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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 numbered headings. The first
digit of a number identifies the chapter, the second digit identifies
the section, the third digit the subject, and the fourth the heading.
For example, 7326, Verification of the projection, is the sixth
heading under the second subject in the third section of chapter 7.
Most of the references are intrachapter references, although a few
will be found that refer to other chapters of the Hydrographic
Manual.
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CHAPTER 7. THE SMOOTH SHEET

The smooth sheel is the name given to the hydrographic survey when reduced to
plot form. It is essentially a record of the soundings taken during the field survey,
but contains other data necessary for a proper interpretation of the survey, such as
depth curves, bottom characteristics, names of geographic features, and control
stations. The smooth sheet is plotted with the utmost care in the drafting room of the
ship or a field office either as the survey progresses or after it is completed. After
registry, verification, and review in the Washington Office (see 93), the smooth sheet
becomes the official permanent record of that particular survey. It is as complete for
the water area as it is practicable to make it, and subsequent reference to the original
Sounding Records is rarely necessary.

71. THE SHEET
711. SMooTH-SHEET PAPER

It is obvious that surveys which cost thousands of dollars to execute should be
plotted in their final permanent form on the best practicable medium available. Ex-
periente has shown this to be first-quality white drawing paper mounted on muslin.
This paper is known as smooth-sheet paper, and is available in several makes and sizes.
Smooth sheets shall be prepared only on paper furnished by the Washington Office
for that purpose.

7111. Whatman’s Paper

The standard paper for smooth sheets is Whatman's paper, available in only one
size, 31 by 53 inches. In this paper the muslin backing extends approximately 1 inch
beyond the paper on each edge, which feature tends to preserve the edges of the paper
during extensive use and also prevents cracking. Whatman’s paper shall be used for
all smooth sheets where the size permits, and this requirement must be given full
consideration in planning the sheet layout for any given area (see 1361).

7112. Other Papers

Other mounted smooth-sheet paper is available in widths of 36 and 42 inches, in
continuous rolls of 10 yards each., This should he used when the layout of sheets
requires the use of larger sizes than the standard, as is frequently the case with offshore
surveys. The quality of the different makes varies, “ Paragon” being considered the
finest drawing paper made. But this is foreign made and is difficult to get at the pres-
ent time. In 1942 the best available paper is Keuffel & Esser No. 13320 DAL,



7113 HYDROGRAPHIC MANUAL Paae 658

When paper other than Whatman’s standard is used, the smooth sheet shall have
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 at regular
intervals along the margin but if this imprint does not contain all the desired data or
if the entire imprint does not appear on the smooth sheet, it must be noted thereon
in ink.

7113. Defective Paper

Drawing paper is purchased by the Federal Government in accordance with stand-
ard specifications. These require generally that paper be free of surface imperfections,
that it be subject to a minimum dimensional change, that it permit inked lines to be
drawn without spreading 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 must not be so stiff and
rigid that it will not withstand & reasonable amount of rolling and flexing without
cracking.

Notwithstanding the specification requirements, considerable variation in the
quality of smooth-sheet paper is found in practice. Paper which does not comply to
a reasonable degree with the above general requirements shall 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 trade name of the paper, and the date of shipment to the party,
if these are known.

7114. Paper Distortion

Drawing paper, not mounted on metal, does not exist which is free of distortion
under varying conditions of temperature and humidity. This distortion is a decided
nuisance to the surveyor in his field work and to the cartographer who subsequently
uses the smooth sheet in the 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 assumed to retain their correct
length. If distances are plotted for use at some future date, it is necessary to verify
them before use.

The best quality of smooth-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 it occurs after the survey has been completely plotted,
because the effect is merely a change in scale. Where the percentage 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 taken in laying out projections
(see 1362). :

One test for distortion 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 its greatest dimensions on a foggy day when the sheet
was damp and its minimum on 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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TaBLE 23.—Paper distortion

Percentage of distortion caused
by a change from 27 to §9
percent relative humidity

"Type of paper or material

Across short, Along long

dimension of | dimension of

_ sheet or roll sheet or roll
Cellulose acetate - - e __.- 0. 29 0.19
Buff paper, K. & E. No. 13322-M - 0. 51 0.25
Chart paper (unmounted).__. _________________..______ - 0. 65 0. 29
Buff paper, K. & E. Duplex No. 141 (insheets)__________________ 0.75 0. 35
White paper, Weil No. 72________________ ... 0. 61 0. 39
Buff paper, K. & E. Duplex No, 141 (inrolls) . __________ 0. 65 0. 40
‘White paper, K. & E, Paragon._.._ .. ______________________.. - 0.97 0.45 .
White paper, Whatman____________________ ... 0. 40 0. 56
Tracing paper, K. & E. Ionie No. 197 H_______._________________ 0. 54 0.13
Tracing paper, Post No. 178__ . ___ .- 0. 82 0. 28
Tracing paper, K. & E. Dorie____- . _______._____________ 0. 99 0. 27
Tracing eloth, K. & E. No. 13308 - - oo oo 1. 00 0. 28

7115. Seasoning Drawing Paper

Smooth-sheet paper should be well seasoned in the climate in which it is to be used
and for as long a period as practicable before the projection is drawn. Paper in tight
rolls, or in stacks or piles, will not season. Each sheet should be laid out or hung up
separately where it will be completely exposed to the air on both sides for at least a few
days, if not weeks, before use. For best results the period of seasoning should embrace
a great variation of temperature and humidity.

If a sheet cannot be seasoned by laying it flat, it should be hung from successive
edges and subsequently laid flat for several days before use.

The contraction and expansion seems to be greater during the seasoning period
than subsequently. The paper seasons and settles down so that less distortion may be
expected Iater.

7116. Drawing Paper in Rolls

Drawing paper in rolls is tightly rolled by the manufacturer and soon assumes a
set in this position. It must be unrolled with extreme care or it will have a tendency to
buckle or perhaps even crack. It is best to unroll it gradually over a period of several
days before trying to put it in a flat position. This is done by first loosening the outer
turns of the roll, until as much paper as is likely to be needed at the time has assumed a
diameter perhaps twice as large as the roll had originally. The next day it is expanded -
again in diameter and so on, leaving it in the enlarged roll each time for a day, if possible,
until it can be cut off the roll and laid flat for seasoning.

7117. Drawing Paper Requisitions

All smooth-sheet paper requirements should be requested from the Washington
Office by ordinary letter, specifying the kind, grade, make, size, and quantity desired.

712. SMoOTH-SHEET SIzZE

The standard size of smooth sheets is 31 by 53 inches and they shall ordinarily
not exceed this size. It is sometimes impracticable to maintain this limit because of
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the configuration of the shoreline, the availability of the signals, and the necessity for
controlling offshore hydrography from shore signals. But the maximum size, which
shall never be exceeded under any circumstances, is 42 by 72 inches.

For projections made in the Washington Office on the projection ruling machine
the maximum size of the area on which lines can be ruled and the maximum size of the
paper are given in 7327.

7121. Dog-Ears

Dog-ears are small drawing paper extensions to the smooth sheet used for including
control stations or portions of sounding lines that plot beyond the limits of the sheet
unavoidably or through an error in the original layout.

Dog-ears must be avoided wherever possible. Eventually they almost always tear
off or become so mutilated that they must be removed, and the smooth 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 needed control will fall within the
limits of the sheet.

Where it is necessary to use a permanent dog-ear, the paper shall be neatly stapled
to the smooth sheet with a wire stapler, using the minimum number that will ensure
permanence, and avoiding inter-

— 1| ference with plotted information.
K R ' W Under no circumstances shall a
© - permanent dog-ear extend more
% §‘ & than 6 inches beyond the edge of
\[ I T e e the sheet.
| \_EJ If only a single station is to be
- 1 e o included, the dog-ear shall be made
of tracing paper, temporarily added
\__D [MARKO to the smooth sheet by rubber ce-
FIGURE 143.—Temporary dog-ear for smooth sheet. ment or in any other way which

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

713. AUXILIARY PLOTTING SHEETS

Grained or painted aluminum sheets and drawing paper mounted on aluminum
sheets are occasionally useful as accessories to the smooth 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 computations are
100 involved, as in the case of cuts obtained from a vessel whose position is determined by a three-
point fix (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, astronomiec sights,
R.A.R., and combinations of these.

In all cases in which aluminum sheets are used as intermediaries the final results
'must be transferred to the smooth sheets; in the case of control, by dms. and dps.
(see 7411); and in the case of hydrographic positions, either by dms. and dps. or by a
tracing-paper transfer similar to that described in 7413. As finally plotted, the smooth
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sheet must be complete without the necessity of reference to the aluminum sheet which
is not a part of the permanent records. The smooth sheet itself, however, must not
be plotted on aluminum.

7131. Grained Aluminum Sheets

The maximum size of aluminum sheets available at the Washington Office is 38 by
54 inches and they are all 0.02 inch thick. This size or smaller can be furnished either
grained, painted, or mounted with drawing paper. A sheet of maximum size costs
about $2.50 and the cost of graining is approximately 60 cents per sheet.

The grained surface of an aluminum plate will take either pencil or ink, but the
abrasive nature of the surface wears a pencil point down so rapidly that it is difficult,
if not impossible, to draw fine lines with a pencil sharpened to a chisel point. Soft
pencil marks can be removed with art gum. A hard eraser should not be used since it
removes the grain and once this has occurred neither ink nor pencil marks can be made
on that portion, unless it is subsequently roughened with a snake slip. Ink
can be removed from the grained surface by the use of water or a dilute solution of oxalic
acid (1 ounce oxalic acid erystals to 15 ounces of water). A slight stain will remain
which can be removed by the use of a snake slip.

Used aluminum plates need not be returned to the Washington Office.

7132. Painted Aluminum Sheets

Painted aluminum sheets are similar 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 automobile bodies.

Both ink and pencil work can be done on painted aluminum sheets although with
not the same facility as on a good grade of drawing paper.

7133. Mounted Aluminum Sheets

Drawing paper mounted on aluminum sheets is the most satisfactory solution of
the distortion problem if the sheets are not unduly exposed to moisture. The paper
must be mounted on both sides of the aluminum regardless of whether one or both sides
are to be used; otherwise the paper will contract or expand and so warp the aluminum
sheet that it will not lie flat. Mounted aluminum sheets are prepared in the Washing-
ton Office and any make of unmounted drawing paper can be used. The kinds ordi-
narily used are chart paper or two-ply Bristol board, depending on the purpose for which
they are intended. (See also 233.)

In mounting, the paper is applied to the two sides, one at a time, with a high quality
lithographic paste, sparingly used and avoiding excessive moisture, as the latter has a
tendency to make the paper surface porous or mushy which ruins the fine drawing quality
of the paper. One of the requirements for successful mounting is that the paper must
be bonded to the aluminum under considerable pressure, this pressure being more impor-
tant than the quality of the paste.

Some difficulty has been encountered with the moisture in the paste oxidizing the
aluminum and causing blisters to form at some future time. Of course this is no draw-
back if the sheet is being prepared for immediate temporary use. This difficulty can
be overcome in various ways, one of the most successful of which is coating the aluminum
with shellac before mounting.
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714. TraciINé MEDIUMS
7141. Tracing Cloth

Tracing cloth is a fine semitransparent linen or cotton cloth, sized on one side, and
dull on the other. The best grade is free 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 takes ink
better. Inking on tracing cloth is facilitated by dusting with tale or pounce, rubbing
lightly with a cloth to remove traces of grease which prevent the flow of ink from the
pen.

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

The most satisfactory tracing cloth on the market in 1942 is “Micro-Weave,”
fabricated by Holliston Mills Company. It is made in 10- and 20-yard rolls in almost
any width desired, and in rectangular sheets in & number of sizes from 19 by 24 inches
to 41 by 59 inches. The sheet form is available on the General Schedule of Sup-
plies, but the roll form isnot. An inferior grade of cloth in 24-yard rolls can be furnished
from the Schedule in widths of 30, 36, and 42 inches. This grade is suitable for use in
protecting the smooth sheet during plotting (see 761).

7142. Tracing Paper

Tracing paper (or vellum) is a thin tough semitransparent paper suitable for
making tracings of drawings, or for miscellaneous 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 degree of transparency and smooth surface, the texture per-
mitting erasures without damage to the paper.

The best tracing paper, not available in 1942 because of the war, is foreign made
under the trade name “Doric’’ and is marketed by Keuffel & Esser Company, New York.
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 Frederick Post Company, Chicago, Illinois, is satisfactory for
all except the most critical work.

7143. Cellulose Acetate

Transparent cellulose acetate sheeting (better known under the more familiar
trade name ‘“Celluloid”) is useful either as a tracing medium or as a transparent cover
for smooth sheets, maps, charts, etc. Cellulose nitrate sheeting must not be used
since it is highly flammable and its presence creates a definite fire hazard. Cellulose
acetate on the other hand burns at about the same rate that paper does.

- The sheeting is used in two grades: (1) low shrinkage grade, for work requiring
a minimum of distortion, and (2) ordinary grade, for purposes in which dimensional
changes are not important.
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The types of cellulose acetate ordinarily available are described below. All four
kinds can usually be furnished by the Office although only the first three are on the
General Schedule of Supplies.

(@) Cellulose acetate sheeting, special low shrinkage, one side frosted for draiting, 40 inches wide by 0.008 inch thick, in sheets
50 and 60 inches long and in rolls.

(b) Cellulose acetate sheeting, ordinary grade, one side frosted for drafting, in sheets 20 by 50 inches In size, and in thiekness 0.005
inch, 0.0075 inch, and from 0.01 inch to 0.125 inch.

{¢) Same as (b), except both sides are clear.

(d) Cellulose acetate sheeting, ordinary grade, clear, available in rolls up to 40 inches w1de and from 0.00088 to 0.002 inch thick.
Sold under the trade name of “Rigid Kodapak’’ by Eastan Kodak Company.

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

To ensure ease in drafting and the most permanent bond of the celluloid ink (see
7261), the surface of both the frosted and clear sheeting should be cleaned thoroughly
with either ammonia (U.S.P.) or magnesium carbonate, applied with a soft cheesecloth.
Tracing cloth powder can also be used for this purpose, but magnesium carbonate
seems to give better results.

72. DRAFTING AND LETTERING
721. CHARACTER OF THE DRAFTING

Artistic drafting and lettering are neither necessary nor desirable on a smooth
sheet. A hydrographic 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 must be first, accurate; second, legible; and third, neat. While neither expert
draftsmanship nor penmanship 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 accuracy and the reliability of the field work. Care and
patience combined with sufficient practice will produce the necessary accuracy and
legibility.

It is particularly important that the smallest details appear on the smooth sheet
accurately and clearly. In general, it should be possible to read, without difficulty,
everything on the smooth sheet without the use of a magnifying glass. Those engaged -
in constructing, inking, and lettering smooth sheets should constantly keep in mind
the fact that photographic copies of smooth sheets are frequently made for the use of
agencies and persons, who have no access to the original documents, and that often
these copies are at a one-half reduced scale.

It is only by following prescribed standards that an entirely satisfactory smooth
sheet will be produced (see fig. 171). Particularly important is the use of standard
symbols (see figs. 169 and 189), as great confusion often results where nonstandard
symbols are used or where symbols are drawn so poorly as to make misinterpretation
possible. Soundings, in particular, must always be clear and legible (see fig. 163).

722. ORIENTATION OF SMOOTH SHEET

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 smooth
sheets all lettering and numerals of any kind shall be so lettered as to be read from the
south (see 7733). Where geographic names or legends cannot be lettered on an east-
west line, but must be lettered at 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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723. LETTERING

The lettering on a smooth sheet should be bold rather than the reverse. Extremely
small letters and numerals should be avoided unless lack of space renders a small size
absolutely necessary. Thin ink should be avoided. Unless ink of sufficient body is
used, the central part of the inked line frequently thins out, particularly where a
mechanical lettering set is used. This results in a poor appearance and makes satis-
factory photography of the smooth sheet impossible. Each inked line, whether in black
or color, should present a solid uniform appearance throughout.

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

Periods shall net be used in the water area (see 781).

7231. Mechanical Lettering Sets

Unless the draftsman is particularly skilled in lettering, it is preferable that a
mechanical lettering set be used, where practicable. There are several types of these
on the market (see 4834). For most small lettering the pen sizes recommended by
the manufacturer of the Leroy sets produce too heavy a letter. The preferable size
for smaller lettering, such as station names, is “No. 00.”

724, SELECTION oF PENcILS

Although individual preferences vary somewhat, the experienced draftsman knows
with which make and grade of pencil he can obtain the best results for any given require-
ments. All makes of drawing pencils listed in the General Schedule of Supplies, the
standard list of materials contracted for by the Government, can be considered of high
grade and of comparable quality, although tests have shown that a variation of approx-
imately one grade may be found in the hardness of one make as compared with another.
Gradations of any one make, however, can be depended upon to be consistent. Before
being listed in the General Schedule of Supplies, drawing pencils are rigidly tested to
determine whether they comply with the specifications. The leads in most pencils
are made by the same process. Of those listed in the General Schedule in 1942 the
Van Dyke Microtomic Graphite is believed to smudge the least and the Koh-i-noor
and Turquoise pencil leads are thought to average slightly harder for the same grade
than other makes. It is also the belief of some draftsmen that the Koh-i-noor leads
are, on the average, of a more uniform quality.

For most pencil work on a smooth sheet, pencils of a grade no harder than 3H or
4H should be used, except for the construction of projections and the plotting of control
stations by dms. and dps. (see 7411). For these a much harder pencil should be used,
extreme care being required to prevent damage to the surface of the paper. On
a humid day when the paper is likely to be damp and easily indented, a pencil one
grade softer should be used than is customary for the same purpose on a dry day.

Under no circumstances should a hard chisel-edged pencil be used to draw the
connecting lines between positions on the smooth sheet, because this may result in
rupturing the paper at the most critical place, that is, along the line of soundings.
Furthermore, the indentation formed makes inking the soundings extremely difficult,
because the pen catches in the indentation. A pencil no harder than 4H, sharpened
to & point, not a chisel edge, should be used for this purpose.
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725. SELECTION OF PEN PoIiNnTs

The drafting pens on the General Schedule of Supplies are not uniform in quality
nor are they tested as thoroughly as the pencils are. As in the case with pencils, an
experienced draftsman will know with which make and type of pen he can obtain the
best results for a particular style of drafting.

The Gillott crow-quill pen (No. 659) is believed to be the best all-purpose pen
for fine work, especially after the point has been dressed slightly. For a draftsman
who prefers a fine limber point, Gillott No. 290 or No. 291 is perhaps the best. For
average work Gillott No. 170, and for heavy work such as shoreline Gillott No. 303
or No. 404, are recommended. For the very fine lines required in inking day letters
and position numbers on sounding lines, & 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 obtainable. Esterbrook pens are
the best available on the General Schedule of Supplies. The numbers of comparable
grades of Esterbrook pens are 62, 354, 355, 356, 357, and 358, for Gillott pen numbers
659, 291, 290, 170, 303, and 404, respectively.

726. INKs

Waterproof drawing inks, particularly colored inks, vary considerably in quality
from year to year and no recommendations can be made at any particular time with
the expectation that they will be found correct in the future. The inks listed in the
General Schedule of Supplies are satisfactorily tested before listing, and it is believed
that at any given date the General Schedule is, perhaps, the best guide. It does not
follow, however, that if ink of one malke is satisfactory in one or two colors, other colors
of the same make will necessarily be satisfactory. Experience is, after all, the best
guide.

Black waterproof drawing ink is the only ink which is entirely waterproof. Other
colored WJtEIplOOf inks are not fully waterproof and this fact should be carefully
considered in connection with their use.

In the past, Higgins waterproof drawing ink has, perhaps, been found consistently
better than other makes. At the present time hoth Higgins and Keuffel & Esser black
waterproof ink comply with the federal specifications.

7261. Celluloid Ink

While ordinary drawing ink can be used on celluloid sheeting, it is preferable to
use celluloid ink because it makes a more permanent bond and does not rub off or chip
so easily. It can be removed with a steel eraser; light ink work can be removed with
an ink eraser or an erasing machine, the latter leaving a better surface for redrafting.

Celluloid ink will be furnished by the Office on request. It is available in light,
medium, and heavy grades. The medium is more generally used. The solvent in
celluloid ink evaporates rapidly making it necessary to thin the ink from time to time.
This is done with a special thinner, which is also available on request. A small quantity
at a time should be thinned, suitable for the individual draftsman.

727. ErasiNg Anp CLEANING

During the construction and plotting of the smooth sheet every effort should be
made to keep the sheet clean and to avoid placing unnecessary marks thereon (see 731).
Even with considerable care, a smooth sheet will eventually become slightly soiled.
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Errors are occasionally made which must be corrected, and temporary notes or lines are
placed on the sheet which must be removed. These erasures as well as the cleaning
of the sheet require extreme care 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 removed with an art gum eraser without damage to the paper. Penciled errors and
the badly smudged places generally require the careful use of a soft red eraser of the
“Ruby” or “Venus” type now on the General Schedule. Ink erasures cannot be made
without some damage to the surface, but less damage is generally caused with the skill-
ful use of an electric eraser (see 4852) than by any other method. Hard abrasive
erasers should never be used, even for the removal of ink work. Colored erasers
should always be tested before use to determine whether the color rubs off, and if so,
they must not be used on the smooth sheet.

The sheet in general may be cleaned by crumbling a small piece of art gum over it
and gently rubbing the crumbs across the surface with a piece of clean white paper
placed flat under the hand. Bread crumbs may be used for the same purpose.

73. PREPARATION OF THE SMOOTH SHEET

The completed smooth sheet is a valuable original document. It is preserved
indefinitely in the archives at the Washington Office. The amount of care taken to
protect the sheet during its construction will be directly reflected in its future longevity.

731. PROTECTION OF SMOOTH SHEET

Prior to and during the construetion and plotting of the smooth sheet, the paper
should be kept in as dry a place as possible, especially if the climate is at all 11u1n1(1
All dr aft.mg work is done much easier on dry paper.

It is inevitable that the sheet will become slightly soiled while being worked on,
but there is no reason why it should be soiled excessively if a reasonable amount of
care is taken to keep all parts of the sheet covered, except the small area on which work
is actually being done.

Smooth-sheet paper has a specially prepared surface and every care should be taken
to avoid damage to this surface. Lines should never be scratched on the paper, except
short. ares necessary in constructing a projection. This damages the surface and ink
runs in the scratches. It is equally important to avoid the indentations made by using
too hard a pencil or by pressing too heavily when drawing 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 sharp pencils that in a short time
the paper cracked at these places. When this oceurs, deterioration of the sheet soon
follows.

Temporary construction marks and temporary notes should be kept at & minimum,
and these, particularly the notes, should be made with as soft a pencil as practicable
so that they may be erased without damage to the paper.

7311. Rolling the Smooth Sheet

The mounted paper used for smooth sheets is of the best possible grade and if it
receives careful treatment during the making of the smooth sheet and subsequently,
it should suffer comparatively little distortion. If practicable, the smooth sheet should
be kept flat during the entire period of its construction. Rolling during this period is
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not only harmful to the paper, but results in a curve set in the paper, which makes
plotting and inking unnecessarily difficult. If the smooth sheet must be rolled at any
time, it should be rolled loosely to a diameter of not less than 6 inches with the cloth-
backed side of the paper on the outside.

Under no circumstances should the smooth sheet be allowed to extend over the edge
of the table during plotting. This subjects the sheet to permanent creasing or bending
which may result in weakening the paper to such an extent that it eventually cracks or
breaks.

732. Tre ProjeCTION

The graphic record of a hydrographic survey is a smooth sheet, which in effect is
a map of the area surveyed. A map is a flat-surface representation, at a given scale, of
some part of the curved surface of the earth. On a map the features of the earth’s
surface are represented with reference to each other according to some system which
will simulate their relation in nature. In order to accomplish this best, a projection
is used—that is, an orderly arrangement of the terrestrial meridians and parallels on
a plane surface.

No matter how small a part of the earth’s surface is under consideration it is
still curved, and theoretically cannot be represented on a plane with perfect accuracy.
As the area increases, the distortion or the departure from nature becomes greater when
an attempt is made to show it on a plane surface. It follows consequently that the
meridians and parallels cannot be shown on a plane exactly as they are on the earth.
Projections can be constructed in which some one or more desirable properties are
mathematically 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 reaches a size so small that it can be
represented at a given scale on a plane surface without any plottable error.

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

7321. The Polyconic Projection

Various projections have been adopted by different countries and different survey-
ing agencies within each country 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 this projec-
tion.

This polyconic projection was devised by Ferdinand Hassler, the first Superintend-
ent of the Coast and Geodetic Survey. It is extensively used for surveys of compara-
tively small areas, such as those covered by the hydrographic and topographic surveys
of the Bureau, because it effects a satisfactory compromise with all of the most 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 familiarly known 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 meridian of any
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polyconic projection is a straight line, all other meridians and all the parallels being
curved lines, except for the special case of the Equator which is a straight line. The
parallels are arcs of nonconcentric circles with radii of decreasing length as the latitude
increases, but whose centers lie in the exten-
sion of the central meridian. The curved
meridians are concave toward the central
meridian in increasing amounts as the dis-
tance from the central meridian increases.
Practically, in the larger scales usual in
hydrographic surveying the meridians may
be considered straight lines within the limits
imposed by graphi¢ methods of construction.
The longitude scale is everywhere correct,
but the latitude scale is strictly correct only
on the central meridian.

The accuracy inherent in the polyconic
projection is a matter of some interest.
Some idea of the departure from true repre-
sentation is given by the following two
examples. On a 1:40,000 scale projection
on o sheet 31 by 53 inches in size the scale
distortion in the worst part does not exceed
9 parts in 1,000,000 and the angular error
does not exceed 17 of are. On a 1:120,000
scale projection on a sheet 42 by 72 inches in
size the scale distortion in the worst part does not exceed 3 parts in 20,000 and the maxi-
mum angular error is 15”3 of are. It is apparent, then, that the errors of azimuth and
distance on sheets usually used in plotting hydrographic surveys are of such small
proportions as not to be graphically measurable.

Since the meridians of the polyconic projection are curved lines concave toward
the central meridian two adjacent maps or surveys cannot be joined together in an east-
west direction, because the curvatures of the marginal meridians on the two maps are in
different directions.

n

FIGURE 144.—Polyconic projection of North America.

7322. Ferification of Scales and Straightedges

Before beginning the construction of the projection, the meter bar and meter scales
and the straightedges should be verified unless definite information of their correctness
is at hand. It.cannot be assumed that the 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 correct.
In lieu of this a comparison of the various scales and meter bars against one another
will suffice (see 4821).

Straightedges can also be tested by comparison with one another but a better test
is described in 4831,
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7323. The Projection Lines

7323

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

TABLE 24.—Projection line intervals for various scales

Scale of survey

Projection line interval

bt et bk ok ok o fd ok

12,000 and larger_________
:2,001 to 1:3,000.._.._.___
13,001 to 1:6,000.______.___
16,001 t0 1:12,500__ .. ____
112,501 to 1:25,000__.___._
125,001 to 1:60,000_______._
160,001 to 1:125,000 ._._._
: 125,001 to 1: 250,000 .___

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

The projection is constructed in peneil.

It must be verified and all of the control

stations plotted by dms. and dps. (see 7411) and checked while the lines are in pencil.
Only then are the projection lines to be inked as fine solid black lines 0.15 mm in width.
The lines should extend entirely across the sheet. No borders are to be placed on
smooth sheets,

The numbers representing the latitude and longitude shall be drawn in black ink
at the ends of each parallel and meridian. They should be 3 mm in height and should
be made in aceordance with figure 145, preferably with a mechanical

lettering set. Those representing degrees shall be repeated every 877150
fifth minute on scales of 1:20,000 and larger; every tenth minute on
a scale of 1:40,000; and every thirtieth minute on smaller scales. 32° 15

For scales larger than 1:8,000, where the entire area falls within a
1-degree interval, the degree number must be shown at least once
on the sheet, preferably near the center, the other lines being identi-
fied by the minutes and seconds only. The numbers must be fol-
lowed by the respective degree, minute, and second symbols. Degree
symbols should be 1.0 mm in diameter, and minute and second symbols 1.0 mm long,
all centered on line with the top of the numbers. The numbers and symbols must
be checked.

F16URE 145.—Referencing
projection lines.

7324. Construction of a Polyconic Projection

The construction of a polyconic projection is a comparatively simple problem, but
extreme accuracy and care are necessary. The following instruments are needed:
meter bar, beam compass, straightedge, dividers, and a quarter-meter scale (see 4821).
All of the elements are found in Special Publication No. 5, “The Polyconic Projection
Tables.” The area to be embraced and the orientation of the sheet and the scale are
found in the layout of the project (see 136); the interval between projection lines to
be drawn depends on the scale (see 7323).

From the layout locate the intersection of the most central meridian and parallel
which are to be shown, and the direction of the central meridian. The accuracy with
which this needs to be done depends on how near the edge of the sheet the work will
extend. If extreme accuracy is required it is generally necessary to lay off carefully
the limits of the sheet on a published chart of the area, thereby locating the central
intersection and orientation. In some cases even preliminary mathematical computa-

609490442
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tions are necessary to ensure the inclusion of the required control points as, 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 make 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 scale of the projection being made and the scale of the
meter bar being used, these distances will of course be reduced for use directly 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 mmy, mma, mms, and mimny, are taken from the table headed

“Meridional ares,” under “Continuous sums of minutes.” The distances mx, ma, mxz, mas, mxy, and
mxs, for each parallel are taken from the table headed ‘“Arcs of the parallel in meters” for scales of
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F1GURE 146.—Construction of a polyconic projection

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

The construction is carried out by drawing the central meridian and the straight construction
line ab perpendicular to it. The distances mmi, mm;, ete., are laid off along the central meridian using
the beam compass and meter bar. The straight construction lines cd, ef, gh, and 7j are drawn parallel
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to ab through the points ma, nu, m1, and s, respectively, and the distances mx, mxi, mxs, mzs, ma,
and maxs 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 my, ms, ete., and &, x1, 21, 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 respeective z-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 2-points and then plotting the
arbitrary distance plus the ¥ values north from the arbitrary points.

‘Y 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 corresponding
abscissas expressed in minutes or degrees. ’

This approximation is close enough under most conditions.

Each of the points plotted north of its respective z-point represents the intersection of a meridian
and a parallel. Curved lines drawn through these points represent the meridians and parallels.
Because it 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 the true curves. The projection must be left in pencil until verified and the control
has been plotted. Finally the projection should be checked by measuring the intercepted distances
between the adjacent meridians and parallels.

On projections of scales 1:10,000 or larger, it is generally sufficient to apply the Y-coordinates at
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 projection is fully explained in Special Publication
No. 5, “The Polyconic Projection T'ables,” and on pages 60—62 of Special Publication
No. 68, Elements of Map Projection. The latter publication also gives the formula
from which the errors of scale and area of any polyconic projection may be determined.

7325. Continuous Construction

The construction of a projection must be continuous, that is, it must not be begun
and then laid aside to be resumed at a later date. It should be completed and checked
on the same day, if possible. Construction on days of excessive humidity or excessive
dryness should be avoided. When possible the projection should be made at a time of
day and during a period of weather when the atmospheric conditions are stable and
nearly average for the conditions under which the smooth sheet is to be used. It is
important during construction that the projection be not exposed to the direct rays of
the sun.

7326. Verification of the Projection

All details of the construction of the projection must be checked. This must be
done while the projection is still in pencil, and must consist of a verification of the values
taken from the polyconic projection tables and a complete check by measurement of the
construction of the projection. Finally, corresponding diagonal distances should be
compared with one another. It is to be noted that the polyconic projection is symmet-
rical with respect to the central meridian. Therefore, the diagonal distance between
any two intersections on one side of the central meridian is equal to the diagonal dis-
tance between two corresponding intersections on the opposite side of the central me-
ridian. A good construction check is a comparison of the long diagonal distance from
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the northeast to the southwest corner through the construction center with the cor-
responding distance from the northwest to the southeast corner.

The verification must be made the same day that the projection is constructed and,
if practicable, immediately following the construction.

7327. Ruling Machine Projections

Hand-ruled projections, carefully constructed, are usually of as great accuracy as is
warranted when drawn on cloth-mounted paper. The Coast and Geodetic Survey
has a projection ruling machine designed especially for ruling precise projections on
mediums subject to little or no dimensional change, such as aluminum-mounted paper,
aluminum plates, copper, and glass
negatives. If practicable, all pro-
jections on such mediums should he
made on the machine. It is not
necessary to describe the details of
the machine, except to say that pro-
jections of any type can be ruled on
it, limited in size to 38% by 56%
inches and limited approximately by
the curvature required in a 1:500,000
scale conic projection.

Chiefs of Party who wish machine-
ruled projections should forward
their requests sufficiently in advance
to reach the Washington Office at
least 3 weeks prior to the date they
wish them shipped to the party.
Such requests must always be accom-
panied by rough layout sketches
showing the sheet limits by latitude
and longitude, the scale, and the
orientation of the projection if it is

' not parallel with the sheet edges.
I T _} The polyconic projec:tion wi_ll be as-
— sumed unless otherwise specified.

—— Preferred maximum limits of sheet The size of a proj ection that can be

o Extreme limits of sheet drawn on the ruling machine is lim-

______ Skewed projection (note limitation of size and ruled area) ited by a rect’a‘ngle' 38J% by 56} inches

FIGURE 147.—Sheet limits for ruling-machine projections, whose sides are parallel to the pro-

jection lines. The sheet itself, how-

ever, can extend somewhat beyond these limits, but ordinarily should not exceed 42 by

60 inches (see fig. 147). In special cases a sheet 46 by 65 inches can be used. When

projections larger than 38% by 56} inches are required, the lines must be extended by
hand from the part ruled on the machine, which cannot be centered.

Where a skewed projection is to be ruled, the size of paper is also limited by the
above dimensions, i. e., measured parallel to the projection lines, diagonally opposite
corners of the sheet cannot be separated more than 46 inches in one direction nor 65
inches in the other direction (sec fig. 147).
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7328. Plane Coordinates

Plane coordinates are not used by the Coast and Geodetic Survey for plotting the

_results of hydrographic surveys, although they are used for this purpose in many foreign

countries and are used in this country by various agencies for plotting all types of
surveys.

There are various types of plane and rectangular coordinates. Three principal
types are now in use in the United States:

(a) A rectangular system 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 the survey are considered to have
been measured on a plane surface.

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

(¢) The official systems of State coordinates on the Lambert conformal and the transverse
Mercator projections devised and computed by the Coast and Geodetic Survey in 1933 and 1934.

In each of the above systems the coordinates are referred to two reference axes at
right angles to one another, one of which almost invariably coincides with the true
meridian. By convention the X-coordinate of a position is its distance east or west of
one reference axis, positive where east and negative where west, and the Y -coordinate
is its distance north or south of the other axis, positive where north and negative where
south.

In coordinate systems of type (@) it is usual to select some point on the earth’s
surface as a point of origin. This may be a well-known landmark, the geographic
position of which may or may not be known, but it is usually a geodetic station the
latitude and longitude of which have been determined by the geodetic control surveys
of the country. Insuch a system the area covered must be small and the part included
is considered to be a true plane, and the results of the survey are plotted on the system
without correction or adjustment for the curvature of the earth.

To coordinate such a survey with the nautical charts or the surveys of this Bureau,
it is necessary that the latitude and longitude of the point of origin and the azimuth
of one of the reference lines be known; or these data may be derived from the known
latitudes and longitudes of other points and azimuths in the system, whether or not
one of them is taken as the point of origin. For coordination it is preferable that the
latitude and longitude of several widely separated points on the survey be known so
that not only can the survey be coordinated, but its scale may be determined inde-
pendently. (See 2361.)

For systems of rectabgular coordinates of type (b) the points on the earth’s surface
are corrected for curvature so that the plane coordinates resulting therefrom have an
accuracy of 1 part in 50,000 at a distance of 25 miles from the origin of the system.
In this method of computation the plane coordinates are derived directly from the dif-
ferences in latitude and longitude between some chosen origin and the given station.
These differences are transformed directly into X- and Y-coordinates by the use of
tables given in Special Publication No. 71, Relation Between Plane Rectangular Coor-
dinates and Geographic Positions. This system approximates an equidistant azimuthsal
projection on a tangent plane and it is sufficiently accurate to cover a considerably
larger area than can be covered in type (¢). Inno case, however, should it extend more
than 20 or 25 miles from the origin.

The official State coordinate systems of type (¢) were devised and computed by the
Coast and Geodetic Survey in 1933 and 1934. One system with one point of origin
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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 conformal conic for those States of an, east-west extent proportionately
great as compared to their north-south extent; and the transverse Mercator projection
for those States with a proportionately great north-south extent. 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 publications. 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 Publication No. 194, Manual of Traverse Computation on the
Lambert Grid; and Special Publication No. 195, Manual of Traverse Computation
on the Transverse Mercator Grid.

For the coordination of surveys on the systems in type (¢) with hydrographic
surveys of this Bureau, no information is needed except the knowledge that the survey
is on one of the official State systems and which system.

733. HyproGrAPHIC SHEETS FrROM AIR PHOTOGRAPHIC SURVEYS

Where the shoreline and hydrographic control originate with air photographic
surveys (see 239) the information for the hoat and smooth sheets will be furnished by
the Washington Office in the form of reversed tracing-paper prints, ozalid prints,
printed sheets, or map projector transfers. The form used will depend upon the con-
ditions peculiar to the project and will be stated in the project instructions.

The short descriptions of stations, for the information of the hydrographer, will
be furnished on ozalid prints to be used by the hydrographic party when recovering
the stations and building the signals (see 2392).

7331. Reversed Tracing Paper Prints

Ordinarily the air photographic survey drawings are forwarded to the Washington
Office as soon as the location of the shoreline and the hydrographic control is completed.
These are reproduced in the Office to the same scale as the hydrographic surveys and
reversed copies are printed in black on tracing paper and furnished the aydrographic
parties. The ink used is slow drying and usually the print used in preparing a boat
sheet can also be used for preparing the smooth sheet some months later.

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

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

7332. O:zalid Prints

In 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 of the shoreline and control,



PacEr 675 THE SMOOTH SHEET 7333

Ozalid 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 developed by a dry process and have a low percentage distortion. They
are satisfactory copies from which to transfer shoreline and control points, but it is
necessary that the hydrographic party make a pencil tracing for such transfer (see 7413
and 7561).

7333. Printed Hydrographic Sheets

Where the hydrographic sheet 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 triangulation
and topographic station symbols, 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 mm red circles on the boat sheets, if this is found desirable.
The triangulation symbols shall be left in black. Topographic station names shall be
assigned by the hydrographic party, and shall be shown in red on both the boat and
smooth sheets. (See also 744.) .

7334. Map Projector Transfers

In some cases, although the boat sheets and smooth sheets are prepared in the
Washington Office, photolithographic reproductions are not made because of insufficient
time, or because the air photographic surveys are on an odd scale and a printing plate
is not yet available, or when their limits differ greatly from the hydrographic survey.
In such cases the projections are made on the projection ruling machine, and the shore-
line and control points are transferred (and checked) from the air photographic surveys
by means of the map projector (see 4854). The transfer is usually made in pencil and
shall be inked by the field party. A data record showing how the projection was made,
and how and by whom the shoreline and stations were transferred and checked is for-
warded to the field party with each smooth sheet. This record shall be included in the
Descriptive Report for the sheet (see 842E).

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 distance circles must be drawn (see 7341), in order to
avoid complications due 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
Radio Acoustic Ranging (described in chapter 6) are based on distances from the R.A.R.
stations and these are sometimes quite long. To facilitate plotting these distances and
to take into account any distortion which occurs in the smooth sheet after the projec-
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tion is made, segments 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 termed distance circles to distinguish them from
the short distance arcs, which are drawn only in the immediate vicinity of each R.A.R.
position (see 763).

All distance circles are plotted in units of time intervals from a given station based
on an assumed velocity of sound of 1,460 meters per second. The spacing of the circles
on the sheet should be according to table 25.

TaBLE 25.—Distance circle intervals for various scales

Scale of survey Distance circle interval
1:40,000 . __ .. _______ . ______ Every 3 seconds.
1: 50,000 to 1:80,000._._________ Every 5 seconds.
1:100,000 to 1:160,000..________ Every 10 seconds.

1:200,000 .. ... LEvery 15 seconds.

The unit of measurement second is used here to mean a second (time) of sound travel
through sea water. Thus, & circle representing 5 seconds of sound travel would be
plotted a distance of 1,460 x 5=7,300 meters from the station at the scale of the survey.

Preparatory to placing the circles on the sheet, and preferably even before the
projection is begun, the boat sheet should be studied to determine the area in which
bomb returns were received from each R.A.R. station. This will be the area through
which the distance circles should be drawn. It is important that this instruction be
carefully followed in order to avoid unnecessary confusion where many stations are used
on a sheet. A table should also be prepared in advance giving the lengths in meters of
the various radii, computed at the plotting velocity of 1,460 meters per second and con-
verted to the scale of the meter bar being used. This table is then used for setting the
distances on a beam compass. .

To plot the circles the successive radii lengths are pricked lightly on the smooth
sheet. This should be done at two or more radial directions from the R.A.R. stations,
s0 that each distance circle when drawn may be checked as it passes through the pricked
points. To avoid a repetition of measurements, each distance, as set on the beam
compass, should be plotted from every R.A.R. station where it will be needed.

After the plotting of the radii has been checked, the distance circles are drawn in
blue ink through the pricked points, using a fine light line. The distances in seconds
may be placed on the circles in pencil for temporary convenience. '

It is essential that the smooth sheet be kept ahsolutely flat while the radii are being
plotted and the circles are being drawn. This can be accomplished, in the first case,
by laying a straightedge on the sheet from the station to the pricked points, and in the
second case, by having an assistant slide a straightedge along the sheet paralleling the
beam compass, immediately in advance of or behind it. A clean stainless steel straight-
edge, or one whose underside is covered with a clean piece of paper, must be used in
order to prevent soiling the smooth sheet,
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The continued use of the beam compass at 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 lines should be drawn
at right angles through the plotted 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
celluloid may be dispensed with, if caution is taken to avoid an excessive downward
pressure on the beam compass.

Two R.A.R. control stations are frequently used at 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 during the survey." The method
of plotting in such cases is explained in 7631.

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

Distance circles involving radii too long to be drawn with a beam compass may
be constructed by computing the rectangular coordinates of points on the circles and
drawing the circles by using standard curves. The formulas for computation are the
same as for constructing “‘circle” sheets by the computation method except that the
origin of coordinates is taken as the intersection of two distance circles on the sheet,
the ¥-axis being the azimuth from the intersection to an R.A.R. station and the X-axis
being normal thereto at the same point. (See 3741¢2.)

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

735. ProrTING LARGE-SCALE OFFSHORE SURVEYS

Large-scale offshore surveys using three-point fix control cannot usually be made
or plotted with the degree of accuracy required, if conventional methods of plotting
are used—that is, with a three-arm protractor. Instead, the ‘“‘circle’” sheet method is
used in which the observed angles are plotted by means of their loci, systems of which
have been drawn in advance on the boat sheet or smooth sheet. A full discussion of
this method of surveying and of the method to be used in preparing such sheets is given
in section 37. The smooth plotter should familiarize himself thoroughly with the
method before beginning work on such a smooth sheet.

After the arcs have been plotted and verified, they should be inked in blue using
a fine light line 'similar to that used for R.A.R. distance circles (see 7341). The arcs
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
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the positions. The purpose of inking 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.

736. CaanciNe DAaTuM OF SURVEY SHEET

To correlate the results of two surveys, it is first necessary to bring the two to the
same geographic datum (see 2171). This makes it 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 1927, but many prior surveys are still on
the North American datum or some independent datum. To change the datum of a
survey sheet the usual practice is to apply corrections to the projection on the sheet.
When copies of old surveys are furnished to field parties, the latest datum is usually
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 are two methods of applying a datum correction to a survey sheet, a numeri-
cal one (7362) and a graphic one (7363).

7361. Distortion Factor

Before datum corrections can be applied, the distortion factor of the sheet must
be determined in both a north-south and an 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 7824). The distortion factor is determined from the relation:

Tabular value—Scaled value
Tabular value

= + Distortion factor

Several distances in each direction should be measured in order to obtain a mean factor
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
Scaled value

7362. Numerical Method

= 4 Correction factor

In the numerical method three widely distributed triangulation stations on the
sheet are selected, whose geographic positions on the N.A. 1927 datum are available.
Identify these stations on the datum of the projection in the old registers 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 correction 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 helpful in determining the direction:

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, it will be to the south and east.

~ From this the direction of the correction for
other relationships can be readily determined. To z
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 T W
longitudes indicated.

The new datum should be marked by short
Intersections at not less than two projection inter- Laras,
sections on the sheet and should be shown in QY e
colored ink, preferably red. At one of the inter- o
sections the name of the datum, the latitude and i e
longitude, the initials of the cartographer making
the correction and of the verifier, and the date
the correction was made, should be noted in colored ink. (See fig. 148.)

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

AFRONT, 1918

124°10°

FIGURE 148.—Change of datum of survey sheet—by
numerical method.

) North Latitude West Longitude
47°°25’ 450 meters (old datum) 124° 10’ 900 meters (old datum)
47° 25’ 300 meters (N.A. 1927 datum) 124° 10’ 750 meters (N.A. 1927 datum)
150 meters difference 150 meters difference

Applying 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 124° 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 longitude of one of the 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 obtained
is sufficiently accurate for use on the entire sheet, but in the Office where the original
sheet is available, additional stations should be used and a mean correction obtained
in accordance 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.

T 7363. Graphic Method

", This method of correcting the datum on a survey sheet is applicable under three
conditions: (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
which 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 station as a center, swing short pencil arcs in the proper directions.
Draw pencil lines tangent to these ares and
= parallel to the latitude and longitude lines on
the sheet. The intersection of these lines
will give the position of the new datum.
Carefully scale the offsets A¢ and AN from
the old datum on the sheet. (Fig. 149 illust-

L] sackar-... A FRONT. 1018 rates the application of this method to the
vatue jon New Datum : . .
; i vmtoe o K et example given in 7362.)
N ; Follow the same procedure with the
osti] a6 | oo T other selected stations and compare the offset
e = values obtained in each case. If they do not

1 124710

FIGURE 140.—Change of datum of smrvey sheet—by fhﬁ.er by & plotta.ble a_'mountl a’cce_pt’ the

graphic method. intersections as determined, otherwise use

a mean of the values. Any appreciable

differences should be investigated. The method of designating the new datum on
the sheet is the same as for the numerical method.

7364. Lost or Unrecoverable Stations

Stations are sometimes lost or have become unrecoverable and cannot therefore
be included in the triangulation to connect them with the new datum. Where a survey
sheet contains such stations only, then the relationship between the old and new datums
must be obtained from stations on adjoining sheets for which the new datum. values
are available. A mean of the corrections derived from the adjoining sheets should be
used.

The present plan of the Bureau is to include, in the published triangulation data
for the coastal states, a list of lost stations with their geographic positions (unadjusted)
on the North American datum of 1927. While such values are not to be used for ex-
tending triangulation, they are adequate for coordinating old and new surveys. These
volumes should be consulted before applying datum corrections to a sheet.

737. PrOJECTION CONSTRUCTED AFTER SURVEY

It becomes necessary occasionally to execute a survey and complete the smooth
plotting prior to the determination of the geographic positions of the control points, as
where the local triangulation has not been connccted to the main net of triangulation
or where astronomic observations have not been made. In such cases the control
points arc plotted on the boat sheet and the smooth sheet either by angles or distances.
Many of the early surveys of the Bureau were made 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 and the shrinkage or expansion should be determined in both & north-
south and an east-west direction and a factor applied to 2ll measurements to be laid
down on the sheet (see 7114). It should be remembered, however, that the smaller the
distance to be plotted the less will be the error 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.



Pagr 681 THE SMOOTH SHEET 7371

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 at right
angles to each other, along the bottom and along the right-hand edge. The ends of these
distances should be marked with small inked circles and the distances at the scale of the
survey 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- = 48
jection on a survey sheet. One is a rigid method T
applicable to small-scale surveys and the other is a -7 /
graphic method applicable to large-scale surveys. - /

In both methods the essential problem is the deter- - /
mination of the cardinal lines of the projection, \
namely, the central meridian and the central con-
struction line.

7371. On Small-Scale Surveys

Meridian

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

(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 extent of
the sheet. Two of the stations should be selected, if possible, T ‘_GU:E 150'—0”51";‘:““ of a h"°ly°‘r’“i° p:l‘;'
in about the same latitude (see (6) below). From the scaled ii‘;]?:u::e::f’mp eted survey sheet—for small
lengths of BA and CA and the corresponding computed .
lengths (make inverse computations for these 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 27, Position Computation, Third-Order Triangulation. Since both the distance and latitude are
involved in the position ecomputation formulas, a trial-and-error method is used. A value is assumed for the required latitude (¢’)
and from the known longitudes (A\) and (\') of station C and the central meridian, respectively, and the known azimuth (a) of the
line Ce (obtained either directly from the triangulation data or from the Inverse computation), the distance (s) 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 A¢ may not agree with that derived from the assumed latitude (¢’), but by repeated assumptions a value for A¢ will
be obtained that is in absolute agreement with the assumed latitude.

To obtain a close first approximation, a sketch should be drawn at about one-fifth the scale of the sheet, using a rectangular grid
and using as units of measurement the values of a4 minute of latitude and longitude at the center of the sheet. From this sketch the
latitude where a given line crosses the central meridian can be scaled and this value used as the first assumed value in the compu-
tation.

(8) 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 ¢ draw a straight line for the full length of
the sheet. This is the ceniral meridian of the projection.

(4) Secale the distance de on the sheet and from the 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 at this point construct a perpendicular to the eentral 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 sometimes 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. Small
differences in latitude or longitude may he 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.
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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 manner similar to that deseribed in (2) above for determining the latitude intersection. With
the azimuth of the line C'B as previously determined and the known latitude increment or decrement (A¢), 8 value for (s) is found.
by trial and error that will make the sum of the latitude ferms in the computation formula equal to (A¢). From this value of (8)
the required longitude (\’) is computed.

A close first approximation for the distance (s) can be obtained by making A¢ equal to the Ist term in the latitude formula (neg-
lecting the 2nd term) and with the () 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 equal to A¢. The resulting value of (s) is then used in the longitude formula to obtlain (7).

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 at 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-co-
ordinates will give the distortion factor in an east-west
direction (see 7361).

If a linear interpolation of the X-coordinate values given in the table is not
close enough for any latitude ¢ and difference of longitude A\, then the interpo-

lation should be made by second differences or the values computed from the
formula:

89

AR

378, : :
X (in meters) (1—0.03&7236%0:in1 )17 oot # sin (AN sin ¢)

Meridian

The error due to neglecting second differences is no greater than one-eighth their

value.
AC

! ) Wherever possible, advantage should be taken of the
N e Central Construction Line 29°10°

location of some of the triangulation stations to reduce the
amount of computation for determining the east-west dis-
AD  tortion. For example, in figure 150, the parsallel through
station A can be used instead of the parallel through g, there-
by making it unnecessary to compute the longitude of A.

7372. On Large-Scale Surveys

Centraf

BA For smal] areas such as those covered by the

large-scale topographic and hydrographic surveys of

F1aURE 151.—Construction of a polyconic projec- b0 Bureau, the polyconic projection is practically

tion on a completed survey sheet—for large- jdentical 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.

(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. 161), near the north and south
extremities of the sheet and as close to the center of the sheet as possible. From the *“Ares of the
parallel” in the polyconie 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 & line tangent to these arcs for the entire length of the sheet. This line
is the ceniral 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-~



Pace 683 THE SMOOTH SHEET 7373

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.)

(8) 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 ares for the entire
width of the sheet. This line will be perpendicular to the central meridian and will be the central
construction 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 large-scale projections.

7373. Modified Methods

The above two methods illustrate the general principles involved in the problem
of constructing a projection on a smooth sheet subsequent to its completion. It 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 combination
of the two methods must be used. In such cases the central meridian is determined
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 extent 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 at one end are comparatively
accurate but which decrease progressively in accuracy 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 a 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 considera-
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 smooth 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 known 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 made 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 at the scale of the survey sheet.
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741. PLoTTING THE SHORE CONTROL

Shore control may be divided into three classes according to the method and accu-
racy of determination (see 211). First,is the control located by triangulation ; second, that
located by topography; and third, the remainder, which is located by the hydrographic
party, usually by sextant angles. Of these three 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 immediately 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, and may or may not be valu-
able in controlling the hydrography.

There are several methods in use for plotting the shore control on the smooth sheet,
depending upon the form in which 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. Such determinations
are usually best plotted with the three-arm protractor in the manner described in 4534,
if computations are impracticable.

7411. Plotting by Dms. and Dyps.

The data for plotting triangulation stations are usually furnished on Form 28B,
Geographic Positions. The latitude and longitude in degrees, minutes, and seconds
are given for each station, as well as the distances and azimuths between stations.
The equivalents in meters of the seconds of latitude and longitude are also given for
stations along the coast and these are known as the dms. (meridional differences)
and dps. (parallel differences), respectively, of the stations. Thus, if the position of a
station is given as latitude 54°44°347189 N. (1,057.2 meters), longitude 130°56/42"362
W. (756.5 meters), its dm. is 1,057.2 meters north of the 44-minute parallel, and its
dp. is 756.5 meters west of the 56-minute meridian.

To plot a triangulation station, the quadrilateral on the projection within which
the station falls is first identified. With a pair of dividers and a metric scale (see 4821),
plot its dm. near each meridian line and mark with a 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, the
station must also be plotted from the north parallel and the west meridian of the
quadrilateral. These distances are the back dm. and back dp. for the station, and if
not already available, they may be obtained by subtracting the dm. and dp. values
from the value of 1 minute of latitude and longitude, respectively, as given in the
polyconic 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,
each 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 the station should be marked with a fine prick point and identified
temporarily by a small circle and the name of the station, both in penecil.
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In plotting by dms. and dps. do not use the intersections of meridians 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 beam compass should be used
if the distances are too long to plot accurately with dividers.
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FIGURE 152—Control stations plotted by dms. and dps. on a distorted sheet.

On recently constructed smooth sheets in which there is no distortion, triangulation
stations should always be plotted by the dm. and dp. method. The plottings may
be checked with the “latitude and 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 Scales

Geographic positions may also be plotted with latitude and longitude scales
(Cin 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
at 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 60 main divisions, each division being 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 at the intersection of the
two lines; or the longitude may be plotted directly on the line of correct latitude.
(For further description see 4822.)

809490—44—3
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These scales may be used satisfactorily for plotting stations 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 sheets that contain some distortion, and in checking previously plot-
ted positions. Tests in the Washington Office indicate that geographic positions can be
plotted with these scales with approximately the same accuracy as is attained by the
use of & beam compass or dividers, and can be scaled or checked with considerably
greater speed by one accustomed to their use.

7413. Plotting by Transfer

The stations located by topography are usually placed on the smooth sheet by
transfer from the topographic sheet. Ordinarily the topographic survey has imme-
diately preceded a hydrographic survey and its scale has been determined by the de-
sired scale of the hydrographic survey. In such cases, the scales are identical and, if
there is no distortion in either sheet, the most expeditious method 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 dimensional changes than the
paper.

The tracing paper is securely fastened over the topographic sheet and a needle, or other fine
point, is used to prick the cxact positions of the topographie stations and the adjacent projection inter-
sections through the paper; the shoreline and topography are usually transferred at the same time
(see 7561). The stations and the intersections are temporarily 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 the positions of the topographic stations are pricked through the
holes in the tracing paper into the smooth sheet, and temporarily marked in pencil.

If there is distortion in one or hoth of the sheets, the projection intersections will not all coincide.
In such a case the tracing paper must be adjusted for each quadrilateral so that the difference between
the two projections is proportioned for each station plotted. Sometimes the tracing has to be shifted
several times, as 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 should
be verified before the stations are pricked through.

Where shoreline and other topographic detail are also to be transferred, it may be
found more expeditious to prick on blank tracing paper the projection intersections of
the sheet t0 which the transfer is to be made. These pricked intersections are then
adjusted, quadrilateral by quadrilateral, to the topographic survey from which the detail
is traced. This eliminates the awkwardness of having to shift constantly both the
tracing and the transfer paper when making the final transfer to the smooth sheet (see
7561).

7414. With Proportional Dividers

Control stations may be transferred from one sheet to another by proportional di-
viders, but this method should be used only where the transfer is from a comparatively
large-scale survey to a comparatively small-scale one. The principle of the propor-
tional dividers is explained in 4812. In using them for the transfer of stations, the scale
setting of the dividers must be used only for a preliminary adjustment. Before actual
use, a final setting must be made by trial and error on the two projections. In most
cases, one setting will suffice for both latitude and longitude measurements; but this
should be verified and if necessary a different setting used. Control stations trans-
ferred by this method should be plotted as explained in the second and third paragraphs
of 7411.
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7415. Plotting by Cuts

Cuts are sextant angles, usually taken from a survey vessel, between an object
whose position is known and an object whose position is to be determined. The posi-
tion of the observer is located by two sextant angles. Two or more such cuts taken
from different positions determine the position of the unknown object. Cuts may
also be taken from previously located shore stations. Cuts are recorded in the various
Sounding Records and indexed on page 2 of volume No. 1 (see 248).

To plot a control station from sextant cuts, the position of the observer is first carefully 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 on the protractor and with the center
placed directly over the observer's position and one arm passing through the known station, the
angle to the new station is plotted by a short line drawn along the edge of the protractor arm with
a hard chisel-edged pencil (see 724). This must be temporarily identified by the name of the new sta-
tion in peneil. All other cuts to this same station are plotted in a similar manner from the respective lo-
cations from which they were taken. If the observing has been carefully done and based on control
precisely located, and the sheet is free from distortion, all of the cuts should intersect at one point,
which is the location of the station. It rarely happens that this is the case, and a position must be
adopted which will most nearly fall on all of the plotted cuts, taking into consideration their respective
probable accuracies. The penciled cuts must not be erased from the smooth sheet until after the
verification of the survey in the Washington Office.

7416. Stations Located by Three-Point Fixes

Control stations are sometimes located by three-point fixes at the station. In
such cases their positions may be plotted on the smooth sheet with the three-arm
protractor (see 4534) verifying the plotting with the check angle, if taken. If there is
distortion in the sheet or if stations observed are considerable distances away, the
position should be computed on Form 655 (see 2431) and plotted on the smooth sheet
by the dm. and dp. method.

742. ProrTinG THE FroaTing CONTROL

The floating control which may be used to control a hydrographic survey usually
consists of survey buoys or sono-radio buoys, and occasionally small marker buoys.
There are various methods of determining the positions of such buoys depending upon
the availability of shore signals, the distance offshore, the character of the area sur-
veyed, etc. These methods can be grouped generally as follows: (a) sextant locations
either by three-point fixes at the buoys or by cuts from the vessel; (b) directions from
shore stations; (¢) sun azimuths from the vessel to shore stations; (d) sun azimuths
and distances; (¢) astronomic observations; (f) by reference to submarine relief; and
(¢) various combinations of these.

A complete discussion of these methods as well as the methods to be used in
determining the geographic positions of the buoys is contained in section 25. In
determining the geographic positions for smooth-sheet plotting, the plotter should
follow the method recommended for the particular case involved. The following item
deals only with certain general aspects of the problem.

7421. Determining Positions of Floating Control

The positions of the floating control are ordinarily known prior to the construction
of the smooth sheet, since they must be known in order to execute the field work.
There are two general methods of obtaining these positions, (¢) by computation and



743 HYDROGRAPHIC MANUAL Pace 688

(b) by graphic plotting on an aluminum sheet. In both methods the geographic 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
nositions.

a. By computation.—Positions of buoys are determined by computation generally
when it is not practicable to plot the observed data on the smooth sheet, as when the
sheet is distorted or the scale is too small or the stations observed on are too far distant.

b. By graphic plotting.—Graphic plotting should generally be resorted to when the
lata 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 subagueous
round 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 compute the positions of selected 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 be done with the utmost care and precision. Usually the
buoys are in such locations that the angles of the three-point fix are relatively small,
which tends to magnify plotting inaccuracies.

743. STATION SYMBOLS

Each station used for the control of the hydrography shall be identified on the
smooth sheet by its appropriate symbol 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. Ink should never be used for this purpose (disregard fig. 169 in this
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 mm
on a side (fig. 153), symmetrically placed around the station point with the bage of the triangle normal
to the meridian and the apex north.

(b) Topographic stations shall be identified by red circles 3 mm in diameter, symmetrically
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 stations (see 2393).

(¢) Hydrographic stations (stations located by sextant or other means, see section 24) shall be
identified by blue circles 3 mm in diameter symmetrically located around the station point. The
positions of ordinary survey buoys are to be identified by the symbol for hydrographic stations.

(d) 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 mm in diameter,
symmetrically placed around the station point.

() R.A.R. stations shall be identified by a double coneentrie circle, the inner 3 mm in diameter

in blue ink, and the outer 5 mm jn diameter in a distinctive color corresponding to the distance arcs
drawn from it (see 7637).

The symbols for topographic and hydrographic 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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in making the triangulation 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 the circumference of the penciled circle.
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FIGURE 153.—Templates for triangulation station and bvoy symbols.

Another method is by means of a celluloid template cut to the correct size (see fig.
153). The perpendicular etched lines are used in centering the symbol and in orienting
it with reference to the projection lines. The small holes on the extensions of the
triangle sides are used to draw pencil lines as guides for drawing the symbol in ink after
removal of the template. Inking inside the template cannot be neatly done and should
not be attempted. (See also 4834 and fig. 96.)

744, StaTiON NAMES

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 exceed 3 mm, and a thickness of ink
line not to exceed 0.5 mm. Slanting letters shall not be used for any station names.
Under this heading instructions are given only for station names (see 215 and 3245).
Instructions for geographic names are given in 787. Instructions for names of aids to
navigation are given in 7843, and instructions relative to miscellaneous 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 part of the triangulation station name is used in the hydrographic
survey, this part shall be emphasized 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.

7441. Agreement of Names

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 the overlapping area of two hydrographic
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 appropriate explaratory 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 smooth
sheet. The 3 mm maximum height of upper case letters may be obtained by the use
of Leroy lettering set template No. 120 with No. 00 pen. Although letters 3 mm in
height are to be considered the standard, in congested areas this size is sometimes
impracticable and a smaller size must be used.

The most important station names shall be in capital letters; included in this
designation are all triangulation station names and the station names of the most
prominent signals (i. e., those most frequently used). Station names of all minor
signals on a hydrographic sheet (i. e., those used only for sextant fixes in the immediate
vicinity) shall be in capitals and lower-case letters.

7443. Placement of Station Names

North shall be considered the top of the smooth sheet and all station names shall
be lettered on lines normal to the central meridian. Wherever practicable, names
shall be on line with the 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
name 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 leader, in the same color as the name,
should be drawn from the name to the symbol. The leader should be broken where it
crosses soundings.

Names should never be placed in the water ares where it is practicable to avoid it.
Where this cannot be avoided, as in some cases of hydrographic stations (particularly
survey buoys) or stations on detached rocks, the names must be placed where they will
interfere least with the plotted hydrography. The inking of such names must be
deferred until after the soundings have been penciled.

The name of a triangulation station must always be followed on the same line (not
below) by the year of establishment and the year of recovery, a comma separating
the name and the date, and a hyphen separating successive dates.

7444. Stations in Water Areas

Unless it is clear from the topographic information, names of stations offshore from
the high-water line must be accompanied by a briel note, or legend, explaining whether
the stations are located on permanent features (natural or artificial), or on temporary
ones. If the station is on a rock or shoal, the desired information is usually 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 must explain fully the circumstances, so that the
cartographer will know whether to chart an obstruction, pile, or other feature at the
location. Such notes should be in black ink, as closely adjacent to the station name as
practicable, but indubitably referring to it. (See 781.)
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745. VERIFICATION OF THE CONTROL

The plotting of the control must be verified by a person other than the one who did
the plotting. The verification must consist of the actual replotting of the stations,
their placement in the correct quadrilaterals of the projection, and their identification

by the correct names.

Only after this has been done, are the symbols and names to he inked.

746. ProjrcTiOoN AND CONTROL DaTA

The projection and control data shall be given in the lower right-hand corner of
the smooth sheet, and rubber Stamp No. 42, Hydrographic Survey, shall be used for this
purpose. The center of the stamp should be about 7 inches from the right edge.

Entries should be made in all of the applicable spaces of the stamp. The initials of
the persons plotting and verifying each of the items listed should be entered, together
with the dates. It is important that the verification information be given, otherwise
unnecessary duplication results, since
the Office cannot assume a field verifi- No.42 HYDROGRAPHIC SURVEY
cation unless evidence of this appears

on the survey sheet. If an item in the Field No. ooogo: 080‘-304-4 «» Reg. No.. Hs .6.‘6...7-1- .e
stamp is not applicable to a particular Scale 1:..82.9,94... Plotted.: Verified
survey, as where no hydrographic sta- Projection c...eeseeeste 10 Cin £ G M
tions are on the Sheet’ an explanatory Tri. Sta...ocecssnenantos ,'L{",_-/_-c.'.. ‘e .6. .C:'.M‘- v
e,n_t,ry should be made, such as ‘“‘none” Topo. Sta...e.... vonete LU G B .C:'.M'.-.
opposif,e “Hydro. Sta.”? Hydro. Sta........ teales Hdgl..:..5.EeM...
The registry number of the survey Datum NORTH, AMERICAN, 1927.....

Ref, Sta...BALL  HEAD,, /834 .......

shall be given if known, as well as the
field number (see 154). Opposite the | Lato.ef3.00.%800..685:8. . m. {Ad;
item “Ref. Sta.” on the stamp, the [ Long...£9.°..2/."....372.7.. m. (Onedj-
name and date of establishment of some  pigyay 154, Projection and control data for smootn shee.
one triangulation station on the 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 data shall be shown in black ink. A facsimile of
Stamp No. 42 with the necessary data entered is shown in figure 154.

75. TRANSFER OF THE TOPOGRAPHY

The hydrographic smooth sheet, as finally registered, is not the authority for the
topography, which is surveyed on a separate sheet. Where the topography is surveyed
by planetable, it is usually done in the same season, immediately preceding the hydro-
graphic survey and under the direction of the same Chief of Party. In the case of air
photographic surveys, however, the photographs may have been taken several years
carlier and the planimetric maps may have been completed some time before the hydro-
graphic survey. Infrequently there is no contemporary 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 the hydrographic party verify, and revise if neces-
sary, the high-water line and all topographic details 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, all 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

pile.uncoiers 67 LIV

wreck uncovers 2Rt ML KV M
O rock uncovers 2t ML 1Y

s~
5 S

FIGURE 155.—8horeline shown on smooth sheet without obscuring positions of control stations.

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

When the topography is transferred, the high-water line and all offshore details
are transferred at the same time in peneil, but are inked 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, except where stations are on or near buildings (see 7844).

751. OmisSION OF TOPOGRAPHY

The field plotter may 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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(¢) From an offshore survey (one where another survey exists or is contemplated between it and
the 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 shoreline.
Where the shoreline is shown, it is not necessary to transfer all 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 on the topographic survey and likewise on the smooth
sheet, and on the charts published by the Coast and Geodetic Survey, is a mean high-
water line, except 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 at 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 shall be shown on the smooth sheet
by a firm continuous solid black line about 0.4 mm thick. The shoreline of marsh,
swamp, and mangrove areas shall be shown by a fine solid black line about 0.2 mm
thick. (See 962.) The outlines of small details of waterfront areas, such as small piers
and bulkheads, shall be shown by moderately fine lines, somewhat finer than those used
for the mean high-water line on fast land, in order that the small details of pier lines and
pier corners may not be obliterated. (See fig. 169.)

753. Revisions BY HYDROGRAPHIC PARTY

The hydrographie party is responsible for the correctness of the topographic detail
falling within the limits 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 s0lid red line.

(b) Where the revised data are only sketched by careful estimation or are based on sextant
fixes, or sextant cuts, they shall be 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 inked
in the Washington Office in a broken black line when, at the time of review, no accurate survey is
known to be contemplated. )

(c) The thickness of the inked lines shall be equal to those preseribed 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).

(d) 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 with other sheets, and the revised data for which the smooth
sheet and the hydrographic party are the authority (see fig. 169).
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754. THE Low-WATER LINE

The low-water line shown on the planetable survey is usually not a surveyed line.
It has ordinarily been sketched by the topographer and is furnished as a guide to the
hydrographer during his hydrographic survey. Oeccasionally, however, where the
topographer is in u locality at low tide, he may actually delineate the low-water line
by rod readings.

The low-water line is the curve of zero depth and its best delineation for hydro-
graphic purposes results from soundings obtained in its vicinity. Since such soundings
are subject to possible modification in the Washington Office, caused by changes in
the tide reducers or for other reasons, the low-water line shall be left in pencil on the
smooth sheet by the field party, to be subsequently inked in the Office when the survey
is verified. Where minus soundings are plotted, care must be taken to see that the
curve is correctly shown relative to them (see 7715).

After the soundings have been penciled on the smooth sheet, the complete low-
water line shall be shown thereon 7n pencil in accordance with the following prefer-
ences, using the same symbols as are prescribed for its inking (see fig. 169):

(a) The zero depth curve as determined by the reduced soundings in areas where the hydro-
graphic survey has extended 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 that were rodded in by the topographer at low tide—to
be eventually inked as a black line of alternate dashes and dots.

(¢) 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 at the time of the hydro-
graphic survey—to be eventually inked as a yellow dash line.

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

Occasionally it may be desirable to delineate the low-water line by symbols, such
as for rocky ledges or coral reefs. In such cases the offshore edge of the symbols shall
be considered the low-water line. )

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

755. OFFsHEORE DETAIL

Topographic details offshore from the low-water line, such as rocks, reefs, ledges,
rocky areas, and shoal areas, except islands or islets of some extent, shall be left in
pencil on the smooth sheet until the soundings have been penciled. The hydrographic
survey frequently contains data which supplement, and in some cases modify, the
topographic survey. Before such details are inked on the sheet, all of the data must
be considered and disposition made as to character, location, and clevation in accord-
ance with the rules preseribed in 782. (See also 7862.)

It is unnecessary to transfer the elevations of bare rocks that do not fall within
the limits of the hydrography, such as the numerous rocks that are often found close
to the high-water line in certain areas.
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756. METHODS OF TRANSFER

There are five methods of transferring topographic detail from one sheet to another
depending on the respective scales of the two sheets, the degree of accuracy sought,
and the instrument equipment available. These are: (a) by tracing paper; (b) by
projector; (¢) by pantograph; (d) by the method of squares; and (¢) by the radial-line
method. The projector and pantograph are generally not available to field parties
nor to Processing Offices and these methods are, therefore, not described in this section.
A description of the projector is given in 4854 and of the pantograph in 4853.

7561. Tracing-Paper Method

Where the topographic and hydrographic surveys are on the same scale, the simplest
method of transfer is by means of tracing paper. Tracing cloth must not be used. As
explained in 7413 the topographic details are traced at the same time that the topo-
graphic control is pricked through, making the adjustments for distortion by small
shiftings of the tracing on the topographic sheet. The transfer to the smooth sheet
can be accomplished in several ways. The preferred method is to use a letter-size
sheet of thin transfer paper, which is prepared in advance by dusting with red offset
chalk powder (Kiel), or dry powdered graphite, rubbing it lightly over the surface with
a small rag until an even coating is produced. Red is preferable because of its contrast
with penciled or inked detail that may be on the smooth sheet. These materials are
needed in very small quantities and will be furnished by the Office on request. Ver--
milion dry pigment should not be used because it is slightly greasy. In an emergency
black or red carbon paper can be used.

The actual transfer is made by superposing the tracing on the smooth sheet so that corresponding
projection intersections are in exact coincidence. The transfer paper is then placed, coated side
down, between the tracing and the smooth sheet and with a stylus or sharp hard pencil the detail on
the tracing is gone over. This leaves a sharp outline on the smooth sheet. The transfer paper is
moved to an adjoining portion of the sheet and the procedure repeated. It 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 subsequently inked or penciled as explained 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 underside of the 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 method excessive pressure must not be used on the
tracing, as this will engrave the lines in the smooth sheet. A slight pressure is generally sufficient to
ensure a satisfactory impression.

The tracing or tracings used in the transfer shall be forwarded to the Washington
Office with the hoat sheet (see 8351).

7562. Method of Squares

This method is not sufficiently accurate for the transfer of topographic detail to
the smooth sheet, but may be used to transfer the shoreline to the boat sheet or in
other cases.

In the method of squares (fig. 156), common points on the two surveys are selected—usually

intersections of meridians and parallels. Referred to these common 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 accentuated to facilitate
identification. The detail may then be transferred from one sheet to the other by reference to the
positions within these small squares.

In order to obtain any reasonable accuracy, the squares on the smaller scale should
be formed by lines not more than one-eighth inch apart. When these squares are

correctly drawn, they may be termed corresponding squares because each square corre-
sponds to its respective square in terms of the ground area.

FIGURE 156.—Reduction of topography by method of squares.

If it is desired to avoid marking up the source sheet, the squares may be drawn on
tracing paper and laid over the detail to be transferred. The procedure is then the
same as above.

7563. Radial-Line Method

Like the method of squares, this method (fig.
157) should not be used for transferring topographic
detail to the smooth sheet. It isof most value where
only an approximate accuracy is needed and the
detail consists only of tbe high-water line. It is
faster than the method of squares. To use the
method, a point common to the two surveys is selected
from which radial lines can be drawn to intersect the
general trend of the shoreline at not too acute an
angle.

In practice, tracing paper is placed over the sheet with
the source material, and from the selected point radial lines
are drawn to intersect the shoreline at all salient points and
at enough intermediate points to permit fairly accurate
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 merely necessary to
use dividers to double or halve the radial distances from the common point to the intersections
with the shoreline and plot the new distances along the same lines. Subsequently the intervening

FIGURE 157.—Reduction of topography by
radial-line method.
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shoreline is sketched in pencil by eye through the new points so that it corresponds to the original.
The shoreline at the new scale may then be transferred by one of the methods deseribed 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.

757. VERIFICATION OF TRANSFER

The transfer of all the topographic details must be verified by a person other than
the one doing the original work. A statement that this has been done shall be included
in the Descriptive Report, accompanying the statement giving the source of the topo-
graphic detail (see 842G). If the detail is to be inked in the field (see 792), the verifica-
tion should be made after the inking.

76. PLOTTING THE POSITIONS

As explained in 332, there are at present various methodsorcombinations of methods
by which the hydrography is controlled, depending on the conditions under which the
operations are carried on. The most common of these are: (@) The three-point fix
method in which the position of the vessel is determined by measuring simultaneously
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, are obtained by subaqueous means (see 612 and 681).

In this section is given the general procedure for plotting all positions as well as
the detailed procedure for the above two methods. In addition the methods 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 the positions, and at least once a month during the progress of
the plotting, the protractor must be tested and the metal protractor adjusted, if
necessary (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 “ A"’ day and plots all of the
positions on the smooth sheet in the order in which the work was actually executed in
the 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 immediate evidence whether additional work is required in
the area.

In plotting the positions, use should be made of the entries in the Sounding Records
at the beginning of each day’s work, giving the approximate latitude and longitude of
the first position. This is given to facilitate the plotter in locating quickly that portion
of the smooth sheet on which the position falls. Similar information is given at the
beginning of any line starting in a new area.

In plotting the smooth sheet, a certain systematic procedure is necessary to permit
the smooth plotter to attain speed and still retain accuracy in his work. As the plotting
proceeds, he soon learns to sense where there is some deficiency in the recorded data.
It is imperative for best results that the 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 the plotting of the positions on the smooth sheet, continued reference should
be made to the 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-
scriptive Report is subsequently written (see 385). Quite frequently valuable informa-
tion will be found in these sources which will guide or influence the plotter during his
work. When the plotting of each day’s hydrography has been completed, the smooth
plotter enters his initials with a colored pencil at the end of the day’s entries in the appro-

priate space in Stamp No. 38, Processing (fig. 183), to indicate his lcsponsﬂ)lllty for
the plotting of that day’s work.

o ! o
{ . : _ et
L
’ . o
s i Bl
=2 2=
":= :? ”
2 W
5 .-
T
s"!
B
$e0 o
: g5 e %
- ooy
o3 -
2 2 3 B’ . \
4 w, 4
b

FIGURE 158.~—Protracting three-point fixes with three-arm protractor.
761. SMooTH-SHEET COVERS

To protect the surface of the smooth sheet while the protractor is being used, the
entire sheet should be covered with a piece of tracing cloth or heavy tracing paper,
otherwise the continual sliding of the protractor over the sheet will soil it excessively.
A small round hole, about three-eighths inch in diameter, is cut in the cover over each
station, exposing the center to permit accurate plotting. The holes should be cut cleanly
so that their edges will not fray out and catch the protractor arms. One method of
cutting the holes, after they have been marked in pencil, is by the use of a grommet hole
cutter. If the cover is difficult to see through, it is desirable to letter each station name

on the cover alongside its respective hole. Positions plotted by protractor are pricked
through the cover into the smooth sheet.
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Thin celluloid may also be used as a protective cover. This material is so trans-
parent that small circular holes at the locations of the signals are unnecessary. The
principal objection to celluloid as a protective medium is the difficulty in making 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
thumbtacks. Since it is necessary to lift the cover frequently, it wiil be found con-
venient to secure it along the edge of the sheet farthest from the plotter with a sufficient
number of tacks to hold it in position, using only one or two tacks elsewhere.

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

R.A.R. smooth sheets are difficult to keep clean 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
Scotch tape. These are supplemented by two pieces of paper folded lengthwise over
the sides of the smooth sheet, but with the ends open. The paper should completely
cover the smooth sheet when each pair is in its innermost position. The envelopes
should fit loosely enough so that they may be slid away from the smooth sheet as desired
in order to expose the area being worked on. Several loose sheets of paper or a hand
towel should be laid on top of the exposed surface to prevent its being touched by the
hands or arms any more than is absolutely necessary.

762. ProTRACTING THREE-PoINT Fix PosiTiONs

Three-point fix positions are plotted graphically in hydrographic surveying by the
use of a protractor. This is usually & three-arm protractor made of either metal or
celluloid having a fixed center arm and two movable arms with which the two observed
angles can be set. The left angle of the fix is set with the left movable arm and the
right angle with the right movable arm. The protractor is then manipulated into a posi-
tion on the smooth sheet so that the three arms pass precisely through the respective
centers of the plotted positions of the stations between which the angles were measured.
The intersection of the three arms, which is the center of the graduated circle, then
marks the position of the vessel or sounding. (See 4534.)

7621. With Metal Protractor

Most three-point fix positions are plotted on the smooth sheet with the metal three-
arm protractor described in 4531. The 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 can it be used with the rapidity or ease with which
a celluloid protractor can be used.

Extensions to the arms of a metal protractor are provided for use where the stations
observed on are so distant that 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 never 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 smaller than
the above prescribed limits, must be plotted with & metal protractor. Critical positions
shall be 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
a 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 work 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 at
the time the work was executed, and he was in a position to know where his vessel was at
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 smooth 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 correctly protracted, a checkmark in colored pencil must be placed
in the Sounding Record alongside each position number. A pencil of identical color
should be used by the smooth plotter throughout his work, in making entries and
corrections in the Sounding Records.

As the protracting progresses, the notations in the “Remarks” column should be
noted in order that due attention may be paid to any remark which may affect the
smooth plotting, and for information regarding features to which cuts were taken or
which were otherwise located during the progress of the survey. As each such item
is applied to the smooth sheet, this should be indicated by placing a checkmark after
it in the Sounding Record.

It 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 made to have all data recorded with the strictest accu-
racy, the smooth plotter must keep constantly in mind the fact that in many cases the
hydrography is performed under circumstances conducive to errors in recording. The
recorder is frequently working under continuous pressure, and since the hydrography
proceeds at 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 leadsman, and orders
are being given, all in a loud voice, and the recorder is supposed to make an accurate
record of all of these at the time they occur.

As the smooth plotter becomes experienced, he will learn the kinds 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 as a guide to an inexperienced smooth plotter:

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

(2) The station names are correet, 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 10°, 30’,
1°, and 20°, in that order.

(6) The recorder may have misunderstood 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 common center object.

Corrections to recorded data should be made according to 7741 and figure 164.
7625. Protracting Inadequate Fixes

It frequently happens in three-point fix hydrography that the position data
obtained are inadequate for plotting the positions by the conventional three-point
method. It is then necessary to use special methods of plotting, or the data must be
supplemented 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 common center object, (¢) where the three-point fix is weak, and (d)
where the position is located by estimation.

In (@), 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 to 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 direction 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 54, 64, and 74 were taken at 9:04, 9:07,
and 9:11 respectively, then position 64 would be plotted at three-sevenths the distance between 54
and 7A, on the locus of the observed angle.

609490—44——4



763 HYDROGRAPHIC MANUAL Page 702

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 final 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 at the intersection of the two
arcs, assuming that they do not intersect at too acute an angle.
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FIGURE 159.—Sextant fix 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 fixes. 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 supplemented 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 (d), 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 at 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 335.)

763. ProrTine R.A.R. PosiTIONS

Radio Acoustic Ranging (R.A.R.) is a comparatively 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 at the present time the
methods described herein are considered the most satisfactory and shall be used until
other methods are proved preferable.

R.A.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, and the most probabd
positions adopted. Such supplemental data are sextant angles, bearings, and dea
reckoning,

To avoid confusion, too many positions should not he plotted at any one time before
they have been analyzed 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 plotted only a compara-
tively few positions should be plotted before analysis.

Numerous pencil notes are necessary to keep 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 should be used so that the marks
may be easily and completely erased.

7631. Plotting the Distance Arcs

Before plotting is begun a small circular 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 nonvulcanizing rubber cement, thinned by an approxi-
mately equal amount of benzol or, as a substitute, benzine. The underside of the
celluloid and the respective area on the smooth sheet are covered with a thin coat of
cement and allowed to dry until '
sticky, after which the celluloid is % Vid % # R s
pressed into place. Care should be \/ \/
taken to prick the point in the
celluloid directly over the station
hole. These protective celluloid
pieces should not be confused with
those described in 7341 for plotting
the distance circles, which are
fastened temporarily to the sheet.

All R. A. R. positions must be
plotted by means of their distance S
arcs so that a study can be made of X R ™wa \.

all the factors influencing the final T o
\ ./
s %

positions. The distance arcs are . \

plotted directly from the data in ¥,

the Bomb Record (8311}, in which FiGURE 160.—Plotting R.A.R. positions with Odessey pro‘:;ractor.
the measured time intervals have (Position illustrated is 33;;;:3;1; ;l:t:;z if::z; jtatlon A and 27.5 seconds
been reduced to the plotting velocity :

of 1,460 meters per second (see 7341). The radii of the arcs are found on the smooth
sheet by applying short increments or decrements of time to the plotted distance circles.
Thus, the plotting radius for a 16.83-second time interval would be obtained by plotting
the increment 1.83 seconds from the 15-second distance circle. To plot these increments
or decrements on the sheet, three methods are available:

~

a. With Odessey R.A.R. protractor—This device, the construction of which is desecribed in 4537,
consists of closely spaced concentric cireles on a piece of transparent celluloid, the circles heing 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 corresponding 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 ares ean 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 limit to the number of distance arcs that can be drawn with this device at
any one position, although only two distance arcs can be used simultaneously. It 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 meters per second at 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 increments or decrements must be
plotted in an exact radial direction from the respective stations.

¢. With R.A.R. plotting 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 at 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 2 seconds at one end divided
into tenths of seconds, the hundredths being estimated.

After the points for the distance arcs have been pricked on the smooth sheet, short
pencil arcs are drawn through them with a beam compass set at the approximate 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 beam compasses, one with a long beam
and the other with a short beam, to avoid having to shift the fixtures an excessive
amount.

Where two R.A.R. stations comparatively close to each other have been used, dis-
tance circles are drawn 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 beam compass, but the distance are
must be drawn from the R.A.R. station from which the bomb return was received.
In this case the point of the beam compass must be centered exactly at 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 at 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 which must be considered in the determination of the
final position (see 7635).

7633. Plotting the Bearings

Bearings may be plotted by several methods. Parallel rulers may be used, but
their undersurface should 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, which 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 short north-south
line drawn through the station, the bearings being plotted directly without shifting the
protractor.



Pace 705 THE SMOOTH SHEET 7634
7634. Adjustment of the Dead-Reckoning Plot

After the distance 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 the dead reckoning to fit it best to the distance ares 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 the case in areas distant
from the control stations, the adjustment may be difficult even for one with extensive
experience in R.A.R. methods. Continued and determined study in such cases fre-
quently yields results seemingly impossible of attainment when the first attempt at
adjustment is made.

The two positions which were used to determine the speed or log factor must
not be given too much weight since it 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 determining the speed or log factor
the dead-reckoning plot will fit them regardless of their actual accuracy of pesition.

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, this is occasionally due to the use of an erroneous speed or log factor, in which
case the dead reckoning must be replotted.

The outer ends of long offshore sounding lines are perhaps the most difficult to
adjust. These are generally far distant from the control stations where the inter-
sections of the distance arcs are weak at best and where, because of the extreme dis-
tances, many of the bomb returns are unreliable. Where the 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 dead-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 dead-reckoning plot is adjusted approxi-
mately for azimuth to the reliable positions at the beginning of the line. The closing
error at the end of the line is adjusted graphically, proportional to time, in the man-
ner that a closed traverse is adjusted. This first adjustment is made on tracing paper.
An additional adjustment is usually required to fit it to the R.A.R. data in order to
give the distance arcs their appropriate weights. (See 3376 and 3378.)

If there are crosslines in such an area as has been discussed in the preceding para-~
graph, a study of the boat sheet should 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 at 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 the various data, it is not possible to prepare a table of relative
weights to apply to the different situations that might arise. Experience is the best
guide and much depends on the conditions prevailing at the time of the survey. All
three-point sextant fixes should he considered precise locations until proved otherwise.
The locus of one sextant angle should likewise be considered a fixed line of position
unless proved erroncous. Bearings to near objects will generally be accurate. The
acoustic returns from the 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 those from other stations may be just as consistently un-
reliable. A position determined by a good intersection of three distance arcs may
generally be accepted as a reliable position, but it must be remembered that an in-
accurate velocity or other factors may cause the ares to intersect at a position which
is not the correct one.

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

Before the final positions are accepted, all conflicting data should be resolved, if
possible. Such conflicts may be due to determinable errors, such as those arising in
the plotting or in the reduction of the records, or they may be due to certain inde-
terminable errors inherent in the method itself. The various sources of error may be
grouped as follows:

a. Scaling the chronograph tape.—A large error is sometimes made in identifying the signal offset
on the tape. If this oecurs at one position only of a series of positions, and for one distance are, the
error is generally recognizable, but where made at all of the positions of the series it is harder to
detect. A large error in all of the time distances at 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 reading the tape has heen found in this manner. (See also 6853.)

Errors are also sometimes made in scaling the initials on the chronograph tapes. Such an error
is more difficult to detect for it may 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 at 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 returns from the
strays or false indieations. In such cases a re-examination of the tape will sometimes 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. Plotiing and reduction 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 the
next larger distance circle or vice versa, where the position falls approximately 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, the mathematical conversions should be rechecked in th
Bomb Record. (See 8311.)

¢. The use of an erroneous velocity of sound.—These cases are not uncommon and they are particu-
larly difficult to detect since an incorrect veloeity will proportionally enlarge or reduce the distances
from all stations, and the distance ares will still plot with a very small triangle of error. In analyzing
such cases it should be remembered that the correct position will be inside the triangle of error only
where the stations 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 correet position
will be distant from each plotted arec an amount proportional to the distance of each arc from its
respective station.
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d. Errors inherent ix the R.A.R. method.—There are certain inherent errors in the R.A.R, method
of control of which little is known at present. One of these is that the time interval for an R.A.R.
distance from a nearby control station is apparently shorter than it should be. The cause of this
and the distance at which the effect ceases to exist are not definitely established, but it has been
detected in distances up to 7 or 8 seconds from 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 intervals 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 justi the opposite effect is noted
when the ship is heading toward the control stations 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 comparatively close
objeets. 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 at greater distances should be used with caution.

7637. Accepting and Inking Positions

After the analysis has disclosed which distance arcs and position data are reliable
and to be used, the exact fitting of the dead reckoning to them and the pricking of the -
finally accepted positions should be accomplished. The dead-reckoning plot will
seldom fit all of the accepted position data exactly. As one position after another is
finally decided upon and pricked, it is necessary to shift the dead-reckoning plot small
amounts to adjust it to the successively accepted 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) Al 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 marked
“R” 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 ¢nked on the sheet but are marked with a question mark (?) in the Bomb Record.

(3) All ares, regardless of their distances from the accepted posxtlon, which have influenced the
location of the position are ¢nked on the smooth sheet.

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

For purposes of identification the 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 avoided 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 field 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 and leaving a space in which to pencil the sound-
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 have 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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764. ProTTING ASTRONOMIC POSITIONS

Beyond the limit of the usual control, sounding lines are controlled by dead reckon-
ing and astronomic sights. The only data for location of the sounding lines and the
positions are the astronomic sights and the carefully recorded dead reckoning. It is
usual, when practicable, to observe a series of star sights at
dawn and dusk to give positions at these two times. At
other times, single astronomic sights, usually sun sights, are
taken and these must be used in conjunction with the dead
reckoning. (See also 337 and 338.)

In plotting & smooth sheet controlled by astronomic
sights, the positions are usually computed and determined
on separate records and it is only necessary to plot the most
/I 1 ot probable positions as determined by the hydrographer.
/ APMSTERLNE - These positions may be considered as fixed positions, a note
|

= MoonsunssnTwae.  heing placed on the smooth sheet explaining their determi-
Y prorormionaL nation, such as “star sights’’ (see 3387). Each intermediate
ADIUSTUERT single sight. must be plotted as a line of position, accompanied
by a legend indicating the astronomic body observed and
the initials of the observer (see 3383). Where all of the
astronomic sights between two positions fixed by star sights,
have been plotted on the smooth sheet, the dead reckoning
between the star sights must be carefully plotted, either on
the smooth sheet itself or on a piece of tracing paper, and
adjusted to the two end positions and the intermediate
sights, taking all circumstances into consideration in order
to arrive at the most probable location of the entire line.
This type of work can be plotted only by one thoroughly
familiar with ship hydrography, navigation, and the probable
errors that enter into dead reckoning and astronomic sights. (See 3384.)
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Fi1GURE 161.—Dead reckoning ad-
Justed to astronomie sights.

765. ProrTiNG THE DEAD RECKONING

Dead reckoning may be plotted in various ways depending on the accuracy of the
hydrographic survey and the purpose for which the dead-reckoning plot is to be used.
(See also 337.)

Where dead reckoning is used alone or in conjunction with astronomic control,
since comparatively few changes in course are made, it is generally satisfactory to plot
it lightly in pencil directly on the smooth sheet and make an adjustment similar to a
traverse adjustment. Where dead reckoning is used in conjunction with R.A.R. control
it is almost 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 comparatively thick tracing
paper should be used; Keuffel and Esser Ionic No. 197-H is recommended. This might
at first appear too thick and opaque but actually it is sufficiently transparent and
otherwise very satisfactory.

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, the direction of each course should be determined by reference to the
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nearest meridian. Where the line is short, changes in course may be plotted by their
angular differences, disregarding their true azimuths.

7651. Determination of the Speed or the Log Factor

For the plot of a section of dead reckoning the 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 distance 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 sometimes difficult to select accurately fixed positions. A good inter-
section of three distance ares 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
it must be remembered that speed and log factors differ with different directions of the
sounding line. A different speed or log factor must be determined after each major
change in direction. (See also 4826 and 4827.)

' 7652. Dead Reckoning in Conjunction With R.A4.R.

Since there are still numerous uncertainties in the R.A.R. method of control, it is
frequently necessary to use a dead-reckoning plot in conjunction with the other data
to determine the 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 any, R.A.R. returns are obtained. The dead-reckon-
ing plot is made from the data in the Sounding Record supplemented 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 rct necessary in connection with all R.A.R. surveys.
In areas where the positions are controlled by three R.A.R. distances which plot con-
sistently with good intersections the dead-reckoning plots are unnecessary. On the
other hand, where the R.A R. returns are not consistently and accurately received for
any reason whatsoever, the control data should always be supplemented by the dead-
reckoning plot; for example, dead-reckoning plots should always be used in plotting the
outer ends of offshore sounding lines. It is good fraining for an inexperienced person
to plot the dead reckoning of all of the lines controlled by R.A.R. The dead-reckoning
plots may also be advantageously used by the supervising officer 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
used. With them the successive courses may be plotted with reference to a meridian
line or by the small angular differences between the courses. A circular no-arm
protractor may be used. This is considered a better method than the use of the
parallel rulers. In this method 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 inches in diameter on heavy paper.
Each single degree is drawn for about 15° or 20° on each side of a central line extending
the length of the paper, and numbered according to its angular distance from the central
line. To use this rose a mean course or an approximate direction of the line is assumed
with respect to which the successive courses are plotted by differences in degrees. The
tracing paper on which the dead-reckoning plot is to be made is placed over the compass
rose and weighted down. The successive courses are then plotted on the tracing with
reference to the compass rose by the use of two triangles to transfer each direction to
the position from which it is to be plotted. In using this special rose it is best to assume
an average course of an even 5°.

Dead reckoning may 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 time alone is believed preferable since this eliminates the necessity of computing
and checking the log intervals and generally simplifies the work. Log distances are
probably slightly more accurate and should be used for all comparatively long dead-
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° and soon thereafter another 90° in order to put the
ship on an adjacent parallel line) are not plotted unless they are necessary to fill a
holiday in the surveyed area. The recorded data are rarely adequate to plot such
turns satisfactorily, unless 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, approx-
imately two-thirds of the distance 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. It is particularly difficult to plot the dead
reckoning of these turns because sufficient data relative to them are rarely recorded.
The data needed are the times the vessel begins to turn after each order to change
course, the time the vessel is steadied on the new course, and the course and time
steered on the intermediate course. (See 3464.)

Each completed dead-reckoning plot should be the best possible graphic repre-
sentation of relative courses and distances between fixed positions. Several dead-
reckoning plots may be included on one sheet of tracing paper but each one should be
properly identified. 1In order to avoid confusion not more than 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 containing dead-reckoning plots shall be transmitted
to the Washington Office for use in connection with the verification of the survey,
after which they are destroyed.

766. DETACHED POSITIONS

The detached positions in the Sounding Record are of the utmost importance,
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
automatically checked to a certain degree by the dead reckoning. There is no such
check on detached positions. The survey requirement for important detached positions
is that a third, or check, angle shall be taken at such positions. In plotting the smooth
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 checkmark placed after the third or check angle.

767. Use oF BoaTt SeEET IN SMooTH PLOTTING
7671. Comparison With Boat Sheet

During the protracting of the smooth sheet, constant reference should be made
to the boat sheet, as a check on the smooth 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 sometimes advisable to trace from the boat sheet
the positions of an entire line for comparison with the smooth plotting. Where a dis-
crepancy between the two is noted, it must be investigated. Such discrepancies may
arise from errors in the smooth plotting; from errors in the boat-sheet plotting; or from
errors in the recorded data. In determining the position most probably correct,
several facts must be kept constantly in mind, the most important of which is that the
boat-sheet position is usually plotted independently of the recorded data. The plotter,
himself, has usually observed one of the angles and knows which signals he used. The
other angle he obtains orally from the other angleman. Furthermore, the officer-in-
charge knows what he is trying to do and where the most probable position of the vessel
should be, irrespective of where the recorded data place the position. 1t frequently
happens, either intentionally or unintentionally, that 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 observed data, such as an
angle observed on a wrong signal or an error in reading the sextant, the boat-sheet
plotter may not have sufficient time to determine what this error is. He plots the
position as best he can, and may instruct the recorder to question either the entire
fix or a part of it. The smooth plotter should study such cases. With a little patience
he can often determine what the most probable errot is, and can make the necessary
correction to the recorded data. Such corrections must be made with a colored pencil
(see 7741).

7672. Positions From Boat Sheet

There are cases in hydrographic surveys where it is impossible to obtain a three-
point fix or other position data. This frequently bappens in 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
smooth plotter should transfer such positions to the smooth sheet and note that fact
in the Sounding Record with his colored pencil. In addition, he should transfer the
curved connecting lines between positions, which 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 are occasional cases where position data, although 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.

768. IDENTIFICATION OF PoOSITIONS

Each hydrographic position, regardless of the method used in plotting, shall be
marked on the smooth sheet by a small prick hole and identified by the position number,
the prick hole being accentuated by a fine ink dot of the same color as the position
number and day letter (see 7681). At the beginning and end of each line, at every
intermediate fifth position, and at any pronounced change in the direction of the line,
the position number shall be accompanied by the day letter.

7681. Position Numbers and Day Letters

Beginning with number 1, consecutive numbers are assigned to positions during
each day, and each day’s field work by each vessel is identified by a day letter (see
3311 and 3312). The day letters inked on the smooth sheet must correspond in color
and case with the entries in the Sounding Record, and the position numbers must corres-
pond in number with the entries in the Sounding Record,and in color with the day lettegs.
The colors to be used for this purpose are blue, purple, green, and red, preference being
given in that order for the predominant color on a sheet. The use of black and yellow
is forbidden (see 8121). A contrast is desirable between two colors used for this pur-
pose on the same sheet.

Position numbers and day letters are usually inked as each sounding line or page
of the Sounding Record is protracted. This is generally often enough to avoid errors.
In congested areas, it is sometimes convenient to connect the prick holes representing
the positions with pencil lines on the overlay tracing, to assist in their subsequent identi-
fication on the smooth sheet.

The position number must be so small that it can never be confused with a sound-
ing, and yet should be large enough so that it can ordinarily be read without a magnify-
ing glass. Vertical figures and letters shall be used, and these shall ordinarily not exceed
1 mm in height. In open areas, where the soundings will be inked larger than average,
the position numbers and day letters may also be slightly larger than the average, while
in areas of close development, where the soundings will have to be inked smaller than
average, the position numbers and day letters should be somewhat smaller than average
(see 7732 and fig. 163).

Because of their small size, considerable care should be taken in inking the
position numbers and day letters, and in their placement on the sheet. Their purpose .
is to permit ready comparison of the plotted data with the Sounding Record, and if
illegibility makes this difficult, the purpose is defeated.

The position number should be placed preferably just below and to the right of the
position dot, with enough space left for the entry of the sounding so that when the latter
is inked the position number will be close to, but just below and to the right of it, con-
sideration being given to the size of the 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
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until after the soundings bave been penciled, and certainly they must not be inked in a
given area until after all of the positions have been plotted in that area, in order that
they may be so placed as not to conflict with the soundings on othet lines. Under any
circumstances the placement of the position numbers and day letters must indicate in-
dubitably the positions to which they refer. This may be accomplished where necessary
by the use of fine inked arrows or leaders from the position number to the position dot,
using the same color as for the number.

7682. Connecting Positions

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

The connecting lines represent the path of the survey vessel, and in drawing them
on the smooth sheet the path should be assimilated so far as possible. Both the boat
sheet and the entries in the Sounding Record as to changes in course should be used as
a guide. Instructions for the field survey require that a position be taken at 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 the locations of
the soundings between the positions. Changes in course of 1° or 2° between positions
may be disregarded in the plotting and the consecutive positions connected by a straight
line, but for greater changes the positions should be connected by lines which follow
the actual track of the vessel.

Changes in course are not always effective at the time of the order to change.
This depends on the momentum of the vessel. In a launch the effect is almost immedi-
ate, while in the larger vessels, some time elapses before the change becomes effective.
This fact together with a knowledge of the turning radius 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 information 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
the smaller launches, and 150 meters for the smaller vessels. For the larger ships, unless
there is evidence to the contrary, turns should be plotted on the assumption 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 approximate 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 learned what change is necessary. Obviously
such changes occur some little distance past the position, although the recorded data
may not so indicate. In such cases, if no change in course has occurred between the
two immediately preceding positions nor between the two succeeding positions, the
connecting lines between these may be extended forward and backward and their inter-
section will usually represent the point where the change in course was effective.

In narrow winding channels and rivers and sometimes on the inshore line along a
rugged coast, it is impracticable to take a position at every turn, since the sounding
lines must follow the bends in the shoreline. In such cases the connecting lines must
be transferred from the boat sheet, on which the hydrographer will have indicated the
correct track. (See 3352.)
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769. PLOTTING SUPPLEMENTAL DATA

It is frequently impossible or impracticable to determine the positions of rocks
awash, dangerous wrecks, floating aids to navigation, etc., by three-point fixes, or
other means described above in section 76. In areas where the general hydrography is
controlled by three-point sextant fixes, such objects are usually cuf in (see 7415). In
this method of location, cuts may be taken from known shore positions, but more fre-
quently they are obtained during the hydrographic survey by a third observer, who
takes a sextant angle to the object simultaneously as the angles for position are being
observed. These extra, or third, angles are recorded in the Sounding Record with the
position at which they were taken, 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 the smooth plotting proceeds, these cuts must also be plotted. The boat sheet
should be used as a guide for the approximate locations of the objects cut in.

Such cuts rarely result in a perfect intersection and a judicious interpretation of
the data is necessary to determine 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 the angle of the cut must all be taken into consideration. So far as un-
certainties in the position fix are concerned, the smaller the angle of the cut the less
will be the effect on it due to slight inaccuracies in the fix, especially when the object
cut in is at the same approximate distance as the stations used for the fix.

If the object being located is a floating aid to navigation, the direction of the
current at each observation should be considered.

‘Where many cuts have been taken to different objects in an area, it is frequently
extremely difficult to be certain which cuts were taken to identical objects, and a
careful study of all the facts and data is necessary to avoid the possibility of confusion

of cuts.
77. SOUNDINGS AND DEPTH CURVES

The soundings are the most important part of a hydrographic survey, and the
greatest care must be taken in putting them on the smooth sheet. They must be clear
and legible and, in general, a magnifying glass should not be required to read them.
The smooth plotter must always bear in mind that an illegible sounding erroneously
transferred to a published chart may possibly result in loss of life and property. The
fact that the work is verified before publication does not relieve the plotter from exer-
cising care in the first instance.

All soundings are penciled on the smooth sheet in the field. Under no circum-
stances are they to be inked by the field party. This is accomplished only after veri-
fication in the Washington Office.

771. DEpTH UNITS

~ Only one depth unit (fathoms or feet) shall be used on each hydrographic survey
sheet. The depth unit to be used will depend on the general region (in which ocean
the survey is located), on the specific locality, and on the unit used on existing charts.

7711. 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), except—
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(a) For those offshore surveys which are entirely beyond the limits of charts whose depth unit
is féet; in which case the depth unit of the survey shall be fathoms.

7712. Depth Unit in the Pacific Ocean

The depth unit of surveys in the Pacific Ocean and bodies of water tributary
thereto shall be fathoms (and decimals), except—

(a) Where the major part of a hydrographiec 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 ére less than 25
fathoms.

7713. Fractional Foot Units

On a hydrographic sheet whose depth unit is feet, the depths shall be in integral

feet, except in the following cases, where they shall be shown to the nearest half-foot:

(@) At important points on navigable bars.

(b) At critical places in channels of a general depth of 42 feet or less.

(¢) 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 better (see 7762).

7714. Decimal Fathom Units

On a hydrographic sheet whose depth unit is fathoms, soundings shall be plotted
as follows: less than 11 fathoms in fathoms and tenths, between 11 and 31 fathoms to
the nearest half-fathom, and greater than 31 fathoms in integral fathoms, except—

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 equivalent 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.
: 7715. Minus Soundings

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

In order that the location of the low-water line may be more precisely delineated
on the smooth sheet, the soundings in the vicinity of the line should be plotted to the
nearest half-foot (see 7713(¢)), extreme care being taken to accompany them with the
correct sign, :

7716. Conversion of Depth Units

The corrected depths in the “Reduced soundings’ column of the Sounding Record
from which the smooth sheet is plotted are either in (a) integral feet. (8) feet and deci-
mals, (c) integral fathoms, or (d) fathoms and decimals. The double depth unit of
fathoms and feet is no longer used.

Although the corrected depths in the Sounding Record may change from one unit
to another within the area of 2 survey or within the same Sounding Record, they are all
finally reduced to the unit to be used on the hydrographic smooth sheet (see 823).
Only one unit (fathoms or feet) shall be used on any one smooth sheet. Fractions or
decimals of the same unit may of course be used.
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A. SMOOTH-SHEET SOUNDINGS

Where the depth unit on a hydrographic smooth sheet is feet, all soundings arein
integral feet (and occasionally half feet). Wherethe depth unit is fathoms, all soundings
are in integral fathoms or fathoms and decimals. To accomplish this a conversion
from the unit of the depths in the Sounding Records 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 8.75 feet=3 feet; 12.75 to 13.75 fathoms=13 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 ¥, and 0.75 to 1.25 shall become 1 (e. g., 3.25 to 8.75 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 to be
used on the smooth sheet, they shall first he converted to their equivalent values in the smooth-sheet
unit and then apply rule (1) or (2), as the case may require to obtain the values for plotting.

Table 26 illustrates the application of these rules:

TABLE 26.— Conversion of reduced sounding values to smooth-sheet values

Reduced soundings in To be plotted on Reduced soundings in To be plotted on
Sounding Record smooth sheet in Sounding Record smooth sheet in
Feet Fathoms Feet Fathoms Feet Fathoms
-—1.25 —0.21 } —0. 125 —0.75 } 0.1
eeen—1 eeea—0.
—0.25 —0.04 —0. 025 —0.15
| S— }o-om 0.0
0.75 0. 125 } ; 0. 075 0. 45 } 0.1
1.75 0. 29 }"" . 0.175 1. 05 } 0' 0
2.75 0. 46 } . 0. 275 1. 65 } 0'3
3.75 0. 625 } ) 0. 375 2.25 } 0'4
4.75 0.79 (117777 0. 475 2.85 {7777
} 5 } 0.5
5.75 0. 96 0. 575 3. 45 } 0.6
0.675 ] 4054
} 0.7
0. 775 4. 65
} 0.8
0. 875 5. 25
}_-_- 0.9
0. 975 5. 85

B. CHARTED SOUNDINGS

The soundings on the published nautical charts are either in (a) integral feet, (b)
integral fathoms, (¢) fathoms and half fathoms, or (d) fathoms and quarter fathoms;—
but, these charted soundings are from smooth sheets on which the soundings may appear
in (a) integral feet, (b) feet and half feet, (¢) integral fathoms, or (d) fathoms and tenths
of fathoms.
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FIGURE 162.—Reduced sounding equivalents for smooth sheet and chart.
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It is obvious that it may be necessary to convert from the unit on the smooth sheet
to another unit for charting purposes and this shall he done in accordance with the fol-
lowing rules (see also fig. 162):

(1) Where the charted soundings are to be in the same integral unit used on the smooth sheet the
soundings shall be transferred without change.

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

(3) Where the soundings on the smooth sheet are in integral feet and are to be charted in fathoms
and quarters, fathoms and half fathoms, or integral fathoms, the odd feet shall be converted as follows:

ss(gggtlgibeg? To be charted in
Feet Quarter fathoms Half fathoms Imtegral fathoms
1 0 0 0
2 % 14 0
3 15 1% 0
4 1o © 0
5 % 1 1

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

ssonmilﬁ%egg To be charted in
Fathoms Integralfeet Quarler fathoms Half fathoms Integral fathoms
0.1 0 0 0 0
0.2 1 0 0 0
0.3 2 A 0 0
0.4 2 A 1% 0
2.5 3 % % 0
0.6 3 % 15 0
0.7 4 14 3% 0
0.8 5 3 14 1
0.9 5 A 1

772. PLOTTING THE SOUNDINGS

To avoid soiling the smooth sheet during the penciling or inking of the soundings,
it should be kept completely covered, except for the small area actually being worked
on. A convenient method is to use a large piece of celluloid about 2} feet square with
a circular hole, 3 to 4 inches in diameter, cut in its center, the celluloid being moved
around as necessary during the work. Paper can be used instead of celluloid, 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 convenient sized pieces of obsolete charts or wrap-
ping paper. (See 731.)

The plotting of the soundings on the smooth sheet follows generally the same pro-
cedure used in plotting the positions; that is, the plotter usually begins with position
1 of “A” day and plots the soundings in the order in which they were actually taken
in the field. This procedure is, of course, not a requirement, and it may be advanta-
geous to depart from it in special cases.

All soundings that are penciled or inked on the smooth sheet shall be spaced ac-
cording to the recorded time, or the travel of the paper in the case of fathograms,
and spacing dividers (see 4813) shall always be used for this purpose. No deviation
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from the recorded times shall be 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 minutes, and if the interval between positions
is relatively short, as it usually is in three-point fix hydrography, an error in the min-
utes is easily detected.

Where the depths between positions are uniform, a slight displacement in the
positions of the soundings is immaterial, and no appreciable time should be expended
in obtaining precise spacing. In irregular depths, however, the spacing as recorded
must be closely followed.

All soundings must be plotted on the pencil lines connecting consecutive positions
(see 7682).

Where soundings fall close to control stations in the water area, care must be taken
that the soundings do not obscure the actual station points. In general, in unim-
portant areas of uniform bottom, soundings should not be shown inside a station
symbol. But there should be no hesitancy to break the station symbol to show an
important sounding.

7721. Spacing Three-Point Fix Hydrography

In three-point fix hydrography positions are usually taken at regular intervals
and at even minutes of time (see 3313). This simplifies the plotting of the soundings
between positions. If the soundings are talken at uniform intervals, as is generally the
case in handlead work, the spacing dividers are used to subdivide the distance between
positions into the required number of spaces, and the soundings are plotted. If the
sounding interval is not uniform, the soundings must be plotted according to their
respective times. Insuch cases the spacing dividers are used as a time-measuring device.
(See 343 and 4813.)

When the speed of the vessel is changed materially between positions it must be
taken into account in spacing the soundings. This is particularly important in launch
and small-boat hydrography at the beginning of lines near the beach, where the launch
or boat starts from a standstill or slow speed, increasing to full speed soon there-
after. A similar allowance is often necessary near the end of a sounding line near
the beach where the speed may be reduced as the launch approaches the shore.
Occasionally, such changes are made far offshore; as for instance, when it is necessary
to slow down to avoid collision with a passing vessel. Because of momentum, of
course, the increased or decreased speed is effective only gradually after séhe time noted
in the Sounding Record. (Sec also 3461.)

7722. Spacing R.A.R. Hydrography

In R.A.R. hydrography, positions do not necessarily coincide with even minutes
of time, and as the soundings are 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 with the minute immediately preceding or following any R.A.R.
position which does not occur at an even minute (see 4813). Otherwise, soundings
controlled by R.AR. are spaced in a manner similar to that used in other methods of
control.

a. Tabulation of crossings on R.A.R. sheets.—Because of the relative weakness of
R.A.R. control in certain arcas a penciled 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 842K).
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 sheet. 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 & reasonably fair idea of the accuracy with which the survey has
been controlled.
7723. Spacing Echo Soundings

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

Where soundings are penciled on the smooth sheet directly from a fathogram, clock
time is not necessarily used to determine the spacing. The printed fathograms used on
the 808 Fathometer contain equally spaced vertical arcs, by which the spacing of the
soundings may be determined. When a fathogram is used, the three-point fixes are
often taken at the exact moment the stylus is marking on one of the vertical arcs, and
irrespective of clock time, with the interval between positions being 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 are on the fatho-
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
vertical arcs. In any case, the divider points should be adjusted to a definite 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 method is similar except that fractional
parts of the spaces between the position 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 o 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 smooth
sheet in their correct positions between the points of the spacing dividers by reference
to their positions between corresponding vertical arcs on the fathogram.

7724. Frequency of Soundings

The scale of the smooth sheet and the sounding interval will ordinarily be selected
80 as to permit all soundings recorded in the Sounding Record to be shown on the smooth
sheet. The frequency of recorded soundings is, of course, greater in shallow than in
deep water, and this may result in more soundings being recorded than can be shown
on the smooth sheet. In this case selection is necessary (see 7725).
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Where the appearance of the smooth sheet is the only criterion, the following rules
may 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 numerals 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 approximately normal to the direction of the sound-
ing line, the most satisfactory spacing is about 7 numerals to an inch.

(3) Where numerous fractions, or decimals, are to be shown, these may he considered as equivalent
in width to about one-half digit. .

In congested areas at least 50 percent more soundings can be legibly shown in the
same space without undue confusion, if care is used (see 7732 and fig. 163).

7725. Selection of Soundings

Where all of the recorded soundings are not to be shown on the smooth sheet a care-
ful selection must be made so that those shown will most nearly represent the actual
bottom relief. In no case, except where the bottom is practically flat, shall a mere
mechanical selection be used, as for instance the selection of alternate soundings. The
sounding obtained on a fix 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 many other soundings as can be conveniently shown. It is
absolutely essential that the final result show the least depth on shoals, the greatest and
least depth in channels, all changes of slope, and those soundings 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 importance. As the
progress of penciling reveals the important features it will frequently be found neces-
sary to delete some of the plotted soundings to permit showing those of more import-
ance. To assist in drawing attention to important features, such as rocks awash,
sunken rocks, and least depths on shoals, frequent use shall be made 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 accurately as possible. All of the soundings
that will aid in defining 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 soundings of one line will conflict in position with
those of another line. In selecting the soundings in such cases, the same considerations
must govern as in the case where all the soundings on one line cannot be shown, In
general, the least depth should be selected.

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

Recorded soundings that are not used in the smooth-sheet plotting should be
marked “N.P.” in the Sounding Record, the notation being entered in color (see 7624)
after the final reduced sounding.
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7726. Selection of Soundings From Fathogram

Where the depths are recorded on a fathogram a different problem is presented. In
this case, soundings are selected from a continuous profile of the bottom along the line
traversed by the sounding vessel. The smooth plotter must have an appropriate spac-
ing in mind at all times, but he must not select the soundings by any regular spacing.
The soundings selected should, insofar as their frequency permits, present a numerical
record that will approximate the graphic profile. In all cases the least depth of a rise in
the bottom must be selected, and this must be followed and preceded by the greatest
depths, where practicable, irrespective of any intermediate soundings. Likewise, the
greatest depth of a depression in the bottom must be selected. In very irregular bottom
the number of these to be shown will be regulated, of course, by the number of soundings
that can be legibly shown on the smooth sheet in a given space. Intermediate sound-
ings shall be selected which will best delineate the actual profile.

773. PENCILING THE SOUNDINGS

In penciling the soundings, the smooth plotter must use every effort to achieve
clarity. Critical soundings should never be obscured by placing soundings of lesser
importance too close to them. A pencil hard enough to prevent smudging should be
used, but it must not be so hard as to indent or cut the surface of the paper. Generally,
a 3H pencil will be found satisfactory, but this will depend on the humidity of the
atmosphere at the time (see 724).

As each day’s soundings are penciled the plotter shall enter his initials with a colored
pencil in the appropriate space in Stamp No. 38, Processing, placed in the Sounding
Record at the end of each day’s work (see fig. 1S3).

7731. Style of Numerals

The penciled soundings shall be bold vertical numerals, drawn with single strokes.
Hair line or fancy lettering must not be used. The beginner will usually experience
some difficulty in penciling soundings neatly with even-sized numerals, but skill is
easily acquired with a little practice.

7732. Size of Numerals

Most of the numerals representing soundings should be about 2 mm in beight. The
size of the numerals, of course, should vary somewhat according to whether the sound-
ings are sparse or congested in any given area. In areas where the soundings are
sparse the size should be increased about 10 percent, and in congested areas should be
reduced about 10 percent. Ordinarily, no sounding numeral should be less than 1.8
mm in height, although even this limit may have to be lowered for areas in which the
soundings would otherwise be illegible. The important things to remember are, first,
that no sounding should ever be illegible and, second, that in order to present a pleasing
appearance a uniform size of numeral should be maintained as far as practicable.
(See fig. 163.)

In areas of intensive development where individual lines of soundings are difficult
to follow, the numeral representing the least depth should be drawn slightly larger and
bolder. Such depths are the most important soundings in the area, and a cursory
examination of the sheet should disclose these without the need for a meticulous sound-
ing-by-sounding examination of the areas. (See also 7753.)
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FIGURE 163.—Sizes and placement of sounding numerals and other data on smooth sheet.

When the soundings are inked in the Washington Office the same procedure shall be
followed and in addition, care must be taken to 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
horizontal axis of the numbers shall 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).
It should never be necessary to turn the sheet to read a part of the soundings easily.
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7734. Fractions and Decimals

Figures in a fraction or the decimal parts of a depth unit must be smaller than whole
numbers. In general, the over-all height of a fraction should not be more than 15
percent greater than the over-all height of the whole numbers in that vicinity. Where a
fraction stands alone the horizontal bar between the numerator and denominator
must be included, in order to avoid mistaking the component parts of the fraction
for whole numbers. But if the sounding is a mixed number—that is, where a fraction
accompanies a whole number—the bar shall be omitted.

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

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

Greater care must be taken in penciling and inking fractions and decimals than
is necessary with whole numbers, since their smaller size requires greater perfection in
the formation of the numerals, in order that they shall be perfectly legible in spite of
their reduced size.

In congested areas it is particularly important that fractional numbers be so
drawn and so spaced that no doubt can ever arise as to whether a fraction stands
alone or is part of an adjoining number.

7735. Zero and Minus Soundings

Where zero soundings are placed on the smooth shecet, extreme care must be taken
in drawing these figures in order that they will not be mistaken for off-lying rocks or
islets. This is especially important along rocky coasts where small isolated bare
rocks or islets are frequent.

A minus sounding (see 7715) should be preceded by a minus sign (e.g. —2). If the
minus sounding is a fraction, the minus sign shall precede the numerator, and not be on
a line with the bar between the numerator and denominator, since in the latter case
it might be mistaken for a part of the bar. (See also 7734.)

7736. Position of Numerals

The center of the number, including the fraction if any, is considered the position
of that sounding and shall be so penciled 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 composed of an even number of digits, considering the fraction, if any, 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 odd number of digits it shall
be placed as follows: (¢) one-digit numbers immediately to the right of the position
dot; and (b) three-digit numbers with the first digit to the left,and the sccond and third
digits to the right of the position dot.
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7737. Vertical Casts

In conjunction with echo sounding, occasional comparisons are made with vertical
casts taken by the leadline or wire method. Such simultaneous soundings are both
to be placed on the smooth sheet, in pencil; the echo sounding at the correct position
and the vertical cast immediately beneath it and connected to it by means of a bracket.

After verification in the Washington Office, only the echo soundings shall be inked
in areas of comparatively regular bottom. Where vertical-cast comparisons occur in
areas of steep slopes or very irregular bottom, both the echo sounding and the vertical
cast are inked, the latter being marked ¢“VC”.

774. ERRORS IN SOUNDINGS AND POSITIONS

During the plotting of the soundings and 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 the final reduced depths. In spacing the sound-
ings with the spacing dividers, previously undiscovered errors in the plotted positions
may often be disclosed, which may have resulted from original erroneous or inadequate
data, or from errors made by the plotter. As the soundings are penciled, errors
in the depths may be disclosed by the fact that the soundings on adjacent lines are not
consistent, or by the fact that when the depth curves are drawn they are forced into
representations of unnatural bottom features.

If errors are discovered or suspected, they must be verified and corrected wher-
ever necessary. But no deviation from the original recorded data shall be made
unless this appears reasonable and is supported 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 explained or justified by a note in colored pencil in
the “Remarks” column.

Two general classes of errors may occur in the Sounding Records; those which
affect the positions of the soundings and those which affect the 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 difficult to discover.

In 7624A, there have been listed the kinds of errors found occasionally in the
recorded position data which affect the positions of the soundings on the smooth sheet.
Errors of position may also result from the following sources:

(a) Faulty spacing of the soundings along the sounding 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 adjustment.

(¢) One or more of the control stations incorrectly plotted.

(d) In R.A.R. control, the use of an erroneous horizontal veloeity of sound for one or more of
the distances. (See also 7636.)

(e) Small cloek errors.

(f) 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 confusion of numbers in the founding Records, such as the interchange of 7 and 11 or 15
and 50, where the soundings obtained are transmitted orally to the recorder (see 4623).

(b) A misread sounding; that is, the leadsman or fathometer attendant actually reports a sound-
ing different from that obtained.
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(¢) An inaccurately calibrated sounding apparatus or the misapplication of the corrections, among

which may be the following:

(1) Leadline not compared with the standard.
(2) Leadline varied in length between standardizations.
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FIGURE 184,~—Right-hand page of Sounding Record with
corrections properly made (reduced about one-half).

(3) Sounding machine registering sheave
not correctly calibrated.

(4) An erroneous velocity of sound used
in the reduction of echo soundings.

(d) Erroneous application of any of the data
used in reducing the soundings.

(e) Large clock errors which may result in an
erroneous tide reduction.

() An inaccurate plane of reference; errors
from this source may oceur where—

(1) The tide gage is located at too great
a distance from the area being sounded.

(2) The area being sounded is blocked by
shoals from free access of the tide.

(3) The tide gage is 30 located that the free
rise and fall of the tide, particularly the low
water, is not correctly recorded.

(g) A rough state of the sea—errors due to
this condition may be detected where one day's
work performed in rough weather is adjacent to
another day’s work performed in calm weather; or
where crosslines have been run in an area under
different conditions of sea from those which ob-
tained at the time the principal system of lines
Was run.

(h) Where the leadline or wire is nut perfectly
vertical—such condition occurs when the sound-
ing line is run in a wind, sea, or current, handlead
soundings being pariieularly vulnerable in this
respect (sece 3464); wire soundings in deep water
may be similarly affected because of the impossi-
bility or impracticability of maintaining the pos'-
tion of the vessel vertically over the lead (see 3422).

(#) Where handlead or wire soundings are
taken in an area of very soft or oozv bottom, where
it is difficult or quite impossible to deteet when the
lead strikes the top of the soft layer.

(5) Where soundings are taken on abrupt slopes:

(1) In handlead or wire soundings the
lead may slip down a rocky slope.

(2) In echo sounding, the sound may be
reflected from the side of the slope rather than
from vertically beneath the vessel (see 563).

(3) A small displacement of the position
of the sounding may affect the depth hy a
considerable amount.

7741. Corrections to Recorded Data

The instructions for recording the data forbid erasures, and recorders correct their
errors by crossing out the erroneous entry and writing the corrected one above or at one

side (see 81).

The smooth plotter may frequently find that the rejected entry, or some

part of it, was correct, but that its application may not have been correct,
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An example of a right-hand page from the Sounding Record of three-point fix
hydrography is illustrated in figure 164. Typical errors and omissions are shown, to-
gether 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 positions (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 at 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 corrections 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 be so entered that no mistake in interpretation can be made.

(¢) The reason and authority, if any, for the revision shall be entered.

After the smooth 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 on data in the Sounding Record, or are fully explained by
supplemental entries; neither should any depths be penciled on the smooth sheet which
do not appear in the Sounding Record or on the fathogram. It should be possible at
any time in the future to justify any information on the smooth sheet by reference to
the Sounding Record or fathogram.

775. CONGESTED AREAS

Cases frequently occur where it is impossible to show adequately parts of surveys
at the scale of the smooth sheet. Among these are: (a) intensely developed small
areas; (b) soundings taken in small docks and alongside small piers; (¢) large water
areas developed with two or more systems of lines. Clarifications in (a) and (b) are
accomplished by means of subplans at enlarged scales (see 7751), and in (¢) by means
of overlay tracings (see 7752).

7751. Subplans

Small congested areas shall be shown at enlarged scales in subplans in otherwise
blank spaces on the smooth sheet, where practicable. The scale and extent of the plan
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FIGURE 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 small 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 at least one
meridian 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 the hydrography. A fine dash pencil line should be drawn around the
arca on the original scale which has been enlarged. Details shown in the enlargement
may be omitted from the original scale. Wherever practicable, the subplan should
be located 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 and ends of small
piers and are located by reference distances to or along the piers, enlarged plans of these

Scale 1:5,000 FLOAT 6'x 40’ ¢

Scale 1:2,500
FIGURE 166.—Subplan of pler with soundings alongside.

shall be shown as nearby as convenient to the areas at 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. Overlay Tracings

Where the subplan method is impracticable, because of the extent of the area
involved, or for any other reason, overlay tracings shall be used. These are plottings on
tracing cloth, at the scale of the 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 longitudes.

Smooth-sheet plotters may 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 one-fourth inch apart, two systems of
lines may be satisfactorily plotted directly on the smooth sheet, but where there are
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more than two systems the additional systems should be plotted on one or more overlay
tracings.

11, for example, there are three systems of sounding lines, A4, B, and €, in an ares, system A should be plotted and the soundings
penciled directly on the smooth sheet. The position dots should be inked but the position numbers and day letters should be left in
pencil at this stage of the plotting. It is often advantageous to identify the positions temporarily by placing the numbers and day
letters well outside of the congested area, connected to their respective positions by lightly penciled leader lines. The second system,
B, if neither A nor B is too closely spaced, should then. be plotted directly on the smooth sheet in the same manner as 4. In penciling
the soundings of system B it will be found that some of these occur where soundings from system A have already heen penciled, and it
will be necessary to erase some of the A soundings to make space for shoaler soundings obtained on the Bsystem. The resultant sound-
ings on the smooth sheet should be an adequate selection from the A and B systems, depending on the depths obtained. No preference
should be given to the soundings of one system over the other. After the soundings have been penciled, the position numbers and day
letters can be inked where they will not interfere with the soundings, using short leaders where necessary.

The hydrography of system C'should 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 & clear space IS given the depth, and the position number and day letter (see 7753).

All overlay tracings must he forwarded to the Washington Office with the smooth
sheet. When the latter is verified in the Office the positions will be transferred from the
overlays to the smooth sheet, and a selection of soundings made which will adequately
represent the depths in the area; after review of the smooth sheet the overlays will be
destroyed. :

7753. Least Depths

The least depth on each shoal, whether or not it contains intensive development,
should always be shown slightly larger and bolder than the surrounding depths, in
order that it will not be overlooked even in a cursory examination of the smooth sheet.
(See 7732.) And in all cases where there is any doubt about the least depth being
readily noticeable, there should be added, in pencil, a legend “Least depth _.__ ft”
in a clear space (on the land area if necessary) with a fine arrow, or leader, drawn toward
the minimum depth. The position number and day letter should also be given if not
otherwise clear.

) If available, o bottom characteristic should always be added as near the least depth
as practicable.

The same general procedure shall be followed when such least depths are inked in
the Office, except that the position numbers and day letters will ordinarily not be inked
in the legend.

776. DeptH CURVES

Depth curves, or curves of equal depth, are shown on the smooth sheet for the pur-
pose of bringing clearly to the eye the general configuration of the bottom, and for
emphasizing important navigational features, such as shoals and channels. They are
also of value in studying the adequacy of the survey in the Office, where areas are often
discovered that require additional field examination.

Depth curves are comparable to contours on land, each curve representing an
imaginary line on the ground (in the water area), every point of which is at the same
depth below the sounding datum. The principles which govern the delineation of land
contours are equally applicable to the drawing of depth curves, and a knowledge of
topographic expression and submarine relief is essential for their correct representation.
A study of the characteristic bottom forms in any region is of value in the interpretation
of hydrography, as such forms usually repeat themselves in similar regions, and often
in the same region. (See 3531 and 355.)

Abnormal or improbable depth 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 abnormalities should always be verified before acceptance
as correct (see 353). .

Depth curves shall be penciled on the smooth sheet before it is transmitted to the
Office. The colors adopted to represent the various depth curves on hydrographic
surveys are listed in table 27. Depth curves on smooth sheets are only inked in the
Washington Office after the survey has heen verified.

TABLE 27.—Depth curves

Curve in Curve in To be inked
fathoms feet in
0 Yellow.
15 Violet
1 Green
2 Red.
3 Blue.
4 Yellow
5 Red.
6 Green
10 Yellow
20 Blue.
30 Violet.
40 Green
50 ed.
100 Green
200 Yellow
300 Violet
400 Green
500 Red.
1, 000 -| Blue
2, 000 Yellow.
3, 000 Violet.

7761. Selection of Depth Curves

All of the applicable depth curves listed in table 27, except as modified under this
heading, shall be penciled on the smooth sheet. However, if the survey includes sig-
nificant submarine features which are not emphasized sufficiently by the use of the
curves listed, additional curves should be drawn. The nonstandard curves and the
reason for using them should be given in the Descriptive Report (see 842.J).

Although they will ordinarily not be inked (see 7763), the 4- and 6-fathom curves
shall always be penciled on the smooth sheet by the field party, and the %-fathom curve
shall be added where it may be useful in small-boat navigation. '

Occasionally some of the depth curves should be omitted for reasons of clarity.
On steep slopes the curves may be so closely adjacent as to be confusing; in such cases
the shoalest and the deepest curves are generally the most important and should be
shown, omitting the less important intermediate ones. Where rocks or steep shoals
rise suddenly from much greater depths one or more of the deeper depth curves should
frequently be omitted; 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 the 12- and 18-foot curves
may be omitted. In channels with steeply sloping sides, the curve which gives the
maximum through depth is the most important and should be shown at the expense of
some of the shoaler curves. Likewise, where islands, shoals, or reefs rise abruptly from
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much greater depths and several of the shoaler depth curves are very close to the shore-
lines of the islands, or edges of the reefs, the shoaler curves should be omitted.

7762. Delineation of Depth Curres

Depth curves shall be penciled lightly as continuous lines, using a 2H pencil, and
using as a guide the curves shown on the boat sheet. The hydrographer will have
sketched on the boat sheet, many more depth curves than are required 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 prescribed curves only are drawn.
Careful attention must, therefore, be paid to the boat sheet when drawing the curves
on the smooth sheet.

Depth curves are drawn so that each depth corresponding to the depth indicated
by the curve is either on the curve or within it. Where the curve passes between sound-
ings, it must be located at the correct proportional distance between the two depths.
Curves must be broken at sounding numerals and position dots—never continued
through them as continuous lines. At position numbers, however, curves should be
continuous, the numbers being moved slightly, if necessary.

In comparatively shoal

depths where there may he }?,

dangers to navigation, one 4

should always err on the side fg 20 24 .

of safety in drawing depth |3~ 12 o 24 3 2 2 E:
curves. Where the soundings :3 :Z 35 20 20 20 h‘q I
are not spa_ced closely enough 5 8 /_ﬂ) 52 20‘3/ :2 m‘%«m ;9%,_{—'3@20
to determine precisely the /:i B L, I 2 Vi T
position of a depth curve, the s 2 a4, a0 P o
curve must be drawn to in- o 21 2 24 2y 2 2 23 2l
clude the part of the area in 5 2z 24 B

which a shoal sounding is pos- 2

sible. For example, where A B

there is a shoal of less than 3
fathoms extending offshore,
around which the depth curve might be closed just outside of several 3-fathom sound-
ings on a given line, and there is one sounding of 3 fathoms or less on the next adjacent
line offshore, the one sounding must not be surrounded by a detached curve, leaving the
inference that there are greater depths between the 3-fathom detached sounding and
the inshore 3-fathom curve. On the contrary, the curve must be extended to include the
isolated sounding, as in figure 167. Similarly, where there is an absence of soundings
between two contiguous shoal areas, the depth curve must be drawn to connect both
shoals, rather than as a closed curve around each one, since in the latter case the infer-
ence would be that depths greater than the depth curve exist between the shoals.
(See fig. 167.)

Without exception, depth curves should never indicate a through channel unless
this has been proved by the actual soundings taken.

Over extensive flat areas it is frequently advisable to add fractional depths in
the vicinity of the depth curves in order to locate them more accurately (see 7713).

FiGURE 167.—Depth curves in vicinity of shoals (see text).
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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 shall be omitted entirely.

The low-water line, or zero depth curve, is one of the most important curves on
the smooth sheet. Where it is not well defined by the soundings, data from other
sources as prescribed in 754 should be used for its delineation.

7763. Inking the Depth Curves

The depth curves are inked in the Washington Office following the colors given
in table 27. The word “omit’ opposite a depth in the table indicates that ordinarily
that curve is not to be inked. Any curves not inked shall be erased by the verifier.

Nonstandard curves penciled by the smooth-sheet plotter to delineate submarine
features not sufficiently emphasized by the standard curves (see 7761), shall be inked
in brown on the smooth sheet by the verifier. (See also 9336 and 93425.)

777. INsPECTION OF PLOTTING

After the positions and the soundings 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 completeness 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 examination of all critical soundings to
ensure that they are clear and legible; there should be no doubt, under any circum-
stances, as to the least depth on any rock or shoal. Neither should there be any doubt
about the deepest draft that can be carried safely through any channel, along any rec-
ommended course, or through any particular areas where passage of vessels is frequent.

7771. Differences 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 necessary. Such differences may be due to some
fault in the sounding apparatus or in the method, or some error in the record. What
is to be considered excessive will depend on the strength of the control, the accuracy
of the sounding method, and the character of the bottom. It is impossible to formulate
2 rule which will cover all of these variable conditions. One experienced in hydro-
graphic work will recognize, for any set of conditions and any given area, what differ-
ences are excessive. -

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

The allowable difference in any given case should not be based on a percentage
of the depth, but rather on the lateral displacement of the depth curves. In compar-
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atively even bottom, such as exists in the Gulf of Mexico, a difference of 2 or 3 feet
may be excessive, because of the amount the depth curve is displaced. On the other
hand, in areas of steep slopes a difference of several fathoms may be readily allowable
since the position of the depth curve may not be affected appreciably.

If the control is strong, excessive differences should not be caused by uncertainty
of positions except in cases of pure blunder. Individual cases of excessive differences
may result from an error in protracting or from an error in the reduction or plotting
of the soundings, and the first step in the elimination of such errors is to verify the
positions and depths in the vicinity of the discrepancy. Where crosslines have been
run on a different date from the original system of lines, the discrepancies may be due
to differences in sea and weather conditions on the two dates; and these should be
examined,

A statement shall be made in each Descriptive Report relative to the discrepancies
at crossings (see 842K). Generally, this may consist of a simple statement of the
percentage of crossings at which the differences are 1, 2, 3, etc., percent of the depth.
Because of the relative weakness of R.A.R. control in certain areas, a complete tabula-
tion of the depths at all crossings shall be made for each R.A.R. sheet (see 7722a).

7772. Examination of Depth Curves

The best evidence as to the adequacy and completeness of the survey is whether
the depth curves can be completely drawn, and whether their shapes and convolutions
are natural. A study of the depth curves may disclose diserepancies from several
sources. Where the depth curves do not represent normal types of bottom relief,
some source of trouble is to be sought. For example, a tide gage inadequately located
with reference to the hydrography will result in depth curves having a jagged unnatural
appearance if based on adjoining parallel lines run at different stages of the tide.

A study of the depth curves, and a consequent study of the hydrography in the
vicinity, may also reveal discrepancies due to the use of different methods of sounding
or the use of different sounding instruments, and may result in actual corrections bheing
made to some of the lines of soundings and in rejections of others.

78. ADDITIONAL DETAILS ON SMOOTH SHEET
781. ExpraNaTORY NoOTES

A variety of miscellaneous explanatory notes is required on the smooth sheet before
it can be considered complete. Such notes should be made as short as practicable and
still give the desired information. (See fig. 171.) Those referring to hydrographic
features shall be in slanting letters, and those referring to land features shall be in
vertical letters. The lettering should be freehand, upper and lower case, the average
height of the capital letters being 1.8 mm, the lower-case letters being proportionately
smaller. Notes should ordinarily begin with a lower-case letter. The size of the
lettering should be consistent throughout each sheet, in order to present a pleasing
appearance. In congested areas it may be reduced in order to conserve space, but the
letters should never be so small as to require a magnifying glass to read them.

A good deal of latitude may be taken in the placement of notes, as long as it is
perfectly clear to which feature a note applies. This may be accomplished in many
cases by the use of leaders (see 7914).

G09490—44——86
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Unless stated otherwise under the specific paragraphs, all explanatory notes placed
in the land area or in clear spaces in the water area shall be inked in black, but those
that must be placed in the sounded area should be left in pencil for subsequent inking
in the Washington Office, after verification of the survey.

Periods shall not be used under any circumstances in connection with names,
notes, or any symbol that appears in the water area, as they might be confused with
bare rocks. (See also 783.)

In addition to the types of notes referred to above and those specifically mentioned
elsewhere in this Manual, the following general classes of notes are required. These
apply mostly to control stations and landmarks, and should be shown in vertical
lower-case letters, and in parentheses (see fig. 171).

(¢) The name of each marked recoverable topographic station shall be followed by the word
“marked”.

(b) The name of each recommended landmark shown on the hydrographic sheet shall be followed
by the word “landmark”, together with the elevations above the ground and above mean high water,

if known; and if the name is not self-explanatory, a few words desecribing the object should be added
(see 7844).

(¢) Each object in the water area used as a signal shall be explained by a note stating whether
it is of temporary or permanent nature, and if permanent its character must be deseribed for the infor-
mation of the cartographer in charting (see 7444).

(d) Each control station that is a natural or artificial object and is permanent. or semipermanent
shall be briefly described in one or two words immediately following the station name.

(e) If the souree of the position of a control station is other than the official records of the Burean,
an explanatory note shall be added after the station name to state the source of the data.

782. Rocks, REEFS, LEDGES, AND ROCKY AREAS

The representation of these features is one of the most important plases in the
plotting of a smooth sheet. Great care is necessary in order that there shall be no
ambiguity regarding their true character and that the conventional symbols used for
such features conform to the adopted standards in part“O” of the Symbols and Abbrevi-
ations chart (see fig. 189, part I1X).

In applying these features to the smooth sheet, those that originate solely with the
bydrographic survey or that result from an adjustment between the hydrographic and
topographic data should be left in pencil by the field party (see 7827). All other
features (and primarily these include information transferred from the topographic
survey) should be inked in black unless otherwise noted in this Manual. Similar
treatment should be followed in the case of descriptive notes or elevations accom-
panying such features. (See 7825 and table 28.)

7821. Planes of Reference or Sounding Datums

In the hydrograpby of the Coast and Geodetic Survey two general planes of refer-
ence (sounding datums) and one special plane are in use. They are mean low water
(MLW) for the Atlantic and Gulf areas, mean lower low water (MLLW) for the Pacific
areas, and mean low water springs (MLWS) for the Pacific entrance to the Panama
Canal (see 8224). The plane of mean high water (MHW) is the datum to which the
shoreline and all land elevations are referred (see 2311).

All rocks, reefs, and ledges shown on the smooth sheet must be referred to these
planes, and to no others, and they must be symbolized in accordance with the rules
given in 7823
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7822. General Definitions

Three types of rocks may be encountered in a hydrographic survey, characterized
as bare, awash, and sunken. By convention and for general purposes, they are defined
in relation to the tidal datums of the locality, as follows:

(a) Bare rocks are those extending above the plane of mean high water.

(b) Rocks awash are those exposed at any stage of the tide between mean high water and the
sounding datum, or that are exactly awash at these planes.

(¢) Sunken rocks are those covered at the sounding datum, that are potentially dangerous to
navigation.

For cartographic purposes, however, the gencral definitions have been muodified
in order that the charted symbols may
reflect the most probable condition of

. Atlantic Coast Pacifi Pacific entrance
the rock as seen by the mariner. On ific Coast . Panama Canal
smooth sheets, therefore, the rules in B ARE ROCKS

7823 shall be followed in the delineation
of the data relative to rocks, reefs, and
ledges. (See also fig. 168). The rules
are, of course, not inflexible, and in
their application consideration should
be given to the character of the area,
whether exposed or protected; the
proximity to shore; the range of the
tide; and the extent of the minus tides;
the controlling factors in all cases being
the emphasis on dangers and the
probable visibility of the rock at some
stage of the tide. (See 9334¢.)
Regardless of the sounding datum,
references to Atlantic Coast include
all areas in the Atlantic QOcean and FIGURE 168.—Relationship of rocks to tidal datum planes.
the Gulf of Mexico, and references to
Pacific Coast include all areas in the Pacific Ocean and in Alaska.

7823. Rules of Application

a. Bare rocks.—Rocks 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
the rock should be shown if it is more than one-half millimeter 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 the awaesh 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 Coast the limits are 2 feet. The same applies to reduced soundings in rocky
areas, that are surrounded by depths considerably greater than the soundings. These limits are for
reduced depths in the Sounding Record.

The symbol for a rock awash is three crossed lines, one of which is parallel to the lines of latitude.

¢. Sunken 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 represenfed on the smooth
sheet, either by symbol (a simple cross), or by a sounding accompanied by the legend “RE"” depending
on the nature of the available information.

(1) The 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
no soundings taken, or where the depth obtained does not represent the least depth over the rock.



7824 . HYDROGRAPHIC MANUAL Pace 736

(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, at the sounding datum, is covered 1 foot or more on
the Atlantic Coast or 2 feet or more on the Pacific Coast.

(8) The abbreviation “Rk” 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 at the rock, or sextant 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 from generalized symbolization.

If a rock is so located by the topographiec,survey, the dotted 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 located by estimated dis-
tances from a sounding line.

7824, Reefs and Ledges

A reef is a rocky or coral elevation dangerous to surface navigation, which may
or may not be above the sounding datum in elevation. A rocky reef is always de-
tached from shore, but & coral reef may or may not be connected with the shore. A
ledge is a rocky formation connected with and fringing the shore, and is generally
above the sounding datum in elevation. These terms should always be so used in the
Sounding Records, and will be construed in accordance with these definitions, unless
information from other sources indicates otherwise.

These features when bare or awash at the sounding datum must 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 method will show the
feature correctly and clearly with the least amount of work. A small reef or ledge,
for example, might be shown by symbol but a large reef or ledge extending a consider-
able distance along the shore may be indicated more economically by a broken line
with an appropriate legend.

There is no distinetive symbol 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 legend (see 7826).

No distinction is made between the symbol for a rocky reef and a ledge. Where
a reef is continuous at the sounding datum, the standard rocky-ledge or coral symbol,
as the case may be, should be used (see fig. 189, part II), but where the reef is generally
submerged and projects only in spots above the sounding datum, rock-awash symbols
should be used to represent the protuberances, and sunken-rock symbols, the depressions.

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

7825. Elevations and Notes

All notes and elevations relative to rocks should be referred to the precise datum
planes applicable, and not to a generalized one. For example, “uncovers 2 ft at MLW”
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should be used and not “uncovers 2 ft at LW”. Bare rocks should be referred to mean
high weter (MHW) and rocks awash to the sounding datum (MLW, MLLW, or MLWS),
except that rocks awash at mean high water should be so designated (see 7823). Eleva-
tions above any datum should be given in feet to the nearest whole foot. Descriptions,
such as “breaks at balf tide”, “breaks in heavy weather only”’, and the like, are of
value for charting and should be shown on the smooth sheet wherever the information
has been obtained. Judgment is required in the selection and proper placement of
notes in order to avoid crowding the sheet with a multitude of unimportant notes,
but no important danger should ever be shown by symbol alone.

a. Bare rocks.—The elevations in feet of bare rocks should be shown by slanting figures, in paren-
theses, close 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 Waskington Office. (See also 755 and 782.)

b. Rocks awash.—Elevations of rocks awash above the sounding datum may be indicated either
by notes, such as ‘“uncovers 2 ft at MLW”’ or by slanting figures alone, in parentheses and under-
scored, as for example (2). (See part ‘“O” of the Symbols and Abbreviations chart, fig. 189, part IX.)
If awash at the sounding datum or at mean high water, a note such as “awash at MLLW" should
be used. No rigid rules need be followed, however, in the use of one form or the other. It is left
mostly to the discretion of the smooth-sheet plotter. Generally, however, it is desirable to use notes
in the case of isolated 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. )

¢. Reefs and ledges.—The above considerations also apply to the notes and elevations of reefs
and ledges above the sounding datum or to the rocks awash in a generally submerged reef or ledge.

7826. Rocky Areas

Where, owing to heavy seas, low tide, draft of vessel, etc., it has been impossible
to sound in an area with a rocky bottom, but which is otherwise clear of rocks, the
approximate danger limit should be indicated by a line of sunken-rock symbols.

Where, owing to a multitude of scattered rocks, it is needless to sound in an area,
the positions of the off-lying rocks should be determined and the unsounded area should
be marked “foul—unsurveyed”. (See also 7824.)

Where large areas, unimportant for navigation, have not been thoroughly surveyed,
as where thick beds of kelp border the shore or where an extensive foul ares exists in a
remote locality, the outer limits should he shown on the smooth sheet and an appropri-
ate legend added inside. For kelp, the symbol should be used and the area should
contain the legend ‘“heavy kelp, not navigable, not thoroughly surveyed”. For a foul
area, a dash line should be used enclosing the legend “foul, not thoroughly surveyed”.
(See 3623b and 367.)

7827. Reconciliation of Topographic and Hydrographic Data

As is noted in 75, discrepancies between the topographic and hydrographic surveys
as to the location and character of rocks should be harmonized in the field by a further
examination if necessary, and all differences reconciled in the Sounding Records, on the
shects, and in the Descriptive Reports before submitting the survey to the Office.

Where it is not feasible to investigate the discrepancies further, or to consult the
topographer, the smooth-sheet plotter should then evaluate all the information available
from both sources, taking into consideration the strength of the position determination,
the proximity of the surveyor to the feature, the stage of the tide, etc., and resolve the



783 HYDROGRAPHIC MANUAL Pace 738

differences in favor of the weightier evidence. Generally, the following rules will be
found applicable:

a. Bare rocks.—Their locations aud elevations should be accepted from the topographie survey
except where there is unmistakable evidence of incorrectness, or where it is obvious that the topo-
graphic location is weak. Where discrepancies between the two surveys result from the rules given

in 7823 for interpreting the sounding data, then the source that makes the rock a bare rock shall
govern. (See 7825a.)

b. Rocks awash.—The locations of such roeks should generally e accepted from the topographie
survey and should seldom be modified by the hydrographic survey. Their elevations above the sound-
ing datum should be taken from the hydrographie survey because of the more definite tidal information
available, and the closer proximity of the hydrographic party to such features.

c. Sunken rocks and breakers.—The locations of sunken rocks and breakers, and notes relating
thereto should be accepted from the hydrographic survey, but it should first be determined that the
identical feature is involved.

Changes in the character of rocks should not be made on the topographic survey
where the differences are consistent with the stage of tide at the time of survey, but an
explanatory note should be added to the topographiec Descriptive Report.

783. BorToM CHARACTERISTICS

After the soundings and depth curves have been penciled the bottom characteristies
should be penciled on the smooth sheet. Standard abbreviations have been adopted
for such information (see part “S” of Symbols and Abbreviations chart, fig. 189,
part XI) and these must be used on the smooth sheet, even if nonstandard abbreviations
have inadvertently been entered in the Sounding Record. 1t should be noted that
lower-case letters are used throughout for adjectives, to distinguish them from nouns
which all begin with capital letters. Periods must not be used after abbreviations, nor
are hyphens or other connecting symbols to be used between abbreviations, but there
should be a slight space between them. A standard hottom characteristic should
appear on the smooth sheet thus: “krd S Sh P”. (See also 384.) Attention is called
to the fact that “rky’’ is the abbreviation for rocky bottom, but the abbreviation “RE”
is used only for a rock which rises from much greater surrounding depths, and not for
even rocky bottom (see 7823c¢).

In placing the bottom characteristics on the smooth sheet a judicious sclection
should be made. If a large number are recorded, as is usually the case in areas surveyed
by handlead or wire sounding, probably only part of those need be shown on the smooth
sheet. On the other hand, where echo sounding is used, comparatively few bottom
characteristics are obtained, and probably all obtained should be shown on the smooth
sheet, including those whose locations are somewhat indefinite. Bottom characteristics
obtained when anchoring and picking up buoys and when observing temperatures and
salinities should be shown on the smooth sheet, if an approximate location has been
given.

Harbors, anchorages, and shoals are the arcas where botlom characteristies are
most important. Each shoal must show a bottom characteristic, if one has been ob-
tained thereon. In harbors and anchorages, a sufficient number should be plotted to
show, particularly, where changes in the character of the bottom oceur; but where there
is 2 monotonous sameness in the character and quality of the bottom, too many charac-
teristics should be avoided. (See 3842.)

Bottom characteristics should, if practicable, be placed on the smooth sheet
reasonably close to and a little below and to the right of the soundings which they
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accompany. Where such placement interferes with the clarity and legibility of the
sounding, the bottom characteristic should be placed in any convenient space in the
immediate vicinity of the accompanying sounding. The abbreviations should be
lettered in single stroke slanting letters, the capital letters having an average height
slightly less than the soundings and the lowcr-case letters correspondingly smaller.
(Sce fig. 163.)

After the smooth sheet has been verified, the bottom characteristics will be inked
in black in the Washington Office. At that time, if it appears that an insufficient
number were obtained, the new survey may be supplemented, on direction of the Chief
of Surveys Branch, with bottom characteristics from prior surveys (see 3842 and
9333b).

7831. Silted Areas

The fathograms of eclhio-sounding instruments operating at supersonic frequencies
show quite clearly, under certain conditions, layers of silt or other loosely distributed
eediment overlying the substrata. These are commonly found in bays, lakes, or
estuaries, where silt-laden streams have deposited their loads, or in offskcre basin areas
where unusual conditions may permit the depositicn of silt.

A record of the cxistence and limits of such sedimentary layers is often of con-
siderable importance. Where encountered in an area being surveyed, the Washington
Office shall be notified of the apparent features and special instructions will be issued
if a smooth-sheet record is desired.

In such cases the silted areas shall ke noted on the smooth sheet, at the time the
soundings are plotted, and the approximate outline of each area more -than 1 inch
in diameter or 1 inch wide, shall he shown by a dash peneil line. A notation explain-
ing their significance shall be made on the title sheet and in the Descriptive Report.
The outlines will be inked in a brown dash line after verification in the Washington

" Office, and at the time of inking the depth curves.

Where silted areas are so frequent that they will be confusing on the smooth sheet
or may be confused with the depth curves, their limits shall be shown in brown dash
ink lines on a tracing-cloth overlay. The overlay shall be referenced to the smooth
sheet by projection intersections throughout the area and shall be identified by a title,
as “Overlay showing silted areas on H-5236." A notation shall be placed on the title
sheet (Form 537) that such an overlay accompanies the smooth sheet.

Where silted areas are disclosed by the fathograms a discussion of their estimated
frequency, sizes, and apparent thicknesses shall be made in the Descriptive Report,
irrespective of whether their outlines are shown graphically on the smcoth sheet or on
an overlay.

784. Aips To NAVIGATION

All aids to navigation, fixed and floating, within the area of the survey, shall be
shown on the smooth sheet. The positions of fixed aids located by triangulation shall
be shown by standard triangulation station symbols; where located by topographic or
hydrographic methods, control station symbols shall be used if the aids were so used
during the hydrographic survey; otherwise, nautical chart symbols should be used
(sec fig. 169). The positions of floating aids, irrespective of method of location, shall
be indicated by the actual aid symbols and colors used on the nautical charts of the
Burcau. (See part ‘L’ of Symbols and Abbreviations chart, fig, 189, part VIIL)
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The smooth-sheet plotter shall compare the plotted information with that shown
on the charts and with that given in the most recent edition of the Light List published
by the United States Coast Guard, and any material disagreement as to position or
characteristics shall be noted in the Descriptive Report (sce 842FP). The positions of
all fixed aids shall also be reported on Form 567. (Sec also 383.)

Hydrographie survey parties are required to obtain the depths at all aids to naviga-
tion located in the water area, and these shall be shown in pencil similar to other
soundings.

Where items 7841 to 7847 inclusive specify that certain data are to be left in peneil
by the plotter, they shall be inked in black after verification at the Washington Office.

7841. Fixed Aids to Navigation

Fixed aids fall into two classes, lighted and unlighted, and their correct respective
designations are “lights’ and ‘“beacons.”

In the case of lights, the light sector shall be shown graphically and the limit of
visibility in miles given, in pencil, if these have been determined during the hydro-
graphic survey. The characteristics of the lights necd not he shown on the smooth
sheet. _

All fixed aids that have been rebuilt since the date of a previous determination of
position, whether or not they are reported to have been rebuilt in the same position,
are relocated by the survey party, but must not be referred to as recovered stations.
The earlier determinations are lost stations and no reference to them shall be made on
" the smooth sheet. (See also 3831.)

Where an abandoned light structure is still prominent, its position shall be deter-
mined. If it is not located by triangulation, nor used as a control station, it shall be
shown on the smooth sheet as a landmark (sce 7844).

7842. Floating Aids to Navigation

Floating aids to navigation are divided into two classes, buoys and lightships.
Their positions are usually determined by the hydrographic party, cither by three-point
fixes or by cuts (see 3832). Standard symbols are uscd to represent them on the sniooth
sheet (see 784). The small dot at the lower end of the buoy symbol or the small circle
at the bottom of the lightship symbol indicates the positicn of the aid. The type of
buoy should be indicated by the correct symbol, and the number of masts on a hght-
ship should also be indicated by the symbol used.

The symbol for a buoy is an elongated diamond shape with its longer axis 2.7 mm
in length and its shorter axis 1.2 mm. The dot is 0.8 mm distant from the shape on
line with the long axis.

Buoy symbols are best made by means of a celluloid template cut to a slightly
larger size than the above dimensions so that when the pencil vutline is drawn on the
sheet, it will be of the required size. (See fig. 153.)

7843. Names of Aids to Navigation

Care must be taken that the aids to navigation are identified by their correct names,
which in all cases shall be assumed to be those given in the latest edition of the Light
List. (See fig. 169.)

(@) The Light List nam es of all aids to navigation must be shown on the smooth
sheet. If the aid has a statien name which is identical with that given in the Light
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List, it shall be shown in accordance with 744. If an arbitrary station name has been
used in the hydrography, the Light List name shall then be added in red, upper and
lower case, slanting letters, in parentheses, immediately below or adjacent to the
station name,

There are also frequent cases in which the position of a fixed aid has been deter-
mined in the past and it is designated in the triangulation records by a name differing
from the correct one. Insuch cases the name, as given in the Light List, shall be shown,
immediately followed by the incorrect name and date of location in parentheses.
Example: Bay Shaft Light (SAND POINT LIGHTHOUSE, 1887).

(6) Beacons, where shown hy chart symbols, should be identified by their numbers
only, thus: No. 31, with the number underlined in blue where located by sextant.
Where they are shown by control station symbols, the designation should also indicate
the color of the beacon. Example: (B Bn No 81). This should be placed immediately
below the station name, and in parentheses. (See fig. 169.)

(¢) Buoys do not ordinarily have station names, but they must be identified by
their classification and number placed immediately adjacent to the symbol. Eramples:
N 12,085,883, ete. :

(d) Where the position of an abandoned light structure is shown, the name must
be followed by the word ‘“unused”, in black ink and in parentheses, to show it is not
in use as a light. Erample: BIRD ISLAND LIGHTHOUSE (unused).

(¢) The size of the lettering to be used for names of aids to navigation should be
somewhat smaller than that used for station names (sece 744).

7844. Landmarks

A special report on recommended landmarks for charts is required on Form 567
(see 8534). Each landmark, so reported, that is within the limits of the topographic
or hydrographic survey must be plotted on one or the other of such sheets. If a land-
mark is located by triangulation, the triangulation station symbol shall be used; where
located by topographic or hydrographic methods, control station symbols should be
used if the objects were used as control stations during the hydrographic survey; other-
wise, the landmark symbol, a small black ink circle, 2 mm in diameter, should be used.
If shown on the topographic sheet, it is not necessary that it also be shown on the hydro-
graphic sheet, if it is not otherwise needed thereon. It is probable that most 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 recommended landmarks, the landmark name as reported on Form
567 shall be shown in black ink and in parentheses after the station name, and the word
“landmark” in black ink shall be placed in parentheses below the station name, accom-
panied by the elevations (also in black ink) of the landmark above the ground and
above mean high water, if these are known. (See fig. 169 and 8534A.)

The hydrographer frequently determines that certain large buildings and struc-
tures, not recommended by the topographer, are suitable for landmarks. If these
have not been used as signals they should be plotted on the hydrographic survey, the
position of each being indicated by the landmark symbol, accompanied by the land-
mark name (also in black ink) as reported on Form 567. The word “landmark’ and
the elevations should be given as required above. If in a large structure, a definite
part such as a spire or cupola, is recommended as & landmark, it is necessary that the
smooth sheet show its position relative to the remainder of the building (see fig. 155).
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It is particularly important that the elevations of landmarks he known both
above the ground and above mean high water, and the legends must malke these cleva-
tions clear. They are necessary for the charts and for the Coast Pilot.

7845. Ranges, Bearings, and Sailing Lines

All ranges, bearings for clearing dangers and other purposes, and recommended
sailing lines on courses or ranges, shall be shown on the smooth sheet in pencil where
they have been determined by the hydrographic party, and the following symbols
shall be used: A range shall be shown as a broken line of short equal dashes; a hearing
shall be shown as a dotted line; and a recommended sailing line shall be shown as a
continuous line broken at irregular intervals so as not to be drawn through soundings
(see fig. 169). It should be noted that that part of a range line which is to be followed
by a vessel is a sailing line and should be so symbolized. The objects which determine
the ranges or to which the bearings apply shall be correctly shown and identified, and
the names of the objects and the purpose of the range or bearings indicated in pencil
along the lines. (See 356.)

Where a range (indicated by brackets in the Light List) formed by two lights or
by two beacons, is located within the limits of the survey, there are specific instructions
for the determination of its azimuth by the survey party (see 3833). Only if the
azimuth has been determined by the hydrographic party shall this line be shown on the
smooth sheet. The instructions for such locations call for obtaining strong sextant
fixes on the range at a sufficient distance from the front range mark to produce a long
azimuth line for accurate scaling. In the case of ranges established at an entrance for
use in crossing a bar, a sextant fix should be obtained on or outside the bar. These
fixes are indexed in the Sounding Records and must be plotted accurately on the smooth
sheet. From these plotted positions the ranges are penciled. The azimuths arc then
scaled by protractor and noted in pencil along the range lines.

7816. Overhead Clearances

Bridge clearances and the clearances of overhead cables are important to naviga-
tion and should be shown on the smooth sheet for the information of the chart com-
piler. They should be left in pencil by the field party.

a. Bridge clearances.—The vertical and horizontal clearances should be given for
all bridges over navigable waters if such information has been obtained (see 3836).
Where a discrepancy exists between the field data and the data given in the “List of
Bridges Over the Navigable Waters of the United States,” published by the United
States Corps of Engineers, the field data should be given on the smooth sheet, but
attention should be called to the discrepancy in the Descriptive Report (see 842P).
The notation on the smooth sheet should include the name of the bridge, if it has one;
the type of bridge, whether fixed, draw, etc.; the horizontal clearance in fect; and the
vertical clearance in feet above mean high water. The note should be in the form shown
in figure 171.

b. Overhead cables.—The locations of all overhead cables, transmission, telephone,
or telegraph, over navigable waters shall be shown on the smooth sheet by dash pencil
lines in a manner that will interfere least with the plotted soundings. The note on
the smooth sheet should state ““overhead cable” and should give the clearance in feet
at mean high water (see fig. 171).



STATIONS:
Triangulation and traverse ...... A VAL E S ’ l 9 42 Arbitrary name assigned A K I M (B E R T, l 94 2)

Marked topographic............... O LICK (morked) Topographic O Sow
Hydrographic and ordinary buoy O COoD Spotted from photographs O Cu p
R. A R. and sono-radio buoy ESAU In water area (descripton) O F@r (te mp plle)
Tde oo O Tide Station cnent ... ........XD Current Station
HORELINE:
* F:m topographic or air photographic survey (0.4 mm.) Fast, eolid lend (0.2 mm ) Marsh, swamp.and mangrove
Revision by accurate methods (0.4 mm.) .._._______.__ (02 mm.)
Revision sketched by hydrographer (0.4 mm.)..._.____ — e —— — — — — (0.2MM) e e e e —

Piers and watetfront areas (0.4 mm. and 0.2 mm) - r

=T R

LOW-WATER LINE:

Zera depth curve from reduced soundings Rodded by topographer at low water «e— s e v e e
Sketched from hydrographic data.............. Shetched from topographic data ,.eescseses®esiegeenaansannes
ROCKS: Bare 2. (shape or dot) Awash oo K Sunken ... T
Awash, individually located by topographer * Sunken, individually located by topographer +
Awash, indwvidually localed by hydrographer 43(' Sunken, individually located by hydrographe;}".-}

(i pancil on smonth sheet, inked at Washington Office onby )}~

AIDS TO NAVIGATION:
Lighthouse ~ name from Light List ..__....___. A Bay Sha'ff nghf

and (from hst of geographic positions) (SAND POlNT L|GHTHOUSE, l887 )
Structure not used as ai(_i ........................ A B | RD lSL-AN D Ll GHTHOUSE, |857 (Unused)
Beacons wedasstaon O WiN O] Low
— lopographic location (B Bl'l No 33) (R BI'I NO 32)
not used as station A ND 33 A I’VO 32
used as station O qu O MOO
— hydrographic lacation (B Bn NO 33) (R Bn NO 32)
not used as station A No 33 A No 32
Buoy — (hydrographic location identified ~ # £ 33 s N32
by position number)
LANDMARKS:
Used as control station _..._................_... O TAX (STACK ,white, concrete)
(landmark: 102 ft. above ground, 134 ft. above MHW)
Not used as control station......._..._.....@ TANK, ELEVATED (Country Club Hills)
(landmark: 6 O ft.above ground, 241ft.above MHW)
MISCELLANEOUS:
Offshore limit of breakers (in pencil) ___b'g"_eg___ Range line (in pencil) ———_______ Eddies @ @

Recommended sailing line (in pencil) _ 54, 21— Bearing line (in pencil) 4  + » o Cerenaa Tide tips == —== —=

FICURE 169. — Special symbols for use on hydrographic sheets.

(These are in addition to and are sometimes used instead of those
shown in figure 189).
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7847. Cable Crossings

The shore ends of submerged cables shall be shown on the smooth sheet by dash
pencil lines indicating the gencral direction of the cable. Each end should be marked
“submerged cable” (see fig. 171).

785. SYMBOLS FOR SMOOTH SHEET

The symbols to be used on the smooth sheet are generally those used on the charts
which are illustrated in figure 189. It is not necessary that the symbols on the smooth
sheet be as perfect as those on the charts, nor that the drafting be as artistic (see 721).
Slight modifications in the direction of simplicity may be made, the important thing
being that they convey the information neatly and unmistakably.

There are certain exceptions to the use of chart symbols for smooth sheets, and
these have heen discussed in detail in preceding paragraphs. Examples of this diver-
gence are the depth curves, which are shown in color on the smooth sheet but are sym-
bolized on the charts; and lights and beacons which are almost invariably shown by
their station symbols rather than by the chart symbols.

Figure 169 illustrates the symbols and lettering to be used on the smooth sheet,
which differ from the symbols used on the published charts.

786. MisceLLANEOUS DaTa

In addition to those mentioned heretofore, as many of the following details as have
been obtained by the ficld party shall be shown on the smooth sheet. They should be
left in pencil unless otherwise noted, to be subsequently inked at the Washington Office
after verification.

*7861. Tide Rips

These occur in places where strong currents are found and are usually encountered
in the vicinity of shoals or where the bottom is uneven. A knowledge of these is of
importance to the mariner and they should be shown on the smooth sheet either by
legend or by symbol and legend, and qualified as heavy, moderate, or light. Where the
feature is extensive, the approximate limits should be outlined and an appropriate
descriptive note added.

7862. Breakers and Shoal Areas

The limits of breakers, whether offshore or alongshore, should be shown by a dash
line with the notation “breakers’” added. Where cuts are taken to single breaks, their
intersection should be indicated by the sunken-rock or rock-awash symbol, as the case
may be. If there arc no rocks, the spot should be encircled with a broken line enclos-
ing the word “breakers”.

Shoal areas covered at the sounding datum, over which sounding lines have not
been run, should be outlined with a dash line within which the estimated depth is
inserted.

The low-water limits of shoals, bars, mud flats, sand banks, etc., that bare at the
sounding datum hut which have not been accurately surveyed, should be taken from
the best availuble source and shown on the smooth sheet in accordance with 754. The
estimated height above the sounding datum should be given if available.
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7863. Marine Vegetation

The limits of grass and other marine vegetation extending near the surface must
be indicated. Wherever a distinetive symbol has been adopted for such vegetation it
should be used, except that limits only of extensive beds should be outlined by symbol,
the character of the vegetation within being indicated by appropriate legend.

The symbol for grass or any other land vegetation should not be used to represent
marine growth. If the bottom is grassy, the standard bottom characteristic abbre-
viation for grass should be used.

7864. Kelp

Kelp is one of the most important of the seaweeds encountered on a hydrographic
survey and should be indicated on the smooth sheet wherever located. One of its
principal characteristics is that it generally grows in rocky bottom and for that reason
its presence indicates a possible danger. This is particularly true in Alaska where the
only indication of many submerged pinnacle rocks may be a strand or two of kelp. In
exposed waters kelp may grow in depths of 9 or 10 fathoms and in protected waters it
may grow in even greater depths. Dead detached kelp should not be confused with
live kelp attached to rocks; the former floats on the water in masses, while the latfer
streams away level with the surface. (Sce also 3623b.) )

Kelp should be shown by symbol where the patch is a small one. Only the limits
of extensive beds need be delincated by symbol, the remainder being indicated by
appropriate legend. Where the kelp is towed under at certain stages of the tide such
information should be added to the smooth sheet.

7865. Tide and Current: Stations

The locations of all tide and current stations shall be shown on the smooth sheet
by blue circles, slightly larger than a hydrographic station symbol, accompanied by the
name “Tide Station’ or “Current Station’ lettered in blue.

7866. Wire-Drag Finds and Clearance Depths

Where a contemporary wire-drag survey has been made, all drag finds, including the
bottom characteristics, should be transferred to the hydrographic sheet in green ink and
in the same depth unit as the soundings. Where a wire-drag examination has been
made to determine the least depth on a shoal or obstruction, the least depth found (Gf
less than that of the hydrographic survey) should be plotted in pencil, and a note with
a leader added giving the least depth with position number and day letter, and the
clearance depth obtained.

7867. Ferry Routes

Each ferry route should be shown by a single dash line representing the actual
route as nearly as it can be determined without sextant angles. Each terminus should
be marked ‘“ferry.” :

' 7868. Wrecks

Within the area of the survey,wreckage not afloat is located and should be shown on
the smooth sheet in accordance with the symbols shown in part “O’’ of the Symbols and
Abbreviations chart (fig. 189, part 1X). Wrecks arc of two kinds, stranded and
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sunken, the former applying where any portion of the hull is above the sounding datum,
while the latter applies to those with less than 10 fathoms over them or where the masts
only are visible. The topographer, presumably, will have located all stranded wrecks,
and these will be transferred from the topographic sheet to the smooth sheet along with
the other topographic information. Sunken wrecks are located by the hydrographic
party and their positions must be plotted from the data in the Sounding Records. 1t
should be noted that the symbol for a stranded wreck differs from that for a sunken
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 showing the depth by which a wreck or
other obstruction has been cleared by the wire drag.

Where there are a number of wrecks, or an amount of wreckage, so extensive that
the individual items were not located, the outer limit of the dangerous area shall be
indicated by a dotted line within which the word ‘‘wreckage’ is shown.

7869. Obstructions

A variety of obstructions which may be dangerous to navigation is encountered in
hydrographic surveys, all of which must be shown on the smooth sheet. If the obstruc-
tion has not been cleared by the wire drag, it is indicated by the least depth obtained by
other methods, surrounded by a dotted circle, and accompanied by the word ‘‘obstruc-
tion” or its abbreviation. If the obstruction has been cleared by the wire drag, a spe-
cial symbol is provided which shall be used to indicate the safe depth of water over the
obstruction (see part “0O’, Symbols and Abbreviations chart, fig. 189, part IX).

787. GEOGRAPHIC NAMES
7871. Authority of the Smooth Sheet

‘The hydrographic survey and, therefore, the smooth sheet shall be the authority for
all geographic rames of hydrographic features, such as channels, sloughs, rivers, inlets,
reefs, rocks, shoals, and of topographic features offshore from the high-water line, such
as small rocks and islets. Even if the topographer does obtain and verify a portion of
these names, the hydrographer is responsible for their correctness and their correct
placement on the smooth sheet. In addition to the above names, the names of some of
the more prominent topegraphic features should be added to assist in correlating the
hydrographic survey to the land features. (See also section 16.)

Although not all geographic names may be charted, it is desirable that all features
for which there are local names be named on the smooth sheet. 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 to take extreme care
that the names are spelled correctly and that they are applied to the correct features.

7872. Placement of Names

Geographic names should not be added to the smooth sheet until after the posi-
tions and soundings have been plotted. They should be placed so as to indicate
clearly and without ambiguity the features designated. Where it is impracticable to
place the names closely adjacent to the features, they may be placed some little distance
away and conneeted to the respective features by leaders or arrows.
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Geographic names must not obscure nor confuse the soundings. On an inshore
hydrographic survey, it is generally necessary to place all the topographic names and
many of the hydrographic names inshore from the high-water line. This is especially
important in the placement of the names of small streams, sloughs, and inlets. Where
names have to be lettered in the water areas, particularly in very congested areas, a
judicious placement of the name and spacing of the letters will often avoid obscuring the
hydrography. In such cases the lettering may be spread out or closed up as the con-
ditions require. '

Geographic names should be oriented on the smooth sheet so as to be read from the
south regardless of the direction of the projection on the sheet (sec fig. 170). Most
names should be lettered in a straight line parallel to the parallels of latitude and, if

North North

FIGURE 170.—Orientation of names on survey sheets.

practicable, placed immediately east of the feature named. Where it is necessary to
place a name on a curve, the beginning or end of the name should be nearly parallel to
the parallel of latitude. A name should not be lettered on a reverse curve. Most
preferable is a compound curve with the flat part of the curve as nearly as practicable
parallel to the parallels of latitude.

If the geographic feature to be named covers a considcrable area, as an island or
bay, the name should be placed preferably in the approximate center of the area. It
should extend across the longest part of the feature and, if practicable, should follow the
general curvature of the feature. Such names should never extend beyond the limits
or even close to the limits of the feature in question. If the name is composed of
several words they should not be too widely separated in order to extend the full length
of the feature. Instead the name should be repeated a second, or even a third time.

‘Where it is necessary to letter a geographic name along a perfectly straight feature,
such as a boundary line, railroad, or channel, that does not extend east and west, the
following rules should be followed:

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

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

7873. Lettering Geographic Names

All geographic names on the smooth sheet shall be left in pencil. They shall be
made with single stroke capital letters. The names of the topographic features,
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which in gencral are the names of everything above mean high water, shall be vertical
letters. The names of the hydrographic features, and in general of all features below
mean high water, shall be lettered in slanting letters. In the latter classifications are
included, of course, shoals, reefs and banks, rocks awash, and sunken rocks.

The names of the most minor features on the smooth sheet shall ke lettered in
characters 0.1 inch in height and this height shall be increased according to the impor-
tance of the feature to a largest permissible height of 0.25 inch. For an equal impor-
tance of names it is essential to remember that slanting letters should be slightly
smaller than vertical letters because an optical illusion makes the same size of vertical
lettering appear slightly smaller.

7874. Inking Geographic Names

Geographic names must never be inked by the field party or by the Processing
Office. This is done in the Washington Office after the geographic names have been
reviewed and approved (see 9321). The inking of the geographic names of hydro-
graphic features is often deferred until after the soundings have been verified and inked.

All geographic names are inked in black using a mechanical lettering set.

788. LiMiTs OF ADJOINING SURVEYS

The limits of adjoining surveys or the overlapping soundings must not he shown on
the smooth sheet by the field party. (See 3233 and 3256.) These will be added in
the Office at the time of verification. However, it is incumbent on the smooth-sheet
plotter to make a comparison with the overlapping soundings on adjoining surveys in
order to determine whether holidays, or excessive differences exist, and to permit
the drawing of the depth curves in the area based on all soundings obtained. The
comparison is also necessary as a basis for information required to be included in the
Descriptive Report (sce 842.7).

Comparisen is best made by tracing the overlapping soundings of one survey and
superimposing the tracing on the other. Where adjoining surveys are on different
scales, the soundings on the smaller scale should usually be superimposed on the larger
scale. The tracings, properly labeled, should be forwarded to the Office with the smooth
sheet.

79. THE COMPLETED SMOOTH SHEET

Tlie completed smooth sheet shall be considered the authority for the hydrography
and for the topographic details within its limits offshore from the high-water line
(sce 75). The smooth sheet as submitted by a field party or by a Processing Office
should he complete, except that certain portions are left in pencil for inking after
verification in the Washington Office (see table 28). After the sheet has been inked
and reviewed there should be no necessity for reference to either the Sounding Records
or the L:oat sheet, or to any other records, in order to interpret the data shown thereon.
(See fig. 171.) A smooth sheet is, of course, supplemented by information in the
Descriptive Report of a nature which cannot be shown easily by graphic means (see
section 84).

The Chief of Party must supervise in & general way the preparation of the smooth
sheet to assure himself that it is being done in accordance with standard practice.
If the plotting is executed while the party is still on the working ground, he shall take
special care to sce that any errors, omissions, or discrepancies in the field work are
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corrected in the field. On completion of the sheet he shall make a final inspection of
the sheet and all the accompanying records and shall report this fact, with his approval
(see 7941). :

791, COMPLETION OF THE SMOOTH SHEET

To assure completeness of the smooth sheet, constant checking is necessary through-
out its production. Much of the work done on the sheet is self-checking and it is the
duty of the smooth-sheet plotter to check his work as he proceeds. However, certain
specific steps mentioned in this Manual do require verification (in the field) by a person
other than the plotter (see, for example, 746).

After the plotter has completed the routine work on the sheet, it must be inspected
thoroughly and special attention given to those parts of the work which are not routine,
such as comparison with the Sounding Records and the boat sheet (see 7911 and 7912).

7911, Details From Sounding Records

The completed smooth sheet should depict graphically all the information which
has been entered in the Sounding Records. To assure that this has been done, a system-
atic page by page comparison with the Sounding Records shall be made after comple-
tion of all the plotting. Special attention should begiven toallentriesin the ‘“‘Remarks”’
column and to all other entries that are not routine, such as cuts to rocks and aids to
navigation, and notes relative to the distance the sounding vessel passes any object.
Each detached position should also be verified in order to ensure that it has been
plotted and that the correct depth has been shown.

7912. Details From Boat Sheet

The boat sheet often contains supplemental details and notes which are helpful
in interpreting the Sounding Records and all of these should be considered in connection
with the smooth sheet. Occasionally, the boat sheet is the sole source of rocks, breakers,
or kelp, but such information should be used with discrimination. It is incumbent on
the plotter at 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 smooth-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. It is important that hydrographers in the field
realize that after review of the smooth sheets in the Washington Office, the boat sheets
are retained only a short time before they are disposed of.

7913. Importance of Clarity

It is important that the completed smooth sheet is clear and legible and that no
information thereon is indistinet or ambiguous. (See 721.) The most important
features on a smooth sheet are the locations of and least 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 obscured or shown in a manner that there is
risk of its being overlooked, a note should be added calling attention to it (see 7914).
Dangers and shoals should be emphasized and it is more important that they be shown
with distinction than that a routine symbolization be followed.



TON ( ToMer)

overhead cable,cl. 90 f+. M H W\® 10 st 8 Valley Roud Bl.'idge
) lift|bridge

bver.cl. O f.at MHW

PAVILION, N. TOWER, 1889-194|

PAVILION, S. TOWER, 1889-1941
M

bmerged cable
Vo) temporary stake

R 6 ’ ZRIl\inog 8 '
IIZ 7
a9 9 0,10 10 |2|0910|l of
losg M 511

B “
788810HI2|3I3|3I3|4|2 o\L .
M 62

13 15 IS/Z(ﬂsf %

97

314*

64

2
16
16 /9
3

I”gsog 319 369 D.2319

5 165747, 16 7 15 % a3 2]

V/
3 O 1
QIBMZZV/Z
™~k '9721202‘ 2 222394725 75 2526,7° 2
7 1o l2tsy! 19,20,,72 237525, 25,, ,26 78 32
\6 l MZ 24 £252 2577 3 C
<213 17~19 22 23 N 3drizag
e 7 0 2 ¥2 2 5 | &348%
""" - ﬂ\ 30 37 36—
102 & 34
3

En
30—30—=351
”330 3131

wm

70h 37
37 38 3z
AN
5%

A TANBARK GO, TANK, 1941 2, 3\, A

(TANK, steel) 32, 9 85 w36
(landmark, 80ft. above ground, 31 g 35
121ft.above MH W) 23 035
RUN 3 3

FIGURE 171.  Section of completed smooth sheet (reproduced at actual scale)
* (The black 24-and 86-foot curves ‘represént pencil lines.)

Thie plale and the followe
ing should face each other
to form ons illustration.



O BUILDING, west gable
(landmark, 35ft.above ground, 187 ft.above MHW)

/\ CREEK, 194|

ot (target)

Dim
(light)

16 ws 1B 24 /.
17 L e i 3
1713R% 17 18— w19 30
" 19 © S /26 31
~y 6., 70d
21 , 2 19 19 185 275 Pl P )
52
23, ,, 0 B g “ 2 %i, R Bn No 34)
23 20,, 19 20 29 O gurrent Stﬂtlg\ é \+ o7 Soundlings in green
23 30[,, 336 from|H24.00 (1875)
B . 2 0 20, ™
27 26%55 2 e
28 105 ‘24 25 26 30 35
| 27 25 “or 32“
32 2 3 32 30: 333 35 37 3%% 30 24 182 lB 17 13 12
‘35\—/" \ / EZ/
37 36; O
Sl 39 38
38, ' 38 Y o
B 2 g 38 3, ° 30
39 Vs ;30 38 7 36 35,33 o 225 3
. 23 3 37 36/ "3 28 ZI“
" Z s B w (35 18 [, :4
fy e gy 3T T Ve 82 o gy | P
4] 39
40 40 JOINS H-6300(/935) 23 6 13

FIGURE 171.  Section of completed smooth sheet (reproduced at actual scale).
(The black 24-and 36-foot curves represent pencil lines.)




PacE 749 THE SMOOTH SHEET 7914
7914. Use of Leaders

Explanatory notes are occasionally used on the smooth sheet to avoid possible
misinterpretation of the data (see 781). In order that these may be placed where they
will least interfere with the hydrographic data it is often necessary to use a fine leader,
or arrow, leading from the note toward the feature to which it refers. Such leaders or
arrows are frequently of advantage to emphasize the least depths on shoals (see 7753).

7915. Removal of Temporary Notes

All temporary pencil notations made on the smooth sheet during the plotting,
should be removed before the sheet is transmitted to the Washington Office.

7916. Initials of Plotier and Verifier

During the construction and plotting of a smooth sheet various specific steps are
performed. The records must show clearly responsibility for each step, whether it is
of plotting or verification. Rubber stamps are provided for this purpose. Stamp No.
42, Hydrographic Survey, is placed in the lower right-hand corner of the smooth
sheet and the initials of the plotter and verifier of the phases of work indicated thereon
must be appropriately entered (see 746). Rubber Stamp No. 38, Processing, (fig. 183) is
entered in the Sounding Records at the end of each day’s hydrography, and the plotter
must enter his initials in the appropriate spaces using a pencil of the same color he
used to checkmark items in the Sounding Records during the protracting and plotting
of the data (see 76 and 773).

792. ScHEDULE OF PENcILED AND INKED DETAILS

For the guidance of the smooth-sheet plotter, table 28 lists the various details
that are to be shown in pencil and in ink on the smooth sheet when it is forwarded
. to the Washington Office. It is to be noted particularly that practically all the
topographic information offshore from the high-water line is to be shown in black
ink if it originates with the topographic survey and has been verified by the hydrog-
rapher, but like information originating with the hydrographic survey is to be left in
pencil.

793. RecistrY NumBERs aND TITLES

At the beginning of each field season each survey sheet is assigned a temporary field
number by the Chief of Party (see 1541 and 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 registry number
should be available on completion of the smooth sheet, and if so, this number should be
shown in pencil on the back of the sheet in the middle of each end, with the corresponding
field number just above it. The registry number should be used in referring to the
smooth sheet or to any of the records pertaining thereto, after it is available. (See 1542
and 1543.)

After the smooth sheet is received in the Washington Office and registered, it
becomes a part of the permanent ar#ives, and thereafter is never taken from the
Washington Office. '

600490 —44——7



TABLE 28.—Schedule of penciled and inked details

Pencil

Black ink

Various colored ink

Registry number.
Soundings.
Bottom characteristics.
Geographic names.
Sailing lines.
Notes concerning rocks, least depths, ete.
Tide rips.

Swirls.

Marine vegetation (in general).

Boes and bearings.

Bth curves.

¥-water line,

gnnecting positions.

ptors.

ar arrows in sounded area.

*From hydrsg'aphic survey:
Rocks (bare, awasly, or sunken).
Reefs.

Ledges.

Wreckage.

Breakers.

Limiting danger lines.
Foul areas.

Kelp.

Fish stakes.

Spoil areas.

Bare rock elevations.

Projection lines,
Projection numerals.
Datum note. :

Geographie position of reference triangulation station,

High-water line.

Large buildings.

Landmarks (symbol, name, elevation).
Notes in land area.

*From lopographic survey:
Rocks (bare, awash, or sunken).
Reefs.

Ledges.

Wreckage.

Breakers. i
Limiting danger lines.
Foul areas.

Kelp.

Fish stakes.

Spoil areas.

Position numbers.

Day letters.

Position dots.

Station names,

Station symbols.

Tide gage locations,

Current station locations.

Survey buoy svmbols.

R.A.R. distance circles.

R.A.R. distance arcs.

Navigational aids. :

Shoreline by hydrographer,

Bare rock elevations by topogra-
pher.

*These features, if they originate with the hydrographic survey, are to be left in pencil on the smooth sheet, when transmitted to the Washington Office;
if such data originate with the topographic survey and are verified by the hydrographic survey, they are to be inked in black ink,
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The title of the hydrographic survey must nof be penciled or inked on the smooth
sheet by the field party. This is accomplished in the Washington Office. However,
the information necessary. for the title is reported on Form 537, Hydrographic Title
Sheet (sce 8412).

794. FiNaL INSPECTION

After completion of the smooth sheet the plotter should inspect the entire work
thoroughly to make sure there are no errors, omissions, or discrepancics, and that the’
style and appearance conform to the standards prescribed in chapter 7. He should
also assure himself that all temporary notes have been removed (see 7915) and that the
initials of the plotter and verifier have been appropriately entered on the smooth sheet
and in the Sounding Records in the stamps provided for that purpose (see 7916).

If the hydrographer who was in actual charge of the field operations can do so, he
shall inspect the smooth sheet and make a thorough comparison with the boat sheet, to
assure himself that the smooth sheet is complete and accurate, and that it delineates
clearly the results of his field survey. Because of his intimate knowledge of the area,
it is always possible that his inspection may disclose an erroneous interpretation made
by the plotter. This is particularly true in the case of rocks, shoals, breakers, and
so forth, for which the information in the Sounding Records is sometimes inadequate

or ambiguous.
7941. Final Inspection by Chief of Party

After the completion of the smooth sheet, and before it is transmitted to the Wash-
ington Office, the Chief of Party shall inspect the sheet and all of the records. He shall
also furnish on a separate sheet of paper as part of the Descriptive Report a statement
to the effect that the sheet and accompanying records have been inspected by him, and
are approved. (See 8437.)

795. PriNcIPAL DEFICIENCIES OF SMOOTH SHEETS

In the past, hydrographic smooth sheets reccived in the Washington Office, have
occasionally been found deficient in various respects, and to assist in eliminating these
in the future a list of principal deficiencies is furnished herewith. This is not intended
as a complete list of all of the deficiencies, but it does contain those which cause most
trouble during the verification and review.

(a) Positions have been incorrectly plotted due to the use of a protractor out of aJdjustment.

(b) Incorrect spacing of soundings; omission of soundings from a failure to utilize properly the
space available; insertion of soundings not recorded in the Sounding Record.

() Omlssmn of too large a percentage of the recorded bottom characteristics.

(d) Excessive size or carelesg lettering of position numbers and day letters; very infrequently
making their size too small; careless placing of them.

(¢) Positions plotted with angles differing from those in the Sounding Record with no correction or
note having heen made in the Record.

(f) Certain notes in the Sounding Records have been ignored.

(g9) Scundings penciled in a straight line between pusitions where the vessel followed a curved
path.

(h) Limits and numbers of adjoining sheets shown in ink (these should be omitted entirely).

(7) Geographic names inked (these should be left in pencil).

() Failure to check and investigate depths which appear erroneous, or excessive differences at
crossings,
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(k) Inaccurate transfer of the ghorcline from the topographie survey.
. (O PFailure to have some of the operations checked, or failure to enter in the place provided the

injtials of the person performing or checking the operation.

(m) The use of too hard a pencil.

(n) The omission of a reference triangulation station and the geographic datum.

(o) The omission of the minus sign from soundings above the sounding datum; the low-water
line ineorreetly drawn with reference to the half-foot soundings above and below the sounding datum.

(p) The omission of important notes which appear only on the boat sheet, having been omitted
from the Sounding Record.

(¢9) Inking the low-water line (this should be in pencil).

796. SHIPMENT TO WASHINGTON OFFICE

Completed smooth sheets shall be shipped to the Washington Office only in special
metal or heavy cardboard tubes, which 1nay be obtained on requisition. For shipment,
smooth sheets shall never be rolled to a diameter smaller than 4 inches, and shall be
forwarded by registered parcel post or express. The boat sheet shall be shipped
separately. (See also 836.)

Each smooth-sheet shipment shall be aceccmpanied by a copy of the transmitting
letter (Form 413), on which it is listed, the original being forwarded 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 title of the chart,
2) The visibility of lights is in nautical miles for an observer’s eye 15 feet above water level.
3) N.A. 1927 at the upper right-hand corner of the chart is an abbreviation for “'North American

datum of 1927".
(4) Longitudes are referred to the Meridian of Greenwich.

(5) The coastline is the line of mean high water, except along mangrove and marsh.

(6) Nautical charts, unless otherwise noted in the title, are constructed on the Mercator projection, and
are computed for the middle latitude of the chart or the middle latitude of a series of charts.

(7) Heights of land and conspicuous objects are given in feet above mean high water, unless otherwise
stated in the title of the chart. Elevations of rocks, lighthouses, contours, and hills, are in feet above
mean high water. Underlined elevations of mountain peaks are in feet above mean sea level.

(8) Dredged channels are shown by limiting dash lines with the depth, month, and year of

latest examination.
9) Explanation of marginal notes may be found in the Coast Pilot, and in the Chart Catalog.

(10) The use of 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 Destroved, to be reestablished.
TR B Temporarily replaced by a red buoy.
TBB Temporarily replaced by a black buoy.
TFB Temporarily replaced by a fixed white lighted buoy.
TFRB Temporarily replaced by a fixed red lighted buoy.
TFLB Temporarily replaced by a Flashing white lighted buoy.
TFLR B Temporarily replaced by a flashing red lighted buoy.
T FL G B Temporarily replaced by a flashing green lighted buoy.
(12) The use of 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. B. 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 periods are used after abbreviations placed in water areas.

FIGURE 189. — Symbols and abbreviations for nautical charts (part I).




The Coastline

B. Coast Features

Contours

%&

Rocky

M

Not rocky, low

Not rocky, high

3 Cliffy coastline (Bluffs)

4 Sandhills or dunes

fore.
%E:?

ASE V2 (G50l
VR

Symbol used only in small areas
or when a prominent feature.

mangrove

7 Mangrove

11

Foreshores

c  Stones or grave/

d Rock, uncovers at chart datum

f Sand and gravel

g Cora/, uncovers at chart

datum (See No. O-10)

8 Swamp or marsh

12

If extensive

Breakers along a shore

13

Limiting danger line

v B, Bay

(2a) G278 Bayou

5 Cr. Creek

5a C. Cove
‘ 7 Str. Strait

8 Sd. Sound

9 Pass. Passage, Pass
10 Chan. Channel
11 Entr. Entrance
15 Anch. Anchorage
16 Hbr. Harbor

18 I Island

19 It. Islet

21 Pena. Peninsula
22 C. Cape

24 Hd. Head

25 Pt. Point

o ML e
27 R. Range

29 Pk. Peak

30 Vol. Volcano
(33) St. Stream
(34) R. River
(35) Stu. Slough
(36) Ln. Lagoon
(37) Thoro. Thorofare
(38) L. Lake
(39) P. Pond, Port

FIGURE 189. — Symbols and abpreviations for nautical charts (part II).




C. The Land

D, Control Points
\@ \/v 1 A Triangulation point
- 3 256 Summit of height (Peak)
> (when not a landmark)
(606 (a) '256 Peak, accentuated by
contours :
) 5:;‘::256 Peak, accentuated by
1 Contours or form lines hachures
) ,;“’ Peak, when_elevation has
= not been determined
(d) e Peak, when a landmark
4 @ Obs. Spot  Observation spot
5 B.M. Bench mark
6 o See View View point
(9) Astr. Astronomical
(10) Tri. Triangulation
(11) Us 55 Es United States Engineers

2 Hachures

E.

Units

R

Tl 1(
:| ){( \l\:\( Glacje
Ty ,"\;I\&\;\,\_S_\>i““~ -
3 Glacier
OTREE

A conspicuous clump or single 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

© O N O U A W NN

12
13
14
1z
(18)
(19)

hr.
min.

Sec.

km.
in.
hi
yd.

fm.

kn.
lat.
long.
cor.
alt.
ht.

hour
minute
second
meter
kilometer
inch

foot

yard
fathom
nautical mile
knot
latitude
longitude
correction
altitude

height

FIGURE 189. — Symbols and abbreviations for nautical charts (part III).




F. Adjectives G. Harbors

and other abbreviations 1 ‘i_‘ Anch. Anchorage, large vessels
(see No. P-12)
1 i
gt great 2 %, Anch. Anchorage, small vessels
3 Irg. large 3 Hbr, Harbor
4 sml. small 6 Bkwr. breakwater
7 mid. middle
) & jetty (partly below M H W )

9 angc. ancient

12 conspic.  conspicuous (8a) W L jetty (small scale)

16 dist. distant
h 9 l:J\ pier
17 abt. about
11 ___+ groin (partly below M H W )
(19) aband. abandoned 3
i~ Anchorage | i
(20) extr. extreme 12 | orohibited | Anchorage prohibited
(21) congr. concrete 13 L__sgg/_g_rg.__j spoil ground
(22) bet. between o ;r-.1' ____t‘r_a_p___{ Fish traps
| , ] tual sh harted,
(23) estab. established . (otani <rape chactec)
(14a) oy fsh, stk,  fishing stakes when dangerous
(24) exper. experimental

(25) discontd.  discontinued 16 Ldg. landing place

26 /I flood 18 \\\/ Whi.  wherf

(27) mod. moderate 21 L dot. dolphin
(28) maintd. maintained 26 Quar. Quarantine
(29) elea. electric 29 Cus. Ho. Customhouse
(30) priv. private, privately 33 B. Hbr. Boat Harbor
(31) rom. prominent

p 35 WY/\/ dock
(32) std. standard

36 ;[:) dry dock (actual shape
(33) subm. submerged shown on large scale charts)
i) Pro. ampheximate a7 floating dock (actual shape
shown on large scale charts)

(35) car. comer 39 »:;\? patent slip (marine railway)
(36) Cl. clearance 40 e loek
(37) No, number 45 Obsy Observatory

FIGURE 189. — Symbols and abbreviations for nautical charts (part IV).




H.

Topography

Roads in open country

Roads or

small scale charts

Roads (Rds.)

(S
——p (g

16 Swing bridge, that can be opened

Track, footpath, or trail
M. & N. W. Ry.
“ L. "y
— — — 3l
Same grade Ry. above Ry. below

Railway (single or double track)
Railway (Ry.) Railroad (R.R.)

J_mL AAl
':tnr‘l———

17 Pontoon bridge, that can be opened

Cl. down 20 ft.
Cl. up 67 ft.

~=

(17a) Lift bridge

Overhead cable
Cl. 140 ft.
N -——— -
Tower Tower

. JEEE|
—p

(b) Bascule bridge, that can be opened

Ferry
=N
Ferry

4 Overhead cable (Ovhd. Cab.)
e 19 Ferry
5 Power transmission line immw}
éfc*ﬂ—% 21 Dam
8 River (R.) or Stream (St.) it
(25) Levee

Intermittent stream

Lake (L.)

(26) Lava flow

12

Marsh (See No. A-8)

Canal Lock

Ditch Sluice

Canal or ditch

O m = 0= =m0 = = =0 = — O = = 0= = =0 = = =0

(27) Log boom

N Jcl. 30 ft.

i

,CL 30 ft.

o ° ° °
subm.pile pile stumps snags

(28) Submerged piling, piling,
stumps, and snags

(29) Tunnel (railroad or road)

14 Bridge (fixed)
S
i 0 T
15 Drawbridge, in general

Al LViaducl

T [

(30) Viaduct

FIGURE 189. — Symbols and abbreviations for nautical charts (part V).




I. Buildings

When the buildings are prominent, they may be shown
by landmark symbol with descriptive note. (See No. L-63}

JI_J l/
DC 30 Govt. Government
Jféf_ City or town :
4 (lirge isexle) 32 Hosp. Hospital
Bﬁ 34 Magz. Magazine
(1) :EZ City or town 35 OmoNu, Monument
H# o (small scale)
36 Seyp. Cupola
3 Vil. Village evaion
37 elev. elevator
elevated
4 Cas. Castle
40 [Ej Ruins
-
g 41 OTR Tower
5 204 Ho. House .
% 42a) Cwinomie Windmill when landmark
44 OCHY. Chimney
8 Ch. Church
: e 440 Osack Stack
o 46 Qil tank
18 ) "‘ ! Cem. Cemetery S

e 47 % Facty. Factory

9 d{( Fort (actual shape (56) OGAB. Gable

charted)
579 Sch. School
o e 1 (58, HiS: High S !
23 ! | Airplane landing field ? ight Scheo
24 '\:?er\gi Airport (large scale) (59) Univ. University
(60) Inst. Institute B
Small scale
(24a) @ Airport (military) (61) Co. Company
(24b) {:} Airport (commercial) (62) Corp. Corporation
26  __ Firstst Strest (63) Cap. Capitol
(64) C.H. Courthouse
(26aj - ManAve, Avenue _
- (65) Cath. Cathedral
27 Tel. Telegraph (66) : Bidg.  Building
29 P.OL Post Office (67) Pav. Pavilion

FIGURE 189. — Symbols and abbreviations for nautical charts (part VI).




Miscellaneous Stations

2 Sta. Station 9 Sig. Sta. Signal Station
®
3 xc g Coast Guard 19 F.S. Flagstaff
(similar to L.S5.S.) 50 o Weather Bureau
) (. W. B. SIG. STA. Signal Station
When the building
(3a) C.G.
QWALLIS SANDS is a landmark 21 OF. P: Flagpole
(22) OF. TR. Flag tower
\&5;3' Lifesaving Station (23) OLOOK. TR. [ ookout tower
6 (See No. J-3) &
(24) S.PIPE Standpipe
8 L. sTa. Pilot Station (25) “BELL When on land
K, Lights
‘ See General Remarks, note 11.
1 X& g > Position of light 31 Rev. Revolving
2 19t Light (39) min. minutes
3 Lt. Ho. Lighthouse (40) sec. seconds
4 @\AERO & Aeronautical light 42 ev. every
5 & g Lighted beacon 44 vis. visible
i ) Post light
(Faxt light) (44a) m. nautical mile
6 s ga Lightshi
|4 é 9 p 47 Gp. group
J Lighted b
F = ighted Buy 49 SEC. sector
flect
10 REF; et 63 Bu. blue
Private light
17 24 . ) (maintained by private o4 G 2=
Priv. maintd. interests; to be used 66 R. red
with caution)
67 w. white
21 F ixed
e 68 0BSC. obscured
22 Occ Occulting 69 W i
23 FL. Flashing y
71 lrreg. lrregu/ar
24 k. FL. ick flashi
& Quick Has g 73 Temp. temporary
24 I. Qk. Int ted qui
i Q g gtet 80 Vert. vertical
26 Alt. Alternating .
81 Hor. horizontal
27 Gp. Occ. Group occulti
5 £ g (82) D. destroyed
28 Gp. FL. G flashi
P et (83) V.B. vertical beam
28 S-L; Short - |
(o SiEEng (84) Exper. experimental
29 Fe iRk Fixed and flashing
(85) R. range
Fixed and
30 F. Gpx FL. txed and group (86) AERO aeronautical

flashing

FIGURE 189. — Symbols and abbreviations for nautical charts (part VII).




Buoys and Beacons

2

3
(3a)

4

5

18
19
20.
22

24

On entering a channel from seaward. buoys on starboard side are red with even numbers. on port side black

with odd numbers.

symbols, indicate their positions.

Y

[
Peona
DwrisTLe
fc #c
IN Pw

5 %5 5
¢

oy

Position of buéy

Lighted buoy

Bell buoy

Gong buoy

Whistle buoy

Can buoy

Nun buoy

Spar buoy

Checkered buoy

Lightship

Fairway buoy (Mid-Channel)
Junction buoy

Isolated danger buoy
Wreck or obstruction buoy
Mooring buoy

Quarantine buoy

Obstruction buoys are green,
The dot of the buoy symbol, and the small circle of the light vessel and mooring buoy

en 8
28 Y
(29) * Priv. maintd.
31 H. B.
H..S.
32 V.S
33 Ghec
41 w.
42 B.
43 R.
44 Y.
45 G.
(46) Br.
52 A A A
(52a) OMARKER
53 Bn.
63 (C]
(64) REF.

Lighted buoys on starboard side of channel are red or white, on port side white or green.
Mid-channel buoys have black and white vertical stripes.
horizontal bands.

.or have red and black

Fish trap buoy

Anchorage buoy

Maintained by private
interests; to be used
with caution

Horizontal bands
orizontal stripes

Vertical stripes
checkered
white

black

red

yellow

green

beWﬂ

Fixed beacons

(unlighted daymarks)
Private aid to navigation

Beacon (See No. L—52)
Landmark

Reflector

Stations

N.

Fog Signals

(10)

(11)

R.Tr.
(WEAF)

((’D\EN.R,C.

\_/

Radio station

Radiobeacon

Radio Direction Finder
Station

Radio tower

Commercial broadcast

Naval Radio Direction
Finder Station

11
12
13
14
15
16
17
(18)

Fog Sig.
SUB-BELL

SuUB-0SC.
HORN
DIAPHONE
SIREN
HORN
HORN
BELL
WHISTLE
HORN
GONG
D.F.S:

Fog Signal Station

Submarine fog bell
(mechanical)

Submarine oscillator
Nautophone
Diaphone

Fog siren

Fog trumpet

Fog horn

Fog bell

Fog whistle

Reed

Gong

Distance Finding Sta.

FIGURE 189. — Symbols and abbreviations for nautical charts (part VIII).




0.

Dangers

CQ(??/

1 Rocks which do not cover; with their elevations

above M H W

i wreckage”:

(14a) A number of sunken wrecks

% uncovers 2 ft,

*
atL W Q)

2 Rocks that cover and uncover, with heights in
feet above chart datum

1 : Obstr

(14b) Obstruction of any kind

-
16 Sunken wrec/(, not dangerous to sun[ace
o navigation or over which the depth
(3a) When rock of No. 2 is considered a danger exceeds /O fathoms
to navigation
foul
+ 17 Foul ground
(4a) Sunken rock below chart datum;
depth not known tide rips
+ 18 Overlalls or tide rips
(4b) When rock of No. 4a is considered a danger '
to navigation eddies
19 Eddies
L2/ Rk
NG i
(4c) Shoal sounding on isolated rock replaces symbol
20 Kelp, any kind
121 pye 2w 12Liobstr
21 Bk. bank
(6a) Sunken danger with depth cleared by wire drag 22 Shl. shoal
Feet or fath
(Fest o fatioins) 25 breakers (see No. A-12)
L 27 Obstr. obstruction
\6’%
~ g 28 Wk. wreck
h (28a) Wks. wreckage
10 Coral or rocky reef (below chart datum) o
See No. A-l1g 3 GOoV. covers
34 uncov. uncovers
- 35 rep. reported
11 Stranded wreck (any portion of hull above 9
chart datum) (35a) shoal reported
reported
e masts 41 P.A. position approximate
12 Sunken wreck with only masts visible 42 P:D; poéition doubtful
43 BaD. existence doubtful
: 44 Pos. position
1 i h
4 Dangerous sunken wreck with less than 10 fathoms 45 D. doubifil

of water over it (See No. 6a)

FIGURE 189. — Symbols and abbreviations for nautical charts {part IX).




P. Various Limits

T. Tides and Currents

10 | |

11

12 I

13 .

16 -——

18 e T
(21) Bdry.

22) Bdry. Monu.
(23)

Leading line (Range line)

Limit of sector

Cl'ﬁannel‘ or course
recommended

Alternate course

Submarine cable

Submarine pipe line

Maritime limits in general

Limit of fishing zone
(fish trap areas bounded
by orange lines)

Limit of dumping ground
(see Nos. P-9 & G-13)

Anchorage limit

Limit of airport

International boundary
(also State boundary)

Ice limits

Boundary

Boundary monument

Reservation line

1 HW
(1a) HHW
2 LW
(2a) E L W
3 MTL
4 MSL
(8a) MHW
(8b) MHHW
(9a) ML W
(96) MLLW
b4 St.
18 DI
19 2 kn
20 2 kn
23 vel.
24 kn.
o
0 4
(25) 1%
109 3
8

high water

higher high water

low water

lower low water

mean tide level

mean sea level

mean high water
mean higher high water
mean low water

mean lower low water
stream

current, genera/

flood stream
ebb stream

velocity

knots

Current Diagram

Q. Soundings

R. Deﬁth Contours & Tints

N
Qe

No bottom sounding

Dredged channels
(controlling depth
may be shown in
separate note)

Swept areas (‘shown
by green tint)
(not yet covered by
sufficient hydrogra-
phic surveys to show
adequate soundings)

(16) =2 [ Stream

Feet Fathoms
(0] (0]
6 !
12 2
8 3
24 4
30 5
36 6
60 10
120 20
180 30
240 40
300 50
600 100
1,200 200
1,800 300
2,400 400
3,000 500
6,000 1,000
12,000 2,000
18,000 3,000
Or 10 fathoms and
greater

FIGURE 189. — Symbols and abbreviations for nautical charts (part X).




S. Quality of the Bottom

with the arrow at magnetic north.

7 Grd ground 39 fne fine
2 S sand 40 Grs coarse
3 M mud 41 sft soft
4 Oz ooze 42 hrd hard
5 Mi marl 43 stf stiff
6 Gl clay 44 sml small
7 G gravel 45 Irg large
% P pebbles 46 stk sticky
re 5t stones 47 brk broken
e el Hpests (47a) rk rock
Ui, Rk ock v .
r
50 k
(110) BId (s) Boaliler (5] sp speckled
12 Gk chalk iz g i
14 Co coral & fly Wity
(14a) Go Hd coral head - i g/halaa/
(16a) Vol Ash volcanic ash B e vt
17 La Java 57 bk black
18 Pm pumice 59 bu blue
21 Cn cinders 60 &n green
23 Sh shells 61 vl yellow
24 Oys oy;ters 63 rd red
26 Spg sponge 64 br brown
27 Grs grass 66 gy gray
33 al globigerina 67 It light
o 34 Di diatom 68 dk dark
U. Compass
1 N. north
W Ty 2 E. east
\\\\\\\\\\ \ & / / // /1, ////
\\\ %0 87 3 S, south
& 7 \\\\\\11)!// "y, Z
\\\ / /7/ 4 W. west
= Z
= = . 5 NE. northeast
E\o /E 6 SE. southeast
= =
= = 7 SW. southwest
% < // o § 8 NW. northwest
/// ///// / ! \\\\\\\\ \\\ 21 brg. bearing
R (LTINS
7 180 W 23 mag. magnetic
ZZm
it 24 var. variation
27, deg. d
The outer rose is in degrees with zero (e ok S
at true north. The inner rose is in points 28) dev. deviation

FIGURE 189. — Symbols and abbreviations for nautical charts (part XI).




N.A. 1927

(JOINS CHART 88)

13374&30//

N

o
S

©
a/////

270

S
I

S
=
=

N\ o

B

2 »

oV 7
|7\\\\\\\\\\\\\llollll///////////2 g
1 4 7/ ]
\\\l.l!!// //ﬁ// //7/
N | /7//7 I
N I 7, !
=

SON

\
\\\{\ \\\\
x\?

=
NP
TN
it N

//// 180
///l/y///lm i

1 :X: uncovers 2 ft
i at MLLW
\10

X,

{gjrepoz:'ted

52

LTS
FXo

IS

APPROACHES TO ALIKON

1
Scale 16000

SOUNDINGS IN FATHOMS
AT MEAN LOWER LOW WATER

\ STACK

marSh‘\
< \

N

R
Overhead cabl
Cl, 140 ft

7 Nautical Mile

Yards

°.7

AERO

133°46/ 307

FIGURE 190. — Section of finished nautical chart (slightly reduced).




INDEX

(The bold-face numbers in the left-hand column are the item numbers accompanying text headings. See preface for explanation of these

numbers.)
A Reference Reference
number Page number Page
Abandoned light structure(s)...._____........ 7841 740 | Boat sheet(s)—Continued.
A namf_s. it Tres RLA R, distances yo 7843(d) 741 sounding lines transferred to smooth sheet. _. ;ggz 713
coustic distances (see R.A.R. distances : : 24 700
Afd(s) to navigation use in smiooth plotting. . __—ooeoeoeo. {767 711
All = shown on smooth sheet. ______.._._ 784 739 | Bomb distances (see R.A.R. distances)
characteristics published incorrectly. .. 740 Bomb Record, rejecting R.A.R. distances..._.. 7637(1) &(2) 707
data compared with Light List.________..._. 740 Bomb size, eflect on R.A.R. distances...._..... 7636d 707
Fixed —— Bottum characteristic(s)
abandoned as lights- .. ... 740 abhreviations, standard .. _ ... ... 738
Heghtsector. ... ..o ... 710 Adjectives not capitalized . 738
named incorrectly in records. .. 741 frequency on smooth sheet 738
Rehuilt —, status.- . --...._.. 740 Importance in harbors, in anchorages, and
visibility range. ... ... _ooo.o 7841 740 onshoals_ .. _____ ... _._____. 783 738
Floating ——, symhglization (see alzo0 Buoys, {784 739 inked at Washington Offiee_______.___...____ 783 730
navigation). ... aean 7842 740 lettering, characterof ... . .. ... 783 739
names on smooth sheets. ... 7843 40 Nouns eapitalized ... oooeoeeoooL 783 738
names to agree with Light List___. 7843 740 placement on smooth sheet ... ...._.....___._ 783 738
station nanies 7843(a) 740 Smooth sheet requirements__ .. .___________._ 783 738
symbolization. . 739 supplemented from prior surveys..._...____. 783 730
Air photographle survey(s) symbeldization. ... __._____ P | 738
Control stations described on — __ .. 733 674 Breakers, symbholization (se¢ also Rocks,
Hydrographic sheets [rom —— 733 674 sunken) ... oo oeee oo 7862 743
Ozalid prints__.__. - 7332 674 Bridge clearances, vertical, shown on smooth
Tracing-paper prints- .. ....._____ - 7331 674 sheet__ 742
Aluminum sheet(s) 180 P Bridge clearan Sorertics
. s ) neers” data differ. . 742
Control buoys located graphically on — .. ..{7431,, 888 | Bristol board. .- ... ... .. LTI 661
Data from —— transferred to smooth sheets_. 713 660 | Buoy positions (see Control buoys)
dimensions _.- 7131 6l Buoy(s), navigation
Enameleq —— __ 7132 ful Designating —— on smoothb sheets 741
GnI;I_ned —al ——- - ;};} l'-} Plotting — __ 714
isposal ... ... ... R (E5) b 739
Ink on ——, removing. T 7131 e symbolization. 710
Penciling on =—— _...._. - . 7131 (61 Template for making ——symbol___________ 740
Penciling on —, removing. . 7131 61 Buoys, survey (sce Control buoys)
not used as smooth sheets_ __ . 713 Al
Painted =— ______________ . 7132 Hol
Paper-mounted —— .- ... it 661 C
Preparation of —, method. 7138 861
Warping tendeney. - --......._ ... 7133 661 Cable crossings on smooth sheet_.. .._____...__ 847 743
Angle(s). sextant (see also Cuts, sextant and Cables, overhead, clearances shown on smooth
Three-point flxes} sheet .. _. e 7846h 742
errors (2¢e Sounding Record errors) Cellulnid (cellulose acetate)
plotted without protractor on **Circle’ sheets. 735 677 Cleaning ~——before use._ . ... ..o 863
hird — required at detached positions .. 766 71 distortion......__.__..__.__ . - 658
Ares, distance, R.A.R. (¢¢¢ R.A.R. dislance Inking on =—— .. 663
A ares) g bolizati 1826 747 Pleces at positions of R.A 7(9)3
reas. unsurveyed, symbolization________..___ 5 : e 609
Arrows used on smooth sheets. ... .. 7914 749 smonth-sheet covering. .. R RRRRE 718
Astronomic lines of position, plotting. ... 64 708 BrRCINES . -« oo ie o e [T
Astronomic positions, plotting. __._.____._..... 764 708 Types obtainable, specifications. . 682
Awash rocks (see Rocks, awash) Celluloid ink. ... ... 2 665
Cellulose nitrate, fire hazard of._.__ 13 662
B Channels, navigable, half-foot soundingsin..._. 7713(h) 714
Characteris;.ms. bottom (see Bottom character-
isties)
Banks, sand, low-water limits on smooth sheet.._ 7862 743 Chart(s), nautical
Bare rocks (sée Rogks, bare) datuins, definivion._.__..__-.. 734
Bars, low-water limits on smooth sheets_ ... 7862 43 depth ynits____.__ 718
Bars, navigable, least depth in half-feet__..__.. 7713(x) 715 paper digtortion. ___________..____ _ 650
Beacons (see also Alds to navigativn, fixed) Check angle required at detached p 711
BDesignating ——0n slln-znth sﬁe?.ﬁ ......... ;ﬁ‘é‘{"b’ 7-&1’r Chief of Party -
eam compass, use in plotting RAR. ... 7 - 47
ll;searing? gor use in navigation, symbolization.. 7845 . T2 Approval of smiooth sheet .. - eorevoeonnnn };g-ﬂ 751
earing(s), compass fon o 47
as supplemental control, accuraey. ... 7636¢ 707 Insp(\.ctm-ll o Smooth sheet..—ooooocoooeene 17941 75
Plotting — on R.A.R. sheets. . ... 7633 704 Supervision of smooth sheet .. ... 79 7
symbolization on R.A.R. sheets.._ - 707 Chronograpl-tape scaling errors____ . T636a 708
Boat sheet(s) (see also Hydrographie sheets) Chroncgraph tapes, static marks on. . ... T636a 706
data not found elsewhere________________._._ 7912 748 Cireles, distance, R.A.R. (see R.A.R. distance
Disposal of =—— 748 cireles)
paper distortion 658 *Cirele™ sheets, inking the ares._.._.._.._.. .. 735 877
positions transferred to smooth sheet. _....._ 7672 711 Clarity, importance on smonth shee _... 913 748
referred to during smooth plotting_ ___._...._ 7671 711 Clearances, bridge_._________ v emmaaeea... T846a 742
Smooth sheet compared with — ______..... 7912 748 Clearances, overhead, shown on smooth sheet .. 7846 742



11

Reference
number

Cloth, tracing (see Tracing cloth)
Colors
Position-number and day-letter —— ___.....
R.A.R. distance ar¢ —— ... ...
symbolizing depth carves.____.______..
Compass, beam, use in plotting RAAR.._.___
Compass bearings (see Bearings, compass)
Compass rose, speclal, for plotting dead reckon-

0. i imiiamman- 7653
Congested areas (see also Overlay tracings)
Number of soundings that can be clearly
inked in =—— ____ .. 7724
plotted on overlay tracings. _. T152
Plotting surveys in ——:_____ . __.._..... _. 715
Position numbers and day letters in —— ____ 7681

Contours, submarine (see Depth curves)
Contraction in drawing paper (see Distortion)
Control buoy(s)
location methods. ... ...._._.....
positions computed
positions determined graphically
positions, determining. .. . ..o

Control station(s)
described on air photographie surveys....... 733
Explanatory notes required.___. ... .. 781
Floating —— (see Control buoys) -
in water area to be deseribed ... ..._._. {.}ﬂi")
name(s)
Agreement between smooth sheet, boat
sheet, topographic sheet, and Sound-
ing Records .. T4
Agreement in overlap of two sheets.. 7441
Important — in capital letters.. . 7442
Inking —— e o -4
Colors used in ==—— ____..__........ 744
in sounded areas, inking to be deferred.___.. 7443

Leroy template and pen sizes to be used. . . { 7442

orientation . 7443
Overlap of sheets, agreement of ——In. ... 7441
placement with reference to symbol. ...

Size and character of lettering of — ... {

Size of Leroy lettering for— ___.___._... 1
of other agencies identified_..__....__...._...
plotted hefore inking projection._.
plotter and verifier, record of .
plotting__

by cuts.

by dms. and dps........ -

by tracing-peper transfer 7413
to be verified. ... ... .... . 745
with latitude and longitude scales. - 7412
with proportional dividers. . 7414
with three-arm protractor_____ . 7418

positions by three-point fix, computed__.__.__ 7416

743(d)
symbol(s) . i 743
made with drop-bow pen.. - 743
Plotting soundings near =—— ___. . T2
points blackened with pencil, not ink_..___ 743
Unused -— not shown on smooth sheet_____ 4
Conversion of depth units and fractions
(tables) - . -« oo aeieae. 7716
Coordinates (see Plane coordinates)
Course, changes in, plotting. .__. . 7682
Courses, recommended, symboliz - 7845
Cover, smooth sheet, deseription and use. ... .. {;%
Creeks, narrow, unfixed positions taken from
boat sheet .. .. ... 768
Critical areas plotted on smooth sheet during
eld surveys. ... ... . T

Crosslines, depth diserepancies (see Depth dif-
ferences end Soundings at crossings)
Current stations shown on smooth sheet__..__. 7865
Curves, depth (see Depth curves)
Cut(s), sextant
Accuracy Of === _ ... 769
Definition 7415
identification during smooth-sheet plotting. . 735;5
7

inde:
Plotting control stations from —
Plotting —— on smooth sheet .. __.._...___

INDEX

Page

712

713

718

Reference
D number
Dangers to navigation (see also Least depths
and Shoals)

Soundings to half feet on smooth sheet_____.. 7713(c)

Wire-drag finds shown on smoath sheet. ... 7866
Datum(s) (see also Geographic datum)

forelevations. .. ... ... 7821

Sounding ——defined_______________________ 7821
Day letters, inkingof _________________________ 7681
Day letters, sizeof. .. ... 7681
Dead reckoning (D.R.)

adjustment. .. ... 765

C mpass rose, special, for plotting =—— ______ 7653

offshore loops
Adjustment of closure
Plotting —— _____..__._.
Plotting and adjusting — __._________.__ 7634
plots
Disposal of =—— .. ..
supplementing R.A.R.
used in analyzing R.A.R. positions..._.._. 7637

plotting . _ ..

by log distances. ...
by time
Speed or log factor de
supplementing RAA R ... ... ...
Decimals, soundings in
How shownonsmoothsheets ... ... ...

Where used onsmonth sheets.____.__._.
Deficienicies, typical, of smaoth sheets. .

Degree and minute svmhols, size . .. _____ 7323
Deposits, marine (see Boltom characteristics
and Silted areas)

Deptheurve(s) ... ... ... 776
Abnormal — diselose survey faultfs._ .. 1772
Color representation (fabler.__________ ... 178
defined by half-foot soundings.__.____._ ... T713())
Definition. . - 776
delineation__.. ... ... ...... .. ...

diselose errors in soundings______.__ ..
evidence adequacy of survey.___
Ill-defined ——, symbolization. .
Inked when_ ._.._ . __._.......
Inking —— _ ..
interrupted at soundings and positions.
Nonstandard ——, use__....________._.

Safety factor
Selection
Smonth sheet —=— patterned after boat shee
syvmhbolization (fable). .. . ___ 7
Denth differences (se¢ also Soundings at eross-
ings) PR i) |
Allswable —=— _
Causes. . _....
Examination required
Depth measurements (see Soundings)

Depthunit{s) . .. oo .. T
Atlantic Occan ~— ____..__.___.. 7711
econversion_ ... .. 7716
Pacific Ocean —— ____ ... ... .. 7712

Depths at erossings (see Depth differences and

Roundings at crossings)

Descriptive Report notes, value to plotter. ... 76

Detached positions
Checkangleat— _______ .. .. ... 766
Importance____. .. 766
Plotting = _ 766

Verification of me— _____ . _ ___ _ M

Detached soundings (see Detached positions)
Details on smooth sheets, whether inked or

penciled (table) . ... ... . 792
Development, congested (see Congested areas

and Overlay tracings)
Differences in depth (see Depth differences

and Soundings at crossings)
Diserepancies, depth (see Depth differences)
Distance ares, R.A.R. (se¢ R.A.R. distance

arcs)
Distance circles, R.A.R. (see R.A.R. distance
circles).
Distortion, survey sheet
Determining east and west =— _____________ 7371
Determining — ______.__.__.____.
Dms. and dps. adjusted for =—
Drawing paper — (fahle)_..__.__
Effact of me—= 0n projectionless surveys_......
Dms, and dps., definition_____._____ ... 7411

Page
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Reference
numbhber

Dms. and dps., plotting control stations by._... 7411
Docks, souudlngs in, at enlarged scale___. 7751
Dog-ear, attaching to smooth sheet. ... 7121
Dog-ear, radiating lines to station on_ 7121
Dorie tracing paper.__ oo eaaos 7142
Drafting
and lettering on smooth sheets. _..___........ 72
Character of == _______________ 721
Inked lincs solid and uniform. 723
Pen noints recommended for — 725
" Drawing ink (see¢ Ink, drawing)
Drawing paper (sec Paper, drawing and
Smooth-sheet paper)
E
Echo soundings (#ee also Fathogram)
irregularly spaced . . ... . ... coel... 7723
seleeted from fathogram. _.._. 7726
Spacing —— on smooth sheet. 7723
Enlarged subplans..______...... 7751
Eraser, electric, use._.__...._._... 27
Erasers, colored, tend to mar sheet._ 727
Erasures from smooth sheets.... 27
Esterbrook pens..._............ .. 7125
Expansion in drawing paper (see Distor tion)
Explanatory notes (sec Notes, explanatory)
F
Fair sheet (see Smooth sheet)
Fathogram(s) (see also Echo soundings)
Least and greatest depths seleeted ... 77126
Selecting soundings from — . 7726
soundings, SPACINgG. . oooooeLoiooea 7
Fathometer soundings (se¢ Echo soundings)_. .
Fathoms, on Atlantic Coast sheets____.._..... 7711(a)
Fathoms, not used on a sheet with soundings
infeet . el 771
Feet, on Pacific Coast sheets. . .. 7712
Ferry routes on smooth sheets . _____ --- 7867
Field numbers, use on smooth sheets__.______. 793
Film (sec Celluloid)
Fix (see Position, hydrographic; R.A.R. posi-
tions; and Three-point fix).
Flats, low-water limits on smooth sheet-_ ... 7862
Fractioral depths, conversionof . ___._....._.. 716
Fractions, soundings in, how shown on smooth
‘sheets....... e 1T
Fractions, soundings in, where “shown on
smooth sheets. ... ... ... 713

Frequency of soundings (see Soundings, fre-
quency and Soundings, spacing).

G

Gage, tide (see Tide gage ¢nd Tide Station).
Geodetic datum (see Geographic datum).
Geographic datum of survey sheet, changing.__ 736
Graphiemethod__ . ... ...
“TLost" stations used .
Numerical method__._
Refercnce station used.
Gcooranhlc name(s)
Hydrographic feature —— in slant letters__._ 7§73
indefinitely applied, reported in Deseriptive
eport . . . 7871
inked at Washington Office_...

inked only after verification. .. . 7874
Lettering =—=— _.._ ... 722
in sounded areas..._...
OD & CUIVe o oo oo cememesmmememcm e ean
Orientation_ .. ____ ... ... ...

Size and stvle standards__...
Local — to be on sheet._.. -
of large Areas . .. eiiaeianaas

. 1787
+ on smooth sheets. ... ... l7§7l
Orientation of =——lettering._ . _.__.__...._._. {;5;2
lacement on smooth sheets. __ . 7872

mooth sheet, —=— to be includes . 7871
Soundings ot obscured by — __ - 7872
Topogiaphic feature ~—— in vertical let .- 7873

Gillott PeDS. - e oo 725
" Graphie recorcer (see Fathogram).

Qraphite, powdered, use in transfers........... 7561

Grease, removal from tracing cloth_ ___......._ 7141

INDEX

Page
iS4

H Reference

‘HI

number Page

Halfl-foot soundings, where required ...._.____ 7713
Higgins drawing ink (see afso Ink, drawing)_ . _ 726
High-water line, symbolization (see also Shore-
line end Topographic data)._...._.__
Horizontal datum (see Geographic datum).
Hydrographic pwtons (see Positions, hydro-
grap ic: R.A. R. positions; and Three-

nt fix)
Hyﬂrograkhxc sheet(s) (see also Boat sheet and
Smooth sheet)
from air photographic surveys__.._____._.___.

One depth unit onlyonone—— __________.__

printed {rom air photographic surveys...____
projected from air photographie surveys
Hydrographic station(s), symbolization (see

aiso Control stations)__._______.___.. 743(0)
Hydrographie survey(s)
diserepancies corrected in field...__.._____.__ 79
errors corrected in field. . .______

field numbers._.... __.._..____..
omissions supplied in field.
Projection used for ——
registry numbers

I
Ink(s), drawing. .. .. oo 726
Celluloid =——, how to use. - 72681
Erasing =—— ________.._.._ . 727
Thin — to be avoided. - 723
Waterproof =—— _____._ ________ . 76
Inking, pen points recommended._ ... 725

Inking smootb-shest details, requirements
(tabley_ . __ ... - 792

Inserts on smooth sheets.._ _ 7751
Inside routes, half-foot sound - 7713(d)
K

Kelp, importance to navigation. ... .___ 7864
Kelp symbolization..._._.___._. . 7864
Kiel powder, use in transfers. . 7561
Kodapak cellulose acetate. . 7143(d)
Koh-i-noor peneils. ... ... 724

Landmark(s) (for charts)
elevations on smooth sheet_ _____ . _________

7844
identified on smooth sheets____._...._____... {';g‘l“(lb)

reported by hydrographer. ... .. ... .._..._ 7844
shown on topographic or hydrographm sheet. 7844
symbolization_ . - 7844
used as control stations. . .____.______ 77’
Latitude and longitude numbers
Placement on smooth sheets..

Size..
Latitude 7412
Leaders used on smooth sheets.... ____.___.__ 7914
Least depths (see also Dangers to navigation
and Shoals)
7732
emphasized on smooth sheet_________.._..___ l7;i;
7
Inspection of —— on smooth sheet____.....__ 7913
Legends to accompany —— ______...... ..o 7153
shown on smooth sheet. ____________.... _ 7732

Wire-drag finds shown on smooth sheet.
Ledge, definition. ... ... 7824

Ledges, symbolization_. {73;4
Legends (se¢ Notes, explanatory)
Leroy lettering set
Pen sizes for —— ... 7231
Template size for control-station names....__ 7442
Lettering on smooth sheets (see also Geo-
graphic names, lettering) .. .._.____.. 72
Minute — notused..........._ .. 723
Orientation ... .. .o
Btyle o .oaiaioeaan

using mechanical lettering set.
Lettering sets, mechanical .. __
Letters, day. . oo on.
nghte(l ranges, azimuths d
drographer._ . eeneaaa
Lighthouses (see Aids to navigation, fixed)
Lightship symbolization. ... oooococoeaoaun- 7842

715
665

663
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Reference
number Page

Lights, navtllgagt)m (see Aids to navigation,

Light structures, abandoned._ ___.___.__________ 740
Lines of position, astronomic, plotting__ 708
Log factor, determination for plotting..._____._ 7651 709 -
“Lost’ triangulation stations used in changing
datum on survey sheet-.—...______._ 7364 680
Low-watcr line
Definition____________. 694
Hydrographic determ 604
Smooth-sheet, soundings in vicinity of — __ 7735 721
Soundings to half feet in vieinity of =— _____ {;’;}g(e) ;{g
symholization  _______.__ .. ______.________._ 754 694
Topographic determination of =—— __..___.. 754 604
M
Magnesium carbhonate. for cleaning cellulose
acetate . ____ ... ... 7143 663
Mangrove limits, symbolization._._...._______ 752 €93
Maps, planlmc;tuc (see Air photographie sur-
veys
Marsh line, symbollzatmn ..................... 752 693
Mechanical lettering sets. ... 7231 664
Menaces to navigation (see Dangers to naviga-
tion, Least depths, and Shoals)
Method of transfer by squares, 605

Micro-Weave tracingcloth.___________._____._ 652

Names, geographie (see Geographic names)
Names of signals (sce Control-station names)
Names, station (see Control-station names)
Natural objects used as conttol stations,

description required.. . ______.____.. 781(d) 74
Nautical charts, depth units on (see also Charts,
nautical). ..o 7716B 718

Navigation buoys (s¢¢ Buoys, navigation)
Navigation-range azimuths determined by

hydrographer_.... ... o .o 7845 742

Notes, explanatory
in sounded areas on smooth sheet......__.__. 781 733
Lettering =——, style and gize_ _._......._.... 781 733
required on smooth sheets____ .. ____.______ 781 733
Notes, temporary. removal from smonth sheet. 7915 749
Numbering sUrveys- - .. oo wamee ol 793 749

Numbers, position (see Position numbers)
Numerals in smooth-sheet soundings

Orientation. 23
Placement..___ 724
Slze. .......... 722
.............. 722
Numerals slanting, use of 6654
0
Obstruetions shown on smooth sheets. .. ______ 7869 745
Odessey R.A.R. protractor for plotting
RAR 7631a 03
Offshore surveys, large sca. 735 677
0ld surveys, changmg datum of 736 678
Orientation of lettering on smonth sheets_ 722 663
Orientation of smooth-sheet soundings_.__ .. 7133 723
Overhead clearances shown on smooth sheet... 7846 742
Overls, .
of ad)oining surveys. comparison required .. 748 747
soundings not transferred infleld____.____.__ 788 747
Tracings of overlapping soundings tr ans-
mitted. - ..o 788 47
Overlay tracings in congesteid areas
Dlsposal Of mmmm e ieeos 7752 729
Instructions for preparing s ____._. _ 7752 728
Need for =— ___ ... . 7152 7
referenced to smooth sheet_. . 7752 728
Silted areas shown on =——— ____._ ... . 7831 739
supé)len_lenting smooth sheet._ . - 7752 728
Ozalid prints, deseription.__. __..._.._.__ . 7332 675
Ozaglid prints of air photographic surveys___._. 7332 674
| 4
Paper, drawing
Defective —— fo be reported. _......._..__.. 7113 653
Distortion in —~ (see also Distortion) 7114 658
mounted on aluminum..._ . __.._.__.. 7133 661
Removing =—— from aroll__._______ 7118 659

Reference
number
Paper, drawing—Continued.
requirements, general _____________.______._ 7113
requisitions__.______
Rolled ~—— ____

RKeasoning =—— ...

Smooth-sheet — ___
Paper, tracing (sce Trocing paper)
s“Paragon’ drawing paper
Pencils. drafting. .

Grade for use in

Grade used in penciling soundi

Grades for use on smooth sheets. .. _____.__ 724
Preferred grades of — ___ . ... ... 724
Sharp and hard —, not to he used on
. smoothsheets. ... ____..__ 731
Pen point numbers recommended_____________ 725
Piers, enlarged subplans of . .- 7751
Plers, showing soundings alonm __________ 7751
Piers and bulkheads, small, symholization.____ 752

Place names (see Gvographlc names)

Plane coordinate(s)
adjusted for curvature__
State —— systems
surveys, to coordinate with Bureau surveys. 7328
Types of m— .

unadjusted for eurvature. ... __._._ 7328
Plane of relerence 7821
Planimetric maps (sce Airphotographie surveys)
Plans, enlarged, on smooth sheet .. ___________ 7751

Plotter, smooth-sheet
Colored pencil used in Sounding Record._.. 7624
Familiarity with field methods. .. __._.__. 7
initials in processing stamp__
initials in Sounding Record
initials on smooth sheet____
Protracting procedure followed In

Plotting (see also Smooth-sheet plotting)
astronomic positions.
bydms.anddps__ .. . oo 7
control stations (see also Control stations,

plotting) . __ 74

hydrographic positions__
with proportional dividers

Plotting sheets, auxiliary (see also Aluminum

sheets) 713
Uses of =—— 13
Polyeonic projection (se¢ Projeetion, polyconic)
Polyeonie Projection Tables. ... .ceeooooee.n 7321
Portable depth recorder (see Fathogram)
Position(s)
data, miscellaneous, plotting______._________ 769
Detached ——— (z¢¢ Detached positions)
determined by cuts, plotting . -« ____. 769
Fixed ==— (g¢¢ Position, hydrographic: R,
A. R. position, and Three-point fix).
Hydrographic —— (se¢ also Position numbers;
Ili?.) A.R. positions; and Three-point
X
heginning line, geographic position of ... 76
Connecting — on smooth sheet________._ ggsz
Connecting ——, peneil to be used...___.._ {.}5{
Connecting lines to assimilate vessel’s

erTors, typmal (-auses ...................... 774

Estimated ——, from hoat sheet_____._._.. 7672
Estimated =, plotting..........____.
Identification of —— on smooth sheet. .

Inking — __ 768

Plotting —— . 76
Check provide ] 7624
Check provlded by dead reckoning. ... __ 7624
Procedure 7624

Sequence of —— _ ...
Systematic procedure required. ..
Protracting procedure. ._..........
Reliability of —— on boat sheet. __________
number(s)
nking =-— in eongested areas. _..______...
Inlnrﬁ —— on smooth sheet..._.._____
with reference to soundings__.

R.A.R. —— (sez R.A.R. position)
Pounce, used on tracingeloth ... _____._.
Prior surveys, changing datum of.._...___._...
Projection(s)

constructed after completion of survey._._... 37

Discontinuous —— made after completion

Of SIIVOY e m oo ceemmm e v 78
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INDEX

Reference
number Page
Projection(s)—Continued.
Large-scale —— made after ecompletion of

11 o U, 732 682
line(s) .
Degrees and minutes at ends of =—— _______ 7323 669
intervals on smooth sheets (table)........_. 7323 669
width. e 669
Map =—— ... 667
deflciencies 667
General description.. . _________________ 732 667
Polyeonie =——— . aiaa 7321 867
ACCUTACY - - oo emeeen 368
eonstruction. ____._.._. 869
according to layout 669
Instruments needed in —— 669
Planning —— _____________ 0569
Bcales to be verified before —-— 608
Tabular data {Or s _ 669
General description._____. 867
Instructions for making —— 669
Joining two =—— ______ 668
fables . . iciiciaiicieaae- 7321 667
Use of — in Coast and Geodetic Survey.. 7321 667
R.AR.sheet — ___ .. 734 675
Ruling machine 1 672
Requests for—— _ . ... 7827 872
Size limitations .. __. .. ... _____ 7327 a72
Skewed —— e 7827 672
Smallscale ——— made after completion of
E101 4 ) PR 7371 681
Smooth-sheet ——
Conditions for making =—— _ . ______.__..__ Z.;:.;g %
». . { h
verification.________ . . _____ {7326 671
Projection ruling machine ... ____ ____ 7821 672
Proportional dividers used in plottivg eontrol
stations_____ ... .. ... ... 7414 N8
Protractor
Celluleid —, limitation of use on §11100ﬂl
sheeb. . ...l 7622 00
No-arm =—
for plotting dead reckoning 7653 e
used in plotting R.A.R..___....___.__ 3 704
Paper =, for plotting three-point fixes_.._. 7623 7on
Three-arm =——
extension arms, premutlons in using.. ... 7621 699
Limitation ofuse of — ._..._.__. 09
Testing—— ... ... 697
Use in plotting three-point fix 649
R
Radial-line method of transfer..._______.___.__ 7563 (5]

Radio Acoustic Ranging (see R.A.R.)

R.A.R. distance(s)
Effect of homb §ize on = __________________ 7636d n7
Errors in ——, sources of. 7636 706

Errors in Short == _______. 7636d 706
" Errors made in plotting — 7636b 706
rejected in Bomb Record. ... 7637(1)&(2) 707
R.A.R. distance arcs
Colors for inking =—— ___ ... 7637 707
7637 707
7631 703
7341 675
7341 678
7341 875
7341 476
L 7341 677
from two nearby stations.. 7341 677
Intervals between —— (tab 7341 676
Precautions in drawing = 7341 L)
too large to he drawn with b 7341 77
Velocity of sound for Arawing ==--=on smoot. "
671
R.A.R. plotting seale, for p p 704
R.A.R. position data, uncertainties in.._....___ 7652 709
R.A.R. position(s)
Accuracy of ——data___. _______._______ ... 7634 708
Connecting =—— ____ 7637 707
Deseription 763 702
Dead-reckoning data used to supple-
ment — ____.___ ... 7634 705
Errors oceurring in —— .. 7636 706
Inking =-= on smooth shee 7637 707
Methods of plotting =—— __ 7631 703
Notes required during plotting —— 763 703
plotied with dividers and seale. ... 7631H 704
plotted with Odessey R.A.R. protractor. 7631u 703
plotted with R.A.R. plotting scale. .. _...___ 7631c¢ h

Reference
number
R.A.R. position(s)—Continued.

Plotting —— ... 763
Bearings_____._._....._.____... .. 7633
Supplemental data_____._. .. .- 7632
Supplemental sextant angles_ .- 7632

Spacing soundings hetween ~—
symholization
Using a supplemental R.A.R. station with

no distance eireles_ .. ...__.__..__._. 7631
Velocity of sound, erroneous. effect on — __ 7636¢
R.A.R. protractor, OdPsse ................. 7631a

R.A.R. smooth sheet(s) (see also R.A.R.
distance circles)
Analyzing position data on ——
Inking positions on ——

projections_ ______________.__.. .. T3
Protection of — during plotting............ 761
Sounding-line crossings used in plotting —— _ 7634
Spacing soundings on —— __________.___..__. 7722
Station centers protected by celluloid........ {;“";g}
Velocity of sound used ... ... 763
R.A.R. station centers on smooth sheet pro- {7341
tectod by celluloid. ... 17631
R.A.R. station symbolization_..___...._..___.__ 743(e)

R.A.R, surveys, tabulation of sounding cross- {1722(a)
ings required. ..o oceeeeaoo. 7771
Radius, t}:zrmn)g (s¢¢ Turning radius end U-
urns;
Ranges for use in navigation, symbolization._. 7845
Ranges, lighted (se¢ Ranges, navigation)
Ranges, navigation, azimuths determined by
hydrographer. .- .. .. .ciaeaaoo 7845
Rectangular coordinates (see Plane Qoordma.tes) 7328
Reef, definition_.._.____ . ____ 7824

82
Reef symbolization ... ... ... 824

7!
Registry numbers, use on smooth sheets_...___ 793
“Revolver” fixes, plotting.. ... ... 7625(c)
Rk, correct use of abbreviation_ ____..________. 783
rky. correct use of abbreviation......._._..____ 783
Rock(s)
Awash —
pplication on smooth sheet

Plane of reference..
symbolization
Bare ——
Application on smooth sheet.
Definition. ... .. ...
Inshore —, elevations omitted.

Plane of reference . .. .. ... 7825

symbolization. ... ... ... .. 7823e
Descriptive notes on smooth sheets____..____ 7825
elevations on smooth shret_ . __.____ ... .___. 7825
specifically located, symbolization_._____.__. 7823d
Sunken ——

Application on smooth sheet. ... ______._. 7822

Definition .. ..._._....__. R

symbolization. -
symbolization. ... ... 782

reement .. ..oooooas 7827
Topograplnc and hydrographie differences,

rules for reconeiling. .. _.___.____
Rocky areas, symbolization___________________ 782
Rocky areas, unsounded, symbolization. .- 7826

S

Sailing lineg, symbolization..__________________ 7845
Samples, bottom (see Bottom characteristics)..
Scales, latitude and longitude

Description ... 7412
Use in plotting o 412
Seales, meter, testing before use. - 7322
Sediment (see Silted sreas)
Sets, lettering, mechanical .. .. ... __.._ 7231
Sextant angles (see Angles, sextant; Cuts,
sextant; and Three-point fix)
Sextant angles, errors in (see Sounding Record
errors)
Sextant fix (see Three-point fix)
Sheet, aluminum (s#e¢ Aluminum sheet)
Sheet, boat (see Boat sheet)
Sheet, hydrographic (see Hydrographic sheet;
Boat sheet; and Smooth sheet)
Sheet, smooth (see Smooth sheet

Sheets plotting, auxiliary_. ... ... _.______.. 713

8hoal areas, unsounded, symbolization______ . 7862

Shoals (se¢ also Dangers to navigation and
Least depths)

bare at sounding datum, limits to be shown. 7862

v

Page
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Reference

] ] number  Page I.I{I(;{;Tll(;’::‘l‘ Page
Shoreline o(;:;pc;‘lfgdggag)h -water line and Top- Smoo'r;.h sheet(s)-—Continued, -
P‘i(ﬂmt"’“ aphic O“tfhah“s and suryey sheets 752 fus prof mct-;glgl ;gigges completed hefore penciling 200
nking — nn smooth sheet. . _......._.... 752 603 R.A.R. — (se¢c R.A.R. smooth !
revised tbv hydrographic party, symboliza- ! Ro?lir?g— ,(t?ff_}_?:'AIR' smiooth shee 73 P
_________________________________ 753(a) 803 Shi of —— to Washineton Office ... T e
sketched hv hydrographic party, symholiza- 53 silz]é[(‘sr? ent of to Washington Office. ... 796 72
_________________________________ 753(h) 583 Maxi —_
Signals (scc (‘ontml stations) St x:imum """"""""""""""" 712 269
Rilted areas. .o eiiaeaas 739 Standard : 6"’6
depieted on fathograms____.._____....... 739 subplans. ... ... .. a7
Report required in Descriptive Report 739 supervision by Chicf of Party ... T 73:'
Representatiocn on smooth sheets...__. 739 symbols, standard, use of_______ . 721 (]
Washington Office to be notified... 8 730 Temporary notes to be in soft pencxl . 731 666
shown on overlay tracings. ____............. 739 Transmittal of —— to Washington Offiee____. 796 752
Simultanecus comparisons shown on stnooth Valtie of — S5 | 657
Sheot. - - oo oo . 73T 795 Verification of specific phases requi . 791 748
§110m§1' soundings on, errors in TITH 36 Q:E;\l.]:a:]r::)a?l :e pra’lrper to be used for —— N 7}11 GAT
Sloughs, unfixed positions i ko Y S av (een alan ot Yol 31 661
& sllee\f___ri__l_.?._:_f‘_\: t,aen{romhoat 682 713 | Femo-radio b}\lnl\{ (ser ulso Control buoys and ‘ ’
Smooth sheet(s) ... .. .__ 7 657 8
. S Pl -5 < ymbolization. .. .. . T3t 3
agreement with Sounding Record 7 :’41 727 Qoundmg(\) (see alsn Dopth ‘and Pqthnenm) At s
approval by Chief of Party. .. ..oco......_. [i¢ 748 at crossines (see afgo Depth differences)
17941 751 i
Artistic appearance not wanted_....___.. :21 #03 b fremn:;\# ' reported in Descriptive
Boat-sheet positions transferred t —_ 12 issiorral —— 5 L 788
clarity, nmlort,unt(-e of ... UU ........... %?113 ;}p& :;:;,l{ﬁ“;n of f - from & t - T8 2
Cleaning surface of mm . T 066 :u;:n-\: rauired for 1 S e 7
Cleanliness of — during plotting. sy 665 sed Fhiotee 7722(a) 79
o e~ £ 7 used in arljusrmg d 7634 705
ormpated with Boaf shect 1. " 3oz Tie | e e ; i e
compared with Sounding Records. . 911 748 arte (luhle‘) conversion from smonth shest 7
cc_)leed photographically at reduced seales.... 721 663 Clarity of inked —— _:'{1’{7,
gg;ggd during plotting - 231 666 Control-station svmhol: — 7;5
Cx-eﬁéxifé _____ cveriabic _e_(ié"' - %gh Gtzg Conv erﬂn‘)nl of depth units aml fractions r 7716 7
Cutting —— with too hard péfl@il_s' 1 664 datums slfﬁligzi _______________________________ e -71%2
g:gz_}gn(;ll]gl%g% lB:lw shown. .. - ;gg:.’ g79 Detached —— (see Detached positions)
Definition._. ... I bg'} ]];'1(:'1‘1(25—"1— —(8“ Beho soundings)
Degree and minute symbols on =—, sizes.... 7323 669 diselosed hy depth curves. ... ... 776 9
del 't?(llllilr(-'d o - F Typical causes of t_l g T T 774 725
___________________________________ 7! 3 requency on smooth s| 0ot L. T2 ™
Smallest —— to be perfectly legible. 663 in decimals, how shown on smooth sheets__ . 7734 ;2-'1
to be in black ink (talie). 749 in fathoms and decimals, where required on .
to be in colored ink (fable) . 749 smoothsheet. o _._ T4 715
to be left in pencil by plotte 749 in fathoms converted to feet (fables).. 7716 716
Diameter when rolled, minimum 7 753 in feet converted to fathoms (fables).__ ... 7716 718
Ditlerences between — and hoat sheet .. 071 w11 in fractions, how shown on smooth sheets..._ 7731 724
Disposition of ——, final.____._...._._...... 7 857 in uniform depths
Distortion in —— (see Distortion) Frequency on smooth sheet. _ 7125 721
DOZ-CATS ON = — - oo oo 7121 880 Spacing —— . ... 72 718
Drafting and lettering on —— (se¢ Dralting interval | (sec  Soundings, freque
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rasing from —— . ... eeeea.o.l 727 666
_Inkect*l lines on —, removalof__......._.... 727 666 DefInition. oo ;;}g ;15
inserts. .. eeeaal.. 7751 72 y 13
Inspection of —ee, fi081- - - onooooo oo 7{,1 ; 4; How shown on smooth sheets_ ... {1735 ™™
by Chi 79 45 numerals on smooth sheets
by Chiefof Party_ .. ... {79 41 751 . Orientation. 723
by hydrographer 794 751 Placement......... 7
LDy plotter.._- T 751 e o bk
ati . and loneitude nambers on — | Btyle._........_.. 22
lmdgi:é“& longitu 1393 669 omitted from smooth sheet___ B 721
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T r, drawing) .. ... 7 byt
pager (3t e Paper drawin)...... AL S| Potting — on emooth sheek oo LI
furnished from ‘Washington Office o 657 Recards (see Sounding Records)
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Seasoning T emmseeoes T 2115 59 values (fable). ..o e eeaee T716A 718
R e L R Rl 11 857 Rough weather, effect on =—— __________._._ T74(g) 726
{ 657 Eelected —f-lshown on smooth sheet__. ... 7725 721
Fapp Sequence of p otting —— on smdoth sheet... 772 718
Staee ol ot tobemaned-oo B M| Sl e me
1}),enci1 lines, removal of ... o 666 “‘“"’“"'52“}, — converted to chart values 7
ermanent reeord of survey. . .. 793 749 | Spacing —— on smot
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{1 17, 7 719
Inspection of —= 72 | Style of — numerals 7731 72
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Relerence
number
Sounding Record(s)—Continued.
Qeographic position of beginning of line..____ 76
Idenlifying soundings omitted from smooth
sheet. . i 27‘.’.5

Plotter’s initials entered in =——

Recorded data never erased in =——

Reduced soundings converted to smooth-
sheet values (table) .. .. ____.___ ;z

“*Remarks” column notes, importance of .

Smooth sbeet to be compmed with —— .
Smooth-sheet plotter's entries in — __
Spacing soundings (see Soundings, frequeney
and Soundings, spacing)
Specimens, bottom (s¢e Bottom characteristics)
Speed in dead reckoning determined. ... 7651
Speed, sounding, varinble, considered in

smooth-sheet plotting..._ .- 7721

Split fixes, plotting ... ____ 7625(0)
Squares, method of, used in changing scale 7562
Star gights, plotting on smooth sheet 764
State plane coordinate systems. _____ ... ._.___ 7328
Station{s) (see also Control stations)

Current =—— shown on smonth sheet_._______ 7865

names (see Countrol-station names)

Tide === shown on smooth sheet_.._____.___ 7865

Straightedges, testing hefore use.. .
S-turns, plotting.
Subaqueous distances (see R.A.R. dis
Subplans on smooth sheets_ ... ______._._._. 7751
Sunken rocks (s¢e Rocks, sunken)
Survey(s)
Adjoining =
Comparison required... ... cooooooooo 788
limits omitted from smooth sheet_.__._____ 788
Air photographic —— (¢ Alr photographic
surveys)
buoys (see Control buoys)
Hydrographic —— (see Hydrographic sheets
and Hydrographic surveys)
Hydrographic ——, old, changing datum of.. 736
numbers

Field =, on smooth sheets___________.___ 93
Registry =, on smooth sheets._ 793
Offshore ——, large-seale, plotting - 735
CBwinger” ﬂ:\es, plotting... ... ..... 7625(¢)
Symbols
Degree and minute —— _._____ .. ... 7323
Smooth-sheet ——
neat, but not artistie.........._____________ 785
Special =, not used on charts__.___. 785
Standard ———, used on smooth sheets. 721
T
Tale, used on tracing cloth.. ... _._______. 7141
Tapes, chronograph .. ______._.__ .. __._...__. 7636
Teleglaph lme clearances shown on smooth
78465
cet. 7846
Templates, lettering____ . ... 7231
Three-point fix(es) (s¢¢ also Positions, hydro-
graphie

Detached positions, check angle required..__ 766
Inadequate —

Plotiing “swingers”. ... ... 7625(c)
Plotting —— where there is no common
center object. ... 7625(b)
Plotting —— with one angle onl 7625(a)
Protracting — __.____ 7625
plotted without protractor,
sheets. . ... ... 35
Plotting — close Lo stations_._ 7623
positions, protracting.._......_...._.__._____ 762
Spacing soundmgs controlled by 7721
Split —, plotting . ... 7625(b)
Tidal planes, definition. _...... 7821
Tide gage inadequately located . 74(f)

Tide rips, symbolization..______________._ 7861

Tide stations shown on smooth sheet.__ . 7865
Title, smooth-sheet._ . ... ... .__.._ 793
Information for ~— furnished on form....___ 793
Topozraphic data
inked on smooth sheet only as specified.._.__ 75
Inshore — omitted from smooth sheet -5

in sounded area, left in pencil temporarily.._ 755
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Topographie data—Continued.

near control stations.
omitted from smoothsheet .___._________.___ 751

to agree on topographic and smooth sheets... 75

transferred . .. %
by method of squares.
by radial-line method.__
by tracing-paper method._.
from air photographie surveys. ...
Verification of —— to smooth sheet____.____
Topographie station, symbolization. . ...
Topog:aphlc survey, projection used _____
Tracingeloth. ... .. -
Description, general ___________T__.___.....

distortion. .o

dusted with talc before inking
Make of —— most satisfactory
sizes available. .
Tracing paper .. . e miaceaeeas
Diead-reckoning plots, —used for_.________
Deseription, general . ...
distortion.___.__..__
Make of — most satisfacto
method of transfer, deseription.._.__._
Preparation of ~—— for transierring dets
prints of air photegraphic surveys
transfer, control stations plotted by
L R S

widthsavailable._ .. .. 7142
Traeings, overlay (ser Overlay tracings)
Tracings, topographic sheet, disposal.._ ... 7561
Transmission line elearances shown on smnoth
sheet 7846h
Traverse station, symbolization.._.. .. _._____ 743(u)
Triangulation stationis) (see algo Control sta-
tions)
Hydrographlc names used for =— ________._ 744
CLost —— o 7364
names (see alse Control station names)
abbreviated for use in hydrography. 744
Proper form of m— ________________ . 7443
recorded on smooth sheet as reference........ 746
symbol *

Celluloid template for making —— ___. .. _

Drawing —— .

symbolization. .. ... . ... 74300}
Turning radius (see also U-turns)

Use of == in plotting turns 7682

values. - 7682
U

U-turns, plotting. ... ..o - {;ggg
v

Vegetation, marine, symbolization ... ______. 7863

Vellum, tracing (se¢ Tracing paper)
Veloeity of sound in sea water
Erroneous —, effect on R.A.R. posn,lons. - 16%:'
used in plotting R.A.R. smooth sheets._ . 7341
Vertical casts shown on smooth sheets. .
Vertical datums defined. ... ...

Water areas, legend to accompany stations in. . 7444
Water{ront detail, symbolization......_ .. 52
Waterways. winding, unfixed positions tal\en

from boat sheet_.. . ____. . .. ... 7682

Whatman's paper

Distortion 7
Wire-drag depths. how shown on smooth shect. 7866
Wreckage, svmbolization______. ... ___..___. 7868
Wrecks

clearsd with wire drag. .o 7868

on smonth sheets. ... . 7368

Stranded —, symbaolization. .. 7468

Sunken =—, symbolization.___.__._ ... .. @568

Zero soundings shown on smooth sheet ... 7735
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