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PREFACE

This manual isissued for the purpose of giving the general require-
ments of the United States Coast and Geodetic Survey for the execu-
tion of hydrographic surveys and to describe the equipment and
methods used for hydrographic work. It is one of a series of publi-
cations covering the various operations of the bureau.

Many of the descriptions contained herein are based on the reports
of officers of the bureau, too numerous for individual mention in a
publication of this nature, who by their zeal and ingenuity in devis-
ing or devel oping new methods and apparatus have contributed
largely to the progress of hydrographic, surveying during recent
years.

In compiling the manuscript for this publication, much valuable
assistance has been received from officers both in the field and office.
Special credit is due Capt. W. E. Parker, chief of the division of
hydrography and topography, under whose direction the work was
done and who prepared the sections of chapter 4 that relate to echo
sounding and temperature and salinity observations, for his careful
review of the manuscript and for his suggestions for its improvement.
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DEPARTMENT OF COMMERCE,

UNITED STATES COAST AND GEODETIC SURVEY,
Washington, March 1, 1928.

The general requirements for hydrographic work as published in
part 1 of this manual supersede all previous instructions and circu-
lars upon the subjects treated and, together with the Regulations
for the Government of the United States Coast and Geodetic Survey,
shall be complied with in the execution of all field work unless
divergence therefrom is authorized in the special instructions issued
for each project.

E. LESTER JONES, Director.
v



HYDROGRAPHIC MANUAL
GENERAL STATEMENT

The principal object of the hydrographic surveying operations of
the United States Coast and Geodetic Survey isto secure informa-
tion concerning water areas for the compilation of nautical charts
and coast pilots or for the correction of existing charts and pilots.

It may be said that hydrographic surveying, exclusive of tidal
and current investigations, consists of three essential operations:

(a) Depth measurements, usually called "soundings,"” at certain
points throughout the area being surveyed. This work always in-
cludes the determination of the nature of the bottom at frequent
intervals and may involve the collection of data required for ocean-
ographic research, such as water temperatures and water samples
at various depths, and specimens of bottom material.

(b) Determination, by reference to control stations, of the position
of each sounding and the location and examination of the numerous
features, such as rocks, reefs, wreckage, aids to navigation, etc., that
must be charted for the guidance of navigators.

(¢) Recording and plotting all data in order to provide permanent
records that will show clearly all the information obtained by the
survey and serve as a basis for chart construction and coast-pilot
compilation.

With few exceptions, hydrographic work is carried on as a part
of combined operations which may include the location of the neces-
sary control stations by triangulation or traverse; topographic sur-
veys for the delineation of land features; tidal and current surveys;
and magnetic observations.

In this volume mention of other branches of work is confined in
so far as practicable to reference to the publications in which they
are described. The Coast and Geodetic Survey has also issued sev-
eral publications covering special hydrographic operations. Such
operations are covered in this manual by a general description and
reference to the publication in which complete details will be found.

\V/



Part 1—GENERAL REQUIREMENTS FOR HYDRO-
GRAPHIC WORK.

In this part of the manual are given the general requirements for
hydrographic work prescribed by the Director of the Coast and
Geodetic Survey to govern the execution of all hydrographic surveys.
They are supplemented by special instructions covering the specific
requirements for each project contemplated.

In anumber of cases page or chapter referencesin parentheses
have been inserted at the ends of paragraphs. These references give
the page or chapter of part 2 of the manual where the subject
treated in the paragraph is discussed or where standard methods,
that are used by field parties and that comply with the general
requirements, are described. The general requirements are as
follows:

1. Data to start survey.—Specid instructions for all hydrographic surveys
will be accompanied by such information, available from previous surveys, as
isrequired by the nature of the work. Thisinformation usually will include
geographic positions and descriptions of stations previously located; blue prints
of previous triangulation schemes; descriptions and elevations of tidal bench
marks; copies of previous hydrographic and topographic surveys; and informa-
tion as to dangers reported or other specia features to be examined. All such
data should be examined without delay to make sure that they are clear and
complete.

2. Specifications for control.—Unless otherwise directed in special instructions,
the main control for all coastal hydrography shall consist of stations located
by third-order triangulation or traverse at intervals of about 5 miles along the
coast. To supplement the main control, intermediate stetions shall be estab-
lisbed at intervals of about 2 miles along the coast, such stations to be located
by theodolite cuts, plane-table triangulation, or other methods of equal accuracy.
Any additional stations required may be located by plane-table traverse, sextant
angles, or other similar method. (See p. 30.)

3. The number and distribution of stations should be such that al sounding
lines and featureswithin the field of work can be located with sufficient
accuracy for charting purposes.

4. Recovery of stations.—In order to furnish information for the correction of
office records as well asto provide control for hydrographic work, the sites of
all previously established control stations within the field of work should be
visited, if practicable, and a thorough search made for the station and other
marks. A station shall not be reported as lost unless an exhaustive search
or changesin the locality establish thisfact beyond reasonable doubt. If such
asearch isimpracticable, a statement relative to the extent of the examination
shall be furnished in order that all available information relative to the status
of the station may be on hand for proper notation in the office files.

Objects located by previous surveys but subject to change in position, such as
flagstaffs, beacons, signal masts, etc., shall not be used for control until they have
been relocated or their original positions verified.
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5. Establishment of control.—For all operations involved in establishing new
triangulation or traverse stations and in marking and describing such stations,
both new and recovered, the instructions in the Manua of Second and Third-Order Tri-
angulation and Traverse shall be followed.

6. For similar operations relating to stations established by topographic
methods, the instructions in the Topographic Manual shall be followed.

7. When a station is located by a sextant position obtained at the station, at
least three angles should be taken. If thisisimpracticable, a sum angle
between the two outside objects shall be measured. When the gation islocated
by sextant angles from other points, at least three cuts giving good intersections
should be obtained. All positions and angles obtained for this purpose shall be
carefully recorded either in the sounding record or in a special angle record.
(See par. 60aand pp. 30 and 79.)

8. Sextant locations should be confined, in so far as practicable, to relatively
unimportant stations. In general, important stations and objects of value for
landmarks, such as lighthouses, beacons, prominent buildings, etc., should be
located by triangulation or traverse.

9. The officer in charge shall make sure while still in the field that the posi-
tion of every station used for control is determined with sufficient accuracy for
the scale of the projection on which the work is plotted. This must be tested
by actual plotting or computing as soon as practicable after the observations
are made.

10. Signal building.—When building signals over stations, care shall be taken
not to disturb the station or other marks.

11. Names of stations—Each control station shall be identified by a name or
adescription. Each recovered station shall retain the name assigned by the
original survey, but a new station established with reference to an old station
and not in the exact location of the latter shall have a different name.

12. Names of objects.—For convenience in recording and reference, a short
name of not more than four letters shall be assigned to each signal erected or
object existing over astation. If the station name or description meets this
requirement, the same name may be used for the signal or object; otherwise
a second name shall be assigned for use in hydrographic work. The use of
names similar in sound or spelling in the same locality and the repetition of the
same name on any one sheet shall be avoided.

13. Establishment of tidal stations.—Sitesfor tidal stations or information
governing the selection of such siteswill be given in special instructions.  In
establishing tidal stations the directions in the Instructions for Tide Observa-
tions shall be followed.

14. Size of hydrographic sheets—A sheet 31 by 53 inchesis considered the
standard size for hydrographic work, and Whatman's standard paper of this
size, backed with musdlin, shall be used for smooth hydrographic sheets when-
ever practicable. When larger sheets are required, only cloth-backed drawing
paper of the type supplied by the bureau shall be used, and the length of such
sheets shall not exceed 72 inches.  In such cases the maker's name and number
of the paper shall be noted on the sheet.

15. Scales.—Inshore hydrography shall be plotted on a scale not smaller than
1:20,000, and important harbors, anchorages, and channels shall be plotted on
scales of 1:10,000 or larger.

16. Offshore hydrography may usually be plotted conveniently and economi-
cally on smaller scales, in which case scales that are multiples of 20,000 are
preferred. The scale for an offshore sheet should not be smaller thanis
necessary to provide a sheet, of convenient size, that will extend out a short
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distance beyond the offshore limit of the proposed work and will include the
stations necessary for control.

17. The scale adopted for the survey of a certain area shall not be smaller
than the scale of the existing or proposed chart of the area.

18. Laying out sheets.—In order to use as few sheets as practicable for the
survey of any region, each hydrographic sheet should be laid out in such a
manner as to cover as much water area as possible while providing for suitable
overlap of adjacent sheets and insuring the inclusion within the limits of the
sheet of al stations required for control. The overlap of adjacent sheets should
be no larger than is required to provide the necessary control on each and to
provide for suitable junction of surveys. (Seepar. 107.) Sheets containing
small detached areas of hydrography should be avoided, if practicable, by
placing subplans on sheets adjacent to such areas. (See p. 32.)

19. When practicable without sacrifice of the considerations mentioned above,
sheets should be laid out so that the projection lines are approximately parallel
with the sides of the sheet.

20. Proj ections.—Polyconic projections shall be used for all hydrographic sur-
veys. In order to eliminate errors due to distortion of projections constructed
under different climatic conditions, projections for smooth sheets shall be made,
whenever possible, inthefidd. (Seep. 31)

21. The projection lines, depending on the scale, shall be shown as follows:

Scale Projection lines
Larger than 1:10,000 Every haf minute.
1:10,000 and 1:20,000 Every minute.
1:40,000 Every even minute.
1:60,000 to 1:100,000 Every fifth minute.
1:120,000 and smaller Every tenth minute.

22. Projection lines shall be fine, full, black lines extending entirely across
the sheet. Minutes of latitude or longitude shall be shown in black ink at each
end of each parallel and meridian. For scales of 1:20,000 and larger degrees
shall be shown for every fifth minute; for a scale of 1:40,000, every tenth
minute; and for smaller scales, every thirtieth minute.

23. Station symbols.—After the projection is completed, the positions of sta
tions, to be used for the control should be plotted on the sheet. Triangulation
and traverse stations shall be shown by small red triangles, with name of
station and year of location lettered in red. Topographic stations shall be
shown by red circles 3 millimeters in diameter, with name in red. Hydrographic
stations (stations located by sextant angles) shall be shown by similar blue
circleswith namein blue. The exact position of each station shall be shown
by afine needle hole, accentuated by afine black dot, which aso shall be the
center of the triangle or circle. When the hydrographic name of the object
differs from the station name, the former shall also be shown with ink of the
same color as the station name. When a syllable of the station name is used
as a hydrographic name, it may be indicated by underscoring with ink of the
same color. (See par. 142.)

24. Verification.—Each projection and all stations plotted thereon shall be
checked with the utmost care, as all subsequent plotting of hydrography will
depend on their accuracy. In transferring stations from other sheets, proper
allowance must be made for distortion.

25. Projection data.—At the bottom of each sheet the latitude and longitude,
with seconds in meters, of some one triangulation station plotted on the sheet
shall begiven. At the lower right-hand corner of each sheet the scale of
the projection, the date of its construction, the initials of the persons making
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and verifying the projection, and the initials of the persons plotting and
checking the stations shall be given.

26. Shoreline—The shore line of the area covered by each sheet should be
transferred from the topographic sheets or other sources. If surveyed with
the plane table or other methods of sufficient accuracy for charting purposes,
it shall be shown by a continuous black-inked line; otherwise, by a broken
line.

27. The low-water line and other features outside the high-water line that may
have been determined by topographic or other surveys should aso be shown,
being left in pencil for later modification from information obtained by the
hydrographer.

28. When the shoreline is surveyed or photographed on adifferent scale than
that of the hydrographic sheet, it may be omitted and will be supplied later
by the Washington or Manila office.

29. Sheet number s.—Each hydrographic sheet used during a season shall be
designated by a number, assigned in numerical order by the field party.
The field number of each sheet shall be clearly shown in ink in one or more
corners on the back of the sheet and shall be referred to in al correspondence,
reports, etc., relating to the sheet until the latter has been registered and
numbered in the office.

30. For surveys of the Philippine Idlands, sheet numbers shall be assigned to
each field party by the Manila office, and all records, reports, etc., shall be
systematically marked in ink with the corresponding sheet numbers.

31. Depth measur ement.—No type of sounding apparatus, not approved by the
office, shall be used except for experimental purposes. Except as provided
below, all soundings in depths of 15 fathoms or less shall be obtained with a
lead line or sounding pole. In greater depths vessel's equipped with approved
types of pressure tubes or echo-sounding apparatus shall use such indirect
method when and as prescribed by instructions covering the work; other-
wise depths too great for lead-line sounding shall be measured by vertical
casts with sounding machine and wire. Exceptions. Where deep water extends
close to shore, occasional wire soundingslessthan 15 fathoms, as at the
inshore end of aline, will be acceptable, provided that, when such soundings
are danger indications, they shall be developed with thelead line. The use of
echo-sounding apparatus to a depth limit less than 15 fathomsmay be
authorized by special instructions.

32. Depth units.—Lead-line sometimes will in general be obtained in fathoms
and integral feet, but in smooth, shallow water they should be read to the
half foot, if practicable. Casesin which greater accuracy is required will be
covered by special instructions specifying the unit. Pressure-tube soundings
shall be taken to the nearest half fathom in depths under 40 fathoms and to
the nearest fathom in greater depths. Echo soundings shall be taken to the
nearest half fathom in depths under 100 fathoms and to the nearest fathom
in greater depths. Wire soundings will ordinarily be obtained to the nearest
fathom. When taken by a survey launch engaged in surveys of regions where
deep water extends close to shore, however, they should be read to the nearest
half fathom in depths under 25 fathoms.

33. " No bottom " soundings are not satisfactory. [If they can not be avoided
in important areas, definite soundings must be obtained later. If such sound-
ings occur near the limits of an area, due to the general depths becoming too
great for the method of sounding in use or for other reasons, adjoining areas
surveyed by other methods must overlap to a junction with definite soundings.

34. Depth limitsfor indirect methods.—When indirect methods are authorized
for survey work, they may be used within the following depth limits except
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over important bars or wherever knowledge of exact depths isrequired:
Pressure tubes, 15 to 100 fathoms; fathometer, 15 fathoms (unless a shoaler
depth is specially authorized) to limit of capacity; Navy sonic depth finder,
over 100 fathoms. Soundings not within these limits shall be treated in the
same manner as "no bottom" soundings.

35. Verification of lead line—Lead lines shall be verified, by comparison with
afixed measure while under tension equal to the weight of the lead in water,
at the beginning and end of each day'swork. One or more extralead lines also
should be tested in case of loss or damage to the line during the day. This
work shall be supervised by an officer of the party.

36. The lead-line correction shall be obtained and recorded to the nearest
tenth of afoot. It shall aways be computed by first recording the lead-line
length and next the true length by standard and not by mental computation,
whereby the correction is entered by inspection and the true length by standard
is omitted or entered later. (Seep. 107.)

37. Use of pressuretubes.—Two tubes shall be used for each cast, being
attached to the wire with cap end up and not more than 6 feet from the bottom
of thelead. No correction to soundings shall be made for this distance. The
mean of both tube readings shall be taken as the uncorrected sounding, but
both depths shall be rejected and the sounding considered a™ miss" whenever
the uncorrected readings of a pair of tubes differ by an amount in excess of
the following:

Allowable

Depths difference

15 to 40 fathoms Per Cent of depth-- 3
41 to 70 fathoms do 4
71 to 100 fathoms do 5

38. If the average number of "misses’ in one hour's run exceeds onein six
casts, the use of that particular pair of tubes shall be discontinued until they
have been tested, as indicated in paragraph 41, and the trouble remedied.

39. Any tube found defective by such tests shall be eliminated from further
use. If thediscrepancy is dueto faulty handling, either by spilling or pumping
water in trailing the tubes on the surface whilereeling in, the method of
operation must be corrected.

40. Additional soundings shall be taken in important areas where "misses™
occur; otherwise they shall be taken when successive "misses’ cause a gap
greater than the space between sounding lines.

41. Tube corrections—Corrections for tube readings shall be obtained by
simultaneous vertical-wire measurements taken at least once each day and
Preferably in the middle of the working day. Two pairs of tubes shall be
tested and compared at or near the minimum depth measured during the day,
and each pair shall be tested at alternate 10-fathom intervals, starting at the
even 10-fathom interval next deeper than the minimum depth and continuing
throughout the depth range of the day's work. Thus, assuming that two pairs
Of tubes (call one pair A and the other B) are to be used for sounding in
depths from 15 to 80 fathoms, A and B will be tested at 15 fathoms, A at 20
fathoms, B at 40 fathoms, A at 60 fathoms, and B at 80 fathoms. Great care
shall be taken that the registering sheave used for the wire measurements has
been tested for accuracy and is read when the tubes are at the surface and at
the required depths, so that the depths to which the tubes are lowered will be
known as accurately as possible. At the time of making each test the baromet-
ric pressure and the air and surface water temperatures shall be noted in the
record.
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42. Use of fathometer —Since comparatively few soundings will be recorded,
at least where the bottom slope isfairly uniform (see par. 100), the greatest
care must be taken to get the true depth every time. The observer must note
carefully the fluctuation of the red light, attend scrupuloudly to al adjustments,
and be certain he records the mean position of the red light within the limit
prescribed in paragraph 32.

43. Temper ature and salinity observations.—When the fathometer is used for
sounding, temperature observations of the sea water shall be made at a suffi-
cient number of places and depths (depending on the variation of temperature
from place to place and at different depths at the same place) to insure that
the estimated mean temperature for each sounding will not bein error by more
than 1° C. Salinity observations shall be made with sufficient frequency to
establish the salinity at each sounding within 1 part in 1,000. (See pp.
69 and 73.)

44. Veocity of sound.—All soundings with the fathometer shall be taken with
the instrument adjusted to standard speed (that is, with the middle reed of the
tachometer vibrating at maximum amplitude), whereby all depthsindicated are
based on the assumed vel ocity of sound for which the instrument is calibrated.
When the actual velocity of sound, as determined from temperature and
salinity observations, differs from the assumed velocity, soundings shall be
corrected by means of a correction factor and not by adjusting the speed of the
fathometer.

45, Verification of fathometer soundings.—Fathometer soundings shall be
checked by vertical-wire or lead-line soundings whenever observations for bot-
tom temperature are made in accordance with paragraph 43 or bottom
characteristics determined in accordance with paragraph 50. In such cases
the fathometer shall be read to tenths of a fathom in depths, less than 100
fathoms (to the nearest fathom in greater depths), and the vertical soundings
shall be taken with the greatest possible accuracy.

46. Use of Navy sonic depth finder —Soundings with this apparatus shall be
checked whenever there is opportunity in connection with the determination
of the character of bottom or the collection of oceanographic data.

47. Use of sounding machines.—Registering sheaves shall be used for all
soundings obtained with sounding machine except when pressure tubes are
used. For deep-sea soundings, the time of reeling out and in for each 100
fathoms shall be observed as a check. The tension for reeling in should
not exceed 100 pounds.

48. Verification of registering sheaves.—Sheaves should be tested before use
for the first time during a season and several times during the season.
When found to have an appreciable error for the wire in use, suitable correc-
tions shall be applied to the soundings obtained.

49. Record of tests—All tests of sounding equipment shall be recorded in the
sounding records. (Seech. 6.)

50. Character of bottom.—In all hydrographic work the character of the bot-
tom shall be determined as frequently as necessary to meet the needs of
navigation. Inside the 100-fathom curve such information should be sufficient
to define the approximate limit of each type of bottorn and should be especialy
complete in harbors and anchorages. Outside the 100-fathom curve the charac-
ter of bottom shall be determined at intervals of about 5 miles over the
surveyed area.

51. Oceanographic data.—Water samples and temperatures and bottom speci-
mens shall be preserved only when directed by specia instructions. When
samples or specimens are collected, alabel shall be pasted or tied to the bottle,
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giving an index number, the date, time, depth, latitude, longitude, number of
position, and day letter.

52. Position deter mination.—Positions for hydrographic work in areas where
asufficient number of control objects are visible shall be obtained by sextant
angles in accordance with standard methods, unless more precise methods are
necessary as in the unusually close survey of an important locality or in
detailed surveysto verify dredging operationsin the vicinity of docks or dips.
(Seech. 5))

53. Beyond the limit of visibility of fixed objects, ships equipped with radio-
acoustic sound-ranging apparatus shall use this method of control to the limit
of sound reception and astronomical observations and dead reckoning beyond
thislimit. Ships not equipped with radio-acoustic apparatus may use the latter
methods but should supplement them to as full an extent asis practicable or
economical by the more accurate methods involving the use of floating signals.
(Seech. b))

54. Indefinite objects, such as the tops of round hills and centers of islands,
shall not be used for critical or inshore hydrography. In caseit is necessary
to use the tops of hills or mountains located by triangulation for offshore
hydrography, definite and conspicuous points shall be selected as far as
practicable.

55. Adjustment of instruments.—Sextants used for position determination
shall be tested and adjusted at the beginning and end of each day's work and
preferably several times during the day. Protractors shall be tested and
adjusted before they are used for plotting and at frequent intervals during
the season.

56. Records.—The "soundings' record book (Form 275) shall be used for
recording al hydrographic work except wire-drag surveys, for which Form
411 shall be used, and deep-sea soundings with wire, for which Form 376 shall
be used.

57. A separate st of consecutively numbered sounding volumes shall be kept
for each hydrographic sheet. If work is done by more than one unit in the
area covered by a sheet, atemporary number shall be assigned to each volume.
After completion of al work on the sheet, the records of each vessel shall be
grouped in proper order, the various groups shall be combined, and the complete
set of records shall be numbered consecutively and permanently.

58. The fiedld number of the hydrographic sheet shal be plainly marked in ink
on the cover label and title-page of each volume of soundings.

59. In records of ship work the deviation card for the compass used for hydro-
graphic work shall be entered on page 1 of the first volume of each set of
records and in the proper record (with reference to date) if changed during
the course of the work.

60. On the second page of each record volume for al hydrographic work the
following shall be entered:

(a) Anindex of signals, aids to navigation, etc., the positions of which have
been obtained by sextant angles recorded in that volume, with references to page
numbers on which the position angles will be found.

(b) Anindex of special hydrographic information, such as currents, tide
rips, etc., that may have been noted in that volume, giving in each case the
page reference.

61. Day letter —For proper identification, each day's work shall be assigned
aletter in alphabetical order, such letter to be shown at the top of each page
intherecord. The survey ship and each smaller unit shall have a separate
series, distinguishing them by using capitals of one color for the ship and lower-

42651°—31—2



8 U. S. COAST AND GEODETIC SURVEY

case letters and a different color for each other vessel; these distinctions to be
preserved in the records and sheets.

62. When the aphabet is exhausted for day letters, double letters or primes,
asAA or A', should be used. For colors, red, blue, and green should be
given preference in the order named. Black or yellow shall not be used.

63. Infor mation notes.—The information required at the top of the record
page shall be given in full on each page used for recording.

64. On the first page of each day's work in the record the following shall be
given (see ch. 6):

(a) Names of personsin charge, taking right angle and left angle, plotting,
and recording.

(b) Name of leadsman (for lead-line sounding); otherwise a description of
the sounding apparatus used—if machine, give type, weight, and form of
lead, kind and size of wire, and instrument number of registering sheave.

(©) Instrument numbers of sextants, protractor, and clock.

(d) Type and location of tide gauge to be used for that day's soundings. If
more than one gauge is to be used, specify where change isto be made.

(e) Statement that sextants and clocks are correct.

(f) Corrections to sounding apparatus or statement that it is correct. For
lead lines, give results of test; for sounding machine, give correction to regis-
tering sheave and manner and date of testing, or reference to record in which
these data are recorded; for tubes and echo-sounding apparatus, give page on
which comparisons are recorded, also distance from caps of tubes to bottorm of
lead.

(g) State of weather, sea, and wind.

(h) Time party left headquarters and distance to point of starting work.

65. On the final page of each day's work in the record the following shall be
given:

(a) Results of examination of sextants and clocks.

(b) Results of lead-line tests at end of day.

(c) Distanceto headquarters and time of arrival.

(d) Statisticsfor day, including number of statute miles of sounding lines
run, number of soundings obtained, and number of positions teken. (Seep. 111.)

66. Position number s—Positions shall be numbered consecutively, starting
With No. 1 at the beginning of each day. The position number should be entered
in the proper column on the left-hand side of the record page on the same line
asthe first angle of the position and repeated on the right-hand side in the
angle column.

67. Time.—Standard time shall be used in all hydrographic work, and the
standard meridian shall be noted at the head of the column "Time" at the
beginning of each day.

68. The time of obtaining a sounding or position shall be carefully recorded
on the same line as the sounding or position number.

69. When stops are made for vertical casts, the time when the engines are
reversed shall be considered the time of the sounding or position, and the time
of going ahead again shall be noted below with the abbreviation " ah " in the
position number column.

70. Recor ding soundings.—The subhead of the "Soundings’ column at the
top of each page shall give the units in which soundings are recorded. (See
ch. 6.)

71. Recording character of bottom.—The character of the bottom shall be
shown at the top of each record page and wherever changes occur by the usual
abbreviations printed on charts. (See p. 158.)
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72. Compass heading.—The vessel's heading by compass shall be entered at
the beginning of each sounding line in the first column on the right-hand side
of the page, and for ship work the compass used (standard or steering) shall
be noted at the head of the column. Changes in course shall be noted in the
same column by the abbreviation " C. C.," followed by the new course, care
being taken that the record shows the exact time of such change.

73. Recording positions.—Positions shall be recorded in the "Angles and
ranges' column. For sextant positions both objects and angles shall be re-
corded in this column, the objects always being named from right to left and
the same order applying to objects used for supplementary cuts or angles.

74. When the same objects are used for successive positions, it is desirable to
repeat the names, but if thiswill delay the recording of more essential data,
the word "same" or letter "S' may be used at each position instead of the
names, providing that the names shall be entered at the top of each page and
that particular care is taken to record all changes in objects.

75. Remarks—In the "Remarks" column shall be entered all additional infor-
mation required for the proper understanding and correct plotting of the work,
including the following:

(a) At the beginning and ending of each line the words "Line begins' or
"Lineends," asthe case may be, shall be entered. At the beginning and ending
of each day, and when the general locality of the work changes during the day,
these words shall be followed by the latitude and longitude of the position
(giving the nearest lower parallel and meridian shown on the sheet) in order
that the plotter may locate the position quickly by noting the section of the
sheet, as divided by the projection lines, in which the position islocated. When
aline begins or ends less than 100 meters from the shore, areef, breakers, or
similar feature, the estimated distance in metersof the position from the
feature shall also be given.

(b) When a sounding line passes within a short distance of any important
feature, such as rocks awash, breakers, buoys, wharves, etc., a bearing and
estimated distance to the feature should be noted.

(c) Changesin leadsmen or other personnel and changes in speed of vessel
should be noted.

(d) Note should be made of specia information such as changesin wind
and current, 'existence of grass, growing or floating kelp or hyacinth, tide rips,
whirlpools, etc. Localities where kelp is towed under and the stage of tide
at which it is submerged should be given.

(e) Full explanation must be given of all corrections, rejections, and omis-
sionsin the record.

(f) Salinities determined in echo-sounding work shall be noted.

76. A digtinctive reference mark shalt be made against every sounding or time
to which a note refers, and, if practicable, the note should be started on the
same line.

77. Should there be any correction or fact recorded during the day that should
be known before the smooth plotting is begun, anote calling attention to it
should be inserted at the beginning of the day's record.

78. Erasures shall not be made at any time in the record, al corrections being
made by crossing out the incorrect entry.

79. Courses and bearings shall be given in degrees, clockwise from 0° at north
to 359°. If not true bearings, it must be noted whether they are magnetic
or compass bearings. General directions may be given in points and will be
considered magnetic unless otherwise noted.
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80. Character of records—A clear, complete, and accurate record is essential
for satisfactory hydrographic work. The requirements given above shall be
carefully observed in so far as they apply to the work in hand.

81. Boat sheets—A boat sheet or set of sheets should conform to the limits
of a smooth sheet. The field number of a smooth sheet shall be plainly
marked on its boat sheet or sheets. |If the smooth sheet is prepared first, a
careful tracing of the projection intersections and stations may be used in
preparing the boat sheet. In this cage the tracing cloth shall be laid out flat
for an hour or two to become acclimated and the transfer shall be made soon
after the tracing is completed. (See p. 34.)

82. A boat sheetisused for plotting and directing field work and shows
graphically the data obtained during the progress of thework. From this sheet
the hydrographer determines the factsnecessary to enable himto make a
thorough survey of the area covered by the sheet. For the purpose of this
study and for use as areference record in plotting the smooth sheet, accuracy,
neatness, and attention to detailsin the use of a boat sheet are essential.
Only approved boat-sheet paper should be used, and the construction of the
projection and plotting of signals should be accurate. Soundings, position
numbers, and other data should be carefully entered. Suitable notes should
be made on the margin of the sheet to call attention to the need for additional
development before leaving the field and for assistance in preparing the
descriptive report. No information should be put on the sheet carelessly at
any time. Except in very unusual cases, the boat sheet should be kept up with
the progress of the work by plotting the positions as the work is carried on
and the soundings as soon thereafter as time permits. The sheet should be
reviewed daily, and all omissions and doubtful plotting should be corrected
before the details are forgotten.

83. All soundings, reduced by the use of predicted tides, should be plotted
onthe boat sheet inink. If thisisimpracticable, asufficient number shall
be plotted to enable the hydrographer to keep a close watch on the work, to
detect all danger indications or critical areas, to determine whether or not
soundings on crosslines agree, and to make surethat the areais properly
covered.

84. If arock, breaker, signal, or other feature islocated by sextant cuts, the
latter should be carefully plotted, and the lines should indicate the positions
from which the cuts are taken.

85. Limits of reefs, breakers, kelp, etc., should be sketched as accurately as
possible, and isolated rocks or groups of rocks not actually located but sketched
in their approximate positions or transferred from other sources should be so
marked lest they conflict with other, and possibly more accurate, information.
Any additional notes that will assist in plotting details on the smooth sheet
also should be placed on the boat sheet.

86. Hydrography in advance of control.—When in exceptional casesit is
desired to carry on hydrographic work simultaneoudy with the triangulation or
topography, in order to save time or utilize the services of all of the party at
the beginning of the season, preliminary locations of the control stetions should
be plotted on the boat sheet from the best information available. Such work
must be planned with the view of ultimate compliance with the control speci-
fications and should be replotted, with relation to the final locations of the
stations, in ample timeto permit any necessary additional work before the
party leavesthe field.

87. Systems of sounding lines—Systems of parallel lines cover an area most
evenly and economically and should be used, except in special cases where diag-
onal or zigzag lines may be preferable for the development of certain features
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88. In surveys along open coasts the main lines of soundings should be either
normal or parallel to the general trend of the coast, or a combination of the
two directions may be used. The bearings of the lines should be adopted with
the idea of securing acomplete survey in as economical amanner as practicable.
(A discussion of thissubject will befoundin ch. 7.)

89. In fairly regular bottom crosslines should be run out to the 10-fathom
curve, and beyond this limit when such lines can be used to check sounding lines
that are not controlled by strong positions. In very uneven bottom crosslines
are of little value for checking purposes and need not be run.

90. In bays, harbors, and similar indentations the bearings of the lines will
depend on the configuration of the feature. The lines should be laid out so
asto give a complete and economical development.

91. Adjoining systems of lines run by different vessels, or on different scales
by the same vessdl, shall overlap dightly. (See aso par. 107.)

92. Spacing of lines—The spacing of linesfor each project will be givenin
special instructions. (The considerations governing the spacing of lines are
given on p. 126.)

93. For the sake of economy care must be taken not to extend close inshore
systems of development into open and deep areas where they are unnecessary.

94. Inshorelimit of work.—In general, hydrographic work should be carried
inshore approximately to the low-water line, using pulling boats if necessary
in the shoaler water. When this can not be done, on account of surf or other
dangers, explanation should be given in the record. 1n some localities sound-
ingsin to alimiting depth safe for hydrographic launches may be sufficient
for charting purposes, in which case costs may be reduced by eiminating addi-
tional work by pulling boats. Such cases will be covered by special instructions.

95. Sounding speed.—When soundings are obtained between positions, the
speed of the sounding vessel should be uniform between successive positions
and in no case should be so great as to prevent accurate sounding; otherwise
it should be varied to attain the approximate maximum speed at which sound-
ings can be obtained at the intervals desired. (See p. 129.)

96. Sounding interval.—Theinterval between soundingswill depend on the
nature of the bottom and the depth of the water. Short intervals are desirable
whenever a close determination of the bottom profile isimportant, asin chan-
nels or when crossing bars, ridges, submarine valleys, or shoals. In general,
intervals should be uniform between successive positions.

97. Uniform intervalsfor lead-line soundings, by hand or machine, and for
tube soundings should be secured by adopting adefinite time interval between
soundings. Thisinterval should be an integral factor of 1, 2, or 3 minutes, but
otherwise should be the shortest time, to the nearest 5 or 10 seconds, in which
soundings can be obtained regularly. (See p. 130.)

98. Indepths of critical importance to navigation or where the bottom isvery
irregular, the uniform interval should be abandoned and soundings taken as
rapidly asis consistent with accurate work. In such cases the recorder must
be careful to note the exact time of each sounding.

99. Intervas between vertical-wire soundings should not exceed one-half the
distance between sounding lines. Fathometer (red-light method) sounding
intervals are prescribed in the next paragraph. Fathometer (white-light
method) and Navy sonic depth-finder sounding intervals should be from 2v%
to 10 minutes, depending on the depth.

100. Fathometer (red-light method) sounding inter val.—Because of the great
rapidity with which soundings can be taken by this method, a distinction is
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made in that the sounding interval is between recorded soundings and not
between successive soundings and isvaried in such away asto give atrue
profile of the bottom without superfluous soundings. To accomplish this
purpose, soundings shall be recorded as follows:

(a) Atintervals of about 10 minutes where depths do not vary more than
5 per cent.

(b) All marked changesin depth at instant of change.

(c) Whenever a sounding is taken by any other means.

(d) Soundings need not be recorded on even-timeintervals nor at times of
taking angles or other position fixes, but the exact time of every sounding
and position fix must be noted to the nearest five seconds.

101. Position interval.—Theinterval between positionswill depend on the
character of the hydrography and the scale on which it is plotted. Positions
should be taken with sufficient frequency to insure proper direction of the
work and to locate the sounding lines with the accuracy required for chart-
ing purposes. For work on large scales, the interval should seldom exceed
three or four minutes but may be increased considerably for off-shore work
on small scales. Positions should be taken at the beginning and end of each
line. In crossing narrow channels a position near the middle as well as one
on each side should be taken.

102. For work in moderate depths, where a number of soundings are taken
between positions, the latter ordinarily should be taken on the full minute
and when possible at uniform intervals, asthiswill assist in plotting and
gpacing soundings. In thisclass of work additional positions should be
taken asfollows:

(&) When the vessel gains full headway at the beginning of alineor is
slowed down near the end of aline, and at all other times when the speed is
changed.

(b) Just before an appreciable change of course. When the changeis
considerable, positions should be taken both at the time the change is made
and as soon asthe vessel ison the new course, the track of the vessd, if
the scale warrants, being plotted as a curve and not as a sharp angle.

(¢) When the depth changes abruptly and considerably.

103. When soundings are taken with wire, aposition may betaken at each
sounding, but when the soundings are fairly close together and there islittle
probability of deflection from course due to currents or other causes, aposition
every second or third sounding usually will be sufficient.

104. Radio-acoustic position interval.—Except for any limitations that may
be imposed by the time required to obtain positions by this method, the
interval between positions should be governed by the considerations applying
to al position-finding operations.

105. Extent of survey.—In general, surveying operations in any region should
be sufficient to determine the depths and character of the bottom and to locate
all dangers and other features that should be charted for the guidance of
the mariner. The chief of party should not hesitate to decrease the sounding-
line spacing prescribed in special instructions if this appears desirable in areas
where the nature of the shore line indicates the possibility of hidden dangers
or where ships are likely to approach the bind, as in anchorages, and off
projecting points and promontories. Special attention should be paid to this
phase of operationsin regions previously unsurveyed.

106. Depth curves.—As far as the development of bottom relief is concerned,
avaluable test of the completeness of the survey is obtained by drawing the
depth curves specified in paragraph 156. 1n some cases auxiliary curves will
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be needed to develop significant depths. In general, theinformation from
sounding lines should be sufficient to permit the delineation of continous
curves. Special care must be exercised in this respect when the sounding lines
are parald to the coast.

107. Junction of surveyson different sheets—Except as provided in paragraph
91, junction of work on adjacent contemporary sheets shall be effected by
running the limiting line of soundings on one sheet at the proper distance
(as prescribed by the instructions for the work) from the corresponding limit-
ing line on the other sheet. Any discrepancies in the depth curves at the
junction shall be investigated and corrected before leaving the field. When a
junction is made with previous surveys, an overlap shall be secured by
rerunning at least one line of soundings forming the limit of previous work.
In this case any discrepancies shall be investigated to determine their probable
cause, and details relative to the investigation made and conclusions reached
shall be included in the descriptive report.

108. Danger indications—It must not be assumed that the regular system of
sounding lines will show the least depth in any region. A sounding showing
even dight change from the average depth should be regarded as an indication
of apossible shoal, and such evidenceis greatly increased when shoa er sound-
ings occur on adjacent linesin the same locality.

109. Such indications should be emphasized on the boat sheet as soon as
noted, by ringing with red pencil or other means, and avery careful and com-
plete examination to devel op the bottom thoroughly and to determine the least
depth shall be made, regardless of any prearranged system of lines. (Seep. 131.)

110. When control isweak, asin dead reckoning, so that it may be difficult
to find the shoa again, or when it may be uneconomical to revisit the locality,
the examination shall be made at once, dropping a marker buoy and temporarily
discontinuing the regular line if necessary; otherwise the examination should
be made as soon as practicable. Care must be taken not to postpone such
work until near the end of the season, when stormy weather may prevent
the completion of all work planned.

111. When the bottom is rocky, or when detached rocks are known or sus-
pected to exist, additional precautions shall be taken. The sounding interval
should be made as small as possible and a close watch kept on both sides of
the sounding line for shoal indications, such as current swirls, kelp, piling up
of swell, etc.

112. Local information.—In al regions pilots, fishermen, shipmasters, and
others with local knowledge should be consulted freely for the purpose of
collecting hydrographic information, and all reports or rumors of rocks and
shoals must be investigated.

113. Visible features.—These may be located by angles from shore stations, by
positions taken close by, or by sextant cuts from three or more sounding line,
or special, positions.

114. Inthe case of rocks or similar features that are bare at some stage of
the tide, their height at low tide or the stage of tide at which they are awash
shall be noted. (See par. 160c.)

115. Development.—The primary duty of the hydrographer is not the mechani-
cal operation of running sounding lines but is properly to develop the area
being surveyed. For the development of shoa indications and such features as
channels, bars, and flats, or when working under unusual conditions, asin very
strong currents, the methods generally used for surveys should be modified as
may be necessary to secure a complete and economical development of the fea
ture under examination. (See pp. 131to 133))
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116. Wreckage—All wreckage not afloat should be located, and as complete
information as practicable should be furnished. Large pieces of floating wreck-
age or logs that might cause damage to ships, sighted in areas where such
obstructions are not commonly encountered, should be reported to the office
by radio or telegraph.

117. Use of wire drag.—Dragging for dangers, using the standard or light wire
drag or improvised apparatus, should be resorted to in cases of important
channels and anchorages, where obstructions have been reported but not found,
or where the nature of the bottom and adjacent shore indicates the probable
existence of dangersthat may be missed by ordinary sounding lines. In many
cases time can be saved by developing danger indications with thedrag. Un-
less otherwise directed, all drag, work shall be executed in accordance with the
requirements of Coast and Geodetic Survey Special Publication No. 118.

118. Clearing marksfor dangers.—Care shall be taken to note in the field all
useful ranges, bearings, and other marks for clearing dangers or passing
close by or over them. These shall be noted in the descriptive reports and shown
on the sheets. (Seepar. 160 k.)

119. Depths off wharves.—Lines shall be run to and along the outer faces of
wharves and in docks and dips. Thelinesshall berun at such distances off
the faces of the piersas will give the depths at the bilge and keel lines of
vessals using them.

120. Development of remote areas.—For development of areas beyond the limit
of vishility of shore gtations, floating signals located with reference to the
shore stations shall be established, if practicable, in order that details of the
areas may be plotted in their proper positions. When dead reckoning only
can be used, the work may betied into asingle well-located floating signal.

121. Comparison with previous surveys.—In executing hydrographic surveys,
comparison shall be made with the results of previous surveys and with charts
covering the region, and such comparison shall be made the subject of special
comment in the descriptive reports.  When dangers or less depths previously
indicated on a chart, sheet, or publication are not found by the survey in
progress, the locality must be so carefully examined and the records must be
so complete as to show beyond doubt that the danger does not exist; otherwise
no previously reported danger or less depth can be removed from any
publication.

122. When a shoal is found close to one previously located, sufficient examina-
tion must be made to determine whether the newly found obstruction is a sepa-
rate shoal, an unknown extension of the one first located, or the same feature
with adifferent location due to different or faulty methods of control.

123. Verification of sailing lines—A lineor lines of closely spaced soundings
should be run along the center lines of channelsand along ranges and sailing
lines. Such ranges and sailing lines shall not be recommended for use unless
thisis done.

124. Determination of aidsto navigation.—The positions of and depths at all
aids to navigation inthe area of the field of work should be determined. If
found to be out of position or unfavorably loceated, this should be promptly
reported, aswell as any recommendations asto desirable positions for addi-
tional aidsto navigation. Even outside of the limits of proposed work, when
practicable, lightsand buoys established by proper authority should be deter-
mined in position and described when they are not shown on the charts or
have not previously been determined by this bureau.

125. Vessels en route from one port to another, when weather and other cir-
cumstances will permit, should verify the positions of lightships and seacoast
buoys.
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126. Revision of shore line— When a change is found inshore line previously
surveyed or when the hydrography precedes the topography, the important
features should, if practicable, be located in connection with the hydrography by
carefully estimated or measured distances from inshore positions of the sound-
ing lines and by determining prominent objects by sextant cuts (Preferably
three at each point) and sketching in the intermediate shore line. Shoreline
so located shall be drawn with abroken line, and a proper note shall be made
on the boat sheet to indicate the revised shore line, stating the method used in
determining it.

127. Blank areas on charts—Surveying vessels when proceeding to or from
the field of work should take opportunity, when it will not materially delay
more important duties or interfere with their instructions, to obtain occasiona
soundings in areas on the charts where no information is at present given, par-
ticularly in the ordinary tracks of vessels. Such soundings may be plotted on
charts. Complete data regarding the control should be furnished.

128. Information affecting navigation, reports of dangers, and changesin aids
to navigation.—All personsin the service of the Coast and Geodetic Survey
should communicate to the director any valuable information obtained affecting
the interests of navigation along the coasts. Special reports should promptly
be made of any information of the following classes (giving in each case the
authority and such recommendations as may seem desirable) : Rocks, reefs,
shoals, or sunken wrecks (with depth of water over same), either not shown or
incorrectly shown; aids to navigation differing in any respect from the data
given on the charts or in the fight or buoy lists; important errors or omissions
on charts or in Coast Pilots; changes in depths or directions of channels;
changes in coast line, currents, etc.

129. Supervision by chief of party.—During the progress of work, close super-
vision of field work and frequent inspection of boat sheets and records by the
chief of party are required. He shall assure himself, by personal inspection of
field operations when necessary, that al units, under his command are carrying
on such operations in accordance with the requirements. When examining
boat sheets, close attention shall be given to the adequacy of the survey, with
special reference to the determination of the least depth on shoals, the location
and data regarding rocks of all classes, the least depth and extent of bars
obstructing afairway, and the development of channels having moderate
depths. Each channel should be studied carefully, from soundings plotted on
the boat or smooth sheets, to make sure that the soundings are sufficient to
show thelimits and navigable depth of the channel throughout itsentire
length, or to determine where additional soundings are required. Sounding
records shall be examined, daily if practicable, to make sure that they are kept
in accordance with the general requirements and are complete and satisfactory
inall respects. The fact that boat sheetsand records have been examined
shall be noted in the records, together with the date of inspection. This note
should contain any instructions to the hydrographer, such as soundings to be
verified, references concerning lack of completeness or clearnessin the record,
and any instances where the records do not conform with the general require-
ments. When it isimpracticable to examine the records daily by reason of the
detached work of a party, the note may be made at the close of the day upon
which the examination is made and should state the period in the records
covered by the examination.

130. Office work on recordsin field.—The office work on records in the field
ordinarily will consist of entry of tide reducers, reduction of soundings to the
required plane of reference, entry of data called for on the cover label and
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title-page, preparation of alist of signals, and a final examination to make
sure that the records are complete in every respect.

131. Planes of reference.—The planes of reference adopted for the reduction
of soundings and the publication of charts of the Coast and Geodetic Survey
are asfollows:

(a) For the Atlantic and Gulf coasts of the United States and Porto Rico,
the mean of the low waters.

(b) For the Pacific Ocean, the mean of the lower low waters, except for
Wrangell Narrows, Alaska, where the plane is 3 feet lower than the mean of
the lower low waters.

132. Reduction of soundings.—Soundings are reduced by applying to them
corrections determined by tests of the sounding, apparatus, and also by applying
thetide reducers; that is, corrections for stage of tide above or below the
reference plane. (Seep. 117.)

133. Correction to sounding appar atus—This correction may be omitted if less
than 1 per cent of the depth below the reference plane. When over this
amount, corrections to lead line shall be entered in integral feet for open-ocean
areas. Inadl other areas, including entrance bars and channels, they shall
be entered to the nearest half foot for depths of 10 fathomsor lessand in
integral feet for greater depths. Correctionsfor other sounding apparatus
shall be entered to conform with the depth unit. (Seepar. 32.) Inall cases
the depth at which the correction unit is changed shall be the depth below the
plane of reference and not the actual sounding. In cases where the depths
fluctuate above and below the depth at which the unit is changed, the smaller
unit shall be used until the depths are uniformly greater than the limiting
depth. The plus sign will be used for corrections to be added to the soundings
and the minus sign for those to be subtracted.

134. Tide reducers.—The entry of tide reducers shall be governed by the same
considerations as apply to the entry of corrections to sounding apparatus,
except that they shall not be entered when the general depths exceed 100
fathoms and that, as most reducers are to be subtracted from the soundings,
the minus sign may be omitted. The plus sign for reducers to be added, how-
ever, shall always be included.

135. In entering corrections and reducers the following equivalents shall be
used:
(a) When the correction or reducer is entered in integral feet and is to be
added to the sounding:
0to0 0.7 foot = O foot.
0.8t0 1.7 feet = 1 foot, etc.
(b) When entered in integral feet and to be subtracted from the sounding:
0to 0.2 foot = O foot.
0.3to 1.2 feet = 1 foot, etc.
(C) When entered in half feet, whether added or subtracted:
0to 0.2. foot = O foot.
0.3to. 0.7 foot = ¥z foot.
0.8to 1.2 feet = 1 foot, etc.
(d) When entered in fathoms and to be added to the sounding:
0to 4.7 feet = O fathom.
4.81t0 10.7 feet = | fathom, etc-
(e) When entered in fathoms and to be subtracted:
0to 1.7 feet = O fathom.
1.8to 7.7 feet = | fathom, etc.
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(f) When entered to the half fathom, whether added or subtracted:

0to 1.7 feet = O fathom.
1.81t0 4.7 feet = Y2 fathom.
4.8t0 7.7 feet = 1 fathom, etc.

136. Unitsfor reduced soundings.—For lead-line soundings obtained in the
waters of the Pacific Ocean, reduced soundings shall be entered in fathoms and
feet; elsewhere they shall be entered in feet. In both cases fractions of afoot
shall be shown when they result from the reduction. For soundings by other
methods in the waters of the Pacific Ocean, reduced soundings shall be entered
to conform with the depth units (fathoms or half fathoms) prescribed in
paragraph 32; elsewhere they shall be entered in integral feet.

137. Entry of reducers, correction to sounding apparatus, and other similar
operations shall be checked, and the records shall show, by initials at the end
of each day, the persons who made and those who checked the various entries
and reductions.

138. Cover label.—The data called for on the cover label and title-page shall
be entered in black ink except the position numbers and day letters, which shall
be entered with ink of the color or colors used in the record.

139. List of signals.—A list of the signals used on each sheet shall be prepared
and pasted inside the title-page of the first volume of records. Thelist should
give the hydrographic name, full station name or description, year of location
for triangulation or traverse stations, and information as to therecord or
sheet where the location of other stations will be found. (See p. 120.)

140. Plotting smooth hydrographic sheets—Unless otherwise directed, al
smooth plotting on hydrographic sheets shall be done by the field party. This
work will include plotting the sounding lines, plotting soundings in pencil, and
the showing of all other features by the proper symbols. In order that errors
and omissions not apparent on the boat sheet may be detected in time for any
necessary correction in thefield, smooth plotting should be started as soon as
possible after beginning field work and be kept up, as closely as practicable,
with the field work. Theinitials of the persons who plot the sounding lines
and soundings must be entered at the end of each day in the sounding record.

141. Character of drafting.—The drafting work on the finished hydrographic
sheet requires accuracy, neatness, and legibility, and, of course, good judgment
and knowledge of the work, but it does not require expert penmanship.
142. North the top of sheet.—In plotting and inking smooth hydrographic
sheets, north shall be considered to be the top of the sheet (regardiess of the
direction of the sheet borders or the sounding lines) and, except as provided
below, names, soundings, and position numbers and letters shall be entered
so that the bases of the letters and numerals are normal to the meridian and
with their tops toward the north.  Triangulation-station symbols shall be plot-
ted with the base norma to the meridian and the apex toward the north.
Exception: Where it is desirable that names be lettered to conform to geo-
graphic features the above requirement may be disregarded, but in this case the
names shall be lettered so as to be read when looking north.

143. Names shall, by their directions and proximity, clearly indicate the
feature designated.

144. Plotting positions.—For this work the sheet should be protected by
heavy tracing paper or tracing cloth, so that the protractor, especiadly if of
metal, will seldom touch the sheet. Each position should be marked by a
needle hole accentuated by asmall ink dot. Successive positions should be
connected by pencil lines. Small circles must not be used for marking posi-
tions. (Seep. 137.)
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145. The position number shall be shown at each position, and tile day letter
shall be shown at the beginning and end of each line, at every fifth position,
and at the point of any decided change in direction of the line. Numerals and
letters should be small and placed just below and on the right or left of the
position, so that they will not be obscured by the soundings. Position dots and
numbers and day letters shall be inked with the color assigned to the sounding
vessdl.

146. Plotting soundings.—Soundings from the column " Reduced soundings,
field" inthe sounding record shall be plotted in pencil by the field party, using
apencil hard enough to avoid smudging but not so hard as to indent or cut
the paper. (See, p. 137.)

147. Spacing soundings.—Soundings shall be plotted in accordance with the
recorded time except when a note in the record showing a change in sounding
speed necessitates an adjustment of spacing to conform to the change in speed.
Spacing dividers shall be used and the soundings not spaced by eye. Where
considerable change in the direction of the line is made and the soundings are
continued, alowance must be made for plotting the sounding on the path made
in turning. The center of the depth figure's shall indicate the position of the
sounding.

148. Style and arrangement of numerals.—Vertical block numerals (no hair
lines) shall be used. They should not be so large as to mar the appearance
of the sheet nor so small asto beillegible. For general smooth-sheet plotting,
the numerals should average about 2 millimetersin height, with some reduction,
if necessary, in congested areas.

149. Selection of soundings.—In so far as practicable, the smooth sheet should
show all soundings obtained. Where the number of sounding taken is greater
than can be plotted on the sheet, however, as many soundings should be plotted
asisconsistent with clearness. Those showing the least depths on shoals,
greatest and least depths in channels, and change's of dope, must be shown, the
selection being such that a cross section drawn from the soundings will show
all important features. 1n no case should a mere mechanical selection be made,
as, forinstance, every third or every fourth sounding. (See aso next
paragraph.)

150. Distinctness of important features.—It isimportant in plotting hydro-
graphic sheets that the more important features, such as rocks and least depths
on shoals, shall be perfectly clear and distinct, and great care must be taken
not to obscure them by attempting to plot all of the numerous soundings that
may have been taken for the development of such afeature. If for any reason
an important feature is not clear on the finished sheet, or is so shown that
thereis alikelihood of its being overlooked, a note, should be added calling
attentiontoit. Along rocky coasts care must be taken that zero soundings
are not shown in such amanner as to be mistaken for off-lying rocks or
islets.

151. Depth unit for plotting.—The unit to be used in plotting soundings will
depend upon the locality, character of the body of water, and closeness of
detail to be shown, but only one depth unit (fathoms or feet) shall be used for
the whole area of any sheet.

152. Except as provided below, soundings in the weters of the Pacific Ocean
shall be plotted in fathoms and sixths of afathom to a depth of 6 s5/6 fathoms;
in fathoms and quarter fathoms from 7 to 10 fathoms (disregarding fractions
of feet in the reduced sounding column and plotting three-sixths and two-fourths
fathom as one-half fathom); and in whole fathomsin greater depths. Excep-
tion: When a hydrographic sheet includes all or a part of an areathat is cov-
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ered by a chart oil which soundings are shown infeet, soundings shal be
plotted in feet.

153. In other regions soundings shall be plotted in feet except in oceano-
graphic work (or offshore soundings where the survey is beyond the limits of
charts on which soundings are shownin feet. In the latter case soundings
shall be plotted in fathoms. At critical places on navigable bars, in channels, or
along inside routes, where in each case the controlling depth in 42 feet or less, the
sounding that establish the controlling depth, and only such soundings, shall be plotted
to the nearest half foot. Otherwise no fraction shall be shown unless required by
specia instructions. On off-lying dangers all fraction shall be dropped, the
depth in integral feet being given; elsewhere fractions shall be dropped unless
the soundings are reduced to tenths of afeet, when fractions of 0.7 or less shall
be omitted and those of 0.8 or more entered as the next whole foot.

154. Conversion of sounding unit.—When soundings are reduced to tenths of
afoot and plotted to the half or quarter foot, in accordance with specia frac-
tions, the equivalents given in Table 2, page 158 shall beusedin plotting.
When soundings are plotted in fathoms and quarter fathoms the following
equivalents shall be used:

1 foot and 2 feet = 1/4 fathom.
3 feet = 1/2 fathom.
4 and 5 feet = 3/4 fathom.

When plotted in whole fathoms, 1 to 4 feet shall be dropped and 5 feet shall be
plotted as the next whole fathom.

155. Minus soundings. When soundings represent the height above the plans
of reference of an area bare at low water, they should be given with a minus
sign and inclosed within the low-water line. In plotting minus soundings the
following equivalents shall be used:

Oto— 0.5 foot — O foot.
—~0.6 foot to — 1.5 feet = — 1 foot, etc.

156. Plotting depth curves.— The depth curves must be drawn on the sheet.
All soundings of the depth represented by each curve must be on or within it.
When curves run so close together as to be confusing, the less important, or
chose representing greater depths, may be dropped. Curves must not be com-
pletely drawn where the information is insufficient, but parts of curves or
curves with broken lines may be put in.

Thefield party should leave the curvesin pencil. When the sheet is verified
at the office the curves will be inked with full colored lines, according to the
following scheme:

Zero or plane of reference curve Yellow.
6 foot or 1-fathom curve Green.
12-foot or 2-fathom curve Red.
18-foot or 3-fathom curve Blue.
24-foot or 4-fathom curve Yellow.
30-foot or 5-fathom curve Red.
36-foot or 6-fathom curve Green.
60-root or 10-fathom curve Ydlow.
120-foot or 20-fathom curve Blue.
300 foot or 50-fathom curve Red.
600-foot or 100-fathom curve Green.
1,200-foot or 200-fathom curve Ydlow.
6,000-foot or 1,000-fathom curve Blue.

157. Enlarged scales of complicated areas—

Plotting complicated areas—When it is difficult to plot sounding lines and soundings to
show clearly the development of a complicated area on the scale of the hydrographic
shest, one of the two following methods should be used, either method permitting the
chief of party to determine if the development is sufficient :

(a) Prepare a subplan on the hydrographic sheet covering the area, and plot the work
on the subplan; the extent and scale of the plan to be large enough to show positions and
soundings clearly and to include the signals used so that the work can be actudly plotted
on the larger scale.

(b) When the first method isimpracticable, on account of lack of room on the sheet
or for other reasons, plot on the hydrographic sheet only the system or systems of lines
and soundings that can be shown clearly. Plot remaining systems on one or more overlay
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sections of tracing cloth; each overlay to be referenced to the sheet by
showing on it the intersections of parallels and meridians. Each overlay need be
large enough to cover only the developed area and with sufficient excess to permit
its being secured over the sheet for plotting. On the overlays soundings
should preferably be plotted in ink. All overlay sections should be forwarded with
the sheet. Positions and soundings plotted on overlayswill be transferred
to the smooth sheet by the verifier in the office.

158. Errorsin record.—These may sometimes be detected during the smooth
plotting, but no deviation from the record shall be made unlessit is reasonable
and supported by other evidence. Such cases, or the rgjections of any part
of therecord, shall be fully explained by an initialed note in colored pencil
in the record.

159. Use of boat sheets and notesin records—All remarks, comments, etc., in
sounding records should be carefully noted in plotting; abrupt changesin
depth should be verified by rechecking tide reductions, etc.; boat sheets should
be examined and compared to see that all essential information is on the
smooth sheet.

160. Additional details on sheets.—In addition to the details mentioned hereto-
fore, as much of the following information as has been secured by the survey
shall be shown on the smooth sheets, using black ink unless otherwise noted:

(a) All rocks must be shown by thefollowing symbols: Rock extending
above high tide, heavy dot or shape; rock awash at any stage of the tide,
three lines crossing; and sunken rock, simple cross. When the least depth
over asunken rock is obtained, however, the depth shall be shown with the
legend " rock " or " rk" instead of the symbol. The same legend should
also be used with the symbol when it islikely that the latter may be overlooked
or mistaken for a defect inthe paper. Great care must betaken not to confuse
these symbols. See also section () below.

(b) Such features as reefs, ledges, and bars that are either bare or awash
at low tide and wreckage, sunken, awash, or showing at high tide must be
clearly marked in pencil to show their nature and extent by the proper symbols,
legends, or combination of the two. The danger limit of rocky bottom having
same depth of water, but which can not be investigated in detail, should be
indicated by sunken-rock symbols.

(c) Definite information should be given on the sheet as to dangers which
show at various stages of thetide, as "bares so many feet a low water,"
" awash at low water," " awash at high water," " breaks at half tide," " breaks
in heavy weather only," andthelike. "Awash" should always be qualified by
the stage of tide at which it occurs and the mere use of the symbol for rock
awash will not be sufficient for any important danger. The height (above high
tide) of rocks extending above high tide should be shown.

(d) Bottom characteristics should be noted in pencil on the sheet at mod-
erate intervals and wherever changes occur, using standard abbreviations.
(Seep. 158.)

(&) When cuts are taken to breakers, their intersection should be indicated
by the sunken-rock or rock-awash symbol, as thecaseway be. If thereareno
rocks, the spot should be marked by a broken line inclosing the word
"breakers."

(f) Tiderips should be indicated by these words, qualified as heavy, moder-
ate, or light, and surrounded by a broken line showing their approximate limits.

(g) The positions of and depths at all aids to navigation should be shown
in pencil, using the proper symbols.

(h) Large buildings and prominent landmarks determined in connection
with the hydrography should be indicated on the hydrographic sheet and
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designated by appropriate legend; if necessary, areference letter or arrow
may be used and the legend placed where there is more room.

(i) Thelimits of grass, kelp, etc., and the conditions of tide or current
when these show must be indicated. If the bottom is grassy, it must be so
noted. Kelp may be marked with the proper symbol or by the word "kelp,"
surrounded by a broken line showing the limits of this growth.

(f) The names of islands, points, rocks, reefs, shoals, banks, channels,
creeks, etc., must be givenin pencil on the sheet. Care must be taken to
obtain these names correctly. Names should, as far as practicable, be placed
ontheland area, leaving the water areaclear. Lettering should not be al-
lowed to obscure soundings.

(k) All ranges, bearings for dangers, etc., and sailing lines on courses or
ranges should be given and drawn as follows. The range in black lines broken
with long dashes; the bearingsin black dotted lines; and the sailing linesin
black lines broken with short dashes, with the positions of the objects for
ranges and bearings determined, marked, and named, and the names of the
objects and the purpose of the range or hearings written along itsline.

() Current stations and tidal stations must be plotted in position.

(m) The low-water line should be shown in pencil by the proper symbols or
by it broken line with the nature of the area between the low-water and the
high-water lines indicated by legends. Thisarea should never be sanded.
When the determination of the low-water line by the hydrography and topog-
raphy differ, preference shall be given to the former.

161. Limits of adjacent sheets.—On each sheet the limits of work on &l adjoin-
ing sheets shall be shown by a dashed pencil line, with notes of the sheet num-
bers from which the limits are taken.

162. Inspection of plotting.—The chief of party shall keep in close touch with
the smooth plotting both to make surethat it is being properly done and to
determine whether or not there are errors, omissions, or discrepancies that
should be corrected in thefidd. (Seep. 141.)

163. Titles.—Titles shall not be inked on original sheets by the field party but
shall be furnished on Form 537. Theinformation for the title shall include the
generd locality, specia locality, names of persons actualy in charge of sound-
ing, and of chief of party, vessd, dates of beginning and ending work, and scale,
together with alist of all data forwarded with the sheet. Thetitle of ahydro-
graphic sheet must clearly indicate the limits of the hydrography in conformity
with the locality given in the record books pertaining to it.

164. Statistics.—Statistics for each hydrographic sheet, giving, under the
heading "Statistics for sheet, field No.—," thetotal number of positions,
soundings, and statute miles of sounding lines plotted on the sheet, shall be
included in the descriptive report.

165. Tidal data—A tida note should be furnished for each sheet, giving the
location of each tide gauge used for reducing soundings plotted on the sheet;
and if there was more than one gauge, the parts of the sheet for which each
was used. This note should aso give the reading on each gauge for the plane of
reference and the highest and lowest tides observed. 1t should be prepared on
a separate sheet of paper to be forwarded with the hydrographic sheet.

166. Descriptive reports.—Descriptive reports shall be submitted to cover all
hydrographic work. It is preferable to have a separate report for each sheet,
but where much of the information in the report is common to several sheets,
asingle report may be submitted to cover two or more adjoining sheets of a
season'swork. Each report shall be headed "Descriptive report to accompany
sheet (insert field number and title of sheet or sheets).” Writing should not
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be nearer than 1 inch to the left edge of the paper. The report need not bein
duplicate. The purpose of adescriptive report isto furnish information, not
readily shown on the sheet, that will assist the cartographer in verifying and
reviewing the sheet and in applying to the chart the data shown on the sheet.
Thisinformation shall be given under the following headings, and in the order
named:

(a) Date of instructions.—Give dates of original and supplemental instruc-
tions.

(b) Survey methods.—Describe the survey methods used and give complete
details relative to any deviation from standard methods of obtaining depths or
positions or of determining locations of signals. Mention any part of the work
that isincomplete or less reliable and state the reason for the latter.

(c) Discrepancies—Give complete details regarding discrepancies found and
adjustments made, during the course of the work, either in depths, positions
of soundings, or locations of signals. If unadjusted discrepancies remain, sub-
mit definite recommendations as to adjustments to be made for charting
purposes.

(d.) Dangers.—Describe the important dangers found in the area covered by
the sheet, giving either the latitude and longitude of each obstruction or its
distance and bearing from some feature that is named on the sheet; |least water
found, with position number of least sounding; ranges or bearings for clearing
the danger; and any information, in addition to that appearing in the sounding
record, regarding the extent of development, such as the time spent in drift
sounding over the danger or in watching for breakers.

(e) Channels—Describe important channels, giving least depth on entrance
bar, if any; controlling depth in channel, with location of least depth; and
usual draft of vessels that use the channel.  If more than one entrance channel
to aport, mention the one used to the greatest extent or submit recommenda-
tions as to the channel most suitable for use, with reasons therefor.

(f) Anchorages—This information need be submitted only for regionswhere
anchoring is difficult owing to depth of water or other reasons. Give depth,
character of bottom, rangesfor anchoring, and extent of use by survey ship or
other vessels.

(g) Comparison with previous surveys.—Give results of comparison with pre-
vioussurveys. Describe investigation made of any discrepancies found; give
conclusions reached as to reasons for discrepancies and recommendations for
adjustment.

(h) Wire-drag groundings.—When the report covers awire-drag sheet or a
sheet on which thewire drag was used in conjunction with other survey
methods, give a list of all groundings where an investigation failed to find
less depth than the drag depth, with probable reasons, therefor, if determined;
also all groundings not investigated with reasons therefor.

(i) Geographic names—Give alist of al new place names used on the sheet
under two headings: (1) Well-established local names, and (2) names assigned
by fidd officers. After each name give reasons for recommending its adoption.
When this Information is given in descriptive reports of topographic sheets,
it may be omitted except for areference to the report containing it. (See p. 145.)

(j) Statistics—See paragraph 164.

Each descriptive, report shall be prepared and signed by the hydrographer and
approved by the chief of party.

167. Descriptions of hydrographic stations—A description of each object,
located by sextant cuts or positions, that may be recoverable and useful for
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future work shall be furnished on Form 524. This applies also to objects
located by topographic methods. (See par. 6.)

168. Landmarksfor charts—Alist of prominent objects on each sheet that are
recommended for charting as landmarks for navigational purposes shall be
furnished in duplicate on Form 567, one copy being attached to the descriptive
report and the other mailed to the office under separate cover. Inlocalities
where prominent objects are numerous, a careful selection should be made of
those best recognized and most useful for navigation. The scale of the chart
should be considered in order to limit the selection of objects to a number that
can be charted in a satisfactory manner. The same form shall be used to report
charted landmarks no longer in existence. Thisinformation, under appropriate
heading, should follow the data mentioned above, being separated therefrom by
aruled line.

169. Rangesfor compass deviations—A special report should be made, for
each region surveyed, of prominent and easily distinguished objects and ranges
that will be suitable and useful for the purpose of determining compass devia-
tions of vessdls.

170. Abstract of temperatures and salinities—Parties using echo-sounding ap-
paratus shall furnish at the end of each season an abstract of all water tem-
peratures and salinities observed in connection with the use of such apparatus.
This should be in the form of a specia report giving the latitude, longitude,
time and depth of each observation.

171. Progress sketches—Monthly, semiannual, and season's progress sketches,
showing the work accomplished by field parties, are required by the regulations
of thebureau. Standard specifications for the preparation of progress sketches
shall befollowed in all cases. (Seep. 144.)

172. Coast Pilot infor mation.—All hydrographic parties shall collect Coast
Pilot information and furnish notes covering the data obtained. These notes
should include information obtained while en route to and from the field of
work aswell asthat gathered on the working grounds. Important information
should be forwarded at once, and general notes should be submitted at the end
of each season. |n all cases where information in the pilotsis found to be
accurate and adequate a statement to this effect should be included in the
notes. (Seech. 9.

173. Completion of field recor ds—It should be the aim of the chief of party to
turnin all field records and sheets in a completed condition as far as circum-
stances may permit. All field results shall be transmitted to the office as early
as practicable and, unless otherwise authorized, before beginning another
season's work.

174. Approval of records—Before transmitting records to the office the
chief of party shall inspect each sheet and record and furnish on a separate
sheet of paper attached to the descriptive report for each hydrographic sheet
or group of sheets a statement that the sheet and accompanying records have
been inspected and are gpproved. This sheet should aso serve for the convey-
ance of any information not included in the descriptive report that may be of
assiganceto the officein reviewing thework and for any recommendations for
future field work that the chief of party may wishto make. If desired, a
statement relative to the amount of supervision that the chief of party has
been able to giveto thefield and office work or any other pertinent comment
may beincluded. When a hydrographic sheet is transferred to another officer
for completion, in accordance with instructions from the office, approval as
above by the chief of party who transfers the sheet shall cover only the period
for which the smooth plotting has been completed, which shall be specified
on the approval sheet.

42651°—31— 3
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175. Boat sheets shall be forwarded to the office for usein final verification.

176. Sounding records and other data should not be duplicated except when
specialy directed, or when there is considered to be an unusual risk in the
method of forwarding.

177. Records of hydrography controlled by precise dead reckoning, floating
signals, radio-acoustic sound ranging, or astronomical observations shall be ac-
companied by all supplemental data obtained, such as current diagrams, precise
dead-reckoning log sheets, tabulations of log tests and full-speed runs to locate
signals, observations and computations of compass deviations, tests to determine
the velocity of sound in seawater, bomb records, and computations of astro-
nomical positions. The standard printed forms, where provided, shall be used
for these data.

178. Sheets and records, when sent by mail, should be well wrapped and regis-
tered. A sheet and its records should be mailed at different times as a security
against loss. When sheets and records are forwarded to the office, each pack-
age shall be numbered, beginning with No. 1 and continuing in consecutive
order until all data for the season have been forwarded. The number of
each package and the number or letter of each field sheet shall be noted in the
transmitting letter.

179. Care of property.—Reasonable and proper care shall be taken at all times.
of vessels, instruments, and other property. (Seep. 135.)



Part 2—EQUIPMENT AND METHODSUSED FOR
HYDROGRAPHIC WORK

Chapter 1.—SURVEY VESSELS
TYPES OF VESSELS

The various types of vessels suitable for hydrographic operations
may be divided into the four classes described below:

Survey ships.—These are seaworthy steam or motor vessels, usually
from 100 to 200 feet in length, carrying a personnel large enough to
operate from two to fivesurvey units. Each ship generally oper-
ates as a complete party engaged in combined operations along a
certain, and often extensive, section of the coast. |n addition to
furnishing living accommodations and transportation for the per-
sonnel, such a ship executes the greater part of the offshore hydro-
graphic work.

As headquarters for combined operations, asurvey ship should
have suitable quarters for officers and crew, awell-lighted drafting
room, ample storage space for supplies so that she can remain on the
working grounds for a considerable period, and efficient apparatus
for hoisting and carrying her survey launches and boats. For survey
work alarge bridge, affording as clear a view all around the horizon
as practicable, and suitable space for installation of sounding and
position-finding apparatus are essential. The propelling and deck
machinery of a survey ship is subject to hard usage and should be of

substantial construction.
Tenders—Thisterm is used to designate small steam or motor ves-

sels, usually from 40 to 75 feet in length, with permanent living
accommodations for sufficient personnel to operate them for hydro-
graphic work. If quarters are available for a second unit, for top-
ographic or other work, such an arrangement is economical. A
tender may operate in conjunction with a survey ship, as a subparty,
or as a separate party engaged in the survey of a harbor or small
section of the coast. It should carry sufficient supplies to remain
away from headquarters for at least one week and, in so far as
practicable, should have the other specia qualifications mentioned
in the preceding paragraph.

Several tenders, operating with a Coast and Geodetic Survey ship,
have been eqguipped for radio communication with the ship, which
has added materially to the efficiency of the party.

25
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Survey launches.—These are open or partly decked boats of various
types, usualy from 24 to 40 feet in length and with adraft from 2 to
3 feet, propelled by steam or internal-combustion engines. They are
used for hydrographic work that can not be done safely or economi-
cally with a ship or tender, for transportation of units engaged in
other classes of work, etc. Survey launches work from aship or
from shore headquarters, so that living accommodations or storage
space for supplies are not required.

A survey launch should be as seaworthy as possible, strongly con-
structed, and should have as much clear space in the cockpit as prac-
ticable. Arrangements for hoisting and carrying such launches on
the survey ship should be provided whenever possible. Launches
that can not be hoisted are sometimes used through necessity, being
towed from place to place, but, for their proper care and transporta-
tion when not in use, provision for hoisting all survey launches is
by far more satisfactory and economical. Gasoline engines should
be of the four-cycle typein order to insure proper speed control and
quietnessin running. When the clutch is used constantly, asin ma
chine sounding, it is agood plan to provide, in addition to the spare
parts usually carried, a complete spare clutch in order to reduce loss
of time due to clutch repairs to a minimum.

Small boats—In thisdivision are the various types of ship's boats,
propelled by oars, that are used for sounding close to shore, surf,
breakers, or other dangers; for the survey of the shoalest parts of
offshore dangers under development by a ship, etc. For running to
and from the working grounds, transportation of units engaged in
other work, and for certain classes of hydrographic work, such boats
are often equipped with portable gasoline engines.

This class aso includes flat-bottom, shallow-draft boats, propelled
by small gasoline engines, that are used for surveys of areas of little
depth, such as tide flats, shallow streams, etc.

SURVEYING EQUIPMENT

The fixed equipment of avessel engaged in hydrographic work
includes a drafting table on which the, work is plotted; aplatform.
for the leadsman, usually called a " sounding chair"; and one or
more sounding machines. It may also include apparatus for
measuring depths by the echo-sounding method and for radio-
acoustic position finding. The instruments and apparatus used for
depth measurements and position finding are described in chapters
4 and 5.

The arrangement of fixed equipment will vary considerably, de-
pending on the design of the vessel on whichitisinstalled. In
general, it should be such that the officers, from their positions near
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the drafting table will have as clear a view as possible around the
horizon and will beableto keep a close watch on the helmsmen
and on the operations
involved in measuring
depths. On  ships
and tenders there is
usually enough room
so that such an instal-
lation presents no
special difficulty. On
aship, for example,
the drafting table will
naturally be located or
the bridge, and the
sounding chair can
beinstalled on a wing
of the bridge. Sound-
ing machines and

Removable
sounaing
chair

Drafting
fable

apparatus for obtain- N 0 . .
taining positions by \LPENINGS I ,/
other than visual ~.canogy fbfi,-rr -
means can not be so / observers™
conveniently located. ¥ I

but thisis not impor-
tant, as, when such
apparatusisin use, the
officerson watch are
generally not confined
so closely to the bridge
as they are when
sounding in moderate
depths.

£ngine

Transom seat

On survey launches, SOUﬁO?hg
where space is limited, /778(3/’7//7?
a satisfactory arrange- ﬂ

ment of fixed equip-
ment will usually re-
quire a little study
and experimentation.

A suggested installa- Support for
tion for a launch with reg/sfer/ng
open cockpit is given sheave

in Figure3. On this

type of launch a
sounding machine is
requi red only for work FG. 3.—InstaJIat|on of equipment on survey launch
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in regions where deep water extends close to shore. It may be
installed so that the wire leads over the stern or over either side.

A passageway around the drafting table (on either side desired)
is convenient but is not essential if spaceislimited. On small
launches consideration must be given to stationing the various mem-
bers of the party so that the launch istrimmed properly.



Chapter 2—PRELIMINARY WORK

The preliminary operations usually required in hydrographic sur-
veying are outlined below. They are termed preliminary in the
sense that they are in the nature of preparations for actual hydro-
graphic work. The order in which they will betaken up and
whether or not they will all be completed before sounding work
starts will depend on circumstances.

The natural aim of achief of party isto start actual surveying
operations as soon as practicable after arrival in the field and to
prosecute them vigorously and with as few interruptions as possible
throughout the season. Having clearly in mind the results that it
is desired to accomplish and the various working units into which
the party can be divided, his success in maintaining the most eco-
nomical relation between the various operations, in contending with
weather and other conditions encountered, and in securing the
maximum output consistent with good workmanship will depend
in large measure on his experience and judgment in handling the
different units of his party, both in preliminary and actual survey
work.

Preparation of equipment.—Various types of vessels instruments,
and other items of equipment are used for hydrographic surveying
as described in thismanual. It isonly necessary to emphasize here
that such equipment should be put in the best possible condition
before beginning a season's work in order that maintenance work
during the season may be reduced to a minimum.

Reconnaissance.—Upon arrival in the field a reconnai ssance should
be made for the purpose of planning the work, recovering stations
and tidal bench marks previously established, selecting sites for
new control stations, and investigating local conditions to determine
suitable locations for the necessary tidal stations.

In planning and carrying on extensive operations, it will often
be of assistance to lay out, on a suitable chart, the limits of work to
be joined and other boundaries of the project; limits and indentifica-
tion numbers of sheets used for previous work, copies of which
have been furnished; principal control stations, etc.

Establishment of control points—This operation involves the recov-
ery of stations previously located and the location of a sufficient
number of new stations to meet the requirements for control. The
amount of work necessary to achieve thisresult will vary consider-
ably. In some localities previously established control may be so

29
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complete that few or no new stations need be located. In other
regionsit may be necessary to carry triangulation or traverse from a
base more or less remote.

The requirements for control do not specify an exact distance
between main and intermediate control stations. It isdesirable that
such stations be located at commanding sites, as on points, prominent
elevations near the shore, etc., and approximate distances are given
in order to allow the hydrographer reasonable latitude in adapting

his control scheme to existing conditions.
The number of stations, in addition to the main and intermediate

control stations, that are required will depend on the configuration
of the shore line, and their establishment calls for considerabl e judg-
ment. It isnecessary to have a sufficient number of stations to con-
trol the survey, but too many are frequently as objectionable as too
few, as a multiplicity of stations may lead to confusion in the field
and increase the possibility of errorsin plotting.

For ordinary coast hydrography the minimum distance between
stations usually will be required on straight stretches of coast with
no off-lying features. In such localities stations from 300 to 400
meters apart will suffice in most cases. With this spacing the in-
shore end of at least every other line can be determined by a sextant
position, and the ends of other lines can be determined with suffi-
cient accuracy by a distance and bearing from a station. Small
bights into which one or two lines of soundings will be taken should
have a station at or near their head.

For the close development of important areas a strong control
system must be provided, regardless of the number of stations
required.

In general, the minimum number of signals that will provide the
necessary control will be found most satisfactory and, to insure this
arrangement, the officer in charge of the establishment of stations
should understand the principles involved in selecting stations for
sextant positions. In this connection a study of chapter 5 will be
of value.

Hydr ographic stations—It is sometimes desirable to locate certain
control stations by sextant angles or cuts. When such astationis
located by a hydrographic party, it iscalled a hydrographic station.
It may be located by a sextant position obtained at the station (see
p. 79) or by cuts from other points. To obtain a sextant cut, the
observer determines his position by sextant position and then
measures the angle between a previoudy located station (preferably
one of the stations used for the fix) and the new station.

When such stations are mountain peaks or similar features, it is
agood idea to observe a vertical angle from one or more positions,
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so that the approximate height of the feature may be computed for
possible use by the topographer or in chart construction.

Signal building.—The term "station" is used to denote a definite
point on the earth's surface that has been located for control pur-
poses. Itslocation may be indicated by marks established by the
surveyor or by anatural or artificial object existing over it. Each
station must be made sufficiently conspicuous to be visible from any
point on the field of work where it is required for control.

Such objects as lighthouses, spires, etc., are ready for use. Others,
such as bowlders, trees, etc., may be improved by whitewash or other
means. Stationsidentified by marks must be made conspicuous by
erecting structures called " signals " over them. Various types of
signals are described in chapter 3. Care, of course, must be taken
not to deface public or private property without the owner's consent.

Establishment of tidal stations—All soundings on nautical charts
show the depths of water at a certain stage of the tide called the
" plane of reference.” In order to secure tidal datafor the reduc-
tion of soundings, it is usually necessary to establish one or more
tidal stationsin the vicinity of hydrographic work.

Thisinvolves the installation of atide staff or automatic gauge,
the recovery of bench marks previously established, the establishment
of such new marks as are necessary, and the connection of the staff
and marks by levels. Full directions for tidal work are given in
the Instructions for Tide Observations. Coast and Geodetic Survey
Special Publication No. 139. Brief instructions and spaces for
entry of essential data are also provided in the volume. (Form 277)
used for recording tide observations.

Hydr ogr aphic sheets—-In order to plot hiswork in the form of a
permanent record, the hydrographer must have a sheet on which the
control stations, shore line, and certain other features are shown.
The general requirements for such sheets are given in part 1.

Instructions for constructing projections will be found in Tables
for a Polyconic Projection of Maps, Coast and Geodetic Survey
Special Publication No. 5. The usual procedure isto construct the
projection in pencil, after which it isverified and inked, the verifier
examining it again to make sure that the inking has been properly
done. The stations may be plotted in pencil, before or after the pro-
jection isinked, and checked before the symbols are inked.

The Position of station is usually given in degrees, minutes, sec-
onds (to three decimal places), and seconds in meters, of latitude and
longitude. The seconds in meters are the distances in meters along
the parallel or meridian corresponding to the seconds of |atitude and
longitude. To plot the position of a station on a projection with one-
minute intervals, it isonly necessary to lay off the secondsin meters
from the minute of latitude and longitude. For larger intervals the
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proper number of minutes in meters can be taken from the projec-
tion tables and added to the seconds in meters.

Stations and shore line determined by the survey in progress can,
of course, be added at any time before the sheet is used for plotting.

A sheet carefully prepared and verified in accordance with the
general requirementsis called a "smooth sheet."

Sheet plan.—Asdifferent scale are generally used for inshore and
offshore hydrographic work and as the size of a sheet is limited, more.
than one sheet usually will be required for the survey of an extensive
region. Before starting the preparation of sheets, a plan of all or a
part of the sheets required is usually laid out on a suitable chart or,
in an unsurveyed region, on areconnai ssance sketch.

The distances that will be included on a sheet of given size and
scale may be obtained readily from the following table of scale
equivalents, by dividing the length or width of the sheet by the
length of 1 mile on the given scale. For instance, a sheet 42 inches
by 60 inches on scale 1:20,000 will include an area 11.5 by 16.5
nautical miles.

Nautical mile Statute mile

Scale Centi Cent

enti enti
Inches heters Inches Meters
1/5000_ 14. 593 37.06 12. 672 32.19
1/10000__| 7.296 18. 53 6. 336 16.09
1/15000- 4. 864 12. 36 4,224 10. 73
1/20000-...- 3.648 9.27 3.168 8.05
1/30000_____| 2.432 6.18 2.112 5.36
1/40000_____| 1. 824 4.63 1.584 4.02
1/50000 1. 459 371 1. 267 3.22
1/60000 1.216 3.09 1.056 2.68
00 0.912 2.32 0.792 2. 01
1/100000-— 0.730 1.8 0.634 1.61
1/200000-— 0. 365 0.93 0.317 0.80
1/400000. 0.182 0.4 0.158 0.10
000000 0.073 0.18 0. 063 0.16

A convenient method of laying out definite-sized sheetsis to con-
struct a plan of the sheet on tracing cloth, its length and width in
nautical miles from the above table being laid off from the mile scale
on the chart. This plan isthen laid on the chart and shifted about
until the best position for the projection is determined. When
sheets of different sizes are required, their limits may be drawn on
the chart and their sizes determined by a reverse computation. All
sheets should be laid out in accordance with paragraphs 18 and 19
of part 1. When a station desired for control falls a short distance
outside, the limits of a sheet and the latter can not be shifted without
sacrifice of other desirable considerations, a small section of paper
can be attached in the proper position to include the station. Such
an addition iscalled a™ dog-ear."” A typical sheet planisgivenin
Figure 4.
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Boat sheets—In order to direct hisfield work, the hydrographer
uses a second sheet caled a" boat sheet." Such asheet coversall or
apart of the same area as its smooth sheet but may have a margin of
spare paper, as the edges are likely to become frayed in use. |If more
than one unit is to work in the area covered by a smooth sheet, two or
more boat sheets covering all or parts of the area may be required.

A good quality of cloth-backed paper should be used for boat
sheets, and paper with a buff tint has been found very satisfactory.

A boat sheet is prepared in the same manner and with the same
accuracy as a smooth sheet but with considerably less attention to
quality of drafting and lettering, size of station symboals, etc. Asit
is not so important to guard against distortion, such sheets may be

prepared before reaching the field, if desired.
Names or descriptions of stations are shown on the sheet, the

hydrographic names usually being assigned by the officer in charge
of the hydrographic party. Short descriptions of the closely spaced
topographic signals that are varied in form or color to avoid con-
fusion are especially important.

In addition to the data shown on smooth sheets, a compass rose
and scale of statute miles should be provided. Data such as reported
dangers, critical depths from old surveys or charts, and the sound-
ings along the limits of previoussurveys to be joined should be
shown preferably in red ink, so that the hydrographer may have this
information constantly before him. If more than onetide gauge is
to be used, the area to which each gauge applies should be indicated
if practicable.

Under exceptional conditions thin transparent celluloid has been
used advantageously for boat sheets; one side of this material should
have adull finish, so that it will hold a pencil mark. The cedlluloid
islaid over the smooth sheet and the signals marked. In the boat
the celluloid is used over a sheet of paper.



Chapter 3.—SIGNALS
LAND SIGNALS

Hydrographic work in which the position of the sounding vessel
is determined by angles between control stations, measured with sex-
tants on board the vessel, will be greatly facilitated when the sta-
tion objects are conspicuous enough to be seen readily by the
observers. For thisreason, as well as for economy and durability,
natural objects such as bowlders, lone trees, distinctive markings
on cliffs, etc., and artificial objects such as towers, lighthouses, gables
of buildings, etc., should be used for control objects whenever avail-
able. Signal structures erected over stations on the ground vary in
type and size, depending on their location, purpose, and on the
materials available. The types of signalscommonly in use are

described below.
Topographic signals—This term is used to denote the small signals

erected over temporary stations at short intervals along the beach
in order that positions may be obtained when sounding close inshore.
They are usually built and located during the course of a plane-table,
traverseand may be of various types, such as awhitewashed tree
trunk, post, or -rock; crosspieces on trees; signal cloth on bushes,
etc. To avoid confusion, signals of thisclass should be varied in

form and color as much as possible.
Hydrographic signals—Thisterm is applied to the signals of vari-

ous sizes used in conjunction with natural and artificial objects
for the main control of ordinary hydrographic surveys. For this
purpose atripod signal with two or three sides covered with board
dats or cloth isoftenused. The height of such asignal iseasily
increased by a center pole made conspicuous by crossed boards,
cloth banners, or other means, and a center pole should always be
provided when the signal is to be observed on with atheodolite.
Signals of this type may be built of polescut on the ground,
driftwood, cut lumber, or acombination of these materials. When
cut lumber can be obtained at areasonable cost and transported
readily, the economy of picking up materials on the groundis
doubtful. Boards are usually more satisfactory and cheaper than
cloth for dressing signals and should be used whenever practicable.
In some cases painted canvas, being more easily transported than

boards and more durable than cloth, may be used to advantage.
In building signals, the directions from which they will be viewed

should of course be considered. Tripod signals along the coast will
35
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usually be erected with one leg toward the water and with the two
adjacent sides covered. The apex of thetripod or the center pole
should be carefully centered over the station mark, and each leg
should be secured to the ground by a stake or other means. Wire
guysto the center pole are often desirable. Signal's, dressed with
boards, as well as certain kinds of natural and artificial objects,
may readily be made more conspicuous with whitewash. A white-
washed object is very conspicuous when the sunison it or when it
is seen against a dark background. Signals dressed with boards
show up fairly well against the sky. When clothisused and in
some cases when boards are used for dressing signals, it will be
best to have the part of the signal showing against the sky black

incolor.
The largest tripod signals usually have a height of about 20 feet to

the apex of the tripod and from 30 to 35 feet to the top of the center
pole. When cut lumber is available, timbers 4 inches square are
generally used for the legs and center pole of large signals while
2 by 4 inch lumber may be used for smaller tripods. One-inch
boards are usually provided for dressing signals and should be
rough or with only one side dressed, as arough surface is superior

for holding whitewash.
A convenient method of constructing a large tripod signal is

indicated in Figure 5. The drawing shows the legs and center pole
assembled on the ground, the identifying letter being placed at the
lower end of each part. Thisassembly is placed so that the lower
ends of thelegs "A" and " C" arein the approximate positions they
will occupy when the signal is completed. The tripod is then erected
by usingleg "B " asa lifting pole and prop. When thetripodis
erected and secured in the proper location, the lower end "D " of
the center pole, which pivots on the bolt, is brought within reach
by means of aline attached at " D " and is then adjusted to a vertical
position and secured by cross braces to each leg of the tripod. The
targets onthe center pole may be attached before or after this
operation. The sides of the tripod are then boarded up as desired.
The space between boards need not be less than the width of the
boards, and wider spacing may be necessary in order to cover as much
surface as possible with alimited amount of material.

Other forms of structures suitable for use as hydrographic signals
will be suggested by the materials available and the possibility of
using natural or artificial objects as parts of signals.

Cloth used for dressing signals should be slashed with aknife, so
that it will be useless for other purposes and less likely to be stolen.

Tall hydrographic signals.—In some regions the coast is so low and
flat that ordinary types of signals can not be elevated sufficiently
for hydrographic work out to the limit desired, and in such cases
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it is necessary to use a special type of signal structure called atall
hydrographic signal.
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FIG. 5.—Working drawing for tripod signal
A signal of thistype, consisting of a four-sided scaffold and
superstructure supporting alarge target, is described, together with
abill of materials and complete directions for its construction, in
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Reconnaissance and Signal Building, Coast and Geodetic Survey
Special Publication No. 93. This type has been used extensively
by the bureau andin genera hasgiven satisfactory service. It is
difficult, however, to effect a strong junction of the base scaffold and
the superstructure, and there have been a number of failures due
to breakage at this point.

Inorder to avoid thisdifficulty and to simplify construction, the
signd illustrated in Figure 7 has been designed recently. In this
type the base scaffold is not used, the signal being built with the same
cross section throughout its height and held erect by guy wires.

The specifications for this signal are as follows:
Cross section.—Four feet square.

Legs.—Four by four inches, built up of 2 by 4 inch lumber with joints broken
a least 4 feet and strengthened by pieces 1 by 4 inches by 3 feet nailed over
them.

Horizontal braces—Spaced 4 feet; of 2 by 4 inch lumber up to a height of 16
feet, then of 1 by 4 inch boards.

Diagonal braces.—AIll 1 by 4 inches; cross braces on three lower panels;
single, zigzag braces on remaining panels.

Target.—Made up in sections of three %2 by 6 inches by 12 foot boards, spaced
4 inches, from 40 to 60 boards used on each signal. Boards are sprung around a

line of 2 by 4 inch pieces, nailed vertically along middl e of seaward side of
signal, so that target presents a convex surface to seaward.

Guy wires.—Of No. 8 galvanized-iron wire. Four guysat height of 40 feet,
one leading out from each corner of structure. A set of 8 guys at intervals of
about 20 feet above the 40-foot level, 4 guysin each set to lead out from corners
of structure, 2 to lead directly seaward from the target, and 2 to lead landward
from the target.

In constructing this signal, a section 16 feet high is built on the
ground and raised into place. The bottom horizontal braces are
doubled (oneinside and one outside the legs) and extended about 2
feet beyond the sides of the structure. A hole about 8 feet square
and 6 feet deep is dug so that the entire base of the signal can be
buriedinthesand. Scrap lumber or driftwood is laid acrossthe
bottom horizontal braces, and the hole is filled with sand. Con-
struction is then continued by adding leg pieces, braces, and guy wires
until the desired height is reached. Braces should be cut as the
construction progresses so that allowance can be made for slight
variation in cross section and height of panels. The various sets of
guy wires can be fastened to the same anchors but for the taller
signalsit isbest to provide a longer lead and separate anchors for
the upper sets of guys.

The following directions for constructing guy-wire anchorsare
repeated from Special Publication No. 93:

For each anchor dig a trench 8 feet long, 2 feet wide, and about 3 feet deep.
Lay an anchor timber 8 feet long and not less than 4 by 4 inchesin sectionin
the trench and fill the trench with earth to alevel with the top of the timber.
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FIG. 6.—BUILDING LARGE TRIPOD SIGNAL
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FIG. 7.—TALL HYDROGRAPHIC SIGNAL
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Then nail scraps of lumber across each end of the timber and fill in the ends
of the trench with earth, leaving the middle of the trench open until the guys
have been madefast. More scrap lumber isthen nailed across the middle part
of the timber and the trench filled.

Target boards are raised and attached in sections of three. The
boards should be given two coats of paint, on shipboard if practicable,
in order to avoid getting sand in the paint.

A signal of thistype can be built in from one, and one-half to two
and one-half days, including thetimerequired to land lumber and
other materials. Construction ismuch easier in fairly calm weather,
and it isvery difficult to raise the target exceptincam or light
winds. Signals of thistype built to date have been very satisfactory
and durable.

Steel towers such as those used for windmills have been used to
some extent for tall hydrographic signals. There is not much dif-
ference in cost of materias between steel and wooden towers, and
the former have the advantage that they can be dismantled and used
over again. In most of the localitieswhere tall signals have been
used by the Coast and Geodetic Survey, however, transportation has
been an important factor, it being necessary in most casesto land the
material through the surf, so that the convenience and economy of
rafting lumber ashore and then abandoning the signal when of no

further use have led to the use of lumber in the majority of cases.
The character of tall hydrographic signals has an important bear-

ing on the success of work for which they areused. Threequal-
ities—sufficient height, proper design, and sturdy construction—are
essential and should receive careful attention, for the time used for
signal building is practically wasted unless these qualities are

secured.
Signals varying in height from 70 to 120 feet have been used. The

height necessary for any required distance iseasily computed, but
thisis only one of the factors to be considered. The visibility of a
signal is greatly increased when its target (painted white) reflects
the sun, and signals so located that the sun shines on their targets
for the greater part of the day, as when working to southward of a
coast extending approximately east and west, can usually be ob-
served on until they disappear below the horizon. It is sometimes
desirableto faceasignal at an angle with the shore linein order to
obtain a better reflection from the sun, but this angle, of course,
should not beso great (usually not over 15°) asto prevent the face
of the target from being seen from any point where the signa is

required for control.
When cloudy weather predominates or when the sunisbehind

asignal for all or part of theday, the height must be sufficient to

insure a considerable part of the target (pai nted black) showing
42651°—31—4
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above the tops of any trees in the background, even though the limit
of visbility due to atmospheric conditionsis less than that imposed
by the curvature of the earth. Painting a section of the target black
is useless unless this section shows against the sky and is large enough
to show distinctly and avoid resemblance to a tree extending above
the general treeline.

For work close inshore signals of the smaller types are provided
at proper intervals between the tall signals. The type of construc-
tion described above has been used with good results for hydro-
graphic signals of greater height than can be secured with tripod
construction, say up to about 40 feet. In this case the scaffold is
built with one corner facing the water and the two adjacent sides
covered with canvas down to within 10 feet of the ground. Itis
guyed with wire and may have cross banners, about 8 by 8 feet, at
the top.

WATER SIGNALS

It is sometimes desirable to erect signals in shallow water some dis-
tance fromland. A tripod made of lengths of iron pipe, wired
together through crosses at the top, makes asimple signal that will
stand in a moderate depth of water and, if wrapped with cloth and
with flags set in top, may be seen at along distance. |In exposed
situations in the water such signals may be made more secure by
pumping the legs into the bottom by means of awater jet; long poles
and saplings have also in this manner been pumped in on ocean bars
and have withstood storms.

A type of water signal that isconstructed on land and then towed
out and sunk in position is described in Special Publication No. 93.
Signals of this nature should be located preferably by triangula-
tion or, if thisisimpracticable, by sextant fixes or cuts.

Floating signals.—Along some sections of the coast itis desirable
to carry accurately controlled hydrography beyond the limits of
visibility of shore signalsor to develop banks out of sight of land.
For these purposes various types of floating signalsare anchored
at suitable offshore points and located with reference to the shore
objects. Several types of floating signals are described in Special
Publication No. 93, and various other designs have been used by
different hydrographers. Their essential features are a center pole
or light structure supported near the middle by one or more barrels
or apontoon raft; crossed targets at the upper end to increase their
vigbility; acounterweight at the bottom to hold them upright; and
suitable anchoring gear. For cheapness and convenience in handling
and stowing the one-barrel signal illustrated in Figures 8 and 9
isusually preferred. This signal is similar to the one described on
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pages 74 and 75 of the above publication, with afew modifications
now considered desirable.
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FIG. 8.—Working drawing for floating signal

Black-iron screening or canvas strips painted black, attached to
1 by 2 inch crosspieces, are used for targets, and a flag may be added
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if desired. Each signal is provided with a distinguishing mark,
such as crosspieces at various angles or variation in the color of the
flag, so that, when a number of signas are used, each may beidenti-
fied under all conditions.

A heavy wooden oil barrel or galvanized-iron gasoline drum may
beused. The latter will usualy give the best results and should
be well painted with red lead. The, framework is clamped against
the barrel with two bolts and the 1 by 4 inch crosspieces on both
sides of the framework above and below the barrel are notched to
fit over the chimes of the barrel.

Some hydrographers paint the entire signal with black asphaltum,

while others prefer white paint for the framework above the barrel

and antifouling paint bel ow.
Old railroad-car couplers, purchased as scrap iron, have been used

with considerable success for anchors and counterweights. They are
considered superior to concrete blocks, asthey hold better and are
easier to handle. One coupler is sufficient for a counterweight, while
three, linked together with an iron bar, are required for an anchor.

In order to shorten the swinging radius of these signalsand to
prevent fouling of anchors, two anchors and a bridle of three-eighths
or one-half inch wire rope may be used for anchoring as indicated
in Figure8. The horizontal part of the bridle should be about
threetimesthe depth of water and the upright part about equal to
the depth. If asingle anchor line is used, itslength should be about
two and one-half times the-depth, with itsupper part of wire rope
about equal in length to the depth of water, and the remainder of

5/16 inch boat chain.
Floating signals are planted and taken up by the survey ship.

When anchoring with abridle an effort should be made to lay out
the anchorsin the direction of the prevailing wind, or current if the
latter isstrong. Signals may be planted in fairly rough weather,
but comparatively smooth weather is required for picking them up.
The latter operation will be facilitated by attaching a length of
nine-thread rope to the anchorringbolt of thesignal. A large eye-
splicein the free end of this lineishung over a screw hook near
the top of thesignal. The line should have plenty of slack, so
that it can belifted off the hook and brought aboard by means of
along boat hook.

When not in use these signals may be stowed in asmall space
by removing the targets cross braces, barrel, and counterweight.
Their location and use are described in chapter 5.
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Materials for one-barrel signal

Barrd, 55-gallon, wood or galvanized iron 1
Bolts, 1/2 by 7 inches 2
Bolts, 5/8 by 32 inches 2
Car coupler (scrap iron) * 1
Cloth vard . 1
Lumber, 2 by 4 inches by 16 feet pieces . 5
Lumber, 1 by 4 inches linear feet_~ 28
Lumber, 1 by 2 inches do——- 42
Nails, eightpenny pound 1
Paint gdlon__ 1/2
Plate, iron, 1/2 by 2 by 6 inches 1
Plates, iron, /2 by 9 by 4 inches 2
Ringbolt, 5/8 by 5 inches 1
Screen, wire, black 2 square feet— 32
Tacks. 6-ounce package 1

Anchoring with one anchor
Cable, wire, 3/8 or 1/2 inch feet— g0
Car couplers, (scrap iron) 3 3
Chain, boat, 5/16 inch feet . 90
Bar, iron, 1/2 by 1inch3 do— 5
Shackle, screw anchor, 3/8 inch 1
Thimbles, wire rope 2

Anchoring with two anchors and bridle

Cable, wire, 3/8 or 1/2 inch feet. 240
Car couplers, (scrapiron) 3 6
Bar, iron, /2 by 1inch?3 feet 10
Shackles, screw anchor, 3/8 inch 4
Thimbles, wire rope 6

1 For concrete counterweight, substitute 12 bags Portland cement and equal amount of

sand and broken stone. ]

2 For canvas targets, substitute 20 square feet of canvas.

3 For concrete anchor, substitute about 200 Eounds of Portland cement and 300 pounds
of sand and broken stone for each anchor block.



Chapter 4—EQUIPMENT AND METHODS FOR MEASURING DEPTHS

To contend with the great variation in ocean depths and to meet
other conditions, the hydrographer has available a number of
methods and depth-measuring devices which will be described in
thischapter. The conditions governing their use are prescribed in
part 1.

LEAD AND LINE

This apparatus consists of a suitably graduated line, to one end
of which is attached alead weight called asounding lead. Itisused
for depth measurements by lowering the lead until it touches bottom
and reading the depth by means of the graduations on the vertical
line.

Sounding pole.—For continuous sounding in depths of afew feet,
as in the survey of atideflat, a graduated pole may be substituted
for thelead and line. For occasional use, foot marks may be pro-
vided on the boat hook that should be a part of the equipment of
every party.

Preparation of lead line.—To avoid large corrections to soundings,
due to errorsin lead-line graduation caused by stretching or shrink-
ing of theline, the Coast and Geodetic Survey has adopted aline
with a wire center as standard material for lead lines. Best results
have been obtained with aline known as Sampson mahogany tiller
rope, size No. 8, which is a waterproof solid-braided ropewith a

phosphor bronze stranded-wire center.
This line is prepared for use by soaking for two 24-hour periods,

between which it is placed under considerabl e tension throughout its
length for several hours. After attaching the lead, the line while
still wet is placed under tension equal to the weight of the lead,
and the fathom marks, in accordance with the system given below,
are attached. The intermediate marks may be supplied afterwards

by extending the line on aflat surface and averaging the spaces.
The fathom marks may be laid off with atape, but the most con-

venient arrangement, which will be available also for the required
lead-line verification, is to establish permanent marks with copper
tacks on the deck of the ship, or on a wharf if the party isworking
from a shore station.
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FIG. 10.—HEAVING THE LEAD
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Graduation of lines—Lead lines are marked as follows:

1 fathom.—A piece of leather with one strip.
2 fathoms.—A piece of leather with two strips.
3 fathoms—Bluerag.
4 fathoms—A piece of leather with four strips.
5 fathoms.—White cotton rag.
6 fathoms—A piece of leather with one strip.
7 fathoms.—Red woolen rag.
8 fathoms.—A piece of leather with three strips.
9 fathoms.—A piece of leather with four strips.
10 fathoms.—A piece of leather with aholeinit.
11 fathoms.—A piece of leather with one strip.
12 fathoms.—A piece of leather with two strips.
13 fathoms.—Blue rag.
14 fathoms.—A piece of leather with four strips.
15 fathoms.—White cotton rag.
16 fathoms.—A piece of leather with one strip.
17 fathoms—Red woolen rag
18 fathoms.—A piece of leather with three strips.
19 fathoms.—A piece of leather with four strips.
20 fathoms.—Two knots.

For intermediate marks between the fathom marks on dark-
colored cord, a seizing of white linen thread is used for each foot
except the half fathom, which is marked with black thread.
Weight of sounding lead.—A lead weighing not less than 8 pounds
should be used for sounding in depths lip to 8 fathoms and a 10 to 12
pound lead for greater depths. Where there are subsurface currents
it may be necessary to increase the weight of the lead in order to
obtain vertical casts.

To avoid subjecting alead line to different tensions, each line
should always be used with the same-sized lead.

Sounding with lead and line—Soundings with lead and line are
usually taken from a slowly moving vessel. To obtain a sounding
the leadsman, stationed in the sounding chair, heaves the lead far
enough ahead so that it will reach a point on the bottom just before
the chair comes over the point. He then hauls the line taut and,
when directly over the lead, liftsit slightly and, asit touches bot-
tom again, reads and calls the depth. Lifting the lead is an import-
ant precaution for the purpose of straightening the line and keeping
the lead vertical. As soon as the sounding is obtained the lineis
hauled in and coiled in readiness for the next sounding.

The leadsman should be trained to estimate the probable depth of
a sounding, from those immediately preceding, in order to pay out
an adequate amount of spare ling; too much may be more objection-
able than too little. If aseaor swell isrunning, he must also be
careful to allow for the height of the waves or swell, so that the read-
ing of thelead line will give the depth from the mean surface.
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For work at night aflood light should be trained on the water
below the sounding chair. The depth should not be obtained by
subtracting an estimated height from the water to the mark in the

leadsman's hand.
Hand-lead sounding.—The use of the lead and line as described

aboveiscadled hand-lead sounding. It is practicable until adepthis
reached where, with an economical speed of vessdl, the leadsman
can not heave the lead far enough ahead to obtain a vertical cast.
This limit will vary considerably, depending on the skill of the leads-
man and the height of the sounding chair above the water. Under
average conditions it will lie between 10 and 15 fathoms, although
with an exceptional |eadsman, hand-lead soundings can be obtained

in adepth of 20 fathoms.
L ead-line sounding with machine.—To extend lead-line soundings

beyond the depth limits of band-lead work, a method has been de-
vised for using asounding machineand stranded sounding wire
to heave the lead forward. For this purpose the sounding chair is
installed near the stern of the survey ship. A lead lineof No. 10
cord, prepared as previously described, and a lead not less than
30 poundsinweight are used. Between the lead and the end of the
lead line a 10-fathom section of unmarked stranded sounding wireis
inserted to decrease resistance, and a second 10-fathom section may be
added when working in depths not less than 20 fathoms.

For heaving the lead, the sounding wire is attached to the eye of
thelead and extended forward through a sheave on aboom rigged
out near the bow and thence through suitable fair-leads to a sound-
ing machine installed near the bow. Itis important that the boom
sheave be of adesign that will prevent the wire from flying off when
dack. A counterbalanced sounding sheave (seep. 52), with a
special guide consisting of ametal strip, with a narrow slot, passing
entirely around the sheave, has given excellent results.

Oper ation.—To obtain a sounding the lead is hove forward as far
as necessary and the brake of the machinereleased. As thewire
runs out freely the lead sinksto the bottom, the depth is obtained
in the same manner as described for hand-lead sounding, and the
lead is again hauled forward with the machine. This operationis
very simple but requires close coordination between the leadsman and
the machine operator, which can easily be obtained with a little,
practice, preferably in moderate depths and with speed of vessel
sdower than usual. The lead should not be hauled farther forward
than is necessary to obtain a vertical reading, as an error may
result from having more of the measuring line out than is required

for the sounding.
In paying out the operator should apply the brake lightly, if

necessary, in order to prevent the wire from slacking enough to
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kink, but otherwise must not check the wire until the depthis
obtained. The leadsman must be trained to keep alight tension on
thelineandtocal a "miss" if theleadischecked enough to tow

along the bottom before the sounding is obtained. These operations
must be supervised closely by an officer of the watch, especially until

the men become thoroughly proficient. A system of signaling be-
tween leadsman and the operator should be used, and operations
will be facilitated if they arein sight of each other.

With a 30-pound lead, 5-knot speed, and distance between |leads-
man and sounding boom of about 100 feet, this apparatus can be
used to obtain 30-second soundings in depths up to about 30 fathoms.
Soundings up to 35 or 40 fathoms can be obtained by increasing the
weight of the lead, decreasing speed, or both.

Trolley soundings—Thisis an older method of |ead-line sounding
beyond hand-lead depths. From a point above the head of the
leadsman, who is stationed aft, awire cableis led down to aboom
rigged out near the bow. A wheedled carriage traveling on this cable
holds the lead on atrigger that istripped when the carriage strikes
abuffer on the boom or hauls taut atrip line leading aft. There
should be considerable spare lead line, so that it canbeledto a
sounding machine for heaving in.

An improvement to this method has been made whereby the car-
riage, isattached to an endless cable passing over sheaves forward
and aft and around a small hand winch mounted on the rail aft.
A fair-lead is attached to the inboard side of the carriage. The
carriage isreeled forward as far as necessary, tripped, and then
hauled aft at a speed corresponding to that of theship. Thelead
line passes over the fair-lead and enters the water vertically with
corresponding decrease inresistance. The leadsman throws the line
off the fair-lead just before taking the sounding.

Sounding with trolley requires more men and alonger sounding
interval than lead-line sounding with machine and consequently has
been superseded by the latter method for general use by the Coast
and Geodetic Survey.

SOUNDING MACHINES

A sounding machine may be briefly described as areel or drum
suitably mounted on standards so that it will turn freely, provided
with a brake, and operated by hand or power. The depth-measuring
equipment consists of stranded or piano wire wound on the redl, a
lead attached to the end of the wire, and aregistering sheave over
which the wire passes and which measures the amount of wire run
out. To obtain a sounding the vessel stops, the wire is allowed to
run out until the lead reaches bottom, the depth isread from the
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counter on the sheave, and the wireisreeled in by hand or by means

of a power unit connected with the machine.
Sounding machines are used by survey launches when working in

depths too great for hand-lead sounding and by survey ships when
not equipped with echo-sounding apparatus and working in depths
beyond the capacity of pressure tubes; also for testing echo-sounding
apparatus or pressure tubes and for securing oceanographic data,
such as bottom specimens and water sampl es and temperatures at
various depths.

Ship sounding machines.—The Coast and Geodetic Survey has de-
signed a series of ship sounding machines that are superior in ease,
smoothness, and speed of operation to those in previous use. These
machines are now furnished as standard equipment. The general
method of mountingisillustrated in Figure 11. A strong cast-metal
reel ismounted so as toturn fredy on the shaft. Theinner side of
the rimisbeveled. On one side of thereel adriving wheedl, with
abeveled rim faced with brake lining is securely keyed to the shaft.
On the other side two segments of a similar beve ed wheel are bolted
to one of the standards. The entire arrangement is such that the
reel, by means of alever, can beheldin aneutral position so that it
turnsfreely, can be forced against the drivingwheel so thatitis
connected with the power unit, or can be held against the segments

bolted to the standard so that it is securely braked.
Three types of machineareinuse. The L-type machine, illus-

trated in Figure 12, hasa reel one-half fathom in circumference
with a capacity of about 1,000 fathoms of stranded wire. It isdriven
by an € ectric motor, mounted below the redl, through a silent chain
drive.

A similar machine, driven by a Dake steam engine, and known as
the SL-type, is provided for ships that can not furnish sufficient
€l ectric power to operate the L-type machine.

The deep-sea machine, shown in Figure 13, hasared 1 fathomin
circumference with a capacity of about 6,000 fathoms of piano wire.
The motor is mounted at the rear of thereel.

The L-type machine can be used to the limit of its wire capacity,
but ships equipped both with thistype and the deep-sea machine
generaly use the former with stranded wirein depths up to from
200 to 500 fathoms and the latter with piano wire for greater depths.
The deep-sea machine is equipped with arevolution counter.

L aunch sounding machines.—Various types of sounding machines
have been used on survey launches. A hand sounding machine sup-
plied by the Coast and Geodetic Survey to field parties isillustrated
in Figure 14. This machine has abronze reel and brass standards.
The brake is aclamp, lined with wood, forced against the reel or
released by the small brake handle seen at the top of the apparatus.
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The handles are hinged in such away that they can be disconnected
from the shaft when reeling out. The machine issecured to a
wooden base provided with clamps, so that the box may be used as a
cover for the machine, or as a part of its base when in use.

When a sounding machineis used extensively, it isvery desirable
to supply power for reeling in. On account of the wide variation
in the design and power plants of survey launches, no standard
power machine for launch work has been provided. Hydrographers
of the bureau, however, rig up power machines, usually by connect-
ing a hand machine to asmall steam engine, on steam launches, or
to the engine of gasoline launches by a belt to the flywheel or by
gears and shafting. In constructing small sounding machines the
arrangement for mounting ship machines, described above, will be
found satisfactory on account of the great flexibility of control.

Sounding wire—Stranded wireis generally used for sounding in
depths up tofrom 200 to 500 fathoms. Thiswire consists of seven
tightly twisted strands of double-galvanized wire, each No. 24, B.
and S. gauge, and has a breaking strength not |ess than 500 pounds.
It is furnished in sealed tins contai ning 300 fathom lengths.

For greater depths, steel piano wire, No. 21, B. and S. gauge, is
used. Thiswirewill stand astrain of about 140 pounds but should
not be subjected to apull of over 100 pounds whenreelingin. Itis
furnished in sealed tins containing 2,000-fathom lengths. To avoid
kinks due to coiling on the bottom, from 20 to 30 fathoms of stranded
wireor afew fathoms of cotton line should be inserted between the
end of the piano wire and the lead.

Splicing wire.—In splicing stranded wire alay of 16 inches with
neat tucks at each end will suffice. A very satisfactory and durable
splice for piano wire is made asfollows: Overlap the two ends of
wire for adistance of about 10 feet with both wiresfairly taut.
Seize the wires at one end of the splice with sail twine and then
wind the free end of wire around the other wirein along spiral,
having about one turn in 2 inches and keeping the wiretaut. Then
seize the other end of the splice and see that the two wires are con-
tiguous throughout the entire length of the splice. Then with fine
copper wire seize each end of the splice for adistance of 2 inches,
continuing for a distance of about 1 inch along the single wire.
Next place two 2-inch seizings so as to divide the splice into three
equal parts. Clean dl seizings with muriatic acid, wipe with solder-

ing paste, and cover each with a thin coat of solder.
For emergency repairs to piano wire the following alternate

method may be preferable, asit requires lesstime than the one de-
scribed above: Anneal the end of each wire for a distance of about 2
inches. Then overlap the two wires and wind one around the other
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FIG. 12 — L-TYPE ELECTRIC SOUNDING MACHINE

FIG. 13.— DEEP-SEA ELECTRIC SOUNDING MACHINE
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FIG. 14. —HAND SOUNDING MACHINE

FIG. 15. — REGISTERING SHEAVE
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in long spiral turns for adistance of about 2 feet. At each end
of the splice wind the annealed end of wire in close turns around
the other wire; clean splice with muriatic acid and wipe with solder-
ing paste. Prepare a shallow trough by grooving a piece of timber
somewhat longer than the splice and fill withmelted solder. Then
dip the entire splice in the solder and wipe with several layers
of felt or other heavy material, greased with tallow, sperm candle, or
sweet oil, and held in the palm of the hand.

When stranded wire is used as stray line at the end of piano wire,
it may be spliced to the latter by unlaying one strand of the stranded
Wire, laying the piano wire in its place, and seizing and soldering
both ends of the splice.

Placing wire on sounding machine.— For winding piano wireon a
sounding machine the coil of wireis generally placed on a wooden
cone from 2 to 3 feet high and so proportioned that the coil rests
about halfway between the apex and base of the cone. The latter
is pivoted at top and bottom with the apex up. A supply of wire is
generally carried on a storage reel from which it can be transferred
to the sounding machine by power in a short time.

Sounding leads. — Leads of from 30 to 40 pounds in weight are used
with stranded wire and also with piano wire in depths where the
lead is recoverable; that is, depths from which the lead can be reeled
in without great danger of parting thewire. One thousand fathoms
is generally considered the approximate maximum depth for recovery
of thelead. For greater depths a detachable, pear-shaped, cast-
iron sinker, from 35 to 75 pounds in weight, is used with a, Belknap-
Sigshee specimen cylinder. (See p. 77.) The cylinder passes
through aholein the sinker, whichisslung by a wire bale. Upon
reaching the bottom the sinker is detached, thus decreasing the strain
on the wire when the cylinder isreeled in.

Registering sheaves. — A registering sheave, sometimes called a
sounding sheave (seefig. 15), consists of agrooved whed of cer-
tain diameter, mounted in a yoke so that it will turn freely, and
connected with arevolution counter which indicates the number of
fathoms of wirethat runsout over the wheel. A sheave differing
in design from that illustrated, in that a numerical counter is used
instead of adial and pointer and that the bottom of the score of the
whesel isformed by aremovable stedl ring, is being constructed for
trial in the field.

The practice of furnishing two sizes of sheaves, one for stranded
and the other for piano wire, which has been followed to some
extent in the past, has been discontinued, and all sheaves secured
hereafter will be designed for piano wire. The readings of such
sheaves, when used with stranded wire, will be too short by 16 inches
in 100 fathoms, an error that in most caseswill be negligible.
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A complete turn of wire istaken around the whedl of aregistering
sheave to prevent slipping.

Testing sheaves. — A registering sheave may be tested by running
the wire over it for a measured distance along awharf or other
level space. Another method is to caliper the wheel carefully and
calculate the length of one complete turn of wire, using the diam-
eter of the whedl plus the diameter of the wire. The wheel can then
be marked and turned a certain number of revolutions, the indicator
being checked for different numbers of revolutions multiplied by
the length of acomplete turn of wire.

If, after testing a sheave, it isfound necessary to apply a correc-
tion to itsreadings, a correction factor should be computed both for
piano and stranded wire.

Use of sheaves.—The accuracy of aregistering sheave isimpaired
as it becomesloose in its bearings through extensive use or is scored
by the wire. After asheave has been in use for some time the fre-
guency of tests should be increased, and the sheave should bedis-
carded and returned to the office when it becomes unreliable. Sheaves
should be oiled properly and handled carefully. Every precaution
should be taken to prevent the wheel from jamming inits yoke, as
thiswill nearly aways result in scoring by the wire.

Sheavesin use for some time will usually develop side play in the
yoke, which may cause an error of asmuch as 1 fathom in the dia
reading. Therefore, when special accuracy isrequired, asin com-
parative readings with tube or echo soundings, afairly new and care-
fully tested sheave should be used if practicable. In such cases, if it
is necessary to use a sheave with side play, the whedl should be held
against one arm of the yoke to set the pointer and against the same
arm to read the depth. In the new type of sheave aworm gear is
not used, so that the error due to side play should be eliminated.

The design of registering sheaves suggests their use as fair-leads,
for which they are well adapted. A sheave used for measuring
depths, however, should never be used solely as afair-lead. If itis
desired to use a sheave as afair-lead, one that has been discarded as
ameasuring device on account of wear may be retained for such use.

Arrangement of apparatus. — A ship-sounding machine may bein-
stalled on the stern or on one side forward. Inthe latter case it is
generally preferableto install it on the port side for vessels with a
single, right-hand screw. A fair-lead should be carried on a davit or
boom, so that the wire will lead clear of the side while the registering
sheave is mounted near the machine.

A satisfactory installation isindicated in Figure 16. The fair-lead
is carried at the outboard end of aboom of 2¥%-inch galvanized pipe.
It is attached to a pipe cross, which turns freely on the boom and is
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FIG. 17.— COAST AND GEODETIC SURVEY SOUNDING-TUBE EQUIPMENT

A, Sounding tube; B, tube cap, cut awa%/_to show c_apil(ljary_tube; C, measuring rod; D, scale; E, elec-
ric measuring device
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counterbalanced by an adjustable weight at the top. The registering
sheave may be seen just above and to the left of the operator's head.
A tension arm is hinged to the machine or rail and carries a small
sheave at the other end, which rides on the wire. The weight of this
arm takes up any slack and indicates clearly when the lead strikes
bottom.

An accumulator spring between the end of the boom and the stay
supporting it serves the double purpose of taking up sudden strains
due to surging of the vessel and of indicating the tension when redl -
ingin. The tie-rods of this spring are marked to show each 25
pounds of tension up to 150 pounds. A spring should be used for
piano wire in depths over 200 or 300 fathoms, and the speed of
reeling in should be so regulated that the tension does not exceed
100 pounds.

PRESSURE TUBES

For this method of sounding atube, closed at one end, is lowered
to the bottom, and the depth is determined by measuring, by various
means, the amount of water that has been forced into the tube by
the water pressure acting against the pressure of the air in the
tube.t

V arious types of tubes on the market have been used for naviga-
tional purposes for many years, but their use as surveying instru-
ments has not been satisfactory on account of the uncertainty of the
results attained. As soundings with tubes can be obtained up to a
depth of 100 fathoms without stopping the vessdl, their use for
survey purposesisdesirable in many regions. To meet this need the
Coast and Geodetic Survey has designed atube that gives results
superior in accuracy to any type heretofore used and that is satis-
factory, when certain precautions are observed, for usein hydro-
graphic surveying.

Coast and Geodetic Survey sounding tube—This tube and the equip-
ment used with it areillustrated in Figure 17. The tube consists of
a 2-foot section of standard brass tubing, one-half inch inside diam-
eter, with one end permanently closed. It isfitted with two straps
with eyes for attachment to the sounding wire. When used for
sounding, the open end of the tube is covered by a brass cap in which
a small winding hole forms acapillary tube about 3 inches long.
This opening will admit water to the tube under pressure without
allowing the air to escape.

When the tube is lowered to the bottom, a certain amount of water,
depending on the pressure due to the depth, isforced into it. When

1 For ageneral discussion of pressure tubes and the physical laws on which their use
is based, see Physical Laws Underlying the Scale of a Sounding Tube, Coast and Geodetic
Survey Special Publication No. 61.
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it is brought to the surface the water is trapped in the bottom of the
tube and the air escapes through the cap. The amount of water in
the tube is measured by removing the cap and inserting a brass rod
of certain cross section until the water is about to overflow. The
distance that therod is inserted is indicated by a diding marker
that rests against the end of the tube. The depth is read by holding
the rod against a scale so graduated that, when the end of the rod
rests against a stop, the depth in fathoms isindicated by the position
of the sliding marker.

Electric measuring device. — The insertion of the measuring rod
exactly to the overflow point is a delicate operation, especially if
theseaisat all rough. To obviate this difficulty, an electric measur-
ing instrument has been devised. Thisalso is illustrated in Figure
17. It incloses two flash-light batteries and has a head-phone con-
nection. It isclamped to the open end of the tube, and the movable
rod islowered until its point strikes the water in the tube, when an
dectrical circuit is established which causesaclick in the phones.
The moving rod actuates a pointer which indicates the proper depth
on a dial.

Sounding with tubes. — For tube sounding, stranded wire and a 30
or 40 pound lead are used with a hand or power sounding machine,
the latter of course being preferable and aways used if available.
Asthe vessal moves sowly on her course, the machine is released,
the wireruns out at an angle over afair-lead until the lead reaches
bottom, and the wireisthen regled in. The genera practice is to
use two pairs of tubes, lowering one pair while the others are being
read and prepared for the next sounding. No record is required
of the amount of wire run out.

The following method of securing the tubes has been found satis
factory. A wooden strip is secured just abovethe end of the wire.
This strip is split so that the wirewill lay along a groove in each
half section, and the two sections are seized to bind the wire between
them sufficiently to prevent the strip from slipping along the wire.
Four snap hooks are made fast to the strip, and the tubes are secured
by means of these snap hooks. The lead is attached to thewire by a
stray line. Swivels are placed above the tube strip and at each end
of the stray line.

The tube described above is the only one approved at the present
timefor use in hydrographic surveying. The genera requirements
foritsusearegiveninpart 1. The prescribed tests will take care
of any variation in temperature or barometric pressure, but these
data are required for use in the study of the graduation of pressure-
tube scales.

Precautions to be obser ved. — Care must be taken that all water has
been removed before atubeisused for sounding, and tubes must
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not be allowed to submerge or skip along the water after they reach
the surface, as thiswill cause them to spill or pump water. On one
ship of the bureau a tendency to skip along the surface was corrected
by attaching an 8-pound lead by a short lineto the heavier lead.
The tubes should be kept as nearly as practicable at the temperature
of thesea water. Thismay be accomplished by keeping the tubes
(between soundings) covered with burlap which is moistened at
frequent interval s with sea water.

ECHO SOUNDING

By this method, depths are determined by measuring the time
interval required for a sound wave, or rather atrain of sound waves,
to travel from or near the surface to the ocean bottom and to return
to the ship. The ocean bottom reflects these sound waves just as a
wall reflects a sound in air, producing an echo. One-half of this
time interval multiplied by the veocity of the sound waves gives
the depth. Echo-sounding machines consist of apparatus for produc-
ing sound under water, apparatus for detecting the echo, and ade-
vice for measuring the time interva that € apses between the produc-
tion of the sound and the reception of the echo. In some types of
echo-sounding machines depths can be determined by a single opera-
tion (by reading a scale which hasbeen calibrated in depth units
corresponding to time intervals multiplied by some adopted
velocity); in other types the time interval only isindicated and must
be multiplied by avdocity value to get the depth.

Vel ocity of sound in sea water, as explained in Special Publication
No. 108 (see p. 69), varies over an extreme range of from about 790
to 870 fathoms per second, depending upon temperature, pressure,
and sainity. As pressure depends upon depth, it is necessary to get
an approximate determination of depth before a correct velocity can
be selected. Accordingly, it isthe usual practice to determine depth
first interms of an arbitrary standard velocity (usually 800 fathoms
per second, which isafair average value) and then either to recom-
pute the depth for anew value based upon the actual conditions of
the water or to apply a correction to the first determined or observed
depth for differences of temperature, pressure, and salinity from
those that would give the standard sound velocity.

Asthis method can be used to get soundings with great rapidity
from a ship running at full speed, it will undoubtedly revolutionize
ship hydrography in depths over 10 or 15 fathoms.

Echo sounding.—The more recent fathometers, several of which
have been installed on ships of the bureau, employ a new circuit
in which no plate circuit relay is used. In such installations the wiring
of the illustrated fathometer units, amplifier, and battery box is different
from that in Figure 19. Ships equipped with the new fathometer
circuit are provided with suitable wiring diagrams and corresponding
descriptions. The principles of operation and the result obtained are
the same as described in this section of the manual.

On survey ships aswitch is placed across the "automatic cut-out"
of Figure 19. When it is closed asigna will be sent every revolution
of the dia; when open, every other revolution. Thisistrue for red-light
method and white-light method. The switch may be opened when the
depth isnear 100 fathomson red-light method and when near 600
or 1,800 fathoms on white-light method.

42651°—31——5
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Fathometer. — This echo-sounding apparatus, devel oped and manu-
factured by the Submarine Signal Corporation, of Boston, Mass.,
was first installed on avessal of the Coast and Geodetic Survey in
the spring of 1925. Subsequently similar apparatus has been in-
stalled on other surveying vessels, and it isnow used extensively
when surveying in depthsin excess of 15 fathoms. The fathometer
differs from most of the other types of echo-sounding apparatusin
that it indicates directly the depth, automatically converting time
intervals into equivalent depth units corresponding to the adopted
velocity of sound wave. Corrections to the indicated depths must
be applied only when the actual velocity of the subaqueous sound
wave differs from the standard adopted velocity to which the appa-
ratus has been adjusted.

The essential parts of the fathometer system are:

(1) The time-measuring device, known as the fathometer unit.

(2) The sound-producing device, known as the oscillator.

(3) The device by means of which the echo is detected and
reported to the fathometer unit, known as a hydrophone.

(4) The device used to reduce disturbing noises and to amplify
the intensity of the echo, known as a filter.

(5) The motor generator, which receives electrical power from the
ship supply and transforms it to power of the particular voltage and
number of cycles required for the oscillator.

(6) The wiring, switches, and circuits required to connect the
above apparatusin a manner to insure successful operation.

Fathometer unit.—All of the time-measuring apparatus is contained
in a metal box the outside dimensions of which are about 13 by 15
by 114 inches. The front of the box hasa circular hole fitted with
aglass dial on which are two concentric scales, the inner reading by
fathoms from 5 to 100 fathoms and the outer by 5-fathom intervals
from Oto 600 fathoms. A speed indicator, astarting and stopping
switch, and two adjustment regulator knobs are alsoinstalled in
front. On the left side of the box (when facing thedial) isaknob
for shifting the gears, and on the right side isapush button for
interrupting the oscillator signals. Thewholeright sideisahinged
door giving accessto the internal mechanism. (See fig. 18.)

The purpose of the fathometer unit is to measure the time elapsing
between the creation of asignal and the return echo. This isaccom-
plished by revolving an opaque disk at a uniform known speed just
back of the glass dial. This disk hastwo narrow dots, 180° apart,
one exactly behind each of the scales of the glassdial. A Geisser
tube (neon gastube) isinstalled back of one slot in such a manner
that when illuminated ared light shines through the slot and is visible
against theinner scale of thedial. Thisisused in what is known as
the "red-light method." Back of the other slot is a small incan-
descent € ectric lamp which, in the same way, shows a band of white
light against the outer scale. It isused inthe so-called "white-light
method."
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The disk is rotated by a small governor controlled motor which
maintains a constant speed as long as the ship's voltage remains between
90 and 115 volts. Changes in speed of the motor for voltage changes
outside these limits can be made by means of the rheostat, the control
knob for whichisinthelower left-hand corner of the front face. A
special vibratory tachometer to indicate the speed of the motor isinstalled
in the upperright-hand corner of the front face. As afurther guarantee
against variations in speed due to fluctuations in the voltage of
the ship lines, a centrifugal governor is attached to the motor of
sets furnished to surveying ships.

The disk is mechanically connected with the small motor through
a train of gears which can be shifted by means of the knob in the
left side of the case so asto causethe disk to rotate at a speed of
exactly four revolutions per second or at a speed of exactly one
revolution per 1% seconds. The faster speed (one-fourth second) is
employed with the red-light method for all depths not in excess of
100 fathoms, but may be used to depths of 200 fathoms or more if
the Geisder tube can be madeto flash. With this speed the inner
scale (5 to 100 fathoms) must be used, and if in depths over 100
fathoms, which can be determined as described hereafter, 100 must
be added to the scalereading. The slower speed (one and one-half
seconds) is used with the white-light method for depths over 100
fathoms, but it is possible to measure less depth by this method and
also to hook up the Geissler tube so that it will operate in conjunction
with the white light at this speed. The outer scale must be used in
measuring the depth at this speed of revolution of the disk.

At the instant one of the dotsinthe disk passes the zero of its
scale acircuit is closed by acam, which energizes the oscillator for
an ingtant and causes it to emit a very short train of submarine sound
waves of afrequency of 1,050 cycles per second. These sound waves
are reflected from the bottom of the ocean and, when they reach the
vessel, actuate the hydrophone and indicate to the observer their
arrival in one of two ways. In the red-light method the hydro-
phone circuit is connected through filters, amplifiers, and relay in
such manner that the Geisser tubeisilluminated at the instant of
arrival of the echo. Thisred flash oppositethe position on the scale
to which the tube hastraveled in theinterval since the sound was
produced indicates the depth. (Seefig. 20.) In the white-light
method the small incandescent lamp back of the second dlotis
lighted permanently and, shining through the dot, is seen to travel
around the glass dial in contact with the outer scale. The hydro-
phone is connected with a pair of head phones in such manner that
the echo can be heard in the phones. The observer, therefore, notes
the exact position, on the scale, of the white light at the instant he
hears the echo.
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The sound waves travel outward from the oscillator in all direc-
tions and reach the hydrophone in an extremely short interval of
time, producing a reaction similar to that produced by the echo.
There are, therefore, two records for each series of vibration of the
oscillator, one at about zero of the scale, due to the waves that travel
by the shortest path to the hydrophone, and a second, due to the
arrival of the echo. To avoid ambiguity at depths of about 100
fathoms, that would result from the arriva at about the same in-
stant of an echo and the following direct sound waves, a cut-out
switch has been placed in the oscillator circuit to prevent it closing
on every alternate revolution of the disk. Hence, oscillator signals
are produced by the red-light method at intervals of one-half sec-
ond, or at every aternate revolution of the disk, rather than at
every revolution. At depths around 200 fathoms thereisthis am-
biguity, but at that depth the white-light method is readily available
to take care of that condition.

On the right face of the fathometer case is a push button which,
when depressed, holds the oscillator-circuit open. Thisisfor use
with the white-light method and servesto prevent succeeding signals
overlapping and obscuring an echo. This button may be used aso
with the red-light method to obviate ambiguity at 200 fathoms.

An adjustment is provided on theinside surface of the rotating
disk in order that the depth reading may be made to indicate either
depth from the surface or depth below the ship. By means of the
same adjustment, lag in the plate-circuit relay and elsewherein the
hydrophone circuit and recording mechanism may be taken care of.

Electrical connections—Fathometer unit.—The compl ete electrical
connections of the entire system are schematically illustrated in Fig-
ure 19. A diagram illustrating the operation of the red-light method
isgivenin Figure 20.

Taps from the positive and negative wires of a 110-volt circuit are
connected to a start-stop switch used to control the entire operation.
It issimilar to an electric-light push-button switch and can be seen
at the upper left-hand corner of the face of the fathometer unit.

The shunt-wound motor which operates therotating dial is shown
in connection with the associated wiring of its governor which keeps
the motor-speed constant throughout line voltage changes from 90
to 110 volts.

On the armature shaft are mounted slip rings connected el ectri-
cally with diametrically opposed segments of the commutator. The
brushes which bear upon these rings are connected with the vibratory
tachometer, seen at the upper right-hand corner of the face of the
unit. When the motor is running at its correct speed there will be
generated in this tachometer circuit an aternating current having a
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frequency corresponding to 1,800 revolutions per minute. With a
current of this frequency the reed above the arrow will vibrate at a
maximum amplitude. The supplementary reeds are provided so that
the observer can readily see whether the motor, and hence the disk
bearing the illuminated pointers, isrunning too fast or too slowly-
and thus be enabled to easily adjust the potentiometer and bring the
motor to the correct speed.

Rocker switch 1 is provided so that there may be no injury to the
motor at the time of shifting the gears when the load on the motor
is rapidly removed and restored. The switch contacts are shunted
by a resistance, which arrangement allows the motor to continue in
motion while the gears are being shifted or while the gears are not
interlocked.

Rocker switch 2 controls the circuits of the lamps on the rotating
disk. When the switch blade is connected with the contact marked
"shallow," the connections are established with the Geisder tube of
the red-light method. When the gear-shift lever is turned to change
from the rapid revolution of the disk, switch 2 is simultaneousy
turned and a circuit is established through contact marked "deep"
with the incandescent lamp on the disk used in the white-light
method.

A wire goesto starter in the engine room so that the motor gen-
erator will be controlled by the start-stop switch on the fathometer
unit.

The completion of the circuit, through the wire, will be explained
in detail under the description of thefilter circuit.

Filter. — The fathometer filter consists of afour-stage triode valve
circuit for amplifying the received echo to a point whereit is suffi-
ciently strong to operate the plate-circuit relay, and a system of
inductances and capacities which passes frequencies in the neighbor-
hood of the signal frequency but which eliminates or considerably
reduces all other frequencies.

Asthiscircuit is placed between the hydrophone and the amplifier,
water noises, etc., which are chiefly of low frequency, are cut out, and
the only currents which reach the amplifier with any magnitude are
those caused by thesignal. Thistendsto keep strays, water noises,
etc., from operating the relay.

The batteries to operate the filter circuit are contained inthe
battery box, there being a 4-volt battery for supplying filament
voltage and a 72-volt battery for the plate or anode current.

On the schematic diagram the circuit through the filter and its
batteries along with the fathometer circuit may be traced as follows:

On closing the 110-volt start-stop switch, current in the positive
wire passes through the motor field and armature and a parallel
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FIG. 20. — Operation of fathometer red-light method
As the neon tube A passes its zero position on the depth scale, cam B
closes contactor C, which sends an alternating current from motor generator
D through oscillator E. This produces a sharp sound which istransmitted
through the water to the bottom and is reflected, so that a hydrophone F
placed in a tank of water adjacent to the skin of the ship receives these
sound waves, transforming them into electrical waves of the same frequency,
There are other sounds or noises about a ship which set up currents of
various frequencies, but these are filtered out by the filter G, and only the
current caused by the echo is allowed to pass on to the amplifier H. Here
it is amplified to such an amount that it will operate a relay, breaking a
circuit in the primary of a transformer, which induces a current in the
secondary of the transformer of sufficient voltage to cause a momentary
glow of the neon tube, indicating the proper depth on thedial. This opera-

tion is repeated each time the neon tube passes its zero position.
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circuit in the fathometer and then through to the A battery and back
through to the negative side of the switch. Thisinsuresthat the A
battery, or filament-heating battery, is aways being charged when-
ever the fathometer is being operated; and, since the charging cur-
rent is somewhat greater than the discharging current, the battery
is kept fully charged.

From the positive side of the 110-volt line, before it reaches the
switch, awire connectsto a 1,330-ohm resistance in series with the
positive side of the B battery, thence back to the positive side of the
A battery, and thence to the negative side of the switch, so that,
whenever the switch is closed, a charging current will be sent through
the B battery.

By this arrangement both batteries are being charged while in
service, with the result that the batteries are kept charged by the
current supplied during the normal operation of the fathometer.

The difference of potential across the 20-ohm resistance shown in
the motor circuit isused to actuate arelay which closes the micro-
phone-battery circuit, the amplifier-filament circuit, the spark-coil
circuit, and the circuit which provides for the charging of the B
battery.

Oper ation of filter circuit. — When not in use there is no current
flowing through any of the tubes or hydrophones or any part of the
filter circuit. As soon as the start-stop switch is closed on the
fathometer the amplifier cut-out relay isoperated and the battery
circuits are closed, so that current will be flowing through the hydro-
phones and through the tube circuits, provided the fathometer is in
operation for shallow depths. If in shallow depths, each time the
echo isreceived on one of the hydrophones, depending on which one
the switch isturned to, the current in the hydrophone is changed at
the same freguency as the oscillator note — namely, 1,050 cycles per
second — and a voltage of corresponding frequency, after passing
through the filter, isimpressed on the grid of the first tube, where it
isamplified and passed on to the second and third tubes.

Before reaching the grid of the third tube the signal passes through
acondenser and grid leak. In so doing it causes the grid of thistube
to become more negative and hence decreases the plate current. This
change in plate current givesriseto an alternating voltage across
the plate-circuit resistance which is passed on to the grid of the last
tube through a condenser. A similar action takes place herein that
the change in plate current causes a current to passthrough the
condenser and relay coil. This pulse of current causes therelay to
open its contacts and, therefore, the spark-coil circuit.

The sudden change inthe primary or low winding of the spark
coil causes a rapid decrease in the magnetic flux through the sec-
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ondary, so that the voltage induced in the secondary of the spark coil
is more than 1,000 volts, which, passing into the red light (a Geissler
tube with neonin it), produces a momentary glow of red color. Im-
mediately after the cessation of the signal the circuit is again closed
through the spark coil, alowing time for the current to build up to
its normal value, which is of the order of 0.05 ampere.

In general, the rheostat in series with the hydrophones, the one at
the lower right of the fathometer, should be turned as far to the left,
counterclockwise, as will bring in the greatest number of echoes or red
flashes with the least humber of stray signals. This adjustment to
the left gives the maximum amount of resistance in the rheostat.

When operated for deep depths, changing the gears from shoal
to deep closes arocker switch which lights the white light. The flash
of the red light will then take place at one-sixth of the true depth,
due to the change in gear ratio. Multiplying the red-light reading
by six will then give a check on the depth as determined by the
white-light method. The adjustment of the rheostat now may be
whatever best suits the condition of relative signal strength heard in
the telephones, since the whole object now is to be able to distinguish
when the echo returns and be able to read the position of the white
light ssimultaneoudly. Practice is about the only guidein this case,
for some peopl e distinguish the echo more easily when it isfaint and
there is a small amount of water noise, while others hear more readily
when it isloud, even with a greater amount of water noise.

On the inside of the filter box, to the right of the hydrophone
switch, a rheostat is provided in shunt with the hydrophone input
to give a rough adjustment of the signal strength. Turning this
rheostat all the way to the right open circuits it so that the full signal
strength from the hydrophones isdelivered to the amplifier. Turn-
ing it to the left will decreasethe signal strength to about what is
necessary for the depth in question, after which fine variations may
be made with the rheostat in the lower right-hand corner of the
fathometer. As a genera thing, one adjustment of the coarse-
adjustment rheostat will suffice for depths from 15 to 100 fathoms.
As the depth increases it may become necessary to turn it all the
way to the right.

Detailed procedure for operating fathometer . —After the fathometer
installation has been completed the operation to determine depthsis

as follows:
Turn line switch on the motor-generator switchboard to the " On "

position and the oscillator switch to either "Port" or "Starboard.”
The motor-generator set can then be controlled from the fathometer.
The hydrophone switch is mounted on the inside of the filter box, on
the filter-box terminal board. This switch may be set to use any of
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the three hydrophones, although better results may usually be ob-
tained by using the tuned hydrophone for deep water and one. of the
K tubes for shallow depths.

To make, the fathometer read depths from the surface, the draft
adjustment, which may be. found on the back of the rotating dial,
must be set to compensate, for the draft of the ship and also for
lag. Thus, if the ship isdrawing 3 fathoms, the pointer on the
adjustment should be set at 3. Lag correction is determined experi-
mentally; the pointer is shifted enough to make the fathometer
readings, corrected to proper velocity of sound, agree with measured
depths. Turning the gear-shift knob on the left-hand side of the
fathometer to ahalfway position between "Shoal" and "Deep”
will disengage the gears, so that the rotating dial can be turned by

hand.
After the above adjustments have been made, pushing the start-

stop switch button at the upper left-hand corner of the fathometer
starts the fathometer motor and also the motor generator which sup-
plies the power for the oscillators.

On the inside of the filter box, on the filter-box terminal block, a
rheostat is provided shunted across the input circuit, which gives a
coarse adjustment of the signal strength. Turning this rheostat all
the way to the right gives maximum signal. With the fathometer
running with the gearsin the " shoal " position, ared flash should
come twice a second at about 3 fathoms. This is the flash caused
by the direct signal. Starting with the shunt rheostat set at maxi-
mum, slowly turn it to the left until the echo flash appears. Fine
adjustments may be made with the series rheostat in the lower
right-hand corner of the fathometer. Usually good operation can be
obtained by turning the rheostat in the filter box about one-half inch
to the left and then making final adjustment with the series rheostat.
In thisway a considerable range of depths may be covered with but
one adjustment of the shunt rheostat, the necessary increasesin
signal strength as the depth increases being made with the series
rheostat. As the depth increases the echo, of course, becomes some-
what weaker and the voltage delivered to the amplifier must be in-
creased. Thisis done by turning either the series or shunt rheostat

to the right.
With this system depths may be conveniently measured up to 200

fathoms. Beyond this point the white-light method, so-called, can
usually be used to better advantage.

However, for depths between 100 and 115 fathoms a new scale
must be provided, since the shallow-water scale begins at 5 fathoms
and is incorrect from thereto about 15 fathoms for use for depths
greater than 100 fathoms. This is due to the fact that the fath-
ometer measures the hypotenuse of the triangle of which the sides
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are the depth and one-half the horizontal distance between hydro-
phone and oscillator but records the actual depth. Thisis accom-
plished, by reducing in correct proportion the length of each fathom
division until a depth is reached at which the hypotenuse and the
depth are so nearly of the same length that the difference can not
be shown onthe scale. It is, therefore, the practice to gum a paper
scale just inside the inner scale, extending from O to 15 fathoms
and divided into intervals of the length of those beyond 15 fathoms;
this scale is for use when the depth exceeds 100 fathoms.

To utilize the white-light method turn the knob on the left-hand
side of the fathometer to the "deep" position, which changesthe
gear ratio, so that one signal is sent out each three seconds, and
a white light will appear on the outer edge of the rotating dial.
With this system contact is made when the white light passes the
zero position for its scale, which is at the bottom of the dial. Two
signals will now be heard in the phones, one at the instant of mak-
ing contact, which isthe direct signal, and another a moment | ater,
which is the echo. Thetime interval between the two will in-
crease, of course, for increasing depths. Measurements are then
made by observing the position of the white light at the instant
when the echo is heard. A check on this depth may be made by
observing the depth indicated by the red light, which isin operation
at the same time, and multiplying its indication by six.

For depths greater than 600 fathoms the dial will make more than
one complete revolution between signal and echo. In such depths
the fathometer must be prevented from making further contacts
until the echo has had time to return. To do this the button on the
do or at theright-hand side of the fathometer should be pushed in
after contact has been made. This procedure holds the contacts
open and prevents the transmission of any more signalsuntil the
echo from the first has been received. For depths greater than 600
fathoms the true depth is equal to 600 times the number of revolu-
tions between signal and echo.

A vibratory tachometer in the upper right-hand corner of the
fathometer serves to indicate whether or not the motor speedis
correct. The motor speed should be such that the middlereed is
vibrating. This corresponds to a sound velocity of 4,800 feet per
second. The velocities corresponding to the other reeds are given
in an accompanying table.

L ocation of faultsin operation. — Fathometer motor starts but no
red flash with fathometer set on "shoal.” Trouble may be due to:

(a) Motor generator not running. See that line switch on
generator ison.
(b) Defective hydrophone. Try switching to other hydrophone.
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(c) Amplifier. If signal can not be heard in phones, see that
the potentiometer at the lower right-hand corner of the fathometer
indicator is turned all the way to the right. If signal isstill not
heard with fathometer running but amplifier does not sound dead,
try touching phone tipsto grid and filament terminals of each tube
socket, beginning at the right. These terminals are the two ter-
minals of the right-hand side of the tube sockets.

If signal is heard with increasing loudness as phones are touched
on the grid and filament terminals going from right to left, trouble
is probably due to relay being out of adjustment. This can usually
be overcome by dacking up on the two thumbscrews at the back of
the relay, which hold the lever arm in place, and moving the lever
arm dlightly to the right or left. When the red flashes begin to
appear, the two thumbscrews should be tightened up. Adjustment
should be made so that flash occursfor as small asignal strength
as possible without bringing in too many strays.

If contacts on relay have to be removed for cleaning, or the con-
tacts have been thrown out of adjustment for any reason, the com-
plete relay adjustment may be made as follows:

(d) Relay adjustment. Center lever adjusting arm and lock
with two thumbscrews. Back off on both armature stop screws and
alow the tongue of the relay to come over against the left-hand
pole piece. (By left-hand is meant the pole piece which appears
on the left astherelay isinstalled in the filter amplifier.)

Now take up on the left-hand stop screw until the tongue just
falls over to the right. The right-hand stop screw should now be
screwed up until thereis just room enough for the contacts to open.
Final adjustments can then be made with the thumbscrews.

(e) Battery voltages down. Test both A and B batteries with a
voltmeter, to see that they are at normal potential. The A battery
should be 4 volts and the B (or plate) battery 72 volts. Any fall-
ing off in these voltages will result in poor operation and, if the
decrease is great enough, may even cause the apparatus to refuse
to function altogether. Inability to get satisfactory adjustment of
therelay is often due to this cause.

Stray flashes on red-light method system. — Trouble may be due to:

(a) Relay set in atoo sensitive condition. The plate-circuit re-
lay, which may be seen on the left-hand side of the filter amplifier
(just above the hydrophone switch), isavery sensitive instrument
and may be set so asto operate on avery weak impulse. If itis ad-
justed to this state, it will be operated by any disturbance, such as
water noise, coming from the hydrophones. As these noises are
amost always present to a certain extent, particularly at high speeds,
the relay may operate on impulses received from these disturbances
aswell as from those received from the echo.
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The remedy isto move the lever adjusting arm slightly to the left
by means of the thumbscrews on top of the relay until the stray
flashes stop, and only the echo or possibly the echo and direct-signal
flashes are present.

(b) Other causes.—Stray flashes may also be caused by arcing on
the commutator of the motor generator, the motor in the fathometer,
or by dirty or poor contacts at such points as the oscillator-contact
points in the fathometer, the tube sockets, etc.

Irregular or weak operation on red light.—If the fathometer oper-
ates satisfactorily in shoal water, say 30 fathoms or under, but does
Not operate or operates very irregularly at greater depths and the
echo sounds wesak, the trouble may be due to one or more of the ampli-
fier tubes having become worn out. The remedy isto try replacing
progressively each of the tubesin the amplifier with a new tube from
the spare-parts box. If no difference is noted in the intensity of the
signal when one tube is replaced, the old tube should be put back and
next one removed, and so on. When the bad tube is replaced, an
immediate increase in signal strength will be noted.

A weak-sounding echo may also be due to the motor generator
being off frequency. The armature should be revolving at 2,575
revolutions per minute when cold. After running until heated up, it
should be revolving at about 2,625 revolutions per minute.

After aperiod of six months, more or less, depending upon the
amount of use to which the fathometer is put, the dry cells, located
in the battery box, which supply the microphone current will become
worn out and should be replaced. This state will be manifested by
the fact that the signal heard in the receivers will become weak and
may be insufficient to operate the red light. Two new dry cells
should then be put in to replace the worn-out dry cells.

Vibratory tachometer

el o Revolutions Velocity
R ycles ;
er minute
P Ft./sec. Fms/sec. | Meterg/sec.
2815 1, 710 4, 560 760 1, 390
20/, 1, 755 4, 680 780 1, 426
29%, 1, 785 4, 759 793 1, 450
30 1, 800 4, 800 800 1, 463
30V, 1, 815 4, 840 807 1, 475
30% 1, 845 4, 920 820 1, 500
3115 1, 890 5, 040 840 1, 536

Reeds are calibrated for not more than one-half of 1 per cent error, maximum.
Average error is 0.2 per cent.

Sonic depth finder —This apparatus, devel oped by the United States
Navy, issimilar in principle to the fathometer, but all depths are
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read by a method of synchronizing in split head phones the sound
impulse and its echo. Depths can not be read by this method with
sufficient accuracy for survey purposes in less than 100 fathoms.

Use of echo-sounding appar atus—The general requirements for use
of such apparatus are givenin part 1. The method of correcting
and reducing soundings is described and illustrated in chapter 6.

Velocity of sound in sea water >—The use of echo-sounding appara-
tus requires knowledge of the velocity of sound in seawater. The
sonic depth finder gives a time interval which is used with the
velocity of sound to determine the depth. The fathometer is required
to be operated at a speed corresponding to a standard sound velocity,
so that a correction factor must be used to correct the sounding for
the actual velocity existing under the conditions that prevail at the
time of sounding.

The velocity of sound in water depends on the pressure, tempera-
ture, and salinity. The approximate pressure at any depth, of course,
is known; temperatures and salinity must be determined by observa-
tions on the working grounds and are used in connection with tables
published in the appendix to this manual to obtain the velocity.
The use of these tables is explained under " Reduction of soundings"
in chapter 6.

Temperatures—Of dl the physical conditions that affect the velocity
of sound in seawater, temperature is by far the most important.
An error of but 1° C. in the mean temperature of the water will
cause an appreciable error in the adopted velocity of sound—about
twice the error caused by an error of one salinity (one part per
thousand of the salt content). Itis, therefore, evident that the
hydrographer must give special attention to this subject. He must
know the mean temperature of the water through which the sound
travels—that is, from the depth of the oscillator and hydrophone to
the bottom—for every sounding. Itispracticableto obtain this
mean with an error not in excess of 1° C. if sufficient temperatures
are taken during the season.

The temperature curves for the coast of Oregon and the Gulf of
Alaska show arapid drop in temperature from the surface to about
20 fathoms, below which the drop is gradual and uniform. The
Lower California curve shows a constant decrease in the rate of
change to a depth of about 120 fathoms and then auniform rate to
500 fathoms. The Hawaiian curve shows that the surface tempera-
ture, decreases less than 1° to a depth of 50 fathoms; the temperature
then decreases rapidly to about 110 fathoms and from there decreases
in a constantly diminishing amount to about 450 fathoms. How

2For further discussion of this subject and description of experiments for the determina-
tion of velocity of sound in sea water, see Coast and Geodetic Survey Special Publication
No. 108.
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frequently then should temperatures be taken? This must be decided
by the hydrographer in every case, since conditions vary so greatly
in different localities that no formula can be stated that will apply to
al places at all seasons. A few general rules, however, are suggested
by the temperature curves given in Figure 21, which are fairly
typical.

All curves meet approximately at about 450 fathoms. From these
curves we see that the average of the temperatures at the surface and
at the bottom, except for very shallow depths, will not give the true
mean temperature within 1°. We also see that for some localities, in
Oregon and Alaska, the mean temperature for the first 30 fathoms,
obtained from the average of observations at 5-fathom intervals, if
combined with observations at wide intervals, such as 50 or even 100
fathoms, would give a mean temperature close to the fact. On the
other hand, for Lower California, and especially for Hawaiian
waters, temperatures must be taken at short intervals, in the latter
caseto adepth of 300 fathoms, to get atrue mean. Finally, we see
that in depths greater than about 400 fathoms there is little difference
in temperature between such extremes of latitude as Gulf of Alaska
and Lower Cadlifornia or Hawaii. We may aso infer from these
curves, since the great temperature differences are in the upper strata
(100 fathoms or less), that seasonal changes in temperature are con-
fined to those strata. Observations at different seasons in the same
locality confirm this inference and indicate that, in general, seasonal
changes in temperature extend for avery short distance (much less
than 100 fathoms) below the surface.

From these conclusions we may adopt the following general rules
for observing temperatures for the determination of echo-sounding
velocities:

1. Beginning at a depth of 2 fathoms (the approximate depth of
oscillator and hydrophone), observe temperatures at intervals of 5
fathoms of depth as long as the difference between successive observa-
tions amounts to 1°C. or more. When the differenceislessthan 1°,
increase the depth interval to 10 fathoms. If the next observation
gives atemperature difference of less than 1°, increase the interval to
20 or 25 fathoms. Continue to increase the interval between observa-
tions as long as the temperature changes remain within 1°. Intervals-
may be increased to 100 or even 200 fathoms when successive observa-
tions show small changes in temperature (half a degree or so).

2. Take another temperature series in some other locality but with-
in the area under survey and compareit with thefirst. If the second
series gives a mean temperature within 1° of that obtained from the
first series, it may be assumed that additional series are not necessary
at that time unlessthere are reasons for suspecting that the condi-
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tions at these two stations are not typical of the whole area under
survey. A glacial stream or the proximity of an oceanic current to
the working ground would suggest the need for additional seriesin
those localities.

3. At intervals during the season, as the surface water becomes
warmer or colder, short series should be taken down to a depth at
which the temperature conforms to the first series.

4. To obtain mean temperature from one of these series, it is neces-
sary to make due allowance for the changing interval depth between
observations; the arithmetical mean would give too much weight to
the high temperatures of the warmer water of the upper shallow
layers. Accordingly, temperatures must be weighted in the ratio of
the distance between observations. The short series taken at different
times during the season to test seasonal changes can be combined with
the lower part of along series in the same way.

5. A new mean temperature value should be adopted whenever the
observations indicate that the old value no longer holds true, and
especial care should be taken to show in the records when a change
has been made andto giveall datato support the temperature
adopted.

A convenient method for recording temperatures and for working
out and preserving the means, factors, and corrections resulting
therefrom, is shown in the following table. The method of obtaining
factorsis explained on page 119.

Fathometer factors and corrections for soundings of 450 fathoms or less
[Locality, coast of Oregon. Mean salinity, 33. Standard velocity, 800]

Date, ----------------- Location of station: Lat., ---------- ; long., ----------
Tem- | Mean Tem- | Mean
Depthin | pera- | tem- | oo COMEC | pDepthin | pera- | tem- | .o CoTec
fathoms | ture, | pera fathoms|| ~ fathoms | ture, | pera fathorns
12.0 6.8 7.6| +0.012 | +1.0
9.5 6.7 75| +.012 +1.1
8.3 9.9 +0018| +0.2 6.7 75| +012| +1.2
7.7 94| +.017 +.3 6.7 75| +.012 +1.2
7.5 9.0| +.015 +.3 16.5 173 +.011 +1.3
7.3 8.7| +.014 +.4 6.3 7.2| +.011 +1.5
7.2 85| +.014 +.4 6.2 7.0| +.011 +1.8
7.2 83| +.014 +.5 6.0 6.9 +.010 +1.8
7.2 8.2| +.013 +.5 5.8 6.8| +.010 +2.0
7.2 8.1| +.013 +.6 57 6.7| +.010 +2.2
7.1 8.0| +.013 +.7 55 6.6| +.009 +2.2
7.0 79| +.013 +.7 53 6.5 +.009 +2.3
7.0 79| +.013 +.8 53 6.4| +.009 +2.5
7.0 7.8| +.012 +.8 52 6.4| +.009 +2.7
6.9 7.7 +.012 +.9 438 6.1| +.008 +2.8
6.9 7.7| +.012 +.9 4.6 59| +.008 +3.2
6.8 76| +012| +1.0 44 58| +008| +3.6

1 Weighted mean from this point downward.

Temperatures are obtained conveniently by means of the Tanner-
Sigsbee reversing case and deep-sea thermometer. The thermometer
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and case are lowered to the desired depth and held there for about
one minute to allow the mercury to rise to the correct scal e reading.
It is then hauled up and read, the case reversing on the upward
motion and breaking the mercury column at the reading at which
the case begins to rise, or rather slightly above that level. (See
P.77.)

Salinity.—The salinity of seawater is considered to be the number
of parts per thousand, by weight, of total dissolved solidsand is
expressed by this symbol ,0% Salinity and reative density (spe-
cific gravity may be determined in several ways, and the results
may be converted from one term to the other by empirical formulas
or by tables. Since velocity of sound tables have been prepared
in terms of salinity, temperature, and pressure, it is necessary to
convert density values to their salinity equivalents when observa-
tions are made in terms of density. Table 3 in the appendix is
available for this purpose. For echo sounding and subagueous
sound ranging it is necessary to know the salinity of the sea. water
to 1 part in 1,000, corresponding to arelative density of about eight
in the fourth decimal place.

Salinity by hydrometer.—The simplest method of determining
density is by means of a hydrometer. Since hydrometers are usually
calibrated in terms of specific gravity or density, it is necessary to
refer to Table 3 for the salinity equivalent. The Coast and Geodetic
Survey furnishes these instruments in sets of three, having scales
of 1.0000 to 1.0110, 1.0100 to 1.0210, and 1.0200 to 1.0310, respectively.
The value of the smallest division of each is 0.0002 of specific gravity,
which division can be read to the nearest one-half by estimation.
Densities can therefore be obtained to one in the fourth decimal
place by these instruments, which is well within the requirements for
hydrographic surveys.

Some difficulty may be expected in reading accurately a hydrome-
ter on shipboard, and if thereis much vibration and rolling, it will
be impossibleto get the requisite accuracy. Inthis casewater speci-
mens should be preserved in glass-stoppered bottles until they can be
tested. If the motion of the ship is not too great, the hydrometer
can be read satisfactorily if thetop of the hydrometer jar is grasped
between the thumb and first finger and allowed to hang freely, which
will cause it to maintain a vertical position in spite of the motion
of the ship. Temperature of the water specimen should be observed
to the nearest tenth of a degree centigrade, which requires that the
water be well stirred and temperature observation taken as nearly
as possible at the sametimethe hydrometer isread. Hydrometers,
thermometer, and beaker should be kept clean and free from salt
deposit that would affect the sample; they should be washed in fresh
water after the compl etion of observations.
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In reading the hydrometer, look at the water surface from beneath
(through the liquid and its glass container) and gradually lower the
glass until the ellipse becomes a straight line, which is the bottom
of the water meniscus in the hydrometer jar. The position of this
straight line on the hydrometer scale givesthe correct reading. It
iswell to take two or three readings, to make sure that the bulbis
not sticking to the side of thejar.

Salinity by titration.—The salinity of seawater can be determined
quickly, conveniently, and with sufficient precision by titration with
silver-nitrate solution, even when the motion of the ship istoo
great for accurate hydrometer observations. Experiments have shown that
experience is not essential; that with reasonable care any officer can
get satisfactory results. This method depends upon the fact that the
percentage of chlorinein thetotal dissolved solidsin seawater is
nearly constant the world over and may be taken as 55.25 per cent
without serious error. The method consists in observing how much
silver-nitrate solution of known strength must be added to a measured
sample of seawater, to which afew drops of potassium chromate so-
lution have been added, to precipitate as silver chloride all the
chlorine in the water.

The silver-nitrate solution is prepared by dissolving 54.18 grams
of chemically pure, dry silver-nitrate crystalsin distilled water and
then adding enough more distilled water to make 2,000 cubic centi-
meters of solution. The crystals should be kept in a dark place, as
they undergo chemical change when exposed to light.

The potassium-chromate solution should be prepared as follows:
Dissolve 5 grams of chemically pure potassium-chromate crystals in
distilled water, add silver-nitrate solution slowly, drop by drop,
stirring constantly, until adistinct red precipitate is formed. Filter
and dilute the filtrate with distilled water to make 100 cubic centi-
meters of solution. This solution may be kept in a 4-ounce glass-
stoppered bottle and can be taken from the bottle and dropped into
the sample of seawater by means of a 1 cubic centimeter transfer
pipette.

The following additional equipment will befound desirable for
performing titration: A 50-cubic-centimeter burette, a, 250-cubic-cen-
timeter evaporating dish, a glass stirring rod, a 10-cubic-centimeter
transfer pipette, and a 150-cubic-centimeter glass beaker. The suc-
cess of the operation is dependent upon all apparatus being abso-
lutely clean; all apparatus should be rinsed with distilled water after
use.

The procedure for making atitration is asfollows:

(1) Using the beaker, fill the burette to the zero mark with silver-
nitrate solution, making sure that the tip of the burette isfull.



HYDROGRAPHIC MANUAL 75

(2) Rinsethe evaporating dish, stirring rod, and 10-cubi c-centi-
meter pipette with seawater and then shake them clear of all drops.

(3) Using the 10-cubic-centimeter pipette, measure out 10 cubic
centimeters of searwater sample into the evaporating dish. Add 1
cubic centimeter of potassium-chromate solution and place the evapo-
rating dish under the burette. Allow silver-nitrate solution to run
down into the evaporating dish from the burette, stirring constantly,
until apink tint appears that does not disappear upon stirring. The
reading of the burette will then be the salinity of the sample in parts
per thousand (by weight) of total dissolved solids.

The observer can usualy estimate a minimum vaue for the
salinity and let the nitrate solution run down rapidly to the corre-
sponding mark on the burette. After that he should let the solution
drip down slowly, stirring constantly. Probably some solution will
drop from the burette after he has attempted to stop the flow. |If
so, he should count the number of drops after he detectsthe color
change (including that left hanging from the tip of the burette)
and subtract an amount equal to the number of drops multiplied by
0.05 cubic centimeter from the burette reading.

Other methods.—The dipping refractometer affords another means
for determining salinity on shipboard with considerable precision,
even in quite rough weather. The instrument is designed to measure
the refractive indices of liquids at known temperatures but must be
used in connection with calibration charts, since it gives values only
in terms of an arbitrary scale. On account of the cost of this instru-
ment and because two other relatively inexpensive methods are avail-
able to meet usual requirements of hydrographic parties, a dipping
refractometer will be supplied only when the need isevident. Com-
plete instruction and calibration charts will be supplied when these
instruments are issued.

Electrical resistance of seawater variesin adefinite ratio with its
salt content, which offers still another method for measuring salinity.
Special apparatus has been constructed and used successfully on ship-
board to determine salinity with a very high degree of precision.
This apparatus gives results considerably above the requirement for
hydrographic surveying but isvery costly. No electrical apparatus
is known that will meet our required accuracy and can be obtained at
amoderate cost.

There are several other means for measuring salinity, but it is
doubtful if any of them are suitable for use on shipboard.

Frequency of observations—Salinity observations should be made
with such frequency as will enable the hydrographer to determine to
1 part in 1,000 (by weight) the mean salt content of the water through
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which he must know the actual velocity of sound for the work in
hand. Ordinarily seawater remains constant within this limit over
aconsiderable area. He should, however, take sufficient observations
at the surface and at various depths to determine a correct mean
value and to establish the fact that there are no important variations
from this mean in any part of the area under survey. Specia con-
sideration should be given to salinity when taking echo soundingsin
the vicinity of fresh-water outlets and oceanic streams.

WIRE DRAG AND SWEEP

Surveys by the methods described above are sufficient except in
rocky regions, where, other means must be employed to make sure
that all obstructions of small extent, such as pinnacle rocks, bowlders,
and ledges, are discovered.

For thefinal examination of such regions the Coast and Geodetic
Survey has developed an apparatus known as the wire drag. This
consists of awire maintained in a horizontal position at any desired
depth by means of weights suspended by cables from floating buoys
and by floats attached to the wire at regular intervals. The upright
cables are wound on drums on the tops of the buoys, so that the depth
of the wire can be changed as desired.

The wire drag istowed by avessel at each end and will catch on
any obstruction extending above the depth at which it is set.

A light wire drag in which the metal buoys are replaced by pneu-
matic canvas buoys is provided for use on vessels not regularly
engaged in drag work.

The wire sweep is a modification of the drag for use in regions
where the general depths are considerably greater than the depth
to be verified and where few, if any, obstructions are believed to
exist. Thebuoysare much farther apart than in the drag, and no
provision is made for changing the depth of the sweep whilein use
or for preventing sag of wire between buoys.

The construction and operation of the wire drag and sweep are
described fully in Coast and Geodetic Survey Special Publication
No. 118.

OCEANOGRAPHIC DATA

Character of bottom.—In ordinary hydrographic work the character
of the bottom is determined by filling the depression, provided
in the bottom of sounding leads, with tallow or soap (called "arm-
ingthelead") and noting the material that adherestoit. Hard or

soft bottom can be determined by the fedl of the lead.
Information of this nature isvery important, and the general re-

quirements with regard to it should be followed carefully in all cases.
In many regions the character of the bottom in connection with
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soundings is a vauable indication of approximate position when
cruising in thick weather. When the bottom is noted at the top of
therecord page, it is understood to remain unchanged until a dif-
ferent bottom is recorded.

Such information given by the sounding lead may be somewhat
superficial, and in harbors and anchorages, whereit is especially
important, a useful check isfurnished by actual experiences in
anchoring with an inspection of material brought up by the anchor.

Deep-sea data.—Bottom specimens.—Instruments used to secure deep-
seadataareillustrated in Figure 22. The Belknap-Sigsbee specimen
cylinder, used with a detachable |ead for deep-sea soundings, incor-
porates a device for obtaining a specimen of bottom material. In
depths where the lead is recoverable, several types of specimen cups
are available for attachment to the bottom of the lead. The Coast
and Geodetic Survey generally uses a snapper type of cup in which
two spoon-shaped jaws, closed by a spring, are held apart by atrigger
that trips when the cup strikes bottom. This device works very well,
but may fail from time to time if the bottom material includes small
pebbles or shells that may be caught between the jaws, holding them
open.

Temper atur es—T he surface temperature may be determined by
immersing a thermometer in a bucket of surface seawater, but a
more convenient method isto use a registering thermometer and the
thermometer holder of aTanner-Sigsbeereversing case. The ther-
mometer is placed in the holder and lowered overboard for a suitable
interval of time by means of alanyard. When the holder is hauled
in, the thermometer isreversed and read. This method decreases the
possibility of breakage of thermometers and probably gives a better
determination of the temperature.

Temperatures at any desired depths may be obtained with
Negretti-Zambra thermometers in Tanner-Sigsbee reversing cases.
In using thistype of case, care must be taken that the instrument
reverses at the proper point. Thethermometer holder is hinged to
arod at the bottom and is held in an upright position by apin to
which asmall propeller is attached. When reeling out, the action
of the water on the propeller forces the pin into a depression in the
top of thecase. Assoon asredling inis started the propeller should
reverse and raise the pin. Unless the apparatus is adjusted properly,
however, the case may rise some distance before it isreleased. The
case should be tested by lowering it to a depth of 2 or 3 fathoms and
observing its action when raised. If it does not release promptly, it
should be adjusted by inserting one or more washers in the lower
part of the propeller frameto check the descent of thepin. A ther-
mometer should remain in the water at least one minute.
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Water sasmples—Water samples may be obtained by means of
Greene-Bigelow watercups, which also have a registering thermom-
eter in areversing case and are operated at any desired depth by a
metal messenger sent down on the wire. The Sigsbee watercup is
also used for this purpose. This apparatus consists of ahollow
metal cylinder with valves at each end so arranged and connected
that external pressure on the top one closes both valves. At the top
of the cylinder is aframework holding a screw and a propeller. To
obtain a sample, the valves are opened and the cup sent down to the
desired depth. When the cup is hauled in the water pressure closes
the valves, and the propeller, which has no connection with the screw
during the descent, now turns in an opposite direction, engages the
screw by a ratchet arrangement and forces it down on the upper
valve, thus locking the cup, which retains a sample of the water at
the approximate depth from which the cup was raised.

The Belknap-Sigsbee specimen cylinder also has a device for
obtaining a sample of water at the bottom, but its action is not always
satisfactory, as some of the bottom material may hold the valve open.
This material may be washed out during the reeling in of the wire,
and the rod may come tothe surface with noindication that the
water contained therein was not obtained at the bottom. The most
satisfactory method of obtaining a sample of water at the bottom
is to attach a watercup afew fathoms above thelead, so that the
former will not come in contact with the bottom.

Preservation of specimens.—Bottom specimens are described while
inamoist condition and then sealed in glass bottles. Water speci-
mens are a so preserved in glass bottles sealed with glass or porcelain
stoppers and rubber gaskets.

An account of deep-sea, soundings in the Atlantic and Pacific
Oceans and the Caribbean Sea, obtained in 1919 and 1922 by a num-
ber of Coast and Geodetic Survey ships while en route between the
Atlantic and Pacific coasts, will be found in Coast and Geodetic
Survey Specia Publication No. 97.
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Left Ready to sound Center: After sounding
FIG 22.—APPARATUS FOR OBTAINING OCEANOGRAPHIC DATA

a. Improvised sinker equipped with snapper type of bottom-specimen; b. Tanner-Sigsbee reversing case for use with registering thermometer; c: Belknap-Sigsbee specimen

cylinder, deep sea sinker attached (in left- hand illustration); d, Greene-Bigelow watercup with reversing case for thermometer ;e, Sigshee watercup
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Chapter 5.—POSITION FINDING

To meet the various conditions encountered in hydrographic work,
a number of methods of locating the sounding vessel are available.
When within sight of land signals, positions may be obtained by
theodolite angles to the vessel from two shore stations; by measuring
distances on established ranges; by sextant angles, observed on board
the vessel, between three stations; and by combinations of these
methods.

Theodolite angles.—This method is the most precise and should be
used when extreme accuracy is demanded, as in harbor-improvement
surveys. Although not often employed in general coast work, it
may be convenient in some cases. For instance, the signal at the
masthead of a vessel may sometimes be distinguished at a greater
distance offshore than the shore stations can be seen from the vessel.
The two theodolities are set up at suitably situated triangulation
stations. All the directions are referred to a known direction as
zero, which it will be convenient in plotting to have to the left of any
position of the vessel, when the theodolite is graduated clockwise.
This zero should be verified, say at the beginning of each page of
therecord, by recording a pointing on the reference object.

A time ball or flag is shown from the vessel each time a position
isrequired, and the instant it is dropped the direction of the foremast
or other suitable mark on the vessel is observed at each station and
the time recorded at the two stations and on board. Or observations
may be made by a prearranged time schedule, in which case oc-
casional signals should be made, if possible, for the comparison of
clocks. The clocks should be set to agree and compared at the end
of the day.

Ranges.—This method is sometimes used for very close and accu-
rate work in thevicinity of wharves, dlips, etc. Suitable ranges are
set up and located, and soundings are obtained at various points on
these ranges, measuring the distance of each sounding from the face
of the wharf or other suitable reference point by means of a gradu-
ated line. This method may be modified by having the boat pass
slowly aong the face of awharf, being kept a certain distance off
by means of aline, while soundings are obtained at regular intervals.

SEXTANT POSITIONS

Position determination by sextant angles taken on board the sound-
ing vessel is the most satisfactory and most commonly used method

79
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for coastal work. Two observers observe angles simultaneously, one
between aright-hand object and a center object and the other between
the center object and aleft-hand object. The position of the vessel
is then plotted by using athree-arm protractor to effect a graphic
solution of the three-point problem. This method has the advantages
that all operations are performed on board the vessel and that the
position is known immediately.

Sextants.—Hydrographic sextants (see fig. 23) resemble those used
for navigation but are of lighter construction and are read only to
minutes. They can be used to measure angles up to about 140'. The
telescope generally has a bell-shaped tube, so as to include as large
afield as possible.

Adjustment of sextant.—In adjusting a sextant for hydrographic.
use the following procedure should be followed: Hold the sextant so
that the reflection of the graduated arc can be seen in the index
mirror (the larger mirror, on the movable arm) and, moving the arm'
dowly, seeif the are and its reflection appear to form a continuous
unbroken arc; if not, correct by turning the adjusting screw at the,
back of this mirror with the small socket wrench. Next set the arm
at zero and, holding the s-extant in avertical position with the are
down, sight at the sea horizon and see if the horizon and itsimage
in the horizon mirror coincide; if not, correct by means of the screw
at the side of this mirror, releasing the clamp screw with the knurled
head for this purpose. Then rotate the sextant about 451 and see if
the horizon and its image still coincide; if not, correct with the
screw at the back of the horizon mirror. If this last adjustment is
required, it may disturb the vertical adjustment. Both should be
repeated until the horizon mirror is adjusted for any position of the
sextant.

Use of sextant.—To measure an angle between two objects with a
sextant, the observer looks at the one on the left over the top of the
horizon mirror and moves the sextant arm until the reflection of the
right-hand object in the horizon mirror is directly under the | eft-
hand object.

When objects are definite and readily visible, many observers use
the sextant without a telescope, especially if the angle is changing
rapidly or the sounding vessel is unsteady. When a small error in
the angle will affect the position considerably, or when observing
on distant objects that areat all indistinct or indefinite, the use of
the telescope is recommended. The distinctness of the reflected object
can be regulated to some extent by raising or lowering the telescope.

As an angle generally is changing appreciably, the usual pro-
cedure is to hold the objects together by moving the unclamped arm
until about time to take the angle and then to clamp the arm and use
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the tangent screw. It is often difficult to do this when an angleis
changing rapidly, and in this case many observers set the clamp
screw so that the arm will slide with alittle friction and take the
angle without using the tangent screw, adjusting the magnifying
glass beforehand and taking care not to touch the arm until the angle
isread. Thisrequires care but is often preferable to clamping the
arm at the moment of observation, which may cause the arm to jump
alittle. Asagenerd rule, an observer, after taking an angle, should
not move the arm of his sextant until the position is plotted, so that
he can verify the vernier reading if necessary. If he wishesto use
his sextant immediately to measure acut or other angle, he should
read the angle again before moving the arm.

Faint objects—Facility in taking sextant angles between conspicu-
ous objects can be acquired with a little practice, but when signals
are faint the difficulties encountered may be discouraging to the be-
ginner. The greatest trouble usually isin reflecting such signals,
which sometimes can not be picked up, even though they can be seen
fairly well when looking at them direct. In such casesit will be of
material assistance if the sextant can be set close enough to the angle
so that the signal will come within the field of the telescope. There
are severa methods of finding approximate angles. The rate of
change of the angle may be noted and the sextant set accordingly or
aconspicuous object or peculiarity of the sky line near the signal
may be noted and reflected to bring the signal within the field of
vision.

Every observer should ascertain the angle subtended between the
ends of the thumb and little finger of one hand, outstretched at arm's
length, so that by sighting over his hand and moving it along the
horizon, he can step off an approximate angle between two objects.
If the center objectishardto reflect, the observers may measure
the right angle and the sum angle between the outside objects, sub-
tracting one from the other to obtain the left angle.

Inexperienced observers sometimes have considerable difficulty in
taking angles between distant floating signals and even in picking up
the direct object unless they watch it constantly. For this class of
work it is best to select a definite position on the bridge from which
the direct object is inline, or nearly so, with a stay or some other
part of thevessel. The reflected object may be followed by noting the
rate of change of the angle or by setting the sextant a sufficient num-
ber of times between positions to keep the object always in the field
of vision.

In using the above method of picking up faint objects, observers,
and especially beginners, should be warned against getting an ap-
proximate angle and letting imagination do therest. Such methods
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can, of course, be used only to aid in taking angles. |f both objects
can not actually be seen at the time of taking the angle, there is noth-
ing to do but inform the officer in charge.

Sextant glasses—A sufficient supply of spare sextant glasses should
be kept on hand. When the glasses become unserviceable they should
be returned to the office. Sextant glasses are expensive, and precau-
tion should be taken against their being lost, broken, or scratched.

In case of emergency sextant glasses may beresilvered in the field
by the following method: The necessary requisites are tin foil and
mercury. Lay the tin foil, which should exceed the surface of the
glass by a quarter of an inch on each side, on a smooth pad of paper;
rub it smooth with the finger; add adrop of mercury about the size
of asmall shot, which rub gently over thetin foil until it spreads
itself and shows a silvered surface; gently add sufficient mercury to
cover the leaf, so that its surfaceisfluid. Prepare aslip of clean
tissue paper the size of the tinfoil. Brush the surface of the mer-
cury gently to free it from dross. Take the glass, previously well
cleaned, in the left hand and the paper in theright. Lay the paper
on the mercury and the glass on it. Pressing gently on the glass
withdraw the paper. Turn the glass onitsface and leave it on an
inclined plane to allow the mercury to flow off, which is accelerated
by laying a strip of tin foil as a conductor to its lower edge. The
edges may be removed after 12 hours, and in 21 hours give it a coat
of varnish made from alcohol and red sealing wax.

The mercury-tin amalgam, while less readily affected chemically,
is more liable to mechanical injury than silver, and caution is there-
fore necessary in handling the sextant glasses.

M etal mirrors—The bureau is experimenting with mirrors of highly
polished nonrusting metal, such as stainless steel and stellite. Re-
ports from the field indicate that these have lower reflecting power
than glass mirrors but are more durable. They will probably be
used to best advantage in launch work where mirrors can not be
protected so well as on shipboard and where signals usually are near
by and easily picked up.

Protractor s—The two types of three-arm protractorsin general use
areillustrated, together with ahydrographic sextant, in Figure 23.
The metal protractor is more accurate and durable. It isequipped
with three centers—one with crosslines for plotting cuts, etc.; one
with a small hole through which the position is marked with a
pencil, which is generally used for field work; and one with a needle
punch, generally used for smooth plotting. Extension arms are
provided for distant signals.

Court's celluloid protractor is used for plotting when an angle
is too small to be set on the metal protractor or when the signals
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are so closeto the vessel that they fall under the frame of the metal
instrument. It isalso used to a considerable extent for general plot-
ting on small launches where it may be more convenient to handle.

Testing protractor.—The testing and adjustment of protractors, as
specified in the general requirements, applies to those used for field
as well as smooth plotting and is very important, as an endless
amount of trouble will result from using inaccurate protractors.
Newer instruments generally hold their adjustments better and
should be reserved for smooth plotting.

An aluminum plate with test lines isfurnished by the office for
testing purposes. If such a plate is not available, construct, on
heavy paper, two lines perpendicular to each other and parallel with
the edges of the paper. This, of course, must be done with extreme
care.

To test aprotractor, use the crossline center and make sure that it
is flush, or nearly so, with the hub of the instrument in order to avoid
parallax. Place the protractor on the plate or paper so that the
crosslines of the center coincide with the intersection of the test
lines and the fixed arm coincides exactly with one of thelines. Then
clamp the two movable arms to coincide with the lines at right angles
with the fixed arm. If the verniers do not read 90°, loosen the screws
and secure the verniers in the proper position. Next test the right
arm in line with the fixed arm; if the vernier does not read 180°, any
appreciable error should be noted and corrected when setting off large
angles. If a plate with diagonal lines is available, intermediate
angles should be checked in the same manner.

Each extension arm is fitted and marked to correspond with a
certain arm of the protractor. These should be tested for alignment
and always used with the proper instrument arm.

Celluloid protractors can not be adjusted but should be tested for
appreciable error.

Manipulation of protractor.—In plotting positionsit iswell for the
sake of rapidity to have a uniform practice in placing the protractor.
Itisusually preferable to place the fixed arm on the center object,
with the right and left arms about equally distant from the corre-
sponding objects, and, keeping the center object on, to push the center
of the instrument toward the objects, reducing the distances on either
side equally until the fiducial edges of all three arms exactly bisect
the station points. To avoid touching the movable arms, the circle
should be held with one hand while the other is used to steady the
fixed arm.

Protection against injury.—Sextants and protractors, especially
when used on launches, should be placed in racks when not in use, so
that they will not be thrown about by the movement of the vessel.
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Celluloid protractors are quite likely to be blown overboard unless
secured by alanyard of twine.

Strength of position angles—The locus of the vertex of an angle
between two fixed points lies on the circumference of a circle which
passes through the two fixed points and the vertex. Thetwo angles
measured between three fixed points determine the position sought,
as at the intersection of the two loci of the angle vertexes. When the
circles on which the loci lie approach tangency the position becomes
weak. The strength of a position determination therefore depends
directly on therelative positions of the three fixed points and of the
position sought. Due to possible distortion in the paper used for
sheets, the strength of a position is also affected by the distance of the
objects from it.

Selection of objects.—When there is a choice of objects those that
will give the strongest position should be selected. For this purpose
the following points should be considered:

A strong position will be obtained when the vessel isinside the
triangle formed by the three objects; when the objects are nearly in
line or the center object is nearer than the others and no angleisless
than 30°; or when two objects some distance apart are in range and
the angle to the third object is not lessthan 30°. In the latter case
only asingle angle need be observed, but a second angle on athird
object may be taken as a check.

Small angles generally should be avoided, as they give weak posi-
tions in most cases and are usually inconvenient to plot. A strong
position will be obtained, however, with one small angle when the
vessel is a little off arange, as mentioned above, and the nearer of
thetwo objects is the center object. It should be noted that, while
such a position continues strong until the objects are in range, it may
be very weak as soon as the vessel moves to a point where the more
distant object isthe center object.

Avoid any selection in which the vessel's position is on or near the
circle passing through the three fixed points, assuch apositionis
indeterminate. Thisis commonly called a" revolver," against which
the hydrographer must be constantly on guard. If thereisno choice
of signals by which it may be avoided, as may sometimes occur near
the inshore end of aline, athird angle should be taken, if practicable,
to any definite feature, such as atangent or point of land.

Avoid a selection in which two of the fixed points are close to-
gether as compared with their distance from the observer and, if
practicable, avoid angles between objects having considerable differ-
ence of elevation, when either is near the observer. (Seep. 85.)

If in running the sounding line both angles change slowly, the
position will be weak. In plotting it should be noted that the position



HYDROGRAPHIC MANUAL 851

isstrong if aslight movement of the center of the protractor throws
thearms away from one or more points, and that the positionis
weak if such movement does not appreciably disturb the relation of
the arms to the three points.

As dlight errors in angles affect a position more with distant
signalsthan when near objects are observed, preference should be
given to the latter, other conditions being favorable. The uncer-
tainties, of plotting due to distortion of paper also make it preferable
to use near objects. Thus, for inshore hydrography it is desirable
that signals on the adjacent shore be used in preference to very dis-
tant signals, as, for instance, those on the opposite side of alarge
bay.

There are, however, numerous advantages in using off-lying signals
or those on an opposite shore, providing they are not so far away
as to affect the accuracy of the position to an appreciable extent.
In many cases the angles are easier to observe and plot, itis not
necessary to change objects so often as when those on the near-by
shore are used, and the necessity for numerous, closely spaced signals
isavoided. The extent to which such signals can be used is there-
fore important and requires good judgment. In general, for ordi-
nary hydrographic, work it is considered satisfactory and, in fact,
preferable to use such signals to avoid the necessity for alarge
number of closely spaced signals on the near-by shore, provided
that the former are well located, are so situated as to give strong
positions in accordance with the principles outlined above, and are
not so far away as to require the use of extension arms in plotting.
Under these conditions, one or more distant signals can also be used
in conjunction with other well-located signals on the near-by shore.

Anglesto tangents.—In offshore hydrography it is sometimes de-
sired, due to lack of a sufficient number of well-located objects,
to observe an angle on awell-defined tangent to an island, cape, or
other feature. In such cases an error may be introduced by the fact
that the distance to the feature is so great that the observer can not
see the shore line but actually sees a point on the featurethat is
some distance above thewater. Such angles, therefore, should not
be used unless necessary. |f unavoidable, the angle should be plotted
on the tangent of the contour that is probably on the observer's
horizon, and the height of his eye above water should be noted in
therecord. If the feature is not well contoured, additional topo-
graphic work may be necessary to secure the desired degree of ac-
curacy of the position. Scrutiny of the apparent tangent may dis-
close afeature that it may be desirable to locate for control.
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Inclined angles. — If it is necessary to observe a sextant angle
between two objects, one of whichis at sea level and the other at
sufficient elevation to cause an appreciable difference between the
inclined and horizontal angles, the inclined angle may be corrected
by mean of the graph given in Figure 24. This graph is constructed

by using the formula

_ CosVo
CosVc= Cos h

in which Vcis the horizontal or computed angle, Vo theinclined or
observed angle, and h angular elevation of the object not in the horizon.
To find the correction to an observe angle, enter the graph with the
elevation angle as an ordinate and from the proper point of the scale on
the left-hand margin extended a horizontal line to intersect the curve
representing the observed inclined angle, obtained, if necessary, by
interpolation between the curves provided on the graph. From the point of
intersection drop down vertically to the scale at the bottom of the graph,
which will give the correction to be applied.
If both objects are elevated the correct horizontal angle can be obtained
from the following formula:

cos Ve = cos Vo—sin h1 sin h2
cos h1 cos h2

in which hi1 and hz are the angles of elevation of the two objects.

occasions often arise, in connection with the determination of the sun
or stellar azimuths, for using these formulas. In the case of the second
formula, to facilitate computation by the use of logarithms, it can be
converted into the following:

cos Y2 Vc=0sec h1 sec h2 cos S cos (S-Vo)

inwhich S= Vo+hi+h2
2
A convenient form for using the formulais as follows:

Vo

ht SEeC
h2 Sec
2)

S cos
SVo cos

2)

%\ cos

Ve
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L arge-scale plotting sheet for offshor e ar eas—\When engaged in off-
shore hydrography, plotted on a small scale, it is sometimes desirable
to develop certain areas on alarger-scale sheet that can not be ex-
tended to include the stations required for control. To obviate this
difficulty the method illustrated in Figure 25 may be used.

Thisfigure represents an offshore, small-scale sheet on which it is
desired to develop, on alarger scale, the areainclosed by the broken
line. Having selected the three stations most suitable for control,
the vertex loci of theright and left anglesthat fall within the area
are plotted at intervals of 1° or less, as indicated.

This section of the sheet can then be enlarged to provide a plotting
sheet on any scale desired, on which any position can be plotted,
without using a protractor, at the intersection of the loci of the right
and left angles, interpolating as necessary between the arcs drawn on
the sheet. Thus, afix of right angle 41° and left angle 28° is plotted
at position 1A on the plotting sheet; and a right angle of 39° 28
and left angle of 25° 42" is plotted at position 2A.

This method may also be used conveniently, without enlargement
of the plotting sheet, for small-boat work so far from the control
stations that protractor-extension arms are necessary or the position's
are otherwise difficult to plot. Preparation of the boat sheetin
advance will permit accurate plotting of the loci of the angles over
the areato be surveyed.

A photographic method of enlargement, if available, is convenient
and economical; otherwise an enlargement may be made by other
means, such as constructing a projection on the desired scale and
transferring a number of points on each arc.
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If the change in distance between successive arcsis dight, standard
spacing dividers may be used for interpolating between the arcs

drawn on the sheet.
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CORRECTION—Subtract from inclined angles between 0° and 90°;
24—Graph for correcting inclined angles

add between 90° and 100°,

In regions such asthe South Atlantic and Gulf coasts of the
United States, where the bottom slopes gradually and moderate

42651°31—7
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depths are found considerably beyond the limit of visibility of land
signals, floating signals in connection with tall hydrographic signals
are used to various extents for control purposes.

In such regions the genera practice of the Coast and Geodetic
Survey is to control sounding lines out to the 10-fathom curve by
sextant positions on land and floating signals and, beyond this limit,
to usefloating signals for partial control in connection with dead-
reckoning and other methods.

Placing signals.—For visual position control floating signals are
usually anchored about 2% miles apart in a line parallel tothe
general trend of the coast. The line of signals should be as far
offshore as necessary or practicable, considering that, for the deter-
mination of their positions, they must be seen from the ship while
the latter is still within the range of visibility of land signals. This
distance will vary from 10 to 14 miles, depending on the general
atmospheric conditions on the working ground.

The number of signals to be planted at one time will depend on
circumstances. Under favorable conditions a floating signal may
remain intact and in place for as long as two months, but their aver-
age life is much shorter. In general asufficient number of signals
should be planted to furnish control for from two to three weeks

work.
The extent to which floating signals are used depends on the depth

and the amount of development required. In some regions asingle
line of signals as described above is sufficient to carry work to the
10-fathom curve, beyond which lines may be controlled by the dead-
reckoning methods described in alater section of this chapter.

For control by floating signals, therefore, asingleline may be
considered the minimum use of such signals. The most extensive
use of floating signals by the Coast and Geodetic Survey is exempli-
fied by their use in offshore surveys of the coast of the Gulf of
Mexico in the vicinity of Sabine Bank.

In this region closely spaced lines were required out to an average
distance of 20-miles from shore; thence one-half mile apart to the
10-fathom curve, which is about 37 miles from shore, and thence
1to 2 miles apart to the 25-fathom curve, which is about 80 miles
from shore. For control of work out to the 20-milelimit, two lines
of signals parallel to the coast were planted. Between thislimit and
the 10-fathom curve signals were planted about 4 miles apart in lines
about 8 miles apart and normal to the coast. From the 10-fathom
curve to the outer limit of work signals were planted from 6 to 10
miles apart in lines about 11 miles apart and normal to the coast.

L ocation of signals—Signalsin asingle line are located by anchor-
ing the ship at various points, between the signals and the shore, from
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which both tall hydrographic and floating signals can beseen. The
ship is located by sextant positions and the floating signals by three
or more sextant cuts giving good intersections from different anchor-
ages.

This operation requires clear weather and great care in measuring
and plotting angles. On account of the distances involved and
possible distortion of the sheet it isat timesamost impossible to
obtain exact intersections. Information obtained while planting the
signals asto their relative positions—that is, whether a signal is
exactly in line with two other signals or a little off range—is of great
value in determining the most probable position of asignal when the
intersections are not perfect. When a second line is necessary the
signals are located from the first line in the same manner as the
latter islocated from the shore signals.

Excellent results in plotting the positions of floating signals by
eliminating distortion have been obtained by constructing a projec-
tion and plotting stations in pencil on an aluminum chart printing
plate. The cutsto the floating signals are plotted on this sheet, and
the positions of the signals are then transferred to the regular sheets.
By erasing the projection when it is no longer needed the same plate
may be used indefinitely. An auminum plate with one side rough-
ened so that it will hold pencil marks may be obtained from the office
upon requisition.

Thelocation of floating signals beyond a second line by sextant
positions and cutsis usually difficult, and such signals, therefore, are
generally located by the following method: Signals arelocated in
consecutive order in aseaward direction. Two full-speed runs, in
opposite directions, are made between a signal to be located and the
next inner and previously located signal. Each signal is passed close
enough abeam so that its distance can be obtained by a horizon angle
(see p. 91), altering course, if necessary, for this purpose.

The distance run through the water is obtained from the mean
reading of two patent logs, one streamed on each quarter and each
read every 15 minutes in order to detect any possible fouling or errors
inreading. The course steered for each run is obtained from the
mean of the standard compass headings read at 15-second intervals
throughout the run. The factor for each log and thedeviation of
the standard compass must be determined carefully, as described in a
later section under the heading " Precise dead reckoning."

Location runs should be madein comparatively calm weather to
eliminate the leeway element, and the second run must follow imme-
diately after thefirst. As these runs require only ashort time, itis
assumed that the same current conditions are encountered on both
runs.
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Corrections for deviation and variation are applied to the nearest
tenth of a degree. To facilitate the application of variation, isogonic
lines, showing every tenth of a degree change, are plotted on the
boat sheet from the best information available.

The azimuth and distance between two signal's are obtained graphi-
cally by plotting the double run on a sheet having a 1: 40,000 scale
projection. Assume a position of the known signal and lay off the
starting point from the distance of the signal when abeam. Plot the
position of the end of the run from the true course and mean reading
of the two logs, and the first position of the unknown signal from its
distance abeam at the end of therun. Lay off the end of the second
run from the distance of the known signal when abeam and plot a
second position of the unknown signal from the second course
(reversed), the distance run, and the distance of the unknown signal
when abeam at the beginning of the return run. Then determine the
position of the unknown signal with relation to the known signal by
plotting it on line between its first and second trial positions, the
distance between the accepted position and each trial position being

in proportion to the time required for each run.
Positions and cuts used to locate floating signals should be recorded,

and log readings and compass headings for full-speed runs should be
tabulated in such a manner that the corrections may be applied
readily and all work shown in aclear manner. Tile following form
is satisfactory; it illustrates the tabulation of one run only:

MARCH 4, 1924,
Runsto locatesignal " B " from signal " A"

Time | Log | Logdis- [Truedis- | Lo Log dis- | Truedis- | Course Remarks
138 tance tance 13 tance tance mean
6.37 49. 68 0.00 | 1f=.945 | 82.43 0.00 | 1f=.880| 79.8psc | "A" 72 meters star-
652 51.90 2.22 210 | 84.84 2.41 2.12 | +7.6var board beam.
7.02 53.50 1.60 1.51 86. 50 1.66 1.46 | +2.5dev | "B" 115 meters star-
board beam.

Time=0.42hour____ 361 || 3.58 89.9 true

1 Log factor.

Distance by horizon or vertical angle—T he distance between the ship
and an object at sea may be obtained by measuring the angle, with
asextant, between the water line of the object and the horizon
beyond; computing the distance from the formula.

D=H cot (at+d)

in which D isthe distance in feet, H the height in feet of the eye
above sealevel, a the observed angle, and d the dip of the sea horizon.
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The latter may be taken from adip of the sea horizon table which
will be found in any epitome of navigation or computed from the
formula d=59" vH. The height of the eye and the sextant angle
should be measured with great care. Tables or curves showing the
distances in meters for various angles and heights of eye may be pre-
pared to facilitate the computation. The accuracy of this method
increases with the height of the eye above the water. It should not
be relied on in hydrographic work when the observed angleis less
than about 1°, which will correspond approximately to adistance
50times as great as the height of the eye. When the horizon isin-
distinct or there appears to be abnormal refraction, distances to
near-by floating signals may be obtained by vertical angles between
the water line and top of the signal, the height of the signal being
known. Inthis case the accuracy of distances isincreased by having
the eye as close to thewater as practicable. If the signal istoo far
away for adistance by vertical angle, bow and beam bearings may
be used.

Control by floating signals—Sounding lines from the limit of visi-
bility of shore signals out to the 10-fathom curve are controlled by
sextant positions on three floating signals. Beyond thislimit the
wider-spaced signals may be used to supplement dead reckoning in
order to obtain more accurate offshore distances, to coordinate
adjacent sounding lines, to serve as tie-in points when it is necessary
to break a sounding line, and to eliminate numerous current
observations.

In the Gulf coast survey, however, it was found that when weather
conditions permitted accurate bearings to floating signals the result-
ing positions were more accurate than dead reckoning. Dead-reckon-
ing methods, therefore, were used only at night, in thick weather,
or when the rolling of the ship prevented accurate bearings.

Positions by bearing.—In this method the sounding lineis parallel,
or nearly so, to a line of floating signals. As soon as asignal is
picked up on the bow, alog reading and bearing are taken, and these
are repeated at intervals of 10 or 15 minutes (always including a
bearing and log reading when the signal is abeam) until the signal
drops from sight astern. All bearings are plotted on the boat sheet.

When the sounding line has passed from a position abreast one
signal to aposition abreast the next signal thelog distanceis com-
pared with the actual distance and a log factor computed for the
run between thetwo signals. Using thislog factor, the true distance
over the ground is computed for each run between bearings, and these
distances are plotted progressively along the edge of a sheet of paper.
The points on the sheet of paper are then placed on the correspond-
ing bearings between the signals on the sheet and the positions fixed.



HYDROGRAPHIC MANUAL 03

To check the positions obtained by this method the lines are fre-
quently tied into a signal by afull-speed run.

Three bearings taken on a signal are generally sufficient to estab-
lish very closely the course made good, provided the angle passed
through is not lessthan 45° and also provided the current is not
undergoing arapid change. Therefore it is usually possible to de-
termine the new course to be steered by the time the ship arrives
abreast each signal, and if necessary to alter the course the changeis
made at that time. The plotting is simplified if the courseisnot
altered between signals. If it becomes necessary to alter the course
between signals, this change of course should be shown on the edge of
the paper on which the distances between bearings are plotted.

If the current is undergoing an appreciabl e change during the pas-
sage from one signal to the next, the points plotted on the edge of
the distance scale will not coincide with all the corresponding bear-
ings on the sheet, since the log factor obtained by comparing the
actual distance with the log distance represents the average distance
over the ground per log-mile.

Figures 26 and 27 show three examples of runs between signals
when the current is changing. Intheseillustrationsthe signalsare
referred to as buoys. Case 1 shows acurrent setting against the ves-
sel and gradually increasing. In thisinstance, by using the average
log factor for determining the true distance between bearings, the
resulting distances will be too short for the first half of the run and
too long for the last half of the run. Consequently, when the dis-
tance scaleis applied to the bearings, the plotted course, will be drawn
toofar intowardsignal " T" and thrown out too far from signa
" U," resulting in the condition shown in the sketch. The most prac-
tical method of adjustment in this case or a case where the plotted
line shows a change in the component of the current setting with or
against the vessel isto apply the distance scale to several bearings
midway between the signals and fix one or two intermediate points,
as, for instance, points5 and 6 in case 1.

Having fixed these points, new log factors should be computed for
each of the adjacent sections and these sections plotted independently.
A knowledge of the effect of the change in the component of the cur-
rent setting with or against the vessel on the plotted line is necessary
in order to analyze the current and assists materially in making the
adjustment. In cases where this changeis considerable and the ad-
justment is uncertain, the sounding line should betied in with a sig-
nal by full-speed run and the line adjusted by throwing the closure
onto the intermedi ate bearings.

Case 2 shows a current setting to the westward and uniformly in-
creasing during the run between signals. In thisinstance, since there
is no current setting with or against the vessel, the log factor for the
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run between signals is the same as the normal log factor, and the
plotted points on the distance scale, when placed on the corresponding
bearings, show closely the increasing set to the westward.

Case 3 shows a current setting northwest with uniformly increas-
ing velocity. In this case the most practical method of adjusting the
plotted line is to fix one or two positions midway between the signals,
as described under case 1, in which the component setting with or
against the vessel is changing.

Case 4, Figure 27, shows the method of giving positions, adjusted
by the precise dead-reckoning method, additional strength by throw-
ing the closure in azimuth onto the corresponding bearings. It is
apparent from the figure that little weight should be given to this
method in cases where the closing azimuth and the bearing form
an acute angle. In the figure, for instance, positions 7, 8, 9, and 10
should not be fixed by this method. These positions will be stronger
if placed on the intersection of the bearings and the line drawn from
6 to 11 after these latter two points have been adjusted by the
above method.

For this method of position finding alog should be kept in the
following form. The tabulation shows a part of a sounding line
from a position abreast one signal to a position abreast the next
signal.

Bearings
og | True
Position No. | Time (Eb&) Log thl dis- D. t&le S
ance| tance Pse. SAL | True nlgj
3.09 91.98 | 88 |f=.98 260v5 171 | 268 X
327| 0309349 |151 | 1.48| 173 |+7.5|-0.1 | 180.4 | 309 173 | 3164 | X
357 96.01 | 252 | 247 | 173 |+7.5|-0.1 | 1804 | 188%4 1731959 | Y
413 2719 143 | 1.40| 173 (+7.5|-0.1 | 1804 | 193 17312004 | Y
4.28 2519866 | 122 | 1.19| 173 [+7.5|-0.1 | 1804 | 201 17312084 | Y
443 2519994 | 128 | 1.25| 173 |+7.5|-0.1 | 1804 | 217 1732244 | Y
5.01 30| 1 149 | 1.46| 173 |+7.5|-0.1 | 1804 | 258vs 1732659 | Y

Actual distance 9 to 15=9.25 miles.

Log distance 9 to 15=9.45 miiles.

Log factor, 9 to 15=0.98.

Abbreviations used in above table: E. T., elapsed time; C., course; psc., per standard compass; V., varia-
tion; D., deviation; S. H., ship's head; SS, sounding speed; f, log factor.

Use of ship's mast.—When sounding from small boats it may some-
times be desirable to use the foremast of the ship asasignal, either
in conjunction with other signals or for positions by bearing and
vertical angle. In such a. ease the ship should be anchored with a
short scope and her position determined whenever there is any change,
due to change in direction of wind or current. The position angles
by which the mast is located and the time when such angles are taken
must be noted and copied in the sounding record.
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PRECISE DEAD RECKONING

This method of controlling the positions of sounding lines beyond
the limit of visibility of signals has been developed by the Coast and
Geodetic Survey and used to a considerable extent for surveys out to
the 100-fathom curve on the south Atlantic coast of the United
States.

Departure is taken either from afloating signal or a position deter-
mined by sextant angles on such signals, and a continuous sounding
line is run offshore to the desired limit, over to the next proposed line,
and inshore to a position fixed in the same manner as the starting
point. From positions at the beginning and end of the line, and at
approximately two-hour intervals on it, the set and drift of the
current and the velocity and direction of the wind are measured.

At each position the course to be steered to the next position is
determined by applying to the desired bearing of the line certain
corrections, including the probable effect of the current and wind,
based on previous observations. At the conclusion of the run to the
next position the most probable location of the latter is obtained by
applying the corrections to the actual course steered and distance
logged. In the latter case, however, the corrections for current and
wind are the average effects of these forces based on observations at

the beginning and end of the run.
After the line ends it is adjusted to its most probable position

by apportioning the closing error between the various runs according
to the time required for each.

Details regarding this method of control are given in Coast and
Geodetic Survey Specia Publication No. 73. Additional informa-
tion, together with some changes now considered advisable, are given
below.

Compass.—A careful determination of the errors of the standard
compass, using atested azimuth circle, isextremely important, and
the ship should be swung often enough to detect any change. To
facilitate the application of variation, isogonic lines showing each
degree of change, from the best information available., should be
plotted on the boat sheet. The course steered should be obtained
from the mean of headings observed and tabulated at one-minute
intervals throughout each run. An adding machine may be used
conveniently for this tabulation.

Coast and Geodetic Survey Specia Publication No. 96, Instruc-
tions for Compensation of Magnetic Compass, is recommended for
study.

Pa%/ent logs.—The following method of rating logs is considered
more accurate and satisfactory than that described in Special Pub-
lication No. 73 and should be used whenever practicable.
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The runs to ratethelogs are madeon a sensitive range of two
triangulation stations. This range should be as nearly parallé€
with the shore as practicable in order to avoid cross currents. The
course should be about 1 milein length, and its ends must be deter-
mined accurately. This may be done conveniently by taking as the
inshore end of the course a point on the range where the angle
between the range stations and a third and near-by station is 90°.
The proper resection angle for the outer end of the course can then

be computed.
Toratealog, a run in one direction over the course is followed

immediately by a run in the opposite direction. An observer sets
his sextant at the first angle and readsthelog at the proper point,
then sets off the second angle and readsthe log at the end of the
course. At least three double runs should be made.

It is assumed that, over a short course, the ship encounters the same
current on both runs. After three double runs have been made
it is possible to determine the action of the current. If the logged
distances are nearly equal, there is no appreciable current with or
against the ship, and the factor may be computed by dividing the
length of the course by the mean of an even number of logged dis-
tances, otherwise the factor is obtained by solving simultaneous equa-
tions derived from each double run, using the formula

Ry+ Tx= D

in which Risthelog reading, y thefactor, T the time required for
the run, x the current, and D the length of the course.

In the comparatively rare case where the current changes during
the time required for a double run the equations can be solved for x
and the mean current for each run computed.

L ogs should be rated both at full and sounding speed and, if the
ship is equipped with an engine-revolution counter, this also should
be rated.

In general, better results will be obtained by using two logs for
measuring the distance run. They should be watched rather care-
fully and read at 15-minute intervals. The mean of the two log
distances should be used unless there is alarge discrepancy between
them. In the latter case the log reading to be rejected may be
determined by any unusual action noted on the run, by comparison
with the distance by revolutions, or by rerating the logs.

Currents—Currents are usually observed from a ship anchorage,
or when the depth istoo great for convenient ship anchorage by
mooring a barrel buoy with a steel cable and, using asmall boat.
When the current at aship anchorage is slight, however, accurate
observations are difficult to obtain on account of yawing of the ship.
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In such cases better results have been obtained by anchoring a marker
buoy instead of the ship. The current poleis set adrift at the buoy.
The set is obtained from abearing with the buoy and polein line.
Tile drift is measured by cruising close to the pole and observing
a horizon angle (seep. 91) to the buoy, noting the time when the
poleis set adrift and when the angle is taken.

Wind measurements may be obtained while drifting or by holding
the ship close to the marker buoy.

The methods of sounding given under the heading " General
remarks " in Special Publication No. 73 have been modified by recent
developments. Lead-line sounding with machine has superseded the
trolley rigto alarge extent, as noted previously, and ships equipped
with the fathometer have available the vastly superior method of
echo sounding to supplant other methods in depths over 15 fathoms.

Extent of use.—The principal difficulty encountered in precise dead
reckoning isthat very few logs will hold auniform rate at the low
speed required for ordinary methods of sounding in moderate depths.
Also, when it isnhecessary to stop for soundings with wire, the cor-
rections for log loss and transfer are uncertain.

The facts that the position of a sounding lineis not fixed exactly
by this method and that its most probable position is not known until
the closing error is determined limit the use, of precise dead reckon-
ing to regions where widely spaced lines are sufficient. The usual
spacing of lines where this method has been used has been 1 to 2
miles from the limit of visibility of signalsto the 15-fathom curve
and thence 2 to 4 milesto the 100-fathom curve. In generdl, its use
should be confined to sections where the required spacing of lines or
the depths are so great that the use of floating signals for partial
control, as described previoudly, is not economical.

RADIO-ACOUSTIC SOUND RANGING

This method and the apparatus used have been devised by the Coast
and Geodetic Survey and the Bureau of Standards for position find-
ing under conditions when visual positions can not be obtained. The
development was based on the subaqueous sound-ranging work of
the United States Army and, during its preliminary stages, was
greatly facilitated by the advice and assistance of Army officers
familiar with the apparatus and principles involved.

In this method the position of the ship isfixed by its distance
from the hydrophones of two suitably located shore stations, the
distances being determined by the time required for a sound to travel
under water from the ship to each station.

At each station a suitably inclosed hydrophone is anchored a short
distance offshore, usually about 4 or 5 feet from the bottom, in 7 to
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10 fathoms. This hydrophone is located by sextant angles and is
connected by cable, through filters, an amplifier, and a metronome,
with the transmitter of atemporary radio station.

On board ship a hydrophone, attached to the hull, and a radio-
receiving set are connected electrically with a chronograph so that the
time of receipt of underwater sound waves or radio signalsis recorded
on the chronograph tape.

To obtain a position, a small bomb is dropped overboard from the
ship while under way. This bomb is timed by a fuze to explode
20 to 30 seconds after striking the water. In thistimeit will sink
to adepth of 20 to 30 fathoms. If the depth of water is such that the
bomb will reach the bottom before exploding, it may be supported at

AHOSTE
STATION

FIG 28— Radio-acousiic poéition finding

any desired depth by a small cord and temporary buoy; an inflated
paper bag will serve for the latter.

The time interval between dropping the bomb and its explosion
may be determined with a stop watch or by marking the chronograph
tape at the instant the bomb is dropped, either with a pencil or by
tripping arelay, and scaling to the mark caused by the bomb ex-
plosion. The chronograph next marks the time of receipt of the
sound of the exploding bomb by the ship's hydrophone, and, knowing
the distance of the ship from the bomb, from the elapsed time and
speed of the ship and the velocity of sound in water the time required
for the sound to reach the ship, and consequently the exact time of the
explosion, can be computed.

The sound also travels to each control station, where the vibrations
of the hydrophone cause an electrical impulse to travel to the metro-




HYDROGRAPHIC MANUAL 101

nome relay through acircuit containing amplifiers and filters. The
closing of the metronome relay causes the radio transmitter to send
out three dashes, the intervals between dashes, governed by the metro-
nome, serving to identify the station.

Itisalso possibleto provide a second electrical connection at a
shore station, independent of the metronome circuit, so that a dash
is transmitted at the instant the sound reaches the hydrophone.

Theradio dashes are received by the ship's set, the exact times of
receipt being recorded by the chronograph, and the distance from
each stationis computed from the elapsed time and the velocity of
sound through the water. When the shore apparatus has the addi-
tional circuit mentioned above, the chronograph tape shows the
time of receipt of the instantaneous dash, followed by three addi-
tional dashes at intervals after the first, due to lag in the metronome
circuit.

The method used for recording and computing radio-acoustic
positions is described in chapter 6. To facilitate the plotting of such
positions itis customary to lay off, on the boat and smooth sheets,
distance arcs at intervals of 10,000 meters from each hydrophone.
A small square with the station dot inits center is generally used
as a symbol for a hydrophone station. Colored ink is used for each
station symbol and name, adifferent color being adopted for each
station. The distance arcs from each station are inked with the
color used for the station.

The velocity of sound through the water is determined from tests
made while within range of visibility of signals. If sounding work
is started before these tests are made, a velocity may be assumed and
final distances computed later after the tests have been completed.

Full details regarding radio-acoustic sound-ranging methods and
the apparatus used are given in a publication on this subject issued
by the Coast and Geodetic Survey.

ASTRONOMICAL POSITIONS

The development of the control methods described in this chapter
has, in general, limited the use of astronomical observations for
hydrographic position finding to deep-sea soundings at a considerable
distance from land, and to the reconnaissance of unsurveyed regions.
Recently, however, the development of echo-sounding equipment,
whereby soundings can be obtained at full speed with resulting
increase in the accuracy of log readings and decreased effects of wind
and current, hasopened up an interesting field of experimentation
in the use of astronomical control to supplement or supplant the
dead-reckoning methods that have been previously described in this
chapter.
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Star-control echo sounding.—Extracts from a recent report from one
of the survey ships of the bureau, describing the use of astronomical
positions for hydrographic control, are given below. The methods
described were used on the Atlantic coast to fix the offshore points
of linesrun from a fixed inshore position out to the 100-fathom
curve (approximately 50 miles from the starting point) and then
back to another fixed position. Soundings were obtained with the
fathometer while running at full speed. The part of the report
relating to star sightsis applicableto al hydrographic work con-
trolled by astronomical positions.

Star-control echo sounding is based on the considerations, first, that sound-
ingscan betaken at full speed with no stopson theline and, second, that
sounding lines are run in very clear and comparatively smooth weather.

From an inshore position, fixed by angles to shore or floating signas, a
sounding lineisrun to the desired offshore limit where a series of star sights
aretaken to fix the offshore point of theline. Theline isthen runinshore
to another fixed position. Single sun sights and occasional moon sights (in
daytime) are taken on theline.

The offshore point of the line must be reached at dawn or dusk. If less than
an all-night run, the ship should anchor before dark at the starting point,
obtain a position, and then start the line at the proper time. Theinshoreline
can be started as soon as the star observations are completed, asthe ship can
anchor at the inshore end of the ling, if reached during darkness, and obtain a
position after daybreak.

It is necessary to judge the weather nicely in order to have reasonable assur-
ance, when starting theline, that it will be clear when the offshore point is
reached. A failure to get alocation of this point may necessitate the rejection
of the entireline.

L ogs—These must be carefully rated, checked frequently, and rerated as soon
asthereisany indication of achangeinrate. Two logs must be streamed,
asone may foul at any time. Itisthe practice on thisship to stream the
logs from the bridge, so that they can be read by aresponsible officer. Logs
are read every 10 minutes, at each change of course, and at times of sights.

Star sights—Following are the principal requisites for obtaining a good
star fix:

(a) Experienced observers.—An inexperienced observer can not do good work.
Practiceis essential not only to obtain accurate sights but to obtain them with-
out delay as soon as stars are visible.

(b) Suitable instruments—Well-made navigating sextants, in good condition
and equipped with excellent mirrors, are required.

(c) Correctindex error.—This is very important. If stars equally spaced
around the horizon are observed, index and personal errors may be compensated
to some extent by taking the mean position. If, however, acomplete set of
stars can not be observed, due to clouds or a poor horizon in one direction, the
index error can not be eliminated.

(d) Distinct horizon.—This is probably the most essential requirement. To
obtain it, very clear weather isrequired, and it is necessary in the evening to
observe the starsas soon as they are visible inthe telescope of a sextant
set to the proper dtitude, and to wait aslong as possible before taking morn-
ing sights. When two very bright objects, such as Jupiter or Venus and Sirius,
will giveagood intersection of lines of position, and are available for observa-



HYDROGRAPHIC MANUAL 103

tions while there is considerable light, it is probably more accurate to accept
an intersection from two bodies than to take a mean with other stars. In this
case, however, accurate knowledge of the index error and great care to avoid
personal error are especially important.

(e) Sars at suitable altitudes—Stars at high altitudes are undesirable,
even though they appear when the horizon is distinct, as considerable error
in obtaining perpendicularity in the observation islikely. On the other hand,
very low starsare usually invisible with the best horizon and are subject to
greater errors of refraction. Stars at altitudes of from 10° to 40° are desirable,
and those at 20° will usually give the best results.

(f) Sarsin all directions.—Itis very desirable to obtain a complete set of
four stars approximately equally spaced around the horizon.

M ethods of observation.—It is desirableto have two or more officers take
independent sights, not necessarily on different stars. These sights taken by
different officers must not be combined, but each officer's sights must be used
to obtain an independent position and the positions compared.

When the sights are taken they should be rated by the observer as "poor,"
"fair,” "good," or "excellent," taking into consideration the clearness of the
horizon, the elevation and visibility of the body, and the steadiness of the
vessal. These ratings should be taken into consideration in finding the most
probable position of the vessal.

On each body at least three or four observationsin succession should be taken
and the mean of these used. Before working the sight, if the differences of
times and altitudes between separate observations are compared, a good idea
will be obtained of the accuracy of the observations.

It will sometimes happen that one sight of a series will not prove correct,
athough rated by the observer "good" or "excellent." For this occurrence
there is no explanation, but when it occurs and is proven by comparison with
the other observers sights, it should be unconditionally rejected.

Star sights taken when the horizon is dark or gloomy should not be con-
sidered; because of alarge probable error, they are more apt to confuse than
aid when adjusting the line.

Probable position of ship.—When thelines of position are plotted there will
usually be a triangle or other figure of error rather than an intersection of al
lines at one point. A symmetrical rather than asmall figure of error isde-
sirable. In determining the most probable position of the shipitisaways
necessary to consider the directions of the bodies observed. The mean position
should in most cases be equidistant from thelines of position and should lie
either toward or away from all the stars of the set and not away from some
and toward others. The illustrationsin Figure 29, showing various figures
of error, will be of assistance in this respect. The arrows point from the posi-
tion lines toward the observed bodies, and the circles show the most probable
position of the ship.

Cases A, B and C are obvious. Case D is one of the most ambiguous cases,
in which good judgment of the value of the sights must be used. If the two
sightsa and b are considered of equal value, amean line c should be drawn
and the adjustment madeasin case C. Notein case E that the positionis
outside the triangle of error.

Recor ds—Three records are used—(a) The regular sounding record in which
only the position numbers, in addition to the sounding data, are entered; (b)
the dead-reckoning book, for entry of courses, log readings, etc.; and (c) the
sight book, for entry of al datarelative to the taking and computation of
sights. Each observer should have his own sight book.

42651°-31—8
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Adjustment of sounding lines.—The lines are adjusted to the three fixed points.
In adjusting each half of the line, sun and moon sights are given consideration
as single lines of position. Under no considerations should asingle line be
run up to another and the intersection used as a position.

Remar ks—The principal disadvantage of this method is that it does not pro-
vide for check soundings and does not permit of taking current observations
except at the beginning, offshore point, or end of line. Observations of current
by this vessel have been of little value to date. It has been found advisable
in laying off courses to ignore rather than to estimate the current. It is advis-
able to run long lines during the neap tides when there is less current.

Standard methods of taking and computing astronomical positions
will be found in any epitome of navigation.

FiG. 29.—Probable position of ship; observations on celestial bodies
RADIOCOMPASS BEARINGS

Radiocompasses have been installed on a number of ships of the
Coast and Geodetic Survey for navigational purposes and in order
to determine whether or not radiocompass bearings can be used in
hydrographic surveying.

Experimentsto date have been unsatisfactory. The radio bearings
have lacked the precision required for surveying purposes but may
be used, as alast resort, when no other means for obtaining a position
are available. This method may be used to fix the offshore end of a
sounding line if good star sights can not be taken, due to unexpected
cloudiness or failure to arrive when the horizon is visible. It should,
however, beregarded asamakeshift for saving aline which other-
wise would be lost or which could not be run.



Chapter 6—RECORDS

The importance of a clear and comprehensive record of hydro-
graphic work can hardly be overemphasized, for thevalue of a
survey, no matter how complete and satisfactory the actual field
work may be, isimpaired if the record is unintelligible or inadequate
in any respect. A satisfactory record can be secured only by the
exercise of good judgment and constant care on the part of all
concerned.

The recorder must be sure that he hears and records all data
correctly and that the record is complete and in accordance with the
general requirements. He should call back soundings, angles, and
object names and must not hesitate to ask for repetition when neces-
sary. He should request confirmation of unusual soundings, mark-
ing them "O. K." if confirmed. Care must be taken that all entries
are made in a legible manner. The recorder should have several
pencils and should keep them well sharpened. A No. 3 pencil is
generally preferred for recording. The record should be protected
whilein use by a cover of paper or other material.

The hydrographer should exercise close supervision over the
recording and be especially careful that clear explanatory notes are
entered wherever necessary. The reason for rejecting a shoal sound-
ing, for example, may be obvious to the hydrographer, but, unless a
logical explanation is given, the cartographer who reviews the work
has no authority to omit the sounding from the sheet. He should
guard against defectsin the record, such as questioning an entry for
future investigation and then neglecting the matter while the ques-
tion mark remains to confuse everyone who has any subsequent
business with the record.

The final responsibility for the proper recording of all hydro-
graphic operations carried on under his direction rests on the chief
of party. He must make sure that those under him are familiar
with the requirements and assure himself by frequent inspection that
all work is being recorded in a systematic and otherwise satisfactory
manner.

METHODS OF RECORDING

In this chapter anumber of record pages are reproduced toillus-
trate the methods of recording and reducing hydrographic work.
In the cases where reductions of soundings are shown the entries are

105
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inclosed in a heavy border to distinguish them from the entries made
during the progress of field work. It will be noted that rubber
stamps are provided for entry of information required at the begin-
ning and end of each day.

In these illustrations the limited space available has been conserved
as much as possible. In recording hydrographic work, while space
in the record should not be wasted, no attempt should be made to
save it by crowding the positions and other data. In some cases it
may be necessary to leave a number of blank lines between soundings
in order to provide plenty of room for positions, explanatory notes,
etc.

Abbreviationsfor character of bottom.—T he abbreviations used for
recording the character of the bottom are given in Table 1, page 158.

L ead-line soundings—Sextant positions—In Figures 30 and 31 the
left and right hand sides of arecord page arereproduced to illus-
trate therecording of lead-line soundings and sextant positions. It
will be noted that one of the subheads of the "soundings " column is
crossed out so that the other will show the units in which soundings
are recorded.

There will seldom be corrections to a properly prepared wire-center
lead line, but the stamp and comparisons should be entered to indi-
cate that the line has been tested. Should there be appreciable cor-
rections, the algebraic sign of the"L-M" entry will show whether
the correction isto be added to or subtracted from the soundings.

For position No. 1, Bet, Cat, and Dog are the right, center, and left
objects; No. 2 illustrates the method of recording a position where
two objects are in range and an angle is taken between a right-hand
object and the range.

Tube soundings—The method of recording tube soundings and tests
isillustrated in Figure 32. The two uncorrected tube soundings are
entered in the "soundings’ column on the two lines next below that
on which the time is recorded, the tube number being entered in the
time column on the same line as the tube reading. The mean of the
two is entered on the following line and is separated from the others
by a pencil line. When the soundings are taken to half fathoms, the
mean is entered to the nearest lower half fathom. A tube should
always be identified by its instrument number and not by a letter of
the alphabet or other means of identification.

If, during the progress of work, a vertical cast is made for a
single comparison with a tube sounding, the vertical cast corrected
for sheave or lead-line error is entered above the tube soundings (on
the line inthe "soundings' column opposite the time, which other-
wiseis left blank) and is denoted by the abbreviation V. C. inthe
next column.
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Tube tests are recorded in tabular form immediately after the last
sounding before such tests or on the following page. The tube
readings are entered to the nearest tenth of afathom and the cor-
rections to the nearest half fathom. The sheave error should be
considered in running out thewire, so that there is no correction
to the depth by wire.

Fathometer soundings—Radio-acoustic sound-ranging positions.—In
Figures 33 and 34 the left and right hand sides of a record page are
reproduced toillustrate the method of recording fathometer sound-
ings and radio-acoustic positions. The same record is used, whether
the fathometer is used exclusively during the day or alternated with
other methods of sounding, proper notation being made when chang-
ing from one method to another.

Soundings are recorded inthe first division of the "soundings"
column, the second division being used to enter the sounding cor-
rected for dope when this correction is necessary.

If inconvenient, because of the location of the fathometer, to
record immediately in the sounding-book positions and other data
obtained from outside the fathometer compartment such data may
be recorded in a separate book and later copied into the fathometer-
record book. Inthat event the clocks used in connection with both
records must be set to agreement at the beginning of the work and
compared hourly and records made of such comparisons. At the end
of the day's work all notes and records must be copied into the
fathometer-record book and verified. Care must be taken in record-
ing fathometer soundings, so that there will be ample space to ad-
mit of all other data without crowding the record.

It should be noted that the maximum interval of 10 minutes be-
tween recorded positions (see par. 100, p. 11) will occur only when
the bottom is quite even. Inrocky regionsand when crossing such
features as sand ridges, channels, etc., the interval will be decreased
considerably, to show 5 per cent variations in depth, and may even
be much shorter and moreirregular than illustrated in Figure 33.

As each sounding is read the fact that the middle reed of the
tachometer is vibrating at maximum amplitude must be noted and
indicated in the record by a check mark on the same line as the sound-
ing at the right-hand edge of the left-hand side of the page.

When asounding by other means is taken to check the fathometer
itis recorded immediately below the fathometer sounding, with a
note as to the method used to obtain the check sounding and any
correction to be applied to thelatter. Insuch cases both sound-
ings should be read and recorded to tenths of afathom, if practicable.

The method illustrated for recording salinity indicates parts per
thousand. Temperature observations are given in temperature-depth
curves and in factor tables and do not appear in the sounding record.
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The stamps for datarequired at the end of the day also areillus-
trated in Figure 33. For lead-line surveys the lead-line correction
stamp also is required.

When soundings are obtained with the fathometer or when radio-
acoustic control isused statistics for each method should be given
at the end of the day, each statistical number being preceded by a
letter or letters indicating the method used, in accordance with the
following scheme:

Statute miles of sounding lines.—F, with fathometer; T, total for
all methods.

Number of sounding.—FR, soundings obtained and recorded by
the fathometer red-light method; FW, by the fathometer white-light
method; S, by all other methods; T, total by all methods.

Number of positions.—B, bomb positions; T, total for all methods.

For radio-acoustic positionsthe name of call letters, or each sta-
tion, the distancein meters between the ship and station, and the
log and revolution-counter readings are recorded. Intermediate posi-
tions are provided by recording the time, log, and revol ution-counter
readings. The latter are noted whenever thereis achange in speed
or course and at such other times as may be desirable. Rubber stamps
are provided for recording radio-acoustic and intermediate positions.

Bomb record.—A bomb record, for which astandard form is pro-
vided, isused for recording datarelative to radio-acoustic positions
and the computation of distances. The bomb record for position
No. 37, Figure 34, isshown in Figure 35. Each page of thisrecord
is divided into alternate four and two line spaces by heavy lines,
each four-line space being used for recording the data for one station.
For conveniencein following the explanation given below, the col-
umns of this sample record page have been numbered.

Referring to Figure 35, the position number, time of dropping
bomb, and the names or call letters of the stations are recorded in
the first two columns.

Thetime intervals inthe next two columns are scaled from the
chronograph tape. On this tape the chronograph pen draws abase
linein which it makes a small jog or offset for each second of time.
The time of receipt of the sound of abomb explosion or of aradio
signal from ashore station is shown by alonger offset made, on the
opposite side of the baseline, by another pen. As explained on
page 100, thefirst long offset of a position determination is caused
by the bomb explosion. For convenience in scaling timeintervals,
the offset denoting a second of time next preceding the offset caused
by the bomb explosion is used as an initial point from which all time
intervals are scaled.
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In the third column are entered the following in the order named:
(1) The"initial interval," which is the time interval between the off-
set caused by the bomb explosion and the initial point; (2) the
"run,” whichisthe timerequired for the sound of the explosion to
reach the ship, computed from the speed of ship, timeinterval be-
tween dropping the bomb and its explosion (see p. 100), and the
velocity of sound in water; and (3) the" initial correction,” which
is obtained by subtracting (2) from (1) andis, of course, theinter-
val between the initial point and the actual time of the bomb
explosion.

In the fourth column are entered the intervals between the initial
point and the offsets caused by the radio dashes from the shore
station. The time interval of the instantaneous dash (seep. 101)
isrecorded on the firstline, followed by theintervals of the three
metronome dashes. If the apparatus is not equipped to transmit
adash at the instant the sound reaches the hydrophone, or if any of
the metronome dashes are missed, the appropriate lines are left blank.

In the fifth column the lags of the metronome dashes are recorded.
Means of a series of observations of lags are used and may differ
slightly from thelags indicated by the difference between the in-
stantaneous and metronome dashes of any one position.

In the sixth column the lags are subtracted from the scaled times
of the metronome dashes to obtain the time intervals between the
initial point and the receipt of the sound by the shore hydrophones.
The mean of the metronome-dash intervals is recorded in the seventh
column.

In the eight column the"initial correction” (from third column)
is subtracted from the instantaneous and metronome dash intervals
to obtain the time required for the sound to reach the shore
hydrophone.

The velocity of sound in sea water is entered in columns 9 and 10.
If field work is started before tests are made, a velocity may be
assumed until tests are compl eted.

The distance in meters between the ship and shore station, entered
in columns 11 and 12, isobtained by multiplying the velocity of
sound by the elapsed time (from column 8).

The last column is used for entry of datalisted in the heading.
The fuse interval is the interval between the time of dropping the
bomb and the time of its explosion.

Succeeding four-line spaces are used for the two or more control
stations from which distances are obtained.

When itis desirable in thefield to determine the location of the
ship as quickly as possible, aposition can be computed from any
one of the radio dashes. In this case it is convenient to use a template
to check the operation of the shore stations and to identify the
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offsets on the tape. A template for this purpose is constructed by
plotting, along the edge of a strip of boat-sheet paper or other
durable material, offsets corresponding in length to those on the
tape and spaced in accordance with the lags determined by tests and
with the scale of the tape.

For afinal record, however, the complete data noted above are
carefully determined, entered, and checked, thus obviating the neces-
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Fic. 36. — Sample record page; wire soundings

sity of forwarding chronograph tapes to the office. A rubber stamp
is provided for the names of persons that perform the various
operations.

Wire soundings. —The method of recording soundings obtained by
sounding machine and wire with the vessel stoppedisshownin
Figure 36. The information indicated by the two stamps inthis
illustration is given for wire and pressure-tube soundingsand isin
addition to data shown in Figure 30.
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"No bottom" soundings are recorded in the form of a fraction with
zero as the numerator and the depth reached asthe denominator.
Thus, 0/19 indicates no bottom at 19 fathoms or feet, depending on
the sounding unit.

Recor ding cuts.—When a considerable number of signals are located
by sextant cuts, as when floating signals are used, it iswell to record
all cuts ina special angle record, properly indexed. A sounding
record with its cover label atered may be used for this purpose.

Record of floating signals.—When afloating signal is planted it will
be found desirable for future reference to record the date, depth of
water, length and bearing of anchor cables, and identifying mark
of the signal.

REDUCTION OF SOUNDINGS

The reduction of soundings in accordance with paragraphs 130 to
139 of part 1 isindicated in the various sample record pages. The
tide reducers are taken from the tidal record when aplain staff is
used or are scaled from the marigram of an automatic gauge. In
most cases the tabulation of marigrams to determine the gauge read-
ing corresponding to the plane of reference isdone in the field. It is
sometimes desirable, however, to forward the marigrams to the
Washington office for tabulation, in which case the gauge readings
for days when hydrography is done may be scaled and recorded in
atidal-record book to be reduced to the plane of reference and used
for reduction work after information relative to the gauge reading
corresponding to the plane of reference is received from the office.

In some cases, when the gauge is a considerabl e distance from the
work, it may be necessary to apply atime and height correction. The
above operations are fully described in the Instructions for Tide

Observations.
Lead-line corrections and tide reducers are usually entered at the

top of each page and wherever a change occurs.

For tube soundings the heading of the " lead-line correction”
column is changed to show the corrected sounding in fathoms. The
latter is obtained by applying the correction obtained by tests to the
mean of the two tube readings. The same correction is applied to
either pair of tubes. For examples, the correction to one pair of
tubes at 30 fathoms is also applied to the other pair for the same
depth, and the correction to either pair at 35 fathoms is obtained by
interpolating between the correction for one pair at 30 fathoms and
the other pair at 40 fathoms.

For fathometer soundings the second division of the "soundings"’
column is used to enter the sounding corrected for slope. The slope
correction, which in most cases is negligible, is obtained by means of
a graph furnished by the office. The heading of the "lead-line cor-
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rection” column is changed to show the velocity correction to the
sounding in fathoms. The latter, which is applied to the sounding
(unless a slope correction is necessary, in which case it is applied to
the sounding corrected for slope), is obtained by means of a factor
representing the relation between the assumed velocity of sound and
the difference between the assumed and actual velocities.

For soundings of 450 fathoms or less this factor istaken from
Table4a or 4b in the appendix. Table 4a isused for instruments
with a dial speed of 240 revolutions per minute, corresponding to an
assumed velocity of 800 fathoms per second, while Table 4b is used for
instruments with adial speed of 246 revolutions per minute, corre-
sponding to an assumed velocity of 820 fathoms per second. (See
description of fathometer, p. 55.) These tables are entered with the

mean temperature and the mean salinity.
A convenient form for working up these velocity factors is shown

on page 72. By using thistable and making small interpolations,
the corrections can be entered directly in the record in the column
headed "lead-line correction.” A form of this nature should be pre-
pared for each station at which temperatures are observed, and in-
cluded in the abstract of temperatures for the season. (See par. 170,
pt. 1.) If asecond temperature series or the shorter series that may
be taken from time to time during the season (see p. 72) agree with
the first series, factors and corrections, of course, need be computed
only for the first series.

Each form should be identified by a number or letter, and the
descriptive report for each sheet should contain a reference to the
factor tables in the abstract of temperatures that apply to that sheet.

For depths over 450 fathoms a factor must be computed for each
200-fathom layer of depth, using the observed salinity and serial tem-
peratures. Thus, a factor is computed and applied to soundings
within the 450 to 650 fathom range, another factor is computed for
soundings within the 650 to 850 fathom range, etc. In computing
these factors the actual velocity of sound for any depth is considered
to be the mean of the velocities of successive 200-fathom layers down
to the depth range in which the sounding lies. The velocity for each
200 fathom layer is taken from the tables for the middle of the layer.
For example, the velocity for the 200 to 400 fathom layer is taken
from the tables for 300 fathoms.

Factors are usually computed in the following tabular form. This
form is essentially the same as that shown on page 72, and is included
in the abstract of temperatures and referred to in descriptive reports
in the manner described above. The principal differenceis that the
factors must be computed instead of being taken from atable.



HYDROGRAPHIC MANUAL 119

Fathometer factors

[Salinity, 310/00]
Date, --------------------- Location of station: Lat. -------- ; long, ------

: Adiabatic |Corrected | Mean
Depth, Fathoms Tempera- | VelOCity | correction | velocity | velocit Depth | Factor
ep ture,°C. | per second| per' second| per oond per oeohd| range

Fathom | Fathoms | Fathom | Fathoms | Fathoms

100 16 819 3 822
300 8 809 2 811
500 5 806 1 807 813 | 813- 650 | +0.016
700 3 807 1 808 812 | 812- 850 | +0.015
900 3 810 1 811 812 | 812-1,050 | +0.015

'NOTE.—Factors are computed for an assumed velocity of 800 fathoms per second. Temperature observa-
tions and factor computations are extended to include the maximum depth at which soundings are taken-

The serial temperatures entered in the second column are those
observed at the depths shown in the first column. Velocitiesin the
third column are obtained from Table 5 inthe appendix. The
adiabatic corrections are obtained from Table 6 in the appendix and
are added to the velocities from Table. 5 to obtain the corrected
velocities. The mean of the corrected velocities for 100, 300, and
500 fathoms is considered to be the velocity for the depth range 450

to 650 fathoms, and so on.
The factor is computed from the formula

O =tF
in which D is the difference between the assumed vel ocity, depending
on the dial speed of the fathometer, and the actual velocity from
the above table; V is the assumed velocity; and F isthe factor. The
sign of the factor is plus if the actual velocity is greater than the
assumed velocity, and minus if the contrary is true.

The factor (for soundings over 450 fathoms) is entered at the top
of each page in the record and wherever a change occurs, to two
decimal places only. If the figurein the third decimal place of the
factor as tabulated is 6 or more, the figure in the second decimal place
isincreased by one; 5 or less in the third decimal placeisdisre-
garded. Each sounding is multiplied by the factor to obtain the cor-
rection, which should be entered in fathoms to agree with the sound-
ing unit. A slide rule may be used conveniently for this operation.
The correction is applied in accordance with the sign of the factor.

The method described in the preceding paragraph may also be
used for soundings less than 450 fathoms if desired, but the entry of
corrections by inspection from atable should be more convenient.

In Figure 36, illustrating the recording of wire, soundings, no
reduction is made, as the soundings are over 100 fathoms.

A stamp (stock No. 4—not illustrated) is provided for entering
the initials of the persons who reduce and check the record and who

plot sounding lines and soundings.
42651°—31—9
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The sheet and volume numbers should be entered on the cover
label of each record when it is first used; the remaining dataon
cover label and title page (see par. 138, p. 17) being entered whenever
convenient before the records are relinquished.

List of signals.—The list of signals required in paragraph 139,
part 1, isgenerally prepared in the following form:

List of signals on hydrographic sheet No. —
Hydrographic

name Location

Ha Halls Mills, 1923.

Bat. - . Topographic signal, sheet C.

Red- - - - - - - - - - Hydrographic signal, page 45, Sdg. record, volume 2.

A date after a name identifies the station asatriangulation or
traverse station located during the year stated. The field letter of
the sheet on which a topographic station islocated and the page
and volume of the record on which cuts to a hydrographic signal are
recorded should be given.



Chapter 7.—HYDROGRAPHIC SURVEYING

After the completion of such preliminary operations as are neces-
sary, a party is ready to begin actual hydrographic work. This
should be based on a general plan, formulated in advance from a con-
sideration of the results desired, the various units available, and
other conditions that may affect the work. Such aplan, of course,
is subject to change and often will be changed to some extent as
the work progresses.

Under ordinary conditions it isdesirablethat all classes of work
be completed to the same general limit at the end of the season. An
exception to this occurs when the hydrographic party executes the
greater part of the control surveys for work that will extend over
more than one season. In such a case it will be advantageous to have
the triangulation or traverse far enough ahead of other work at the
end of the season so that the latter can be resumed without delay at
the beginning of the next season while the control is being extended.

The division of work between the various units of the party should
be madewith theidea of securing the greatest possible progress
consistent with economy and safety in the useof the ship and
launches. In laying out the launch work consideration should be
given to thelocation of shore quarters and ship anchorages, so that
the time required for runs to and from the working grounds may be
reduced to a minimum.

A chief of party working in aregion with which heis not familiar
should obtain as much information as possible regarding prevailing
weather conditions from astudy of meteorological data and from
persons with local knowledge. As the season advances he will
acquire familiarity with local weather conditions which, together
with knowledge as to the relative progress of the various units, will
be of great assistance in planning the continuation of work.

Special attention should be given to sections of the work requiring
unusually favorable weather conditions. Even if it isthought that
the best weather will occur later in the season, preparations for such
work should be completed as soon as practicable in order that advan-
tage may be taken of suitable weather whenever it occurs.

When radio-acoustic control is used it is not economical to have
the shore stations so close together as to give good intersections of
the distance arcsfor any considerable distanceinside the range of
visibility, under favorable conditions, of shore signals. In work

121
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of this nature clear weather must therefore be utilized for the inshore
work controlled by visual positions. Exceptionally smooth weather
is usually required for the installation of hydrophones and cable
laying.

Careful study should be made of the order in which work isto be
taken up, with the idea of developing alogical sequence of operations
so that all work accomplished will give as much information as prac-
ticable of additional work required, and the project thereby will be
completed not only without neglect of any essential work, but also
without waste of time or effort.

For example, assuming that sounding lines are to be spaced 200
meters apart to the 5-fathom curve and 400 meters to the 10-fathom
curve, in most cases it will be more economical to run the 400-meter
linesfirst and then to split them out to the 5-fathom curve. By this
method the 5-fathom curve is well defined by the 400-meter lines and
the hydrographer knows just whereto split the lines. Otherwise he
may run the 200-meter linestoo far outin order to make sure that
thereis no shoaling after adepth of 5 fathomsis first reached or be
confronted with the necessity for additional work if shoalingisdis
closed by the subsequent extension of the 400-meter lines to the
10-fathom curve.

An example of wasted effort sometimes occursin the survey of a
river or similar passage by crosslines and channel lines. The logica
order of work, of course, istorun the crosslinesfirst in order to
determine the location of the channel. Cases have been known, how-
ever, where the channel lines have been run first, following the sup-
posed | ocation of the channel as defined by aids to navigation or other
features, subsequent crosslines disclosing the fact that the supposi-
tion was far from correct. Such a survey, involving exactly the
same amount of work as the proper method, is, of course, unsatis-
factory and can only beremedied by such additional work as is
required for rerunning the channel lines.

It is sometimes economical, before beginning the survey of abay,
river, or other indentation, to run afew widely spaced trial lines of
soundings in order to obtain general information from which the
bearing and spacing of lines and other details of the work can be
planned moreintelligently. Thisis especially desirable in resurveys
for the purpose of getting an idea of the extent of changes that have
taken place. If the trial lines are carefully placed and arerunin
accordance with standard practice, they usually can be fitted into the
final survey so that no work is wasted.

A study of the nature of the country adjacent to the work is always
of value, for the characteristic land forms are likely to be repeated
under water. Thus, in certain water areas along the New England
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coast sunken bowlders, corresponding to those that dot the fields
along the shore, are found in great numbers, while in southeast
Alaska the sharp mountain peaks, that are so noticeable while cruis-
ing along the coast, form submerged pinnacle rocks, often rising
from great depths to within afew feet of the surface. On the South
Atlantic coast of the United Statesthelow, even, sandy coasts give
assurance that dangers, such as rocks and reefs, do not exist, but here
it will be found that, corresponding to the constant movement of the
sand dunes along the shore under the effect of the wind, there are
frequent changes in the bottom due to the action of waves and
currents.

Organization of units—The organization of alaunch unit engaged
in lead-line sounding usually consists of two officers, arecorder, an
engineer, and two men who alternate as leadsman and helmsman.
The officer in charge ordinarily takes right angle and plots while the
second officer takes left angle and supervises the operations of record-
ing and sounding. When a sounding machine is used, one of the
officers generally records and an extra man is provided at the machine.
On shipboard several men are usually required for work on deck,
so that there isconsiderable latitude in arranging a system of re-
lieving the leadsman and helmsman or for providing extramen if
they are required for other methods of sounding. For hand-lead
sounding it is usually desirable to station a seaman on the deck below
the sounding chair to assist in hauling in the line. For radio-acoustic
control the bomb firing should be under the direction of an officer
with considerable experience. Echo soundings also should be read
by an experienced officer, and in deep water it may be necessary to
detail officers with special qualifications for this work.

Predicted tides—One of thefirst requirements of the hydrographer
isaknowledge of the predicted tides for theregionin which heis
working. This information is required for reducing soundingsto
the approximate plane of reference before they are plotted on the
boat sheet (see par. 83, pt. 1) for planning work that should be done
at acertain stage of tide, etc. The times and heights of high and
low water at a near-by point can usually be obtained from Table 2 of
the Tide Tables. A convenient method of obtaining the predicted
tide at any time during the day is illustrated in Figure 37. The
procedureis as follows:

(a) On cross-section paper plot the high and low water points
A and E in accordance with the time and height coordinates.

(b) Quarter the connecting line AE at points B, C, and D.

(c) Take points B' and D' above and below B and D, respectively,
at adistance equal to one-tenth of the range of tide.



124 U. S. COAST AND GEODETIC SURVEY

3

Hrs ] b- 2 10 11 12 1
T

TR T T T T
Sy E

SO P

—+

I |
1" . N gma __‘_H{* ‘ E - ERE
_1‘ _’i ?*4‘5 1 1!' ¥ ":l'l_'I: T ”-I_ I"' 1™ l '”!LH
1 ' : -Given:
Wa = 7425 a.me Heipght 5.3 feet,

5 CHTNT Time of Hs
3 TTIT  Time of LeWe = 1.40 peme Helght 0.1 foot.

Ty

m

11

Y ik Range 5.2 feete 1]
HIF
: | : T
B

[ T
HiH A T T
1

[eifesse e LA AR TNIE

|
!
Bt
=
L
A
i T
T
|
H
1
L2
| 1

I ——

v I

BEVERER M Reducer 15 & fto at 725 ame
uE 'it:‘:‘g:* TITT] Changes to 5 fte at 7446 aume -
IAYNNE SRS Changes to 4 £ts at 9.13 ame
H-+-1 171 Cnanges to 3 fte at 10,05 a.me
*J.f‘. ) T NG NI/ Onanzes to 2 £64 at 10455 awme |
o H e e "‘T Chanzes to L ft. at 11.47 a.ma [I
, 1T } Li{| Chonzes to 0 ft. at 12,52 ame

11 N S i H

| il

TS e
it

L
l_
1 ]
403 e H
] R
I
-1

_,___1,-;
o
]
=
I
|2
=
T
o I
|
—
L=~ T
HH
—T
i I
[
s NN

1 g - &8
R R e e T TR E EEE R
1 1 11 | H b
T L Easasasgaeshi Seerde e e st i+
SEEEAERE sullRR AN PR HT {T -+
Pipn Sy ay e ygn by n AT l‘\; LT ; :
] T .
T T EEN. THT I ESASELA RS
| BRAN T I Y| I -
o o S e
[ I T | RN E T T INENAENEEN 1
HHH Semit NN T R
nunsd ARk punn 311 g iy R N
1 H i EENEN RN
T e T IO R T
| iRus P 5L—*"]|-' i !
! T T T
: - TP AT e _1*24;54 X a;‘}t‘““
1 N R

TT

ti-h H LY e
: N :

i N
RN [ HRREN H] B Bl [T |
G I O I T ST s N
[T I T 1 L I
B FEREN _14___ Eq ,,huw : ST ,
i e L AT 3"%_" SRu s\ m
T i i | 1 ! PRI
! T ! } - T R ,ﬁi[\,
o T HEE = i ! mun s_; i r_- -1 EENRNN NN ;
TR T O e e T T e L S T T T I s T T L

FIG. 37. — Construction of predicted tide curve
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(d) Draw an approximate sine curve through points A, B', C, D',
and E, which will give the information required.

The tide curve constructed in this manner can be marked to show
the points at which changes in reducers occur. Thus, when reducers
aredesired inintegral feet, the curve should be marked at points
between 0.2 and 0.3 of each foot (between 0.7 and 0.8 when the tide
isbelow the plane of reference) and the corresponding times noted.
A tabulation of reducers and times of change can be taken from the
curve and furnished to each unit before sarting the day's work.

Offshorelimits of surveys—Until recent years depths greater than
100 fathoms have been regarded as of little concern to navigators,
sincethat depthwas about the limit at which they could obtain
soundings. The development of echo-sounding apparatus, however,
now enables ships equipped with such apparatus to measurethe
greatest depths of the oceans, with the result that they are always
"on soundings." It istherefore considered that hydrography should
be carried asfar seaward as practicable. Where the bottom gradient
issmall, ason the Atlantic and, especially, the Gulf coasts of the
United States, the 100-fathom curve liesso far seaward that it is
difficult to control hydrographic surveys to that depth. For this
reason surveys on these coasts usually are not carried much beyond

the 100-fathom curve.
On the coasts of the Pacific Ocean, however, the gradient is usu-

ally so steep that adepth of 100 fathoms is found comparatively
close to shore, with the 1,000-fathom curve no great distance beyond.
In these waters it is therefore the general practice to extend surveys
to the 1,000-fathom curve.

Direction of lines—In the absence of specific instructions on the sub-
ject, the general requirements permit the hydrographer to run sound-
ing lines normal or parallel to the coast or to use a combination of
these directions. The most suitable bearing depends so much on
local conditionsthat, ingeneral, it is necessary to depend on the
judgment of the chief of party for the selection of asystem that
will accomplish the desired results in the most economical manner.
In laying out a system of lines along an open coast a consideration
of the following points may be of value.

Lines normal to the coast have been used more often in the past,
especially for inshore hydrography. Their principal advantages are
that, when well located, they are especially suited to the determina-
tion of the depth curves; that positions are more easily obtained, as
fewer changes in objects are required; that positions so close to shore
that three signalsare not available can be obtained by prolonging
the line between strong positions farther offshore; and that they per-
mit theuse of ranges and leading marks on shore for running the
lines.
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In running such lines in toward the shore or other danger or when
getting under way at theinshore end of a ling, however, it is very
difficult to record all variations in speed, with the result that inshore
depth curves are frequently displaced to some extent. Thereis also
less flexibility in spacing. If two parallel lines are run in the
direction of depth change, it is obviousthat, if they are spaced cor-
rectly according to the depth at one point, they will be too close
together or too far apart at other points.

These difficulties may be obviated to a considerabl e extent by the
use of lines parallel tothe general trend of the coast, especially in
an even, gradually dloping bottom. Itisaso probablein many
cases that soundings can be obtained closer to shore, asthe boat is
running along, instead of toward, the danger line, and that time can
be saved by starting and ending work closer to the ship anchorage
or headquarters of a shore party.

Lack of the advantages mentioned above for linesnormal to the
coast may be considered to be the disadvantages of a system of lines
runin thedternate direction. When the coast has many indenta-
tions, so that the shorelineis very irregular, it would appear to be
more satisfactory to runlines normal to the coast or to usea com-
bination of normal lines running out ashort distance to ajunction
with lines parallel to the shore. In some cases lines parallel toan
irregular shore might be satisfactory, but it will usually be difficult
to provide a sufficient number of signalsfor the numerous positions
at irregular intervalsthat would be required for the changes in
course.

Spacing of lines.—The spacing of lines depends on the depth, char-
acter, and relief of the bottom and the importance of the region.
In general, the spacing should be such as to give sufficient devel op-
ment, for navigation and fishing purposes, of al areas out to the
offshore limit adopted for the project. In important anchorages
and channels lines are usually spaced 50 meters apart, or even closer
if necessary for complete development. In general coast work, with
even sand or mud bottom and without indications of banks or dan-
gers, lines normal to the shore are generally spaced 200 to 300 meters
apart to the 10-fathom curve, thence one-half mile apart to the
15-fathom curve or to the limit of visibility of control objects, and
thence from 1to 4 miles apart to the 100-fathom curve. When the
bottom is broken or uneven it isnhecessary to decrease this spacing.
For work betweenthe 100 and 1,000 fathom curves lines are
spaced from 2to5 miles apart, the closer spacing being used out
tothelimit of fixed-position work and the wider spacing for lines
controlled by astronomical observations when the outer limit of
work can not be reached by other methods of control.
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For asystem of lines parallel to the shore the spacing will vary
with the depths, increasing gradualy from the minimum distance
used for the inshorelines. Thus the successive spaces, outside the
6-foot curve, may be 50, 100, 100, 200, 300, and 400 meters.

Crosslines for any system should be spaced four or five timesas
far apart as the main lines.

Inrocky regionstwo surveying methods are available. One is
to decrease the above spacing considerably and to devel op thoroughly
all shoal indications with the lead line or wire drag. The other
isto run only a sufficient number of sounding lines to ascertain the
general depths and configuration of the bottom, and then to cover
the entire region with the wire drag to the depth required for
navigation.

The spacing of linesis prescribed in special instructions covering
each project, but the responsibility of the chief of party is not con-
fined to compliance with such instructions. Heis required to de-
crease the prescribed spacing in certain cases and to investigate all
shoal indications without regard to the system of linesin use. (See
pars. 105 and 109, pt. 1.)

The method prescribed for the survey of arocky region may be
subject to change. For example, alocality to be surveyed by acom-
bination of soundings and wire drag may be found to be subject to
conditions, such asaheavy and continual swell, that will interfere
with the economical use of awiredrag. On the other hand, a sur-
vey by soundings alone may develop so many, and possibly unex-
pected, shoal indications that a change in method to include the use
of awire drag may be advisable.

In such cases the chief of party should inform the office promptly
of the conditions encountered and recommend any changes that may
seem desirable. He should not, however, change the method of
survey until so authorized.

Laying off the lines.—Proposed sounding lines, in accordance with
the bearing and spacing decided upon, arelaid off in pencil onthe
boat sheet. Asit may be desirable to shift the entire system slightly
from time to time, due to the possibility that the actua lines may
not coincide with those laid off on the sheet, only afew lines should
be drawn at onetime.

Running lines—To run asounding line the hydrographer places his
vessel at the desired starting point, heading approximately on the
course to be steered. The helmsman is given the course, the recorder
is given the starting data, a position and sounding are taken, and the
vessel gets under way. Thetaking of lead-line soundings at any de-
sired interval is directed by therecorder by the word "sound," or
by whistle or other signal. This order should be given asufficient
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number of seconds before the expiration of the time interval (based
on observations of the actual time required to get soundings in various
depths), so that the sounding will be obtained as closely as possible
at the expiration of theinterval.

When sextant positions are taken at regular intervals the recorder
notifies the observers about 30 seconds beforehand by an expression
such as "stand by" or "position on the next sounding." The ob-
servers then set their sextants on the control objects and take the
angle, as the lead line comes vertical, on the order "mark," given by
therecorder or officer inthe best position to observe the sounding
operation. Special positions are taken on order from the officer in
charge.

Sounding lines ordinarily are run on compass courses, following
the proposed lineson the boat sheet as closely as practicable, but
except when running lines parallel to the coast, without taking time
to make them coincide exactly with the latter. In many cases, if the
position plots some distance from the desired line, it may be desirable
to change course only enough to parallel the latter and then to shift
the system of proposed lines to agree with those actually run. When
running lines with graduated spacing parallel to the coast, however,
greater care must be taken to keep on the proposed line and to return
to it as soon as practicable if the position plots off the line.

Ranges of shore objects should be picked up, if practicable without
delaying the work, and will be especially useful when thereis a cross
wind or current. When arange isdesired the angle between some
signal and the proposed line may be taken from the sheet with the
protractor, and with a sextant set to thisangle, a search may be
made for suitable objects on shore that are in range with the line.

When ranges are not available and there are objects both ahead and
astern, aswhen working in abay or passage, an improvised instru-
ment, called a 180° mirror (seefig. 40), may be used to keep the
sounding vessel on line between two selected objects. This instrument
consists of a thin board shaped about as shown, with a grooved sight
"C" and two grooves for holding two sextant index mirrors at right
angles to each other and about 5 inches apart. A part of the silvering
on the upper part of mirror "A" is removed, and a cover is provided
to exclude from mirror "A" objects not reflected to it from mirror
"R

To use thisinstrument, an object on the near shore is selected as
described above for a range, and an object on the far shore is picked
up as soon asthe vessel ison line and course. The vessdl is kept on
line between these objects by so directing the course that the double
reflection of one object remains under the second object as viewed
direct through the grooved sight and the clear part of mirror "A."
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At theend of a sounding line the vessel turns and runs over to
the next line. Inrunning from one line to another of any close
system of parallel lines, soundings are not required, and there will be
less confusion if they are not taken.

The procedure for tube soundingsis practically the same except
that the machineisreleased at the expiration of the time interval.
For machine soundings the recorder is informed as to the time inter-
val between soundings and notifies the officer in charge when it is
time to reverse the engine.

As asounding vessel approaches the shore or other shoal water a
sharp watch must be kept ahead for rocks and other dangers, and the
helmsman and engineer must be ready to carry out orders promptly.
In some regions, and especially in coral bottom, alookout aloft on a
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FIG. 40.—180° mirror

survey ship will be able to detect shoaling by the appearance of the
water.

Sounding speed.—T he approximate maximum sounding speed prac-
ticablefor lead-line and tube sounding is 5 knots, but this must be
decreased when running with afair current to avoid large sound-
ing intervals or overrunning the lead line. The proper sounding
speed can be determined after a short period of observation. Echo-
sounding lines and the intervals between wire soundings are run at
full speed.

The use of funnel-shaped canvas drags, with a simple arrangement
of lines for towing and spilling will be found effective to obtain
ashort turning radius or to reduce the speed of motor launches when
the minimum engine revolutions for satisfactory operation give an
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excessive sounding speed. They may also be used to assist in stop-

ping for wire soundings in order to reduce wear on the clutch.
Sounding interval.—The desired interval between soundings may be

obtained by adjusting the time interval between soundings, the
speed of the vessel, or both. Under normal conditions and the proper
sounding speed the following time intervals will usually be satis-
factory for lead-line soundings:

Depths under 2 fathoms 15-second interval
Depths from 2 to 4 fathoms 20-second interval
Depths from 4 to 7 fathoms 30-second interval
Depths from 7 to 10 fathoms 40-second interval
Depths from 10 to 15 fathoms 1-minute interval

Tube-sounding intervals will vary somewhat, depending on the
type of machine and the skill of the operators. Suitable intervals
can be determined with a little experimentation. The use of two
machines will, of course, decrease materially the interval required for
tube soundings. The general requirements regarding sounding inter-
valsfor all types of sounding apparatus are given in part 1.

Position interval.—With regard to this subject, very little need be
added to the general requirements given in part 1. Special atten-
tion, however, should be called to the importance of taking a posi-
tion as soon as the vessel gains full headway at the beginning of a
lineand when slowed down on approach to shoal water at the end
of aline; otherwise serious errors in spacing soundings on the plotted
sheet will be likely to occur. Theirregular and improbable depth
curves, aswell as poor crossings, sometimes seen on plotted sheets
near the shore are generally due to unrecorded variations in sounding
speed.

The maximum interval between radio-acoustic positions is about
30 minutes. A shorter interval will usually be required for a system
of closely spaced lines. At the present time about four minutes are
required to obtain a radio-acoustic position.

When there is considerable distance between sextant positions, as
inthe case of offshore wire soundings, unrecorded trial positions
to check the course and distance run may, of course, be taken at
any time.

Depth curves are of much value in interpreting and examining the
results of the field work. The depth curves will often indicate areas
of shoaer depths requiring further examinations. Also abnormal
and improbable curves are a strong evidence of probable uncertainties
or inaccuracies in the hydrographic survey. Depth curves cor-
respond to contours on land, and in nature are therefore generally
of graceful sweeping form, free from sudden changesin direction
and from corners. Ordinarily they can not cross or abruptly run
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into each other; on approaching they tend toward parallelism. Any
departure from probable natural conditions is an indication of error
either in field work or in plotting, or it may be an indication of
shoaling that will require further examination. A study of the
characteristic bottom forms in any region is of value in the interpre-
tation of hydrography, as such forms are apt to repeat themselvesin
similar regions.

Development.—Extent of development will vary from a maximum
on shoals in important locations and in channels and anchorages
having depths near the draft of vessalsto be accommodated to a
minimum on extensive flats of much less depth and in clear areas of
much greater depth than isrequired for navigation. Careful atten-
tion also must be given to the development of shallow channels and
waters that are likely to be used by light-draft vessels or motor boats.
In regions where changes are continually taking place, development
ordinarily need not be so detailed asin regions of little change.

The requirements given in part 1 and the methods heretofore
described, if carefully followed, will suffice for ordinary hydrographic
work. Methods of development in afew special cases are given
below.

Work on large scales.—When working on large scales (usually
larger than 1:10,000) special precautions must be taken to guard
against errors that would not be appreciable on smaller scales. The
observers should stand close to each other and be careful to mark
their angles at the sametime. Great care should be taken to note
the exact times of soundings and positions and to keep sextants and
protractors in adjustment.

Sounding in strong currents.—It had been definitely established that
accurate soundings and their locations can not be obtained with hand
lead or machine when sounding lines are run across or against strong
currents. The depths obtained will be invariably greater than the
true depths, the error being in direct proportion to the strength of
the current and increasing greatly with the depth. (Seefig. 41.)
In strong currents, therefore, sounding lines should be parallel to the
axis of the current with the vessel running at slow speed in the direc-
tion of the current.

Development of shoals.—Development of all shoal indicationsis one
of the most essential details of hydrographic work. In order that
all soundings indicating possible shoals may be noted, close coopera-
tion between the hydrographer, recorder, and leadsman is essential .
Such soundings should be plotted on the boat sheet and marked in a
distinctive and conspicuous manner (usually by ringing with red
pencil at thetimethey are obtained. Shoal s should be devel oped
by a closely spaced system of crosslines to determine the high points,
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which may be examined further by drifting over them and feeling
them out with the lead. A marker buoy, anchored at a suitable
point on the shoal, will often be of value for such development.
Thiswork may be largely avoided if conditions are such that awire
drag can be used for the examination.

In exposed regions reefsor shoals may be located during heavy
weather by obtaining cuts to the breakers from shore stations or from
different positions of the vessel. The depths on such obstructions
should be determined during smooth weather if possible; if always
breaking, a sounding line should be run just outside the breakers and
distances from vessel to breakers noted at numerous points.

FIG. 41.—Sounding in strong current

This illustration shows the results of an experiment to determine the accuracy of
soundings obtained under various current conditions. Circles connected by solid lines
show depths obtained by lead-line soundings while running on arange in the direction of
a 3-knot current. That accurate soundings were obtained was indicated by subsequent
crosslines run under favorable conditions. Circles connected by dotted lines show depths
obtained by crosslines normal to a 1%2-knot current. Circles connected by broken lines
show erroneous depths obtained while running on the range against a3-knot current.

Development of channels—The first system of lines should be across
the axis of the channel, either normal or diagona thereto. In nar-
row channels or where the slope is abrupt the lines should be diagonal
and at such an angle that the change in depth will be gradual enough
to permit taking a sufficient number of positions to locate the channel
limits and usual depth curves. Care must be taken to show dl varia-
tions in sounding speed by a sufficient number of positions and either
to take each position simultaneously with a sounding or to record the
exact time of each. The crosslines will serve to locate the channel,
which must then be devel oped thoroughly by a system of lines parallel
with itsaxis.
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Channel development is illustrated in Figure 42. Based on the
information given by the crossines as shown, the broken linesin-
dicate aproposed system of channel lines that will complete the
development. The crosslines start at A and are run in thedirec-
tions shown by arrows to end at B. Asthefirst line indicates three
channels separated by flats, two additional lines, starting at A' and
ending at B', are run to fill in the wide space between the beginning
of thefirst line and the ending of the second and thereby define the
limitsand trend of the two lower channels. The proposed channel
lines areto begin at C and continue, in the directions shown by
arrowheads, to end at D. Dotted lines connecting ends of channel
lines are the courses run by the sounding vessel, without sounding,
from onelineto another. If the proposed lines do not establish a
sufficient number of points to define the limits of the flats, additional
lines must be run until the sides of the channels are reached.

In the development of channels and similar narrow passages
near-by signals should be used wherever practicable. If adistant
signal is used with two near-by signals, the position usually will be
affected considerably by even a slight error in the location of the
distant signal or in measuring the angle.

Development of bars and reefs—In many regions the submarine
relief is characterized by a succession of more or less continuous
ridges trending in a common direction, such as the submerged gla-
ciated areasin Maine and Alaska, the fringing coral reefs of the
Florida Peninsula, and the common sand waves and banks in rivers
and their estuaries and in certain coastal waters. In such regions
the trend of the ridges should be ascertained by a general system of
lines, and final development made by lines run at an acute angle
with the direction of the ridges.

Development of flats—On extensive flats bare at low water the low-
water line may be determined economically by zigzag lines run back
and forth across it. When a sounding line approaches a bare flat
specific note should be made in the record. This will often eliminate
doubt regarding the extent of theflat and avoid sounding over it
at high water. When convenient, flats of less area may be sounded
over when covered, the minus soundings subsequently plotted on the
sheet showing the height of the flat above the plane of reference and
the low-water line, drawn outside of all minus soundings, showing
the extent of the areathat isbare at low water.

Running surveys.—T he hydrographic methods described heretofore
are based on the assumption, which is usually the case, that accurate
control is available. Valuable information concerning unknown
regions where there is no control, however, can be secured, if desired,
by a so-called running survey. Sounding lines obtained by a survey
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ship while cruising at a safe distance off the coast are |located by
astronomical observations, while the general configuration of the
coast is determined by bearings and angles to prominent headlands
and other features.

It issometimes desired to survey an anchorage in an unknown
region for use asaharbor of refuge or other purpose. A method of
establishing local control by plane-table triangulation is described
in the Topographic Manual which may be adapted to sextant tri-
angulation if desired. The stations thus provided may be used for
the development of the harbor and its approaches to any extent
desired. The data so obtained, when located as accurately as practi-
cable by astronomical observations, will serve very well for the con-
struction of a preliminary harbor chart. The stations, of course,
should be carefully marked for later recovery when accurate control
is extended into the region.

Current surveys—A knowledge of the action of tidal and other
currents is of great importance to the mariner. Current surveys are
usually made by special units and are not included in the usual work
of a hydrographic party except by special instructions. It isdesir-
able, however, that current observations be obtained at various points
on theworking ground when this can be done without interfering
with other work. If a ship is anchored in aknown position over
night or during thick weather, such observations can be obtained with
little effort and may furnish valuable datafor current prediction.
They will generally be made with a current pole and line. Instruc-
tions for current observationswill be found in Coast and Geodetic
Survey Special Publication No. 124.

Cost data—Each chief of party is required by the regulations to
submit cost sheets covering his season's work. It is convenient to
keep a memorandum of the various items involved as the work
progresses, as this will save extensive examination of the records and
considerable memory work at the end of the season.

Care of property.—Every effort should be made at all timesto main-
tain instruments and other property in proper condition. Each
officer using an instrument should personally seethat it is keptin
good order, and an officer should be detailed to supervise the care of
eguipment in general use.

The arc of asextant or protractor may be cleaned by wiping lightly
with chamois skin or a soft rag dipped in weak ammonia. Such sur-
faces should never be polished with paper, cloth, or arubber eraser,
as this may deface the graduation. Instruments should be carefully
dried after exposure to water or dampness, with special attention
given to lenses and sextant mirrors.

42651°—31——10
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All surveying instruments should be cleaned from time to time.
Surfaces that are liable to stick together when left in place for along
time should be moistened slightly with oil or tallow after cleansing
and before assembling; this applies to the cells holding object glasses.

A lens may be dusted with acamel's-hair brush and when neces-
sary may be cleaned by rubbing gently with soft tissue paper, first
moistening the glass slightly by breathing on it. A lens should be
examined occasionally to see that it istight in its cell.

Sounding wire, even when galvanized, is subject to rustif not
well cared for. The reel should be wrapped round with oiled cloths
and well covered from rain. When the sounding machineisidle for
ashort period the wire should be dried by running through cloths
and oiled, and this should be repeated once a month when the ma-
chineis not in use. The machine itself should be protected by a cover
of canvas or other material when not in use. Lead lines should be
properly coiled and stowed.

New methods and equipment.—All members of parties should be
encouraged to study the principles involved in hydrographic survey-
ing and to experiment with new methods and apparatus. Descrip-
tions of new methods and apparatus and suggestions for theim-
provement of those in use should be furnished as separate reports as
these are preserved in a special officefile.

Changes of this nature may be divided into two classes-those
that will have no effect on the accuracy of operations, such as the
design of a new type of floating signal; and those that may affect
the quality of work, such as a new type of sounding tube. Those
falling in the latter class, of course, should not beused for actual
survey work until approved by the office.

Seamanship.—Skill in hydrographic work will be of little value
and in fact can hardly be attained unless an officer is also proficient
in seamanship. Knowledge of how to handle and care for his ship
or other craft under all conditions and of the use of lines, anchoring
gear, and similar equipment is especially essential for the hydrogra-
pher, for in many regions he is required by the nature of his work
to meet, almost daily, conditions that the average mariner will
encounter only in emergencies.

Every officer engaged in hydrographic work should endeavor to
improve himself in seamanship by study of standard books on the
subject and by observation and practice.



Chapter 8.2 SMOOTH SHEETS AND MISCELLANEOUS SUBJECTS
PLOTTING SMOOTH SHEETS

The general requirements for plotting smooth hydrographic sheets
aregiven in paragraphs 140 to 162 of part 1. The protective cover
should be held in place securely by weights or thumb tacks. A con-
venient method is to securethe cover along the edge of the sheet
farthest from the plotter with a sufficient number of tacks to hold
it in position andto use only a few tacks elsewhere, as this will
facilitate lifting the cover for inking positions.

A small hole should be cut through the cover at the position of
each station used for control, the hydrographic name of the station
being lettered legibly on the covering material. The holes should
be round, so that there will be no cornersto fray and catch the pro-
tractor arms.

The protractor should be carefully tested before use and manipu-
lated as described heretofore.

In plotting positions, sufficient pressure should be applied to the
center punch of the protractor so that the needle will prick through
the cover and indent the sheet with a hole no larger than is required
to hold the position ink dot. (See pars. 144 and 145, pt. 1.)

Positions may be encircled and numbered in pencil on the cover
to aid in later identification. The cover may be lifted as often
as desired while the positions are being inked and numbered on the
smooth sheet in accordance with the general requirements. The
pencil lines connecting successive positions are usually drawn so
that there is a short gpace, with the position dot in the center, be-
tween successive lines.

Sounding Ilnes are generally plotted in the order in which they

timein order to glvelmmedlate information as to addltlonal work
that may be required.

The records and boat sheets should be examined for notes that
may affect the smooth plotting and for information regarding fea-
tures that are to be plotted on the sheet in accordance with the gen-
eral requirements. It is the general practice to check mark each
position in the record with colored pencil asit is plotted.

Plotting soundings.—In plotting soundings it will be found con-
venient to use a large sheet of blotting or other paper with ahole
in its center large enough to span several positions. By moving
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this cover on the sheet only a small areaof thelatter, on which
soundings are being plotted, will be exposed at one time.

The beginner will usually experience some difficulty in plotting
soundings neatly with vertical even-sized numerals, but skill in
this work will be acquired with alittle practice.

Use of symbols—The symbols ordinarily used on hydrographic

HYDROGRAPHY. DANGERS, OBSTRUCTIONS

land
-
In geperal .|
Land
Rocky Iedges.__tig' -
g
Goral reefs.......
Shores
Higt and low water lnes {
ard areas between
Gravel and rocks
Mud ..
Kelp or eof grass
Rock vnder water R
Rock awash {at any stage ofthetidey ..o ... *

Fic. 44——Standard hydrographic symbols

sheets areillustrated in Figures 44, 45, and 46. I n deciding whether
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the features mentioned in paragraph 160, part 1, are to be shown
by symbols or legends, thefield draftsman should be governed by
thesimple rulethat a method should be sdelected whereby each fea-

HYDROGRAPHY. DANGERS. OBSTRUCTIONS

Breakers along shore .

Fishing stakes._.. W
Overfalls andtiderips . —Ehj.?l___:-tu-?:' =
Limiting danger Iine_____ x"“""m.,.,_,/““':'mm-.f--f’{}
Whirlpools and eddies _..... @ @
Wreok (with depth unknown} -

Wreck (with known depth of less than 10 fathoms. . 3,y Wreck
; > fdatc}

owerigy  WITT

Wreck (with known depth greater than 10 fathoms gver if)
The word “ Wreck™ or iis equivalent, under {he soundine
in liew of the usual abbreviation showipg the pature of the

botton:.
Wreck or hulk (hullabove waterh... oo 3
Cable (with or witbout fettering) .. ...~ — o _ __.

AIDS TO NAVIGATION, ETC.

Life-saving station (ingemeralt .. ... 4 LS55
Life-saving station (Goast Guard} ..o e U
Lighthouse s
Lighthouss, on small-scale chart .

NOTE.—Light sectors, shown by dotted lines

Light vessels, showing number of mast ights___....L

Radio station _._.... - RE.G
Radio compass station RCD
Radio tower __ - SRS 1 N 0.
Radio beacon. _____ SN | 3 11 K O

Fic. 45.—Standard hydrographic symbols

ture will beshown correctly and clearly with the least amount of
work. A small off-lying reef or asmall ledge making out from the
shore, for example, might be shown by symbols, while alarge reef
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or aledge extending a considerabl e distance along the shore may
be indicated more economically by showing the limits by abroken
line with appropriate legend.

AIDSTO NAVIGATION, ETC.

Lighted [ J— ™
Beacons
Not lighted 11121
(samples of distinctive top marks}
Buoy of any kind (er red bucwy ... ... ... . o_._._. '?
Black. —_— . '!'
Striped horizontatly (in generaly "
Striped horizantally {req apd back) ... .. e T
Striped vertically L
Checkered . o e e e ?
Buays S .< ~
Perchand square ... __....._..... (B
Perch and balt .. oo @ Top marka
?used with any
a | buoy symioly
Whistling (or use first four symbnls _ ?
with word " whistling"')
A
Beil (or use first four symbols with ¢
word “bell’"} J
LiBhO e e e e 2
\Moon'ng e s e s e+ oo B
Of any kind {or for largec vesseids) ... X
Anchorage
Forsmaltvessels.. ... i

Fig. 46.— Standard hydrographic symbols

Symbols for lighthouses and beacons will rarely be used on hydro-
graphic sheets, as these amost invariably are located for control
purposes and are shown by the standard station symbols. Buoys of
all kinds may be shown conveniently by the "buoy of any kind "
symbol illustrated in Figure 46, with the nature and number of the
buoy shown by the abbreviations commonly used on nautical charts.

Errors, omissions, and discr epancies—When for any reason only a
single angle is available (as when a mistake has been made in reading
one angle), the locus of the angle vertex may be plotted and the
location fixed by the intersection of these icons with the course made
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good, or by plotting on it the distance from either adjacent posi-
tion according to the time interval. If two angles have been ob-
served but without a common object, the locus of the vertex of each
may be plotted separately, and the position will be at their inter-
section.

Mistakes in angles or record may sometimes be detected by estimat-
ing the position from time and course and testing the angles with
the protractor. In field work the officer who plots sets off the angles
as caled by the observers, without reference to the record. Errors
in recording angles or objects, therefore, can often be detected by
placing the center of the protractor on the boat-sheet position and
testing the angles and objects.

The following discussion of discrepancies that may appear in
plotted soundings will suggest methods of investigations and adjust-
ment as well as precautions to be taken in field work in order to
avoid them:

Discrepancies at crossings should be recognized as evidence of some
fault in apparatus, method, or record which requires a study to dis-
cover its source and indicate the most probabl e correction, and pos-
sibly a reexamination in the field. The following typical errors
are likely to produce large discrepancies which are most readily
detected by such astudy: Careless protracting or spacing of sound-
ings, errors in applying lead-line correction; confusion of numbers,
such as 7 for 11; miscalled sounding; reversed angles, left for right
or right for left; misreading sextant 5 ° or 10 °; confusion of signals;
sextant badly out of adjustment ; erroneous tide reduction.

The following are typical of errors which will require a more
careful analysis of all available data: Spacing of soundings when
affected by unrecorded variations of speed and course, unrecorded
errors in length of lead ling; large clock errors, plane of reference,
when the soundings of one line at a crossing depend on atide gauge
blocked by shoals from the free access of the tide; tide gauge too
distant, or otherwise not well located in relation to the hydrography;
abrupt changes of slope, especially those due to the existence of
ridges formed by wave action on bars; difference in state of the
sea, when the soundings of one line are more affected by rough water
than those of another; soundings affected by the existence of a bight
in the lead line when running with or against wind, sea, or current;
very soft or ooze bottom, a condition which permits of a considerable
latitude of judgment as to what is the bottom.

Most of the errorsin the first list will have the effect of displacing
the sounding line from its true location, and a study of the data
should bring out the fact that the divergence isinconsistent with
the record and lead to the discovery of the error.
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Unrecorded variations of speed most frequently occur at the start
or finish of aline; a comparison of time intervals and distances be-
tween positions should indicate the trouble. A faulty plane of ref-
erenee will produce discrepancies where lines of soundings reduced
by it cross other lines of soundings reduced from a different gauge.

Curves of equal depth afford useful evidence of the source of sev-
eral discrepancies, among which is that of a tide gauge poorly
located with reference to the hydrography. Under this condition
curves located by means of adjoining parallel sounding lines, run at
different stages of the tide, will have ajagged unnatural appearance.

The existence of sand ridges on a bar should be apparent from an
inspection of the whole area of thebar. A slight differencein the
position of the vessel at a crossing might result in a sounding being
taken on the crest of aridge and one on the side or bottom of the
steep inward slope. The possibility of an underwater bight in the
lead line should be capable of inference from the notes in the record.

If the study does not result in an actual correction of one of the
lines, yet it may plainly show good reasons for the rejection of one
of thelines and, in consequence, warrant the adoption of the other.
When the data do not afford areasonable explanation of the differ-
ence, and the latter amounts to as much as 5 Per cent of the depth
in critical parts of the water area, the work should be revised in the

field.
And hereit is pertinent to once more stress the importance of full

notesin therecord. It should be obviousfrom the foregoing how
necessary they are in clearing up discrepancies. Sufficient notes may
save from rejection an apparently unreliable sheet. Asthe smooth
plotting and especially the plotting of sound may not be started
for some time after the field work, the importance of accurate boat
sheets and of carein plotting sounding lines and soundings thereon
should also be obvious.

Following are the principal defects found in hydrographic sheets
that have been reviewed in the past:

(a) Incorrect plotting of positions due to protractor being out
of adjustment.

(b) Defectsin plotting soundings such as incorrect spacing, omis-
sion of soundings due to failureto utilize all space available, and
repetition of soundings so that more are plotted than were actually
taken.

(c) Failureto record and plot a sufficient number of bottom char-
acteristics.

(d) Confusion in recording time of positions and soundings, espe-
cially when stopping for vertical casts.
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(e) Careless placing and excessive size of position numbers and
letters.
(f) Lack of explanatory notes in the sounding records.

PROGRESS SKETCHES

Following are the standard specifications for the preparation of
progress sketches:

Progress sketches should be made on tracing vellum, using a black ink only,
and so drawn as to be suitable for blue printing. They must not be of ex-
cessive dimensions, usually not over 18 by 24 inches. Unless otherwise directed,
the scale of a progress sketch should correspond to that of the published chart
covering the entire area outlined for the season's work, and must be stated
in thetitle.

The progress sketch should give the approximate area of the topography
by paralle ruled lines, not closely spaced, the approximate area of the hydrog-
raphy by widely spaced dots, the approximate area of wire-drag work by a
limiting dash-and-dot line filled in with widely spaced parallel broken lines,
and the triangulation as indicated bel ow, including the various operations of a
single party for one season on one sketch. No attempt need be made to show
actual sounding lines by dots or dotted lines; only information as to area
covered isrequired.

Principal triangulation schemes should be in heavy lines, and base lines
should be of doublewidth. A line observed at both ends should be full through-
out. A line observed at one end should be full at the observed end and broken
at the other. Reconnoissance lines should be dotted if shown on the sketch with
triangulation. When the sketch contains reconnoissance only, the lines should
be full if they areto be observed at both ends. A line should be broken at
the end from which it isnot to be observed. Old stations recovered, including
spires, stacks, etc., should appear thus: ), New stations should appear thus: 4

All important points determined, including mountain peaks, should be shown
as far as practicable. Lines to intersection stations should be drawn lighter
than those of the main scheme. A confusion of lines may often be avoided
by indicating with short lines radiating from intersection points the stations
from which they were observed.

In the Philippines progress sketches of general coast work should, if practi-
cable, be on ascale of 1/100000 (the scale of the Philippine coast charts) ;
for harbor surveys alarger scale may be used if necessary to show the tri-
angulation clearly. The stamped title form is to be used on such sketches,
giving the following information: Class of work, island, locality, scale, dates,

chief of party, vessdl. )
Monthly progress sketches will be returned for use in further reports, after

the information on them has been transferred to the office progress charts.

TERMINOLOGY FOR SUBMARINE RELIEF

The following terms have been adopted by the Coast and Geo-
detic Survey and should be used hereafter in referring to unnamed
features that conform with the definitions and when suggesting
names for such features:

Primary for ms— Continental shelf.— Zone of the continental margin extending
from the line of permanent immersion to the continental talus.
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Continental talus.—The declivity from the lower edge of the continental
shelf into deeper water. Thisdeclivity is characterized by a pronounced
change in gradient and usually occurs at a depth of about 100 fathoms.

Insular shelf.—Zone of the margin of an island or group of islands from the
line of permanent immersion to the insular talus.

Insular talus.—The declivity from the lower edge of the insular shelf into
deeper water. This declivity is characterized by a pronounced change in gradi-
ent and usually occurs at a depth of about 100 fathoms.

Basin.—A large submarine cavity of more or lesscircular, dliptical, or ova
form.

Trough.—A long and broad depression with gently doping sides.

Trench.—A long and narrow depression with steep sides.

Deep.—The well-defined deepest areain a submarine depression.

Rise—A long and broad elevation which rises gently from the ocean bottom.

Ridge.—A long and narrow elevation with steeper sides than those of arise.

Plateau.—An extensive elevation with amore or less flat top and steep
sides.

Secondary forms—Crest.—A narrow rise of irregular longitudinal profile which
constitutes the top of an elevation of the sea bottom.

Bank.—(a) An area, detached from shore and composed of any materidl,
over which the water isrelatively shallow, which does not as a rule constitute
adanger to surface navigation; or (b) an area, connected with the shore and
composed of any material except rock or coral, which is a menace to surface
navigation and which may uncover.

Shoal.—A shallow place in any body of water, detached from the shore and
composed of any material except rock or coral, which is a menace to surface
navigation.

Reef.—A rocky or coral elevation, dangerous to surface navigation, which
may uncover and which is detached from the shore unless of coral, when it
may or may not be connected with the shore.

Ledge.—A rocky formation connected with and fringing the shore.

Pinnacle—A rocky column dangerous, to surface navigation.

Spur.—A prolongation of a mountain ridge onto or across the continental
or insular shelf.

Caldron.—A small deep of more or less circular, elliptical, or oval form.

Furrow.—A fissure which penetrates into a continental or insular shelf ina
direction more or less perpendicular to the coast line.

Valley.—A prolongation of aland valley into or across the continental or
insular shelf.

GEOGRAPHIC NAMES

Distinct names of harbors, towns, points, islands, shoals, rocks,
mountains, etc., are necessary to the intelligent use of charts and
coast pilots, and the surveyor should ascertain and use accepted or
local namesin all possible cases. When there are no local names,
appropriate names, especially for all important features, should be
recommended. When topographic work is carried on, thisinforma-
tion, for features extending above water, will usually be furnished
by the topographer, but the hydrographer will often have opportuni-
ties to cooperate with the former. Further details with regard to
this subject will be found in the topographic manual. (See also pars.
160j and 166i of pt. 1.)
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OFFICE REVIEW OF SHEETS AND RECORDS

Sheets and records are received by the library and archives section
and checked against the transmitting letter. They are then for-
warded to the chart division, where afile number is stamped on each
sheet and its records and each sheet is entered on a sheet diagram
which is achart on which the limits of the sheet and its number are
shown.

The records then go to the division of tides and currents, where
the tide reducers are verified. If errors are found in the reducers,
the reduced soundings are corrected accordingly. This division
prepares a report, asto whether or not the tidal work has been done
properly, which isfiled with the sheet.

Each sheet and its records are next subjected to a critical review
by the section of field records of thechart division. A sufficient
number of positions are replotted to make sure that this work has
been done correctly. The plotting of all soundings is verified, after
which the soundings and depth curves are inked. Inreviewing a
sheet special attention is given to the notes in the record with a view
of ascertaining whether or not the information recorded is suf-
ficient, to warrant any action that may have been taken in correcting
or rejecting positions and soundings. Comparison with previous
surveys and other charted data is made to ascertain whether pre-
viously reported dangers are shown or their nonexistence adequately
proved. (See pars. 121 and 122, pt. 1.) When thereview iscom-
pleted a report as to the adequacy of the work, failure to comply
with the general requirements or with specia instructions, etc., is
prepared and attached to the sheet.

Each sheet and the office reports thereon are then inspected by the
chiefs of the sections of field work and field records, who note any
additional work that may be necessary and recommend approval or
nonapproval of the sheet by the chiefs of the divisions of charts and
of hydrography and topography. Final action is taken by the
director based on the recommendations of the chiefs of divisions.



Chapter 9.—COAST PILOT

Coast pilots are published for the purpose of supplying all infor-
mation not furnished on charts or in other readily available forms
that may be of use to the navigator. New editions of Coast Pilot
volumes are issued from time to time as conditions require; and
during the periods between editions each pilot is corrected at inter-
vals of about one year by means of a supplement.

A new edition of a Coast Pilot is usually compiled by an officer
especially assigned to coast-pilot work. Preparation for this work
should be made in the office by examining all information concern-
ing the region covered by the pilot that has been received in the
office since the date of the edition that is under revision, special
attention being given to information received since the date of the
last supplement.

The data examined should include sheets and reports of surveys
that have been made by the bureau, annual reports of the Chief of
Engineers, United States Army, blue prints and reports of surveys
by the United States Engineers, Noticesto Mariners, and general
correspondence. Note should be made of localities requiring special
investigation on account of lack of complete or recent information,
increase in commercial importance, or for other reasons. Various
divisonsin the office should be consulted relative to info information in
their files and to ascertain their need for special investigations in
the region to be examined.

Field wor k.—After completion of preliminary work afield exami-
nation as thorough as practicable should be made of the region cov-
ered by the pilot. The methods used for thiswork will vary con-
siderably, depending on the nature of the country, facilitiesfor
transportation, etc. 1n some regions the most satisfactory method
will be to use avessel large enough to afford living accommodations
for the party for all travel and field work. In other sectionsit
may be advisable to travel by other means to certain points along
the coast where a launch or other transportation can be hired for
short periods for the examination of near-by territory. In the latter
case passenger or other vessels should be used for local travel, when-
ever possible, in order to collect data from local masters and pilots
making the runs.

Equipment.— In addition to the Coast Pilot and notes collected in
the office, the party should carry a complete set of charts and
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other nautical publications covering the region under examination.
INn some cases bromides of original sheets may be of value. Instru-
mental equipment should include a sextant, lead line, three-arm
protractor, boat compass, parallel rulers, binoculars, dividers, and
steel tape. In some regions a small theodolite and a plane-table out-
fit may be useful.

Other sour ces of infor mation.—While in the field every opportunity
should be taken to consult with governmental and private organ-
izations and local authorities. These may include superintendents
of lighthouse districts, masters of lightships and lighthouse tenders,
United States engineers, United States local inspectors, chart agents,
port commissions, State authorities or others engaged in the develop-
ment or operation of waterways, municipal engineers in charge of
water fronts, engineers departments of railroads controlling water
terminals, yacht clubs, mariners, and other individuals interested in
maritime affairs.

Such consultations should be carried on, in so far as practicable,
with three main objectsin view:

(@) To obtain all available information for the compilation of
the Coast Pilot.

(b) To ascertain the needs of the organizations or individual s that
can be supplied by this service or through reference to other bureaus
and to obtain suggestions for improving the nautical publications of
this bureau.

(c) To establish relations whereby the Coast and Geodetic Survey
will be advised as promptly as possible of all changes affecting navi-
gation that should receive consideration in the office or attention in
the field.

Whenever possible, plans showing changes or improvements, such
as new terminals, dredging operations, bridges, etc., should be ob-
tained for usein compiling the Coast Pilot and for chart correction.
Control points should be identified or established, so that the plan
can be oriented and located with respect to the chart. Such plans
should be inspected in the field and clearly marked to distinguish
between details that actually exist at the time of the examination and
those that are projected only.

Coast Pilot infor mation.—The nature and amount of detail to be
gathered and compiled in a Coast Pilot require considerable judgment,
as overminute details or unessential matter tend to obscure more im-
portant information and to impair the usefulness of the volume.
It is obvious that certain classes of information that are of value for
alittle-known region may not be necessary in apilot covering a well-
charted coast. It should also be bornein mind that the pilots pub-
lished by the Coast and Geodetic Survey are used not only by pro-
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fessional navigators but also by navigators of a large number of
pleasure craft and other small boats and that careful consideration
must be given to the requirements of small craft as well as larger
vessels. With these consideration in mind, the main objects of a
Coast Pilot party should beto verify or correct all statements, de-
scriptions, and directions in the pilot under revision; to note infor-
mation no longer of value, and to obtain such new information as
may be necessary.

General information, published in thefirst section of each Coast
Pilot, should include such subjects as are pertinent, in the sequence
adopted for recent Coast Pilot editions. Information on afew sub-
jects, such asfacilities for repairs and supplies, must be obtained in
the field, but the greater part of the information in this section and
in the appendix is obtained from other bureaus or from private or-
ganizations after completion of field work.

Descriptions and sailing dir ections—In this section of each Coast
Pilot detail descriptions and directions for the coast and harbors of
the region covered by the volume are given. The following points,
usually coveredin Coast Pilot publications, will suggest, in so far
asthey apply totheregion being examined, the subjects on which
information should be obtained both for the preparation of original
pilots and in revision work:

General description of the coast, following the geographic sequence
of the published Coast Pilots, and including the aspect or appear-
ance of the coast on making the land; describing prominent objects,
as, on a bold coast, the headlands, peaks, etc., with their form, color,
and height; or, on aflat coast, the water tanks, spires, beacons, etc.
Especially describe the first landfall and objects useful as guides to
navigation.

Outlying dangers and idands, the limits of tide rips and breakers,
and their relation to wind and tide.

Landmarks.—Description of all prominent landmarks likely to be
useful to navigation or to future surveying operations. If moun-
tains, state whether summits are often clouded. Give measured or
estimated heights of mountains, hills, cliffs, islets, or rocks referred
to. Describe rangesin use by pilots and means of identifying them.
Suggestions should be made as to other ranges that would be useful.

Directions for passing outlying dangers.

Refuge.—In case of stress of weather the best anchorage or the
nearest harbor of refugeto run for; or in extreme cases of damage
the best place to beach a ship. Give character of beach.

Pilots—Information as to their station or cruising ground, any
special regulations or signals, their charges, the possibility of obtain-
ing tugs, etc.; anchorage while awaiting pilot or tug.
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Approaches—General remarks, usua course from alongshore or
from sea, dependence on lead when approaching in thick weather.

Bars.—Describe principal marks and aids. Give directions for
approach, with description of outlying and other dangers and how to
avoid them. Least depth and width at best place for crossing bar;
most favorable time to enter. Does bar break in ordinary or only in
heavy weather? How far out do breakers extend? Give velocity
and direction of wind and stage of tide producing these conditions.
Can entrance be made while bar is breaking; and, if so, for what
draft? Give character of bottom, and usual allowance made for
squat, pitch, and tide under different conditions on thebar. To
what change in depth and position is the bar channel or approaches
subject; if any, give magnitude and direction of change.

Channels—Give minimum available depth throughout and, where
necessary, the minimum width. Give character of bottom and de-
scribe all aids and natural objects. Are channel banks defined by
grass or other growth, color of shoals, spoil deposits, or in any other
readily recognizable manner?

State maximum draft possible and greatest draft entering or
leaving. Where maximum draft differs from minimum depth in
channel, state reasonsfor same, as swell, squat, tide, and rocky or
soft bottom. Note depth and character of approachesto wharves,
piers, dry docks, marine railways, and coa stations. Manner of
approaching them and why. Are channels permanent, subject to con-
siderable or frequent change, under improvement, or maintained?

Description of the shore, with characteristics (as height, color,
wooded, cultivated, bold, sandy) of each important headland, point,
island, and rock.

Inshore dangers—Extent and nature, least depth over them;
whether visible, if breaking, at what stage of tide; how much, if
any, is bare at low water; marks or ranges for clearing them by
day or night. In regionswhere dangerous shoal areas or pinnacles
are marked by kelp or other growth, state the ordinary significance
of such growths, at what stage of tide they show at surface, and
when, if ever, they are towed under.

In regions where bowlders, ledges, coral heads, or similar dangers
probably exist it isvery desirable to examine the suspected areas at
extreme low water, at which time important features may show above
or near the surface.

In the examination of entrances and approaches for off-lying
dangers, advantage should be taken of heavy weather to |ocate any
shoals marked by breakers. The existence of rock or other shoalsin
localities of considerable current is often indicated by rips and swirls;
such disturbances should be noted at strength of current and
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Investigated. Fishermen and other persons with local knowledge
should be interviewed relative to the existence of uncharted dangers.

Ports.—Commercial importance, character, and magnitude of trade;
chief exports and imports; facilities for coaling and watering vessels;
supplies and provisions obtainable; facilities for repairs to hulls and
machinery; marine railways or dry docks (length, draft forward
and aft, and tonnage hauled); wharves, piers, and docks, and depth
of water and character of bottom alongside and in approaches,
whether public or private, and rules for use; harbor regulations;
means of communication; and hotel accommodations.

L ocate and describe customary anchorage, customhouse and land-
ing, timeball, station for reporting vessels, storm warning and
small-craft warning display stations, quarantine stations, hospitals
for mariners, and obtain copies of all published pilot, harbor, and
anchorage rules and regulations, where possible. Note harbor im-
provements in progress or projected. Give location of submarine
cables and water mains. Define limits and give regulations for
forbidden anchorage. Locate and describe aeroplane landing fields.

Sailing directions for coasting, approaching, entering, and leaving
channels and harbors; special care should be taken to verify sailing
directions for newly surveyed regions or for localities not covered
by adequate charts, and such directions should be actually tried
under different conditions before they are adopted or recommended
for use. Previoudly published directions should be verified in con-
nection with recent field sheetsor the latest editions of the charts,
and all changes should be investigated in the field.

Verify ranges and determine and describe any natural ranges or
leading marks, defining sailing lines, points of change of course,
dangers, and other features.

Check bearings or obtain azimuth of dredged-channel axes.
Wherever possible locate the more important aids by means of
ranges, bearings, or angles for use as checks on their positions.
Add any useful details not given in light list, reliability of lights
and buoys, visibility of lights, and audibility of fog signals. Note
localities of unusual sound reflection. Locate and describe marks
and aids, whether natural objects or others, used in connection with
works of improvement which may serve as navigational guides.
Locate and describe general limits of fish weirs, oyster stakes, and
similar constructions; also describe day marks and lights maintained
onthem. Give rules and regulations relating to them.

Courses and bearings should be given in degrees, true, followed by
the magnetic course in points. In writing magnetic courses in
points the system of boxing the compass from north and south to-
ward east and west shall befollowed. All directions should be as
clear and definite as possible. "Pass east of this beacon” is a better

42651°—31—11
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direction than "leave this beacon on the port hand,” for example,
asit isdefiniteand applies to navigation in either direction.

Aids—Lights, lighthouses, buoys, beacons, and other aids should be
verified on the ground for location, description, depth alongside,
and in relation to the features they are intended to mark. Note
buoys which tow under or do not watch properly. Wherethedis-
tinctive characteristic of an aid isits color, state whether it is gener-
aly clearly distinguishable.

Currents, tidal or nontidal.—Genera conclusions from observations
or other information. Give velocity, direction, duration, and rela-
tion of time of slack to that of high water or low water. Note
set with reference to axis of channel and openings through bridges
and at other contractions of the fairway, across bars, and in en-
trances; approaching docks and piers; occurrence of rips, swirls,
and eddies. Effect of wind and freshets on currents, and if flood
current is ever entirely overcome. Describe fully all abnormalities
in currents or marked variations from usual phenomena. The notes
should cover the entire field of operations, both inshore and offshore,
and include all horizontal movements of surface waters, whether
tidal or nontidal, or both. Where the currents are dueto winds
or other meteorologic cause or are greatly modified in velocity, direc-
tion, and duration thereby, the variations produced should be deter-
mined and their relation to the conditions that produce them should
be developed, if possible, such asveocity and direction of wind.

Tides—Collect all available data bearing upon tides, excessive or
abnormal rise and fall, duration of stand, and time of high and low
water. Where gauges are in operation, make special effort to obtain
records of such conditions, whether due to wind, flood, or other
causes.

In shoal areas, especially inclosed waters, give variation of surface
level dueto storms and, if possible, develop relation of velocity and
direction of wind to locality and magnitude of resulting changesin
surface elevation.

Practically all the above information relative to tides and cur-
rents can be furnished by the division of tides and currents. All
additional information secured in the field should bereferred to
that division for discussion before publication.

Bridges, contractions, and obstructions—Note kind of bridge, hori-
zontal and vertical clearance at mean high water ! of openings
through fixed spans, drawswhen closed, and at other contractions;
also depth in openings. Length, beam, and draft accommodated by
locks and similar, structures. Vertical clearance of aerial cables and
trolley wires. Which side of draw or opening of bridge should be

L When the plane of reference used on the chart is mean lower low water, the clearance
at mean higher high water should be noted.
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used and, if only one, state for what reason. Obtain copies of rules
and regulations governing the operation of bridges and locks and
signalsin use.

|ce—Season during which it isencountered. Itsform of occur-
rence; movements under influence of winds and currents;, extent to
which it affects navigation. Season of navigation as affected by ice
flood, fog, low water, storms, and in addition, in the case of canals
and other artificial waterways, give period of navigation fixed by law
or regulation.

Rivers—Give draft and class of vessels which can enter; point to
which tide reaches; depth on bars and permanency of channdl;
strength of current; effect of freshets; distance to head of navigation
for steamers and other craft.

Canals—Describe location and approaches, give tota length of
each lock, capacity of locks, controlling vertical clearance under
overhead structures, passing points, tie-up points, local contractions,
variations of surface elevation, period open to navigation, toll
charges, signals, and regulations governing operation.

Anchorages, with descriptions relative to their capacity, holding
ground, amount of protection, and circumstances of weather under
which tested. Character of bottom, marks, and rules and regula-
tions for use, if any.

L anding places, especially on a coast exposed to swell.

Watering placesfor vessels—Rivers, streams, or springs—At ports
state whether water is piped to wharves or supplied by water boats,
and charges; convenience for watering ships. Give distance up-
stream that salt water extends at different seasons or under other
varying conditions; state also when overboard water is sufficiently
fresh for drinking or boiler purposes.

Weather —Under this head state briefly only new and important
facts, as prevailing winds and their seasons, directions from which
gales come and how they affect anchorage, land and sea breezes,
rainy seasons, fogs, and freshets, and seasons or conditions when
prevalent.

Wrecks, where usually occurring; tendency of wrecks to break up
or remain in position. Information bearing upon the occurrence
of wrecks is exceedingly desirable. It is of first importance that
inquiries be made and investigations instituted for the purpose of
developing the various causes contributing in any way to marine
disasters, such as little-known currents, additional aids required,
misleading or deceptive bottom relief in approaches, shifting shoals
and channels, imperfect or inadequate charts.

Change of coast line or depths—Mention any reliable evidence asto
recession or growth of shore line or change of depths. Note, any im-
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portant facts regarding changes observed. Give evidence, if any,
of subsidence or emergence of shores. Locate and outline limits
of dumping ground for dredged or other materials. Report all
obstructions and temporarily obstructive operations. Note especially
localities where changes of any sort affecting navigation are likely
to occur and report those which should receive frequent attention
in order to keep publications up to date.

I mportant infor mation.—Information of importance affecting navi-
gation, such asrocks, reefs, shoals, sunken wrecks, aids omitted or
incorrectly charted, errors or omissions on charts or in Coast Pilots,
changes in depth, channels, coast line, and currents should be for-
warded to the director without delay for insertion in the Notice to
Mariners or other immediate publication. Where aids are involved
areport should be forwarded, without recommendation, to the super-
intendent of lighthouses for the district involved and a copy sent to
the director. Suggestions or recommendations in regard to aids shall
be sent only to the director.

I nside Route Pilots.—These pilots, covering certain sections of our
coasts, are published for the guidance of navigators of small craft
who desire to avoid open waters by making use of such inside pas-
sages as are available. In general, they contain descriptions and
sailing directions for the through route, with brief mention of con-
necting waterways, and are condensed by omitting such information
usually published in Coast Pilots asis not essential for this class of
navigation.

These pilots are compiled or revised in the same manner asthe
regular Coast PFilots. The following points should receive special
consideration in this class of work:

(a) Note extent of routes and period of navigation; draft that can
be accommodated at low water and at high water; width of opening
and vertical clearance under both fixed spans and drawbridges; rules
and regulations for operating of drawbridges; draft in canals; length
and width of locks; obstructions; tolls; period of navigation; at-
tended or unattended bridges; rules, regulations and signals.

(b) Navigabhility of tributary rivers, creeks, and other waterways,
and distance from mouth to falls, rapids, dams, or other head of navi-
gation, including depths and distances to various points.

(c) At points where boats must wait for the tide the time of local
high water referred to some known point should be given. Char-
acter of bottom should be determined generally, especially at local
shoalings such as crossovers, bars, oyster reefs, etc. Outline and de-
scribe snag-infested and stump-infested areas.

(d) The extent to which the tide affects the inland waters and
variation of surface due to winds and floods should be noted. Locali-
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ties of strong currents should be mentioned, with at |east approxi-
mate velocities and relation of time of occurrence to that of local
or other high or low waters. Note points where navigation depends
upon freshet conditions or high water due to rain.

(e) Locate and describe, in relation to the channels or other fea
tures they are intended to mark, all aidsto navigation, including
private aids such as pointers, poles, bush stakes, beacons, buoys, etc.
Note buoys which tow under or do not watch properly. Where the
distinctive characteristic of an aid is its color, state whether it is
generaly clearly distinguishable.

(f) Give pointswhere services of pilots are necessary, where they
can be obtained and rates, extent of traffic, development or settlement
of region, and mention places where supplies, provisions, gasoline,
oil, water, ice, and hotel accommodations can be obtained; also facili-
ties for watering vessels and coaling, where small craft can be re-
paired, hulls, machinery, or both; give location of marine railways
and the length, beam draft forward and aft, and tonnage they can
haul.

(g9) Inremote districts telegraph, telephone, railroad, steamboat,
or other lines of communication and postal facilities should be
described.

(h) Occurrence of obstructive growths such as hyacinth, grass,
kelp, etc., and season in which they are found, occurrence of ice, and
to what extent and for what period navigation is affected.

(i) Note especially localities where changes of any sort affecting
navigation are likely to occur and which should receive frequent at-
tention in order to keep publications up to date.

(J) Entrancesand inlets—Describe principal marks and aids;
directions for approaching entrance, with description of outlying
or other dangers and how avoided; least depth and width in entrance,
across bar in channel, and locate same. To what change in depth and
position is entrance subject; if any, giverate and direction.

(k) Does bar break in ordinary or only heavy weather? Give
direction and velocity of wind producing this effect. How far out do
breakers extend? Can entrance be made while bar is breaking and,
if so, for what draft?

Supplements to coast and inside route pilots are compiled in the
office from information on hand and without field examination except
in special cases.

Coast Pilot notes should be complete, clear, and accurate. It often
isdesirable to publish these notes before the field sheets are avail-
able for examination, and a supplement covering new work isfre-
quently published several months before a new chart can be issued.
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For this reason notes should be written, in so far as practicable,
for use with the current editions of the charts covering the region
described. For example, the description of a feature referred to
by a name recommended by thefield party but not yet named on
the chart should includeitsdistance and bearing from a near-by
feature that is named on the current chart. If this is impracticable,
its latitude and longitude should be given. Special care should be
taken to verify sailing directions submitted for newly surveyed
regions or for localities not covered by adequate charts.

Preparation of notes.—Coast Pilot notes should be forwarded as a
separate report in duplicate, the original on medium and the carbon
on thin paper. While such notes are used in the compilation of new
editions, they are usualy published first in supplements. There-
fore, in order that they may be used in the preparation of manuscript
without the delay and expense required for rearrangement and
typing the method of preparing manuscript outlined below should
be followed whenever practicable in the preparation of Coast Pilot
notes.

Preparation of manuscript for supplements—Corrections and addi-
tions in supplements are usually made by —

(a) Correcting a paragraph by striking out or inserting a few
words (when the greater part of the paragraph is correct).

(b) Striking out a paragraph and inserting a substitute paragraph
(when the greater part of the paragraph requires correction).

() Inserting new sentences or paragraphs (when new informa-
tion isavailable).

An inspection of any current supplement will furnish illustrations
of the above method and its variations. The wording of new infor-
mation should follow the general style of the Coast Pilot volume
affected. Depths and heights should be followed by the metric
equivalent in parentheses when this system is used in the Coast
Pilot volume. Sailing directions should be prepared as previoudy
described.

Typewritten manuscript is prepared in the following form:

Page 192.

Danvers River .—Paragraph 2, line 3, strike out " and unmarked."
Add thefollowing: " It is marked by spar buoys."

Long Cove.—Line4, for "isawharf" read "aretheruinsof a
wharf."

Page 206.

Strike out paragraph relating to White Cove and substitute the

following:

White Cove is adeep bight in the shore line —, etc.
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Page 219.

After description of Long Beach add the following new para-
graphs:

Long Beach Park is a summer resort near —, etc.

Little, IsSland, the small crescent-shaped island three-fourths mile
southeast from Long Point, is low —, etc.

Theword " Page" should start flush with the margin with the
beginning of each paragraph indented two spaces. When the name
of thefeature at the beginning of aparagraph isin the nature of a
subhead and is not a part of thefirst sentence, it isfollowed by a
period and two dashes. All notes should be single spaced with
two spaces after conclusion of information relating to one page.
Each page of the notes should start with a paragraph and preferably
with a new volume page number. Page number need not be con-
secutive, as the notes are usually clipped and combined with other
information in proper sequence. Names to be printed in italics
should not be underscored with the typewriter but may be marked
lightly with black pencil.

Illustrations.—Officers engaged in Coast Pilot revision and other
field work should, whenever possible, secure photographs or sketches
of prominent landfalls and objects of value to navigatorsfor use
asillustrationsin the Coast Pilot volumes. Photographs preferably
should be taken at about one-half the distance from the subject
that it usually will be viewed by the navigator and should be on
glossy paper. All illustrations should bear notation relative to the
bearing and distance between the subject and the point from which
theview was obtained; also identification of prominent features,
especialy those shown on the chart.

[lustrations published in the Coast Pilots should be inspected
in the field to determine whether or not they still portray the features
correctly.



APPENDIX
MISCELLANEOUSTABLES

TABLE 1.—Bottom abbreviations

Bottom material Nature of materials Colors

TABLE 2.—Equivalents for Plotting soundings reduced to tenths of a foot

Equivalent
Foot

Plotting inhalf|  Plotting in
feet quarter Teet
Foot Foot
0 0
0 14
0 14
1/2 12
1/2 1/2
1/2 1/2
1/2 3/4
1 3/4
1 1

TABLE 3.—Apparent specific gravity of sea water

Temperature (degrees)

sdinity 32F. 41F. 50F. 59 F. 68 F. T7F. 86 F.

ocC. 5C. 10C. 15 C. 20 C. 25C. 30C.
31 102453 | 1.02428 | 1.02374 | 1.02292 | 1.02188 | 1.02062 | 1.01914
32 102533 | 1.02506 | 1.02451 | 1.02368 | 1.02263 | 1.02136 | 1.01988
33 102614 | 1.02586 | 1.02529 | 1.02445 | 1.02340 | 1.02212 | 1.02063
34 102694 | 1.02664 | 1.02607 | 1.02522 | 1.02415 | 1.02287 | 1.02138
35 102774 | 1.02744 | 1.02685 | 1.02599 | 1.02492 | 1.02363 | 1.02213
36 102855 | 1.02824 | 1.02763 | 1.02676 | 1.02569 | 1.02439 | 1.02288
37 102935 | 1.02902 | 1.02811 | 1.02753 | 1.02644 | 1.02514 | 1.02363

NOTE.—Salinities are in parts per thousand (by weight)sof total dissolved solids. Apparent specific

ravities are as indicated by glass hydrometer correct at 15° C (calibrated 15/4). Expansion or contrac-
1on of the hydrometer glass is considered in computing the above table. When the table is used to obtain
salinity by hydrometer readi gfg and temperature, the instrumental corrections must, of course, be applied
to the instrument readings before entering the table. o

Example.—For a given sample of sea water the hydrometer reading is 1.0243 and the temperature at the
same time, 21.6° C. Hydrometer correction for thepart of the scale in use is +0.00010; thermometer cor-
rection —0.3° C. Required the salinity. o )

fA2p1>péX|cn:g the instrumental corrections gives an apparent specific gravity of 1.0245 and a temperature
o)

“It Is convenient to reduce the apparent specific gravity to the nearest temperature listed in the table
(in this case 20° C.) before interpolating. The apparent specific gravity is seen to decrease 2.6 in the fourth
decimal place per de%[)ee centigrade in‘this part of the table, so that reduced to 20° C., it becomes 1.0248.
Interpolating in the 20° C. column between 1.02415 and 1.02492, the salinity is found to be 34.8 0/00.
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TABLE 4a—Correction factors for fathometer sounding in depths of 450
fathoms or less

[Assumed velocity, 800 fathoms per second]

Temperature (degrees)
Salinity, pgrts per 32F. | 356F | 39.2F. | 428F. | 46.4F. | 500F. | 53.6F | 57.2F
0C. 2C. 4C 6C. 8C. 10C. 12C. 14C.
+0.011 | +0.016 | +0.021 | +0.026
+0.011 | +0.017 | +0.023 | +0.027
+0.013 | +0.018 | +0.024 | +0.028
+0.014 | +0.019 | +0.025| +0.029
+0.015| +0.021 | +0.025| +0.030
+0.016 | +0.022 | +0.027 | +0.031
+0.016 | +0.022 | +0.028 | +0.033
Temperature (degrees)
Sa“”i?’bgar tsper | 60gF. | 64.4F. | 680F. | 7L6F. | 752F. | 75.2F. | 824F. |86.0F.
16 C. 18C. 20C. 22 C. 24 C. 26 C. 28 C. 30C.
+0.039 | +0.042 | +0.045 | +0.049 | +0.052 | +0.055
+0.039 | +0.043 | +0.046 | +0.050 | +0.053 | +0.056
+0.041 | +0.044 | +0.048 | +0.051 | +0.054 | +0.057
+0.042 | +0.045| +0.049 | +0.052 | +0.055| +0.058
+0.043 | +0.047 | +0.050 | +0.053 | +0.057 | +0.060
+0.044 | +0.048 | +0.051 | +0.054 | +0.058 | +0.061
+0.045 | +0.049 | +0.053 | +0.056 | +0.060 | +0.063
TABLE 4b.—Correction factors for fathometer soundings in depths of 450
fathoms or less
[Assumed velocity, 820 fathoms per second]
Temperature (degrees)
Salinity, PAISPEr | 32F. | 356F. | 392F. | 428F. | 464F. | 500F. | 536F. | 572F.
oC. 2C. 4C. 6C. 8C. 10C. 12C. 14C.
-0.022 | -0.017 | -0.012 | -0.007 | -0.002| +0.002
-0.021 | -0.016 | -0.011 | -0.006 | -0.002 | +0.002
-0.021 | -0.016 | -0.011 | -0.006 | -0.001| +0.003
-0.020 | -0.015| -0.010 | -0. 0 0.000 | +0.004
-0.019 | -0.014 | -0.009 | -0.003 | +0.001 | +1.005
-0.018 | -0.013 | -0.008 | -0.003 | +0.002 | +0.007
-0.017 | -0.012 | -0.007 | -0.001 | +0.004 | +0.008
Temperature (degrees)
Salinity, parts per | ogF. | 644F | 680F. | 7L6F. | 752F. | 788F. | 824F. | 860F.
16 C. 18 C. 20C. 22 C. 24 C. 26 C. 28 C. 30C.
+0.014 | +0.018 | +0.021 | +0.024 | +0.027 | +0.029
) +0.014 | +0.018 | +0.021 | +0.024 | +0.027 | +0.030
. +0.015 | +0.019 | +0.023 | +0.026 | +0.029 | +0.031
. +0.016 | +0.020 | +0.024 | +0.027 | +0.030 | +0.033
) ) +0.018 | +0.022 | +0.026 | +0.029 | +0.032 | +0.034
36 +0.011 | +0.015| +0.019 | +0.023 | +0.027 | +0.030 | +0.033 | +0.035
3 +0.012 | +0.016 | +0.020 | +0.024 | +0.028 | +0.031 | +0.034 | +0,037
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TABLE 5.— Velocity of sound in sea water in fathoms per second

Depth
(fatﬁgms)

Surface
and 100. %

700 31

Salin-

Temperature (degrees centigrade)

It
0/00

10

12

14

16

18

28

Depth
(fat%ms)

Depth
(fatﬁgms)

1,900

2,100

2,300

2,500

2,700
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TABLE 5 .—Velocity of sound in sea water in fathoms per second—Continued

. Temperature Temperature Temperature
Salin- | Depth P Depth P Depth P
ity (fath- (fath- (fath-

0/00 oms) 0 1 2 oms) 0 1 2 oms) 0 1 2
33 838 | 841 | 843 852 | 854 | 856 864 | 866 | 868
A 839 | 842 | 844 854 | 856 | 858 865 | 867 | 869
Lo I— 2,900 839 | 842 | 844 3700 | 855 | 856 | 858 4,500 866 | 867 | 870
36. 840 | 843 855 | 857 | 859 866 | 867 | 870
37 842 | 844 856 | 858 | 860 867 | 868 | 871
33 843 | 845 855 | 856 | 869 869 | 871 | 873
34 843 | 846 856 | 857 | 860 869 | 872 | 874
H o 3,100 844 | 846 857 | 858 | 861 4,700 870 | 872 | 875
36 844 | 847 857 | 859 | 862 871 | 873 | 875
37 845 | 848 858 | 860 | 862 872| 873 | 876
33 846 | 848 860 | 861 | 863

4 847 | 850 860 | 861 | 864

3H 3,300 848 | 851 861 | 862 | 865

36 849 | 851 861 | 863 | 866

7 A 849 | 851 862 | 863 | 866

<X TR 849 | 851 862 | 863 | 866

34 860 | 851 862 | 863 | 866

I p— 3,500 850 | 852 863 | 864 | 867

36 851 | 852 864 | 865 | 868

37 852 | 854 864 | 866 | 868

TABLE 6.— Adiabatic corrections to velocity in fathoms per second

Temperature (degrees centigrade)
Depth (fathoms)
0 5 10 15 20 25 30
Surface 0.2 0.8 1.0 3.2 4.4 6.7 8.8
300 2 .8 2.0 3.2 4.6 6.7 8.8
1,100 N 16 2.7
2,100 1.6 2.8
3,300 2.8
4,300 4.0

NOTE.—Corrections are to be added to the velocities from Table 5.
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TABLE 7.—Distance of visihility of objects at sea

Height, feet| NAUIICA | peigny feer | NAULICA |/ peigny feer | NUIICA || ejgy, feer | NaLticA
1 1.1 43 7.5 330 19.9 940 35.2
2 1.7 44 7.6 310 20.1 960 35.5
3 2.0 45 1.7 320 20.5 980 35.9
4 2.3 46 7.8 330 20.8 1, 000 36.2
5 2.5 47 7.9 340 21.1 1, 100 38.0
6 2.8 48 7.9 350 21.5 1,200 39.6
7 2.9 49 8.0 360 21.7 1, 300 41.3
8 3.1 50 8.1 370 22.1 1, 400 42.9
9 3.5 55 8.5 380 22.3 1, 500 44. 4
10 3.6 60 8.9 390 22.7 1, 600 45,8
11 3.8 65 9.2 400 22.9 1, 700 47.2
12 4.0 70 9.6 410 23.2 1, 800 48.6
13 4.2 75 9.9 420 23.5 1, 900 49.9
14 4.3 80 10.3 430 23.8 2, 000 51.2
15 4,4 85 10.6 440 24.1 2, 100 52.5
16 4.6 90 10.9 450 24. 3 2,200 53.8
17 4.7 95 11.2 460 24.0 2, 300 55.0
18 4.9 100 11.5 470 24.8 2,400 56. 2
19 50 105 11.7 480 25.1 2, 500 57.3
20 51 110 12.0 490 25. 4 2,600 58.5
21 53 115 12. 3 500 25.6 2, 700 59.6
22 54 120 12.6 520 26.1 2, 800 60. 6
23 5.5 125 12.9 540 26.7 2,900 61.8
24 5.6 130 13.1 560 27.1 3,000 62.8
25 57 135 13.3 580 27.6 3,100 63.8
26 5.8 140 13.6 600 28.0 3,200 64.9
27 6.0 145 13.8 620 28.6 3,300 65.9
28 6.1 150 14.1 640 29.0 3,400 66.9
29 6.2 160 14.5 660 29.4 3,500 67.8
30 6.3 170 14.9 680 29.9 3,600 68.8
3l 6.4 180 15.4 700 30.3 3,700 69.7
32 6.5 190 15.9 720 30.7 3, 800 70.7
K<) 6.6 200 16.2 740 311 3,900 71.6
A 6.7 210 16.6 760 316 4, 000 72.5
K] 6.8 220 17.0 780 32.0 4,100 73.4
36 6.9 230 17.4 800 32.4 4,200 74.3
37 6.9 240 17.7 820 32.8 4, 300 75.2
3B 7.0 250 18.2 840 33.2 4, 400 76.1
39 7.1 260 18.5 860 33.6 4,500 76.9
40 7.2 270 18.9 880 34.0
41 7.3 280 19.2 900 34.4
42 7.4 290 19.6 920 34.7

NOTE.—The above table is calculated by the formula d=1.15 O in which d is the distance in nautical
miles and r the_hel(lqht of the object or the'eye in feet. To determine the maximum distance at which an
object will be visible, find the distance corrésponding to its height and the distance corresponding to the
height of the eye and add the two.

PUBLICATIONSOF THE UNITED STATES COAST AND GEODETIC SURVEY

The following special publications of the United States Coast and
Geodetic Survey, mentioned in this manual, are supplied by the
bureau to officers requiring them. They may be purchased by those
outside the bureau from the Superintendent of Documents, Govern-
ment Printing Office, Washington, D. C., at the prices listed.

A complete list of publications of the Coast and Geodetic Survey
isfound in the List of Publications of the Department of Commerce,
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acopy of which may be obtained free of charge upon application to
the Department of Commerce.
Special publications:

No. 5. Tablesfor Polyconic Projection of Maps; 20 cents.

No. 61. Physical Laws Underlying the Scale of a Sounding Tube; 5 cents.

No. 73. Precise Dead Reckoning in Offshore Soundings; 5 cents.

No. 93. Reconnaissance and Signal Building; 30 cents.

No. 96. Instructions for Compensation of Magnetic Compass; 15 cents.

No. 97. Deep-Sea Soundings, Atlantic and Pacific Oceans and Carribean
Sea; 15 cents.

No. 107. Radio-Acoustic Method of Position Finding in Hydrographic Sur-
veys; 10 cents.

No. 108. Veocity of Sound in Sea Water; 5 cents.

No. 118. Congtruction and Operation of the Wire Drag and Sweep; 10 cents.

No. 124. Ingtructions for Tidal Current Surveys; 15 cents.

No. 139. Instructions for Tide Observations; 20 cents.

No. 144. Topographic Manua.

No. 145. Manua of second and Third-Order Triangulation and Traverse.

No. 146. Radio-Acoustic Position Finding.

SUMMARY OF NECESSARY DETAILS ON COMPLETED HYDROGRAPHIC
SHEETS

[Paragraphs referred to will be found in Part, 1]

Maker's name and number of paper (par. 14).
Projection (pars. 20 to 22).

Control stations (par. 23).

Projection data (par. 25).

Shore line (pars. 26 to 28).

Sheet number (pars. 29 to 30).

Sounding lines (pars. 144 to 145).

Soundings (pars. 146 to 155).

Depth curves (par. 156).

Bottom characteristics and certain other data (par. 160).
Limits of adjacent sheets (par. 161).

SUMMARY OF DATA TO BE FORWARDED TO OFFICE
All hydrographic work:

Tiderecords.

Marigrams from automeatic gauges.

All tidal tabulations and computations that are made in the field.
Current records.

Level records.

Sounding records.

Wire-drag records.

Record of cutsto hydrographic signals (if recorded separately).
Record of observations and computations of compass deviations.
Smooth shesets.

Boat sheets.

Title for each smooth sheet.

Tidal note for each sheet.

List of signalsfor each sheet.
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All hydrographic work—Continued.

Landmarks for charts, each sheet.

Descriptive report for each sheet or group of adjoining sheets.
Statistics (included in descriptive report).

Approval sheet for each sheet or group of adjoining sheets.
Descriptions of hydrographic stations, for season.

Ranges for compass deviations, for season.

Coast-pilot notes, for season.

Additional for precise dead reckoning and control by floating signals:

Record of cutsto locate floating signals.

Logs of runsto locate floating signals.

Record of log tests.

Current records.

Current diagrams.

Precise dead-reckoning log.

Position by bearingslog.

Observation and computation of astronomical positions.

Additional for radio-acoustic sound ranging:

Bomb record.

Record of tests to determine lags at shore stations.

Record of tests to determine velocity of sound in sea water.
Brief description of each shore station.

Additional for echo soundings:

Abstract of temperatures and salinities for season.
Factor tables (included in abstract of temperatures).

Additional for combined operations (see manuals covering operations men-
tioned) :

Triangulation and traverse records and computations.
Base measurement records and computations.
Azimuth records and computations.

Topographic sheets, descriptive reports, etc.

Record of magnetic observations, computations, etc.

LIST OF RUBBER STAMPS FOR RECORDS
For all records:

No. 4. For initials of persons reducing records and plotting smooth sheets.
Entered at end of each day.

No. 14. Organization of party. Entered at beginning of each day.

No. 16. Condition of sextants, clocks, etc. Entered at beginning and end of
each day.

No. 17. Statistics. Entered at end of each day.

No. 18. Time of departure for working grounds. Entered at beginning
of each day.

No. 19. Time of ending work. Entered at end of each day.

No. 20. Meteorological data. Entered at beginning of each day.

Additional for lead-line soundings:

No. 2. Lead-line correction. Entered at beginning and end of each day
and whenever lead line is tested during the day.
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Additional for wire and tube soundings:

No. 15. Data relative to sounding apparatus. Entered at beginning of
day.

No. 21. For initials of person reading registering sheave or tubes. Entered
at beginning of each day and whenever a change is made.

Additional for radio-acoustic position finding:

No. 22. For names or initials of persons computing and checking bomb
records.

No. 23. For entry of bomb positionsin sounding record.

No. 24. For entry of intermediate positionsin sounding record.

NOTE.—Additional data not provided for by stamps, asinitials of persons
entering and checking fathometer corrections, etc., are entered in pencil just
below the proper stamp.
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[Page numbers of part 1 of this manual, where the general requirements of the Coast and Geodetic
Survey with respect to the various subjects will be found, are printed in italics)

Aids to navigation: Page
Index of 7
L ocation of 14
Plotting on sheet 20, 141
Reports on 15
Symbols for

Anchorages, development of .

Anchors, signal guy-wire 38
Angles:
Horizon, distanceby_ 91
Inclined 85
Sextant, See Sextants.
To tangents 85
Vertical, distanceby 91
Vertical to hydrographic stations 30
Areas, offshore, development of _______ 14
Arming the lead 76
Astronomical positions 101
Bank 145
Bars, development of 133
Basin 145
Bearings:
For clearing dangers 14
Plotting on sheet 21
Recording 9
Belknap-Sigsbee specimen cylinder 78
Boat sheets. See Sheets.
Boats, small 26
Bomb record 111
Bottom, character of 6,76
Abbreviations for 108,158
Plotting on sheet 20
Recording 8,76
Rocky, additional precautions...._______ 13
Specimens of 7

Buoys. See Aids to navigation; Signals,
floating.

Cadron
Care of instruments and property
Case, reversing thermometer --
Celluloid, for boat sheets

Chair, sounding
Change of course, recording-—
Channels, development of .

9,107

Charts, blank areas on 15
Chief of party, duties of:
Approval of descriptivereport 22
Approval of records 23
Change in methods of survey 127

Inspection of plotting

Inspectionof records———————

Supervision, general
Clearing marks for dangers——————— 14

166

Coast pilot information..—————______
Aids to navigation
Anchorages
Approaches
Bars
Bridges
Canals
Changes
Channels.
Currents
Dangers, inshore
Dangers, outlying
Description of shore
Descriptions and sailing directions_..____.
Equipment for fieldwork
Field work
General descriptionof coast
General information
Ice
Illustrations
Information affecting navigation
Information, sources of
Inside route pilot
Landing places
Landmarks
Notes
Pilots
Ports.
Refuge
Rivers
Sailing directions
Supplements
Tides
Watering placesforvessels______
Weather
Wrecks

Combined operations

Compass deviations, ranges

Compeass, errors of

Compass heading, recording

Continental shelf

Continental talus

Control, establishment of
Specifications for

Control stations. See Stations.

Correction to sounding apparatus________

Cost data

Courses, recording

Cover label, records

Crest

Current observations

Current surveys

Currents, sounding in

Page
23, 147

152
153
150
150
152
153
153
150
152
150
149
150
149
147
147
149
149
153
157
154
148
154
153
149
155
149
151
149
153
151
155
152
153
153
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Page | Fathometer- Continued
Curves, depth 12,130 Factor tables, velocity

Plotting on sheet 19 Factors, velocity
Cuts 30 Fathometer unit

Recording 2,117 Filter _

Danger indications 18 (L)ag c:tr_rectlon
Examination of 18,101 Rg((:acr)rdlign soundings
Wire dragging.— 1| Retlight method -

Dangers to navigation: Reduction of soundings

Clearing marks u Slope correction N

Examination of 18,131 SouF;\di ng interval

Indications of 13 Use of 9

Location of (see also Position finding) —8, 13,132 szo?:it of sound

Near sounding line 9 Salini>t/ effect of

Plotting on sheet 18, 19,20 Tempe);’ature effect of

Reports on 15, 22 e ' ’

Reports to be investigated 13 %er::?cﬂt' ohr: ?Tzesi[c;]urédmgs

Visible 13 Fix St;et-anositions0

Wire drag, examination with-——————- 14 Fix. visual. See Sey -

wreckage 14 X, visual. Xtant positions.

Data to be forwarded to office——————————— 163 EI ats, developmentof 13,133

Datato start survey 1 urrow 145

Day letter 7 | Gauges, tide 2,31

Deep 145 Recording type and location- 9

Definitions, submarine relief- ————————— 144 | General requirements for hydrographic work 1

Depth curves. See Curves. Geographic names 21,145

Depth limits, indirect methods———————— 4 | Glasses, sextant 82

Depth measurement 4,44 | Grass, plotting on sheet 21

Depth units 4 | Greene-Bigelowwatercup 78

For plotting soundings— 18 | Hand-lead sounding 46

For reduced soundings— 17 | Horizon angle, distanceby 91

For sounding apparatus correction - 16 | Hydrographer:

For tide reducers 16 | supervision of records 105
Depth, equipment and methods for measur- To sign descriptive report __ 22

ing 44 | Hydrographic information, index of 7
Descriptive reports 21 | Hydrographic sheets. See Sheets.

Development: Hydrographic stations. See Stations.

Danger indications 18,131 | Hydrographic surveying. See Surveying.

General 18,131 | | nclined sextant angles_____ 85

Offshore areas 141 \nformation notesinrecord_____________ 8,143

On large scale sheet 86 | |nshore limits of work 11

Wire drag—— T 14,132 Instruments, careof 24, 83,135
Discrepancies, investigation of (see also Insular reef 145

Descriptive reports) 18 | | hsular talus 145
Distinctness of important features——————— 18 .

Dividers, spacing 18 Junctlon of‘surveys . 107

Dog-ear 32 Investigation of discrepancies......____. 13

Drafting, character of 17 | Kelp, plottingonsheet 21

Drag work. See Wire drag. 19 Landmarks for charts 23

Drags, use of Launches, survey 26

Duplication of records 24 1 ead line 44

Echo soundings 53 Correction 5

Depth units 4 Depth units 4

Star control 1021 Graguation of 45

Use of 69 ;

(See also Fathometer.) '\l\;llgle(rlir;lgfor 22
Elevations of hydrographic stations________ 30 Preparation of 44
Equipment, surveying % Recording soundings 108

Arrangement on vessels.___...__... 2 Reduction of Soundings._.. 117

Preparation of 29 Sounding 45

(See also Property.) Sounding with machine_______ 46
Errorsinrecordsandsheets 20,141 |\ aification of 5 44 107
Fathometer 55| Leads, sounding, weightsof 45, 46, 51,54

Correctionof soundings 6,117 | Leadsmen, recording changesin___________ 9

Depth limits 5| Ledge 145

Depth Unitsfor Soundings___ 4 | Limit of work, inshore 1

Draft adjustment 65 Offshore 125

42651° —3 — 12
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Page
Local information 13
Log, patent 97
Rating 97
Low-water line, plotting on shegt—————— 21

Machines, sounding. See Sounding machines.
Marking stations. See Stations.

Mast, ship's, use of 96
Mirror, 180° 128
Mirrors, sextant. 82
Resilvering 82
Names, geographic 145
Plotting on sheet 21
Stations and objects 2
Navigation, information affecting — 15
Negretti-Zambra thermometers—— 77
No-bottom soundings 4
Recording 117
Notes in record 8, 143
Reference marks for 9
Numerals, arrangement and style— 18
Objects, faint 81
Indefinite, use of 7
Names of 2
Selection for position finding———— 84
Oceanographic data 6, 76
offshore areas, development 86
Offshore hydrography, limits of 125
Organization of party 123
Party, organization of 123
Pencils 18,105
Photographs 157
Pinnacle 145
Planes of reference 16,31
platean 145
Plotting hydrographic work. See Sheets.
Plotting sheets, large scale 86
Polo, sounding 44
Position finding 79
Positions, determinationof 7,79
Astronomical 101
Bearingson floating signals______ 92
Close inshore 30,84
Indefinite objects 7
Mast, ship's use of 96
Precise dead reckoning 97
Radio acoustic sound ranging 99
Radio-compass bearings 104
Ranges 79
Sextant 79
Theodolite angles 79
Positions:
Intervals between 12,130
Numbering 8
Numbering on sheet 18
Plotting 17,137
Recording 9,105
Time of 8
Trial 130
(See also Sextant positions.)
Precise dead reckoning 97
Preliminary work 29
Pressure tubes. See Tubes pressure.
Progress sketches 23,144
Projection data 3
Projection intervals 3

INDEX

Page
Projection lines
Projections 8
Construction of 21
Verification of 3,31
Property, care of 24,135
Protractors 82
Adjustment of 7,83
Manipulation of 83
Protection of 83
Publications, C. and G. Survey 162
Radio-acoustic sound ranging 99
Bomb record 111
Position interval 12,130
Recording positions 110
Use of 7
Radiocompassbearings____ 104
Ranges:
Compass deviation 23
Plotting on sheet 21
Running sounding lines____ 128
Useinpositionfinding________ 79
Reconnaissance 29
Recorder, duties of 105
Recording, methodsof ________ 105
Records 7,91, 96, 105
Approval of 23,146
Character of 10
Completion of 23
Data to accompany 24,163
Duplication of. 24
Erasuresin 9
Errorsin 20, 141
Information notes 8, 143
Method of forwarding 24
Numbering 7
Officework infield 15, 117
Reduction of 15, 117
Remarks 9
Review by office 146
Sheet number tobeshown____ 7
Transmission of 23,24
Reef 145
Reefs, development of 133
Plotting on sheet (see also Dangers to navi-
gation) 140
Registering sheaves. See Sheaves.
Relief, submarine, terminology 144
Remarksin soundingrecord 9
Reports, descriptive 21
Resilvering sextant mirrors 82
Review of sheets and records, office 146
Ridge 145
Rise 145
Rocks, plotting on sheet (see also Dangers to
navigation) 10, 20, 140
Sailing lines:
Plotting on sheet 21
Verification of 14
Salinities, abstract of 23
Salinity observations 6
Hydrometer. 73,158
Titration 74
Scales 2
Enlarged for complicated areas 19
Work on large scales 131
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Page

Seamanship 136
Sextant location of stations 2
Sextant positions 79
Angles to tangent 85
Faint objects 81
Inclined angles 85
Recording 108
Selection of objects 84
Strength of positions 84
Sextants, hydrographic 80
Adjustment 7,80
Glasses 82
Meta mirrors 82
Protection of 83
Use of 80
Sheaves, registering 51
Sounding 51
Testing 6,52
Use of 6,52
Sheets, boat 10,34
Forwarding 24
Usein plotting 20
Sheets, hydrographic 31
Additional detailson 20

Adjacent, plotting limits of__ 2
Completion of 23
Defectsin plotting 143
Laying out 3,32
Method of forwarding———— 24
Numbering 4
Officereview 146
Plan of 32
Plotting 17,137
Scales for 2
Size of 2
Summary of data on 163

Symbols, use of 139

Titles of 21

Top of 17

Transmission of 23,24

Shoal 145
Shoals:

Clearing marks for. 14

Development of 13, 14,131

Indications of 13

Noting indications of — 131

Plotting on sheet —10, 18, 20,140

Reports of 15

(See also Dangers to navigation.)

Shareline 4

Revision of 15

Signal building 2,31,35
Signals:

Floating 40
Control by 92
Location of 89
Placing 42,89
Record of 117
Use of 87

Hydrographic 35

Index of 7

Land 35

List of 17,120

Steel towers 39

Tall hydrographic 36

Topographic 35

Signals—Continued Page
Tripods 36
Useof existingobjects 36
Water 40

Sigsbee Watercup 78

Smooth sheets (see also Sheets, hydrographic) 32

Sonic depth finder 68
Degpth limits 5
Depth units 4
Use of 6

Sounding apparatus, correctionto____ 16

Sounding chair 26

Sounding interval 11,130

Sounding lead. See Leads.

Sounding lines:

Crosslines 11, 127
Laying off 127
Overlap of adjoiningsystems 11
Running lines 127
Spacing of 11, 126
Systems of 10

Sounding machines 47
Arrangement of apparatus 52
Hand machines 48
Launch machines 48
Ship machines 48
Use of 6
Use with lead line. 46
Usewith pressuretubes 54

(See also Wire soundings.)
Sounding methods. See Name of equipment
used

Sounding pole 44
Sounding speed 11,129
Sounding tube, C. and G. Survey (see also
Tubes, pressure) 53
Sounding wire. See Wire.
Soundings:
Conversion units 19, 158
Depth unitsfor plotting 18
Echo. See Echo soundings.
Interval between 11,130
Minus 19
No-bottom 4
On boat sheets 10
Plotting on sheet 18, 137
Recording 8,105
Reduction of 16, 117
Selection for plotting 18
Spacing on sheet 18
Time of 8,105
Units for reduction 17
Verificationof unusua 105
Spacing dividers 18
Speed of vessel. See Sounding speed.
Splicing wire 50
Spring, accumul ator 53
Spur 145
Stamps, forrecords 108,111,116,164
Stations, control:
Accuracy of location 2
Description of 2,22
Establishment of 29
Location of 2
Marking 2
Names of. 2

Number required 39
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Stations, control—Conti Page |_ _ Page
Plotting on sheetCO tinved 31 |Tides, predicted 10,13
Recovery of 1 [Time 8
Symbols for 3 |Titlesof sheets. See Shests.
Transferring 2% ?eﬂCh 5 %1475
Stations, current, plotting on shegt —————— roliey sounding
Stations, hydrogt;rgpﬂﬂ::ng on sheet Trough 145
Description of 2 | Tubes, pressure 53
Location of 9 g9 | Correction 5,110
Stations, tidal: ' Defective_ 5
Establishment of 23 | Depth limits 5
plotting on sheet 21 Depth units__. : 4
Statistics 821111 | Electric measuring device 54
Steel towers, use for signals 39 | Precautions____ 54
Strength of positions, sextant.- g | Recordingsoundings________ 108
Submarine, relief, terminology m Recording tests___ 110
Survey ships o | Reductionof soundings.. 17
Survey vessels. SeeVessls. Useof , 5
Surveying, hydrographic 121 | Verificationof soundings ... 5
Division of work L1 Units, organization of 123
Essential operations v
General requirements for-——————————— 1| valey 145
In advance of control _ 10,135 | velocity of sound in seawater 6,55, 69, 160
Large scale for offshore 86 |  Adiabatic correction 161
New methods 136 | vertical angle, distanceby a1
Plan of work 121 [ vertical angle to hydrographic stations——— 30
Scales for 2 | Vesselssurvey, typesof %
Surveys: Visibility of objects at sea.- 18
Ig{:trrent 13? Visible features, locationof - 18
a to start Watercups 78
Extent of 2 P
Inshore limits 1 W%mm?_ : 6,78
Junction of 13| We erd_con itions;
offshore limits ) 125 Stelj:g;/ Ing 8, 11201
gﬁ’nﬁﬂa comparison with-—————— 4 ﬁg \\I\Allharvgs, depths off %
. ire drag
Symbols, hydrographic 139 Useof 1417
Tangents, angles to g5 | Wire, sounding 50
Tanner-Sigsbee reversing case-————————— 771 Careof : 136
Temperatures, water 6,60, 77|  Placing on machines 51
Abstract of 2|  Splicing.... 50
Tenders 25| Wire soundings:
Terminology, submarine relief .. ... 144]  Accumulator spring 53
Test of sounding equipment; recording (see Deep sea, time of regling wire————— 6
also Name of equipment) Depth units 4
Theodolite positions 79|  Position interval. 2
Thermometers, reversng 771 Recording soundings 7,8 116
Tidal data pal Reduction of soundings_......._.._._ . 119
Tidal observations, recording-———— 31|  Sounding interval 1
Tidal stations, See Stations. Tension onwire_____ 6,50, 53
Tide gauges. See Gauges. Seealso Sounding machines; sheaves, regis-
Tide reducers 16, 117 _ tering.
Verification of 17| Wiresweep 76
Tide rips, plotting on sheet 0| Wreckage, locationandreportof 14
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