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NOTE 

This is a reprint of Chapter 7 of Special Publication No. 143, 
revised (1942) edition. The subject matter has been identified 
by a decimal numbering system and all referencing .is by these 
numbers. There are nine sections in chapter 7, each section being 
subdivided into not more than nine numbered subjects, and each 
subject into not more than nine n u n l b ~ r ~ d  headings. The first 
digit of a number identifies the chapter, the second digit identifies 
the section, the third digit the subjec.t, and the fourth the heacling. 
For example, 7326, Verification of the projectdon, is the sixth 
heading under the second subject in t,he third section of chapter 7. 
hfost of the references are int,rachapter references, although a few 
will be found t,hat refer to othcr chhaptcrs of the Hydrographic. 
Manual. 
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CHAPTER 7. THE SMOOTH SHEET 

The smooth sheet is t,he name given to the hydrogrnpliic survey wlien reduced to 
plot form. I t  is essentinlly a recorcl of tlle soundings t.ali.en c1111.ing the fielcl survey, 
but contains other data necessary for a proper interpretation of tslie survey, such as 
depth curves, bottom cliara.cteris.tics, na.nles of geographic features, and control 
stations. The smootli sheet is plotted with the utmost care in the drafting room of the 
ship or a fielcl office either as the survey progresses or after it is con~pleted. After 
registry, verification, and review in the Washington OXoe (see 931, the smooth sheet 
becomes the officinl permanent record of that particular survey. I t  is as complete for 
the water area as it is practicable to malcc it, and subsequent reference to the original 
Sounding Records is rarely necessa1-y. 

71. THE SIIEET 

I t  is obvious that surveys which cost tvliousands of clollars to execute should be 
plotted in their final pesnlnnent form on the best practicable nleclium available. Es- 
periente has shown this to be first-quality white drawing paper mounted on muslin. 
This paper is known as sntooth-shed payer, and is available in several makes and sizes. 
Smoot8h sheets shall be prepared only on paper furnished by the Washington Office 
for that purpose. 

71 11. Thatman's Paper 

The standard paper for snlootli sheets is Wllatman's paper, available in only one 
size, 31 by 53 inches. In this paper the niuslin bw.king extends approxiniate.ly 1 inch 
beyond the paper on each edge, which feat.ure teiicls to preserve the edges of the paper 
during extensive use and also prevents cracking. Whatman's paper shall be used for 
all smootli sheets where tlie size permits, and this requirement niust be given full 
consideration in planning the sheet layout for any given area (see 1361). 

7112. Other Papers 

Other mounted smootli-slieet paper is available in widths of 36 nncl 42 inches, in 
continuous rolls of 10 yarcls ench. This slioulci he used when the layout of sheets 
requires the use of larger sizes than the stmiclard, as is frequently the case with offshore 
surveys. The quality of the different malres varies, "Paragon" being consiclered the 
finest drawing paper nlacle. But this is foreign mads nncl is clifficult to get at  the pres- 
ent t.in1e. In  1942 the best available paper is Keuffel & Esser No. 13320 DM. 
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When paper other than Whatman's standard is used, the smooth shcet shall hnve 
noted in the margin the maker's name and the trade name or number of the particular 
paper, if these are known. Some papers have this information imprinted a t  regular 
intervals along the margin but if tmhis imprint does not contain all the desired data or 
if the entire imprint does not appear on the snlooth sheet, it must be noted thereon 
in ink. 

71 13. Dtjfective Paper 

Drawing paper is purchased by the Federal Govamment in accordance with stand- 
ard specifications. These require generally that paper be free of surface imperfections, 
that i t  be subject to a minimum dimensional change, that it permit inlced lines to be 
drawn witllout sprending or feathering, and that it permit several successive erasures, 
with rubber or steel, in the same spot, on which lines can be subsequently inked with 
little or no spreading or feathering. In  addition, the paper nlust not be so stiff mid 
rigid that i t  will not withstand a reasonnble moun t  of rolling and flexing without 
cracking. 

Notwithstanding the specification requirements, considerable variation in the 
quality of snlooth-sheet paper is found in practice; Paper which does not comply to 
a reasonable degree with the above general requirements shdl not be used for smooth 
sheets and the Washington Office shall be notified of the specific fault in a letter stating 
the maker's name, the tracle name of the paper, and the date of shipment to the party, 
if these are known. 

71 14. Paper Distortion 

Drawing paper, not mounted on metal, does not esist which is free of clistortion 
under varying conditions of temperature and humidity. This clistortion is a decided 
nuisance to the surveyor in his field work and to the cartographer who subsequently 
uses the smooth sheet in t,he Office. The distortion is more troublesome in rainy 
climates and in localities where there are rapid and large changes in humidity. Because 
of this distortion, distances once laid off cannot be assun1e.d to retain their correct 
length. If distances are plotted for use a t  some future date, it is necessary to verify 
them before use. 

The best quality of snlooth-sheet paper is manufactured so that the percentage 
of contraction or expansion is nearly equal in all directions. Such distortion can be 
compensated for, especially if i t  occurs after the s~lrvey has been completely plotted, 
because the effect is merely a change in scale. Where the pexcentage distortion is not 
uniform in all directions, as is the case with many grades of paper, its effect is relatively 
easy to compensate for, provided certain precautions are taJien in laying out projections 
(see 1362). 

One test for clistortion made in the field in Alaska in 1931 showed a maximum di- 
mensional change in a standard Whatman sheet of 1.12 percent in length and 0.62 per- 
cent in width; the sheet assuming it,s greatest dimensions on a foggy day when the sheet 
was damp and its minimum 011 a clear day when the sheet was quite dry. 

Recent tests in the Washington Office show that the following distortions may be 
expected for the various papers listed: . 
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the colifiguration of t8he shoreline, the availability of the signals, and the necessity for 
controlling offshore hydrography from shore signa.1~. But the niashnum size, which 
shall never be exceeded under any circunistnnces, is 43 by 72 inches. 

For projectiolis niade in t,lie Wa.sllington Office on the projection ruling machine 
the maximunl size of the area on which lines can be ruled and the in%ximum size of tlie 
paper are given in 7327. 

7121. Dog-Ears 

Dog-ears are small drawing paper ext~ensions to the snlooth sheet used for including 
control stations or portions of sounding lines that plot beyond the liniits of the sheet 
unavoidably or through an error in the original layout. 

Dog-ears must be avoided wherever possible. Eventually they alniost always tear 
off or beconie so mutilntecl that they niust be renioved, and t,he smootli sheet itself is 
generally buckled in the process of adding the extension. Extreme care must be exercised 
in making the layout in order to ensure that all the neecled control will fall within the 
liniits of the slieet. 

Where it is necessary bo use a permanent clog-ear, the paper shall be neatly sfaplsd 
to the smooth sheet with a wire s ta~ler ,  using tlie minimum number that will ensure 

A ,  - 
permanence, and avoicling inter- 
ference with plotted information. 
Under no circumstances shall a 
permanent dog-ear extend more 
than 6 iuc.hes beyond the edge of 
the sheet. 

If only a single station is t,o be 
includecl, the dog-ear shill be made 
of tracing paper, teniporarily added 

A MARKO t i 3  to the smooth sheet by rubber ce- 
FIGURE 143.-Temporary dog-ear for smooth sheet. ment or .in any other way which 

will not clanlage the sheet. Three 
fine inked lines shall be drawn on the smooth sheet toward the station on the dog-ear, 
of suchlengths and azimuths as will permit relocating the station in the future on another 
temporary dog-ear, should that beconle necessary. Each such line shall be marlred 
thus: "to A MARKO" (see fig. 143). 

Grainecl or painted aluminum sheets and drawing paper mounted on aluminum 
sheets are occasionally useful as acc,essories to the smootli sheet for- 

(a) Plotting and adjusting the positions of survey buoys located by any of the methods described 
in section 25, when plotting is preferable to computation. For example, where the conlputations are 
too involved, as in the case of cuts obtained from a vessel whose position is determined by a t-hree- 
point fir (see 2514 and 2552); where buoys are located by taut-wire distances; or where they are located 
by subaqueous sound ranging. 

(b )  Plotting and adjusting hydrographic positions located by; dead reckoning, astronomic sights, 
R.A.R., and co~nbinations of these. 

In all cases in which alunzinunl sheets are used as internlediaries the final results 
must he transferrod to the smooth sheets; in the c i ~ e  of control, by dms. and dps.  
(see 7411); and in the case of hydrographic positions, either by dms. and dps. or by n 
traciag-paper transfer similar to that described in 7413. As finally plotted, the smooth 
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sheet must be conlplete without the necessity of reference t,o the aluminum sheet which 
is not a part of the permanent records. The snlooth sheet itself, however, nhusd not 
be plotted on alun~iauin. 

71 31. Grained Alum.inz~nl Sheets 

The masimum size of aluminum sheets available a t  the Washington Office is 38 by 
54 inches ancl they nre all 0.03 inch thick. This size or snlnller cam be furnisbecl either 
grained, paintecl, or mounted wit,ll drawing paper. A sheet of masimum size costs 
about $2.50 and the cost of graining is approsimately 60 cents per sheet. 

The grainecl surface of an aluminum plate will take either pencil or ink, but the 
abrasive nature of the surfixce wears a pencil point clown so rapidly that it is difficult, 
if not impossible, to draw fine lines with 8 pencil sharpeneel to a cllisel point. Soft 
pencil marl<s can he renlovecl with art gum. A harcl eraser shoulcl not be used since it 
removes the pain ancl once this has occurred neither inli nor pencil marks can be made 
on that portion, unless it is subsequently roughened wit11 a sllalie slip. Il11i 
can be renloved from the grained surface by the use of water or a dilute solution of osalic 
acid (1 ounce osalic ncicl clystals to 15 ounc.es of water). A slight stain will remain 
which can be renlovecl by the use of a snake slip. 

Used aluminum plat,es neecl not be returned to the Washington Office. 

7132. Painted Aluminum Sheets 

Paintecl aluminum sheet,s are sinlilar to the above, except that, instead of being 
grained, the drawing surface is provided by spraying the aluminum with enamel paint. 
The plates are generally given three or four coats of the enamel, applied in the same 
manner as is the finish on auto~nobile boclies. 

Both inlc ancl pencil walk can be clone on paintecl aluminum sheets although with 
not the same facility as on a good grade of drawing paper. 

7133. Mounted dlun~inum Sheets 

Drawing paper mounted on alunlinum sheets is the most satisfactory solution of 
the clistortion problem if t,he sheets are not uncluly esposecl to moisture. The paper 
must be mounted on both sicles of tallc aluminum regardless of whether one or both sicles 
are to be usecl; ot,henvise the paper will contract or espand and so wsrp the aluminum 
sheet that it will not lie flnt. Mounted aluminum sheets are preparecl in the Washing- 
ton Office ancl any nlalce of unmounted drawing paper can be used. The kinds ordi- 
narily used are chart paper or t.wo-ply Blistol board, depending on the purpose for which 
they are intmeadecl. (See also 233.) 

In mounting, t.llt! paper is applied to the two sicles, one a t  a time, with a high quality 
1ithogr:rsphic paste, sparingly usecl and avoiding escessive moisture, as t l ~ e  latter h.as tt 
tendency to nlake the pnper surface porous or mushy which rims the fine drawing quality 
of the paper. One. of tlle requirements for successful mounting is that tlle paper must 
be bonded to the alulninunl under considerable pressure, this pressure being inore impor- 
tant than the qualitmy of the paste. 

Some difficulty has been encountered with the moisture in t,he paste osidizing tho 
aluminum and causing blisters to form at some future time. Of course this is no draw- 
bacli if the sheet is heinlg prepared for immediate tenlporary use. This c1iffic.ulty can 
be overcome in various ways, one of the most successful of which is coating the aluminum 
with shellac before moullting. 
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71U. Tracing Cloth 

Tracing cloth is a fine semitransparent linen or cotston cloth, sized on one side, and 
dull on the other. The best grade is fre,e from pinholes. Because starch is used in its 
preparation? water will ruin and spot the surface, the spots showing on any reproduc- 
tions. When working with tracing cloth, the portion not being used should be protected 
from perspiration by a sheet of paper. 

The dull side of the tracing cloth should be used for all work because it, talces ink 
better. Inking on tracing cloth is facilitnted by dusting with talc or pounce, rubbing 
lightly with a cloth to renlove traces of grease which prevent the flow of ink from the 
pen. 

Tracing cloth distorts considerably more with age and climatic changes than trac- 
ing pa.per ancl therefore should not be used where n minimum of distortion is required. 
The best grade of clot11 is not as transparent as a good grade of tracing paper. 

The most satisfactoly tracing cloth on the market in 1943 is "Micro-Weave," 
fabricated by Holliston Mills Company. I t  is made in 10- and 20-yard rolls in alnlost 
any widt81i desired, ancl in rectangular sheets in a number of sizes froni 19 by 24 inches 
to 41 by 59 inches. The sheet form is available on the Generd Schedule of Sup- 
plies, but the roll form is not. An inferior grade of cloth in 34-yard rolls can be furnished 
from the Schedule in widths of 30, 36, and 42 inches. This gacle is suitable for use in 
protecting the snzooth sheet during plotting (see 761). 

7142. Tracing Paper 

Tracing paper (or vellunl) is a thin tough semitra~lsparent paper suitable for 
making tracings of drawings, or for nliscellaneous use where permanence is not im- 
portant or where pencil work is sufficient. The best quality is odorless, white, 100 
percent rag, with a high clegree of transparency and snlooth surface, the testure per- 
mitting erasures without damage to t8he paper. 

The best tracing paper, not available in 1942 because of the war, is foreign made 
under the trade aame"Doric" and is marketed by Keuffel cgt Esser Company, New Yorli. 
It is usually obtained in 20-yard rolls in widths of 30, 36, and 42 inches. Substitutes 
must be selected with care as there are many inferior grades on the market. Post's 
No. 173, fabricated by Fredericlr Post Company, Chicago, Illinois, is satisfactory for 
d l  except the most critical work. 

7143. Cellulose -4cetate 

Trallspwent celll~lose acebate sheeting (better known under the lllos-e familiar 
trade name "Cell~doicl") is useful as a tracing medium or as a transparent cover 
for sn~ooth sheets, maps, charts, etc. Cellulose nitrate sheetping must not be used 
since it is higldy flalnmable and its presence creates a definite fire hazard. Cellulose 
acetate on the othw hand bums at about the same rate that paper does. 

The sheeting is used in two grades: (1) low shrinkage grade, for work requiriag 
a, minimum of distortioa, and (2) ordinary grade, for purposes in which dimensional 
changes are not important. 



PAGE 663 THE SMOOTH SHEET 72 

The types of cellulose acetate ordinarily available are described below. All four 
kinds can usually be fu~llishecl by the Office although only the first three are on the 
General Schedule of Supplies. 

(a) Cellulose acetate sheeting, special low shrinkage, one side frosted for drafting, 40 Inches wide by 0 . m  inch thick, in sheets 
50 and BO Inches long and in rolls. 

(6) Cellulose acetate sheeling, ordinary grade, one side frosted for drafting, in sheets 20 by 50 inches in sirc, and in thickness 0.006 
inch, 0.0075 inch, and from 0.01 inch to 0.125 inch. 

(c) Same as (b),  except both sides are clear. 
(d) Cellulose acetate sheeting, ordinary grade, clear, available in rolls up to 40 inches wide and from 0.00088 to 0.002 inch thick. 

Sold under the trade name of "Rigid Kodapali" by Eastman Kodak Compauy. 

The frosted sheeting is preferable for either pencil or ink work. The clear sheeting 
cannot be used for pencil work and is not too satisfactory for ink worlr. 

To ensure ease in clrafting and the most permanent boncl of the celluloid ink (see 
7261), the surface of both the frosted and clear sheeting should be cleaned tlloroughly 
with either ammonia (u.s.P.)' or magnesiunl carbonate, applied with a soft cheesecloth. 
Tracing clot11 pomcler can also be used for this purpose, but magnesium carbonate 
seems to give better results. 

72. DRAFTING AND LETTERING 

Artistic drafting ancl lettering are neither necessary nor desirable on a smooth 
sheet. A hyclrographic survey is an engineering product and the resulting smooth 
sheet should give the appearance of such, rather than that of a work of art. The final 
result nlust be k s t ,  accurate; second, legible; and t.hird, neat. While neither expert 
draftsmanship nor pe~~manship is required, the drawing should be of such quality that 
there will be no impression of carelessness, since a drawing apparently carelessly made 
is likely to reflect on the a.ccnracy anel the reliability of the field ~7ork. Care and 
patience combined witli sufficient practice will produce the necessary accuracy and 
legibility. 

I t  is particularly important that the smallest cletails appear on the smootli sheet 
accurately anel clearly. In  general, i t  shoulcl be possible to reacl, without difficulty, 
everything on the sniooth sheet without the use of a magnifying glass. Those engaged 
in constructing, inking, and lettering smooth sheets sllould constantly keep in mind 
the fact that photographic copies of smootll sheets are frequently made for the use of 
agencies and persons, tv11o have no access to the original clocunients, and that often 
these copies are a t  a one-half reducecl scale. 

I t  is only by following prescribed stancla.rds that an entirely satisfactory smooth 
sheet will be proclucecl (see fig. 171). Particularly important is the use of standard 
synibols (see figs. 169 and 1S9), as great confusion often results where nonstandard 
symbols are used or where symb~ls are drawn so poorly as to niake nlisinteipretation 
possible. Soundings, in particular, must always be clear and legible (see fig. 163). 

North shall always be considered the top of the smooth sheet, whether or not the 
projection lines are parallel to the edges of the sheet. In  plotting and inking smootli 
sheets all lettering and numerals of any kncl sllall be so lettered as to be read from the 
south (see 7733). Where geographic names or legellcls cannot be lettered on an east- 
west line, but must be lettered a t  an angle or on a curve, they shall be so arranged as to 
be read when looking directly north (see 7872). 
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The lettering on a smooth sheet shoulcl be bold rat,lier than the reverse. Estrenlely 
small letters and numerals should be avoided unless lack of space renders a small size 
absolutely necessary. Thin iillr sl~oulcl be avoided. ZTnless ilili of sufficient body is 
used, the cent.rd part of the inked line frequently thins out, particularly where a 
mechanical letkering set is used. This results in a poor appearance a.ncl malies satis- 
factoiy photograpl~y of the s~nooth sheet impossible. Eac.11 inlied line, whether in black 
or color, slloulcl present a solid unifol-m appearance tllrougllout. 

It shoulcl be noted that, in general, any number appearing hi the water area of 
t8he smooth sheet shoulcl be in slanting numerals, except of course the soundings and 
position numbers, which nre vertical (see 7825 and 7843). 

Periods shall not be used in the water area (see 781). 

7231. Mechanical Laering Sets 

Unless the draftsman is part.iculitrly ~liillecl in lettering, it is preferable that a 
n~ecl~anical lettering set be usecl, where practicable. There are severa.1 types of these 
on the market (see 4834). For most small lettering the pen sizes remn~mended by 
tlie manufacturer of the Leroy sets produce too heavy a letter. The preferable size 
for snlnllcr lettering, such as station names, is "No. 00." 

Although indiviclual preferences vary sonzem-hat, the esperiencecl draftsman kliows 
with which nlrtlie and gracle of pencil he can obtn.ia the best results for any given require- 
ments. All malies of clrawing pencils listed in the Generd Schecluile of Supplies, the 
standmcl list of nint,erids contract~ecl for by the Goveinment, can be considered of high 
grade and of coniparable quality, although tests have shown t,hat a variation of appros- 
imately one gracle may be found in the hardness of one malre as conlparecl with another. 
Gradations of any one mal;e, however, can be clepended upon to be consistent. Before 
being listecl in the General Scheclule of Supplies, drawing pencils are rigidly tested to 
dete~mine whets1ler they c.omply with the specifications. The leads in most pencils 
are niade by the same process. Of those listecl in the General Schedule in 1948 the 
Van Dyke Microtomic Graphite is believed to smudge the least and the Koh-i-noor 
and Turquoise pencil leads are tl~ought to average slightly harcler for the same grade 
than ot,her malies. I t  is also the belief of some draftsme,n that the. Koh-i-noor leads 
are, on t,he average, of a more uniforrll quality. 

For most pencil worli on a snlooth sheet, pencils of a grade no harder than 3H or 
4H shoulcl be usecl, except for the const,ruction of projections and tlie plotting of control 
stations by dms. and dps. (see 7411). For these n. niucli harder pencil should be used, 
extreme care being required to prevent clamage to tlie surface of the paper. On 
a humid clay when the paper is likely to be danlp and easily indented, a pencil one 
grade softer should he usecl t.han is customary for tlie same purpose on a dry day. 

Under no circumstances sllould n hard chisel-edged pencil be used to draw tlie 
connecting lines between positions on the smooth sheet, beca~ise this may result in 
rupturing the paper a t  tlie liiost critical place, that is, dong the line of soundings. 
Furthernlore, the inclentation formed nialres inking tlie soundings extremely dScul t ,  
because the pen catches in the indentation. A pencil no harcler than 4H, sharpened 
to  a point, not a chisel edge, slould be use.cl for this purpose. 



PAGE 665 THE SMOOTH SHEET 725 

Tlie drafting pens on the General Scheclu~le of Supplies are not uniform in quality 
nor are they tested as thoroughly as the pencils me. As in the case with pencils, an 
esperienced clraftsman w.ill know with which m&e and type of pen he c m  obtain the 
best results for a particular style of drafting. 

The Gillott crow-quill pen (No. 659) is believecl to be the best all-purpose pen 
for fine work, especially after the point has been dressed ~liglit~ly. For a clraftsman 
who prefers a fine liniber point, Gillott No. 290 or No. 291 is perhaps the best. For 
average work Gillott No. 170, and for heavy worli suc.11 as shoreline Gillott No. 303 
or No. 404, are reconmlended. For the very fine lines required in inliiag clay letters 
and position llunlhers on souncling lines, a Hunt No. 104 may be preferred to the 
Gillott No. 290 or the crow-quill. 

In 1943, because of the war, Gillott pens were not ~bt~ainable. Esterbrook pens are 
the best available on the General Schedule of Supplies. Tlie numbers of conlparrtble 
grades of Esterbrook pens are 62, 354, 355, 356, 357, ancl 35S? for Gillott pen numbers 
659, 291, 290, 170, 303, anil 404, respe.ctively. 

Waterproof drawing inks, particularly c.olored inks, vary consiclerably in qua1it.y 
from year to year ancl no recommendations can be made a t  any particular t h e  with 
the espectation tliat they will be found correct in the future. The inks list,ed in the 
General Schedule of Supplies are satisfactorily tested before listing, and i t  is believed 
that a t  any given date the Genera.1 Scl~eclule is, perllaps, the best guide. I t  cloes not 
follow, however, that if ink of one nlalie is ~nt~isfactory in one or two colors, ot,lier colors 
of the snnie lnalie will necessa.rily be satisfacbory. Esperience is, after all, the best 
guide. 

Blaclc waterproof clmwhlg inli is tlle only inlr whicb is entirely waterproof. Other 
colored waterproof inks are not fully waterproof and this fact sllould be carefully 
considered in connect,ion with their use. 

In  the past, Higgins waterproof clrawing inli has, perlinps, been founcl consistently 
bet,ter than other makes. At B e  present time bot411 Higgins ancl I<euffel & Esser blacli 
waterproof inli comply with the federal specifications. 

7261. Cellu.loid Ink 

While ordinary drawing ink can be used on celluloid sheeting, it is preferable to 
use celluloid inli because it rna.kes a more pernianent boncl and cloes not rub off or chip 
so easily. I t  c.an be removecl wit11 a steel eraser; light in6 work can be reinovecl with 
an inli eraser or an erasing machine, the latter leaving a better surfnce for redrafting. 

Celluloicl ink will be furnished.by the Office on request. It is available in light, 
medium, ancl heavy grades. The nieclium is more generally usecl. The solvent in 
celluloid in6 evaporates rapidly ma.king it necessnly to thin the inli from time to tinie. 
This is done wit,li a specid thinner, which is also available on request. A small quantity 
a t  a tinie should be thinned, suitable for the individual draftsman. 

During the collstructioli and plotting of the snlooth sheet every effort should be 
made to keep the sheet clean and to avoicl placing mmecessmy marlis thereon (see 731). 
Even with considera.ble care, a snlooth sheet will eventually beconle slightly soiled. 



73 HYDROGRAPHIC MANUAL PAGE 666 

Errors are occasionally made which must be correctecl, and tenlporaly notes or lines are 
placed on the sheet which must be removed. These erasures as well as the cleaning 
of the sheet require extre~ne c,are in order to avoid damaging the surface of the paper. 

Most temporary pencil lines and notes, if made lightly with a 3H or 4H pencil, can 
be renlovecl with an art gum eraser without damage to the paper. Penciled errors and 
the badly snludged places generally require the careful use of a soft red eraser of the 
"RubyJJ or "VenusJJ type now on the General Schedule. Ink erasures cannot be nlacle 
without some danlnge to the surface, hut, less damage is generally caused with tshe sliill- 
ful use of an electric eraser (see 4852) than by any other nnzetllod. Hard abrasive 
erasers should never be usecl, even for t,l~e removd of inli worlc. Colored erasers 
should always be tested before use to dete~nline whether t.he color rubs off, and if so, 
they must not be used on the smoot-11 sheet. 

The sheet in general may be clcaned by crunlbling n snlall piece of art g11111 over it 
and gently rubbing the crunibs across the su1-fac.e with a piece of clean white paper 
placed flat under the hand. Breacl c l~~lnbs  may be used for the same purpose. 

73. PREPARATION OF THE SMOOTEI SHEET 

The completecl s~noot~ll sheet is a valuable original document. I t  is preserved 
indefinitely in the archives at  t11e wasl~ingt~o~~ Office. The anzount of care talien to 
pr0tcc.t tlie sheet during its c.onstruct~ion will be directly reflected in it.s future 1ongrvit.y. 

Prior t,o and during the construction ancl plot.tring of t.lle smootr1l sheet, the paper 
should be kept in a.s dry a place as possible, especially if the climate is at  all humid. 
All drafting work is clone much easier on dry paper. 

I t  is inevitable tlhat tlle sheet will become slightly soilecl \i~liile being workecl on, 
but there is no reason 11111y it sho~lltL be soiled escessively if a reasonable nniount of 
care is taken t.o keep all parts of the sheet covered, escept, bile smnll area on which worl; 
is actually being done. 

Snlooth-sheet pnper hns n sl~ecially pre.parec1 surface. and every care sho~~lcl be tnken 
to avoid damage to this surface. Lines should never be scratched on tlie paper, except 
short arcs necessary in construc.ting a projection. ' ~ l i i s  damages tbe surface and ink 
runs in the sc.ratclies. I t  is ecludly imp~rt~ant to avoid the indentat,ions macle by using 
too harcl a pencil or by pressing too heavily when clrawing lines, particularly the con- 
necting lines between positions (see 724). Smooth sheets have been received in the 
Washington Office with the surface cut so badly by s11a.rp pencils tliat in a short time 
the paper cracked at t811ese places. Wllea this oc,cul's, deterioration of t-l~e sheet soon 
follows. 

Temporary construction nlarlrs a.nd ten lpor~y notes sl~ould bc kept at  a minimum, 
and these, particularly the aot.es, should be made with as soft a pencil as practicable 
so that they nlay be erased without damage to t,he paper. 

731 1. Rolling the Smooth Sheet 

The mountecl paper used for smoot,ll sheets is of the best possible grade and if it 
receives ca.refu1 treatment during tshe malcing of the smooth sl~eet and subsequently, 
it should suffer con~prtratively little clistortion. If practicable, the smootli sheet should 
be kept flat during the entire period of its coastruction. Rolling during this period is 
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not only harmful to the paper, but results in a curve set in tvhe paper, which makes 
plotting and inlcing unnecessarily diEcult,. If the smootli sheet must bc rolled at m y  
time, it should be rolled loosely to a diameter of not less than 6 inches with the cloth- 
baclied side of the paper on the outside. 

Under no circumstances should t-he smooth sheet be allowecl to estend over the edge 
of the table during plotting. This subjects the sheet to peimanent creasing or bending 
which may result in wea.lcening the paper to such an extent that it eventually crac.1~~ or 
brealcs. 

732. THE PROJECTION 

The graphic record of a hydrographic survey is a sniooth sheet, which in effect is 
a map of the area surveyed. A niap is a flat-surface representation, at  a given scale, of 
some part of the curved surface of tlie earth. On a map the features of the earth's 
surface are represented with reference to each other accorcling to some system wliich 
will sin1ulat.e their 1.elatioli in nature. In order to clccomplisll this best, a projection 
is used-bhat is, an orclwly al~allgement of the terrestrial meridians and parallels on 
a plane surface. 

No matter how small a part of tlie eaxt;h's surface is under consicleration it is 
still curved, and t8l1eorebic.ally cannot be represented on a plane with perfect accuracy. 
As tlie area inc.reases, the distortion or the departure from 11at~1u.e becomes greater when 
an attempt is made to show it on a plane surface. It follows coaseque~itly that the 
meridians and parallels cannot be sliown on a pbme exactly as they are on the earth. 
Projections can be constructed in which sol-ne one or more desirable properties are 
niathenlat8icdly exact but only at  the expense of other properties. Therefore, every 
form of projection is at  best a compromise. For practical purposes, however, it is found 
that as the area considered is reduced it eventually reaclies a size so sma.11 that it can be 
represented at a given scde on a plane surface without mly plottable emr .  

The subject of projections is treated extensively in Special Publicatio~i No. 68, 
Elements of Map Projection. 

7321. The Po1,rconi.c Projection 

Various projections have been adopted by different countries and different survey- 
ing agencies within each counhy on which to plot the results of their surveys. The 
Coast and Geodetic Survey has adopted for all surveys a projection, known as the Coast 
and Geodetic Survey polyconic projection. All surveys must be plotted on tllis projec- 
tion. 

This polyconic projection was devised by Ferdinand Hassler, the first Superintend- 
ent of the Coast and Geodetic Survey. I t  is extensively used for surveys of conlpara- 
tively small areas, such as those covered by the hydrographic and topographic surveys 
of the Bureau, because it effects a satisfactory conipronlise witll all of the niost desirable 
properties of map projections, because of its ease of construction, and because a general 
table for its use has been calculated for the entire spheroid. The projection data are 
based on Clarke's reference spheroid of 1866 and are contained in Special Publication 
No. 5, Tables for a Polyconic Projection of Maps and Lengths of Terrestrial Arcs of 
Meridian and Parallels. This publication is fmiliarly.knomm by its short title, "The 
Polyconic Projection Tables." 

The polyconic projection is the development of an area by means of successive 
cones tangent to the surface at  successive parallels. The central nleridian of any 
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polyconic projection is a skaight line, all other meridians ancl all the pardlels being 
curved lines, except for the special case of the Equator wl1ic.h is a straight line. The 
parallels are arcs of nonco~lcentric circles with radii of decreasing length as the latitude 

inc.reases, hut whose centers lie in the exten- 
sion of the central meridian. The curved 
me.ric1inns are concave t-owwd the ce.ntral 
mericlian in increasing amounts as t,he dis- 
tance from the central meridian increases. 
Prac.ticdly, in the. larger sc,ales usual in 
hydrographic surveying tChe meridians may 
he consiclerecl straight lines within the 1imit.s 
inlposecl by gra.phic metllods of construction. 
The longitude scale is evelywliere correct, 
hut the latitude sc.n.le is strictly c,orrec.t only 
on the central nleridian. 

The accura,c,y inherent in tile polyconic 
projectmion is a matter of some interest. 
Some idea of the cleparture from true repre- 
sellt.atio~l is given by the following two 
examples. On a 1:40,000 scde projection 
on a sheet 31 by 53 inches in size the scde 
dist~rt~ioll in the worst part does not esceecl 
9 pa.rt,s in 1,000,000 ancl the angular error 
cloes not e.sc,e.ecl 1" of mc.. On a 1: 120,000 

FIG~IRE 1.14.-Polyconic projection of North America. scale project.ioa on a sheet 43 by 73 i~lches in 
size the scale clistortion in the worst part does not esceed 3 part,s in 20,000 and the nlasi- 
mum angular error is 15'!3 of wc. I t  is apparent, then, that the errors of azimut,li and 
distance on sheets usually used in plotting l~ydrograpliic surveys are of such small 
proportions as not to be graphicdly measurable. 

Since tlie meridians of the polyconic projection are curved lines c.onc.ave toward 
the central meridian two adjacent maps or surveys callnot be joined together in an east- 
west direction, because the curvatures of the marginal meridians on the two ma,ps are in 
different directions. 

7322. Ferification of Scales and Straightedges 

Before beginning the construction of the projection, the meter bar and metex scales 
and the straightedges sliould be verified unless definite infornlatioll of their correc.tness 
is at  hand. I t  cannot be sssumed that thc scales are correct since in the past several 
have been discovered with appreciable errors in the divisions. Perhaps the best test 
that can be applied in the field is by comparison with a meter bar known to be col~ect. 
In  lieu of this a comparison of the various scales and nleter bars against one another 
will suffice (see 4821). 

Straightedges can also be tested by colllparison with one another but a better test 
is described in 4831. 



PAGE 669 THE SMOOTH SHEET 7323 

7323. The Projection Lines 

The projection intervals between the meridians and parallels to be shown on a 
survey sheet depend on tllc scale and shall be according to the following table: 

TABLE 24.-Projection line intervnls for r~arious scales 

The projection is c~nst~ructed in pencil. I t  nus t  be verified and all of the control 
stations plottecl by d m .  and &IS. (see 7411) and clleckecl while the lines are in pencil. 
Only the11 are the projection lines to be inkecl as fine solid bla~l i  lines 0.15 mm in wiclth. 
Tlle lines slloulcl extenel entirely across the sheet. No borders are to be plac.ecl on 
slnooth sheets. 

The numbers representing the latitude and longitude shall be clrawn in blacli ink 
at the encls of each parallel mlcl meridian. They sllould be 3 nlm in height and shoulcl 
be made in acc.ordnnc.e with figure 145, preferebly with a me.chanicd 
lettering set. Those representing degrees shall be repeated every 87" 50' 
fifth minute on sc.ales of 1: 30,000 anel larger; every tenth minute on 
a scde of 1 : 40,000 ; mld every thirtieth minute on snldler sc.ales. 32" 15' 
For scales 1a.rger than 1 : 8,000, where the entire area fdls within a 1 

- - - 

Scale of survey 

1:  2,000 and larger- - - -- - - - - 
1: 3,001 to 1: 3,000 ------ - - - -  
1 :  3,001 to 1: 6,000 ------ - - - - 
1 :  6,001 to 1: 12.500-- - - - - -  - 
1: 12,501 to 1: 25,000 ------.- 
1:  25,001 to 1 :  60,000 ------ -. 
1: 60,001 to 1: 125,000 ------ 
1: 125,001 to 1:  350,000- ---- 

. . 
1-degree intel-&l, the degree number must be shown at least once 
on the sheet, preferably near the cent,er, the other lines being iclenti- I 
fiecl by ttle minutes and seconds only. Tlle numbers niust be fol- F 1 " U ~ ~ o ~ ~ ~ i i , , " 1 4 , ~ ~ ~  
lowed by the respective degree, minutme, ancl second symbols. Degree 
synlbols shoulcl be 1.0 nlnl in diameter, ancl minute and seconcl sy~llbols 1.0 nlm long, 
all centerecl on line with tSlle top of the numbers. The nunlbers ancl synlbols must 
be checked. 

7324. Constructio~z of a Polyconic Projection 

Projection line interval 

Every 5 seconds. 
Every 10 seconds. 
Every 15 seconds. 
Every 30 seconds. 
Every minute. 
Every even minute. 
Every fifth minute. 
Every tenth minute. 

The construction of a polyconic projection is n conlpmatively simple problem, but 
eskelne accuracy ancl care are necessaly. The following instrunlents are needed: 
meter bar, beam compass, s traiglltedge,, cliviclers, nncl n quax ter-meter scale (see 4821). 
All of tile elements are found in Special Publication No. 5, "The Polyconic Projection 
Tables." The mea to be ernbraceel and the orientation of the sheet and t'he scale are 
found in the layout of the project (see 136); the interval between projection lines to 
be drawn depends on tlle scale (see 7323). 

From tlle layout locate the iatcxscction of the most central meridian and parallel 
which are to,be shown, ancl tlle directmion of the central meridian. The accuracy with 
w11ic.11 this needs to be clone depencls on how near the edge of t'lle sheet the work will 
extend. If extreme accuracy is required it is generally necessary to lay off carefully 
tile limits of the sheet 011 a publishecl chart of tlle area, thereby locating the central 
intersec.bion and orie~lt~ation. 111 some cases even preliminary nlatllematical computer- 
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tions are necessary to ensure the inclusion of the required control points ns, for example, 
where they fall dangerously close to opposite edges of the sheet. 

Although the projection can be made by continued reference to the projection 
tables, it is most desirable to mabe a rough sketch of the projection on a sheet of paper 
(see 322), noting on it all of the distances to be plotted with the meter bar and beam 
compass. Depending on the scde of the projection being made and the scale of the 
meter bar being used, these distances will of course be reducecl for use directsly on the 
meter bar. For instance, if the projection is to be 1: 40,000 and the scale of the meter 
bar is 1 : 20,000 all distances taken from the tables must be halved. All data from the 
tables must be taken out for the latitude in which they are to be used. 

Referring to figure 146, the distances mm1, irln~a, n~n13, and n m ~ ,  are taken from the table headed 
"Meridional arcs," under "Continuous sums of minutes." The distances nlz, nlq, m a ,  nxc3, nm, and 
rrtz6, for each parallel are taken from the table headed "Arcs of the parallel in meters" for scales of 

FIGURE 146.-Construction of a polyeonic projection 

1:40,000 or larger. For scales smaller than 1:40,000 they must be talien from the values of "X" 
under the table headed "Coordinates of curvature," interpolating for latitudes and longitudes inter- 
mediate between those given in the tables. 

The construction is carried out by drawing the central meridian and the straight construction 
line a b  perpendicular to it. The distances ntml, ntmn, etc., are laid off along the central meridian using 
the beam compass and meter bar. The straight construction lines cd, e j ,  ggh, and ij are drawn parallel 
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to ab through the points w?, nu, nzl, and mn~, respectively, and the distances ntx, 7IU1, 1m2, TI-, m a ,  
and mq  are laid off along these construction lines from the central meridian. It is especially impor- 
tant that these distances be laid off from the central parallel and the central meridian. The succes- 
sive points n1.1, ltz, etc., and z, XI, xa, etc., must never be laid off from one another. 

The projection tables are now entered and "Y" values under the table headed "Coordinates of 
curvature" are found corresponding to the respective x-points. These values are laid off parallel 
to the central meridian, north of the construction lines if the projection is north of the Equator. These 
are usually short distances and difficult to plot. Best results can be attained by plotting an arbitrary 
distance, such as 100 or 200 meters on a 1:20,000 scale, south of the x-points and then plotting the 
arbitrary distance plus the "Y" values north from the arbitrary points. 

"E'" values for latitudes intermediate between those given in the tables can be obtained by linear 
interpolation, but for longitudes intermediate between the tabular values, the following relationship 
should be used: 

The ratio of any two successive ordinates of curvature expressed in meters, equals the ratio of the squares of the wvponding 
abscissas expressed in minutes or degrees. 

This approximation is close enough under most conditions. 
Each of the points plotted north of its respective x-point represents the intersection of a meridian 

and a parallel. Curved lines drawn through these points represent the meridians and parallels. 
Because i t  is difficult, in practice, to draw a curve of very large radius, the intersection points must 
be frequent enough so that the curved meridians and parallels can be drawn as a series of chords which 
will approximate tlie true curves. The projection must be left in pencil until verified and the control 
has been plotted. Finally the projection should be checlzed by measuring the intercepted distances 
between the adjacent meridians and parallels. 

On projections of scales 1:10,000 or larger, i t  is generally sufficicnt to apply the Y-coordinates a t  
the extreme meridians only, joining these points and the corresponding points on the central meridian 
with straight lines. The parallels so drawn are then subdivided equally for determining the inter- 
mediate meridians. 

The construction of a polyconic projec.tion is fully explainccl in Special Publication 
No. 5, "The Polycoaic Projection Tables," ancl on pages 60-62 of Special Publication 
KO. 68, Elements of PvIap Projection. The latter publication also gives the formula 
froni which the errors of scale and area of my polyconic projection may be determined. 

7325. Continuous Construction 

The constructioti of a projection must be continuous, tshat is, it must not be begun 
and then laid asicle to be resumed at a later clate. I t  should be conlpleted and c.lieclied 
on the sanie clay, if possible. Construction on clays of excessive humidity or escessive 
dryness shoulcl be avoiclecl. When possible tlie projection should be made at a time of 
day ancl during a period of weather when the atniosplieric conclitions are stable and 
nearly average for the conclitions uncler which the smooth sheet is to be used. I t  is 
iniportant during construction that the projection be not esposecl to the direct rays of 
the sun. 

7326. Verification of the Projection 

All cletails of the construction of t,he projection must be checlied. This must be 
clone while the projection is still in pencil, and must c,onsist of a verification of the values 
taken froni the polyconic projection tables ancl a complete clieck by nieasurcnient of the 
construc.tion of the projection. Finally, corresponding diagonal distances should be 
comparecl with one another. It is to be noted that the polyconic projection is sj-mniet- 
ricul with respect to tlie central mericlian. Therefore, the diagonal distance between 
any two intersections 011 one side of the central nieridian is equal to the diagonal clis- 
t.ance between two corresponcling intersections on the opposite side of t.he central me- 
ridian. A good constiuc.tion checlz is a conlparison of the long cliagonnl distance from 
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the northeast to the southwest corner through the construction center with the cor- 
rrsponcling distance from the nort.ll\vest to the sou thenst corner. 

The verificat.ion must 1)e nlacle t.he same clay that the projection is constructecl and, 
if practicable, immediately following the const~n.ctioi~. 

7327. Rzcling Machine Projections 

Hand-ruled projections, carefully constructecl, are usually of as great accuracy a.s is 
warrfinted when dra\vn 011 clotli-n~ounted paper. The Coast ancl Geodetic Survey 
lias a projection ruling macllille designed especially for ruling precise projections on 
mediums subjec,t to little or no climensional change, such us dunlinunl-mounted paper, 

aluminum plates, copper, and glass 
negatives. 1 f  prscticible, all ;:so- -_-= - - - T12Y" -------,----- ---- _________----------- - 7  - jections on such mediums sl~oulcl be 
nla.cle on the machine. It is not 
necessary to clescribe the details of 
the machine, except to say that pro- 
jections of any type can be ruled on 
it, limibecl in size to 3S% by 56% 
inches and linlited approsimatelg by 
the curvature recluired ia a 1 :500.000 
scale conic proj ection. 

Chiefs of Pasty who wish machine- 
ruled projectioi~s sl~oulcl forwasd 
t,heir requests ~iifficient~ly in advance 
to reach the Washington Office at  
least 3 weelis prior to the date they 
wish them shipped to the party. 
Such reque~t~s must always be acconl- 
palied by rough layout ~liet~ches 
sllowing tlie sheet limits by latitude 
rnld longitude, the scale, and the 
orientat~on of the projection if it is 
not parallel wit-h the sheet edges. 
The polyconic projection will be as- 
sumed unless otlle~wise specified. 

. Preferred maximum limits of sheet The size of a projectioil that can be 
, ,, Extreme limits of sheet dm\vn 011 tshe ruling machine is lim- 
,,,,,,Skewed projection (note limitation of size and ruled area) ited by a rectangle 38% by 56j4 inches 

FIGURE 14'1.-sheet limits for ruling-machine projections. whose sides are parallel to the pro- 
jection lines. The sheet itself, how- 

ever, can estelld somewhat beyond these limits, but orclinarily should not exceed 43 by 
60 inches (see fig. 147). I11 special ca.ses s sheet 46 by 65 inc.lles can be used. When 
projectiolls larger than 38% by 56% inches are required, the lines must be estended by 
hancl from the part ruled on the machine, which cannot be ceaterecl. 

Where a sliewecl projectidn is to be sulecl, the size of paper is also limited by the 
abol-e dimensions, i. e., measurecl parallel to the projection lines, diagonally opposite 
cornel2 of t.he sheet cannot be separatecl more tellan 46 inches in one direction nor 65 
inches in the other direction (see fig. 147). 
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7328. Plane Coordinates 

Plane coorclinntes are not useel by the Const and Geocletic Survey for plotting the 
results of l~yc1rogmphic surveys, althougl~ they are used for this purpose in many foreign 
count.ries ancl are used in this country by various agencies for plotting all types of 
surveys. 

There are various types of plane ancl rectangular coordinates. Tlvee principal 
t.ypes are now in use in the United States: 

(a) A rectangular systeln in which the plane of projection is a tangent plane, and the curvature of 
the earth is neglected: that is, the distances and angles measured in t.he survey are considered to have 
been measured on a plane surface. 

(b) A systenl of rectangular coordinates in which the plane of projection is a tangent plane, but 
correction or adji~stliient is made for the curvature of the earth. 

(c) The official systems of State coordinates on the Lanlbert confor~ilal and the transverse 
Mercator projections devised and computed by the Coast and Geodetic Survey in 1933 and 1934. 

I11 ea.cl1 of tlie above systenls the coordinates are referred to two reference axes a t  
right angles to one another, one of whic.11 nlniost invari~~bly coincicles with the true 
meridian. By conve~itio~l tlle X-coorclinate of a position is its clistance east or west of 
one reference asis, positive where east nncl negative where west, ancl the 1'-coordinate 
is its distance north or south of the other asis, posit,ive where nortll and negative where 
south. 

In ~oorclinnt~e systems of type (a) it  is usual to select some point on the earth's 
surface as a point of origin. This may be a well-l<nown lanclmarlc, the geographic 
position of whic11 may or may not be known, but it is usually s geodetic station the 
latitude ancl longitude of wl~icl~ have been determined by the geodetic control surveys 
of the country. In  such a systenl t,he area covered must be small and the part included 
is consiclerecl to be a true plane, and the results of the survey are plottsed on the system 
without correction or adjustment for the curvature of the earth. 

To coordinate such a survey with t>lle nautmicad chart,s or t,he surveys of this Bureau, 
it is necessary that the Intit,ude and longitucle of the point of origin and the azimuth 
of one of the reference lines be l~nown; or these data may be derived from the known 
latitudes and longitudes of other points ancl azimuths in the system, whether or not 
one of them is taliell as the point of origin. For coordination it is preferable that the 
latitucle ancl longitucle of severn.1 widely separateel points on the survey be linoml so 
that not only can t,he survey be coorclinatecl, but its scale nlay be cleter~nined incle- 
pendently. (See 2361.) 

For systems of rectai~gulnr coordinates of type (b)  the points on the earth's surface 
are col~ectmecl for curvature so that the plane cool-clinates resulting therefrom have an 
acc,uracy of 1 part in 50,000 a t  n. c1ist~n.nce of 35 miles from the origin of thc system. 
I11 this nletllod of conlputation the plane coordinates are clerivecl directly from the clif- 
ferences in lstitucle ancl longitude between some ch~sell  origin and the given station. 
These differe11c.e~ are transfornlecl ~lirect~ly into S- and IT-coorclinat~es by the use of 
tables given in Special Publication No. 71, Relation Between Plane Rectangular Coor- 
dinates and Geographic Positions. This systenl approsinlates an equidistant azimuthal 
projection 011 n tangent plane ancl it is sufficiently accurate to cover a consiclerably 
larger area tallan can be coverecl in type (a). I n  no case, however, slioulcl i t  estend more 
than 20 or 25 miles from the origin. 

The official State coorclinabe systenls of type (c) were devisecl and computeel by the 
Coast and Geocletic Survey in 1933 and 1934. One system with one point of origiq 
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is used for each State, where practicable, although in the larger States two or more 
systems were necessary. These have been computed on two different types of projection: 
the Lambert confo~nlal conic for those States of an. east-west extent proportio~lntely 
great as compared to their north-south extent; and the transverse Mercator projection 
for those States with a proportionately great north-south estent. The coordinates on 
the State systems have been computed for all geographic positions adjusted since 1935 
and these are published in the official publications of the triangulation of the country. 

Details of these systems, the methods of making the computations and the methods 
of plotting various types of surveys thereon, are given in several publicabioas. They 
are given in brief in Serial No. 624, Computation of Traverse by Plane Coordinates, 
and in fuller detail in Special Publication No. 193, Manual of Plane Coordinate Com- 
putation; Special Public~t~ion No. 194, Manual of Traverse Computation on the 
Lambert Grid; ancl Special Publication No. 195, Manual of Traverse Computation 
on the Transvei.se Mercator Grid. 

For the coordination of surveys on the systems in type (c) with l~ydropphic  
surveys of this Bureau, no information is needed except the knowleclge that the survey 
is on one of the official State syst,enls and which system. 

Where the shoreljne and hyilrographic control originate with air photographic 
surveys (see 239) the infoinlation for t.he boat and smooth sheets will be furnished by 
the Washington 0ffic.e in the form of reversed tracing-paper prints, ozalid piints, 
printed sheets, or map projector transfers. The form used will depend upon the con- 
clitions peculiar to the pi-oject and will be stated. in the project instructions. 

The short clescriptions of stations, for the info~nlation of the hydrographer, will 
be furnished on ozalicl prints to be used by the hydrographic party when recovering 
the stations and building the signals (see 2392). 

7331. Reriersed Tracing Paper Prints 

Ordinarily the air photographic survey drawings are fomarclecl to the Washingtoll 
Office as soon as the location of the shoreline and the hydrogrphic control is completed. 
These are reprocluced in the Office to the same scale as the hyclrographic surveys and 
reversed copies are printed in black on tracing paper ancl furaished the hydrographic 
parties. The ink usocl is slow drying ancl usually the print usecl in preparing a boat 
sheet can also be used for preparing the smootll sheet some nlonths 1ate.r. 

The transfer of the shoreline and control is effected by superimposing the tracing 
(inked side down) on the boat sheet or smooth sl~eet, so that correspo~lding projection 
intersections are in coincidence, and burnishing clown the details. Adjustments for 
differences in the projections can be made by snlall shiftings of the tracing (see 7413). 

If the inli has dried before the smooth sheets are prepared, additional tracing-paper 
prints will be furnished on request. 

7332. O a l i d  Prints 

ln some cases where the air photographic surveys are made at exactly the same 
scale as the hydrographic survey and when sufficient time is not available to prepare 
reversed tracing-paper prints, ozalid prints will be furnished the hydrographic party 
for transfer ~f the shoreline and control. 
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Oznlid prints are photographic contact prints prepared in much the same manner 
as blueprints. The developed print shows a colored line on a white background. 
These prints are deveJoped by a dry process and have a low percentage distortion. They 
are satisfac.tory copies from which to transfer shoreline and control points, but it is 
necessary that the hydrographic pnrty make a pencil tracing for such transfer (see 7413 
and 7561). 

7333. Printed Hydrographic Sheets 

Where the hydrographic sheit layout can be made to conform approximately to the 
air photographic sheet layout, and where there are numerous stations and intricate 
shoreline details, printed smooth sheets and boat sheets are practicable and economic, 
and will be furnished to hydrographic parties. The copies are printed at the scale of 
the hydrographic surveys and on the same cloth-backed paper ordinarily used for boat 
sheets and smooth sheets. All details are reproduced in black, including t,riangulation 
and topographic station synlbols, in addition to the projection and topography. 

The positions of the stations need not be checked by the field party. The symbols 
for the topographic stations shall be left in black on the smooth sheets, but may be 
encircled with additional 3 nlm red circles on the bbat slleets, if this is found desirable. 
The triangulation sy~llbols shall be left in black. Topographic station names shall be 
assigned by the hydrographic part,y, and shall be shown in red on both the boat and 
smooth sheets. (See also 744.) 

7334. Map Projetor Transfers 

Iu some c.ases, itlt.houg11 the boat sllerts and siiiootl~ ~11eet8 are prepwed in the 
Washington Office, plotolitlograplic reproductions are not made because of insufficient 
time, or because t,he air photographic surveys are on an oclcl scale and a printing plate 
is,not yet available, or when their limits differ greatly froni the hydrographic survey. 
In such cases the projections are made on projection ruling machine, and the shore- 
line and control points are transferred (and c.heclred) from the air photographic surveys 
by means of the map projector (see 4854). The transfer is usually made in pencil and 
shall be illlied by the field party. A data record showing how the projection was made, 
and how mcl by whom the shoreline and sta.tions were transferred and checked is for- 
warded to the field pnrty with each smooth sheet. This rec.ord shall be included in the 
Desc.riptive Report for the sheet (see 8423). 

734. PROJECTIONS FOR R.A.R. SHEETS 

' The best grade of well-seasoned paper shall be used for an R.A.R. smooth sheet. 
The projection is constructed just as any other projection is, but immediately after its 
completion and verification and the plotting and verification of the R.A.R. stations, 
and before any inking is done, the clistance c i~cles  must be drawn (see 7341), in order to 
avoid complic.ations clue to distortion of the paper. Obviously, such projections should 
not be requested from the .Washington Office. 

7341.' R.A.R. Distance Circles 

In contrast to other methods of hydrographic control, positions determined by 
Ra.dio Acoustic Ranging (described in chapter 6) me based on distances from the R.A.R. 
stations and these are sometimes quite long. To fac.ilitate plotting these distances and 
to take into account any distortion which occurs i~ the smooth sheet (tfter the projec- 
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tion is made, segn~ents of concentric circles are drawn on the sheet from each R.A.R. 
station as a center, covering the area in which bomb returns were received from the 
respective stations. These circles are tennecl d,istn?hce circles to clistiaguish then1 from 
the short clista~tce arcs, wlzicll are drawn only in the immediate vicinity of eac.11 R.A.R. 
position (see 763). 

All clistance circles n.re plotbecl i11 units of time intervals from a given station bnsed 
on an assulized velocity of souncl of 1,460 meters per second. The spacing of the circ.les 
011 tlie sheet shoulcl be acc.orcling to table 25. 

TABLE 25.-Distnnce,circle i.nteructls joy various scales 

Tlle unit of mmsurenlc.nt, srcoritb is ustbtl llrrr t,o mt.an a second (time) of souncl travel 
through sea wat,er. Thus, a circle rel)resentinp 5 seconds of souncl travel would br 
plotted a clistance of 1,160 s 5=7,300 meters from the statmion a t  tlze scale of the survey. 

Preparaboiy to placing tlie circles on the sheet,? and preferably even before bhe 
projection is begun? the boat sheet shoulcl be stucliecl to cleternline the area in which 
bolnb retunls were received from each R.A.R. station. This will be the area througli 
which the c1ist)ance circles shoulcl be clmwn. It is iniport.anb t.liat this inst.ruc,tioa be 
cwefully followecl in orcler to avoid unnecessary confusion where many stntions are used 
on a sheet. A table shoulcl also be prepared in aclvaiice giving the lengths in nieters of 
the various raclii, computed a t  thc plotatving velocity of 1,460 meters per seconcl and coa- 
vertecl to the scale of the meter bar being used. This table is then used for setting t8hc 
distances on a beam compass. . 

To plot the circles tlle successive raclii lengths are priclcecl lightly on the smooth 
sheet. This shoulcl be clone a t  two or more radial directions from t,he R.A.R. stations, 
so that each distance circle when drawn may be clleclcecl as it passes through the pricked 
poiats. To avoicl a repetition of measurements, each di~t~ance, as set on the beam 
compass, sllould be plottccl from every R.A.R. station where it will be neeclecl. 

After the plot>ting of the raclii has been clieclced, the clistance c,ircles are drawn in 
blue ink through the prickeel points, using a fine light line. The dist~ances in scconds 
may be placecl on the circles in pencil for temporary convenience. 

I t  is essent,ial t,liat the sn~ootsli sheet he kept s.hsolut,ely flat while the raclii are being 
plottecl and the circles are being drawn. This can be accomplishecl, in the first case, 
by laying a straigliteclge 011 tlze sheet from the station to the priclied point>s, ancl in the 
seconcl case, by having a11 assistant slide a straighteclge along bhe sheet paralleling the 
beam compass, im~necliately in aclvance of or behind it. A clean stainless steel straight- 
edge, or one whose unclerside is covered .wit81l a clean piece of paper, must be used iu 
grder to prevent soiling tble. smooth sheet. 

Scale of siirvey 

1 : 10,000 - - - _ - - - - - - - - - - - - - - - - - - 
1 : 50,000 t.o 1 : G0.000-- - -. - - - - - - - 
1 : 100,000 to 1 : 160,000 ----. . - - -. 
1 : 200,000 - -  .. - - - - - -  - - -  - - - - -  - - - - 

Distance circle interval 

Every 3 seconds. 
Every 5 seconds. 
Every 10 seconds. 
Every 15 seconds. 
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The continued use of the bean1 compass a t  the R.A.R. stations tends to enlarge the 
station holes. To avoid this a small circular piece of thin celluloid is temporarily placed 
over each station with Scotch tape, so that the compass point rests on the celluloid 
instead of on the paper. Where this is done the pricked point in the celluloid must be 
precisely over the plotted position on the smooth sheet. Pencil liws should be drawn 
at right angles through the plotte'd position on the smooth sheet, by which the celluloid, 
on which similar lines at  right angles have been drawn or finely etched, may be correctly 
superposed. If only a few distance circles are to be drawn from any one station the 
cell~iloid may be dispensed with, if caution is taken to avoid an escessive downward 
pressure on the beam compass. 

Two R.A.R. control stations are frequently used a t  locations very close to one 
another. Confusion would result if concentric distance circles were drawn from both 
of these as origins. Instead, the distance circles are drawn from that station from which 
the larger percentage of R.A.R. distances was obtained (luring t,he survey. ' The method 
of plotting in such cases is explained in 7631. 

There will be occasio~lal cases where an R.A.R. ststion used for control is beyond 
the limits of the sheet. If such a station is within reach of a bean1 compass, it may 
be plotted by using a computcd distance and direction from a latitude and longitude 
intersection on the projection. A specially long bean1 conlpass may be required for 
drawing the distance circles (see 3741~1). 

Distance cirdes involving radii too long to be drawn wit11 a bean1 compass nlay 
be c~nst~ructed by computing the rectangul+r coordinates of points on the circles and 
drawing the circles by using standard curves. The formulas for computation are the 
same as'for constructing "c.ircle" sheets by thc  conlputation method except that the 
origin of coordinates is taken as trhe intersectmion of two distance circles on the sheet, 
the 17-asis being the azimuth from the intersection to an R.A.R. station and the X-axis 
being aornial thereto a t  tho sa.me point. (See 3741~2.) 

After the distance circles have been drawn on t8he smooth sheet and the other con- 
trol stations plotted and checked, the projectiorl lines are inked (see 7323). Control 
station names in the water area must be left in pencil for subsequent, inking (see 7443). 

Large-scale offshore surveys using three-point fis control cannot usually be made 
or plotted with the degree of accuracy required, if c.onvent~iona1 methods of plotting 
n.re usecl-that is, wit8l1 a three-arm protractor. Instmid, the "circle" sheet method is 
used in which the observed angles are plottecl by means of their loci, systems of which 
havo been drawn in advance on the boat sheet or smooth sheet. A full cliscussion of 
this method of surveying and of thc mcbl~ocl to be used in preparing such sheets is given 
in section 37. The smooth plotter should familiarize hinlself thoroughly with the 
method before beginning work on such a smooth sheet. 

After the nrCs have been plotted and verified, they sllould be inked in blue using 
a fine light 1ine.similar to that used for R.A.R. distanc.e circles (see 7341). The arc.s 
should be identified by inking the degrees and minutes in the same color near the ends 
of the arcs. It is unnecessary and undesirable to ink all the arcs used in protracting 



736 HYDROGRAPHIC MANUAL PAGE 678 

the positions. The purpose of inleing is to give permanence to selected arcs, so as to 
facilitate future identification of the.positions. The smooth-sheet plotter should bear 
this in mind when selecting the arcs to be inked. In general, a spacing of about 3 inches 
between inked arcs will be satisfactory. Only those portions of the arcs in the sounded 
area should be inked. 

To correlate the results of two surveys, it is first necessary to bring the two to the 
same, geographic datum (see 2171). This makes i t  possible to compare corresponding 
areas by means of the projection lines on the sheets. 

Practically all of the recent surveys of the Bureau in continental United States are 
based on the North American datum of 1937, but many prior surveys are still on 
the North American datum or some independent datum. To change the datum of a 
survey sheet t.he usual practice is to apply corrections to the projection on the sheet. 
When copies of old surveys are furnished to field parties, tlie latest datum is usunlly 
shown on the sheet. The procedure given below describes how this may be accom- 
plished under various conditions. Where the datum on a survey sheet has to be cor- 
rected in the field, the data available will generally determine the method to be used. 

There we two nlethods of applying a clatunl correction to a survey sheet, a numeri- 
cal one (7362) and n graphic one (7363). 

Before claLuni co~*reotions can be applied, tlie distortion factor of the sheet irlust 
be determined in both n north-south and nn east-west direction. This is done by 
comparing the scaled distances between projection lines on the sheet with the' corre- 
sponding values given in Special Publication No. 5, "Polyconic Projection Tables" 
(see 7324). The distortion factor is determined from the relakion: 

Tabular value - Scaled value = * Distortion 
Tabular value 

Several distances in each direction should be measured in order to obtain a.mean fact.or 
and to ensure against errors in the original projection. The distortion factor should 
be applied to every distance that is to be plotted on the sheet. To reduce measure- 
ments on the distorted sheet to true values the following relation should be used: 

Tabular value - Scaled value = * Correction factor 
Scaled value 

7362. Numerid Method 

In the numerical method three widely distributed triangulation stations on the 
sheet are selected, whose geographic positions on tlie N.A. 1927 datum are available. 
Identify these stations on the datum of the projection in the old registel's in the Surveys 
Branch of the Chart Division, or in any of the publications of the Bureau, and check 
their geographic positions with the positions plotted on the sheet. The mean of the 
differences between the values on the two datums is the correctiou to be applied to the 
projection on the sheet. The differences for the three stations should nearly equal each 
other. If a wide variance is found, an investigation should be made for possible errors 
in the computations or for failure to identify common stations on the two datums. 
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Great care must be taken to see that the correction is applied in the proper direc- 
tion. The following rule will be found hclpful in determining the dircction: 

If the latitude (N.) and longitude (W.) on the old datum are greater than the corresponding 
values on the new datum, then the new projection will be to the north and west, respectively, of the 
old projection. If the old values are smaller than the new ones, i t  will be to the south and east. 

From this the direction of the correction for 
other relationships can be readily determined. To 
avoid errors of application in plotting, a sketch 
should be made, showing the relationship of the 
two datums to one of the selected triangulation 
stations, with the corresponding latitudes and 
longitudes indicated. 

I-! 
AFRONT. 1918 

The new datum should be marked by short 
124'10' intersections at  not less than two projection inter- 

N. A 1927 Dalum ' ' ""' 
sections on the sheet and should be shown in 6f9I41 F. B. L 

'B.R. 47'25' 

colored ink, preferably red. At one of the inter- 11' 12L Old Datum 12QIO' 

sections the name of the datum, the latitude and 
lur-o hanp ordatum or8 uI'Vey shBet-bY 

longitude, the initials of the cartographer making numerical method. 
the correction and of the verifier, and the date 
the correction was made, should be noted in colored ink. (See fig. 148.) 

Example: In  figure 148, the latitudes and longitudes of A FRONT, 1918 on the old and new 
datums are as follows: 

North Latitude 

47O.25' 450 meters (old datum) 
47O 25' 300 meters (N.A. 1927 datum) 

150 meters difference 

IVeat Lonpiludr 

124' 10' 900 meters (old datum) 
124' 10' 750 meters (N.A. 1927 datum) 

150 meters difference 

-4pplyipg the above rule, the new projection (N.A. 1927 datum) is found to be to the north and west 
of the old projection. Therefore, the intersection of latitude 47' 25' N. and longitude 124O 10' W. 
on the new datum is obtained by laying off the distances 150 meters (corrected for distortion) in a 
north and in a west direction from the old datum. 

Rejerence station on the sheet.--If the latitude and longituclc of one of t.he plotted 
stations is recorded on the sheet (see 746), the correction may be obtained by subtract- 
ing from them the corresponding values on the N.A. 1927 datum. For field application, 
where photographic copies of old surveys are used, the single correction thus obtainecl 
is sufficiently accurate for use on the entire sheet, but in the Ofice where the original 
sheet is'available, ~lc2itional stations shoulcl be used and a mean correction obtained 
in kcordance with the procedure outlined above. 

" The numerical value shown on the sheet should always be checked against the 
plotted position of the station before using it for determining a datum correction. 
:,.- . 7363. Graphic Method 

. . 
' , This method of correcting the datum on a survey sheet is applicable under three 

codtions: (1) as an alternative to the numerical method, (2) where geographic 
positions of the stations on the datum of the sheet can be found neither in the old 
registers (see 7362) nor in any of the publications of the Bureau, and (3) where the 
old .registers are not available, as is usually the case in the field. 

Select three well-distributed stations on the sheet, the geographic positions of 
whicli;,are available on the N.A. 1927 datum. Determine the dm. and dp. of each 
station (see 7411) from the projection lines nearest to it (this will mean using the 
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back dms. and dps. in some cases), and with these values as radii from the plotted 
position of the stntioll as a center, swing short pencil arcs in the proper directions. 

Draw pencil lines tangent to these arcs and 

1 parallel to the latitude and longitude lines on 
the sheet. The intersection of thcsc lines 
will give the position of the new datum. 
Carefully scale the offsets Arp and AX from 

!;!kk.+-... ,918 1 the old datum on the sheet. (Fig. 149 illust- 
rates the application of this method to the 

value on Nm Oalum . 
dm. value on N m  Oaturn 

esample given in 7362.) 

- - - - - - - - - - - 
N+ 

Follow the same procedure with the 

mum, Datum 
other selected stations and compare the offset 

47'25' 

' II.  124'ILI 
vdues obtained in each case. If they do not 

FlcnRr 149.-Change of datum of survey sheet-by 
differ by a plottable amount, accept the 

graphic method. intersections as determined, otherwise use 
a mean of the values. Any appreciable 

c1ifferenc.e~ shoulcl be investigitted. Tlle metliocl of designati~lg the new datum on 
the sheet, is the same as for the 11umc.ric.al nletllod. 

7364. Lost or Unrecowrable Stations 

Stutio~ls are sonl~ctimt.~ lost or have beco111c unrecoverable n~irl cullnot therefore 
he included in the triangulation to connect them with the new- datum. \+%(?re a survey 
sheet contains such stations only, then thc relationship between the old and new datums 
must be obtained from st,ations on acljoining sheets for which the new clatunl values 
are availnble. d meo.11 of tho corrections derived from the adjoining sheets should be 
ilscd. 

The present plan of tllc Bureau is to iaclucle, in the published tSriangulation data 
for the coastal statcs, a list of lost stations with their geographic positions (unadjusted) 
on the North America.n clstunl of 1937. While such values arc not to be used for ex- 
tending triangulation, they are adequate for coordinating old mid new surveys. These 
volunles should be consulted before applying datum corrections to a sheet. 

I t  becomes necessaly occnsionally to execute a survey and complete the smooth 
plotting prior to the cletermination of the geographic positions of the control points, as 
where the local triangulation has not been conncctecl to the main get of triangulation 
or where astronomic. observations have not been madc. I11 such cases the control 
points arc plottcd on tshc boat sheet and the smooth sheet either by angles or distances. 
Many of the eaxly surveys of the Bureau were mncle,in this manner. (See 392 and 393.) 

In  constructing a projection on a survey sheet that has no projection, the distortion 
of the sheet is one of the important elements to consider and upon the accuracy of its 
determination will depend the accuracy of the projection. Paper does not always 
distort uniformly mcl the shrinkage or espansion should be determined in both a north- 
south and an east-west direction and a factor applied to all measurements to be laid 
down on the sheet (see 71 14). I t  should be remembered, however, that the smaller the 
distance to be plotted the less will be the e r ro~~  of distortion so that in laying down 
projection lines from plotted triangulation stations, corrections may be avoided by 
selecting stations close to the lines to be constructed. 
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Whenever a smooth sheet is prepared in advance of the position computations, two 
distances not less than one-half meter in length should be plotted on the sheet a t  right 
angles to each other, along the bottom and along the right-hand edge. The ends of these 
distances should be marked with snlall inked circles and the distances at  the scale of the 
sul-vey indicated. This will permit checking the distortion at any time and simplify 
the future application of a projection. 

There are two methods of reconstructing a pro- i" .*..-- ,# 

.+B 
/** , 

jection on a survey sheet. One is a rigid method - I 

applicable to sillall-scale surveys and the other is a 
graphic method applicable to large-scale surveys. _c.. -,--- _---- In both methods the essential problem is the deter- A?, 

mination of the cardinal lines of the projection, ., 

7371. On Small-Scale Surveys \, 

namely, the central meridian and the central con- s.lD '\,g ---------------- 
struction line. p. ', P"ld 

For surveys on scales smaller than 1:10,000 the 
following method is used: 

I 

para,y f: '~.."~.dl 
- - - - - - - - - - - - - - - 

h"*lulll0" ;f. Lrn* 
I 

(1) Select three triangulation stations, -4, B, and C (fig. 
150) so situated with respect to the central meridian that the 
distance de will cover more than half the latitude estent of I Ati 

the sheet. Two of the stations should be selected, if possible, F ~ ~ ~ ~ n ~ ~ ; ~ m ~ ~ f $ ~ ~ ~ y " s h P , " ~ ~ ~ ~ " , , " ~ :  
in about the same latitude (see (6) below). From the scaled ,&, s,,e,s- ----- -- - -.-- 
lengths of BA and Cll and the corresponding computed 
lengths (make inverse computations for t.hese if they are not in the triangulation data), determine 
the distortion factor along each line (see 7361). 

(2) Select the central meridian (as near to the middle of the sheet as possible) and compute the 
distances Bd and Ce and the latitudes of the points d and e. 

This is accomplished on Form 21, Position Computation, Third-Order Triangulation. Sin& both the distance and latitude am 
involved in the position computation formulss, a trial-anderror method is used. A value is assumed lor the required latitude (4') 
and from the known longitudes (A) and (A') of station C and the central meridian, respectively, and the known azimuth (a) of the 
line Cc (obtained either directly from the triangulation data or from the inverse computation), the dlstance (a) is computed from the 
longitude formula. This distance is then used in the latitude formula and the latitude increment or decrement (A*) is obtained. 
This computed A4 may not agree with that derived from the assumed latitude (4'). but by repeated sssumptions a value for A@ will 
be obtained that is in absolute agreement with the assumed latitude. 

To obtain a close 6rst approximation, a sketch should be drawn at about one-81th the scale of the sheet, using a rectangular grid 
and using as units of messurement the values of a minute of latitude and longitude at the center of the sheet. From this sketch the 
latitude where a given Sine crosses the central meridian can be scaled and this value used as the flrst assumed value in the compu- 
tation. 

(3) Plot points d and e along lines BA and CA correcting each computed distance for the distor- 
tion determined along the respective lines. Through d and e draw a straight line for the full length of 
the sheet. This is the central ?nsn'd.ian of the projection. 

(4) Scale the distance de on the sheet and from tho computed latitudes obtain from the polyconic 
projection tables the true distance. From these two values the distortion in a north-south direction is 
determined. 

(5) On the central meridian lay off the tabular distance (corrected for distortion) from point 
d or e to the central parallel and a t  this point construct a perpendicular to the central meridian extend- 
ing the full east-west length of the sheet. This is the central construction line. 

(6) From here the problem is the: ordinary one of constructing a polyconic projection as given in 
7324. The distortion factor to be applied to east-west measurements may sonietimes be obtained 
from the disposition of the selected triangulation stations (see (1) above). 

. The projection should be checked against every triangulation station on the sheet. Sinall 
differences in latitude or longitude may be due to unequal distortion of the sheet. In such case the 
projection should be made consistent with the triangulation even though this results in a slightly 
skewed projection. 



Determining east-west distortion.-If the east-west distortion of the sheet is not 
available from the disposition of the triangulation stations on the sheet, it can be 
determined in the following manner: 

(1) Compute the longitude crossings of the lines CB and CA (fig. 150) on the central parallel or 
any other parallel that will give a distance long enough to determine a good distortion factor. 

This is accomplished on Form 27 in a m m e r  slmilar to that described in (2) above for determining the latitude intersection. With 
the azimuth of the line CB as previously determined and the known latitude inaement or decrement (A+), a value for (8) is found. 
by trial and error that will make the sum of the latitude terms in the computation formula equal to (A*). From this value of (8) 
the required longitude (X') Is computed. 

A close first approximation for the d i s tam (8) ean be obtained by making A+ equal to the 1st term in the latitude formula beg- 
lecting the 2nd term) and with the (8) value thus found, the 2nd term is computed. A new value for the 1st term is then found that 
will make the sum of the two terms oqual to A*. The resulting value of (a) is then used in the longitude formula to oblain (A'). 

Because of the distances usually involved, it will seldom be necessary to carry the computation beyond the 2nd term in the lati 
tude formula. 

(2) Plot the computed distances Cf and Cg (corrected for distortion) along lines CB and CA 
and a t  points f and g draw short lines parallel to the central meridian. Lay off to the south (in north 
latitude) on these lines the Y-coordinates from the polyconic projection tables for the appropriate 
longitude distance and obtain points f and g'. The scaled distance between these points compared 

with the tabular distance as determined from their X-cn- 
ordinates will give the distortion factor in an east-west 
direction (see 7361). 

If a linear interpolation of the s-coordiiate values given in the table is not 
dose enough for any latitude + and diflerenca of longitude AX, then the interpo- 
lation should be made by second diEerences or the values computed from the 
formula: 

0,378,W 
X (in meters)- (1-0.MW78868 sin, cot +sin (AX sin 0) 

The error due to neglecting second differences is no greater than oneeighth their 
value. 

7372. On Large-Scale Surveys 

Wherever possible, advantage should be taken of the 
location of some of the triangulation stations to reduce the 
amount of computation for determining the east-west dis- 

For s m d  areas such as those covered by the 
large-scale topographic and hydrographic surveys of 

FIovar ~ ~ ~ . - ~ o n s t r u ~ t ~ ~ n  of a polyconic prolee- the Bureau, the polyconic projection is practically 
tion on a completed survey *-or hrge- identical with the rectangular projection or a modifi- 
scale surveys. cation thereof (projection with converging merid- 

ians); therefore in reconstructing a projection on surveys of scale 1 : 10,000 or 
larger, the following graphic method can be substituted for the more rigid method 
described above. 

- 
f 
d 

(1) After the distortion of the sheet has been determined, from comparisons between scaled and 
computed distances, select two triangulation stations, A and B (fig. 151), near the north and south 
extremities of the sheet and as close to the center of the sheet as possible. From the "Arcs of the 
parallel" in the polyconic projection tables, obtain the distance from each station to the central 
meridian and with these distances (corrected for distortion, see 7361) as radii and the stations as 
centers swing arcs. Draw a line'tangent to these arcs for the entire length of the sheet. This line 
is the central meridian of the projection. 

(2) Select two other triangulation stations C and D near the east and west extremities of the 
sheet and as close to the central parallel as possible. From the "Meridional arcs" in the polyconic 
projection tables obtain the distance in meters from each station to the central parallel. To these 
distances add or subtract the Y-coordinates from the tables corresponding to the difference in longi- 

AD tortion. For example, in figure 150, the parallel through 
station A can be used instead of the parallel through g, there- 
by making it unnecessary to compute the longitude of A. 
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tude between the central meridian and each station. (For north latitude, add if the station is above 
the central parallel and subtract if below. For south latitude the reverse is true.) 

(3) With the distances thus obtained (corrected for distortion) as radii, swing arcs from stations 
C and D in a direction toward the central parallel. Draw a line tangent to these arcs for the entire 
width of the sheet. This line will be perpendicular to the central meridian and will be the central 
constrrcction line of the projection. 

(4) The remainder of the projection is constructed according to the method given in Special 
Publications No. 5 and 68 for largescale projections. 

7373. ModiJied Methods 

The above two methods illustrate the general principles involved in the problem 
of constructing a projection on a sniootll sheet subsequent to its conipletion. I t  may 
sometimes be necessary to modify the methods described because of special conditions 
encountered. For example, where all the triangulation stations are on one side of the 
central meridian, the rigid method is not applicable in its entirety and a conibination 
of the two methods must be used. In  such cases the cenkal meridian is detorrnined 
graphically and the intersection of the central parallel with a line between two of the 
triangulation stations is computed. The Y-coordinate of the intersection is plotted 
and a perpendicular erected to the central meridian, the intersection of the two being 
the center of the projection. 

Even in a small-scale survey, if the longitude estent is small enough, the curva- 
ture of the parallels may be neglected and the graphic method will give the required 
accuracy. 

There are also cases where the survey is a planetable traverse (392) or a running 
ship survey (3941) in which the azimuths and distances a t  one end are comparatively 
accurate but which decrease progressively in accurac.y toward the other end. Where 
such a survey is plotted without a projection and selected stations are subsequently 
located by triangulation and an attempt is made to place e projection on the sheet 
adjusted to the triangulation stations, a single harmonious projection could not be 
constructed. If the work is not to be replotted, then the only way to bring the entire 
survey into harmony geographically is to place a discontinuous projection on it, each 
portion being based on the triangulation in its vicinity. 

In adapting any of the methods to a particular problem in hand, the two considern- 
tions to be kept in mind are the theory of the polyconic projection and the means 
available for determining the distortion of the sheet. 

74. PLOTTING THE CONTROL 

After the projection has been made and checked, the next step in the preparation 
of a, sniooth sheet is the plotting of the control (see section 21). There are two general 
classifications of control insofar as a hydrographic survey is concerned. First, the 
fixed control, also commonly Imown as shore control (see sections 22, 23, and 24); and 
second, the floating control (see section 25). Before plotting is begun, a selection 
should be niade from the control falling within the limits of the smooth sheet and 
only those stations plotted that were actually used to control the hydrography. The 
boat sheet may be used as a guide (see 3245). 

The control stations must be plotted with the utmost care and accuracy, since 
inaccuracies in their positions may result in errors in the positions of the soundings, 
the errors increasing with the distance from the control stations. Stations whose 
geographic positions are known should be plotted with an accuracy that will ensure no 
plottable error a t  the scale of the survey sheet. 
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Shore control may be divided into three classes according to the method and accu- 
racy of determination (see 21 1). First, is the control located by triangulation ; second, that 
located by topography; and third, the remainder, which is located by the l~ydrographic 
party, usually by sextant angles. Of these thee  types of control the latter, the hydro- 
graphic stations, are invariably located for the purpose of controlling the hydrographic 
survey. The topographic stations are almost always located for this purpose, espe- 
cially if the topographic survey inlnlediately precedes the hydrographic survey. The 
triangulation stations, however, have often been located for the purpose of control- 
ling the topography or as part of an arc of triangulation, ancl may or may not be valu- 
able in controlling the hydrography. 

There are several methods in use for plotting the shore control on tslie smooth sheet, 
depending upon the form in wllich the data are available. These methods are de- 
scribed in the following items. 

Cuts, angles, and distances may often be combined in various ways to furnish 
positions of control stations. These are described in chapter 2. Sucll determinations 
are usually best plotted with tlle three-arm protractor in the manner described in 4534, 
if computations are impracticable. 

741 1. Plotting by Dms. and Dps. 

The data for plotting triangulation stations are usually furnished on Form 38B, 
Geographic Positions. The latitude and longitude in degrees, minutes, and seconds 
are given for eac.11 stntion, as well as the distances and azimuths between stations. 
The equivalents in meters of t.lle seconds of latitude m d  longitucle are also given for 
stations along the coast and these are known a.s the dms. (mericlional differences) 
and dps. (parallel differences), respectively, of the stations. Thus, if the position of a 
stsation is given as latitude 54O44'34589 N. (1,057.3 meters), longitude 130°56'43!362 
W. (756.5 meters), its dm. is 1,057.2 meters nort,h of the 44-minute parallel, and it;s 
dp. is 756.5 meters west of the 56-minute meridian. 

To plot a triangulcttion station, the quadrilateral on tlie projection witl~ia wllicll 
the station falls is first identified. Wit,h a pair of dividers and a metric scale (see 4821), 
plot its dm. near each meridian line and mark with 8 fine prick point. Connect the two 
points thus plotted with a fine pencil line, using a chisel-edged 6H pencil. Plot the 
dp. of the station along this line and mark with a fine prick point. This will be the 
position of the station provided there is no distortion in the paper. 

As a check of the plotting, and to compensate for any possible distortion, t,he 
station must also be plotted from the north parctl1e.l and the west meridian of the 
quaclrilatcral. These distances are the back dm. and ba.ck dp. for the station, and if 
not already available, they may be obtained by subtracting the dm. and dp. values 
from the vdue of 1 minube of latitude and longitude, respect~ively, as given in the 
polyc.onic projection tables for the latitude of the station. If the sheet contains an 
appreciable amount of distortion the plotted distances will result in two pairs of points, 
eac.11 pair closely adjacent. The true position of the station will be at  a, distance from 
the points proportional to their respective distances from the projection lines. (See 
fig. 152.) 

The position of tlle station should be marked with a fine prick point and ide~lt~ified 
temporarily by a small c.ircle and the name of the station, both in penc.il. 
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In plotting by dms. and dps. do not use the intersections of meridit& and parallels 
to plot from, but use points on the parallels or meridians slightly offset from the inter- 
sections. A magnifying glass should always be used for setting the dividers on line 
and for selecting the final position of the station. The bean1 compass should be used 
if the distances are too long to plot accurately with dividers. 

FIGURE 152-Control stations plotted by dma. and dpa. on a distorted sheet. 

On recently constructed smooth sheets in which there is no distortion, triangulatio~~ 
stations sliould always be plotted by the dm. and dp. method. The plottings may 
be checked with the "latitude m d  longitude scales" (see 7412). 

Other types of control are often plotted by dms. and dps., especially when their 
positions are available only in this form. 

7412. With Latitude and Longitude Scules 

Geographic positions may also be plotted wit11 latitude and longitude scales 
(C in fig. 91). These are similar in appearance to a triangular engineer scale, each con- 
taining one scale for the plotting of latitude and five scales for the plotting of longitude 
a t  various latitudes. With these scales a geographic position is plotted by minutes 
and seconds directly, without recourse to the dms. and dps. 

Each scale covers a distance slightly longer than 1 minute of arc at  a scale of 
1: 10,000 and is divided into GO main divisions, each division boing further subdivided 
into 5 divisions. It is thus possible to plot 0.2 second of arc directly from the divisions 
and to interpolate to 0.05 second. By placing the scale slightly at  an angle to the 
meridians or parallels, the two ends of the scale may be made to coincide with the two 
adjacent meridians or parallels, thus dividing the intervening space into 60 equal parts. 
When a station is to be plotted, the correct latitude should be marked at a slight distance 
each side of the station, the two points being connected by a fine straight line. The 
longitude may be similarly plotted, the correct position being s t  the intersection of the 
two lines; or tho longitude may be plotted directly on the line of correct latitude. 
(For further description see 4822.) 

8 0 9 4 9 - M  
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These scales may be used satisfactorily for plotting st,at,ions on scales of 1:10,000 
and 1:20,000. They are not particularly useful for other scales. Their chief advantage 
is in plotting on sheet,s that contain some distortion, and in checking previously plot- 
ted positions. Tests in the WTashington Office indicate that geographic positions can be 
plotted with these scales with approximately the same acc.urac.y a.s is attained by the 
use of s beam compass or dividers, and can be scn.lrd or checked with ronsiclcrably 
greater speed by one accuston~ed to their use. 

7413. Plotting by Transjw 

The stations located by topography are usually placed on t.11e ~nlooth sheet by 
transfer from the t.opographic sheet. Ordinarily the topographic survey has imme- 
diately preceded a hydrographic survey ancl its scale has been determined by the de- 
sired scale of the hydrographic. survey. In such ca.ses, the scales are identical and, if 
there is no distortion in either sheet, the niost espeditious nietl~ocl of transferring the 
positions of the signals to the smooth sheet is by tracing paper. Tracing cloth should 
not be used for this purpose since it is subject! to larger climensionnl chn.nges tallan t.he 
paper- 

The tracing paper is securely fasbened over the topographic sheet and a needle, o r  ot,her fine 
point, is used to priclc the csact poait,io~~n of the topographic st,ations anrl the adjacent. projec1.io11 inter- 
sections through the paper; the shoreline and topography are usually transferred a t  the same time 
(see 7561). The stations and the intersections are tenlporarily identified by symbols or otherwise in 
pencil. The  tracing paper is then superposed on the smooth sheet with the corresponding projection- 
line intersections in coincidence, and t.he positions of the topographic stations are pricked through the 
holes in the tracing paper into the smooth sheet, and t.emporarily nlarked in pencil. 

If there is distortion in one or both of the sheet,s. t,he projection intersections will not all coincide. 
I n  such a case the tracing paper n~ust ,  be adjusted for each quadrilateral so t,hat the difference between 
the two projections is proportioned for each station plotted. So~netimes the tracing has t o  be shifted 
several times, a s  where stations are located in different parts of the quadrilateral. Even if there is no 
apparent difference between the two projections the  coincidence of the adjacent intersections sholild 
be verified before the  stations are pricked t ,hro~~gh.  

Where shoreline ancl ot,her topographic clct.n.il arc also t,o be trnnsfcrrecl, it may be 
found more expeditious to prick on hlnnk t,rncing paper the projec.t.ion intersrc.t.ions of 
the sheet to which the transfer is t,o bc mncle. These pricked intersections are then 
adjusted, quadrilateral by quadrilateral, to thc t,opographic survey from which the detail 
is traced. This eliminates t,lw nwl;warclnc.ss of hn.ving to shift const,ant)ly bot,h the 
tracing and the transfer paper when making t,he final t,ransfcr to the smooth sheet (see 
7561). 

7414. Tit11 Proportional Dividers 

Control stations may be tsrmlsferrecl from one sheet to another by proportional di- 
viders, but this method should be used only whore the trnnsfer is from a comparatively 
large-scale survey to a con1 paratively small-scnle one. The principle of the propor- 
tional dividers is explained in 4812. In using them for the trnnsfer of stntions, the scale 
setting of the dividers must be used only for a preliminmy adjust.n~ent,. Beforc actual 
use, a final setting nlust be nlade by trid ancl error on t.he two proje~t~ions. In nlost 
cases, one setting will suffice for both latitude and longitude measurenlents; but this 
should be verified and if necessary n different setting used. Control stations trans- 
ferred by this method should be plotted a.s explained in the second and third pa.ragraphs 
of 7411. 
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7d15. Plotting by Curs 

Cuts are sestant angles, usually taken from a survey vessel, between an object 
whose position is lcnown and an object whose position is to be determined. The posi- 
tion of the observer is located by two sestant angles. Two or more such cuts taken 
from different positions cleternline the position of the unlin0~11 object. Cuts may 
also be talcen from previously located shore stations. Cuts are recorded in the various 
Souncling Records and indexed on page 3 of volunie No. 1 (see 248). 

T o  plot a control station from sestant cuts, the  position of the observer is first carefdly plotted, 
if not at a previously determined station, using a metal protractor whose adjustment has been pre- 
viously checked (see 762). The third angle or cut is then set OII the protractor axid with the center 
placed directly over the  observer's posit.ion and one arm passing through the known station. the 
angle t o  the  new st.at,ion is plott,ed by a short line drawn along the edge of the protractor arm with 
a hard chisel-edged pencil (see 724). This n~i i s t  be temporarily identified by t,he name of the  new st.a- 
tion in pencil. All other ciits t.o this same station are plotbed in a similar manner from the respective lo- 
cations from which they were t.aken. If the observing has been carefully done and based on control 
precisely located, ancl t,he sheet is free from distortion, all of t.he cuts should int.ersect, at. one point*, 
which is the  location of the  station. It rarely happens tha t  this is the case, and a position must be 
adopted which will most nearly fall on all of the  plot.t.ed cubs, taliing into consideration their respective 
probable accuracies. The penciled cuts n111st not be  erased from the snlooth sheet until after the  
verification of the survey in the Washington Office. 

741 6. Stations Lorattd by Three-Point: Fires 

Control stations are sonletinles locatecl by three-point fises a t  the station. I11 

such cases their positions may be plottecl on the smooth sheet with bhe three-arm 
protractor (see 4534) verifying the plotting with the check angle, if tnlcen. If there is 
distortion in the sheet or if stations observed are considerable distances away, the 
position should be computed 011 F o ~ n  655 (see 2431) ancl plotted on the smooth sheet 
by the dm. ancl dp. method. 

The floating control which nmy be used to 'ontrol a l~ydrographic survey usually 
consists of survey buoys or sono-radio buoys, and occasionally sniall nlarlier buoys. 
There are various methods of clet~erniining the positions of sucll buoys clepencling upon 
the n~nilabilit~y of shore signals, the distance offshore, the ch~racter of the area sur- 
veyecl, etc. These metliocls can be groupcd generally as follows: (a)  sestant locations 
either by throe-point fises a t  the buoys or by cuts from the vessel; ( b )  directions from 
shore stations; (c) sun azinluths from the vessel to shore stations; (d) sun aziniuths 
and distances; (e) astrononiic observations; (f) by reference to subnlarine relief; and 
(g) various conlbinatiolls of these. 

A complete discussion of these methocls a,s well as the methods to be used in 
datermining the geographic positions of the buoys is contained in section 25. In 
deternliaing the geogrnphic positions for smootll-sheet plotting, the plotter should 
follow the method recommended for the particular case involved. The following iten1 
deds only with certain general aspects of the problem. 

7421. Detenn.ining Positions of Floating Control 

The positions of the floating control are ordinarily lrnown prior to the construction 
of tlie smooth sheet, since tliey must be lcnown in order to execute the field work. 
There are two general methods of obtaining these positions, (a) by computation and 
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(b) by graphic plotting on an aluminum sheet. In  both methods the geograpllic posi- 
tions of the buoys, and consequently their dms. and dps. are obtained; hence positions 
of the buoys are plotted on the smooth sheet in the same manner that shore stations are 
plotted by dms. and dps. (see 7411). Graphic methods usually furnish the required 
accuracy of position for buoy-control surveys, provided accurate methods are used and 
care is exercised in the plotting; but it is frequently desirable and easier to compute the 
positions. 

a. By contputatima.-Positions of buoys are determined by computation generally 
xhen it is not practicable to plot the observecl data on the smooth slleeb, as when the 
;heet is distorted or the scale is too small or the stations observed on are too far distant. 

b. By groghie p1ottin.g.-Graphic plotting should generally be resorted to when the 
rlnta can be plotted on an aluminum sheet, or where the computations are too involved 
as in the case of cuts obtained from a vessel whose position is determined by a three- 
point fix. (See 2552 for detailed description of latter method.) Graphic plotting 
hould also be used where buoys are located by taut-wire distances or by subaqueous 

~ound ranging or by reference to submarine relief. 
Where a number of buoys have been located and plotted by three-point fixes, it 

may be desirable to the positions of selec.tecl ones to verify the accuracy of the 
graphic plotting. 

In  graphic plotting, an accurately adjusted metal protractor should always be 
used and the work should he done with the utmost care and precision. Usually the 
buoys are in such locations that the angles of the three-point fis are relatively small, 
which tends to magnify plotting inaccuracies. 

Each station used for the control of the hydrography shall be identified on the 
smooth sheet by its appropriate synlbol and name, both inked in the color specified (see 
fig. 169). The actual station point is a fine needle hole, the edges of which are blackened 
by rotating a sharp hard pencil point in the hole to facilitate its use in plotting the 
hydrography. Inlc should never he usecl for this purpose (disregard fig. 169 in t-llis 
respect). The symbols and colors shall be according to the following scheme: 

(a) Triangulation and traverse stations shall be identified by red equilateral triangles. 4.5 nlni 
on a side (fig. 1531, symmetrically placed around the station point with the base of the triangle nornisl 
to the meridian and the apex north. 

(b) Topographic stations shall be identified by red circles 3 nini in diameter, symniet.rically 
located around the station point. Stations on air photographic surveys which have been located 
by the radial plot for the use of the hydrographic party, are classed as topographic stations. Stations 
to supplement those located by the radial plot, and which are located by the hydrographic party by ap- 
proved methods, shall also be classified as topographic st.ations (see 2393). 

(e) Hydrographic stations (stations located by sextant or other means, see section 24) shall be 
identified by blue circles 3 m111 in diameter sy~nnietrically located around the station point. The 
po~itions of ordinary survey buoys are to be identified by the synlbol for hydrographic stations. 

(4 Stations which have been spotted by the hydrographic party from the details of the photo- 
graphs or the air photographic survey (see 2394), shall be identified by green circles 3 mnl in diameter, 
symmetrically placed around the station point. 

(c) R.A.R. stations shall be identified by a double concentric circle, the inner 3 111111 in diamet.er 
in blue ink, and the outer 5 mm jn diameter in a distinctive color corresponding to the distance arcs 
drawn from i t  (see 7637). 

The symbols for topographic and llydrographic stations are easily made and 
centered by the use of the drop-bow pen (see 4841). There is some difficulty, however, 
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FIGURE 153.-Templates for triangulation station and bvoy symbols. 

in making tlie triangulatio~~ station symbol neatly and symmetrically around the 
station point. There are several methods of doing this. One method is to draw a 
faint pencil circle 2.6 mm in diameter, and with a straightedge and an equilateral 
triangle draw the sides of the symbol tangent to t l ~ e  circumference of the penciled circle. 

Another method is by means of a celluloid template cut to the correct size (see fig. 
153). The perpendicular etched lbes are used in centering the symbol and in orienting 
it with reference to tlie projection lines. The small holes on the extensions of the 
triangle sides nre used to draw pencil lines as guides for drawing the symbol in ink after 
removal of the template. Ililcing inside the tenlplate cannot be neatly done and should 
not be attempted. (See a.1~0 4834 and fig. 96.) 
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All of the station names shall be inked on the smooth sheet in vertical letters with 
an over-all height of the upper case letters not to esceed 3 mm, and a thickness of ink 
line not to exceed 0.5 nml. Slanting letters shall not be used for any station names. 
ZTnder this heading instructions are given only for station names (see 215 and 3245). 
Instructions for geographic n m e s  are given in 787. Instructions for names of aids to 
navigation are given in 7843, and instructions relative to nliscellaneous notes are given 
in 781 and 7825. The names of triangulation and topographic stations shall be in red 
ink, names of hydrographic stations in blue ink, and names of stations spotted from 
the air photographic detail shall be in green ink. (See figs. 169 and 171.) 

Where only a pnrt of the triangulation station name is used in the hydrographic 
survey, this part shall be empllclsixcd by underlining it in red ink. Where an entirely 
different name, arbitrarily selected, is given to a triangulation station, for use in the 
hydrographic survey, the arbitrary name shall be inked in blue, followed by the triangu- 
lation name in red and in parentheses. 
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7441. Agreement of Names 

Triangulation station BUOY 

The station names on the smooth sheet must agree with those used on the boat 
sheet, the topographic sheet, and in the Sounding Records. If there is any disagree- 
ment between these three sources it must be investigated and corrected, and the name 
actually used in the Sounding Records placed on the smooth sheet with an appropriate 
notation in the various records to clarify the original discrepancy. 
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Where identical stations are used in tlie overlapping area of two llydrographic 
surveys, the station names must be identical. If, inadvertently, a different name is 
used than appears on the prior survey, both names shall be placed on the smooth sheet, 
the one actually used in the Sounding Records being followed by the older name in 
parentheses with an approprintre esplawatory note. 

7442. Size of Lettering 

Unless the draftsman is particularly skilled in lettering, it is preferable that a 
mechanical lettering set (see 4834) be used in inking station names on the sniooth 
sheet. The 3 nlm maximum height of upper case letters niay be obtained by the use 
of Leroy lettering set tenlplate No. 120 with No. 00 pen. Altllough letters 3 nlnl in 
height. are to be considered the standard, in congested areas this size is sometimes 
impracticable and a snlaJler size nlust be used. 

The most important station nanles shall be in capital letters; included in this 
cle~ignat~ion are all trimlgulation station nanlcs and the station names of the most 
prominent signals (i. e., those most frequently used). Station nnmes of all minor 
signals on a hydrogmphic sheet (i. e., those used only for sextant fises in the inlmediat,e 
vicinity) shall be in capitals and lower-case 1ett .e~. 

7443. Placenaent of Station Nam.es 

North shall be considered the t.op of the snlootil sheet a,nd all station names shall 
be lettered on lines normal to the central meridian. Wherever practicable, nanles 
shall be on line with t.lie bottom of the station symbol, and east of and separated from it 
by a space of one letter (see fig. 169). There should never be any doubt as to the 
na.nie of a station. Where it is necessary to place the name so far away that doubt 
may arise as to its reference, a fine inked arrow or leacler, in the same color as the name, 
should be drawn from 611c name to the symbol. The leader should be broken where it 
crosses soundings. 

Names should ncver be placed in the water area wherc it is practicable to avoid it. 
Where this cannot be avoided, as in some cases of hydrographic stations (particularly 
survey buoys) or stations 011 detached rocks, the names must be placed where they will 
interfere least with the plotted lydrogaphy. The inking of such names must be 
deferred until after the soundings havc been penciled. 

The nmle of a triangulntion station must always be followccl on the same line (not 
below) by the year of establishn-~ent and the year of recovcly, a c.omnln separating 
the na.nle and the date, and a llyphe~i separa.ting successive dates. 

7441. Stations in r a t e r  Areas 

Unless it is clear from trlle topographic i~lforn~at~ion, nn.mes of stntiol~s offshore from 
t8hc high-water line must be acco~npnnied by a brief note, or legend, esplaining whctlier 
the stations are located on permanent features (natuml or artificial), or on temporary 
ones. If the station is on a rocli or shoal, tlie desired iafo~mlat~ion is usua.lly apparent. 
If it, is on a pile or other structure built in the water, or is on a pole placed in the water 
by the hydrographic party, the note muat esplain fully tile circumstanc.es, so t11a.t the 
cnrtogra.plier will know whether to c.ha.rt an obstruction, pile, or other feature a t  the 
location. Such notes sllould be in black ink, as closely adjacent to islie station name as 
pm.cticahle, but indubitably referring to it. (See 781.) 
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The plotting of the control must be verified by n person other than the one who did 
tile plotting. The verificnbion must ~0llsist of the actual replotting of the stations, 
their placement in the correct quadrilatel-nls of tlie projection, and their identification 
by the c o ~ ~ e c t  names. 

Only after this has been done, nre the symbols sncl names to be inked. 

Tlle projection and control data shall be given in t l ~ e  lower right-hand corner of 
the smooth sheet,, and rubber Stanlp KO. 43, Hyclrogmphic Survey, shall be used for this 
purpose. The center of the stanlp should be about 7 i~lclies from the right eclge. 

Entries should be nlnde in all of the applicable spaces of the s tmp .  The initials of 
the persons plottiiig and verifying en.c.11 of the items listecl should be entered, together 
wit,ll tile dn.tes. It is important, tllah the verificntion infornlation be given, otherwise 
unnecessaly cluplication results, since 
the Office ca~mot asssulnle a "field vsrifi- 
cation unless evidence of this appears 
on the survey sheet. If an item in the 
stamp is not applicable to a particu1n.r 
survey, as where no hyclrographic stn- 
tions are on the sheet, an explanatory 
entry shoulcl be made, such as "none" 
opposite "Hydro. Sta." 

The registry number of the survey 
shall be given if known, ns well as the 
fielcl number (see 154). Opposite the 
item "Ref. Sta." on the stamp, the 
name and date of establishment of some 
one triangulation station on the sheet, 

I NO. 42 HYDROGRAPHIC SURVEY I 

Field NO. &.;.I!.?i!. . Reg. NO.. t! ; fie.?!. . 
Scale 1:. . $??; g(?4.. . Plotted. : Verified 
Projection .......... .:. .!!..kg:. : . .6. C... M.. . 

H. J. C. . F. C. M. .................................... Iki. Sta.. . H . J . C . .  F . C . M .  Topo. Sta.. .................................. . H.J.C.  . F . C . M .  Hydro. .Sta.. ................................. 
Datum .Y.G'!?E. .'!.ML!?!G.:.4!?. .!??.I. .... 
Ref.. sta.. . !.4k g. .k!g.!.!.*. .!.+?A. ........ ..... I Iwt. ....?A.0...??.* 
Long .... 6.9 .O...? !.'. ... .??A..Z. m. 

FIGURE 154.-Projection and control data for smooth sheet. 

should be-given. The latitude and longitude with seconds in meters shall be given 
immediately below. Whether the position has been adjusted or not shall be indicated 
by ruling out the inapplicable abbreviation following the data, if this is known. 

All of the projection and control clata shall be shown in blacli ink. A facsimile of 
Stamp No. 42 with the i1ecessa.q data entered is shown in figure 154. 

75. TRANSFER OF THE TOPOGRAPHY 

Thc hyclrographic s~nooth sheet, as finally registered, is not the aut.hority for the 
topography, which is surveyed 011 a separate sheet. Where the topography is surveyed 
by planetable, it is usunlly clone in the same season, inlmediatdy preceding the hydro- 
graphic survey and under the clirection of the same Chief of Party. In the case of air 
photographic surveys, however, the photographs nlay have been talren several years 
ca.rlier and the planimetric maps may hnve been conlpleted some time before the hydro- 
graphic survey. Infrequently there is no contemporaly topographic survey; that is, no 
survey accomplished during the same season or in a season immediately preceding the 
hydrographic survey, which is considered to be a part of the same project. 

The Chief of Party shall have t.he llydrogaphic party verify, and revise if neces- 
sary, the high-water line and all topographic clet,ails offshore therefrom, which are 
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derived from the topographic survey, so that they are correct and in agreement with 
data originating with the hydrographic survey (see 381). 

In order that the hydrographic survey may present a complete graphic record of 
the area, ad topographic details within the limits of the hydrography and adjacent to it, 
including the high-water line, must be shown on the smooth sheet except as noted in 751. 

The transfer of the topography must be made with the utmost care so that there 
is no appreciable inaccuracy in position. Photographic copies of the hydrographic 
surveys are frequently furnished to the public and to governmental agencies, and it is 

North 

t 

FIGURE 155.-Shoreline shown on smooth sheet without obscurillg positions of control stations. 

naturally assumed by many of these that the topographic details shown thereon nre 
correct. 

When the topography is transferred, the high-water line and all offshore details 
me transferred a t  the same time in pen,cil, but are inlred only as specified in 752 to 755 
inclusive (see also table 28). Topographic detail must never obscure the centers of con- 
trol stations. Only important detail should be shown inside the station symbol, but in 
no case shall the shoreline be drawn through the station point. Examples to be followed 
are illustrated in figure 155. 

Topographic details inshore from the high-water line shall be omitted from the 
smooth sheet, escept where stations are on or near buildings (see 7844). 

The field plotter nmny omit all or part of the topography from the smooth shect in 
the following cases: 

(a) Where there is no contemporary topographic survey. After the hydrographic survey has 
been reviewed in the Washington Office, a decision will be made as to whether any topography is to 
be shown thereon. 

(b)  Where the topographic and hydrographic surveys are on different scales and the transfer 
presents difficulties. In such cases the topography will be added to the sheet at a later date in the 
Washington Office. 
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(c) From an offshore survey (one where another survey exists or is contemplated between i t  and 
thc shore). If the survey is on the same scale as the topographic survey, the high-water line only 
should be transferred but not the topographic detail adjacent to the shore. 

(d) From wire-drag smooth sheets where the drag limits are not very close to the ~horeline. 
Where the shoreline is show,  it is not necessary to transfer d l  the rocky detail adjacent thereto. It 
is usually sufficient to show only such off-lying rocks and reefs as were factors in delimiting the inshore 
extent of the dragged area. 

752. THE SHORELINE 

The shoreline which is shown 011 the topographic survey and likewise on the snlooth 
sheet, and on the charts published by the Coast and Geodetic Survey, is a mean high- 
water line, escept in marsh and mangrove areas. In  the latter cases the shoreline is the 
visible edge of the marsh or mangrove, because this is the line which appears to the 
mariner as the shoreline. 

After transfer of the topography, the mean high-water line should be inked a t  once, 
except in those areas where the boat sheet discloses a possible conflict between the shore- 
line as located by the topographic survey, and the hydrography. In such cases the 
shoreline shall be left in pencil until the soundings have been plotted and a study made 
of the results. All details offshore from the high-water line must also be left in pencil 
pending the plotting of the hydrography. 

The mean high-water line on fast solid land shdl bc shown on the snlooth sheet 
by a firm continuous solid black line about 0.4 mm thick. The shoreline of marsh, 
swamp, and mangrove arras shdl be sllown by a fine solid black line nbout 0.2 mm 
thick. (See 962.) The outliues of sma.11 det,ails of 1vat.e.rfr.ont areas, such as small piers 
and bulkheads, shall be shown by moderat,ely fine lines, somewhat finer than those used 
for trlle mean high-wat.er line on fast land, in order that the small det,nils of pier lines and 
pier corners ma.y not be obliterated. (See fig. 169.) 

753. REVISIONS BY HYDROGRAPHIC PARTY 

Tlle hydrographic party is responsible for the correctness of the topographic detail 
falling within the linlits of the hydrographic survey, including the high-water line and 
waterfront details if the survey is carried close thereto. Where the topographic survey 
was not made in the same season as the hydrographic survey and under the direction 
of the same Chief of Party (see 381), revisions or corrections thereto shall be shown on 
the smooth sheet, according to the following instructions: 

(a) Where the revised shoreline or topography has been determined by standard topographic 
methods or methods resulting in an equal accuracy, it shall be inked in a solid red line. 

(b) Where the revised data are only sketched by careful estimation or are based on sextant 
Exes, or sextant cuts, they shall bc inked in broken red lines. Where the shoreline has been sketched 
by the method described in 3812, it shall be left in a broken pencil line by the field party, to be inkcd 
in the Washington Office in a broken black line when, a t  the time of review, no accurate survey is 
known to be contemplated. 

(c) The thickness of the inlted lines shall be equal to those prescribed in 752 (i. e., 0.4 mm for the 
shoreline of solid ground and 0.2 mm for the visible edge of marsh or mangrove areas). 

(4 Appropriate notes shall be made both on the smooth sheet and in the Descriptive Report 
explaining the discrepancies and the methods used in determining the positions of the revised data. 

The red color will distinguish immediately between shoreline and topography 
which have originated wit.h other sheets, and the revised data for which the smooth 
sheet n.nd the hydrographic party nre the aut,hority (see fig. 169). 
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Tlle low-water line show11 011 t11e planetable survey is usually not a surveyed line. 
I t  llas ordinarily b ~ e a  sketclii!cl by t l ~ e  topopapl~a.  an11 is furnished as a guicle to the 
llyclrogmpller during 1Js lytlrographic survey. Oc.casiona.lly, however, wllere the 
topographt!r is in t ~ .  l~cali t~y i ~ t  low tide, lle mn.y ac:tunlly delineate the low-water line 
by rod reaclings. 

The low-water linc! is thc! currc of zero clcplh antl its best tIclinent,ion for 11ydro- 
graphic purposes results from sountlings obtainecl i l l  its vic.inity. Since such soundings 
are subject t,o possihle modification in the Wa.sliington Ofiic.e, caused by changes in 
the t-ide reducers or for ot.11er reasons, t,lie low-water line sl~nll be left in pencil on tile 
snlootll sheet by t,lie fielcl pnrt,y, to be slrhsequent.ly illlied in 1,lie Office \vhen t,he survey 
is verified. VC7hel-e minus soundings me ]>lot,t,ecl, care must be taliell to see t.llat t,lie 
curve is col~ect~ly shown relat,ive t,o t-hem (see 7715). 

After the so~uiclings hnvc bec!n penciletl on the s n ~ o o t ~ l ~  sheet, the ooml>let,e low- 
water line shall he sllowll there011 i n  pnlcil in accordance with the following prefer- 
ences, using the same synlbols :IS are prescribed .for its inking (see fig. 169): 

(a) The zero depth curve a s  determined by  the  reduced soundings in areas where t h e  hydro- 
graphic survey has estended over the low-water line during periods of high water-to be eventually 
inked as  a continuous yellow linc. 

(b) Those parts of the  low-water line tha t  were rodded in by t.he topographer a t  low tide-to 
be eventually inkecl as  a black line of alternate dashes and dots. 

(c) Those parts of the  low-water line which can be  reasonably well determined from notes in the  
Sounding Records and sketches on the  boat sheet made by the  hydrographer a t  the time of the  hydro- 
graphic survey-to be eventually inked as  a yellow dash line. 

(d )  I n  cases not covered by any of the preceding three classes the low-water line shall be taken 
from the best available source, usually tha t  sketched on the  topographic survey-to be eventually 
inked a s  a black dotted line. 

Occasionnlly i t  lnny be desirahle t,o cldineate thc low-wat,cr line by symbols, such 
as for rocky ledges or coral reefs. I n  such cases the offshore eclgc of thc symbols slia.11 
bc considered the low-water line. 

The low-water line derived from an air photographic survcy shall be consitlored 
to be in class (d), unless there is a positive statenlent in the Descriptive Report that 
parts of i t  were rodded in by planetable, when of course those parts shall be consiclerecl 
in class (b). The latter, however, is rarely the case. 

Topographic details offshore from the low-water line, such as roclcs, reefs, ledges, 
rocliy areas, and shoal nrens, except islands or islets of some extent, sllnll be left in 
penc.il on the smooth sheet uilbil the soundings have becn penciled. The hydrographic 
smvey frequently colltnills data. ~ w h h  supplenlcnt, allel ill SOllle cases nlodify, t8he 
t~opope.phic, survcy. Before such details are inked on the sheet, all of the cla.tls must 
be and disp~sit~ion nlnde as to chn.mctor, location, and ole~at~ion in accord- 
anm with the rules prcscribecl in 782. (See also 7862.) 

I t  is unnccessnry t.o tmnsfer tlie devntions of bn.rc roc,lis tSlittt do not fall \vit8hin 
the lirnibs of the hydrography, suc.h as the nunlerous rocks t11n.t are oftmen found c.losc 
to the high-water line in certain areas. 
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Thcre are five methods of transferring topograpliic detail from one sheet to anot8her 
depending on tho respective scales of the two shccts, thc degrec of accuracy sought, 
and thc instrun~ent equipment available. Tl~esc are: (a) by tracing paper; (b) by 
projector; (c) by pantograph; (d) by the nletllod of squares; ancl (e) by the radial-line 
method. The projector and pantograph are generally not available to fielcl parties 
nor to Processing Offices and these nlethocls are, therefore, not described in this section. 
A description of the projector is given in 4854 and of tlie palltograph in 4853. 

7561. Tracing-Paper Method 

Where the topographic and llyclrogmpliic surveys are on the sunle scc~le, tlie si~nplest 
method of transfer is by means of tracing pnper. Tracing cloth must not be usecl. As 
explainecl in 7413 the topogmpliic details are tmced a t  t,11e s:i.nle tinle t l ~ n t  tlie topo- 
graphic control is pricliecl tllrougli, nialiing the adjust,nients for clistc~rtion by sniaill 
shiftings of the tracing on tlle topogapliic sheet*. The trsnsier to blie sllloot,l~ slieet 
can be sccomplished in several wa.ys. The preferred niethocl is to use :I letter-size 
sheet of t,llin transfer pnper, wl1ic.h is prepared in aclvance bv dust,ing wit,h reed offset 
chalk powder (Kiel), or clry powdered grttphite, rubbing it liglitly over bhe surface wit11 
n small rng until an even coating is proclucecl. Red is prefera.ble because of its contrast 
with penciled or inked detail t.llat mcly be on tlle s~nootli sl~eet. These materials are 
needed in very small quantities anel will be ft~rnislied by the Office on request. Ver-- 
milion c l r y  pigment should not be used because i t  is slightly grecsy. In  an emergency 
blnck or red carbon 1~n.per can be usecl. 

The actual transfer is made by superposi~ig t.he t.racing 011 the s~noot~h sheet so that correspondi~lg 
projection intersections are in exacf, coincidence. The transfer paper is then placed, coated side 
down, between the tracing and the smooth sheet and with a styll~s or sharp hard pencil the detail on 
the t.racing is gone over. This leaves a sharp outline on the smooth sheet.. The transfer paper is 
nioved to an adjoining portion of the sheet and the procedure repeated. I t  is of the utmost importance 
that the tracing does not slip during the transfer process. This should be checked as each portion is 
transferred. The transferred detail is subseque~~tly inked or penciled as esplained in 752 to 755 
inclusive. 

. Where a small amount of transfer is involved, the reverse side of the tracing itself may be coated, 
applying the powdered chalk only in the vicinity of the topographic details. Another method is to 
smear the undersidc of thc tracing paper with the lead of a soft pencil, using the side of the lead for 
the purpose. Special care must be taken with the latter method because of the danger of distorting 
the tracing paper during the rubbing. 

In transferring detail by the tracing-paper nlethod excessive pressure must not be used on tlie 
tracing, as this will engrave the lines in the smooth sheet. A slight. pressure is generally sufficient. to 
ensure a satisfactory impression. 

The t,racing or t,racin.gs used in the transfer shn.11 be forwareled to the Wnshington 
Oflice with t.lie hont sheet (see 8351). 

7562. hf~thod of Squares 

This met.llod is not sufficiently accurate for t,lie t.mnsfer of topographic cletn.il to 
the smooth sheet, but lllny be used t,o transfer t l ~ e  slioreline to the boat sheet or in 
other case.s. 

In  the method of squares (fig. 156), common points on the two surveys are select,ed-usually 
intersections of meridians and parallels. Referred to these colnmon points, sets of corresponding 
squares or rectangles are constructed lightly in pencil, which are identical when referred to the actual 
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ground detail, but differ in size on the two sheets. Every fifth line should be accentr~ated to facilitate 
identification. The detail may then be transferred from one sheet to the other by reference to tlie 
positions within these small squares. 

In  order to obtain any reasonable nccurncy, the squares on the smaller scale should 
be formed by lines not more thnn one-eighth inch apart. When these squares are 
correctly drawn, they may be termed corre.sponding squares because each square corre- 
sponds to itas respective square in telms of the ground area. 

FIGURE 156.-Reduction of topography by method ofsquarcs. 

If it is desired to avoid nlnrliing up the source sheet, tlie squares may be drawn on 
tracing paper and lnicl over the detail to be trltnsfel~ecl. The procedure is then the 
same as above. 

7563. Radiul-Line Afelhod 

Like the method of squares, t,his method (fig. 
157) should not be used for transferring topographic 
detail to t,he sn~ooth sheet. I t  is of most value where 
only an approximate accuracy is needed and the 
detail consists only of the high-water line. It is 
faster than the metshod of squa.res. To use the 
method, n point con~nloii to tlic two surveys is selected 

j from which radial lines call be drawn to intersect the 
i general trend of the shoreline a t  not too acute an 
i angle. 

I I 

I : . In practice, tracing paper is placed over the sheet with 
I the source material, and from the selected point radial lines 

,L ----------------------------------- J 
0 are drawn to intersect the shoreline a t  all salient points and 

157.-Reducti0n Of tOpO~raplly by a t  enough intermediate points to pennit fairly accurate 
radial-line method. sketching of the detail. In the simplest, case, where it is 

desired to transfer to a scale twice as large or half as large as the original, it is n~erely necessary to 
use dividers to doulde or halve the radial distances from the coninlon point to the intersections 
with the shoreline and plot the new distances along t.he same lines. Subsequently the intervening 
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shoreline is sketched in pencil by eye through the new poitits so that it corresponds to the original. 
The shoreline at the new scale may then be transferred by one of the methods described in 7561. 
This same method can, of course, be used to increase or decrease the scale in any proportion by the 
use of proportional dividers. 

The transfer of all the topographic details must be verified by a person other than 
the one doing tlle original work. A statement that this lias been done shall be included 
in the Descriptive Report, acconlpanying tJie statenlent giving the source of the topo- 
graphic detail (see 8426). If the detail is to be inked in the field (see 792), the ve~ifica- 
tion should be made after the inking. 

76. PLOTTING THE POSITIONS 

As explained in 332, there are at  present various n~etl~oclsorcombi~~atio~isof methods 
by which the hydrography is controlled, clepending on the conditions under which the 
operations are carried on. The most common of these are: (a) The three-point fix 
method in which the position of t,lle vessel is determined by measuring simulta~ieously 
the two angles between three control stations (see 333) ; and (b) the Radio Acoustic 
Ranging method in which distances from the vessel to two or more hydrophone stations, 
whose positions are known, arc obtained by subaqueous means (see 612 and 681). 

In  this section is give11 the general procedure for plotting all positions as well as 
the detailed procedure for the above two niethods. In addition the nietliods for plot- 
ting astronomic positions and dead reckoning are described. The procedure for plot- 
ting positions determined by special methods will be apparent from the description of 
those methods (see 3323). 

Prior to plotting t.he positions, and at least once a month during the progress of 
the plotting, tlie protractor must be tested and the metal protractor adjusted, if 
rrecessary (see 4533). 

The positions on sounding lines are usually plotted in the order in which they were 
taken; that is, the smooth plotter begins with position 1 of "AJJ day and plots all of the 
positions on the smooth sheet in the order in which the work was actually executed in 
I he field. This is not obligatory, of course, and in fact it may be preferable to plot the 
positions in critical areas first, especially if plotting is done while field work is still in 
progress, in order to give immediat-e evidence whether additional work is required in 
the area. 

In  plotting the positions, use should be made of tbe entries in the Sounding Records 
a t  the beginning of each day's work, giving the approsimate latitude and longitude of 
the first position. This is given to facilitate the plotter in locating quickly that portion 
of the smootli sheet on which the position falls. Similar information is given a t  the 
beginning of any line starting in a new area. 

In  plotting the smooth sheet, a certain systematic procedure is necessary to permit 
  he smootll plotter to attain speed and still retain accuracy in his work. As the plotting 
]>roceeds, he soon learns to sense where there is some deficiency in the recorded data. 
I t  is imperative for best results that tlie person plotting the smooth sheet be familiar 
with the methods by which the field work was done. If the plotter has not actually been 
engaged in similar work, he should study the Hydrographic Manual so thoroughly that 
all phases of the work will be clear to him, and as the plotting proceeds he will be able 
to visualize the progress of the vessel during the work. 
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During tlie plotting of the positions on the sniooth sheet, continued reference should 
be macle to tlie notes in the "Remarks" column of the Sounding Record (see 815) and 
to the notes that are kept during the progress of the field work from which the De- 
sc.riptive Report is subsequently written (see 385). Quite frequentdy valuable informa- 
tion will be found in these sources whic.11 will guide or influence the plotter during his 
work. When the plotting of eacli day's hydl-ograplly has been complct.ec1, the sniooth 
plotter enbers his initials wit11 a colored pencil at  the cncl of the day's entries in t,hc appro- 
priate space in Stamp No. 38, Processing (fig. 183), to indicat.e his rcspollsibility for 
the plot,t1ing of that clay's work. 

FIGURE 15s.-Protracting three-point axes with three-arm protractor. 

To protect blie surface of the snzooth sheet, while the protractor is being used, the 
entire sheet slloullcl be covered with a piece of t,mcing c.lotsli or heavy tracing paper, 
otheiwise t l ~ e  cont.inun1 sliding of t,llc prot,mctor over t,l~e shect will soil it excessively. 
A small rouncl hole, about threc-eiglltl~s inc.11 in diameter, is cut in the cover over each 
st,a.tion, esposing t.he center to permit accurate plotting. The holes should be cut cleanly 
so that their edges will not fray out and catch the protractor amis. One nlethod of 
cutting the holes, aft'er they have been marlrccl in pencil, is by the use of a grommet hole 
cutt.er. If the cover is clifficult to see tmhl-ougll, it is desirable to letter each station name 
on the cover alongside its respective hole. Positions plotted by protractor are priclrecl 
througli the cover into the smooth sheet. 
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Thin celluloid nlay also be used as a protective cover. This material is so trans- 
parent that snlall circular holes a t  the locations of the signals are unnec.essary. Tlle 
principal objection to celluloid as a protective nzedium is the difficulty in malting tem- 
porary notes on it and in identifying the successive positions as they are plotted. 

After being correctly placed in position, the cover should be secured by weights or 
thumbtaclts. Since it is necessary to lift the cover frequently, it will be found con- 
venient to secure it along the edge of the sheet farthest from the plotter with a sufficient 
number of taclts to hold it in position, using only one or two tacks elsewhere. 

I t  is not necessary to lift the protective cover every time a position is plotted. 
Occasional positions, say every fifth one, may be nunlberecl temporarily on the cover 
itself. I t  is customary to plot at  least all of the positions on one page of the Sounding 
Record, or all of the positions on n line, before raising the cover to number the positions 
on the smooth sheet and to connect t-hem (see 7682). The smooth sheet should always 
be covered when not in use. 

R.A.R. smooth sheets are difficult to Beep dean since the plotting of positions must 
be done directly on the surface of the sheet. A convenient method of protection is to 
use two obsolete charts or pieces of wrapping paper folded in the form of envelopes to 
fit loosely over each end of the smooth sheet, each envelope being held together by 
Scot,ch tape. These are supplementecl by two pieces of paper folded lengtllwise over 
the sides of t,lle snlootli sheet, but with the ends open. Tlie paper sllould completely 
cover the smootll sliect when ench pair is in its innermost position. The envelopes 
should fit loosely enough so that they may be slid away from the smootl~ sheet as desired 
in order to espose the area being worlced 011. Several loose sheets of paper or a hand 
towel should be laid on top of the exposed surface to prevent it>s heing touchecl by the 
l~nnds or arms any more than is absolutely necessary. 

Three-point fix positions are plottecl graphically in hydrographic surveying by the 
use of a protractor. This is usually s three-arnl protractor made of either metal or 
celluloid having a fixecl center arnl and two movable arms with which the two observed 
angles can be set. Tlie left nngle of t;he fis is set with the left mova.ble arm and the 
right angle wit11 the right movable mi. T l ~ e  prot,mct.or is then n~aaipulsted into a posi- 
tion on tshe smootll sheet so thn.t the three arms pass precisely through the respective 
centers of the plot,ted posit.ions of t,he stat,ions between which the angles were measured. 
The i~ltersection of t*l~e three aims, wllich is the center of the graduated circle, then 
marks the position of the vessel or sounding. (See 4534.) 

7621. With Metal Profractor 

Most tlwee-point fis positions are plotted on the snlootll sheet with the metal three- 
nrnl protra~t~or described in 4531. Tlle construction of the metal protractor is such 
that it is inconvenient or impossible to use it in plotting positions which are at short 
distances from the stations. Neither cnn it be used with the rapidity or ease with which 
a celluloid protractor can be used. 

Extensions to the arms of a nletal protractor are provided for use where the stations 
observed on are so distant tliat the regular arms do not reach them. When these 
extensions are used, extra precaution should be taken in the plotting. 
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7622. With Celluloid Protractor 

The use of the celluloid protractor (4536) shall be limited to areas of the smooth 
sheet where the stations are ?ever more than 10 inches from the positions, the sum of 
the two angles is not less than 60°, and the smaller of the two angles is not less than 20". 
Positions based on stations farther away than 10 inches or based on angles snlaller than 
the above prescribed limits, must be plotted with a metal protractor. Critical positions 
shall he plotted with a metal protractor, if practicable. 

7623. Positions Close to Control Stations 

Celluloid protractors of the present model permit plotting three-point fixes which 
are quite close to the control stations, but because of the opaqueness of the protractor 
near its center, it sometimes happens that even this cannot be used satisfactorily. In 
such cases the angles of the three-point fix are plotted on a piece of tracing paper, or on 
n transparent paper protractor (4539)) which is then manipulated the same as a three- 
arm protractor to plot the position. 

7624. Procedure for Protracting Positions 

The Sounding Record is the official record of the sounding and position data, and 
the plotter should follow the recorded data strictly, unless it is apparent that an error 
has been made. Since the system of field worli requires that the sounding vessel pro- 
ceed at as nearly a constant speed as practicable (see 3461), and since the hydrographer, 
almost invariably, attempts to run straight lines, the dead-reckoning position of the 
vessel provides a reasonable check on the recorded position data. The boat sheet pro- 
vides the best check since the positions thereon were plotted by the officer-in-charge a t  
the time the work was executed, and he was in a position to know where his vessel was a t  
the time a particular position was taken (see 7671). 

Lines of soundings are run systematically, and it is usual for a number of positions 
to occur on a comparatively straight line (see 314). The smootli plotter, therefore, 
usually protracts all of the positions recorded on one page of the Sounding Record, or on 
one straight sounding line, before comparing them with the boat sheet and connecting 
them with penciled lines. When the plotter has assured himself that the positions of 
the series have been c.orrectly protracted, a checknlark in colored pencil must be placed 
in the Sounding Record alongside eac.h position number. A pencil of identical color 
should be used by the snlootll plotter throughout his work, in making entries and 
corrections in the Sounding Records. 

As the protracting progresses, the notations in the "RemdisJJ column should be 
noted in order that due attention may be paid to any remark which nlay affect the 
smooth plotting, and for information regarding features to which cuts were tal- \en or 
which were otherwise located during the progress of the survey. As each such item 
is applied to the smooth sheet, this sl~ould be indicated by placing a checkmark after 
it in the Sounding Record. 

I t  is usual to protract all of the positions on the smooth sheet before the soundings 
are penciled, including the detached positions and all the cuts and other data that 
need to be located on the smooth sheet. When the protracting has been completed, 
the smooth sheet should contain all position information and, in general, it should 
not be necessary to use the protractor during the subsequent plotting of the soundings, 
except for occasional verification of a position. 
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A. ERRORS IN RECORDED DATA 

Although every effort is nlade to have all data recorded with the strictest accu- 
racy, the smooth plotter must lreep const.mtly in mind the fact that in many cases the 
hydrography is perfornlcd under circumstances conclucive to errors in recording. The 
recorder is frequently working under continuous pressure, and since the hydrography 
proceeds a t  a constant rate and it is his duty to record all phases of it, he may fail 
to correct known errors, or question suspected data. Launch hydrography is par- 
ticularly susceptible to recorded errors. Hydrographic launches are often propelled 
by gasoline engines in which the noise level is quite high. Angles and station names are 
being called by the observers, soundings are being called by the len.clsman, and orders 
are being given, all in a loud voice, and t,l~e rec.order is supposed to nlalie an accurate 
record of all of these a t  the time they occur. 

As the smootll plotter becomes experienced, he will learn the Binds of errors which 
are most likely to occur in the recorded position data. The following list is not in- 
tended to be complete, but will serve ns a guide to an inexperienced smooth plotter: 

(1) One or more station names may be incorrect-such errors are likely to occur where station 
names have similar sounds. 

(2) The station names are correct, but two or more of them have been transposed. 
(3) The right angle and left angle may be reversed. 
(4) The degrees and minutes of an angle may be reversed. 
(5) The observer may have read his sextant wrong, the most frequent errors being lo0, 301, 

lo, and 20°, in that order. 
(6) The recorder may have nlisunderstood the angle, when called out, as for example, when 15 is 

mistaken for 50, 7 for 11, and vice versa. 
(7) The recorded data appear complete, but actually the right and left angles were not observed 

to a conlmon center object. 

Corrections to recorded data should be made according to 7741 and figure 164. 

7625. Protracting Inadequnte Fixes 

I t  frequently liappms in three-point fix hydrography that ttie position data 
obtained are inadequate for plotting the positions by the conventional three-point 
method. I t  is then necessmy to use special methods of plotting, or the data must be 
supplementecl by other information before the position can be plotted. Such cases 
occur, (a) where only one angle has been observed, (b) where the two angles are not 
observed on a conlmon center object, (c) where the three-point fix is weak, and (d) 
where the position is located by estimation. 

In (a), the procedure is first to plot the locus of the single angle. This is accomplished by setting 
the angle on the protractor and placing the center near where the position is likely to be. The two 
arms are then made t,o pass through the two stations involved. The center of the protractor will 
then be a point on the locus of the angle. Several such points are plotted in the vicinity.of the po- 
sition sought and a short pencil arc is drawn through them. The exact position of the vessel is then 
determined by the use of the dead reckoning in conjunction with the plotted locus. If the locus is 
nearly perpendicular to the course, the next following position on the line should be protracted and 
connected with the previous position by the dead reckoning. The intersection of the dead-reckoning 
track and the locus will then give the position. Where the locus is nearly parallel to the course, 
a strong determination of the direct,ion of the sounding line is obtained, but the position must be 
determined on a basis of proportional time between the preceding and following positions, assum- 
ing there has been no change in speed. Thus, if positions 5A, 6A, and 7A were taken a t  0:04, 9:07, 
and 9:11 respectively, then position 6A would be plotted a t  three-sevenths the distance between 5A 
and ?A, on the locus of the observed angle. 

60949014-4 
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Wherever the locus of an angle is to be plotted, this can be done directly on the smooth sheet, 
using the protractor centerpiece with a hole in it. Only the fin J position will then be pricked on the 
sheet. Care must be taken, of course, to see that the underside of the protractor is clean. 

In (b), which usually occurs through a misunderstanding or error, the position is determined by 
plotting separately the locus of each angle, the correct position being a t  the intersection of the two 
arcs, assuming that they do not intersect a t  too acute an angle. 

POSITION OF OBSERVATIONS LOCUS OF RIGHT ANGLE 

FIGURE 169.-Sextant flx plotted by intersection of loci. No common center object. 

In (c), the recorded data may be complete, but the fix is weak, giving an inadequate determination 
of the position (see 3332). There are two types of such fises. In one type, the fix can be plotted in 
one position but the result is erroneous because of the weakness of the fix in conjunction with other 
factors. In the other type, known as a swinger or revolver, the fix can be plotted in any one of several 
positions. In  either type, the recorded data must be supplenlented by the dead reckoning in order to 
determine the most probable position. In the first case it is usually necessary to disregard that part of 
the recorded data which has resulted in the erroneous position, while in the second case all of the re- 
corded data may usually be used to plot a locus of the position. 

In (a), it is generally not possible to obtain a three-point fix, and other data are usually recorded 
by the hydrographer for plotting the position, such as an estimated distance from the high-water line, 
or an estimated distance and direction from a control station. All such data should be plotted and 
used in conjunction with the dead reckoning in order to arrive a t  the most probable positions, bearing 
in mind that the distances are not measured distances, and that the general tendency is to under- 
estimate distances over the water from a stationary position. (See also 336.) 

763. PLOTTING R.A.R. POSITIONS 

Radio Acoustic Ranging (R.A.R.) is a conlparatively new method of control for 
hydrographic surveys. Notable changes have been made in recent years in the design 
of the equipment and in the field methods. These are described in detail in chapter 6. 
Likewise, improvements have been made in the methods and procedure of plotting the 
smooth sheet. It is expected that these will continue, but a t  the present time the 
methods described herein are considered the most satisfactory and shall be used until 
other methods are proved preferable. 

R.4.R. positions are determined by the intersection of distance arcs whose centers 
are the R.A.R. stations from which the bomb returns were received. Like the distance 
circles described in 7341 these arcs are plotted in units of time. Because of uncertainties 
inherent in the R.A.R. method, due principally to the lack of complete knowledge of 
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the path of the transmitted sound wave, other data obtained during the progressfe 
such a survey must be appraised with the acoustic. distances, ancl the most probabd 
positions adopted. Such supplemental data are sestant angles, bearings, and dea 
reclioning. 

To avoid confusion, too many positions should not be plotted at any one time before 
they have been a~~alyzed and accepted (see 7637). In areas of systematic sounding lines 
not complicated by crosslines, or development, three or four lines may usually be 
plotted at one time, but in areas where previous lines have been plott8ed only a compara- 
tively few positions should be plotted before analysis. 

Numerous pencil notes are necessary to beep track of position numbers and other 
data. These must be placed directly on the smooth sheet, since this type of plotting 
is done without a sheet cover (see 761). A soft pencil shoulcl be usecl so that the marks 
may be easily and completely erased. 

7631. Plottirtg the Distance Arcs 

Before plotting is begun a small c.ircular piece of heavy celluloid should be fastened 
over each R.A.R. station to protect the center from wear due to repeated use of the beam 
compass.. The best adhesive is nonvulc.anizing rubber cement, thinned by an approsi- 
mately equal moun t  of benzol or, as n substitute, benzine. The underside of the 
cdlu~loid and the respective area on the smooth sheet are covered with a thin coat of 
cement and allowecl to clry until 
sticky, after which tslle celluloid is 
pressed into place. Care should be 
talcen to priclc the point in the 
celluloid directly over the station 
hole. These protec.tive c.elluloic1 
pieces should not be confusecl with 
those descxibecl in 7341 for plotting 
the distance circles, which are 
fastened ttxnporniily to the sheet. 

All R. A. R. positions must be 
plotted by means of thejir clistance 
arcs so that a study can be made of 
all the factors influencing the final 
positions. The clistance arcs are . 

plotted directly from the data in 
the Bomb Record (8311), in which FIGURE 160.-Plotting R.A.R. positions with Odessey protractor. 
the measured tinle intenTals have (Position illustrated is 33 seconds distant from statlon A and 27.5 seconds 

distant from station 8.) 
been reduced to the plottingve1oc.ity 
of 1,460 meters per second (see 7341). The radii of the arcs are found on the smooth 
sheet by applying short increments or c1ecrement.s of time to the plottecl distance circles. ' 

Thus, the plotting raclius for a 16.83-second time interval would be obtained by plotting 
the increment 1 .S3 seconds from the 15-second distance circle. To plot these iiicrenlents 
or decrements on the sheet, three methods are available: 

a. With Odessey R.A.R. protractor.-This device, the construction of which is described in 4537, 
consists of closely spaced concentric circles on a piece of transparent celluloid, the circles being spaced 
according to the plotting velocity, 1,460 meters per second, at the scale of the survey. When the device 
is placed on the sheet so that the circle correspondiilg to the time increment or decrement is tangent to 
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the proper distance circle, the center of the device will be a point on the distance arc required. The 
intersection of the two distance arcs can be plotted in the same manner by making the appropriate 
concentric circles tangent to the two distance circles involved. The center is then a point onboth 
distance arcs. There is no liniit to the number of distance arcs that can be drawn with this device a t  
any one position, although only two distance arcs can be used simultaneously. I t  is especially well 
suited for verification work. 

b. With dividers and scale.-In this method a special scale is used, similar to a metric scale, con- 
structed for the plotting velocity of 1,460 n~eters per second a t  the scale of the survey. The incre- 
ments or decrements are measured with dividers. One point of the dividers is set on the distance 
circle and, with the aid of a large celluloid triangle alined toward the station, the desired point is 
pricked along the alined edge. This method is slow because the i~lcrements or decrements must be 
plotted in qn exact radial direction from the respective stations. 

c. With R.A.R. plottirig scale.-A long rule similar to an engineer scale is used, with scales 
graduated in seconds for the plotting velocity of 1,460 meters per second a t  various survey scales 
(see 4828). The rule is long enough to be alined with the station by eye, the desired point being 
pricked directly along the edge of the graduated scale. If such a scale is not available a substitute can 
be made on a long narrow piece of celluloid graduated in seconds, with 1 or 3 seconds a t  one end divided 
into tenths of seconds, the hundredths being estimated. 

After the points for the distance arcs have been pricked on the sniootli sheet, short 
pencil arcs are drawn through them with a beam compass set a t  the approsinlate plotted 
positions of the respective stations. These pencil lines should be short, just long enough 
to ensure their intersection with the sounding line. For drawing distance arcs of 
various radii, it is convenient to use two sets of beani compasses, one with a long beam 
and the other with a short beam, to avoid having to shift the fixtures an escessive 
amount. 

Where two R.A.R. stations comparatively close to ench other have been used, dis- 
tance circles are clrawn from only one (see 7341). To plot an arc from the station for 
which no circles have been drawn, the increment or decrement is measured from the 
distance circle plotted on the sheet. The total distance from this pricked point to the 
true center of the distance circles is set on the bean1 compass, but the distance arc 
must be drawn from the R.A.R. station from which the bomb return was received. 
In this case the point of the beani compass must be centered exactly a t  each station. 

7632. Plotting the Sextant Angles 

After the distance arcs have been plotted the sextant angles are plotted. Sextant 
positions can generally be plotted with a celluloid protractor since they are usually not 
far from the buoy stations. Single angles are often obtained a t  R.A.R. positions and 
the loci of these angles should be plotted, since the locus of each angle so obtained is 
in effect another distance arc w1lic.h niust be considered in the determination of the 
final position (see 7635). 

7633. Plotting th.e Bearings 

Bearings may be plotted by several methods. Parallel rulers may be used, but 
their undersurface diould be covered with paper so that the metal will not soil the sheet. 
An inconvenience in their use is that the pieces of celluloid over the stations are fre- 
quently detached by the rulers. The best method of plotting bearings, w1iic.h is suf- 
ficiently accurate, is by using the circular no-arm protractor (4539). When this instru- 
ment is used it is centered at the station and oriented by means of a sliort north-south 
line drawn though the station, the bearings heing plotted directly without sliifting the 
protractor. 



PAGE 705 THE SMOOTH SHEET 7634 

7634. Adjustment of the Dead-Reckoning Plot 

After the c1istanc.e arcs and the other position data have been plotted in pencil and 
the dead reckoning for that part of the hydrography has been plotted on tracing paper 
(see 765)) a study is made of tlie dead reckoning to fit i t  best tao the distance arcs and 
the other position data. In areas comparatively close to the R.A.R. stations where 
most of the bomb distances are reliable, this study is a comparatively simple matter. 
But where the control is inadequate or unreliable, as is often tlie case in areas distant 
from the control stations, the adjustnlent may be difficult even for one with extensive 
esperience in R.A.R. methods. Continued and determined study in such cases fre- 
quently yields results seemingly illlpossible of attainment when the first attempt at  
adjustment is made. 

The two positions which were used to debernlino tlie speed or log factor must 
not be given too mud1 weight since i t  is always possible that one of these may be in 
error in spite of the fact that they were originally selected as being probably correct. 
It is to be noted that because these were used in det,ermining the speed or log factor 
the dead-reckoning plot will fit t.hem regardless .of their actual accuracy of position. 

Occasionally a series of three R.A.R. distances is obtained from one station 
which is relatively close to the sounding line. If the true azimuth of the sounding line is 
accurately known, the dead reckoning may be fitted to these three arcs in the same 
manner it would be fitted to bow, beam, and quarter bearings. 

Where the dead-reckoning plot cannot be fitted satisfactorily to the position 
data, tsllis is occasionally due to the use of an erroneous speed or log factor, in which 
case the dead reckoning niust be replotted. 

The outer ends of long offshore sou~lcling lines are perhaps the most difficult to 
adjust. These are generally far distant from the control stations where the inter- 
sections of the distance are weak at best ancl where, because of the estrenie dis- 
tanc.es, nlany of the bomb returns are unrelial~le. Where t9he line is in extremely deep 
water, as it generally is, there is an added uncertainty due to the incomplete knowledge 
of the path of the sound wave in such areas, and consequently the apparent velocity 
needed for plotting. Some of these deacl-reckoning runs are 6 to 8 hours or more long, 
during which period a considerable change in the leeway may be caused by wind or 
weather, and a change in the direction of the current, if tidal, may be expected. There 
is never sufficient knowledge of the current on such an offshore line. 

Such offshore sounding loops must be adjusted to the last two or three positions 
on the offshore run that are believed to be reliable and the first two or three similarly 
reliable positions on the inshore run. The deaci-reckoning plot is adjusted approxi- 
mately for azimuth to t.lle reliable positions at  the beginning of the line. The closing 
error at  the end of the line is acljustecl graphically, proportional to time, in the man- 
ner that a closed traverse is adjustled. This first adjustment is made on tracmg .paper. 
An additional adjustment is usually required to fit it to the R.A.R. data in order to 
give the distance m s  their appropriate weights. (See 3376 and 3378.) 

If there are crosslines in such an area as has been discussed in the preceding para- 
gaph, a study of the boat sheet shoulcl be made to determine how well the respective 
lines have been controlled. The best-controlled line should be plotted first and the 
successive lines plotted in the order of the strength of their control. On each line the 
soundings a t  the crossings should be tentatively plotted and used as additional control 
data, the positions of the more poorly controlled lines being influenced by those that 
are better controlled. 
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7635. Analysis of Data 

For analyzing tlie various data, it is not possible to prepare a table of relat.ive 
weights to apply t,o the clifferent situatiolls that, might arise. Experience is the best 
guide and niuch depends on the conditions prevniliiig at  the t,ime of the survey. All 
t.hree-point sestant fises sllould be co~~siclerecl precise locations until proved otl~erwise. 
The locus of one sestant n~igle sllould likewise be considerecl a, fised line of position 
unless proved erlwneous. Bearings to near objects will generally be accurate. The 
acoustic returns from t'lle nearest station will generally be found more reliable than 
those from more distant stations, except that consistently good returns may be received 
from certain stations while tsllose from obller stations may be just as consistently un- 
reliable. A position deterniinecl by a good intersection of t8hree distnilce arcs mag 
generally he accepted as a reliable position, but it must be rcmenlberecl that an ia-  
acc.~irate velocity or other factors may cause the arcs to intersect at a positmion which 
is not the correct one. 

7636. Sources of Error in R.A.R. Positions 

Before the final positions we accepted, all conflicting clata should be resolved, if 
possible. Such conflic.t,s niny be clue to dete~miinable errors, such as those arising in 
tlie plotting or in the reduction of tlie records, or they may be clue to certain inde- 
ternlinable errors inherent in the. methocl it,self. The various s0urce.s of e.nor Inay be 
grouped as follows: 

a. Sca2i~1.g the chro?iopaph tape.-A large error is sornet.imes made in identifying the signal offset 
on the tape. If this occurs a t  one position only of a series of positions, and for one distance arc, the 
error is generally recognizable, but. where made a t  all of the positions of the series it is harder to 
detect. A large error in all of the time distances a t  one position is usually easily detected since the 
resultant arcs plot with a large triangle of error and not. in accord with the dead reckoning. An 
error of 1 second in reacting the tape has been found in this manner. (Pee also 6853.) 

Errors are also sonletimes made in scaling the initials on the chronograph tapes. Such an error 
is more difficult 60 detect for it n ~ a y  result in a comparatively small triangle of error that, may appear 
to be caused by the use of an erroneous velocity of sound. Errors are occasionally made in marking 
the bomb return on the tape a t  the time it is received, especially if this occurs during excessive static 
conditions or other radio interference, when it is difficult to distinguish the bomb return8 from the 
sfrays or false indications. In such cases a re-examination of the tape will sometrimes disclose the 
correct return, but changes should not be made in the distances in the Bomb Record unless the correct 
bomb return can be identified on the tape with reasonable certainty. The above are a few of the 
reasons why the chronograph tapes must be available to the smooth-sheet plotter (see 6854). 

b. Plotting and redv.ction of records.-Errors in drawing the distance arcs on the smooth sheet are 
not common. An error is occasionally made by plotting the time increment as a decrement from t h e  
next larger distance circle or vice versa, where the position falls approximnt.ely midway between them. 
A distance arc may be plotted occasionally from the wrong station. Mathematical errors are some- 
times made in converting actual elapsed times to those used in plotting. For this reason, where 
certain distance arcs appear doubtful, tlie mathematical conversions should be rechecked in th 
Bomb Record. (See 831 1 .) 

c. The .rise of an erroneous velocity of sot4nd.-These cases are not uncomnion and they are particu- 
larly difficult to detect since an incorrect velocity will proportionally enlarge or reduce the distances 
from all stations, and the distance arcs will still plot with a very small triangle of error. In analyzing 
such cases i t  should be remembered that the correct position will be inside the triangle of error only 
where the st.at.ions are arranged in a triangle around it. A change in velocity will probably alter the 
distances to all stations proportionally. Therefore, in case of an error in velocity the correct position 
will be distant from each plotted arc an amount proportional to the distance of each arc from its 
respective station. 
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a!. Errors inherent icc: the R.A.R. method.-There are certain inherent errors in the R.A.R. method 
of control of which little is known a t  present. One of these is that the time interval for an R.A.R. 
distance from a nearby control station is apparent.1~ shorter than it should be. The cause of this 
and the distance a t  which the effect ceases to esist are not definitely established, but it has been 
detected in distances up to 7 or 8 seconds froln a station. 

Another error, the cause of which is unknown, occurs on lines far distant from the control stations 
where, with the same sized bomb, the time int.ervals apparently lengthen slightly more than they 
should as the survey ship proceeds away from the stations. In such cases, if a change is made to a 
larger bomb, the excess time distance is apparently reduced. And just the opposite effect is noted 
when the ship is heading toward the control st-ations from far offshore. 

Since neither the cause nor the magnitude of these errors is known, there is no way of compensating 
for them. Further experiments in the field may disclose a solution to these and other problems. 

e. Errors in bearings.-Bearings are only accurate where they are observed to cornparat-ively close 
objects. In general, those observed to an object not more than 4 miles away may be considered 
reliable, but some of these and all of those taken a t  greater distances should be used with caution. 

7637. Ampt ing  and Inking Positions 

After t,he analysis has disclosed which clistance arcs and position data are reliable 
and to be used, the esact fitting of the dead reckoning to them and the pricking of the 
finally accepted positions shoulcl be accomplished. The dead-reckoning plot will 
seldom fit all of the accepted position data exactly. As one position after tinother is 
finally decided upon and pricked: it is necessary to shift the dead-reckoning plot small 
amounts to adjust it to the successively rtcceptecl positions. 

As the positions are accepted on a given sounding line, the distance arcs shall be 
inked or left in pencil according to the following rules: 

(1) All arcs that are 3 mm or more distant from the accepted position are temporarily questioned 
and the reduction and plotting are rechecked. If no errors are found and the arcs are not used in deter- 
mining the R.A.R. position, they are left in pencil on the smooth sheet and the values are marlred 
"It1' in the Bomb Record to indicate that they have been rejected. 

(2) All arcs within 3 mm of the accepted position that did not influence the location of the position 
are inked on the sheet but are marked with a question mark (1) in the Bomb Record. 

(3) All arcs, regardless of their distances from the accepted position, which have in$?cenced the 
location of the position are inked on the smooth sheet. 

After the accepted positions have been priclied on the smooth sheet they should 
be inked and numbered (see 7681) and the distance arcs inked. 

For purposes of identification trhe distance arcs from each R.A.R. station should 
be inked in a distinctive color. The preferable colors in the order listed are carmine, 
brown, green, purple, and blue. Where there are more than five R.A.R. stations on 
one sheet a repetition of colors is necessary. Confusion will be avoiclecl from such dupli- 
cation if a study is first made of the returns received from the various stations. The 
assignment of colors should be made by one familiar with the actual fielcl operations of 
that particular survey. Distance arcs should be inked with an over-all length of 6 or 
7 mm, interrupted at the position dot ancl leaving a space in which to pencil the souhd- 
ing. Arcs that do not pass through or too near the position may be inked as short 
continuous lines. 

Bearings should be inked as fine black lines, as above, but slightly longer. 
After the positions on a sounding line ha.ve been inked, the area covered by the line 

should be cleaned with a soft art gum eraser before connecting the positions. In this 
the dead reckoning must be used as a guide for changes in course which occurred be- 
tween positions. 
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Beyoncl the limit of t,lle u1su1r11 control, sounding lines are controlled by dead reclron- 
ing and astronomic sights. The only data for location of tlie sounding lines and the 
positions are the astrononiic sights and t*lle carefully recorclecl deacl reckoning. I t  is 

usual, when pmctic.nble, to observe a series of stfar sights a t  
dawn and clusli to give positions s t  tsllese two times. At 
other times, single asbrononlic sights, usually sun siglits, are 
taken and tllese must be used in conjunction with the dead 
recboning. (See also 337 and 338.) 

In plotting a sniooth sheet c.oat~rolled by ast,ronomic 
siglits, the positions a.re usually coinputecl and cleternlined 
on separate records nncl it is only necessary to plot the most 

I ; probable positions as cleterminecl by the hydrographer. 
1 ; ,FINAL ADJUSTED LINE I :  These positions nlay be considered as fisecl positions, a note 

being placed on the snlootll sheet esplaining their determi- 
nation, such as "star sightsJ (see 3387). Endl intermediate 
single sight must be plotvtrecl as a line of position, accompaniecl 
by a legencl inclicating bile astronomic body observecl and 
tlie initials of the observer (see 3383). Where all of the 
astrononlic sights between two positions fixed by star siglits, 
have been plotted on tlie snlootll sheet, the clesd reclroning 
between the st.ar sights must be ca.refully plotted, either on 
the smootll sheet itself or on n. piece of tracing paper, and 
acljustecl to the two elid positions ancl the internlecliate 
sights, talcing it11 circ.unistances into consideration in order 
to arrive a t  the most probable location of h e  entire line. 

FIGURE 161.-Dead reckoning ad- ~1 
lusted to astronomic sights. lis type of work can- be plotted only by one thorougldy 

falililiar with ship l~yclrogral)lly, navigation, and the probable 
errors that enter into dead rec.lroning and astronomic sights. (See 3384.) 

Dead roclroning may he plottecl in various ways clepending on the accuracy of the 
hydrograplic survey and the purpose for which the dead-reclroiing plot is to be used. 
(See also 337.) 

m e r e  clead reekoiling is used nbne or in conjuinction with astronomic co~~trol, 
since comparatively few changes in course me made, i t  is generally satisfactory t~ plot 
it lightly in pencil directly on the sn~ootll sheet and nlalre an adjustnlent similar to a 
traverse acljustmen t. Where cleacl reckoning is used in conjunction wit11 R. A.R. control 
it is allnost always preferable to plot it on tracing paper so that it can be adjusted to 
the other control data. For such purpose a good grade of c~nlparat~ively tliiclr tracing 
paper shoulcl be used; Iceuffel and Esser Ionic No. 197-22 is recommendecl. This might 
at  filst .appear too thiclr and opaque but actually it is sufficiently transparent and 
otherwise very satisfactoly. 

Several steps in the plotting are similar, regardless of the purpose for which it is 
to be used. Where the dead-reckoning line is long and it is plotted directly on the 
smooth sheet, tho direction of each course should be determined by reference to the 
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nearest mer.idian. Where the line is short, changes in course may be plotted by their 
angular differences, disregarding their true azimuths. 

7651. Detern~ination of the Speed or the Log Factor 

For the plot of a section of dead reckoning tho first step is the determination of the 
speed of the ship or the log factor, if log distances are used. For this it is necessary to 
select two well-fixed positions between which only minor changes in course have been 
made. The actual distance over the ground between these two positions is compared 
with either the log dist,ance or the time run, in order to obtain a log factor or a speed 
with which the dead reckoning is plotted. In hydrography controlled by R.A.R. 
methods it is sonletimes difficult to select accurately fised positions. A good inter- 
section of three distance arcs may usually be depended on as an accurate position, if 
it is verified by the course and distance between it and an adjacent good position. 
The speed or log factor should be determined from a comparatively long distance but 
i t  must be remembered that speed and log factors differ with different directions of the 
sounding line. A different speed or log factor must be cleterminecl after each major 
change in direction. (See also 4826 and 4827.) 

' 7652. Dead Reckoning in Conjzinction Titla R.-4.R. 

Since there are still nunierous uncertainties in tlle R.A.R. method of control, i t  is 
frequently necessary to use a dead-reclcoiling plot in conjunction with the other data 
to determine t.he most probable positions. There are two general cases where this is 
necessary; first, in areas very close to the control, where for some reason or other the 
R.A.R. data are inadequate; and second, on the outer ends of long lines distant from 
the R.A.R. stations where few, if my,  R.A.R. returns are obtained. The dead-reckon- 
ing plot is made from the data in the Sounding Record supplenlented and checked by 
the R.'A.R. abstracts. Where the dead reckoning is plotted by log distances, the use 
of the R.A.R. abstracts is necessary because only on this form are the log intervals 
determined. (See also 7634.) 

Dead-reckoning plots are ~:.ot necessary in connection with all R.A.R. surveys. 
In areas where the positions me controlled by three R.A.R. clistmlces which plot con- 
sistently witsll good intersections the dead-reclconing plots we unnecessary. On the 
other hand, where the R.A.R. returns are not consistently and accurately received for 
any reason whatsoever, tthe cont8rol data shor~lcl always be supplemented by the dead- 
reclroning plot; for example, dead-reckoning plots should always be usecl in plotting the 
outer ends of offshore soundi~~g lines. I t  is good training for an inexperienced person 
to plot the dead reclconing of all of the lines controlled by R.A.R. The dead-reckoning 
plots may also be aclvantageously used by t,lle supervising 0ffi~c.1. in verifying the work 
of a new employee. 

7653. Plotting a Dead-Reckoning Line 

There are several methods by which dead reckoning may be plotted, the choice 
between which depends on the amount which is to be done. Parallel rulers may be 
usecl. With them the successive courses may be plotted with reference to a meridian 
line or by the small nngu1.w differences between the courses. A circular no-arm 
protractor may be used. This is c.onsiclered a better method than the use of the 
parallel rulers. In this metshod each successive course is plotted in azimuth relative 
to the previous course. 
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A special compass rose has been found advantageous for making R.A.R. dead- 
reckoning plots. This is a partial rose about 16 inclies in diameter on heavy paper. 
Each single degree is drawn for about 15' or 20' on each side of a cwitral line cxtending 
the length of the paper, ancl numbered according to its angular distance from the central 
line. To use this rose a mean course or an approximat.e direction of t8he line is assumed 
with respect to which the successive courses are plotted by differences in degrees. Tho 
tracing paper on wliicli the dead-reclioning plot is to be made is placed over the compass 
rose and weiglited clown. The successive courses are then plotted on the tracing,yith 
reference to t8he compass rose by the use of two triangles to transfer each direction to 
the position from which i t  is to be plotted. In  using this special rose i t  is best to assume 
an average course of an even 5'. 

Desd reckoning niay be plotted by log distances or by time. Each method may be 
preferred under different conditions. If the r.p.m.'s of the engine are reasonably con- 
stant and if a careful record of the time has been kept in the Sounding Record, the use 
of tinie alone is believed preferable since this eliminates tlie necessity of computing 
and checlcing the log intervals and generally simplifies the work. Log distance are 
probably slightly more accurate and should be used for all comparatively long deacl- 
reckoning plots. This is only true, however, if the log is an accurate one and the survey 
is made in waters where there is no floating debris to become attached to the log rotator 
or log line. 

Except on the outer ends of offshore dead-reckoning lines, U-turns (where the 
direction of the line changes 90' ancl soon thereafter another 90' in order to put the 
ship on an adjacent parallel line) are not plotted unless they are necessary to fil1.a 
holiday in the surveyed area. The recorded data are rarely adequate to plot such 
turns satisfactorily, u~iless a fixed position has been obtained between the two 90' 
turns. Where it is necessary to plot a 90' turn and other evidence is lacking, approu- 
imately two-thirds of the distnnc.e around the turn should be added to the previous 
course and one-third of the distance to the new course. (See 3454.) 

During the survey the ship occasionally gets so far off line that an S-turn is re- 
quired to get back on the original line. I t  is particularly dficult to plot the dead 
reClioniag of these turns because sufficient data relative to then1 are rarely recorded. 
The data needed are the tinies the vessel begins to turn after each .order to change 
course, tlie tinle the vessel is steadied on the new course, and the course and time 
steered on the intermediate course. (See 3464.) 

Each c.omplet,ed clead-reclioning plot should be the best possible graphic repre- 
sentation of relative courses ancl distances between &xed positions. Several dead- 
reckoning plots may be included 011 one sheet of tracing paper but each one should be 
prope.rly identified. I n  order to avoicl confusion not nlore tllrtn one day's hydrography 
should be included on one sheet. The plot should be made neatly and accurately and 
marked for subsequent easy identification. 

All sheets of tracing paper contsining cleacl-reckoning plots shall be transmitted 
to t8he Washington Office for use in connection with tlie verification of the survey, 
after wliicll they are destroyed. 

766. DETACHED POSITIONS 

The detached positions in the Sounding Record are of the utmost iniportance, 
since they are usually taken to locate rocks, floating aids to navigation, least depths on 
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shoals, or other dangers or features of importance. They must, therefore, be plotted 
with extreme care. The plotting of positions on a continuous line of soundings is 
autoniatically checked t,o a certain clegree by tlie dead reckoning. There is no such 
checli on detached positions. The survey requirenlent for iniportant detached positions 
is that a third, or check, angle shall be talien at  such positions. In  plotting the sniooth 
sheet this check angle must always be used by the plotter to verify the correctness of 
his protracting. The fact that this has been done must be indicated in the Sounding 
Record by a colored pencil clieckn~ark placed after the third or check angle. 

767. USE OF BOAT SHEET IN SMOOTH PLOTTING 
7671. Comparison r i t h  Boat Sheet 

During the protracting of the sniooth sheet, consbant reference should be made 
to the boat sheet, as a check on the snlooth plotting. Generally, a visual comparison 
is sufficient, but where difficulty in plotting is encountered or where numerous errors 
are found in the recorded data, it is solnetinles aclvisnble to trace from the boat sheet 
the positions of an entire line for c.omparison with the smooth plotting. Where cb dis- 
crepancy between the two is notcd, it must be investigated. Such cliscrepancies may 
arise from errors in the snlooth pl~tt~ing; from errors in the boat-sheet plotting; or from 
errors in the recorded clata. In cletennining the position nlost probably correct, 
several facts must be kept constantly in mind, the most important of wlic.11 is that the 
boat-sheet position is usually plotted i~ldependent~ly of tlie recordecl data. The plotter, 
himself, has usually observed one of the angles and Bnows which signals he used. The 
other angle he obtains orally from the other nngleman. Furtherinore, the officer-in- 
cha.rge knows what he is trying to do md w11ere the most probable position of the vessel 
should be, irrespective of where the recorclecl clata place the position. I t  frequently 
happens, either intentionally or unintentionally, tliat an angle is measured to a different 
signal from that previously used, but in the haste to plot the position, the change of 
signal is not reported or is not entered in the Record when it is reported. (See also 
3211.) 

Frequently when some error has been made in the observecl clata, such as an 
angle observed on a wrong signal or an error in reading the sextant, the boat-sheet 
plotter may not have sufficient t.ime to cleternline what this error is. He plots the 
position as best'he can, ancl may instruct the recorcler to question either the entire 
fix or a part of it. ,The smooth plotter sl~oulcl study suc.11 cases. With a little patience 
he can often determine what tlle most probable erroi. is, and can make the necessary 
correction to the recorded data. Such corrections must be nlsile with a colored pencil 
(see 7741). 

7672. Positions From. Boat Sl~eet 

There are cases in hydrographic surveys where it is impossible to obtain a three- 
point fis or other position data. This frequently Enppens i11 narrow winding channels 
and sloughs. The hydrographer, in such cases, spots his position on the boat sheet from 
the adjacent features of the shoreline and from his sense of dead reckoning. The 
snlooth plotter sliould transfer such positions to the smooth sheet ancl note tliat fact 
in the Sounding Record with his colored pencil. I n  addition, he sliould transfer the 
curved connecting lines between positions, whicl~ in narrow channels usually conform 
to the bends in the shoreline, it being impossible to run a straight course between 
positions. (See 3252 and 3352.) 
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There we occasional cases where position data, altlio~~gh recorded, are so erroneous 
that they obviously cannot be used. In such cases the smooth plotter's last recourse 
is the boat sheet. Often by placing the center of the protractor on the boat-sheet 
position and trying various combinations of angles and signals, he will be able to de- 
termine what the recorded data should have been. 

Each hyclrograpliic position, regarclless of the methocl used. in plotting, shall be 
nlarl<ecl on tlie smoot~h slieet by a smdl prick hole and identified by the position number, 
the prick hole being accentuatecl by a fine ink clot of the same color as the position 
nuniber ancl clay letter (see 7681). At the beginning and end of each line, a t  every 
intermeclinte fifth position, and at any pronounced change in the direction of tlie line, 
tfhe position number shall be accompanied by the day letter. 

7681. Position Numbers and Day Letters 

Beginning wit,h number 1, consecutive numbers are assigned to positions during 
each day, ancl eacli clay's field work by each vessel is identified by a day letter (see 
3311 and 3312). The day letters inked on the smootli sheet nlust correspond in color 
and cnse with the entries in t,lle Souncling Record, and the position numbers must corres- 
pond in number witli the entries in tvhe Sounding Record, and in color with the day lettgs. 
The colors to be used for this purpose are blue, purple, green, and red, preference being 
given in t h t  order for tshe preclonlinant color on a sheet. Tlie use of black ancl yellow 
is forbidden (see 8121). A contrast is desirable between two colors used for this pur- 
pose on the same sheet. 

Po~it~ion numbers and clay letters are usually inkecl as each sounding line or page 
of the Sounding Recorcl is protracted. This is genexdly often enough to avoid errors. 
In congested areas, it is sonietimes convenient to connect the prick holes representing 
the positions wit,h pencil lines on the overlay tracing, to assist in their subsequent identi- 
fication on trlle smoot,h sheet. 

Tlie podion number must be so smdl that it can never be confused with a sound- 
ing, and yet shoulcl be large enough so that it can orclinarily be read witshout a magnify- 
ing glass. Vertickl figures and letters shall be used, and these shdl ordinarily not esceed 
1 nlm in height. In open areas, where the soundings will be inked larger than average, 
the position nunlbers and clay letters may also be slightly larger than the average, while 
in areas of close clevelopment, where the soundings will have to be inked smaller than 
average, the position numbers ancl day letters shoulcl be somewhat smaller than average 
(see 7732 ancl fig. 163). 

Because of their small size, considerable care should be talcen in inking the 
position numbers ancl day letters, ancl in their placement on the sheet. Their purpose . 

is to permit ready coniparison of the plotted data with the Sounding Recorcl, and if 
illegibility makes t,his clifficul t,, tlie purpose is defeated. 

The position nuniber should be plac.ec1 preferably just below ancl to the right of the 
position dot, witli enough space left for the entry of the sounding so that when the latter 
is inked the position number will be dose to, but just below and to the right of it, con- 
sideration being given to the size of t8he sounding to be inked at the position. (See also 
7762.) 

In congested areas, and especially in those areas in which considerable development 
has been done, it is usually advisable not to ink the position numbers and day letters 



PAGE 713 THE SMOOTH SHEET 7682 

until after tlie soundings have been penciled, and certainly they must not be inked in a 
given area until after all of the posiOions have been plotted in that area, in order that 
they may be so placed as not to conflict with the soundings on other lines. LTncler any 
circumstances the placement of the position nunlbers and clay letters must indicate ia- 
dubitably the positions to which they refer. This nlay be accon~plishecl where necessmy 
by the use of fine inked arrows or leaders from the position number to the position dot, 
using the same color as for the ~ l u b e r .  

7682. Connecting Positions 

Successive positions shall be connected by a penc.il line using a well-sharpened 
3H or 4H pencil with a round point-not a chisel edge (see 724). Care must be talcen 
not to engrave this line in the surface of the paper. 

The connecting lines represent the path of the sulvey vessel, ancl in drawing them 
on the smooth sheet the path should be asshnilatecl so far as possible. Both the boat 
sheet and the entries in the Sounding Record as to cllanges in course should be used as 
a guide. Instructions for the field survey require that a position be taken a t  each change 
in course greater than 10' (see 3463). However, it is frequently necessary to make 
changes in course between positions, which are large enough to affect talle locations of 
the soundings between the positions. Changes in course of lo or 8" between positions 
nlay be disregarded in the plotting and the consecutive positions connec.ted by a straight 
line, but for greater cllanges the positions should be connected by lines which follow 
the actual traclc of the vessel. 

Changes in course are not always effective at  the time of the order to change. 
This depends on the nlonlentunl of the vessel. In  a launch the effect is almost immedi- 
ate, while in the larger vessels, sonle time elapses before the change becomes effective. 
This fact together with a lqlowledge of the turning raclius of the vessel will determine 
its path. 

Each vessel has its own turning radius, being proportionately larger as the size of 
the vessel increases. When better i~iforniation relative to the turning radius is lacking, 
it may be assumed to be, as a general rule, zero for outboard motor boats, 15 meters for 
tho smaller launches, and 150 meters for the snlaller vessels. For the larger slips, unless 
there is evidence to the contrary, turns shoulcl be plotted on the assunlption that, after 
a position, the vessel maintains the original course for twice the distance it is on the 
new course before the next position is taken (see 3463). If soundings on turns are to be 
inked on the smooth sheet, the greatest care must be taken in correctly representing 
the turns. This is particularly true in the case of right-angled and 180' turns. However, 
where no soundings have been recorded, only the approsirnate path need be indicated. 

Minor changes in course are frequently made by the hydrographer after a position 
has been plotted on the boat sheet and it is learnecl what change is necessmy. Obviously 
such changes occur some little distance past tlle position, although the recorded clata 
may not so indicate. In such cases, if no change in c.ourse has occurred between the 
two immediately preceding positions nor between the two succeeding positions, the 
connecting lines between these may be estendecl forward ancl backward and their inter- 
section will usually represent the point where the chmige in course was effective. 

In  narrow wincling chaimels and rivers and sometimes on the insliore line along s 
rugged coast, it is impractic.able to take a position at every turn, since the sounding 
lines must follow the bends in the shoreline. I11 such cases tlle connecting lines must 
be transferred from the boat sheet, on which the hyclrograplier will have indicated the 
correct track. (See 3352.) 
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769. PLOTTING SUPPLEMENTAL DATA 

I t  is freq~ent~ly impossible or imprac.ticable to determine the positions of roclcs 
awash, dangerous wreclcs, floating aids to navigation, etc., by three-point &yes, or 
other means described above in section 76. In  areas where the general hyclrography is 
controlled by t;hree-point sextant fises, such objects are usually cu.t i . 1 ~  (see 7415). In  
this method of location, cuts niay be taken from known shore positions, but more fre- 
quently they are obtained cluriag the hydrographic survey by a third observer, who 
takes a sestant angle to tlle object sin~ultaneously as the angles for position are being 
observed. These estra, or third, angles are recorcled in the Sounclhg Record with the 
position a t  which they were taliell, and the object cut in is described. Three or more 
cuts from different positions, which will give an adequate angle of intersection, are 
usually taken to each object. 

As tlie smooth plotting proc.eeds, these cuts must also be plottecl. The boat sheet 
sllould be used as a guicle for the approsimate locations of the objects cut in. 

Such cuts rarely result in a perfect intersection and a judicious interpretmation of 
the data is necessary to cleteimline the most probable position of the object. The 
distance of the object from the vessel, the inherent strength of the position fix, and 
the size of tlie angle of the cut lnust all be talcen into consideration. So far as un- 
certainties in the position fi\- are concernecl, tbe smaller the angle of the cut the less 
will be the effect on it due to slight inacc.uracies in the fis, especially when the object 
cut in is a t  the same appiwsimate cli~t~ance as the stations used for the Ls. 

If the object being located is a floating aid to navigation, the direction of the 
current at  endl obser~nt~ion slloultL be c.onsidersd. 

Whe,re nlaily cuts have been talcen to clifferent objects in a11 area, it is frequently 
extremely difficult t.0 be certain which cuts were taken to identical objects, and a 
careful study of all the fac.ts ancl data is nec.essa1y to avoid the possibility of confusion 
of cuts. 

77. SOUNDINGS AND DEPTH CURVES 

The sounclings are the most import.aat part of a. hydrograpl~c survey, and the 
greatest care must be taken in putting them 011 tlle smooth sheet. They niust be clear 
ancl legible and, in general, a nlsgnifying glass should not be required to read tlieni. 
The snlooth plottmer must always bear in mind that an illegible sounclilq erroneously 
transferred to a published clinrt may possibly result in loss of life and property. The 
fact that the worli is verified before publication does not relieve the plotter froni eser- 
cising care in tlie first iastnnce. 

All souadings are pe?tailed on the snlootll sheet in the field. Under no circum- 
st,ances are they to be itlkecl by the field party. This is accomplished only after veri- 
fication in tmlle Washington Office. 

Only one clepth unlit (fathoms or feet) shdl be usecl on each l~yclrogaphic. survey 
sheet. The depth unit to be usecl will depend 011 the general region (in which ocean 
the survey is locatecl), on the specific locality, and on the unit used on existing charts. 

771 1. Depth Unit in the Atlantic Ocean 

The depth unit of surveys in the Atlantic Ocean and bodies of water tributary 
thereto shall be integral feet (and occasionally to the nearest half-foot), esceppt 
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(a) For those offshore surveys which are entirely beyond the limits of charts whose depth unit 
is feet; in which case th'e depth unit of the survey shall be fathoms. 

7712. Depth Unit in the Pacijc Ocean 

The depth unit of survcys in the Pacific Ocean ancl bodies of water tributary 
thereto shall be fathoms (and decinlals), e x c e p t  

(a) Where the major part of a hydrographic sheet is within the limits of a chart whose depths 
are in feet., that smooth sheet shall be plotted in feet. 

(b) That the survey adjacent to the shoreline shall be in feet when the sheets can be arranged, 
without duplication, so that nearly all of the reduced depths on the inshore sheet b e  less than 25 
fathoms. 

7713. Fractional Foot Units 

On hydrographic sheet whose dept?h unit is feet, the depths shall be in integral 
feet, except in the following cases, where they shall be shown to t,lle nearest half-foot: 

(a) At important points on navigable bars. 
(b) At critical places in channels of a general depth of 42 feet or less. 
(c) The least depth on important shoals, rocks, and dangers when less than 42 feet. 
(d) In  shallow enclosed waters and inside routes. 
(e) On both sides of the low-water line (see 7715). 
(f) Where necessary or desirable to define the, depth curves bet,ter (see 7762). 

7714. Decimal Fathom Units 

On a hydrographic sheet whose depth unit is fathoms, soundings slid be plotted 
as follows: less than 11 fathonls in fatlionis and tenths, between 11 and 31 fathoms to 
the nearest half-fathom, and greater than 31 fathoms in integrd fathoms, ezcept- 

Where the bottom is smooth and the slope gentle (as in parts of the Gulf of Mexico, the Atlantic 
Continental Shelf, and the Bering Sea), and a Dorsey Fathometer or instrument of equivalelit accuracy 
is used, soundings less than 31 fathoms shall be in fathoms and tenths and between 31 and 101 fathoms 
to the nearest half-fathom. 

771 5. Minus Soundings 

Soundings that reduce to heights above the sounding datum (plane of reference) 
are termed minus soundings, since orclinnry soundings are depths below the sounding 
datuni and are considered positive numbers. Minus soundings are shown on the 
smooth sheet preceded by a minus sign (see 7735) and sllould fall inshore of the low- 
water l i e ,  such areas being bare at  the sounding daturn. 

In  order that the location of the low-water line niay be more prec.ise1y delineated 
on the snlooth sheet, the soundings in the vi~init~y of the line should be plotted to the 
nearest half-foot (see 7713(e)), extreme care being talcen to accompany them with the 
correct sign. 

7716. Conversion of Depth Units 

Tlre corrected depths in the "Reiluced soiindingsJJ coluinn of the Sounding Record 
from which the smooth sheet is plotted are eit,her in (a) integral feet. (b) feet and deci- 
mals, (c) integral fatlloms, or (d) fnthonls and dec,inlnls. The double depth unit of 
fathonls and feet is no longer used. 

Although the corrected depths in the Soltn.di.r&g Record may change from one unit 
to another within the area of a survey or within the same Sounding Record, they are all 
finally' reduced to the unit to be used on the hydrographic snlooth sheet (see 823). 
Only one unit (fathoms or feet) s h l l  be used on any one snlooth sheet. Fractions or 
decimals of the same unit may of course be used. 
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A. SMOOTH-SHEET SOUNDINGS 

Where the clepth unit on a hyclrogapliic smoot,h sheet is feet, all soundings are in 
integral feet (ancl occasionally half feet). Where the depth unit is fathoms, all sounclings 
are in integral fathoms or fathoms and decinlals. To acconiplish this s convei.sion 
from the unit of the depths in the Sounding Remrds is frequently necessary. This 
shall be done in accordance with the following rules which are also illustrated in figure 
162: 

(1) Where the same depth unit is used on the smooth sheet as in the Sounding Record, but in 
integers on the'sheet, any partial units shall be converted into whole units by changing 0.75 or more 
into the next greater integral unit, and changing decimals below 0.75 into the next lesser integral 
unit (e. g., 2.75 to 3.75 feet=3 feet; 12.75 to 13.75 fathomscl3 fathoms). 

(2) Where as in (1) the depth unit is the same but the soundings are to be plotted in fathoms and 
tenths, partial units shall be converted by changing 0.075 or more into the next greater decimal unit, 
and less than 0.075 into the next lesser unit (e. g., 2.575 to 2.675=2.6 fathoms). 

(3) Where as in (1) the depth unit is the same but the soundings are to be plotted in half units, 
then 0.25 to 0.75 shall become M, and 0.75 to 1.35 shall beconie 1 (e. g., 3.25 to 3.75 feet=3% feet; 
3.75 to 4.25 feet=4 feet). 

(4) Where the reduced soundings in the Sounding Record are in a different unit from that tp be 
used on the smooth sheet, they shall first be converted to their equivalent values in the smooth-sheet 
unit and then apply rule (1) or (3), as the case may require to obtain the values for plotting. 

Table 26 illustretes the application of these rules: 

TABLE 26.-Conversior~ of reduced soundiqtg values Lo smooth-sheet valzies 

B. CHARTED SOUNDINGS 

'J'he soundings on the publislled nautical charts are either in (a) integral feet, ( b )  
integral fathoms, (c) fathoms and half fathoms, or (d) fnthonls ancl quarter fat1loms;- 
but, these charted sounclings a.1.e from smooth sheets on which the soundings may appear 
in (a) integral feet, (h) feet and half feet, (c) integra.1 fathoms, or ( d )  fathoms and tenths 
of fathoms. 
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F I O ~ R E  163.-Reduced sounding equivalents for smooth sheet and chart. 
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I t  is obvious tlmt it nluy be necessary t,o convert froni t,hc unit on the snlootll sheet 
to another unit for charting purl~osrs ancl Chis shall he done in accordance wit.h the fol- 
lowing rules (see also fig. 162): 

(I) Where the charted soundings are to be in the same integral unit used on the snlooth shcet the 
soundings shall be transferred without, change. 

(2) Where a sounding in feet on the smoot,h sheet includes a fraction, the fraction shall be omitted 
in charting (e. g. 8% feet=8 feet-). 

(3) Where the soundings on the snloot,h sheet are in integral feet and are to be chart.ed in fathollls 
and quarters, fathoms and half fathoms, or integral fat,hon~s, the odd feet shall be convert.ed as follows: 

(4) Where the soundings on the smooth sheet are in fathoms and tenths and are t,o be charted 
in integral feet, integral fathoms, fathonls and quarters, or fathoms and half fathonls, the decinrals of 
fathoms shall be converted as follows: 

- 
Sounding on 
smooth sheet 

Fed 
1 
2 
3 
4 
5 

To avoid soiling the s~llooth sheet cturing the penc.iling or inking of the soundings, 
it should be kept conlpletely covered, escept for the s~ l ld l  area actually being worked 
on. A convenient method is to use a large piece of celluloid about 2% feet squa.re wit11 
a cjrcular hole, 3 to 4 inches in dian~eter, cut in its center: the cell~~loid being moved 
around as necessary during the work. Paper can be used inste.ad of c,elluloid, but cellu- 
loid has the advantage of permitting the work to be seen through it. Other parts of 
the sheet can be kept covered with conveniellt sized pieces of ohsolstme charts or wrap- 
ping paper. (See 731.) 

The plotting of the soundings on the smooth sheet follows genesdly the same pro- 
cedure used in plotting the positions; that is, the plotter usually begins with position 
1 of "AJJ day and plots the soundings in the order in whicli they were actually take11 
in the field. This procedure is, of course, not n requirement, and it niay be advnnta- 
geous to depart from it in special cases. 

All soundiigs that are penc.iled or inlted on the snlooth sheet shall be spaced ac- 
cording to the recorded time, or the travel of the paper in the case of fatliogmms, 
and spacing dividers (see 4813) shall always be used for this purpose. No deviation 
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from the recorded times shall he made for the purpose of improving crossings, or for 
other reasons, unless other data prove that the recorded times are in error. Such 
errors usually occur only in the hours or niinutcs, and if the interval between positions 
is relat,ively short, as it usually is in three-point fis hydrography, an error in the min- 
utes is easily cletecterl. 

Where the depths between positions are uniform, a slight displacement in the 
positions of the soundings is immaterial, and no appreciable time should be espended 
in obtninit~g precise sl~acing. 111 il-regulw depths, llowever, the spacing as recorded 
niust bc closely followed. 

All souncfings niust he plotted on the pencil lines connecting consecutive positions 
(see 7682). 

Where soundings fib11 close to control stations in the water area, care must be taken 
that the soundillgs clo not obscure tlle actual station points. In general, in mlim- 
portant areas of unifornl bottom, soundings should not be shown inside a station 
symbol. But there slloulcl be no llesitancy to breali the station symbol to show an 
important sounding. 

7721. Spacing Three-Point Fix Hydrography 

In three-point fis hydrograpllj~ positions are usually talien a t  regular int.ervals 
and at even minut.es ol t,ime (see 3313). This simplifies the plotting of the soundings 
between positions. If the soundings are t-aken at uniform intervals, as is generally the 
case in handlentl worli, the spacing dividers are used to subdivide the distance between 
positions into 611e required number of spaces, and the soundings are plotted. If tllc 
sounding interval is not uniform, the soundings must be plotted according to their 
respective times. In such cases the spacing clividers are used as a time-measuring device. 
(See 343 and 4813.) 

When the speed of the vessel is changecl materially between positions it must be 
taken into account in spacing tllc soundings. This is particularly important in launch 
and small-boat 1ydrogr:~plly at  tllc beginning of lines near the beach, where the launch 
or boat starts from a st~n.ncIstil1 or slow speed, increasing to full speed soon there- 
after. A sinlilar allo~vnnce is oftmen necessary near the end of a sounding line near 
the beach where the speecl may be reduced as the launch approaches the shore. 
Occasionally, such changes are mnde far offshore; as for instance, when it is necessary 
to slow dow-11 to a.voicl collision wit11 :i passing vessel. Because of momentum, of 
course, tho increased or drcrerrsed speed is effective only gradually after the time noted 
in the Sounding Record. (Sec also 3461.) 

--. 9 r r 2-. Sflacing R.A.R. Hydrography 

In R.A.R. hydrogmphy, posit,ions do not necessarily coincide with even minutes 
of time, and ns the sounclings we recorded according to time intervals there will not 
always be a sounding on the position; neither can the soundings be spaced evenly 
from position to position. In using the spacing dividers the points must be set accord- 
ing to time, starting wit11 the minute immediately preceding or following any R.A.R. 
position which docs not occur a t  an even nlil~ute (see 4813). Otherwise, soundings 
controlled by R.A.R. are spaced in n manner similar to that used in other methods of 
control. 

a. Tabulcttion of crossings on R.A.R. sheets.-Because of the relative weakness of 
R.A.R. control in cestain areas a pe~lcilecl tabulation of the depths at  crossings shall 
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be made for each R.A.R. sheet and included in the Descriptive Report (see 842h7. 
This will give some idea of the relative accuracy with which the hydrography has been 
controlled, if the depths are accurate. This tabulation can be most conveniently made 
as the soundings are plotted on the slieet. At each crossing the depth differences are 
computed and when these data are available for the entire sheet, percentages are com- 
puted which will give a reasonably fair idea of the accuracy with which the survey has 
been controlled. 

7723. Spacing Echo Soundings 

Becausc of the possibility of obtaining an almost infinite number of soundings when 
the echo method is used, there are frequently more soundings recorded then can or 
should be shown on t.he smooth sheet. Echo soundings are spaced in the conventiona.1 
manner, except that a certain percentage of those rccorded will often have to be omitted 
from the smooth sheet. In echo sounding, soundings are frequently recorded a t  irregu- 
lar intervals, but these are usually more important than those recorded a t  regular 
intervals, because they define irregularities in the general slope of the bottom. (See 
3423.) 

Where soundings are penciled on the sniootli sheet directsly from a fatl~ogram, clocli 
time is not necessarily used to determine t.lw spacing. The printed fat6l1ograms used on 
the SO8 Fathometer contain equally spaced vertical arcs, by which the sl>a.ci~lg of the 
soundings may be determined. Wllen n fathogram is usccl, the ttlree-point fixes are 
often taken a t  the exact moment the stylus is marking on one of the vertical arcs, and 
irrespective of clock time, with the interval between positions beiug determined by the 
number of spaces between position arcs rather than by the number of minutes and 
seconds. When soundings from such a record are to be transferred to the smooth sheet, 
the spacing dividers should be adjusted between any two consecutive positions on the 
smooth sheet so that each divider point represents a vertical printed arc on the fntho- 
gram, if the scale permits. When this is done each divider point on the smooth sheet 
represents the position of the vessel when the sounding was recorded on one of the 
verticd arcs. In  any case, the divider points should be adjusted to a dehi te  relation 
with the printed arcs, rather than to the clock time, as is necessary for soundings 
recorded in a Sounding Record. Where three-point fixes have been obtained which 
did not coincide with one of the vertical arcs, the metliod is similar escept that fractional 
parts of the spaces between the posit.ion arcs must be considered in making the spacing 
divider adjustment on the smooth sheet in relation to the positions, so that each 
divider point will still represent a printed arc. 

Mechanical spacing of soundings derived from a fathogram is not to be tolerated. 
Selection should be made as described in 7726, plotting the soundings on the sn~oot~ll 
sheet in their correct positions between the pointss of the spacing dividers by reference 
to their positions between corresponding vert,ical arcs on the fathogram. 

7724. Frequency of Soundings 

The scale of the smooth sheet and the sounding interval will ordinarily be selected 
so as to permit all soundings recorded in the Sounding Record to be shown on the smootll 
sheet. The frequency of recorded soundings is, of course, greater in shnllow t.han in 
deep water, and this may result in more soundings being recorded tshan can be shown 
on the smooth sheet. In this case selection is necessary (see 7725). 
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Where tlie appearance of the snlooth sheet is the only criterion, tho followiug rules 
n1:ty be used for general guidance, always bearing in mind that legibility and clearness 
are of prime consideration: 

(1) Where the horizontal axis of the numeral approximately parallels the direction of the sounding 
line, 1-digit nunierals should be spaced about 7 to an inch, 2-digit numerals about 5 to an inch, and 
3-digit numerals about 4 to an inch. 

(2) Where the horizontal axis of the numeral is al~proximately nornlal to the direction of the sound- 
ing line, the most satisfactory spacing is about 7 nunlerals to an inch. 

(3) Where nulnerous fractions, or decinials, are to be shown, these nlny be considered as equivalelit 
in width to about one-half digit. 

In congested areas a t  least 50 percent more soundings call be legibly sl~owll in tho 
same space without undue confusion, if care is used (see 7732 and fig. 163). 

7725. Selection of Soundings 

Where all of t.he recorded sounclings are not to be shown on t,he sinoot~h sheet a care- 
ful selection must be made so that those shown will nlost nearly represent the actual 
bottom relief. In no case, except where the bottoin is practically flat, shall a mere 
mechanical selection be used, as for instance the selection of alternate soundings. The 
sounding obtained on a fkx should always be shown. Between fixes, where a selection 
is necessary, the general rule is that both the deepest and shoalest soundings must be 
shown, interspersed with as nla-ny other soundings as can be conveniently shown. I t  is 
absolutely essential that the h a 1  result show the least depth on shoals, the greatest and 
least depth in channels, all changes of slope, and those sounclings which are essential to 
the correct delineation of the depth curves. 

In penciling soundings on the smooth sheet, it is essential that dangers and im- 
portant depths be not obscured by numerous soundings of lesser Ilnp~rt~nnce. As the 
progress of penciling reveals tlle important features it will frequently be found neces- 
sxly to delete some of the plotked soundings to permit showing tShose of more import- 
ance. To assist in drawing attention to inlport,ant features, sucll ns roc.1~~ awash, 
sunken rocks, and least depths on shoals, frequent use shall be nlacle of leaders pointing 
to these (see 7753). 

The low-water line is one of the most important depth curves on the smooth 
sheet, and it is essential that it be located as acc.urateJy as possible. All of the soundings 
that will aid in defming its location shall be shown in pencil on the smooth sheet. 
(See 754.) 

At crossings of sounding lines and occasionally where two parallel sounding lines 
approach one another closely, the sounclings of one line will conflict in position with 
those of another line. In selecting the soundings in such cases, the same considerations 
must govern a.s in the case where all the soundings on one ljne cannot he shown. In 
general, the least depth shou~ld be selectecl. 

Where soundings have been .taken over even lnud or sand bottom and there is a 
plethora of soundings of approximately the same clepth, it is unnecessary to show them 
with the frequency usecl for uneven bottom. In such cases they should be plotted 
with only about two-thirds the frequency stated in 7724. 

Recol-decl sounclings that are not usecl in tslle smooth-sheet plotting should be 
marked "N.P." in tlle Sounding Record, the notation being entered in color (see 7624) 
after the fina.1 reduced sounding. 
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7726. Selertwn of Soundings From FutJlogrum 

Where the depths are recorclecl on a fathogran1 a different problem is presenteel. In  
this case, sounclings are selected from a colltinuo~ls profile of t,lle botrtonl along the line 
traversed by the sounding vessel. The smooth plotter must have an appropriate spac- 
ing in mind a t  all times, but he must not select t,he sounclings by any regular spacing. 
The soundings selected should, insofar as their frequency peilllibs, present a numerical 
record that will approximate the graphic profile. In a.11 cases the least dcpt,h of ct rise in 
the bottom must be selected, and this must be followecl and prececlecl by the greatest 
clept,hs, where practicable, irrespective of any int,ermecliate. sounclings. Likewise, the 
greatest depth of a depression in the botatmonl must be selectecl. In  very irregular bottom 
the number of these to be shown will be reg~lat~ecl, of course, by the nunlber of soundings 
that can be legibly shown on the s~nooth sheet in a given space. Inbermecliat,e sound- 
ings sliall be selected wl1ic.h will best clelineate thc actual profile. 

In penciling the soundings, the smoot.11 plot,ter lnlist use evely effort to achieve 
cla.rity. Critical soundings shoulcl never be obscured by plnc.ing soundings of lesser 
importance too close t80 them. A pencil hard enough t,o prevent smudging should be 
usecl, but it must not be so hard as t,o indent or cut the surface of t>he paper. Generally, 
a 3H pencil will be found satisfactory, but this will depend on the humidity of the 
at~mosphere a t  t8he time (see 724). 

As enc.11 da,y's soundings are pencilecl t,he plotter shn.11 enter his init.inls wit,li a colored 
pencil in the nppr0priat.e space in Stamp No. 35, Processing. plncetl in the Sounding 
Rccord st the end of each clay's work (see fig. 1S3). 

The penciled sounclings sliall be bolcl vertical numeru.ls, cll.:iwn wit11 single ~t~rolics. 
Hair line or fa.ncy lett*ering nlust not be usecl. T l ~ e  beginner will usually espexience 
sonle difficulty in penciling soundings neatly with even-sized nunlernls, hut skill is 
easily acquireel wit,ll a little pmctice. 

7732. Size of Numeruls 

Most of t,he numerals representing sounclings should be a.hout 3 nlnl in height. The 
size of t,he numerals, of course, should vary son~ewhat according to whet,ller tlle sound- 
ings are sparse or conge.st,ecl in any given n.rea. 111 areas where t.he sounclings are 
sparse t.lle size shoulcl be increasecl about 10 percent., and in congestecl areas should be 
reclucecl about 10 percent,. Orclinn.rily, no so~incling numeral shoulcl be less tllan 1.8 
nlnl in height,, although even this linlit may 11a.ve to be Iom-ered for areas in which the 
sounclings woulcl otherwise be illegible. The important t.lliags t,o remember a.re, first, 
t.hat n o  s~ttnding shoulcl ever be illegible ancl, second, t,llat in orcler t.o present n pleasing 
appearance a uniform size of numeral sllould be maint,ained as far as practicable. 
(See fig. 163.) 

In areas of intensive development where incliviclun.1 lines of soundings are clifficult 
to follow, the numeral representing the least dept,ll should be clmwn slight,ly larger and 
bolder. Such clept,hs nre the most in1porta.nt eounclings in the area, ancl a c.ursory 
examination of t,he ehcet should disclose these \vithout the need for n n~etic.ulous sound- 
ing-by-sounding es  apipation of the areas. (See also 7753.) 
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FIGURE 163.-Sizes and placement 01 sounding numerals and other data on smooth sheet. 

When the soundings are inked in the Washington Office bhe same procedure shell be 
followed and in addition, care must be taken t,o maintain the opaqueness of the inked 
data. 

7733. Orientation of Numerals 

Regardless of the direction of the sounding line on the projection, all numerals 
representing soundings shall be oriented to be read from the south. Normally, the 
liorizontal axis of the numbers sha.11 be east and west. Where the numbers contain too 
many digits or the soundings are too frequent to permit this, they may be inked at 
any convenient angle, provided they can be easily read from the south (see fig. 163). 
I t  should n,ever bc necessary to turn the sheet to read a part of the soundings easily. 
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7734. Fractions and Dscim.uk 

Figures in a fraction or the decimal parts of a depth unit must be snleller t11a.n whole 
numbers. In general, the over-all height of a fraction sl~oulcl not be niore t.han 15 
percent greatcr than the over-all height of the whole numbers in that vicinity. Where a 
frac?t,ion stands alone the horizontal bar between trlle n~mcritt~or nncl tlenominntor 
nlusb he included, in order to avoid nlistrtking the component parts of the fraction 
for wvllolc numbers. But if the sounding is a mixed number-that is, wllcre a fraction 
accompanies a whole number-the bar shall be omitted. 

The decimal part of a fathom shall be considered as the nurilerator of a fraction 
whosc denominator is 10, but with the denominator omitted, and shall he so penciled 
and subsequently inked on the smooth sheet. The horizontal bar which is normally 
used between the numerator m d  denominator of a fractio~ shall be retained as a 
line under the decimal part of the sounding. 

No depth shall ever be shown as a decimal alone. Where the dcpths arc less than 1 
fatllom, on a smooth sheet whose depth unit is fathoms, the decimal part shall be 
preceded by zero, as 02. 

Greater care must be tnlcen in penciling ant1 inking fractions and decimals than 
is nec.essary with whole numbers, since their smaller size requires greater perfection in 
the fornlntion of the numerals, in order that they shall be perfectly legible in spite of 
their reclucecl size. 

In congestecl areas it is particularly important that fractional numbers be so 
rlrawn and so spaced that no doubt c.an ever nrise as to whether a frn.ction stands 
alone or is part of nn adjoining number. 

7735. Zero and Minus Sounding 

Wllarc zoro soundings are plncctl on the sn~oot~li slloct, r!slrwnc! CILI-O 11111st 11c l:tli~!11 
ill tlrawi~~g these figures in order tliat they will not be mista.ken for off-lying rocks or 
islets. This is espec.ially important along rocky coast~s whcre snlall isola.tc~t1 bare 
roclcs or islets rare frequent. 

A minus sounding (see 7715) should be precedecl by a minus s i p  (e.g. -3). If the 
minus sounding is n fraction, the niinus sign shall precede the ~~zlrnerntor, and not he 011 
.a line with the bar between the numerator and clel-laminator, since in tllc Ia.ttcr case 
it miglit be mistaken for s part of the bar. (See n.lso 7734.) 

7736. Position of Numerals 

The center of the ~iumber, including the fraction if any, is considered the position 
of that sou~iclilig and shall be so pellciled and inked on the smooth sheet, except for 
the soundings at  positions. 

In  penciling or inking soundings at  positions it is important not to obscure the 
position dot by any part of the number. Therefore, in those cases, where the 
number is conlposecl of an eve11 number of digits, c.oasiclering the fraction, if nny, as 
one digit, the sounding shall be placed with an equal number of digits on each side of 
the position dot. Where the number is composed of an ocld nmnber of digits it shall 
be placotl as follows: (a) one-digit nulllbers inlmediately to tlie right of the position 
dot; and (b) threedigit numbers with tllo first digit to the loft;,and the srcond nnd third 
digits to the right of the position dot. 



PAGE 725 THE SMOOTH SHEET 7737 

7737. F7erlical Casts 

In conjunction with echo sounding, occasional comparisons are made with vertical 
casts taliell by the leadline or wire n~etl~ocl. Such sinlu~ltaneous soundings are both 
to be placecl on the sn~ootll sheet, in pencil ; the echo souncling a t  the correct position 
and the vertical cast inlnlecliately benei~t~ll i t  and conncc.ted to it by means of a bracket. 

After verification in the Washiilgton Office, only the echo soundings shall be inked 
in areas of comparatively regular bottom. IVllere vertic.sl-cn.st comparisons occur in 
areas of steep slopes or very irregular bottom, both the echo sounding and the vertical 
cast are inked, the latter being marliecl "VC". 

During the plotting of the sounclillgs nncl the delineation of the depth curves, 
the smooth-sheet plotter must be ever alert to detect errors in the Sounding Records, 
whether in the original entries or in thc final reclucecl depths. In  spacing the sound- 
ings with the spacing clividers, previously uncliscoverecl errors in the plotted positions 
may often be disclosecl, which may have resulted from original erroneous or inadequate 
data, or from errors nlacle by the plotter. As the s o u n d i s  are penciled, errors 
in the depths nlay be clisdosecl by the fact8 that the sounclings on adjacent lines are not 
consistent, or by the fact that when the clepth curves n,re clrawn they are forced into 
representations of unnatural hotto111 features. 

If errors are disc.overed or suspec.ted, they must be verified and corrected wher- 
ever necessaly. But no cleviation from the original recorded data shall be made 
unless this appears reasonable and is support.ed by other evidence. Where any entry 
in the Record is amended or rejected, such changes shall be made in colored pencil 
(see 7741) and each change fully esplainecl or justified by a note in colored pencil in 
the "Remarlis" colum~i. 

Two general classes of errors nlay occuw in the Sounding Records; tllose which 
affect the positions of the soundings and tllose which afFect tshe depths. And of these 
two classes certain types of errors will affect only isolated soundings or positions, while 
others will affect an entire area. The. latter, of course, are the most di£Ecult to discover. 

In  76248, there have been listed the liillds of errors found occasionally in the 
recorded position data which affect the positioils of the soundings on the smooth sheet. 
Errors of position nlay also result from the followillg sources: 

(a) Faulty spacing of the soundings along the sou~iding line, due to- 
(1) An error in plotting the soundings. 
(2) A failure to take into'account variations in course or speed in plotting the soundings. 

(b) One of the sextants badly out of adjustlnent. 
(c) One or more of the control stations incorrectly plotted. 
(d )  In R.A.R. control, the use of an erroneous horizontal velocity of sound for one or more of 

the distances. (See also 7636.) 
(e) Small clock errors. 
( j )  An omission of variations in course or speed in the Sounding Record. 

Erroneous soundings may result from an almost infinite variety of causes, of which 
the following are the more common: 

(a)  A coilfusion of numbers in the Potmding Records, such as the interchange of 7 and 11 or 15 
and 50, where the soundings obtained are transmitt.ed orally t.o the recorder (see 4623). 

(b) A misread sounding; that is, the leadsnlan or fathometer attendant actually reports a sound- 
ing different from that obtained. 
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(c) An inaccurately calibrat,ed sounding apparatus or the niisal~plication of the correct.ions, anlong 
which  nay be  tlle following: 

(1) Leadline not conipared with the  standard. 
(3) Leadline varied in length between st.andardizations. 

(3) 8ouildi11g machine regist,rrii~g slicave 
not correctly cdibmtecl. 

(4) An erroneous velocity of son l~d  use~l  
in the reductinn of echo soundings. 
( d )  Erroneous application of any of the data  

used in reducing the soundings. 
(e) Large clock errors which lnay result in an 

erroneotis tide reduction. 
Cf) An inaccnrate plane of reference; errors 

from this source niay occur where- 
(11 The tide gage is locat.ec1 at, too great 

a distai~ce from the area being sounded. 
(2) The area being sounded is l>locked by 

shoals from free access of the tide. 
(3) The tide gage is so located t h a t  the free 

rise and fall of the tide, partic~ilarly the low 
water, is [lot correctly recorded. 
Ig) A ruugli state of the sea-errors due tu 

this condit.io11 niay be cletectcd where one day's 
work performed in rouph we:~ther is adjacent to  
another day's work performed in calm weather; or 
wl~ere crosslines have been run in an area under 
rlifferent conditions of sea from those which ob- 
tained a t  the time the principal systenl of lines 
was run. 

(h) Where the leacllinc or wirc is ~ u l t  perfectly 
vertical-such condition occurs when the sound- 
ing line is run in a wind, serr, or current, handlead 
soundil~gs being ~,arsicularly vulncralile in t l~ix 
veslwct (see 3464); wire soundiiigs in deep water 
may be similarly affected because of the  inipossi- 
bilitv or in~pract.icahilit~y of maintaining the 1ios'- 
tion of the ve~se l  vert.ical1.v over the lead (see 3422). 

(.i) Where handlead or wire solindings arc 
taken in an area of very soft or oozv bottom, where 
i t  is difficult o r  quite i~npossiblt~ t o  detect whe~l  the 
lead strikes the top of t8Ilc soft layer. 

(3) Where soundiiigs are taken on abrupt slopcs: 
(11 In  handlead or wire soundings t.!lc 

lcacl may slip clown a rocky slope. 
(2) In  echo sounding, the sound niay hc 

reflected fro111 the side of t.he slope rather than 
from vert.ically beneat-h the vessel (see 563). 

(3) A small displacement of the position 
FIGURE 1134.-Right-hand page of Sounding Record with of the sounding liiay affect the depth by a 

corrections properly made (reduced about onehalf). considerable amount. 

7741. Cmrectwns to Recorded Datu 

The instructions for recording the data forbid erasures, and recorclers correct tslleir 
errors by crossing out the erroneous entiy and writing the cowectecl one above or a t  one 
side (see 81). The smootll plotter may frequently find tlmt the rejected ent,ry, or some 
part of it, was correct, but that its application may not llave been correct, 
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An example of a right-hand page from the Sounding Record of three-point fis 
hydrography is illustrated in figure 164. Typical errors and omissions are shown, to- 
getlier with the proper method of checkmarking and correcting them. .The corrections 
should be made by the smooth-sheet plotter according to the following general instruc- 
tions : 

(a) All corrections and notes in the Record must be made in colored pencil, the same as used for 
checkmarking the position8 (see 7624), in order that it will be clear what data were used for plotting 
the position and that it was not a correction made in the field a t  the time of recording the data. 

(b) The original recorded data shall never be erased, no matter how certain the plotter may be as 
to the correct entries. Such correct.ions should be made by crossing out the recorded data and, where 
practicable, entering the correct data above the crroneous data. But in any case, the correct data 
should he so entered that 110 mistake in interpretation can be made. 

(c) The reason and authority, if any, for t,he revision shall be entered. 

After the srnootli sheet has been completed, it should be in complete agreement 
with the corrected Sounding Record. No positions should appear on the smooth sheet 
except those which are based 011 data in the Sounding Record, or are fully explained by 
supplemental entries; neither should any deptlis be penciled on the smooth sheet which 
do not appear in the Sounding Recorcl or on the fatliogram. I t  should be possible a t  
any time in thc future to justify any infoln~ntion on the smooth sheet by reference to 
the Sounding Recorcl or fnthogram. 

Cases frequently occur where it is i~npossible to show adequately parts of surveys 
a t  the scale of the smooth sheet. Anlong these are: (a) intensely developed small 
areas; (b) soundings talcen in small docks and alongside sniall piers; (c) large water 
areas developed with two or more systems of lines. Clarifications in (a) and (b) are 
ac.c.omplished by means of subplans at  e111arged scales (see 7751), and in (c) by means 
of overlay tracings (see 7752). 

7751. Subplans 

S n d l  congested areas shall be shown a t  enlarged scn.les in ssubplans in otlielwise 
blank spaces on the snlooth sheet, where prrtc.ticable. The scale and extent of the plan 

135"201 

135"201 

NlTAL COVE 
Scale 1:10,000 0 FAT 135"20' stale 1:2.500 

Frc;us~ 165.-Subplan of small cove on smooth sheet. 

shall be large enough to show the positions and soundings clearly, and to include the 
stations used to control the hydrography to be plotted thereon. 
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Enlarged subplans, such as those to include the water area of a slnall bay, bight, 
inlet, or anchorage area, shall be surrounded by a heavy margin in black ink. Each 
subplan must include the scale, the name of the water feature, if any, and a t  least one 
nleridian and parallel. An arrow should be added leading to the plan from that part 
of the smooth sheet of which the plan is an enlargement, where it can be done without 
interference with t . 1 ~  hydrography. A h e  dash pencil line should be drawn around tho 
area on the original scale which has been enlarged. Details shown in the enlnrgen~cnt 
 nay be omitted from the original scale. Wherever practicable, the subplan should 
bc locabed so that its meridian and parallel coincide with two of the lines of the prin- 
cipal projection. (See fig. 165.) 

Where soundings are taken in small docks and along the sides a.nd ends of small 
piers and are located by reference distances to or along the piers, enlarged plans of these 

p.+ @ 

Scale 1:5,000 

FIOUBE 166.-Subplan of pier with s o d i  al-de. 

shall be shown as nearby as convenient to the areas a t  the original scale. If the enlarged 
plan cannot be shown adjacent to the area, there shall be an arrow leading to the 
enlarged pier from that place on the shoreline where the pier is located. Such plans 
need not contain a scale nor be surrounded by a margin. Each plan shall show in 
figures the principal dimensions of the pier. (See fig. 166.) 

7752. b l a y  Tracings 

Where the subplan method is impracticable, because of the kxtent of the area 
involved, or for any other reason, overlay tracings shall be used. These are plottings on 
tracing cloth, at  the scale of tlie smooth sheet, of one or more of the several systems of 
sounding lines used to develop the area. In order to achieve clarity, it is sometimes 
necessary' to use more than one overlay. The overlays need be only large enough to 
include the hydrography in question, and need not cover the entire sheet. The pro- 
tracting is done directly on the tracing using the control points on the smooth sheet. 
Both positions and soundings on the overlay shall be inked (positions in black and 
soundings in red). 

Each overlay tracing shall be referenced to the smooth sheet by number as "Over- 
lay to accompany H-5236," and shall be marked by a sufficient number of projection 
intersections, at  least two of which shall be identified by their latitudes and longitucles. 

Smooth-sheet plotters n1a.y determine where overlay tracings are necessary and 
what portion of the work should be so prepared by the criterion that it must be possible 
for the verifier to identify each position on the various sounding lines. As a general rule, 
where the sounding lines are not much less than onefourth inch apart, two systems of 
lines may be satisfactorily plotted directly on the smooth sheet, but where there are 
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Illore than two systenls the aclditional systems should be plotted on one or more overlay 
tracings. 

If, for example, there are three systems of sounding lines, A, B, and C, in an area, system A should be plotted and thesoundings 
penciled directly on the smooth sheet. The position dots should he inked but the position numbers and day letters should be left in 
pencil at this stage of the plotting. I t  is often advantageous to identify the positions temporarily by placing the numbers and day 
letters well outside of the congested ares, connected to their respective positions by lightly penciled leader lines. The second system. 
B. if neither d nor B is too closely spaced, shorn In penciling 
the soundings of system B i t  will be found that some of these occur where soundings from system -4 hare already been penciled, and it 
will beneceasary toerasesomedtbe Asoundings tomakespaeeforshoalersoundjngs obtained on the Bsystem. The resultant sound- 
ings on the smooth sheet should be an adequate seleetionfrom the Aand B systems, depending on the depths obtained. No preferen% 
should be given to the soundin@ of one system over the other. After the soundings have been genciled, the position numbers and day 
letters can be inked where they will not iutwfere with the sounding, usingshort leaders where necessary. 

The hydrography of system Cshonld now be plotted on the overlay tracing, with the least depth found by that system empha- 
sized by an arrow pointing to it, on which is lettered the depth, position number. and day.letter. 

Finally, the least depth obtained from all of the systems on any given shoal must be plotted on the smooth sheet and indicated 
by a leader at whose end in a clear space 1s given the depth, and the position number and day letter (see 7753). 

All overlay tracings nlust hc fom-arclecl to tlie W~sliingt~oa Office with the smooth 
sheet. Wheii the latter is verified in tlie Office the positions will be transferred from t,he 
overlays to the snlooth sheet, and a selection of soundings made wllicll will adequately 
represent the cleptl~s in the area; after review of the smooth sheet the overlays will be 
clestsroy ed. 

7753. Least Depths 

The least cleptll 011 each sl~~i1.1, wlletl~er or not it c~ontaiils int,ensive development, 
sl~oulcl always he sllown sliglit.ly larger and bolder than the surrounding depths, in 
order tlmt it will not he ~v~r lo~ l i ec l  even in a cursoiy exmination of the smooth sheet. 
(See 7732.) Ancl in all cases where there is any rloubt about the least depth being 
readily noticeable, there shoulcl be added, in pencil, n legend "Least depth --- - ft" 
in a clear space (on the land area if necessary) with a h e  arrow, or leader, drawn toward 
the miuinlun~ depth. The position number and day letter should also be given if not 
otheiwise clear. 

If available, (I bottonl cl~aracteristic slloulcl always be acldecl as near the lectst depth 
ns practicable. 

The same general procedure shall be followecl when such least depths are inked in 
the Office, escept that the position numbers bnc1 day letters will orclinmily not be iidiecl 
in the legend. 

776. DEPTH CURVES 

Depth m,rzlees, or cuilres of e.qual depth, nre shown on the snlootll sheet for the pur- 
pose of bringing clearly to t8he eye the general configuration of the bottom, and for 
emphesizing important navigational features, such as shoals and channels. They a.re 
also of vdue in stuclgillg the adequacy of the survey in the W c e ,  wllere areas are often 
discovered that require aclclitional field exanlination. 

Depth curves are conlparable to contours on land, each curve representing an 
imaginary line on the ground (in the water area), every point of which is a t  the same 
depth below the sounding datum. The principles which govern the delineation of lancl 
contours are equally applicable to the drawing of depth curves, ancl a knowledge of 
tOopographio espression and submnrine relief is esseiitial for tllcir correct representation. 
A itucly of the characteristic bottonl forms in any region is of value in the interpretatio~~ 
of hydrogrrtphy, as such forms usually repeat themselves in similar regions, and often 
in the same region. (See 3531 and 355.) 

Abnormal or inlprobnble clepth curves are strong evidence of probable uncertainties 
or inaccuracies in the hydrographic survey or the reduction of records, and the soundings 
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or positions controlling such abno~nlalities shoulcl always be verified before acceptance 
as correct (see 353). . 

Depth curves shall be penciled on tlie snlootli sheet before it is transmitted to tlie 
Office. The colors adopted to represent the various clept11 curves on hydrographic 
surveys are listed in table 37. Deptli curves on snlooth s1ieet.s are only inkecl in the 
Washington Office after the survey has been +erifiecl. 

TABLE 27.-Depth curves 

7761. Selection of Deptlt. Curves 

Curve in 
fathoms 

0 

2 
3 
4 
5 
6 

10 
20 
30 
40 
50 

100 
300 
300 
400 
500 

1,000 
2,000 
3,000 

All of the applicable dept,li curves listed in table 27, escept as modified under this 
heading, shall be penciled on blie smooth sheet. However, if the survey includes sig- 
nificant submarine features whicli are not eml~hasized sufficiently by the use of the 
curves listed, aclditional curves should be drawn. The nonstanclnrcl curves and tlie 
reason for using them slloulcl be given in the Descriptive Report (see 8425). 

Although they will ordimlily not be inlied (see 7763), the 4- and (?-fathom clurves 
s h d  always be penciled on the snlooth sheet by the field party, ancl tlie )&fathom curve 
shall be added where i t  may be useful in small-boat navigation. 

Occasionally some of the cleptsh curves slioulcl he oniitted for reasons of clarity. 
On steep slopes tlie curves may be so closely adjacent as to be confusing; in sucli cases 
the sl~oal'st and the deepest curve,s are ge.nerally the niost inlportant ancl should bc 
shown, omitting the less important intermediate ones. Where rocks or steep shoals 
rise suddenly from much greater cleptlis one or more of trlle cleeper dept,li curves sllould 
frequently be omittecl; for instance, if a 5-foot depth on a rock is surrounded by general 
depths of 20 feet or more, the 6-foot curve must be drawn? but tlie 12- and 15-foot curves 
may be omitted. In channe.1~ with st.e.e.ply slopbig sides, the curve whic.ll givev the 
masinlum through depth is tlie niost ililportnnt ancl slioulcl be shown at the expense of 
some of t.11e shoaler curves. Likewise, where islands, shods, or reefs rise abruptsly from 

Curve in 
feet 

0 
3 
6 

12 
18 
24 
30 
36 
60 

120 
180 
240 
300 
600 

----------  

- - - - - - - - - -  

- ---------  
. --. ---.-- 

- 
(Plane of reference) _- - - - - - -  

- -  - - - - - - -  - - - - -  - - - -  - (O~nit) 
. . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . .  
-----------------------.- . . 
- - - - - - - - - - - - - - - - - - - (01111t) 
-------.------------------ 

- - - - - - - - - -  .. - -  - - -  - - -  (Onlit) 
. . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . .  
- - - - - - - - - - - - -1--- - - - - - - - - -  
. . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . .  

To he inked 
in 

Yellow. 
Violet. 
Green. 
Red. 
Blue. 
Irellow. 
Red. 
Green. 
Yello\v. 
Blue. 
Violet. 
Green. 
Red. 
Green. 
Yellow. 
Violet. 
Green. 
Red. 
Blue. 
Yellow. ----------------..--------I violet. 
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nluch greater dept,lls ancl several of the shoaler depth curves are very close to the shore- 
lines of the islands, or edges of t'lie reefs, the shoaler curves sllould be omitted. 

7762. Delineation of Depth Curz~s 

De.ptli curves shall be penciled liglitly as continuous lbies, using a 2H pencil, and 
using as a guide t,he curves shown on the boat sheet. The hydrographer will have 
sket,clled on the boat sheet, nlany 1nore deptli curves than are requirecl for the smooth 
sheet (see 3533), and in doing this, certain characteristics of the submarine relief are 
developed that may not be apparent where the prescribecl curves only are drawn. 
Careful attention must, tlierefore, be paid to the boat sheet wllei~ drawing the curves 
on the smooth sheet. 

Deptli c.urves are clrawn so tlmb enc11 cleptll corresponding to the depth indi~at~ed 
by the curve is either on the cuive or within it. Where tlie curve passes between sound- 
ings, it, must be located a t  the correct proportional ~list~iw1c.e between the two depths. 
Curves must be broken at sounding numerals ancl position dots-never continued 
tllrougll tllenl as cont.inuous lines. At position numbers, however, curves should be 
contiinlous, the numbers being nlovecl sliglltly, if necessn.ry. 

In c,omp.zrstively shoal 
I3 deptlis where there mi~y be 

dangers to navig;l~tion, one li, 

20 20 24 sl~ould nlmays err on the side x-,K., 
of stfetg in drawing deptb le \19 l9 24 

Id 25 curves. Wllere the sounclings ,, IS 
17- 24  

are not spaced closely enougll l5 I8 
18 2, to deternline precisely the , ,, 

21 position of a depth curve, the 
/I3 20 2 4 

curve inust be clrawn to in- 19 ,, 21 24 

clude the part of the area in 19 

which a sllonl soimding is pos- 20 

sible. For esample, where A 

23 23 2 4  
22 21 E l  22 

20 
/18+:; 

1 3 ( m i 2  17+&320  ww - 21 23 z1 
23 i2 23 21 

2 4  23 
2s 

6 
there is a shoal of less tJ1a11 3 FIGURE 16i.-Depth curves in vlcinity of s h d e  (see text). 

fatl~oms est~enclii~g offsllore, 
around which the dcptli curve might be closed just outside of several 3-fathom soulid- 
ings on n. gittea line, and there is one sounding of 3 fatllonls or less on the nest adjacent 
line offsllore, tlle one souncliilg must not be surrouiiclecl by a detached curve, leaving the 
inference that there are greater deptlls between the 3-fathom detached sounding and 
the inshore 3-fntliom c,urve.. On the contrrtry, tlie c.urve nlust be estended to include tlie 
isolatecl souncling, as in figure 167. Simihrly, where there is ml absence of soundings 
between two contiguous shoal areas, t,he c1ept;h curve must be clrawn to connect both 
shoals, rather than as a closed curve around eacli one, since in the latter case the infer- 
ence would be that cleptlls greater than the depth curve esist between the shoals. 
(See fig. 167.) 

Without esception, depth curves shoulld never indicate a tlwough cllannel unless 
this has been proved by the actual soundings taken. 

Over extensive fiat are,as it is frequently advisable to add fractional depths in 
tlie vicinity of the depth curves in order to locate them more accurately (see 7713). 
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Depth curves or parts of curves that are not well defined, as where they are 
dependent on one or two soundings, shall be shown as broken lines, except where close 
inshore, in which case they sllall be onlitted entirely. 

The low-water line, or zero depth curve, is one of tile most inlportant curves on 
the snlooth sheet. Where it is not well defined by the sou~~dings, data from other 
sources as prescribed in 754 shoulcl be used for its delineation. 

7763. Inking the Depth Curws 

The depth curves are inked in the Washington Office following the colors given 
in table 27. The word "omit" opposit,e a depth in t,he table i~ldicat~es that ordinarily 
that curve is not to be inked. Any curves not inlied shdl be erased by the verifier. 

Nonstandard curves penciled by the smooth-sheet plotter to delineate su bnlarine 
features not sufficiently emphasized by the ~ t~an~ la rd  curves (see 7761), shall be inked 
in brown on the snlooth sheet by the verifier. (See also 9336 and 93423.) 

After the positions and the sounclings have been plotted and the depth curves 
and the bottom characteristics (783) have been added, the work shall be inspected by 
a responsible person for conlpleteness and accuracy. In addition, the depth curves 
and the differences in depths at  crossings and between adjacent sounding lines should 
be critically examined. 

The inspection should also include an esnnlination of all critical soundi~igs to 
ensure that they are clear and legible; t,here should be no doubt, under any circum- 
stances, as to the least cleptli on nny rock or shoal. Neither shoulcl there be any doubt 
about the deepest draft that can be carried safely through any cl~miel,  along any rec- 
omnlendecl course, or through any particular areas wllese passage of vessels is frequent. 

7771. Digerences in Depths at Crossings 

Where excessive differences at  crossings are encountered in a survey, a study of 
the results should be made in order to discover, if possible, the source of the trouble 
and to make such corrections as are necessasy. Such differences may be due to some 
fault in the sounding apparatus or in the metliocl, or some error in the record. What 
is to be considered excessive will depend on the strelqt'li of trhe control, the accuracy 
of the sounding method, and the character of t l ~ e  bottom. I t  is hipossible to formulate 
a rule which will cover all of these variable c.oaclitdons. One experienced in hyclro- 
graphic work will recognize, for any set of conclit~ions and any given area, what differ- 
ences are excessive. 

Where differences in depth are discovered, dl the possible causes must be con- 
sidered, and alniost any one discrepancy may result from either a n  error in positioll 
or an error in depth. It is particularly important to renumber this, especially in 
areas of steep slopes, where a slight displncenleat in trlle position of the sounding niay 
account for the difference in depth. (See also 563.) 

The a.Uowable difference in any given case shoulcl not be based on a percentage 
of the depth, but rather on the lrtteral clisplncenient of the depth curves. In  compar- 
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atively even bottom, such as esists in the Gulf of Mesico, a clifference of 2 or 3 feet 
may be escessive, because of the amount the depth curve is displaced. On the other 
hand, in arens of steep slopes a difference of several fathoms may be reaclily allowable 
since the position of the depth curve nlay not be affected appreciably. 

If the control is strong, excessive difl'erences shoulcl not be causecl by uncertainty 
of positions escept in cases of' pure blunclcr. Inclividual cases of exc.essive cliff ereaces 
may result from an error in protrficting or from an error in the reduction or plot-tiilg 
of the soundings, ancl the first step in the elhninabion of such errors is to verify the 
positions ancl cleptlls in t l ~ e  vicinity of the discrepancy. Where crosslines have been 
run on a clifferent, ~ 1 s t : ~  from the original sgstein of lines, the cliscrepnncies may be due 
to differenocs in sca ancl weather c~onclitioils on the two dates; and these should be 
esaminecl. 

A state~neat shall be made in each Descriptive Report relative t,o the clisc.repancies 
a t  crossings (see 84210. Generally, this niay consist of a simple statement of the 
percentage of crossings at whicl~ the differences are 1, 3, 3, ebc., percent of the depth. 
Because of the relative weakness of R.A.R. control in cert,ain arens, a conlplete tabula- 
tion of the clepths at  all crossings shall be made for each R.A.R. sheet (see 7722t-t). 

7772. E~nnlklurion of Depth Curves 

The best evic1eiic.c~ as to t.he nclccluncy and c.ompleteness of the survey is wllet,ller 
the depth curves can be completely clrnwn, and whether their shapes ancl coavolut.ions 
are natural. A stucly of the cle.pth curves may disclose discrepancies from several 
sources. Where t.he dept,ll curves do not represent no~mnl types of bott,onl relief, 
some source of t,rouble is to be soughts. For esanlple, a tide gage inadequa,t.ely located 
with reference t,o the hydrography will result in depbh curves having a jagged u~lllaturnl 
appearance if basecl 011 adjoining parallel lines run at different stages of the tide. 

A study of the clept,ll curves, and a consequent study of the hydrography in the 
vicinity, nlay also reveal discrepancies clue to the use of different methods of sounding 
or the use of different souncling insta.uments, ancl may result in actual corrections being 
made to sonle of the lines of soundings and ia rejections of others. 

78. ADDITIONAL DETAILS ON SMOOTH SHEET 

781. EXPLANATORY NOTES 

A variety of n~iscellaneous esplanatory notes is required on the smooth sheet before 
it can be considered complete. Such notes should be made as short as practicable am1 
still give the desirecl infornlation. (See fig. 171.) Those referring to llydrographic 
features shall be in slanting letters, and those referring to land features shall be in 
vertical 1ettei-s. The lettering should be freehand, upper and lower case, the average 
height of the capital letters being 1.8 nun, the lower-case letters bei~lg proportionately 
smaller. Notes should ordinarily begin with a lower-case letter. The size of the 
lettering shoulcl be consistent throughout each sheet, in order to present a pleasing 
appearance. In  congested areas it inay be reduced in orcler to conserve space, but the 
letters should never be so snldl as to require a magnifying glass to read them. 

A good deal of Iatitucle may be taken in the placement of notes, as long as it is 
perfectly clear to which feature a note 4)plies. This may be accomplished in many 
cases by the use of lenders (see 7914). 
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Unless stated otherwise uncler the specific paragraphs, all csplanatory notes placecl 
in the lancl area or in clear spaces in the watcr area shnll be inlied in blacli, but those 
that must be placed in the sounded asca should be left in pencil for subsequent inking 
in the Washington Office, after verification of the survey. 

Pcriocls slinll not be usecl untler ally c~ircun~stnnces in coilne~t~ioil with nnmcs, 
notes, or nny synlbol that appears in the water area, ns tllry nligllt bin c o n f ~ ~ s ~ d  with 
bare roclis. (See also 783.) 

In addition to the types of notes referred to above ancl those specifically ment.ioaec1 
elsewhere in this Manual, the following general classes of notes are required. Tliese 
apply most;ly to control stations ancl lanclmarlis, and should be sho\vn in vertical 
lower-case letters, nncl in parentheses (see fig. 171). 

(0.) The name of each marked recoverable t.opographic st,ation shall \-\e follwved by tlie \vcn-d 
"marked". 

(b) The nallie of each recommellded la~ld~lisrk s11on.n on the hydrographic sheet shall be followed 
by the n-ord "landmark", together with t.he elevatio~ls above tlie gro~md and above llieali high \~.ztcr, 
if known; and if the name is not self-esplanatory, a few words clescribing the object shoulrl be arlcled 
(see 78443. 

(c) Each object in the water area used as a signal shall he esplailled by a note stating nhethcr 
it is of teniporary or permanent ~iature, and if permanent its character 1111ist be described for the infor- 
mati011 of the cartographer in charting (see 7444). 

(dl Each cont.ro1 strttion that is a 1lstura.1 or artificial 01)ject and is permanent, or semiper~nanent 
shall be briefly described in one or two words i1nmedin6ely .followi11g the fitation name. 

(4) If the source of thc posit.ion of a co~~ t ro l  ~t.at~ion is other tliai~ t.he official records of the Bureo11, 
an esplanatory not,e shall be added after the station liallle t.o state the source of the dat.3. 

The represeat.ation of these fea.t,ures is one of the most i~llport~allt~ phases in tlle 
plotting of a smooth sheet,. Gren.t cnse is necessaly in order that tlwre. slldl be. no 
ambiguity regarding their true character and that t,he collventiond symbols usecl for 
such features confornl to the adopt,ed st,anclascls in part "0" of the Symbols and Abbrevi- 
ations chart (see fig. lS9, part IS). 

In applying these features to t,hc s~nooth sheet, tliose t,llat originate solely with t.lle 
hydrogapl~ic survey or tllnt result from an a.cljust,nlcnt between the llydrograpllic a.nd 
topograpllic data should be left in pencil by the fielcl party (see 7827). All other 
features (mcl primarily these include infornlntioa trransferred from the t~opogrnpl~ic 
survey) should be inked in blacli unless othelwise noteel in this Ma.nua.1. Sinlilar 
treatment should be followed in the case of descriptive notes or elevations acc.onl- 
panying such features. (See 7825 i~ncl table 28.) 

7821. Planes of Reference or Soundirrg Datu.rns 

In t l ~ c  hydrography of t,he Const and Geoclet,ic Survey two general planes of refer- 
ence (sounding datums) and one special plane me in use. They are mean low wat,er 
(MLW) for the Atrlnntic and Gulf areas, lnean lower low water (MLLW) for tlle Pacific 
areas, and mean low wat.er springs (MLWS) for the Pacific entrance to talle Pnnnmn 
Canal (see 8224). The pla.ne of mean high water (MHW) is the datum tso which the 
shoreline and all land eleva.tions are refel~ecl (see 2311). 

All ro~lis, reefs, and leclges shown on the smooth sheet n~us t  be refersecl t,o t.hese 
planes, and to no others, ancl they must be symbolized in acc.ordance with thc rules 
given in 7823. 
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7822. General Dejni~ions 

Three types of rocks may be enc.ountered in a hydrographic survey, cllnracterized 
as bare, awash, and smllren. By convenbion and for general purposes, they are defined 
in relntion to the tidal dntullls of the loca.lity, as follows: 

(a) Bars rocks are those est.enc1ing above the p l e ~ ~ e  of mean high water. 
(b) Bocks ozcrash are those esposed a t  any  stage of the tide bet\\*een nlean high water and the 

sounding datum, or that are esactly awash a t  these planes. 
(c) Silnkoi ~ocks are those covered a t  the sounding datum, that  are potentially dangerous to 

navigation. 

For cnrtograpllic purposes, ho~r7ever, the general definitions have been modified 
in order that the charted sylnbols may 
reflect the most probable condition of 
the rock as seen by the ma.riner. On 
smootll sheets, t.llercfore, the rules in 
7823 sha.11 be follow\-ed in the dclilleation 
of the dxtn relntivc to roclrs, reefs, :uld 
ledges. (See also fig. 168). The rules 
are, of course, not inflesible, nncl in 
their applicntioll consideration sliould 
be given to the ~~~~~~~~~er of the area, 
wvlletller esposed or protectecl; the 
prosi~nity to sliorc; the range of the 
tide; and tlie estent of the nliilus bides; 
the cont~rolling fi~ctors in nll cnscs being 
the ernl)h.zsis on dangers nlld the 
probable visibility of the rocb nt sonle 
stage of the t,ide. (See 9334a.) 

Rcgnrdlcss of the somltlil~g dntum, 
references to Atlniltic Coast include 
all areas in the At;lnlltic. Ocean t~iicl FIGURE 168.-Relationship 01 rocks to tidal datum planes. 

the Gulf of Mesico, ant1 references to 
Pacific Coast include :dl areas in the Pacific Ocean alld in Almkn. 

B A R E  

7823. Rules of Appliccrtion 

o. Bars rocks.-Ilocks with elevations of 1 foot or more above mean high water on the Atlantic 
Coast, or 2 feet or more on the Pacific Coast, shall be shown as bare rocks. The actual shape of 
t.he rock slloi~ld be shown if it is more t.han one-half nlilli~neter in diameter on the survey sheet, other- 
wise it should be indicated by a dot. (See fig. 169.) 

b. Rocks awash.-Rocks shall be represented by t.he au~ash symbol where their summits are in the 
zone between 1 foot above mean high water and 1 foot below the sounding datum on the Atlantic 
Coast.. On the Pacific C!uast tlie 1imit.s are 2 feet. The same applies to reduced soundings in rocky 
area*, that are surrounded I)y depths considerably greater than the soundings. These lin~its are for 
reducrcl dept11s in the Sounding Record. 

The symbol for a rock awash is three crossed lines, one of which is parallel to  t.he lines of latitude. 
c. S~tnkcn rocks.-Rocks potentially dangerous to navigation, whose summits are below the 

lower limit of the zone for rocks awash, are classed as sunken rocks, and are represented on the smooth 
sheet, either by syn~bol (a sinlple cross), or by a sounding accompanied by the legend"Rkl' depending 
on the nature of the available information. 

(1) Thc symbol should be used where the depth over the rock has not been definitely deter- 
mined, as in case of transfer from the topographic survey, or where breakers have been cut in but 
IIO soundi~~gs taken, or where t,he depth obtained does not represent the least depth over the rock. 
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(2) The sounding, with legend "Rk" appended, should be used in all cases, where the depth 
on the rock is known, and where the rock, a t  the sounding dat,um, is covered 1 foot or more on 
the Atlantic Coast or 2 feet or more on the Pacific Coast. 

(3) The abbreviation "RL" may be appended to the sunken-rock symbol where there is 
risk that the latter may be overlooked or mistaken for a defect in the paper. 

(4) Under no circumstances shall both the least depth and the symbol be used to represent 
the same rock. 
d. Accuracy of location.-Any specific rock (bare, awash, or sunken) which has been accurately 

located by a rod reading, a three-point sextant fix a t  the rock, or sestant or planetable cuts forming 
a good intersection at the rock, shall be encircled by a dotted line to distinguish it from those rocks 
whose positions are estimated, or are fro111 generalized symbolization. 

If a rock is so located by the topographic.survey, the dottcd line shall be in black ink. If located 
by the hydrographic survey, the dotted line shall be left in pencil to be inked in red after the smooth 
sheet is verified in the Washington Office (see fig. 169). 

It is to be noted that the dotted line is not to be used around rocks locat,ed by estimated dis- 
tances from a sounding line. 

7824. Reefs and Ledges 

A reef is a rocky or coral elevation clangerous to surface navigation, wliicli may 
or may not be above the sounding datum in elevation. A rocky reef is always de- 
tacliecl from sliore, but a coral reef may or nlny not be connectecl witli the sliore. A 
ledge is a rocky formation connected witli and fringing the shore, and is generally 
abovc the sounding datum in elevation. These terms shoulcl always be so used in the 
Sounding Recorcls, and will be construed in accorda.nce with these definitions, unless 
information from other sources indicates otlle~wise. 

These features when bare or awash at the sounding datum niust be clearly marked 
on the smooth sheet to show their nature and extent. They may be represented by 
symbol or by broken line and legend depending on which nletliod will show tlie 
feature correctly and clearly witli the least anlount of work. A small reef or ledge, 
for exaniple, might be shown by symbol but a large reef or ledge extencling a consider- 
able distance along the shore nlay be inclicated niore econon~ioally by a broken line 
with an appropriate legend. 

There is no distinctive synlbol for a submerged reef or ledge, and where the limits 
have been determined they should be indicated by a broken line, enclosing sunken- 
rock symbols or an appropriate legenel (see 7826). 

NO distinction is made betwe~n tlie symbol for a rocky reef ancl a ledge. Where 
a reef is continuous a t  the sounding clatum, the standard roclcy-ledge or c&d symbol, 
as the case inay be, should be used (see fig. 189, part 111, but wliere the reef is generally 
submerged and projects only hi spots above the souiicling datum, roc6-awasli synlbols 
sllould be used to represeut the protuberaaoes, and sunken-rock sy~nbols, the depressions. 

From their very nature, the exact clelnieations of reefs and ledges are sometimes 
unobtainable from a single source. Therefore, in plotting such features on the sniooth 
sheet. their limits and extent should be based on all available information from the 
sounding Records, the boat sheet, and the topographic survey. Care should be taken 
to distinguish between positions outlining a reef, and those ~ut~lining a sandy low-water 
line interspersed with rocks awash. 

7825. Elevations and Notes 

All notes and devat.ions relative to rocks should be referred to the precise datum 
planes applicable, and not to a generalized oilc. For esanlple, "uncovers 2 ft at  h4LWJ' 
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shoulcl be used ulld ~ i o t  "uncovers 2 ft at  LW". Bnre rocks sl~ould be referred to mean 
high uurclter (MHVV) ancl roclcs awns11 to the sounclillg clatmn (MLW, MLLW, or MLWS), 
escept that rocks awash at mean high water should be so desigliatecl (see 7823). Eleva- 
tions above any datun shoulcl be given in feet to the nearest whole foot. Descriptions, 
such as "breaks at  half ticle", "brealis in heavy weather onlyJ', and the like, are of 
value for alltl should be shown on the sniootli sheet wherever the iilfornlatiotl 
11a.s been o b tainecl. Judgnlent is required in the selection and proper placenleilt of 
llotes in order to avoid crowding the sheet with n multitude of unimportant notes, 
hut no inlportant danger should ever be shown by synlbol sloae. 

a. Bars ~ocks.-The elevations in feet of bare rocks should be shown by slanting figures, in paren- 
theses, close to  the feature. If they originate with the topographic survey they shall be shown in red 
otherwise in pencil to  be subsequently inked in black in the Washington Office. (See also 755 and 782;) 

b. Rocks awash.-Elevations of rocks awash above the  sounding datum may be indicated either 
by notes, such a s  "uncovers 2 f t  a t  MLW" or by slanting figures alone, in parentheses and under- 
scored, as  for esample (3). (See part "0" of the Syllibols and Abbreviations chart., fig. 189, part IS.)  
If awash a t  the soundi~ig datum or a t  niean high water, a note such as  "awash a t  MLLW" should 
be used. No rigid rules need be followed, however, in the use of one for111 or the other. It is left. 
nlostly to  the discretion of the smooth-sheet plotter. Generally, however, i t  is desirable to  use notes 
in the case of jsolatecl rocks, or for the highest rock in a group of offshore rocks, or for the outermost 
rock of a number of alongshore rocks. In  congested areas or for the many less important rocks the 
underscored figure should be used. 

e. Beejs nlrd 1sdgcs.-The above consiclerations also apply t.o the  notes and elevitions of reefs 
and ledges above the sor~nding dnt.um or to  the rocks awash in a generally s~~brnerged reef or  ledge. 

7826. Rock-y Arms 

Where, owing to heavy seas, low tide, tlraft of vessel, ekc., it has been inlpossible 
to sound in an area wit11 a rocky bottom, but whic.11 is otherwise dear of rocks, the 
appmsimnte danger limit should be i~~clicated by a line of sunken-rock symbols. 

Where, owing to a multitude of scattered roclis, it is needless to sound in all area, 
the positions of the off-lying rocks should be deter~uinetl and the unsounclecl area sllould 
bc mnrkccl "fou11-u~lsurveyed". (See also 7824.) 

Where large areas, uninlportan t for navigation, llnve not been tlioroughly surveyed, 
as where thick beds of lcelp border t,he shore or where an esbensive foul area exists in a 
reniote locality, the outer limits shoulcl be shown on the smoot~l~ sheet and an appropri- 
ate legend added inside. For kelp, the synlbol should be used nncl the area should 
contain the legel~d "heavy lielp, not navignble, not thoroughly surveyed". For a foul 
area, a dash line shoulcl he used enclosing the legend "foul, not thoroougllly surveyed". 
(See 36233 and 367.) 

7827. Reconciliation. of Topographic and Hydrographic Data 

As is noted in 75, discrc.panc.ies between the topographic and hydrographic. surveys 
as to the location and character of rocks sl~oulcl be harmonized in the field by a further 
esamination if necessary, ancl all differences reconciled in the Sounding Records, on the 
sheets, and in the Descriptive Reports before subniitting the survey to the Office. 

Where it is not feasible to investigate the cliscrepancies further, or to consult thc 
topographer, the smooth-sheet plotter shoulcl then evaluate all the infornlation available 
fro111 both sources, taking into considerntion the strength of the position determination, 
the prosimity of the surveyor to the feature, the stage of the tide, etc., and resolve the 
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differenc.es in favor of the weightier cviclcnce. Generslly, t'he follo~ving rulcs will be 
found applicable: 

a. Bare rocks.-Their locations aud elevat.ions should be accept.cc1 from t,he t.c~gographic survey 
except where there is unmist.akable evidence of incorrectness, or where i t  is obvious tha t  the t,opo- 
graphic location is weak. Where discrepancies between the two surveys res~ilt  fro111 the rules given 
in 7823 for interpreting t.he sounding data, then the source t.hat makes the rock a bare rock shall 
govern. (See 7825n.) 

b. Rocks au1ash.-The locabions of sue11 rocks should generally Ije a c c e l ~ t ~ d  frmn t.he t~q>ogr.zpliic 
survey and should seldom be nlodifiecl by the hydrographic survey. l'lieir elevaliolis above the soulid- 
ing datum should be  t.akeil from the hydrographic survey because of the inore definit.e t.iclal infljrmation 
available, and t.lle closer prosin1it.y of the hydrographic party to  sucli features. 

c. S~tnken rocks and breakers.--The locat.iolis of sunliell rt>clis nlill I,real<ere, and 11ot.e~ relati~lg 
thereto ~ \~oulc \  be accepted from the hydrographic sur\.ey, but it. should fir& I.te c\et.ermined t.hat t h e  
identical feature is involved. 

Cllallges in the cllaracter of ~-ocks dloulcl not, be ma.clc c111 t,11~ t.opograpllic survey 
where t:he differences are consist.ent~ with the stage of tide a t  t.11~ time of sllircy, but an 
esplanatory nobe should be acltlcd to the t,opographic. Dc.~criptirc lirport. 

After the goundings and depth ccul~es h a ~ e  been pencilcd t*llle bot.t.om clinrn.ct,erist,ic,s 
slioulcl be pe?zciled on the snlootll sheet. Stanclnrd abbreviations 11n.ve bcm n.clopt,etl 
for such infoinlation (see part "S" of Synibols ancl Abhrevintiolls chart? fig. 189, 
part XI) aild these must be used on tmhe s~~loot~l l  sllcet, evcn if nonstancln.ri1 nhbrc~int~ions 
l~nve inn.dvc.rtentlp been cntrrrd in t11.e Somuling Rccortl. I t  sl~oulcl bc l~otecl that 
lower-c,ase letters are used throughout for adjectives, to ilist~inpuisli trhem from llou~ls 
wl~icb all begin with capital letters. Periods nlust not be used after nhbrevintions, nor 
are llyphens or other connecting synlbols to be used hetwcen n.bbrcvintionu, but therc 
should be s slight space bet.wee.11 t.hen~. A stnndsrcl hottom cl~~.mct~erist~ic should 
nppenr on the snlootll sheet t,hus: LLb.d 5' SIL P". (See also 384.) Btt.ention is c.,zllecl 
t.o the fact tllnt "rky" is thc abbrevintion for rocky bottnn~., but tile. nbbrevintio~l "Rk" 
is used only for a rock which rises from much gl.entelm sunnuailing tlcptlls, nncl not for 
even roclip bottom (see 7823~). 

In  placing the bottonl chwact~eristics on t,llc smoot,l~ slleet. ti. juilicious sclcction 
slloulcl he made. If it large number are recortlecl, n.s is usually the citsc in nrens surveyetl 
by l~tt~ldleacl or wire sou~lcling, probably only part of those I L ~ T ~  be. sllo\srll 011 tllc slnooth 
sheet. On the other hand, where echo som~dinp is usetl, compnmt.ively few bottonl 
characteristics are obtained, and probably all ohtnined sl~oclr! be sho\vn on tlle sm.oot11 
sheet, inclucling those wllose locations are sol~lrwhat indefi~lit~e. Hott,olll cllnmct,eristics 
obtninecl when anchoring aiicl picking up buoys a.nd when obsrr-ving t,e~nperat,ures n a i l  
sn1initie.s sllould he shown on tlw snlooth sheet, if nm :~.pprosima.t,c loca.t5ion 1 1 ~ s  heen 
given. 

Harbors, anchornges, and sllonls are the areas n-here bot.tom cl~t~.rilctcristics are 
most in~port~ant. Ench shoal must show n bott,oni clln.ract,cristic, if one has been ob- 
tained t,hereon. I n  h.wbors and anchorages, :I sufficientv numhcr should be plotrtecl to 
show, partsic.ularly, where cllanges in the c,llarac.tc.r of tlle bot,t.om occur; hut where t.hrre 
is a monotonous sanlencss in tile cllwn.ct:cr ancl qua1it.y of tho botton~, too m:l.ny cliamc- 
teristics should be avoided. (See 3843.) 

Bottom c1inrac:trristics sljoulcl, if prnct,icahle, he pl:~.cecl 011 t.lle s11100tb sheet 
reasonably close to .and a little below and to the right of the soundi~lgs which they 
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acconlpaaiy. PYllerc such placcme~~t i~llcrferrs \\-it11 t l ~ c  clarity and legibility of tho 
souncling, the bottonl clla.ractreristric sl~ould bc placcel in nay c.ollvanicnt spncc in bhe 
inl~~lediate vicinity of tllc accompanying souncling. Thc abbreviations sllould bo 
lettcred in single st.roke sln~lt~ing lctvtscrs, the capital letters having an a.vernge Ileigllt 
slightly less thnrl the souncliags and the lower-case letters oorresponclillgly smaller. 
(Sce fig. 163.) 

After the smooth sheet hns been verified, the bo ttonl chamcterist.ics will be inked 
in black in tShc lVashingtson Officc. At that tinlc, if i t  appca15 bllnt an insufficient 
number wcsre obtained, the new survey nlay bc supplemaltred, on direction of the Chicf 
of Surveys Branch, wit11 botkom cl~aracberistics from prior surveys (see 3842 and 
93333). 

7831. Silted Areas 

The fatshograms of echo-sounding instruments ~perat~ing a t  supc~sonic frequencies 
sllow quibe cle:lrly, under conditions, layers of silt or otlier loosely clistributed 
seclinlent ol-erlying the subst,rat.a. These are co~nnlonly founrl ,in bnys, lalies, or 
est.uaries, where silt-laden st.rcams liave deposited t,l~eir loads, or in offs1;cl.e basin areas 
where unusual cor,dit,ions may pelmit the tlcposition of silt. 

-4 record of thc csistence and limits of such seclinlentary layers is often of con- 
siclerablc importancc.  ere encounterecl in n.n nrca being su~veyed, the IVashi~igt~on 
Officc! sllall be notified of the npparcnt fcnt~vcs nnd spc!c.inl il~stroctions will be issued 
if a snloot,h-sllcct record is clcsired. 

In such cases the silt.ec1 area.s shall Ee noted on bile snloot~ll slleet,, a t  t l ~ e  time the 
soundings are plotted, and tho approsimatc out,line of each area wore .than 1 inch 
in clin~lleber or I inch wicle, shall hc sllow~l by a cln.sl1 pc~icil linc. A notation csplnin- 
ing their signific,nnce shall bc ~na.ilc on the title sheet a.ncl in t l ~ c  Descriptive Rcport. 
The outlines will be inkecl in a brown dnsh line aft,er verificat.ion in tlie IVasIiington 
Officc, and a t  the time of inking the clcptli currcs. 

Where siltecl nrens are so frequent that they will be confvsing on the smooth sheet 
or mny bc confused with tlic dcpt.11 curves, tl~cir 1in:its sl~all be sllo\vn in brown da.sh 
ink lines on a bm.cing-clot.11 overlay. The overlay sh:~ll be referencecl to the smooth 
sheet, by projection intersections througl~out tlie area n.nd shall be icient.ified by a title, 
as "Overlay showing siltecl nrecls on H-5236." A notation shall be pln.ced on the tit.le 
sheet. (Form 537) that such an overlay accon~pnnies the srl~ooth sheet. 

Where silt,ecl 2rea.s are disclosed by the fathogmms a cliscussinn of t,heir estimated 
frequency, sizes, and apparent t41~iclinesses shall be made in tlie Descriptive Report, 
irrespective of whether t.heir out.lincs are sho~vn gm.l~liicnlly on t,he smcot,li sheet or on 
an overlay. 

783. AIDS TO NAVIGATION 

All aids to ~iavigat~ion, fisecl and float,ing, within tdle area of the survey, shall be 
shown on tlie sn1oot.h sheet. The positions of fiscd aids 10c.at~e.d by triangulation shall . 
be shown by stanclard triangulation stabioll synlbols; where locatccl by topographic or 
hy<lrographic met,hods, control sta.tion synlbols sl1tt.11 be mcd if the aids were so used 
during the l~ydrograpl~ic. sur\.ry; otl~crwisc., nautical chart splbols shoulcl be uscd 
(sec fig. 169). The positions of floating aids, irrespective of method of location, shall 
be indicated- by tlic ac.tua1 aicl syn~bols anel colors used on the nautic.al charts of the 
Bureau. (Sec part "L" of Synlbols nllcl Abbreviations chart, fig. 189, part VIlI.) 
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Thc smoot11-sl~cet plotter shall compare the plottcd infornlatio~l with tlint sl~own 
on the charts and with tliat given in the most recent ecli tion of tllc I~igllt List published 
by the United States Coast Guard, a.nd any nlatcrial tlisngreemc~)t as to position or 
characteristics shall be noted in the Descriptive Report (see 842P). The positions of 
all fised aids shall also be reported on Form 567. (Sec! also 383.) 

Hydrographic. survey parties are recluired to obtain the depths nt. all aids to navign- 
tion located in the water area, and these shall be shown in pencil similar to ot-hcr 
sountlings. 

Where itenls 7841 to 7847 inclusive specify that ccrtnin cli~tn n.rc to be lcft in pcncil 
by tllc plotter, they shall be inked in black after vcrificntion a t  t,hc Wn~liillgt~on Officc. 

7841. Fin-d Aids to Nnvigation 

Fised aicls fall into two c.la.sses, lighted and unliglitctl, ant1 their correct respective 
designations are "lights" and "beacons." 

I n  the case of lights, the light sector sllsll bc shown graphically and t,he linlit 08 
visibility in miles given, in pencil, if these have been detern~inccl during the hydro- 
graphic survey. The characteristics of the ligllbs necd not he sl~ovin on tlie smooth 
sheet. 

All fisecl aids that have been rehililt since t . 1 ~  clnbe of :I previous tlctcnninn.tion of 
position, whether or not, tlley are reportecl to linvt. been rebnilt in tlie sanle position, 
are reloc.ntec1 by the survey pnrty, but must not, be referred t,o :IS recovered ~t~ntions. 
The earlier cleterminations are lost stations ant1 no rsferencr to them sllnll be mn.de on 
the snlootli sheet. (See nlso 3831.) 

Where an abandoned light struc.ture is dil l  prominent, its position shall be deter- 
mined. If i t  is not located by triangulation, nor usecl as a cont,rol station, i t  shall bc 
sllowli 011 the smooth slleet as a landmark (scc 7844). 

7842. Floating Aids to Navigation 

Floating aids to navigation are divided into two cl:issc~, buoys and ligl~t~sllips. 
Their positions are usually deternlinecl by the Ilytlrographic party, cit11c.r by three-1)oint 
fises or by cuts (see 3832). Standard synlbols are uscd to represent tllelil on the ~11:.00bll 
sheet (see 784). The small clot a t  the lower end of the buoy synlbol or the sms.11 circle 
nt the bottoni of the lightship symbol indicn,trs tlie positic.11 of tlie nicl. The type of 
buoy shoulcl be indicated by the col-rec.t, symbol, nncl tlie nulllber of nlasts on n light- 
ship should also be indicated by the synlbol used. 

The synlbol for a buoy is an elongated climnontl shape \vitSh its longer asis 2.7 111111 

in length and its shortcr asis 1.2 n1.m. The dot is 0.S 111111 clistant from tll(? shape on 
line with the long axis. 

Buoy symbols are best nlacle by nlenns of .z celluloid templnte cut to slightly 
Inrger size than the above dinlensions so that w7hen t.he pencil outline is drawn on the 
sheet, i t  will be of the required size. (See fig. 153.) 

7843. Names of Aids to Nutligation 

Care must be taken that the aids to navigation are ide~it~ified by blieir correct nnmes, 
which in all cases shall be assumed to be those given in tlie latest, edition of tlie Light 
List. (See fig. 169.) 

(a.) The Light List nam es of all aids to navigation must be shown on the snlootl~ 
sheet. If the aid has a .stat i~l ,  !lawe which is iclentical with Lhat given in the Light 
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List, it shall be shown in ac.corilance with 744. If an arbitra~y station nanie hns been 
used in the hyclrograpliy, the ~i 'ght  List name shall then be aclcled in red, upper ant1 
lower case, slanting letters, in parentheses, inlmediately below or adjacent to t11c 
station nme .  

There are also frequent cases in wllicl1 the position of a Lxed aid has been cleter- 
rninecl in the past n11d it is designated in the triangulatio~l records by a name differing 
from the correct one. In  such cases the nanle, as given in the Light List, shall be shown, 
hnmedintely followed by tlle incorrect name and date of location in parentheses. 
Example: Bay Shujt Ligh.t (SAKD POINT LIGHTHOUSE, 1887). 

( b )  Beacons, where shou~ri by chart syalbols, should be identified by their nunlbers 
only, thus: No. $1,  with the nunlber unclerlined ia blue where located by sestant. 
Where they are shown by control station sylnbols, the designation sliould also inclicatc 
the color of the beacon. Ex~mple: (B B,)e No $ 1 ) .  This should be placed imniecliately 
below the station name, ancl in parentheses. (See fig. 169.) 

(c) BUOYS (10 not urdilitwily have station names, but they niust be identified by 
their cla~sificat~ion nacl ~:mnber placed immrcliately acljacent to the symbol. Exa.mg11es: 
N 12, C 5, S 3, etc. 

( d )  Where the position of an nbanrlonecl light structure is sho~vn, the nmne must 
be followed by the word "unusecl", in b1ac.k ink and in parentheses, to show i t  is not 
in use as a light. Exa.?nple: BIRD ISLSND LIGHTHOUSE (mused). 

(e) The size of the letstseri~ig to be usecl for names of aids to nnvigation should be 
somew1-lln.t smaller thn.11 tllnt used for station names (see 744). 

7846. Landmarks 

A special report on recommendecl landniarlis for charts is required on Form 567 
(see 8534). Each landmarlc, so reportecl, that is within the limits of the topographic 
or hyclrographic survey must be plotted on one or the other of such sheets. If a la11i1- 
1ilar1~ is 1oc.ntecl by triang~lat~ion, the triangulation station symbol shall be used; where 
locatcd by topographic or hyclrographic methods, control station synibols should be 
wed if the objects were usecl as control stations during the hydrographic survey; other- 
wise, the lanclmark symbol, a sninll blaclc ink circ.le, 2 mm in diameter, should be usecl. 
If shown on t.lie topogrt~phic sheet, it: is not necessary that it dso be shown on the hyclro- 
graphic sheet, if it is not otherwise aeeclecl thereon. I t  is probable that niost of the land- 
marks so reported will have been used as signals to control the hydrography, and 
therefore, will be indicated by station symbols with their corresponding station names. 
To identify these as recon~n~enclecl lanclmarks, the landmark name as reported on Form 
567 shall be shown in black ink and in parentheses after the station name, and the word 
"1andma.rk" in black ink shall be plnc.ec1 in parentheses below the station name, accom- 
panied by the elevations (also in black ink) of the landnlarlr above the ground and 
above men.n high water, if these are li110wn. (See fig. 169 and 8534A.) 

The hydrographer frecluently cleternlines that certain large buildings mid struc- 
tures, not recomn~enclecl by the topographer, are suitable for landmarks. If these 
have not been usecl as signals t,hey should be plotted on the hydrographic survey, the 
position of each being inclicat.ec1 by the landniarlc symbol, accompaniecl by the lancl- 
mark name (also in black inlc) ns I-eportecl on Folnl 567. The word "landmark" ancl 
the elevat,ions shoulcl be given as rc?quired above. If in a large structure, a definite 
part such as a spire or cupola, is reconlnlended as a lnndma.rk, it is necessary that the 
smootli sheet show its positaion relntiQe to trl1e remainder of the building (see fig. 155). 
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I t  is particulnrly inlportant t,llat the e1evn.tions of lallcllmarl<s be kno1vn bot,ll 
above the grouncl ancl above mean high water, and the legends nmst nialic t.lwsc cleva- 
tions clear. They acte necessary for the charts ancl for tlie Coast Pilot. 

7845. Ranges, Bearings, and Sailing Lines 

All ranges, bearings for c.le,ming dange,rs nncl other purposes, nncl recoll~innlclecl 
sailing lines on courses or mnges, shall be shown on the smooth sheet 6 a  pa1lc.i.1 ,\+-here 
t , l q  have been determined by the liyclrographic party, ancl tlic following synlbols 
shall be used: A range shall be shown as a brolien line of short equal dash's; n hearing 
shall he shown as a, dotted line; and a recommended sailing line shall be shown as a 
continuous line broken aa.b irregular intervals so as not to be dmwn tlirougll sounclings 
(see fig. 169). I t  shoulcl be notecl that that part of a range line which is t,o be followed 
by a vessel is a sailing line a,ncl should be so symbolizecl. The objects which cleterniine 
the ranges or to which the bearings apply shall be correct.ly slio\vn ancl iclent,ifiecl, nncl 
the names of tlie objects ancl the purpose of the mnge or 1)earings intlicated in pencil 
dong the lines. (See 356.) 

Where a range (indicated b j  brncket,~ in the Light List) formed by two 1ight.s or 
by two beacons, is locatred within the 1imit.s of t,he survey, there are specific inst,ructions 
for the deterniination of its azinlut~li by the survey party (see 3833). Only if the 
azimuth has been deterniinecl by the l~yclrographic party shall t,liis line be showli on the 
smootll slieet. The instructions for such locations call for obtaining strong sextant 
fises on tlie range a t  a sufficient distance from the front range marl< to produce a long 
azimuth line for accurate scaling. In thc case of ranges establishecl a t  an enbmnce for 
use in crossing a bar, a s e ~ t ~ a n t  fis shoulcl bc obta.inecl 011 or outside t,he bar. Thesc 
fises are indesed in the Souncling Rec.orcls ancl must be plott.ed acc.urat,ely on t,hc snlootoll 
sheet. From these plottecl positions t,he ranges are ~)enciled. Tlle azimutlis arc t>llen 
scaled by protractor and not,ecl in pencil dong tlie range lines. 

78I6. Ozwltead Clearances 

Bridge clearanct-s ancl t,he clearances of overl~eacl cables a.re inlporbant to navign- 
tion and shoulcl be shown on the smootfll sheet for the information of t:he clia,rt ~20111- 

piler. They should be left ,in pencil: by the field party. 
a. Bridge clearances.-The ~7ert~ical nncl horizontal clearances shoulcl bc given for 

all bridges over navigable waters if such inforniation has been obtainecl (see 3836). 
Where a clisc.repancy exists bet,ween the fielcl data and the c1at.a given in the "List of 
Briclges Over t,he Navigable Waters of the United States," publisliecl by thc United 
States Corps of Engineers, the fielcl claba should be: given on the smootli sheet,, hut 
attention shoulcl be cdlecl to the cliscrepaacy in the Descriptive Report (see 842P).  
The notat>ion on the smooth sheet should include the nanie of the briclge, if it  hils one: 
the type of bridge, whether fised, draw, etc.; tahc llorizonbal clearance in fect; ancl t,he 
vertica.1 clearance in feet above niean high water. The note should be in the for111 sho~vn 
in figure 171. 

b. Ozrerhead cables.-Tlle locations of all overhead cn.bles, tvransmission, t,elephone, 
or t,elegrapli, over ~lavigable waters slldl be sliown on the smoot~ll sheet by clad1 pencil 
lines in a manner that will int,erfwe 1en.st; with the plottecl soundings. The notre on 
the sniootll sheet slloulcl state "over11eacl cable" and should give t,he clearnncc in feet, 
st mean high water (see fig. 17 1). 



STATIONS: 

Triangulation and traverse ...... A VALES, 1942 Arb~lrary name ass~gved A K I M (BERT, 1942) 

Marked topographic .............. 0 Ll C K (marked) Topograph~c ................ 0 SOW 
Hydrographic and ordinary buoy 0 C 0 D Spotted from photographs 0 CUP 
R. A R. and sono-radio buoy 0 ES AU ln water area (descr~pt~on) 0 Far (temp pile) 

Tide .............................. 0 Tide Statlon curtent Current Station 

SHORELINE: 
Fast, solid land Marsh, swamp.and mangrove 

From topographic or air photographic survey (0 4 mm.) (0.2 m n  ) 

............... Revision by accurate methods (0.4 mm.) (0 2 mm.) 

Revision sketched by hydrographer (0 4 mm.) ......... - - - - - - - - (0.2 n m )  - ------ - 
P~ers and waterfront areas (0.4 mm. and 0.2 mm] p I U 

LOW-WATER LINE: 
Zero depth curve from reduced sound~ngs Rodded by topographer at low water .-. -. -. , . -. 
Sketched from hydrographic data .............. Shetched from topographic data ............................. 

ROCKS: Bare 6. (shape or dot) Awash ........................................ * Sunken ....................................... + 
.+; 

Awash, lndlvidually located bv topographer ':*: Sunken, ~ndlv~dually located hy topographer ....... 
.... 

Awash, individually located by hydrographer '*: Sunhen, ~nd~vidually located by hydrographer '+: 
panc8l on srnor,lh sheet, mkpd at Wssh~ngton Olfire onC& 

AIDS TO NAVIGATION: 

............ Lighthouse - name from Light List A BUY Shaft Light 
and (from 115t nf geographic mbtions) ................ (SAND POINT LIGHTHOUSE, 1 8 8 7 )  

structure not usedarai! .................... A BIRD ISLAND LIGHTHOUSE, 1857 (unused) 

Beacon8 used as stallon 0 W ~n 
- topographic locat~on (B Bn NO 3 3) 

not used as station A NO 33 

used as station 0 0 a k 
- hydrograph~c location (B Bn NO 33) 

(not used as slatlon A NO 33 

0 Low 
(R Bn No 32) 

A NO 32 

0 Moo 
(R ~n No 32) 

A No 32 

Buoy - (hydrographic location identified f C 33 0 N 3 2  
by posltion number) 

LANDMARKS: 
Used as control station .......................... 0 TAX ( STACK, white, concrete) 

(landmark: 102 f t .  above ground, 134 ft. above M H W )  

....................... ~otusedascontrolstation 0 TANK, ELEVATED (Country Club Hills) 
(landmark: 60  ft.above ground, 241 ft. above M H W )  

MISCELLANEOUS: 
Offshore limit ot breakers (in pencil) , breakers -- Range line (in pencil) ---------- Eddies @ @ 

e--*s; 
Recommended saillng line (in pencil) -24-21- Bearing line (en penell) ............. Tide tips a -- -- 

FIGURE 189. - Special aymbols for use on hydrographic sheets. 

(These are in addition to and are sometimes used instead of those 
shown in figure 1891. 
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7847. Cable Crossings 

The shore ends of submerged cables shall be sllown on the smooth sheet by clnsll 
pencil lines indicating the general direction of the cable. Each end should be ~nwkerl 
"submerged cable" (see fig. 171). 

The symbols to be used on the smootl~ sheet are generally those used on the chn.rts 
which are illustrated in figure 189. I t  is not necessary that t8he symbols on the snlootll 
sheet be as perfect as those on the charts, nor that the drafting be as artistic (see 721). 
Slight ~nodificat~ions in bhe direction of simplicjty may be made, the important thing 
being that they convey the inforrnntio~l neatly and unmistakably. 

There nre. certain cscept.ions to tlie use of chart symbols for snlootll sheets, and 
these have heen cliscussed in debail in preceding paragraphs. Exanlples of this diver- 
gence are tlle dcpt.11 curves, w1lir.h are sliown in color on the snlootll sheet but are sym- 
bolized on the cha.rts; and ligllts and beacons which are almost invariably show11 by 
their station synlbols ratller t l~an l>y t l ~ e  chart synzbols. 

Figure 169 illustrates the synll~ols and lettering to be used on the smooth sheet, 
which differ from the synlbols used on the published charts. 

In addition to those mentioned heretofore, as many of the following details as have 
been obtained by the field party shn.11 be shown 011 the snlooth sheet. They slioultl I)e 
left in pencil unless otherwise noted, to be subsequently inked at the Washington Office 
after verification. 

.7861. Tide Rips 

These occur in places I\-hcre strong currenB me found and are usually encountcrcd 
in tlle vicinity of sllods or where the bottom is uneven. A lino~~~leclge of thcse is of 
importance to the marincr ancl thcy should be shown 011 the s~nooth sheet either by 
legend or by synlbol and legend, and quslifiecl as heavy, moderate, or light. Where the 
feature is extensive, thc approsinlate limits should be outlined cllld an appropriate 
descriptive note add.ct1. 

7862. Brealcers and Shoal Areas 

The linlits of brealwrs, wl~etller offshore or alongshore, sllould be shown by a. clash 
line ~vitll the llobatioll "brertliws" aclded. Where cuts are taken to single breaks, their 
intersection sllould be inclicatecl by the sunlial-roclr or rock-awssli symbol, .as the case 
may be. If there arc no roc.l:s, thc spot slloulcl be encirclcd with a brolcen line enclos- 
ing the word "bredcers". 

Shoal arcns coverecl at  the soundi~ig datum, over which sounding lines have not 
been run, sliould be outlined with a, dash line within which the estimated depth is 
inserted. 

The low-water linlits of shonls, bars, nlucl flats, sand ba~lks, etc., that bare at  the 
sounding datmn but wllich have not becn accurately surveyecl, should be talien from 
the best nvniluble source and sliown on the smootll sheet ia accordance with 754. The 
estimnt.ccl heigllt nl-,ove the sounding rlnt.um should be given if nvailable. 
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7863. Marine Pegetation 

The linlits of grass and other marine vegetation ext,cnding near the surface  nus st 
be indicated. Wherever a distinctive synlbol has been adopted for such vegetatio~r it 
should be used, escept that limits only of estel~sive beds sl~oulcl be outlined by symbol, 
t.he charnct.er of the vegetat.ion within being inclicat.ed by nppropdate legend. 

The symbol for grass or any other land vegetation should not be usecl to represent 
marine growth. If the bottom is grassy, the standarcl bottoni chaxacteristic sbbre- 
viation for grnss should be used. 

Kclp is one of the most inlportant of the seaweeds encountered on a hydrogr=l.uphic 
survey and should be inclicsted 911 the smooth sheet wherever locntecl. One of its 
principal characteristics is that it generally grows in roclcy bottom and for that reason 
its presence inclicetes a possible danger. This is pwticulnrly true in Alsskn wvllere the 
only indication of many submerged pi~lnaola rocks may he a strand or two of kelp. In 
exposed waters kelp nlrty grow in clepths of 9 or 10 fathoms and in protected lvaters it 
may grow in even greater depths. Dead d~tacllcd lrclp sl~oulcl not be confuseel with 
live lielp attached to rocks; the former floats on the water in masses, while the latter 
st-reams away level wit.11 the surfn.ce. (8c.e :11so 36233.) 

Kelp should be show11 by symbol wvlrere the pat,ch is a small one. Only tlre linlits 
of estensive beds need be delinc.ateil by symbol, the remainder being indicated by 
appropriate legend. Where the kelp is towecl under at  certain stages of the tide suclr 
information should be added to tmhe smootll sheet. 

7865. Tide and Current. Staiions 

The locatio~ls of d l  t.icle ancl cur~ent statio~rs shall be. sllown on lllc snlootll sllret 
by blue circles, slightly larger than a llydrographic station symbol, acconlpa~licd by tlre 
name "Tide Station" or "Current Station" lettereel in blue. 

7866. FG'ire-Drag Finds and Clearance Depths 

Where a contemporary wire-drag survey has been made, all drag finds, inclucling tllc 
bottom characteristics, should be transfel~ed to t8he hydrographic sheet in green i11k and 
in tlre same clepth unit as the soundings. Where a wire-drag examination has been 
made to determine the least depth on a shoal or obst;l.uction, the least cleptll found (if 
less than that of the hydrographic survey) should be plotted in pencil, nncl s note with 
a leader added giving the least depth with position number rtncl day letter, ant1 tlie 
clearance depth obtained. 

7867. Ferry Routes 

Each ferry route should be shown by a single das11 line representing t,hc act~nal 
route ns nearly as it can be det,ermiaecl without sextant angles. Each te~nli~lus should 
be nlarlced "ferry." 

7868. Vrecks 

Within the ares of the su~vey,wrecliage not afloat is located mcl sl~oulcl be shown on 
the smootli sheet in accordance with the symbols shown in part "0" of tlre Symbols and 
Abbreviat.ions chart (fig. 189, palst IX). Wrec.1~~ arc of two ldncls, stranded nnd 



PAGE 745 THE SMOOTH SHEET 7869 

sunken, the former applying where any portion of t$e hull is above the sounding datum, 
wlule the latter applies to those with less t,han 10 fntlioms over them or where the masts 
only are visible. The topographer, presumably, will have located all stranded wrecks, 
and these will be transferred from the topographic sheet to the smootll sheet along with 
the other topographic information. Sunlien wrecks are located by the hydrographic 
party and their positions must be plotted from the data in the Sounding Records. I t  
should be nobecl that the symbol for a stranded wreck differs from that for a su~iken 
wreck, and that where masts are visible in the latter case, the notation "masts" must. 
be appended to the symbol. 

A special symbol is provided for use in sl~owing thc cleptll by which a wreck or 
other obstruction has been cleared by the wire drag. 

Where there are a number of wreclcs, or an amount of wreckage, so estensive that 
the individual items were not locnted, the outer limit of tlie dangerous area shall be 
inclicat.cc1 by a dott,e<l line wit.hin which the word "wrecka.ge" is shown. 

7869. Obswuctions 

A vnriety of obstructions which may be dangerous to na~igat~ion is encountered in 
hydrograpliic sun-eys, all of wliich must be shown on the smooth slieet. If the obstruc- 
tion hn.s not, been cleared by t.he wire clrag, it, is inclicated by the least depth obtained by 
ot>lier mcthods, surrouncled by a clotted circle, and accompanied by the word "obstruc- 
tion" or its abhrevintion. If t,he obstruction has been cleared by the wire drag, a spe- 
cial synlbol is provided \vliicll shall be used to indicate the safe depth of water over the 
obst.l.uctio11 (see part "O", S$niEols and Abbreviations chart, fig. 189, part IX). 

787. GEOGRAPHIC NAMES 
7871. Authority of the Smooth Sheet 

-The liyclrograpl~ic survey rmcl, t.l~erefore, the smooth sheet shall be the authority for 
all geographic r'an:es of 1iydrogrn.phic fea.tures, such as cliannels, sloughs, rivers, inlets, 
reefs, rocks, shoals, and of topographic features offshore from the high-water line, such 
as small rocks nnd islets. Even if t.he topographer does obtain and verify a portion of 
these names, the hyclrogrnpl~er is responsible for their correctness and their correct 
placcnlent on thc smooth slieet. I n  addition to the a.bove nanles, the names of some of 
thc more prominent topographic features shoilld be added to assist in correlating the 
hydrographic survey to tllo land feat.ures. (See also section 16.) 

Although not all geographic names may he cliartecl, i t  is desirable that all features 
for whicli there are local names be named on the smooth slieet. These should be distinct 
names applicable to definite places or areas. Where names are indefinitely applied, it 
is best not to show them on the smooth sheet, hut they should be mentioned in the 
Descriptive Report. It is incumbent on the smooth-sheet plotter t,o take estreme care 
t.llnt the names are spelled correctly and that they are applied t,o the correct features. 

7872. Placement of Names 

Geographic na.mes should not be added to the sn~oot,h sheet until after the posi- 
tions and soundings have been plotted. They should be placed so as to indicate 
clearly and without ambiguity the feat.ures designated. Where it is inlpracticnble to 
place tllc llanles closely ndjaceiit to the features, they may be placed some little clistance 
away nncl conncctccl to the respective features by leaders or arrows. 
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Geographic names nlust not obscurc nor confuse the soundings. On a.n inshore 
hydrographic survey, it is generally neccssai-y t.o place all the topographic names and 
nlany of the hydrographic names insl~ore from t.he high-wat,er line. This is cspecially 
inlportaiit in tlie placeinent of tlie names of small streanis, slouglls, ancl inlets. Wl~ere 
names have to be lettered in the water arcas, part.iculnrly in very c.ongestrd arcn.s, n 
judicious placen~ent of the name and spacing of thc letters will often avoid obscuring the 
hydropaply. I n  such cases the lettering may be spread out or closed up as the con- 
ditions require. 

Geographic names should be oriented on the sn1oot.h slicet so as to be read from the 
south regardless of the direction of t-he projcct,ion on t,he slleet (sec fig. 170). Most 
na.nies should be lett.erec1 in a straight line pnrnllcl to the parallels of latitude and, if 

North North 

t 

NAME .' NAME 

/ '. \ 
I 
I 

FIGURE 170.-Orientation of names on survcy sheets. 

pmcticable, placed inlmedintely east of the feature named. \:Vhere i t  is necessary t,o 
place a name on a curve, t,he beginning or end of the name should be nea.rly parallel to 
tile pnrdlel of latitucle. A name should not be 1et.t.ered on a reverse curve. Most 
preferable is n conlpound curve with the flat part of the curve ns nearly as pmct,icable 
parallel to the parallels of latitucle. 

If the geographic feature to be namecl covers a, considcrilble arca, as an island or 
bay, the name should be placed preferably in the approsimnte center of the area. It 
shoullcl extend across the longest part of tllc feature and, if practicable, should follow the 
general curvature of the feature. Such nanles should never estend beyoncl tlie linlits 
or eve11 close to the limits of the fenture in question. If tile ilsnze is composed of 
sever$ words they should not be too widely seprtratcd in order to estend the full length 
of the feature. 1nstea.d the name should be rcpent.cc1 a secontl, or even a t,hircl time. 

Where it is necessaiy t,o letter a geographic nn.me along a perfectly st,raight fent.ure, 
such as a boundary line, milroacl, or channel, that does not est.enc1 east and west, t,he 
following rules sllouilcl be follo\ved: 

(1) Where the direction of the feature is fro111 east of north to west of south, the nanie should 
begin at the southern end and estend toward the northern end. 

(2) Where the direction of the feature is from west of north to east of south, the name should 
begin at the northern end and estend toward the southeast. 

(3) In the rare case of a feature whose direction is esactly north and south, the beginning of 
the name should be at the southern end and estend toward the north. 

7873. Lettering Geogrwphic Names 

All geographic names on the sr~loot~ll sheet shall be left in prncil. They shall be 
nln.de wit,h single strolie capitnl 1et.ters. TIN names of tlic. t,opogrnphic features, 
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~vhich in gencm.1 are the ncllnes of eve~ything above nlean high waber, shall be. vertical 
le.tt,ers. The iiallies of t.he hyclrogmphic features, ancl in generid of all feat'ures below 
nwnn high ~vat~er, shall he lettered in slant.ing letters. In  the latter classifications arc 
inclucled, of course, slioa.ls, reefs and banlis, roclis nm~asli, and sunken rocks. 

The names of the most nlinor features on the smootah sheet sha.11 be let.t.erec1 in 
characters 0.1 incll in height and t,his height shall be increa.sec1 according t,o tlie impor- 
t.ance of the feature to a largest pernlissible heightm of 0.35 inch. For nn equal inipor- 
t.ance of names i t  is essent.ia1 t,o renlember t,liat slnat,ing 1ett.ers should be sliglltly 
s~naller t.lian verticztl 1et.bers because an opt.ical illusion nlakes tlie same size of vertical 
1et.tcring ap1)en.r slightly smaller. 

7874. Inking Gmgraphic Names 

Geographic aamcs must never be inked by the field party or by t,lie Processing 
Officc?. This is done in Qie TJiadliiigton Office nfter the geogmphic nanles have beell 
reviewed ancl approvecl (see 9321). The inking of t-lie geographic names of hydro- 
gr:r.pliic feat.1u.e~ is oft,en deferrecl ~ult~il after tlie soundings have been verified a11cl iliked. 

All peogml~liic names are inked in black using a mecl~anical lettering set. 

Thc 1imit.s of acljoiiiing surveys or tlie overlapping soundings must not be shown on 
the smootl~ sheet by t,lle field party. (See 3233 ancl 3256.) These will be added in 
tllc Office a t  the tinie of verification. However, it is incunlbent on tlie smooth-sheet 
plotter to nlake it compa.rison with the overlapping soundings on ncljoiriing surveys in 
order to deternline \vllet.l~er hodido;ys, or excessive differences esist, anel to permit 
the clrnl\-ing of tbe deptll curves in the area based on n.11 soundiiigs obt.ained. The 
con~p:~rison is also ncbccssa.ly as a ba.sis ,for i~lfornlat~ion requirecl to be iiiclucled in the 
Dcscl-il)t.ire Rcport (we 8425). 

C'o~ilpn.ris~:~~ is bcsb niaile by tracing t,he overlapl>ing soundi~lgs of one survey ancl 
superilnposing the t.mc.ing on tVlx ot.hcr. Where adjoining surveys are on different 
scs.lc.s, t.lle so~mdiags on tile s~naller scale sllould usually be superimposed on the lager  
scnlc. The t.racings? properly la.belec1, should be forwarclecl to the Office with the sniooth 
d ~ e r t .  

79. THE COMPLETED SMOOTH SHEET 

T l ~ c  colliplet,ecl snlootli slicct slid1 be consiclerecl the a~t~llori ty for the hydrography 
and for trlie t~opograpliic. details ~vit.liin its limits offsllore from the high-water line 
(scc 75). The snlooth sheet as submittecl by a fielcl party or by a Processing Office 
should 1)e con~plet~e, cscept tliat cert.ain port.ions are left in pencil for inlcing after 
verification in tile Wnsliington Office (see t,al)le 38). After t,he sheet has been inked 
ant1 revieweel t>here shoulcl be 110 nccessit.y for reference to either the Souncling Recorcls 
or tbe boat, sheet, or to nliy other records, in order to interpret the data shown thereon. 
(See fig. 171.) A sn10ot~li sllcet is, of c.ourse, supplemented by informatio~l in the 
Descriptive Report! of a nature wliich cannot be shown ensily by graphic means (see 
section 84). 

Tlle Chief of Parby niust supervise in a general may the preparation of the snlootli 
shec4t to assure himself thnt i t  is being done in nccol-clance wit.11 standard practice. 
If t,he plotting is esecuted ~vllile the party is still on tlie walking ground, he shall take 
special care to sce that ally errors, omissions, or discrepancies in the field worl- i aro 
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corrected in the field. On completion of tlie sheet he shall make a final inspection of 
the sheet and all the accompanying records and shall report taliis fact, with his approval 
(see 7941). 

791. COMPLETION OF THE SMOOTH SHEET 

To assure conipleteness of the smooth sheet, constant checking is necessary through- 
out its production. Much of the work clone on the sheet is self-~11ec.king ancl it is the 
duty of the smooth-sheet plotter t.o check his work ns he proceeds. However, certain 
specific steps mentioned in this Manual do require ve~ificst.ion (in the field) by a person 
other than the plotter (see, for example, 746). 

After the plott,er has completed t,he routine work on tlle sheet!, it! must be inspected 
thoroughly and special attention given to those parts of the work which are not routine, 
such as comparison wit11 the Sounding Records nncl the boat sheet (see 7911 and 7912). 

791 1. Details From Sounding Records 

The completed smooth sheet should depict graphically all the infornlntion which 
has been entered in tl~eSounclingRecorcls. To assure that this has been clone, a system- 
atic page by page co~nparison with the Sounding Records sllt1.11 be niade after comple- 
tion of all tlie plotting. Special attention should hegiven to dlent,riesin the "Remarks" 
column and to all other entries that. a.re not routine, such as cuts t,o rocks and aids to 
navigation, and notes relative to the distance the so111iding vessel pnsses any object. 
Each detached position should also be verified in order t.o ensure t,hat i t  has been 
plotstred and that the correct depth has been slio\va. 

7912. Details From Boat Sheet 

The boat sheet often contains supplemental details a.ncl notes which are helpful 
in interpreting the Sounding Records and all of these should be considered hi connection 
with the smooth sheet. Occasionally, the boat sheet is the sole source of rocks, breakers, 
or kelp, but such information sllould be used with cliscrimination. I t  is incumbelit on 
the plotter a t  this time either to transfer this data to the smooth sheet or to void it 
by deletion or by indicating on the boat sheet that it is valueless. 

As part of the snlooth-sheet inspection, a detailed systematic comparison should be 
made with the boat sheet, in order to ensure that all essential information has been 
transferred to the smooth sheet. I t  is important that hydrographers in the field 
realize that after review of the smootli sheets in the Wa~hingt~oii Office., tlie boat sheets 
are retained only a short time before they are disposed of. 

791 3. Importune of Clarity 

I t  is important that the completed smooth sheet is clear and legible and that no 
information thereon is indistinct or ambiguous. (See 721.) The most important 
features on a smooth sheet are the locations of ancl lea.st depths on shoals. Before 
submitting the sheet to the Washington Office, the smooth-sheet plotter should verify 
these items. The least depth on any shoal should be apparent at  a glance without the 

. necessity of a minute inspection of the area, and should be emphasized according to 7753. 
If for any reason an important feature is obscurecl or sliown in a manner that there is 
risk of its being overlooked, a note should be addecl calling attention to it (see 7914). 
Dangers and shoals should be emphasized and i t  is more iniportant that they be shown 
with distbiction than that a routine symbolization be followecl. 
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7914. Use of Leaders 

Esplanatory notes are oc.casiona.lly used on the smootll sheet to avoid possible 
misinterpretatioii of the clatn (see 781). In  orcler that thcse niay be placed where they 
will 1ea.st interfere with tlle liydrogrxphic data it is often necessary to use a fine leader, 
or arrow, leading from the note toward the featt~re to which it refers. Such lenders or 
arrows are frequently of aclvnntage to enlphasize tlie least depths on slloals (see 7753). 

7915. Rem~zml of Temporary Notes 

All tenlporary penc.il notations nlacle on the snlooth sheet during the plotting, 
3houlcl be renlovecl before the sheet is transinittecl to the Washington Office. 

7916. Initials of Plotter and T'erijier 

During the construct~ion ancl plotting of a smooth sheet various specific steps are 
performecl. The recorcls must show clearly rcsponsibilit~y for each step, whether if is 
of plotting or verification. Rubber stamps are providecl for this purpose. Stainp No. 
42, Hydrographic Survey, is placed in tlie lower right-hand corner of t.lle smoqth 
sheet and the initials of the plotter and verifier of the phases of work indicated thereon 
must be appropriately eat.ered (see 746). Rubber Stamp No. 8S, Pro~.~ssing, (fig. 183) is 
entered in the Sounding Rec.orc1s st the encl of each day's hydrography, ancl the plotter 
must ent,er his initials in the approprintme spaces using a pencil of the same color he 
used to checkmark iteins in the Sounclii~g Recorcls during the protractiilg and plotti.ng 
of the data (see 76 ancl 773). 

For the guidance of the smooth-sheet plotter, table 3s lists the various details 
that are to be shown in pencil and in ink on the smooth sheet when i t  is forwarded 

. to the Washington Office. It is t.o be noted particularly that practically all the 
topographic infornln.tion offshore fro111 tlie high-water line is to be shown in black 
ink if it origina.t,cs with the topogra.phic survey ancl has been verified by the liydrog- 
rapher, but lilie information originat~ing with the hyclrographic survey is to be left in 
pencil. 

793. REGISTRY NUMBERS AND TITLES 

At the beginning of each field season each survey sheet is assigned a temporary field 
number by t,he Chief of Parby (see 1541 a.ad 3213). These field numbers are used for 
reference purposes during the early part of the season, but are subsequently replaced by 
permanent registry numbers assigned by the Washington Office. The regisb1.y number 
should be available on completion of the smooth sheet, a,nd if so, this number should be 
shown in pencil on t.he back of the sheet in the micldle of each end, with the correspondilig 
fielcl number just shove it. The registry number should be used in referring to the 
smootll sheet or to any of tlie records pertaiaiug thereto, after it is available. (See 1542 
and 1543.) 

After the snlootmll sheet is rec.eivecl in t,he Washington Office ancl registexeel, it  
becomes a part of the permanent ~~;-%.ives, ancl thereafter is never talien from the 
Washington Office. 



Registry number. 
Soundings. 
Bottom characteristics. 
Geographic nanles. 
Sailing lines. 
Notes concerning rocks, least depbhs, etc. 
Tide rips. 

TABLE 2S.--Scl1etl1cle of penciled snd inked details 4 
co - trJ 

Swirls. 
e vegetation (in general). 

ecting positions. 

in sounded area 

Pencil 

*Front hyd')"IYaplric survey: 
Rocks (bare, awasb  or sunken). 
Reefs. 
Ledges. 
Wreckage. 
Breakers. 
Limiting danger lines. 
Foul areas. 
Kelp. 
Fish stakes. 
Spoil areas. 
Bare rock elevations. 

l~ydrographic data. 

Black inli 

Projection lines. 
Projection numerals. 

Various colored ink 

D a t u n  not,e. 
Geographic position of reference t r iangulat io~~ station. 
Hieh-water line. 
LGge buildings. 
Laudmarlis (symbol, name, elevation). 
Notes in land area. 

*From topogrnpkic survey: 
Rocks (bare, awash, or sunken). 
Reefs. 
Ledges. 
Wreckage. 
Breakers. 
Limiting danger lines. 
Foul areas. 
Kelp. 
Fish stakes. 
Spoil areas. 

Position numbers. 
Day letters. 
Position dots. 
Station names. 
Station sy~nbols. 
Tide gage locations. 
Current station locations. 
Survey buoy symbols. 
R.A.R. distance circles. 
R.A.R. distar~ce arcs. 
Navipational aids. 
Shoreline by hydrographer. 
Bare rock elevat io~~s by topogra- 
pher. 

*These features, if they originate with the hydrographic survey, are t o  be left in pencil on the smooth sheet, when transmitted t o  the Washington Office; 
if such data  originate with the topographic survey and are verified by the hydrographic survey, they are to  be inked in black ink. 



PAGE 751 . THE SMOOTH SHEET 794 

The title of tlie hydrographic survey must ,lot be penciled or inked on the smootll 
sheet by the field party. This is acconlplished in the Wnslli~lgt~ol~ Office. However, 
tlie information necessary for the title is reporteel on Folml 537, Hydrographic Title 
Sheet (see 8412). 

After completion of the smootll sheet the .plot,ter should inspec.t tlie ent'ire work 
thoroughly to make sure there are no errors, on~issions, or cliscrepsncics, ancl t-hat tile' 
style and appearai1c.e conform to tile stnndarcls prescribed in cllapber 7. He should 
also assure himself that all tenlporary notes have been relilove4l (see 7915) and that the 
initials of the plotter and verifier have been appropriately entered on the snlootl~ sheet 
and in the Souncling Recorcls in the sta~ilps provided for that purpose (see 7916). 

If the l~ydrograplier who was in actual charge of the field opernbions cnil clo so, Ile 
shdl inspect tlie sniootll sheet ancl nlnlie n thorougll coiilpnrison with the boat sheet, to 
assure hilrself that the smoot,h sheet is conlplete and accurate, and tllat it deliileates 
dearly the result,s of his field survey. Because of his intimate k~iowledg-e of the drea, 
i t  is always possible that his inspection nlay disclose an erroneous interpretation made 
by the plotter. This is particularly true in t,ho case of rocli~, sshods, breakers, and 
so forth, for which the infor~iiation in tlie Souncling Records is somet.imes inadequate 
or ambiguous. 

7941. Final Inspection by Chief of Party 

After the conlpletion of the smooth sheet, and before it is transmitteel to tlie Wasli- 
ingt-on Office, the Chief of Party shall inspect the slleeb mid all of the recorcls. I i e  shall 
also furnisll on a separate slieet of pa.per as part of the Descriptive Report a statement 
to the effcct that t l ~ e  sheet and accompanying recolrls have been inspected by him, and 
are approved. (See 8437.) 

In the past, hydrographic smooth sheets received in the llTashington Offic.e, have 
occasionally been found deficient in various  respect.^, and t.o assist in elinlillating these 
in the future a list of principal deficiencies is fu~mislleil herewith. This is not intcncled 
as a complete list of all of the deficiencies, but i t  does contain those which cause most 
trouble during the verification and review. 

(a) Positions have been incorrectly plot.ted due to  t.he use of a protractor out of a.Jjustment. 
(b) Incorrect spacing of soundings; onlission of soundings from a failure to utilize properly the  

space available; insertion of sou~ldings not recorded in the Sounding Record. 
(c) Omission of too large a percentage of the recorded bottom characteriaf.ics. 
(d) Ercesqive size or careless lettering of pos i t io~~ nunlhers and clrty letters; very infrerl~~ently 

making their size too small; careless placing of then]. 
(e) Positions plotted with angles differing from those in the Sounding Record with no correction or 

note having keen made in the Record. 
(j) Certain notes in the Sounding Records have been ignored. 
(g) Scundings penciled in a straight line between posit.ions where Lhe vessel followed a curved 

path. 
(h) Limits and numbers of adjoining sheets shown ill ink (these should be omitted entirely). 
( i)  Geographic names inked (these should be left in pencil). 
(j) Failure t o  check and investigate depths which appear erroneous, or excessive differences at 

crorsing. 
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(k) Inaccurate transfer of the shorclinc from the topographic survey. 
(1) Failure to have some of the operations checked, or failure to enter in the place provided the 

iditials of the person performing or checking the operation. 
(m) The use of too hard a pencil. 
(n) The omission of a reference triangulation st.ation and the geographic datum. 
(0) The omission of the nlinils sign from soundings above the sounding datum; the low-water 

line ii>eorrcctly drawn with reference to the half-foot soondi~lgs above and below the sounding drbttum. 
(p) The omission of important notes which appear only on the boat sheet, having been omitted 

from the Sounding Record. 
(q) Inking the low-water line (this should be in pencil). 

Completed sllloobh sllcets shall be shipped to tlie Rasltington Office only in special 
metal or heavy cmdboarcl t8ubes, which lnny be obtained on requisition. For sllipment, 
skooth sheets shall never he I-olled to a dia.meter smaller th.rrn 4 inches, ancl shall be 
forwarded by registered parcel post or express. Tlie boat sheet shill1 be shipped 
separately. (See also 836.) 

Each smooth-sheet s1lipll:ent. sllall be acccmpaniecl by a copy of the transmitting 
letter (Fornl 413, on which i t  is listed, t,l~e origil~d being forwarclecl under separate 
cover. 



NAUTICAL CHART 

SYMBOLS AND ABBREVIATIONS 
USED BY THE 

COAST AND GEODETIC SURVEY 

General Remarks 

(1) Soundings are expressed in feet or fathoms as stated in the t i t le o f  the chart. 

(2) The visibility o f  lights is in nautical miles lor an observer's eye 15 feet above water level. 

(3) N.A.  1927 at the upper right-hand corner o f  the chart is an abbreviation for "Nor th  American 

datum o f  1927". 

( 4  Longitudes are referred t o  the Meridian o f  Greenwich. 

(5) The coastline is the line o f  mean high water, except along mangrove and marsh. 

(6) Nautical charts, unless otherwise noted in the tit le, are constructed on the Mercator projection, and 

are computed for the middle latitude o f  the chart or the middle latitude o f  a series o f  charts. 

(7)  Heights o f  land and conspicuous obiects are given in feet above mean high water, unless otherwise 

stated in the t i t le o f  the chart. Elevations o f  rocks, lighthouses, contours, and hills, are in feet above 

mean high water. Underlined elevations o f  mountain peaks are in feet above mean sea level. 

(8) Dredged channels are shown by limiting dash lines with the depth, month, and year o f  

latest examination. 

(9) Explanation o f  marginal notes may be found in the Coast Pilot, and in the Chart Catalog. 

(10) The use o f  capitals and the style of lettering given on this sheet is not always rigidly adhered to on 

the charts. 

(11) Caution note: CAUTION 

Temporary changes affecting 
Lights, Buoys and Day Beacons 

Aids which have been destroyed or removed, but which 
will be reestablished and are temporarily replaced by aids 
of different characteristics, are indicated in color by the 
following abbreviations. 

D Destroyed, t o  be reestablished. 

T R B  Temporarily replaced by a red buoy. 

T B B  Temporarily replaced by a black buoy. 

T F B Temporarily replaced by a fixed white lighted buoy. 

T F R 6 Temporarily replaced by a fixed red lighted buoy. 

T FL B Temporarily replaced by a flashing white lighted buoy. 

T FL R B Temporarily replaced by a flashing red lighted buoy. 

T FL G B Temporarily replaced by a flashing green lighted buoy. 

(12) The use o f  colors is optional and some of them may be changed for special reasons. 

Symbols and abbreviations are numbered in accordance with a standard form proposed by the International 

Hydrographic Bureau. 

Vertical figures indicate that the symbol or abbreviation is in accordance with the I. H. 8. standard. 

Symbols or abbreviations which differ from those of the I. H. B., or which do not appear on the standard 

are indicated by slant figures. 

Figures in parentheses indicate that the symbol or abbreviation is in addition to those shown on the standard. 

No per;ods are used after abbreviations placed in water areas. 

FIGURE 189. -Symbols and abbreviations for nautical charts (part  1). 



A. The Coastline B. Coast Features 

1 I Foreshores 
2 B. Bay 

... . .  (20) B. Bayou 

a M u d  flats 5 Cr. Creek 1 Shoreline unsurveved 

50 c. cove 

7 str. strait 

Confoun 
b Sand 8 Sd Sound 

9 Pass. Passage, Pass 
P :.: 

10 Chan. Channel 

c Stones or gravel 
~ o c k y  11 Entr. Entrance 

I 5  Anch. Anchorage 

16 Hbr, Harbor 

Not rocky, low 18 I .  Island ' 

d Rock, uncovers at chart datum 
19 It. Islet 

21 Pena. Peninsula 
Not rocky, hlgh 

Cape 

2 4 -  Hd. Head 
f Sand and gravel 

Point 

Mountain 
Mount 

Range 

Peak 

Volcano 

Stream 

Rver  

Slough 

(36) Ln. Lagoon 

(37) Thoro. Thorofare 

Lake 

Pond, Port 

FIGURE 189. -Symbols and abbreviations for nautical charts (part 11). 



FIGURE 189. -Symbols and abbreviations for nautical charts (part 111). 

c. The Land D. Control Points 

1 A Triangulation point 

3 '256 Summit of height (Peak) 
(when not a landmark) 

(o) @256 Peak, accentuated by 
contours 

R'- 
(6) 'ftC256 Peak, accentuated by . 

1 Contours or form lines hachures 

fc) $: Peak, when. elevation has 
not been determined 

( 1  O 2 5 6  Peak, when a landmark 

4 @ Obs. Spot Observation spot 

5 B.M. Bench mark 

6 o See View View point 
(0) Contours or form lrnes, estimated 

(9) Astr. Astronomical 

Tri. Triangulation 

U .  S. E.  United States Engineers 

- - -- - - 

2 Hachures E. Units 
- 

I hr. hour 

2 rnin. minute 

3 sec. second 

4 m. meter 
3 Glacier 

'TREE 

A consprcuous clump or srngle tree 
of any kind useful as a landmark. 

5 Isolated trees 

wooded 

9 Deciduous woodland 
(woodland of any kind) 

2050 
(tree tops) 

(11) Elevation of  top of  trees 

5 km. kilometer 

6 in. inch 

7 ft. foot 

8 yd. yard 

9 fm. fathom 

1 1  m. nautical mile 

12  kn. knot 

13 lat. latitude 

14 long. longitude 

1 7  C O ~ .  correction 

(18) alt. altitude 

(19) ht .  height 



FrounE: 189. - Symbols and abbreviations for nautical charts (part IV). 

,--.< 
'2 .' 
L - 

- z? 
I '  

r . 4  ' 8 . -  . . 

G. Harbors 

1 & ~ ~ ~ h .  Anchorage, large vessels 

(see No. P-12) 

2 5 Anch. Anchorage, small vessels 

3 Hbr. Harbor 

6 ,:.-{ B kwr. breakwater 

-v,& t +.,& jetty (partly below M H W )  

(9' ;,,I ,-, 

(80) 7- ietty (small scale) + pier 

11 ..+ groin (partly below M H W )  

-----------2 

12 1 Anchorage I Anchorage prohibited 
L--E'_D~J!W -1 

13 i- spollgrd. spoil ground 

r - 7  
14 ; :->??-- fish traps 

~ - 2  (actual shape charted) 

( 1 4 ~ )  f ~ h .  stk. fishing stakes when dangerous 

rn 
16 . ,, Ldg. landing place 

8 ' i  
- 

\ 

r_ W h f ,  wharf 

2 1  .t. dol. dolphin 

26 Quar. Quarantine 

2 9  ' Cus. Ha. Customhouse 

3 3  B. Hbr. Boat Harbor 

35 A dock 

36 )D dry dock (actual shape 
shown on large scale charts) 

37 cz3 floating dock (actual shape 

shown on large scale charts) 

3 9  i5zk+ patent dip (marine rar/way) 

4 0  . . I . O C ~  - lock 

45 Obsy. Observatory 

. .  . 
7 .  6 I, . 1;: - 

3 - - . 

F. Adjectives 
' and other abbreviations 

1 gt. great 

3 Irg. large 

4 sml. small 

7 mid. m I ddle 

9 anc. ancient 

1 2 conspic. conspicuous 

16 dist. d~stan t 
11 

17 abt. about 

(19) aband. abandoned 

(20) extr. extreme 

(21) Concr, concrete 

(22) bet. between 

(23) estab. established 

(24) exper, experrmental 

(25) disoontd. d~scontmued 

(26) fl. flood 

(27) mod. moderate 

(28) maintd. maintained 

(29) elec. electric 

(30) priv. private, p r ~ v a t e l ~  

(31) prom. prominent 

(32) std. standard 

(33) subm. submerged 

(34) approx. approximate 

(35) cor. corner 

(36) CI. clearance 

(37) NO.  number 

I 

- 8  

8 



H. Topography 
- Roads in open country 

Roads on 
small scale churls 

16 Swin! 
I Roads (Rds.) 

2 Track, Footpath, or trail 
17 Pontoon bridge, 

I M. & N. W. Ry. 

- - 
Same gmdo Ry. aboue Ry. below (17a) Lif 

3 Railway (single or double trackJ 
' ; ,* , ,: 

%lruay (Ry . )  Railroad (R.R.)- . 
i 4 

(6) Bascule bridge, that can be opened 

*---*---*---..---* ---- *---*----0 

5 Power transmission line t 21 Dam 

I (25) Levee 

1 (26) Lava flow 

p - - 0 - - + - - 9 - - 0 - - 9 - - 9 - - 4  

12 Marsh (See No. A-8) 
(27) Log boom 

Canal . ,Cock 
Ditch , Slu~ce 

0 

subm.pile pile stumps Snags 

13 Canal or ditch (28) Submerged piling, piling, 
stumps, and snags 

fixed) (29) Tunnel (railroad or road) 

PZ ,,-v 

L 
i f ~ " ~ i % ~ t ~ I <  I - 

, . 
. - 

15 Drawbridge, in gslnerar (30) Viaduct - 

FIGURE 189. -Symbols and abbreviations for nautical charts (pmt V). 



FIGURE 189. -Symbols and abbreviations for nautical charts (part VI). 

I. Buildings 

When the bucldmgs are 
by londmark symbol wrlh 

z 7mr C ~ t y  or town 

2 (large scale) 

$2 ~ l t y  or town 
(1 a) 

# 0 (small scale) 

3kb 3 
.I V~ l l age  
'3 . .  

4 Cas. Castle 

..I . - 
5 Ho. House 

@&I 

- 8 & Ch. Church 

- 
,----, 

18 t j Cem. Cemetery 
I I L----, 

19 & Fort (actual shape 

R charted) 

r-------- 
23 jC1/3j Airplane land~ng field 
24 j ~ ~ r p o r t  8 

;QV/ Airport (large scale) 
L.-..---.J 

Small scale 

(2417) 0 Airport (m111tar~) 

(246) 0 A~rpo r t  (commercral) 

26 F ~ n t  st Street 

(2Ga) M a ~ n  Ave Avenue 

27 Tel. Telegraph 

29 P.0. Post O f f ~ c e  

I 
prommenf, they may 6e shown 

descrrptrue note (see No L.63) 
' 

30 Govt. Government 

32 Hosp. Hospital 

34 Magz. Magazine 

35 OMON" Monlument 

36 OCUP Cupola 

elevat~on 

37 dev .  elevator 
elevated 

40 Runs 

41 OTR Tower 
t 

(4217) OWINDM~LL Windmill when landmark 

44 OCHY Ch~mney ! 

44a 'STACK Stack 

46 @ Oil tank 

47 F a c t y .  Factory 

(56) OGAB Gable 

($7) 2 S c h .  School 

(58) H.S. High School 

(59) U n ~ v .  Unrversity . 
(60) Inst. lnstrtute 

(61) CO. Company 

(62) Corp Corporat~on 

(63) Cap. Cap;to/ 

(64) C. H . Courthouse 

(65) Cath. Cathedral 

(66) Bldg. Burlding 

(67) Pav. Pavrl~on 
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J. Miscellaneous Stations 

2 Sta. Statton 

Coast Guard 
3 '  

\ (srmtlar t o  L. S S )  

(30) 
When the butldrng 

O W A L L ~ S  SAND5 rs a landmark 

6 k!' L~fesavtng Statton 
(See No. J-3) 

8 O P l  I.. STA h l 0 t  Statton 

9 _ Sig. Sta. Stgnal Statron 

19 Flagstaff 

Weather Bureau 
(20) OW B S I G S T A  

Srgnal Statron 

(21)  OF p f /agpo/e  

122) OF ,, Flag tower 

(23) OLOOKTR Lookout tower 

(24) OSPIPE Standprpe 

(25) 'BELL When on land 

K. Lights 

See Cenerol 

1 a Posttton o f  ltght 

2 Lt L;ght 

3 Lt. Ho Ltghthouse , 

4 aAERO Aeronauttcal l ight 

5 a @  Lrghted beacon 
(Post l ight) 

Y i C  Ltghtshrp 

4 Ltghted buoy 

1 0  REF Reflector 

Prrvate lrght 

(matntarned by prrvate 
( I7 )  Pr~v .  maintd mterests; t o  be used 

with cautron) 

21 F. Ftxed 

2 2  Occ Occulttng 

2 3  FL Flashrng 

2 4  Q k .  FL Qurck flashing 

(240) I Qk Interrupted qurck 

26 Alt Alternattng 

27 Gp Occ. Group occulttng 

2 8  Gp FL Group flashrng 

(280) S-L Short - long 

2 9  F FL Ftxed and flashrng 

30 F Gp FL 
Fixed and group 

flashtng 

. - 

Remorkr. note I I 

3 1 ' Rev Revolvtng 

(39) mln mrnutes 

(40)  sec seconds 

42 ev every 

44 VIS v~stble 

( 4 4 ~ )  m nautrcal mr/e 

47 GP group 

4 9  SEC sector 

63 B u blue 

64 G green 

66 R red 

67 W whrte 

68  OBSC obscured 

' 69 (U) unwatched 

7 1 lrreg trregular 

73 Temp temporary 

8 0  Vert verttcal 
I 

8 1  Hor horrzontal 

(82) D destroyed 

(83)  V B verttcal beam 

(84) Exper experrmen tal 

(85) R. range - -'r 

4 
-?'-  ; .I 

(86) AERO aeronaiiical ' 

FIGURE 189. - Symboh and abbreviations for nautical charts (part  VII). 



I L. Buoys and Beacons 
I 

On entering a channel Imm seaward. buoys on starbard side are red with own numbers. on wrl side btad 
wi lh odd numbers. Lighted buoys on starboard side of channel are red or while, on port side white or green. 
Mid.channel buoys haue black and while uerlical striper. Ohctruction buoys nre green. .or haue red and black 
horizontal bands. The dot of the buoy symbol, and the small circle of the iighl u&ei and mooring buoy 
symbols. Indicate their positions. 

I 

Position o l  budy I an ? Fish trap. buoy 

Lighted buoy 1 (28) Anchorage buoy 

3 ?BELL  Bell buoy 

f3aJ ?GONG Gong buoy 

4 ?WHISTLE  Whistle buoy 

5 ?c f~ Can buoy 

Nun buoy 

8 fs fS fs Spar buoy 

- (80) .@ Checkered buoy 

* ** 
1 2  Lightship 

Maintained by private 
0 .  (29) . interests; t o  be used 

with caution 

3 1  H .  B .  Horizontal bands 
H. S. Horizontal stripes 

32 V .  S. Vertical stripes 

3 3  Ghec. checkered 

4 1 W .  white 

B. black 

R. red 

44 Y .  yellow 

45 G. green 

(46) Br, brown 



0. Dangers 

424 
1 Rocks which do not cover; with their elevations 

above M H W 

X ?4 uncovers 2 ft. 
a t L  w &I 

2 Rocks that cover and uncover, with heights in 

feet above chart datum 

..... 
i + j  .... 

130) When rock o f  No. 2 is considered a danger 

t o  navigation 

-+ 
(412) Sunken rock below chart datum; 

depth not known 

.... 
: +.! ... 

(4b) When rock o f  No. 4a is. considered a danger 

t o  navigation 

.... 
<,2jRk ... 

(4c) Shoal sounding on isolated rock replac*es symbol 

@Rk f i ~ k  l & l ~ b s l r  

(6*) Sunken danger with depth cleared by wire drag 

(Feet or fathoms) 

,;:. :.:<.:;: ;,, ::+-,: : .. '+','. . ...+,: + .+,,." . , . 1 , 1 ;+ \ 
..:. . ..+ . .  .+;: '.?e ..:,+ ...:+ .:I+:... .... ........ '- - : 

.+. 

10 Coral or rocky reef (below chart datum) 

See No.  A-119 

& 
11 Stranded wreck (anv portion o f  hull above 

chart datum) 

........ 
?+-:::ma sts 

12  Sunken wreck with only masts visible 

<*,;;. 
....... 

I 4  Dangerous sunken wreck with less than 10 fathoms 

o f  water over i t  (See No.  6.3) 

................. 
:, wreckag;": ................... 

( 1 4 ~ )  A number of sunken wrecks 

...... 
;21 ;  ...... Obsfr 

(146) Obstruction o f  any kind 

\ .  
4 

16 Sunken wreck, not dangerous t o  surface 
navigation or over which the depth 
exceeds 10 fathoms 

.......... < fou/"j , ............ 
17 Foul ground 

t i de  r i p s  

1 8  Overfalls or t ide  rips 

- .  
eddies 

1 9  Eddies 

-4- 

2 0  Kelp, any kind 

2 1 Bk. bank 

22 Shl. shoal 

2 5  breakers (see No.  A-12) 

" 2 7  Obstr. . obstruction 

2 8  Wk. wreck 

(280) Wks. wreckage 

3 3  - COV. covers 

3 4  UIICOV. uncovers 

35 rep. reported 
.... 
:g:, .I .. 

(35aJ reported 
shoal reported 

4 1 P. A. position approximate 

42  P. D. poi i t ion doubtful 

43 E. D. existence doubtful 

44 POS. position 

4 5  D. doubtful 



FIGURE 189. -Symbols and abbreviations for nautical charts (part XI. 

. P. Various Limits T. Tides and Currents 

1 - - - - - - - Leadlng 11ne (Range Itne) 1 H W  hrgh water 

(1 a) H H W  h~gher high water 
4 L ~ m r t  o f  sector 2 L W  /ow water 

5 Channel or course 
recommended (20) L L  W lower /ow water 

(5a) ----- Alternate course 3 M T L  mean tide level 

w 4 M S L  mean sea /eve/ 
7 --da~jg;;G - Submarrne cable ----------- (8a) M H W  mean hlgh water 

Plpe lzne (86) M H H w mean hrgher hrgh water 

8 T T ~ ~ ~ ~ ~ Z T T  Submanne_prpe hne 
P ~ p e  h e  area ----------- (90) M L W  mean /ow water 

(96) M  L  L W mean lower low water 
9 - - - - - - - Maritlme Ilmrts ~n general 

17 st. stream r'-- 1 Llmlt  o f  flshlng zone 

10 I I (Ash trap areas bounded 
l 8  current, general 

t- - - - by orange tines) I 9  kn , f lood stream 

. I' 

. . 
.- :-I 

.1 
1-. .1- ' -, 

. I  .? 

... '< ,. . - 
1 - - I , .  

I1 
Llmrt o f  dump~ng ground 

(see Nos. P-9 & G-13) ------- 
12 -I Anchorage Irmnt 

. - - - - - - - - - - - 
13 1 1 Llmlt  of  airport 

,----------- 4 

lnternatlonal boundary 
16 --- (also State boundary) 

18 " " ~ , d + J V u U  Ice /1m1ts 

(21) Bdry. Boundary 

(22) Bdry. Monu. Boundary monument 

(23) - . - Reservation Irne 

Q* Soundings 

2 fi N o  bottom sound~ng 

Dredged channels 
(controlbng depth -------- 

5 30 FEET MAY 1939 may be shown in -------- 
separate note) 

Swept areas (shown 
by green t rn t )  
(not  yet c ~ v e r e d  by 

9 ,  sofficrent hydrogra- 

phlc surveys to  show 

adequate soundrngs) 

Stream 

20 2 kn ebb stream 

2 3 vel. veloc~ty 

24 kn. knots 

(25) '8; current ~ t a g r m  . ' 
11 . . -  
lo - 

9 

- - - - - - - - - - - - - - - - - - 
- - - - - - - - - - - - -  
- - -. - - - - - - - - 
- - . - - - - - 
.. - -...- .- 

- 
--------------------- 
-- -- -- -- -- -- -- -- - 
- - - - - - -- - - - - - - - - - - - 
- - - - - - - - - - - - - - - - - - - - 
- - - - - - - - - - - - - - - - - - - 
. . . . . . . . . . . . . .  

- - . . - - . . - - 



FIGURE 189. -Symbols and abbreviations for nautical charts (part XI). 
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s. Quality of the Bottom 

I Grd ground 

2 S sand 

3 M mud 

4 OZ ooze 

5 MI marl 

6 CI clay 

G 7 grave/ 

P 9 pebbles 

10 St stones 

(Ioa) Sp  specks 

R k  I I  rock 

a Bld ( s )  boulder (s) 

12 C k  chalk 

14 GO coral 

( 1 4 ~ )  CO Hd coral head 

1I6aJ Vol A s h  volcanrc ash 

I7 La lava 

18 PM pumrce 

2 1 C n  crnders 

2 3 Sh shells 

24 OY s oyiters 

26 S P ~  sponge 

27 G r s  grass 

3 3 GI globrgerrna 

34 D i  dratom 

39 fne hne 

40 CTS coarse 

41 s f  t soft 

42 hrd  hard 

43 s t f  strff , 
44 sml small 

45 l rg  large 

46 stk st~cky 

4 7 brk  broken . - +  

14 70) r k y  rocky 

50 spk speckled 

51 gty grrtty 

53 f IY flrnty " " 

54 gla c glacral ' . 
56 wh whrte 

57 bk black 

bu 59 blue 

60 gn  green 

61 Y 1 Yellow 

6 3 rd  red 

64 br  brown + 

66 g y  gray .. , 
67 It Irght ' 

68 dk dark 





INDEX 
(The bold-face numbrrs in Ihe IrJt-hand column arc the itein ~lztmbrrs arcompan,yi.nu terf headings. Set preJurr for erplunation oJthcsc 
nunibera.) 

I 
Reference 
numher Page I 

.................. Abandoned light structure(s) 7841 
nnmes ...................................... 

data compared-with I 
Fired . 

abandoned as lights- ...................... 7841 
Ilght sector ............................... 7641 
named i ~ ~ m m c t l v  in ~*corrls ............... 7843tul .. - ~ ~ - - -  

Rchuilt - . status ....................... 7841 
visibilitv range ............................ 7511 

Floating -, sy~nholization (see also Buoys, 
navigation) .......................... r,, 7842 

names on smooth sheets ..................... 7843 
narnes to agree wlth Light List .............. 7843 
station nan~es ....... ..I. .................... 7 8 4 3 ~ ~ )  

............................... svmbolization 784 
hii fihotogmpblc surveyls) 

........... Control stations described on 733 
............. Hydrographic sheets from - 733 

................................ Ozdid prints 7332 
Trncing-pa r prints ........................ 7331 

Aluminum s G t ( s )  
.... Control buoyslocatcd graphically on- {..!$) 

Data from - trn~~slerred to smooth sheets.- 713 
.................................. dinlensions 7131 

Enameled - ............................. 7132 
............. 

Disposal ................................... 7131 
removing ..................... '1131 lnk nn - . 1 ......... 

Penciling on - ...................... .-. 7131 
Penc~llng on -, removing... ............ 7131 

.................. nnt used as smooth sheets- 713 
................................ Painted v 7132 

........................ paper-mounted - 7133 
............... Preparation 01 -, method 7133 

........................ Warping tendency 7133 
Augle(s) . sextant (set also Cuts . sestaul aitd 

Three-mint fixes) 
elwrs (s€e XouidhG Record errors) 
plotted without protractor on "Circle" sheets . 735 
Third - required nt detached positiolls .. 766 

Arcs . distance. R.A.R. (sre R.A.R. dislallce 
arcs) 

 rea as. unsurveyed. sy rnhalization- ............ 7826 
Arrows used on s~llooth sheets ................. 7914 

......... Astronomic lines of position, plotting. 764 
Astronomic positions plotting ................ 764 
Awash rocks (see ~ohl is ,  awash) 

Banks . sand . low-water limits onsmooth sheet.- 
Bare rocks (see Ropks bare! 
Bars low-water limit; on smooth sheets ....... 
~ a r s '  navigable . least depth in half.feet ........ 
~ e a & n s  (sce also Ailis to llavieati~n, fixed) 

Demgnat~ng -on smooth sheet ............ 
Beam compass, use in plottil~z R.A.R ........ 
Bearings for use in navigation, symbolizatio~~. . 
Bearing(s1 . coml>ass 

as supplenlentsl mntrol . accuracy ........... 
Plottine -on R.A.R. sheets ............... 
syn~hol~zation on R.A.R. sheets ............. 

Boat sheet(~) (set also IIudrogralihic sheets) . . . . . .  
dats I I O ~  lo~nld elsewhere .................... 
niallosal of - ............................. 

Reference 
number Page 

Boat sheet(sl--Continued . 
... soul~ding lines transferred to smootll sheet 7682 

....................... use in smooth plotting {;:? 
Bomb distances (see R.A.R. distances) 

...... . Bomh Reiwrd rejecting R.A.R. distances 7637(1)Q 
...... . Romh size effect on R.A.R. distances.. .. 763Gd 

Bottum characteristicrs) 
..................... . abhrevintions standard 783 
................... Adjectives llllt cal~italized 783 
................... frerluency on smaoth sheet 783 

Importance in harbors, in anchorages, and 
............................ on shoals 783 

.............. inked at Washington Offia'.... 783 
........................ lettering, character of 783 

........................... Nouns capitalized 783 
placement on smooth sheet .................. 783 

.................. Sluooth sheet requirements 783 
............ supplemented from prior surveys 783 

............................... symh~~lization 783 
Breakels, symbolization (see also Rocks, 

............................. sunken) 7862 
Bridge clearallces, vertical, shown on smooth 

sheet ................................ 7aGa 
Bridge cl~arances . vertical, fl~?lil dats and Engi- 

.................... ncrrs' data differ 7M60 
................................. Bristol bo:rrd 7133 

Buoy poeilions (ate Control buoys) 
Buoy(s1, naviaation 

........... 1)esignatlng - on smoot11 sheets 78431~) 
Plotting - ............................... 769 
qmholiz~xtion { i84 ............................... 7842 

........... Template for making - s ~ ~ ~ b o l  7842 
Buoys, survey (srr Contlal buoys) 

C 
............... Cahle crossings on smooth sheet 7847 

Cables, uverhead, clearances shown 011 smooth 
................................ sheet 78164 

Celluloid (wllulose acetate) 
.................... Cleaning - before us.. 7143 

.................................... distortinn 7114 
............................. Inking on - 7143 

......... pleces at positinns of R.A.R. stations 7631 
..................... smooth-sheet covering.. (.!. .... 

................................... tracings 7143 . ............. T v p s  obtailmhle spwiflcstions 7143 
.................................. Celhloid illk 7261 . ................ Cellulose nitrate flre hazard ol 7113 

..... . Channels, navigahlc hall-foot soundings in 7713(h) 
Chwactcristics, hottou~ (see Bottom charactcr- 

istirsl 
Cha~-i(s) . ;kutical 

........................... datulns rlefinirion 1821 
................................. depth ;nits 7716B 

............................. ~ a l ~ e r  diqtortiam 7114 
.... cbcck a11;le nscluired at detached positions 766 

Chief 01 Pnrtu . 
~pprova l  oi sn~ooth sheet .................... 17941 
Inspcctiun of smooth sheet ................... 

................. Supcrvisior~ nf smooth sheet 79 
............... Chroll~grr1l~~~-tapc scaliug errirrs 7636n 

........... Chrommraph tapes ~ ta t i c  msrks 011 763Ga 
~irrlcs.~distsllec. ~ ' A . H .  (see R.A.K. tlistrulee 

circles1 
"Circle" shccts . inking the arcs.. ............ 735 . .......... Clarity irnporta~lce 011 smonth shi5.t 7913 . ............................ Clearances hrialge 7846a 
Clearrumes, overhead, shoa-~~ tm sn~ooth sheet . . 7846 



Reference 
number 

Cloth. tracing (see Tracing cloth) 
Colors 

Position-numhcr and day-letter --........ 
R.A.R. distance arc - .................... 
srmbolizing depth curves .................... 

coinpass . beam . usc in pbtting K.A.R ......... 
Compass besrings lace Bearings . compass) 
Compass row, speclal, lor plotting dead reckon- 

................................. ing 
Congested areas (see also Overlay tracinm) 

Number of snuudings that can he clearly 
inked lo .......................... 

 lotted on overlay tracings .................. 
Plotting surveys in -- : ................... 
Positlon numbers and day letters in- .... 

Contours, ~ubI'narine (scr Depth cnr, ves) 
Contraction in drawing paper (set D~sturtion) 
Centrol buoyfs) 

............................ location methods 
.......................... wit ions  computed 

positions determined graphically ........ ... . 
....................... ~aqitions . determining 

~ i n t r o ~  aGtion(s) 
described on air photographic surveys ....... 733 

.................. Explanatory notes required IS1 
Floating - (see Control buoysj 

................ in water area to  be described {ii::) 
name(s) 

Agreement between smooth sheet. boat 
sheet. topographic sheet. and Sound- 

...................... iug Records... 7441 
........ Agreement in overlap of two sheets 7441 

Important - In capital letbrs .......... 7442 
............................... Inking - 744 

...................... Colors used in - 714 
..... in sounded areas, inking to be delerred 7443 

Leroy trmplate and pen sizes to be used ... -{;= 
................................ orientation 7 4 4  

Overlap of sheets. agreement of - in .... 7.141 
placement with reference to symbol ......... 74?3 
Size and character of lettering 01 J 14'l ....... 11442 

Riee of Leroy lettering for - J723l ............ 17452 
................... of other agencies identified '181(e) 

.............. plotted helore inking projection 7 3 3  
................ plotter and verlfler, record 01 716 

plotting ..................................... 74 
.................................... by cntg 7415 
. ............................ hy dnu and dps 7411 

.................. by tracing-paper transfer 7413 
to be verified ....................... .. ... 745 

......... with latitude and longitude scales 7412 
................. with proportional dividers 7114 
................. with th reeam protractor 7416 

........ positions by three-point flr, computed 7416 
spotted from photographic detail . symbnli- 

mtion ................................ 743(d) 
symhol(s) .......... .... ...................... 743 

................ made with drop-bow pen .. 743 
............... Plotting soundings near 772 

...... ~ o i n t s  blackened with pencil. not ink 743 
..... . ~ i u s e d  not shown on smooth sheet 74 

Conversion of depth units and fractions 
(tables) .............................. 7716 

CoordinaG (sea Plaue wordinates) 
................... Course changes in. lotting 76S2 

courseb, recornmenfd . symbolization ......... 11(?5 
Cover. smooth sheet. description and use ...... {;!; .... 
Creeks, narrow. unfixed pmitions taken from 

boat sheet ........................... 1082 
Critical areas plotted on smooth sheet during 

fleld surveys ......................... 76 
Crosslines, depth discrepanci~ (see Depth dil- 

ferenres and  Soundlugs at ccrss~ngs) 
..... Current stations show11 on smooth sheet.. 1865 
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Dog-ear. attachi 
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Smooth-sheet paper) 
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Eniargecisubplans ............................. 7751 
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................................ .sheets 7734 
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inked only alter verification.. ............... 7874 
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................................ Orientation I71172 722 
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liief powd~r. use iu t r a d e r s  ................... 1561 
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symbolization ................................ 7637 
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R.A.R. protractnl.. Ode.wy, usr ................ 7631a 
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....................... Velocity of souud used 7631 
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R.A.R. distancc arcs 

....................... Colors lor iuking - 7637 
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Plotting - ................................ 7631 - 
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Blue ink user1 for d r ~ ~ i l l g  - .............. 7341 
Drflnition ................................. 7341 
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fn~m a statio~i hvoild sheet limits ........... 7341 Bailin lines. syn~bolization .................... 7845 
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Scales meter testing before use ................ 7322 
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Co~upleted - ............................. 79 
................. rompared with hoat sheet 7912 
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Inked lines on -, removal of .............. 727 
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............................... size of 7323 
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...................... Ide~~tificatiou of - 7112 
............................ Seasoning - 7115 .... 
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Various types ............................. 7112 

pencil lines . removal of ...................... 727 
Permanent rpcnrd of survey ............. .... 793 
Photographic . copies ol- ................. 721 
plotter (see Plotter . sn~ooth-sheet) 
 lott tins 

Inspection of --......................... 777 
................ Sheet kept dry dur.i ng - 731 
................ Sheet kept flat dur~ilg - 7311 

.................. Use of boat sheet in - 767 
Verification of- . evidenw of ............ 7916 

pre1)aration ............................. .... 73 
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Printed ................................. 7333 
projection lines . intervals between (table) .... 7323 
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protection ................................... 731 
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soundin@ ........................... 7624 
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SubI~l~ns .................................... 7751 
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.............................. 
lio huny (sfr l~lso Coutrol bunys uizd 
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s t  positinns . lilacrment ...................... i i 3 6  
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flrrhlr) ............................. 771621 
........................ Clarity cJ iukc.d - 773 

Coutrol-station synihols . - near ........... 772 
Conversiun of depth units anal lraetions[7716 

tfahlrs).. ........................... -17716 
datunis defined .............................. 7821 
Dctodied - (src Detaclicd pa-itions) 
Echo - (sn Echo soundings) 
Errcurs in - 

clisclnsed l?y depth curves- ................ 776 
Typical causes 01 - .................... 754 

.................. F~tquency 011 smocut11 sheet 7721 
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........................ smnnth sh~bet 7714 
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in fractions . how shown on slnooth shcets .... 7731 
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intcrval (ncc Boundin~s . frer4uencr . and . . .  
Sou~i~dings . spacing) 

Minus - 1 Definition . .  7 i Y  
............. i ? 7  ... How shown on smooth sheets Eg 

nunicrals on smooth sheets 
Orientation ................................ 7733 

................................. Plmment  7736 
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........................ values (tahZe) 7716.4 
Rough weather, effect on - .............. 774(g) 
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.............. according to rrrordecI times .. 7721 
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