~ - - - - - - - - ~ -. -. . ~ -. - - - - - ~ ~ 4623 
Shade for obscrving sun direct _________. __.__ 4626 
Burveylng - (ace Bextant, hydrographic) 
toiescopc 

I ,  

Astronomic ohscrvations. - must be ac- 
4624 
4621 

3387A 
4612 

No-adjustment for - - _ _  _ _  _ _  - -. _ _  ..... .. 4616 
Teat for eccentricity nnd gmduatlon errors. _ _  4618 
Theory of - _ _  - - - - ~ - ~ - - - - - - - ~ - ~ - - ~ -. - -. . , 4511 
triangulation 

Control buo s anchored to form triangles, 
locatecyby - ____. . . . . ~ .-. . . . . . . _ _  - 2664 

Control huoys line of locetcd by - ~ - - - 2563 
Control in uuiinportark waterwayslocntcd 

Use (aee ago Astronomicohservatlons; Cuts 
scxtnnt; Horizontal control; Rextnni 
cmgles; Threcpolnt flx; and Vortlaal 
angles). __. .- ~ -. - _ _  _ _ _  _ _  - -. . .-. .___. ~ 461 

-. .. - - _ _ _ _  -. 816 

h - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2402 

veriflod at end of (lay's work ... 
Boxtometer 

Dcscriptlon .... _ _ _ _ _  ----..---- ___.__ ~ _ _ _ _ _ _ _ _  2982 
dis tanw 

Conversion table for - _____. . - -. ~ _ _  ~ _ _  -. 2382 
Formula for computing - - __. -. . _ _  - _ _  ~. 2382 
Formula for correction to - ~... . . . . -. - -. 2982 
Bcxtant trlaneulation oomblned with - - 2462 

curately focused for _ _ _ _ _ _ _ _  __.___ _ _ _ _  
Use In measuring horizontal angles ........ 
advantngcoua in astronomic observation. - - 
maaniflcatlon _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  

Telescope, binocular 

curately focused for _ _ _ _ _ _ _ _  __.___ _ _ _ _  
Use In measuring horizontal angles ........ 
advt 
maaniflcatlon _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  

Telesc,..." L, ---.. ,̂ .. 

method " 

1)escrlptlon _ _ _ _  _ _ _ _ _ _ _  ____. _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  2382 
Wberc authorlzed. ~ - _ _  _.__ _. ._._ ___._.___ ~ 2382 

Pago 
370 
370 

367 
371 
36 1 

97 
361 
a66 
a65 
366 

372 
306 

307 
363 
an3 
366 

371 
3M 
307 
364 
38(1 

3Fb 
364 
304 
3!J4 
364 
306 
364 
3Mi 
3M 
364 
3M 

363 
364 
306 

97 
362 
302 

24 1 
366 
306 
371 
306 
240 
3 70 
370 
s62 
370 
37" 

a32 

3n4 

371 
3 6  

248 
383 
300 
307 
302 

I30 
134 

107 

30 1 
707 

97 

98 
97 
97 

108 

07 
96 



Rofomnco 
No. 

Shad0 glassos sextant (ace Soxtants, navl- 

Shallow dopths soundlnp: with polo _ _ _ _ _  _ _  _ _ _ _  461 
Shonvo factor ( ice Reglstorlng sheave) 
Sheavo roglstorlng (ace Roglsterlng shoavo) 
Shoot(s) 

Alurnlnuin - (ace Alumlnum shoots) 
13oat - (see Bont shoet) 
“Clrolo” - (ate alao “Clrclo” shoots) ~ - _ _  _ _  37 
Nydrographlc - (ace Bont shoot Hydro- 

graphlo sbeot, aird Smooth ihoet) 
Iiidox _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . 8413 
layout _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ ~ 1361 

Consldoratlons raqulred I n  making - . -. 1361 
Makhig - . . _ _  - - - - - _ _ _  _ _  _ _  - - _ _  ~ ~. ~ - ~ ~ - -. 1361 
Procuss skotob, - lnoludod on _ _ _ _ _ _ _ _ _ _  8611 
l’nblc for us0 In - _ _ _ _  _ _ _ _ _ _  __. . ____.  . . . 1361 
Wnshlngton Omw, - mado 111- .____ . . 1366 

Plotting -, nuxlllnry _ _ _ _ _  _ _ _  _ _ _  -. . -.  . . . . . . 713 
Smooth - (ace Smooth shoet) 
&ntrol station, - usod as a floatlnl: _ _  _ _  3366 
oqulpmont lor hnndllng buoys ... . . . - ~ - .  . . -. 8 6  
hydrogrnphy, porsonncl noodod for.. . . . . -. . . 142 
lntorsoctlon mothod of locatlng control 

stations. - _ _ _ _ _  _ _ _ _  _ _  __.___._.__ I _ _ _ _ _  2282 
mnnouvcrs 

gatlhg shndo glassos 

Shl (ace ulao Vossol) 

Buoy, oppronchlng nu uncliorotl. _ _  . . -. . . . 285 
Buoys, bnohoring and wolghlng. ~ __. ... . - 286 
Iluoys, moorlng. -. ... ________. . . __ .  2861 
l h o y ,  - alongside a. .. __.____. .-. . . . ~ .. 2612 
Hcrlal tontpornturos, - whllo obscrvlug.. 6321 
Soimdlnp: - durlnp: _____.___ ~ _____. . .. .. 940 
S-turii tohot on sounding Iluo. . .~  -.. 3464 
Taut-wiro monsurcmonts. ~ -.-.- -----------{:!:: 
Turns botwoon closol spaced Iloos. _ _ _ _ _ _ _  3464 
Two soundlng vosscz on pnrnllol lltios at 

turn8 .. . . .___ ____.____________ 3366 
Wlro soundlngs, - whllo taklug. _ _  _ _ _ _  _ _  3422 

ofncu- -. . . _ _ _ _ _  - .- . - ~  ____. - _ _  _ _  _ _ _ _ _  _ _ _  _ _  _ _ _ _  4114 
~osltlon dotornilnod In It. A .  R _ _ _ _  _. _ _  __. _ _ _  61 

slatlonu, 12. A. I t .  (ace I t .  A.  It. slntlons, shll)) 
I HskR 111 surrcylng ShoulS . __. . . . . . . . . . . . 361 

Survoy - 
brldgc .___ .. .___ _ _ _ _ _ _ _ _ _  ~ _.____. ~ 4111 
Uoscrlptlon, gonoral. _ _ _ _ _ _ _ _  ~ _ _ _ _ _  .~ ._____ 411 
drnfting room .... . . . . . _ _  _ _  _ _  _ _  _ _ _ _  _ _ _  ~. _ _ _  4113 
ofllco. ~. . . -. . _. __. . . _ _  _ _ _ _ _ _  ~ ____. _ _ _ _  _ _  _ _  4114 
pliothouso ._________. _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _  _ _ _ _ _  4111 
redlo room __._ _ _ _ _  _ _ _ _ _ _ _  _ _  _ _ _ _  ~ _ _ _ _ _  __.__ 4112 

swlng 
Plcr - alon sldc n.. - ~ .. - ~ ~ - ~ -: ~ - - - - 4416 
Pro&utlons ,Eon makina - _.___. _ _ _ _  .- 4416 
Frocoduro for - - __.____ .___ __._ _ _ _ _ _ _  _ _  4414 
Rndlo dlroctloti flndor, - to cnllbratc ... 4442 
Whon roqulrcd _ _ _ _ _ _  _ _  - _ _ _  _ _  _ _ _ _ _  .-- _ _  _ _ _  - 4416 

Shlp’s run corroctlon (aec It. A. R. ship’s run 

Shlps, survoy, of tho Coast and aoodetlc 
corroctlon) 

8urvey.. . .~ .- _ _  __. - -. _ _  _ _  _ _  __. _ _ _  _ _  41 
Crulsln radius of - __. . . -. .. . . ___. . -. . . _ _  41 
l~ lmens~ons  nrid pnrtlculnrs (tables) _ _  _ _  -. . . _ _  41 
Fuol capacity of - __. . _ _  _ _  _ _ _ _ _  ~. ~ _ _ _ _ _ _  _ _  41 

Shlpmcnts inail, wclgbt Ilmltatlons ........... 836 
HIioul(s) (&e alro Dnngors to nnvlgatlon, ottd 

Lonst dopths) 
urons 

Dotachod - 
Radfntlrrg sour~dlng lltros 0th - _ _ _ _ _ _  _ _  3142 
801111dltig llnes rulerrod to buoy on - 
Sounding-llno SyYtOniS for - . . . -. __. - - 314lA 

3142 

Rxtorislvo - 

Unsoundablo - 
Dopth ostlmnlod on - _ _ _  _ _ _  _ _  -. _ _  ~ 3266 
Symbollzntlon ___.___ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  {;:: 

bare a t  ~oundlng datum, limits shown On’ 

Bottom cl~nrnctorlstlcs on oncli - _ _ _ _ _ _ _ _ _  366 
Changos I n  -duo to wuvos nnd ourrrnts. - 366 
Cotwt Pllot roqulronionts..~.. _______. ~ _ _ _ _ _ _  010 
Currcnts vnrylnp: I n  vlclnlty of - _._ _ _ _ _  3464 
Dangor Ih survoyliig - ~ _._ _ _ _  _ _  _ _  - ~ _ _  __. - 361 
Dobi t ion  ..... ._.._ _ _ _ _  _____._____ ~ _ _ _ _ _ _ _ _ _  la,c 

smooth sheots. ~ ~ _ _  __. .___ _ _ _ _ _  _ _  _ _ _ _  7862 

lW2e 
,‘a” 

Doscrlpllvo ILr ort roqulromcnts ________.. 842N 
dolucled v l s u a l ~  Iroin elovutod posltloriu ...- 3466 
Dlrcovorcd -, ell l o  be luvostlgnlod durlitg 

Pago 

383 

280 

787 
Zd 
27 
23 
704 
25 

000 

230 
183 
2u 

26 

as 
184 
183 
180 
1 la 
670 
203 
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203 
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260 
318 
666 
270 

314 
311 
317 
318 
316 
310 

338 
388 
337 
847 
338 

311 

612 
311 
786 

all 

200 m 
lug 

286 
286 
283 
283 
286 

211 
211 
743 

743 
282 
273 
838 zoo 
270 
65 

838 
789 
2117 

282 

RQfOrQIlw 
Rhoal(s)-Contlnucd. No. 

Evldonco of - _ _  -. . ~ - - .- _ _  . ~. ~ ~ -. - - - - - - - _ _  362 
Examlnatlon of - - - - - _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _  _ _  366 

Shoal data roqulrod In Soundlng Rooord.-. MlS(2) 
SoundlnK Record roqulremonts. _ _ _  _ _ _  - _ _  _ _  3666 
TIIIIO used on each -In Soundlng Rec- 

ord .____ _ _ _  _ _  -. _ _ _ _ _ _  ~ _ _ _ _  _ _ _  _ _ _ _ _ _  _ _  ME(!?) 

Indoiitlfylny - _ _ _ _  - _ _ _ _  _ _  _ _ _ _  _ _ _  . . _ _ _  _ _  Sl l c  f 
Indlcatlons true and fnlso Illustratod ...... f i g .  iis 
Invostlgathg indlcatlons-’. - _ _  _ _  - - _ _  _ _  -. - 67le 

Bont sheet, - notod on, for fuythor ox- 9242 
amination. _ _  _ _  _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ----{362 

Examlnatlon of - keft  ourry!: ::----.-- 306 
Bathograni -, lnvost gatlng _ _  _ _ _ _ _  5Tle 
froin systomntlo sounding llnos. - __. _ _ _  _ _  3621 
ill loss thun 10 fathoins to bo oxnmlnod -.... 3621(a) 
rlslng 10 percent of tho dopth, to bo OY- 

amlnod ... - _ _  ___. _ _ _ _ _ _  _ _  __. _ _  - _ _ _  _ _ _  362l(b) 
Soundlnpllno system to glvo - _______._ 3164 

Isolatod -, survoylng using 0118 buoy as 
control.. . . . -. . . _ _ _ _  _ _ _  _ _ _  _ _ _  ___. -. - 3361 

Leadsman - sccn by. ~ _ _  .______.___._.__ ~ 3416 
Low tldo, hoking - at. _ _ _  _ _  _ _  .-. - _ _  .~ __. ~ 3661 
Marker buoys, us0 on - .- ~. . . . -. _ _ _  _ _  - - .- 361% 
Prior surveys - on, to bo vcrlflod. - - _ _  .___ 3234 
12ol)orted - 

Fathograms, -on 

lndlcatlons 

{;E,; Invostlgatlon of - . __. _ _ ” _ _ _ _ _ .  .- .. . 
Report roqulrod.. -. __..-.--..~I - . . . - ~  172 

Trustworthiness of mport - - - - - __. . . . . - -. . - 172 
8120 to bo rooordod.. . . . -. -. - __. . . -. . . . . -. .~ 3BGG(d) 
SurVOYOd by CloSoly Spacod sounding llnos.-.- 3662 
Unchart.od - (we ala0 Shonls, roportcd) -. . 3622 
Vlslblllt~y uf bottom to bo noted. _ _ _ _ _  ~ _ _ _ _ _ _  3666(c) 
wator 

Depth utilt8 to bo Itsod 111 - -. __.__._ __. 3112 
Houndltig lristrumonts to be used In - _ _  3113 
Soundln mothods to be usod I n  - ._._._ 3113 

Shoul-wator %uoy 
Description ..... . _ _  . . . . .. .-- _ _  _ _  -. . ~ .____. ~ 8 2 3  

...... .~ ._._._._ __._________ 2823 
Shock exoltatlon of magnotostrlctlvo transmit- 

Sboro 
tlngunlts ........ ..__._ __.___._______ 516111 

Const I’llot roqulronionts.. ____.  _ _ _ _ _ _  ~ _ _ _ _ _  . 91G 
~ o n n i t ~ o n  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ._______ -.{lm”) 916 
Spnclng roqulromonts for soundlng Hnos nnnr - - _ _  __.-___-___-_______---------- 

Sliorellno (ace also Illgh.wator Uno) 
Boat slim18 - on. _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  
Chart and &roy - dofinltlon _._________ ~ 

Ourvod -, radlatlng’ sounding llnos oil .... 
J)cflnltlon .....-. .. -. . _ _ _  _ _  _ _ _ _ _ _ _  _ _ _  _ _  
I)lstnncos to - from trlan latlon statlons- 
11 drogrnphor’s dotorminat& 01- _ _  _ _ _ _  
In%ing -on smooth shoet .______ ~ _ _ _ _ _  _ _ _ _  
rovlsod by hydrographor _ _ _ _ _  ~ ~ - _ _  - - - - - . - - 

___. 

3163 

3232 
762 
3142 
lB2b  
221 
381 
762 
9811 

Skotcliod- _ _ _ _  ~ ___________.___ _ _  _ _ _ _  ~ _ _ _ _  3812 
Symbollentlon ___._ --_ -_  ~ _ - _ _ _  ___. .-. .._ - 
Methods of dotormlnatlon ._____________ _ _ _  3812 
Symbollzatlou on hont shoot. _ _ _ _  _ _ _ _  _ _ _ _ _ _  3812 
Synibollentlon on smooth shwt __.” _ _ _  --. _ _  163 
to corn lotu soason’s work ....... - _ _ _  - _ _ _ _  - ~ 3812 

Smooth rkoots. - on- _ _ _ _ _ _ _ _  ~ __.__. _ _ _ _ _ _  9334 
Shoro pnrtlos 

Bwusfor- soloctlonof .___ ~ _ _ _ _ _ _  _ _ _ _ _ _ _ _  1351 
~ o m n m n i o a t ~ & ~  with - _ _ _ _ _ _ _  _ _ _  ~ ~ _ _ _  ~ _ _ _  1361 
Dlsadvmtngo of - In lsolatod nroas _ _ _ _  _ _ _ _  1361 
I’rovlslonln - - _ _  - ~ ~ ~ - - ~ ~. - - - - ~ ~ - - _ _  ~ - ~ - - 1361 
Truoks usockby - ~ ~. - -. . ~ ~ -. -. . -. . -. - ~ ~ - - 136 

Shoro statlons, R. A. It. (we 12. A. 11. stntlons, 

,4744 
Slghts (aae Astronotiilcolisurvatlons, Star slghts, 

and Sun sights) 
Blgnnl(s) (see abo Control stations Hydro- 

graphlo slgnnls, and Hy&ographlo 
statlons) 

S l g ~ e l  cloth, anaf Whltowash) ........ 27 
bullding (ace ala0 I1 drographlc signals, 

In wator (ace Water signals) 
on privata property- -. - ~ _ _  _ _ _ _ _ _ _ _  _ _  -. _ _ _ _  271 
on publlu rosorvntlous. - _ _ _  _ _ _  .__ ._____. - _ _  271 
suppll os... ____. -.- ___. _ _ _ _  _ _ _ _  _ _ _  _ _ _  _ _  _ _ _  271 

Avallahlllty at  start of proloot. _ _ _ _ _ _ _ _ _ _  137 
Tnllslgnnls..-. _ _ _ _ _  ~ _ _ _ _ _  ______;____ _ _ _ _ _ _  Xi2 

oloth. _ - - _  _.__ ~ ___._-___ ~ ___.- _ _ - _ _ _ _ _ _ _ _ _ _ _ _  276 
Colors.. . _ _  . _ _  ~ _ _ _  _ _  _ _ _  ~. _ _  ~ _ _ _  _ _ _ _  _ _ _  _ _ _ _  276 
aonornl Bohodulo of Suppllos number, -... 276 
Suporlorlty ovcr whltowwh or palnt ....... 276 

1)nngor - hy whistlo ... _ _ _ _  _ _  _ _ _ _ _  ___”. _ _ _  1686 

pago 
277 
282 
700 
285 

700 

640 
647 
64G 

208 
277 
282 
646 
277 
278 

278 
203 

328 
283 m 
284 
207 

60 
207 
67 
60 

285 

270 
285 

102 
102 
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IGU 

460 

838 
65 

838 

203 

2110 
093 
1QD 
66 
82 

280 
008 
200 

008 
280 
287 
207 
liU3 
287 
861 

22 
23 
22 
23 
22 

3Ds 
410 

287 

280 

161 

lb3 
168 
163 
27 

163 
180 
100 
101 
101 
46 
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Refercnce 
Signnl(s)-Continud . No . 

Day - to indicntc survey activities ........ 1686 

40-foot h drographlc -, drscription ........ 2722 

Construction .............................. 2721 
Mnterials rerluiral ( l int)  ................... 2721(B) 
Speciflcntions ............................. 2721(A) 
Tnrgct desori tion of ...................... 2721 

1)eflnition ................................... 
Flag - (see Flag,. International Code) 
Launch tydrogra jhic-, spacing .......... 212 
Night - to Indicate survey actlviti es ...... 1686 

Time ;oquirefto build - ............... 2721 

sift, definition ................................ 3846 

, 08.foot hydrographic - 

’femporary - (aee Hydrographic signals) 
‘fransmitted - (see Trnnsmitted signal, 

echo-sounding) 
Tripod - ordinary- ...................... 2723 

SI shw waterAup, dueription .................. 4741 

tiepicted on fnthograms ...................... 7831 
J>escriptivo Itaport roc]uircmonts .......... 7831 
Smooth-sheet rcpresentntlon ............... 7831 
Wnshington Oflice to hc! notiflod ........... 7831 

Overlay tracings, showing - on ............ 7831 
simpk!x-Bludworth Fnthornctcr ............... 622 

nwustie units ............................... 6221b 
Frt!qucncy, opcrating ..................... 62216 

nrnpliflrr, echo ............................. 62210 
depth range ................................. 
I)eswii,tion ................................. 
draft ndjustment ............................ 6222a 
Ho8 I‘nthornctcr compared wilh - ......... 6223 
lathogrnrn pnpcr 

depth scales ............................... 52210 
1)oscription ............................... 6221a 
trnvei S[M!O~ ............................... 62210 

Pentures, chsrnctcristic ...................... 5223 
helical wire ................................. 6 2 2 1 ~  
installntion .................................. 6221 
instruction book ............................ 62221> 
keying circuit ................................ 
Inolor speed..-. ......................... 6 2 2 1 ~  

ndjustment ............................... 6222b 
for vrhoity or sound ................ 62221) 

control .............................. 62220 
meter ................................... 622% 
tachometer ............................... 6222h 
vcriflcation ............................... 62226 

silted arms 

operating cycle, descri1)tion .................. 6222 
operntion ................................ 6222 

recorder cnhinot ...................... 6 2 2 1 ~  

rc!corcling mechanism 

pnrt,s, principnl .............................. 6221 
printer blado ........................... 6221a 

I)c%cription ........................... 6221~ 
parts . . . . . . . . . . . . . . . . . . . . .  6221n 

Description ........................ 6 2 2 1 ~  
l’rinciple of operntion ...................... 

sounding rntc! ......................... 6222 

1)escription ............................. 6221b 
installation ....................... 62216 

tinic mewuring ciavice .................. 5222 

suhmersible unit ....................... 62216 

~ i r ~ ~ ~ ~ l e x . ~ i u d w o r t h ,  Inc ................. 522 
simultnneous compnrisons 

Oorreeting ........................ 6621 
for scttlement and squat .............. 6621 

Definition ................................. 6621 
Fathogram, idontifloation of - on ........ 6622 
I’roceduro in making - ... . . . . . . . . . .  6621 
Record of - ......................... 8332 
ftcquircmonts for detorniining instrurncntni 

urror .............................. 6621 
Smooth sheet, showing -on ........... 7737 

134 
‘I‘at)uiation (ezu7nplc) ................... 6622 
‘l’at~ulntlons lor season ...................... 6622 

4744 

Sinking rates of bombs, dotormining ......... {i.:: 
Sixth report of Board on (fcographlcai Nnnios 1671 
Size of sheets ................................. 1363 
Skctchcv submitted as chart lottors .......... 8521 
tlkowcd profoction, disntlvantages ........... 1362 

Hountiing Rucor(l, entering -in . . . . . .  {i522 

Sinker for dctnchlng rod.. .................... rG6‘} 

ykilf, dcscriiition arid us(: ................. 4243 

I’ago 
45 
MJ 

152 

1.50 
61 
45 

164 
166 
166 
155 
156 

Id6 
400 
304 

730 
739 
730 
730 
730 
469 
400 
4 0  
4ffi 
460 
4 0  
4 60 
4cio 
46 I 
461 

4Ml 
4 m  
4110 
461 
400 
460 

400 
461 
4110 
401 
401 
401 
461 
401 
461 
4fil 

401 

401 
a10 
4(K) 
400 
4(K1 
4In) 

4Ml 
4fKl 
461 
4111 
400 
400 
4110 
461 
450 

611 
h l l  
61 1 
512 
61 1 
1x2 

61 1 
725 
612 
702 
512 
610 
4 111 

(14U 
62 
26 

707 
25 

327 

1i4n 

lEolorc~icc 
No . 

8kJI .C.  hOttoIIl 
corrections (ace ulao Eciio sounding corrcc- 

Lions . and ltcllcction of sound . bottom 
SI0 Os) 

in irroguir bottom apjilylng .............. 663 
Principle of ai)plyir& - ............... 6G3 

- In ........................... 663 
to echo soundings ( formlda)  ................ 663 

I)etorminntion of - not ensy ............. 663 
Echo-sounding errors cnused by - ........ 663 
Itofiections from - ........................ 663 
Soundings on -, errors in ................. 774(1) 

Control in - (see Waterways) 
1)eflnition. ................................ 
Limit of sounding in - ................. 

Smnll hoat hydrographic party, personno1 of . . 
Sllloottlsllc~t(s).. .............. - ’  ......... 

Identillcation of - ................... 
1 ransbr of soundings ..................... 

Submerino cpuyons, dilliculty of applying 

Sloughs 

Adjoining -- (aee olao Junctions) 
r >  

Approval b y  Chiel o l  I’arty 

16nz~ 
3123 
142 
7 

9336 
9336 
I79 

Artistic . not (losirahlo ............... 721 
Boat sheet 

comi)ored with smooth shoot 
DifYcrcnces botwccn thu two  .............. 7671 
positions transferred to smooth sheet ...... 7672 
Soundings OII Irregular lines (ram - .... ,.̂ 3362 . . 

.... 9332 

17s~ In 1)iotting srnooth sheat ............. 

Cioariing . surface ...................... 
C,it.~11, --LO 1~ kept ................... 
~Omplatcd  - ........................ 

C(Jlnplm!d with Bounding Itccortlu ........ 
insi)uctod in Surveys llraricii .............. 

covuretl while being worked on .............. 

Croasod at table c t l ~ c  --not t o  bc . . . . .  
Custody of -, ai. dnstiington OIIICO . . .  
tlntum (see Oeogra1)hie dnluul, chutiginK o n  

i)atuni, changed inarkod on - 
dcncienclcs round in the illlst . . . . . . . . . .  
doncioncirs surmiiod hy vvrifler ............ 

cornparod with hoaL shect . . . . . . . . . .  

covers ............................. 

survoy shoot) 
.... : 

..... 
9346 
37 
7913 
727 
727 
79 
7912 
7911 
9349 
731 
761 
7011 
931 

7362 
796 

7 
7323 

9338 
i)oflnition 
1)ogreo and minute symbol SILOS 

Various re( uircincnts 78 

distortion (ace IXstort~on) .... 
1)ininctor . mlnimum wiion roiird 79 6 
1)iuposition of -, dnnl 7 

I)og-oary on .......................... 7 LA1 

Orv durinc r)lottinp . - to ho korit 
J h f t i n g  nnd lettering on - (ace i)raftlng) 

... 731 
Rrnstng froii  . 727 
Erroneous Y O U I I ~ ~ I I ~ S  dotected 1) vtwflrr 93330 
Plat during plotting, . to hr hj, )t 7011 
Inkrd iinrs removnl of 727 

933 
lrrking -8oundlngs 7761 

791 rnac.rts . 
179 Inspection, final, o( - 

hy C h i d  o l  I’nrty 
794 
794 
7323 
722 
711 
731 cut hy stiarli liancil~ furnlslicd from Wn~lilngton Olllco 711 
7112 
7116 Itlentiflention of -- 

Sonsoning .. 
nizrs 

hy 11 drogrnihcr 
i )y  i)Ettcir 

Latittitic n r i d  longitude nurnhrrs. hiM! o l  
orimtnl ion 
papor ( tee  ulao I’awr. drawing) 

p u p r  (continootl) 
surfaca not to he inarrc~l .......... 

l’oncil lines, ronlovni of . 
i’oncii lines, -- p a i w  not intlantkl by. . 
l’or~nanont rceord . . . . . . . . . . . . . . .  
i’hotographic c o p i ~  or -- . . . . . . .  
plotter (nee 1’ lo t t~ ,  srtiontli.~Iic~ol, ) 

Typos ....................... 
73 1 
7112 
727 
724 
793 
721 



INDEX PAGE 927 

Itcforonco 
No. 

.. .. 7916 
Smooth s i~c~t(s ) -co~~t iuucd.  

i)iol,tor‘s initials to be 011 - -. . .. . .. 
plotting (see ulso I’lotting) 

insprction of - . ______.._._..__._...._ ~. 777 
1’loI.ting soundings -. . . . . . . . . . . . . .. . . . _ _  .. 772 
Veriflontion of - notrd on srnootl~ sheol.. . 7916 

i’rcqrnration of - ... ... . ~. ~ .. . . . . . .. .-... . 73 
proynred nt I’rocossinp OIliccs.. . . . . . , . . . . . . . 9241 
I’rcscrvntiom of - nt Wnshington Ollico ... 931 
irrwxvcd I n d o f l i d y  .. . .~ .. . . . . . ____.. . . . - 73 
I’rintod - . . . . . . _ _  ~ . . . .. . . . .....-.. .. 7333 
I’rior survo s - c01n )nrcd with ..... . . . . 9343 
iirojection I&&, intervnls betwoen (luble $4) . 7323 
i~nrjections (aee Pnrjoctions, polyconic) 
i’rotoction of - . . . . ... _ _  .__._...__ ... _ _  .. 731 

durinc! rrlottinc! . . . . . . . . . . -. . -. . . . . . . - 761 

665 

GG3 
612 

1\64 
643 

Fngo 
749 

732 

740 
Ci6 
N4h 
847 
OOR 
1\76 

000 

ti00 
WX 

7111 

ns(i 

7on 
n5o 

n64 

mi 
n ~ 7  
lilili 
762 

78H 

O N 1  
lis7 
li6U 
727 
774 
724 

722 
721 

220 
714 
722 
727 
747 
tilid 
lilili 

titi3 

7x8 

nw 

n54 
n4n 

n u  
n u  
866 

752 
786 
657 

718 
n54 
n.54 
210 
1\67 
Nil 

:(ot 
414 
4 13 
414 
414 
414 
414 
308 

601) 
103 
44 1 
44 I 
441 

6411 

841 
44 1 

liOr 
60( 

Hcforollcc 
No. ono-radio buoy(s)-Coutinucd. 

nrni)ilflor.. . . ~. . -. . . . . . . . . . . ..- .. . _ _  .. .-. . 6431 
atljustniunt (see Bono-rndio buoy niniJiiflt>r 

dcsign . .. . . . . . . . .. .. ~. . .. .. 6431 
pnin ntljustinont . . . . . . , . . . . . . . . . -. . . . . . . 664 

1)lroct iriothod. . -. . . . . . . . . . . . . . . . . 6643 
Methotls, vnrious ... . . - . . . . . . . . . . . . 6544 

ynin, do5nition.. . . . . . - . . . . 6641 
gain innintcnnncv .. .~ ~. . . .. .. .. _.__ 6431 
gnin 111~~tisurei111~111s 

Ai)irnrntus for - ... . . ~ .  .. _ _  C642 
Atl.crnuut,or for -, doscril)tion .. . . . 6642 
Circuit dinyniii-. . . . , . . . . .. .. . ... . .. . . jig. 196 
1)lrcvt niet iod . ....... ~ . .  ......- 6641 

I’rowduro . . . . .. ~ _ _  6643 
Motiiotis, vnrious . . . . . . ~ ... 6543 

ynin, prowduru for d o t c r ~ n i ~ ~ i u  g... . . . . . . . 664 
hl.niriiity roc~~~lrcnients. .  . . . . . . . . . _ _  . . . . . 6431 

nncliorlng gear, e i i n ~ i ~ ~ n t i o r ~  01 noisrs in  . . . . . 283 
At~chnring - in drcp wntar.. ... ._ . . .. 643 
niitonnn 

gnin) 

’~’IIIICI lag 111 - .. ... . . .......... ... .. .. _. 6431 

C o n i r i i n ~ ~  - lo  trnns~riit tor. . . . . . .. . . 6433 ~ . . ~  .. 
clcrvntioti.. . . .. ... . . .... .. ...... . 6433 
Irngth .___ . . . . . _ ~ _  .. ... ... . . . . 6433 

lis It. A. 1%. 8tnl.ions ........ _.__._.. . . 643 
tliflleuil.icrs iu stronfi curronts.. . . .. . .. ~ . 643 
LCnst (’owt - 662 

Advnntngos Gh? 
nmiiliflur, doscription . 6621 

6629 

I I I I I I I I~S  61; striwtnrcv . . . . . . . . . . 2814 
oircrnl.ing tiilllciiltirs . . . . . . . . . . 666 
i’orforninnco of \ : i n w i t  and Rnst l‘nest - ”-” 



PAQE 928 INDEX 

Reference 
Sono-radio buoy(s)-Continued . No . Page 

606 
608 
62 

696 
662 

Excess- causes ...................... 656(e) to (I) 012 

porarily ........................... 2646 

siienclng circuit descrlhed ................... 6522 
silencing circuit, effect of- .................. 6432 
spacing of - .............................. 212 
stations ...................................... 643 
strays (see alao Chronograph tams, strays) ... 6862 

Yurvcy buoy; replacing -not nccded tem- 

sumboiizatlon .............................. 743(e) 
types ........................................ 643 

Advantages ............................... 663 
amplifler, description ..................... 6611 
antcnna .................................... 2842(A) 
hattcrics ................................... 6514 
Buoyancy, reservc, of - ................ 281 
elrcult diagram ............................ fiu 138 
compared with East Coast sono-radio buoy . 683 
current requiromcnts ...................... 6614 
1)cscriptlon .............................. 661 
electric equipment (Itat) ................. 6515 
Hydrophono for - ...................... 661 
keying circuit, description ................ 6512 
keying circuit, operation .................. 6612 
Opcration without sorviw ............... 663 
performance ............................. 651 
radio trammittor ...................... 6613 

Descri )tion 6513 
opcratfon ... .I. 1: :: 11-1 -1 :: :: 1: 1::: .... 1: 6513 
output .................................. 6613 

................................ Vincent - {;E2 

. 

. 

ranne of oneration ...................... 651 
structure . 

Construction ............................ 
Materials required (Zlat) ................. 
8 cciflcations .......................... 

Woo& type (nee Bono-radio buoy, East 
Coast) 

structure . 
Construction ............................ 
Materials required (Zlat) ................. 
8 cciflcations .......................... 

Woo& type (nee Bono-radio buoy, East 
Coast) 

Bound 
Ahsorptlon of . 

by mes In wuter ............... 6233 
Doinition ..................... 1.1.:~1 62% 
energy in water .......................... 5141 

Attenuation of - ....................... 5144 
Bountiarles, -at .................. 6224 
Causes .................................... 
Conditions In sua water causlng - ...... 5144 
due to heat 10YY ........................... 63 
Factors causing - ...................... 6224 
In a heterogeneous modlum .............. -.{ti:3 
in a hornogencous mcdiurn ................ 'i%i 
Rcfleetlon and refraction . effect on - ~ ~ ~ 6233 
shoal water causing - .................. 6233 

. .... 
Exploslve sourccs uscd 11 
Generation .............................. 
Intensity of - 

Deflnltion ......................... 
dlstingulshcd from loudness ............... 
Reduction of -, causes ................ 
Relation to distance from source ........... 
unaffcctcd by reflection and refraction ..... 

Intcrferenw of- .......................... 
between direct and reflected path .......... 
Condltlons causing - ................... 
Effect on range of dircct path .............. 

Loudness distlnguishcd from Intenslty ...... 
Multiplo reflection of - ............... 
Naturo ........................................ 
Path of - 

Computation of - ................... 
IXrcct - in I1 . A . R .................. 
Ellect on strcngth of It . A . R . posltlons ... 
Ylrst arrival wave .......................... 
in an elastic medium .................... 
Incldcnt angle effect on - .............. 
in nonuniform'velocity medium. .... 
Isngth of - comp~red to horizontal dj; 

tanco ........................... 
Pressure gradlenl, offcct on - ....... 
Shortcst - Ifi an Ideal medium .... 
l'angcntlal ray .......................... 
'I'cm eraturo gradient effect on - ....... 
~ ~ s u a P  - encountered in R . A . R ........ 
Vclocity deercasing verticaliy .............. 
Veloclty gradient effect on - ........... 

Yuspended matter. effect on - .......... 623 
Tcmperuture -In water of unlform .... 6233 

6233 
6141 
621 
62 
611 

621 
621 
6222 
6224 
6224 
6223 
6223 
6223 
6223 
621 
6221 
511 

6232 
6223 
6824 
6232 
622 
6232 
6232 

6221 
6222 
6222 
6222 
6232 
6232 
6362(d) 
6232 

detccting dcvichs (see IIydrophones and Ro- 
ceivlne units) 

182 
I88 
6116 
I81 
(Kl1 
(108 
001 
181 
003 
1 ti3 
uO2 
008 
wa 
(io1 
004 
001 
003 
c;os 
008 
f# 1 

w3 
w3 
(io3 
I 0 1  

181 
182 
181 

003 

672 
BO6 
443 
444 
666 
660 
606 
444 
674 
G66 
606 
672 
606 
673 
672 
606 
573 

673 
443 
668 
668 
437 

660 
660 
684 
hl36 
666 

665 
606 
606 
660 
662 
437 

571 
606 
042 
6011 
800 
671 
570 

603 
604 
KfH 
664 
608 
670 
694 
670 

ti334 

Yound.-Contlnued . 
....... 

Vnlnnl t . ; 
1 I&" ..-...C.Y.C. . 

Vislnrltv lpcrouslng iirodcrutcly vertlcnlly .. 6362 b) 

Vuloclty nearly rnn"uflr w ... a)  
........ illcrcaslng rapldly vertically.. .... 6362tC) 

Physical laws of . ... . ..rtlcaliy ........ 6 3 W  -.. ...................... 621 
Physics of ............................... 62 

l K l 1  
propagation (ace a180 Bound transmission) .. 621 1;;; 

Aeration cffcct on - .................... 6143 
Attenuation ............................... 5144 
Depth variatlons, ollcct on - ........... 623 
Dlrcction of- ........................ 6222 

Formula for angular change in - ..... 6222 
in a hcterogcncous water medlum .......... 623 

Baetors nffccting - ................ 6232 
Refraction and rofleetlon combinrd ...... 6231 

in an Idcal wator mcdlun .............. 622 
in shod water ........................... 6231 

Rclloctions from surfaw and bottom .... 6231 
.................. Viscosity, effect on - (E14 

runglng (aee a h  R . A . R.) 

Methods ............................... 612 
Method uscd in It . A . R ................. 612 

rocoption (see d 8 0  Hydrophones and Itecciv- 
Ing units) .......................... 656 

Ylrst arrival wavo ...................... 6222 
Rcflection of - (nee Refloctlon of sound) 
ltefractlon of - (nee ltcfractlon of sound) 
Scattering of -, ollcct on transmission .... 6233 
shadows, causes .......................... 623 
signals, longth, in coho soundlng .......... 611 
source location, effect on transmlsslon ....... 6231 
Hprcuding of -, causcs ..................... 6224 
Yprcading of -, deflnition .......... 6213 

transmission (aee alao Sound propagatlon) 
Atlantic Coast ......................... 0233 
J3ottom oonflguratlon and material, offeet 

on - .............................. 6231 
llottom slopc, effect on - ............... 6231 
Currcnt cffect on - ..................... 6384 
I J C O ~  to shoal water, dimcuitles cncoun- 

tared ............................. 6231 
dependent on mcdlurn ................... 614 
ElTectivcncss oll Atiantlc Coast ........... 6233 
Rffectivencss OR Paclfle Coast ............ 6233 
Factors nffectlng -in water of nonunl- 

Invcstigation (h i cu i t  .. 
Knowicdge llmited ........................ 62 
Pnclflc Coast ........................... 6233 
Prlnclplen ............................... I""! 6sF 
rango 

Dottom oonflgurstion andmateriul, cffcet .... 

Accurucy ................................... GI2 

Subaqucou8 -, flrst pr&Ctbai UYO ........ 611 

form tern )eratiire 0233 
1: 1: ::::::::I::: 12 

on .................. , ........... tial 
Horizontal - ........................ 6221 
in nnlforrn medlum (formula) ............ 6232 
Itcllectloris effect on - ............ 6232 

Source locatdn, ofrcct on - ............. 0231 
Ytudlos during World War I .............. 611 
throu h an elastic medium ................ 621 
vclocft gradient, effect on - ........... 636 
V o r t d -  

Water as a medlum for iong-dlstnnoo - . 621 
63 

UYC In R . A . R 61 

eharactorlstlcs ............................. 621 
Flrst urrlval a t  hydrophone ................ 622 

not always flrst dctcctcd ............... 6222 
which is dctccl. ed is used in R . A . R ..... 622 

I'liafle of - 
1)eflnltlon ................................ 621 
I'artielo velocity - .................. 6221 
Prossure - ........................... 6221 

Reflectlons In - ....................... 6221 

Veloclty of - (nee alao Voioclty of sound) ............................ 
WSVO(S) 

HoUndlng(S) (ace also Dcpths. I h p t h  measure- 
mcntr Echo soundings. Uandlcad 
soundings. and Wire soundings) 

apparatut~ Idcntlflcd In Bounding Rccord .... 
apparatus standardlzatlon In Youndlng Rec- 

ord ................................. 
Rornhs, -with (aec Bombs, sounding with 
chalr 

Launch - ............................ 
Canvas h i t  stlbstituto for - _ _ _ _ _ _ _ _ _ -  
General descrlptlon ...................... 
made from gasoline drum ................ 

8hl  - .............................. 
&ncral dcscrlptlon ..................... 
Ctpnerul requlrements .................... 

8182 

4626 
46rn 
4628 
4626 
4624 
4624 
4624 

Palre 
684 
694 
604 
668 
667 
437 
668 
013 
444 
446 
5% 
663 
603 
566 
508 
607 

667 
607 
659 

560 
660 
660 

613 
604 

573 
607 
437 
607 
605 
612 
665 

618 

6on 

605 

% 
G 
602 

613 
673 

673 
567 
667 

fib8 
013 

513 

600 
500 
668 
508 
660 
668 
6!X3 

600 
659 
673 
566 

%! 
664 

658 
661 
601 

600 

76U 

7Ao 

a87 
388 
387 
a87 
387 
387 
387 



INDEX PAGE 929 

Rcforcnco 
~oundlng(s)-Continuod. ohnir--oont,inued. No. 

Whniobont - ___. _ _ _  _ _  _. ~ _ _ _ _  ~ .~ _ _  _ _  _ _ _  4626 
Chnrtod -, orronoous, Investigntlng ....... 173 
Cinrlty of - on smooth shoot.. .. . . _ _  .- _ _ _ _  773 
Continuous -, numborlng positions nt mld- 

Control-stntion symbols, - iionr. .__ _ _ _ _ _  _ _  772 
Convorslon of - . . . -. . - -. . . . . -. ..~ _ _ _  ~ _ _ _ _  7716 
coplod from Sounding Rocord for bont shoot 

corroction(s) (aec also Echo sounding corroc- 

night .... _ _  ____.._._...____ _ _ _  _ _ _ _ _ _  991 

USO. ~. -. _ _  , . . . . . . -. -. ~. ~. -. _ _ _ _ _ _ _ _  3263 

tions) ... , 
Appllontlon ._.____ ~ ____________. ___._____ 821 
Dooininis, uso of. _ -  - - - -. - - - ~ -. ~ .- ~ - _ _  ~ - ~ - _. 822 
Exnni 10s of nppiicntion __.__ _ _  ___.________ 822 
01nissPon of -, wlioru nuthorimd. ..~ .- _ _  822 
signs. -. - .- _ _  . - ~ -. -. . . . . . . . . -. -. - _ _ _ _  __._ ~ ~ 822 
Soundlng Rocord, ontoring -in. ._______ 822 
Soundlng Itocord, - by smooth-shoot 

plottor .____._-__ . . . . . . . . . . . . . . . . . . . . .  825 
Tido, dorivntlon of - for. ____._________ 8224 
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Ilocks, - in .-. _ _ _  _ _ _ _ _  - _ _  __. -. -. -. - _ _  _ _ - -  8434 
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Plxing - in horizontnl position (ace ala0 
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Inshoro limits of - _ _  - _ _  - _ _ _ _  _ _  _ _  _ _ _ _  _ _ _  - 3121 
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Shifting system of - .................... 3462 

from a kuoy.. ............................ 3371(2) 
Offshore shoal dcvelopcd, using - ...... 368 
using ranges ............................... 3341 
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R . A . It . -__._ ............................ 683 
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I)oveiopment: direction of lines ............ 6832 
Illroction of -, best ..................... 6831 
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Range marks, floating, used to control - .. 3345 
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Shore controlled - ........................ 3344 
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Starting a -.. ............................. 3461 
systems ..................................... 314 
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,Circular arcs- ............................. 3143 
Dangers and shoals indicated by - .....{!!:, 
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Distance angles used ...................... 3143 
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I’arallol - 

Alongshore .............................. 3153 
Advantages and disadvantages ....... 3141 
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Depth curves. -normal to ............ 3151 

Advantages and disadvantages ........ 3141 
Protected waters, -in.. ................ 3141B 
Purpose ................................... 314 
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I<equirements. general. in project instruc- 
tions ................................ 314 
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T‘urns between - ......................... 3454 
Two vessels controlled from ono vcssci ....... 3366 

Sounding machine(s) ....................... 463 
Automatic brake type ....................... 4631 
Canvas covcr for - ...................... 4658 
Care when not in use ........................ 4312 
connoction to launch engine ................. 4633 
Ilescription and use ......................... 463 
Hand - ................................ 4632 
instnllntion .................................. 4633 

Adventages of a midship - ........... 4633 
Operating rate .............................. 3422 
0 erntion .................................. 3422 

Deepseatype ............................ 4631 
Capacity, win. ........................... 4631 

Description, gencral ....................... 4631 

Launch - Installation ..................... (22; 

SRiP - 
Weight .................................. 4631 

................................ installation E; 
Accumulator spring ...................... ‘4633 
Boom to lead wirc outboard ............. 4633 
Rocker arm, use of ...................... 4633 

LL-type ................................... 4631 
Capacity, wirc .......................... 4631 

Operation ................................ 4631 
Use restricted by echo sounding ............ 342 
V-typo belt driva, advantages (If ............. 

Weight .................................. 4631 
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Sounding Record(s) (see a h  Sounding ciirrec- 
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Abbreviations authorlzcd .................... 8111 
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corded in - ....................... 3842 
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Conversion of reduced depths to smooth.shec.1 . 

I N D E X  

Page 
w4 
200 
205 
‘256 
208 
204 

233 
280 
223 
045 
048 
040 
840 
040 
845 
845 
046 
225 
274 
224 

202 
‘251 
105 
208 
271 
200 
273 
277 
202 
200 
108 

203 
107 
108 
202 
107 
108 
105 
100 
109 
223 

106 
271 
107 
202 
29 1 
388 
3w 
307 
331 

300 
300 
324 
391 
392 
260 
260 

380 
380 
380 
388 
260 

392 
388 

301 
391 
300 
3w 
3w 

264 

302 

753 
768 
750 m 
303 
774 
700 

718 

a80 

380 

ltoferonce 
Sounding Rocord(8)-Continued . No . 

Copy for hydrographer’s immcdlnto use ..... 
I.. 

corrected daily ............................... 3246 
corrected in colored ne11 .................. 9331 
corrections (see alao f%nding corrections and 

Cover lahcl completed ....................... 819b 
Cuts indcxed In - ......................... 819d 
Day letter ................................... 8121 
I h p t h  unit change, how intllcnlcd ........... 3112 
Do it11 units of soundings aftcr rcductlon .... 823 
D r h  sounding dntn rcquircd ................ 3312(e) 
Duplication of - ......................... 836 
Echo soundings properly recorded.-. ........ {$.. i;! 
Echo-sounding corroctions, entering ......... 8223 
ECho-YoUnding lnstrumcnt datn roquiretl .... 8132 
Echo soundings missed, noted and oxplnincd.{~~:~ 
End of day’s work, information roquircd .... 816 

errors 

Echo-sounding corrections) 
entered and checkcd by fleld party ........ 923111 

....................... Erasures forhldtlcn 4% 
7671 

corrected by smooth plotter ............. 

Position data - ....................... 7624A 
Examples .................................. 81 
Expcrimcntal -for UYC with fnt,liograms . . 817 
Uenornl discussion ........................... 81 
IIandiend soundings properly recorded ...... fig . 17# 

Index of misccllaucous hydrographic d a h  ... 819c 
Inspectlon by Chief of Party ................. 
interrupted for remarks .................... 814 
Krip to be reportcd in - .................. 3623b 
Lcadlinc comparison, record of ........... 
Lcgibiiity rcquircd .......................... 

............................ Horizontal record {% 

4622 

 iss sod cc~io soundings, ;loted and cxplnlnoti . 
numbering final..-.- ........................ 
OfIlcc work to be done at  l’rocossing OfIices . 
OfIlce work to bo done by flold party ........ 
page headings ............................... 
I’rocessing olllces, work done on - ....... 
I’rotcctinp - during use ................... 
It . A . R . dnta omitted from - ............ 
Itcoordcd dnta nover crnsud ................... 
Itecordcr’s duties ............................ 
Itecord of draft measuromcnt.-. ............. 

Oflicer-in-charge’s signaturo in - ......... 
\.... 

Hl9a 
3412 
9241(a) 
9231a 
812 

9241(a) 
81 
8311 
7741 
3414 
6512 

Iteducod soundings 
converted to smooth-sheet vnlucs (table $6‘) . 7716h 
Errors found in - ...................... 826 
Vcriflcation of - ........................ 824 

Itoduction of soundings (ace also Sounding 
corrections and Echo-sounding cor- 
rcctions) ............................. 82 

chocked at Wnshington Omce ............ j323 
ltclected data. how to indicnto ............... I:., .... 
lto]ectod data. justifying ..................... 8 W m )  
“ltomarks” and notations ................... 815 

Importance of . ___.__________ _ _  _ _ _ _ _ _ _ _  {%4 
Res onslbility for ...................... 3413 

Responsibility for - ...................... 818 
Itosponsibility of olliccr-ln-chnrge.-. ......... 3412 
reviewed daily by hydrowiphcr ............. 818 
ltocks pnssed to be noted ................... 363 
Sextants adjhstcd and chocked, recordcd 

Shoal examinntions . rccord of.--. ............ 3666 

Vorfncr’s use of - ..................... 9331 

in - .............................. 4617 

. in Itecord .......................... 826 
soundin& 

apparatus Idoutifled In Sounding llocord .. 8132 

Ueographic position of beginning of - .. apparatus standardimlion- ............... 8134 

line .................................. 711 
lines irrogular to bo noted ................ 3362 

Sounding Record .................... 7725 
not Ahown on’smooth sheet idontifled in 

Page 
210 
027 
757 
209 
840 

844 
700 
770 
768 
192 
773 
213 
780 
766 
760 
772 
760 
252 
272 
707 
767 
757 

711 
712 
720 
728 
701 
764 
708 
763 
764 

762 
770 
260 
760 
701 
270 
386 
754 
757 
252 
272 
769 
261 
845 
844 
768 
846 
766 

261 

716 
774 
774 

770 
848 
767 
767 
7M 
706 
007 
7 0  
251 
n40 
700 
261 
700 
281 

387 
285 

748 
7M) 
749 

774 

760 
700 

007 
220 

721 

781 

% 
610 



INDEX p.413~ 931 

Rotoronco 
No. 

of twosheotscnturodindiffcrn~~t volnmos ... 8 1  
roducod and chookod nt I’roccsslng Ofllcc. _ _  Y241(a) 

Sounding Hccord(s)-Conttnucd. 
Sounding(s)-Contlnuod. 

Bpcod ohnngcs to  bo rocordad.. ............ -.{:::: 
Suporvision of - E3 
Stamps, rubbor, stnndnrd (Zial). ............. 964 

.......................... 
supplomontod by  othor rocords. ............ 
Survcy pcrsonnoi to he nnnrcd in - ....... 
Tnugonts, nnglos to; height ol oya to bo ro- 

cordod.. ............................. 
Tldu  station ontrius rcquiretl ............. _ _ _ _  
timu, corroctnoss of .............. ..._... 
Tima rocord.. .............................. 
tltlo pngo, comphtlon 01.. ................... 
Topogrnphic rovlsion dntn racordod i n  - _ _  
trnnsmittod sopnrntoly ___._ ................ 
Turns betwoon Ilnos, recording.. ............ 
Turns, rocording- ......................... 
Voriflor’s uso of - ....................... 

‘si- 
8131 

333Gb 
4672 
4642 
81 
819b 
381 
836 
3464 
3463 
933 1 .- 

Wiro soundings, rooording. ................. -Kr,7t 
Bpncing dividors (see Divldors, spacing) 
Bunclna i)osltions (see Positions, hydrogrnpbic, - - -  

froquonay) 

quonc , and Soundings, siindng) 
Spncing sounding lines- ....................... 316 

Cowtnl amas.. .............................. 3161 
Inside wntors ................................ 3162 

Spncing sounding8 (see also Soundings, frc- 
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