CHAPTER 5

Analysis and Interpretation of
Hydrographic Surveys

51. GENERAL STATEMENT

This chapter deals primarily with the early inshore hydrographic surveys
of the Coast Survey because it is in this area, and of this period, that most of
the problems of interpretation arise. This is especially true when they are used
for the establishment of waterfront property boundaries. In the evaluation of
these surveys, methods and practices in use at different periods will be described
and analyzed, and these will be tied in with particular surveys. But it should
be borne in mind that complete uniformity in all the surveys of a given period
was never fully achieved, so that the practice as evidenced by a cited survey in
the text is not necessarily representative of all the surveys of that period and
variations will generally be found. Nevertheless, it does indicate a practice
that was in use, and to that extent will assist in a better understanding of the
practices and procedures as developed through the years.

Except for the very earliest period of the Bureau’s work, there were always
certain standards of accuracy to which the work had to conform. If the work
was done at all, it was done with that accuracy. But accuracy must not be
confused with detail. For example, the absence of soundings in a particular
portion of a hydrographic survey would simply mean that no soundings were
taken there, possibly because it was not considered of sufficient importance to
navigation to justify surveying it, or for some other reason. But where sound-
ings are shown, it can be assumed that they are just as accurately taken, al-
though perhaps not as complete where no navigation is possible, as they are in
the main channel.

Broadly speaking, hydrographic surveying may be defined as the process
of developing upon a survey sheet all that portion of the earth’s surface which
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212 Shore and Sea Boundaries

lies beneath the water. It aims to delineate with accuracy the submerged con-
tour lines of channels, banks, and shoals, in a manner similar to features
delineated by topography on the visible land, and to collect specimens of bottom
material and water samples. It also includes that part of physical hydrography
which takes into account tide and current phenomena, and in the modern sur-
veys it embraces temperature and salinity characteristics of the water insofar
as they relate to the accurate measurement of depth by echo sounding.*

Although the hydrographic surveys of the Coast Survey are made prin-
cipally for use in the construction and maintenance of nautical charts, they have
many collateral uses. Both the high- and low-water lines are frequently of
importance in establishing political and civil boundaries; an accurate knowledge
of the foreshore is essential for successful amphibious operations; and offshore
surveys extending over the continental shelves and slopes are continually re-
vealing significant underwater features which serve as landmarks for the nav-
igator and provide scientific information of value to oceanographers, geologists,
marine biologists, and other students of the earth sciences.

The hydrographic survey is in many respects similar in character to the
topographic survey (see fig. 56). The delineation of the sea bottom may be
regarded as the survey of a series of shorelines occasioned by successive changes
in elevation of the water level, but with this important distinction: The plane-
table topographer maps the visible portions of the terrain, always using the
land before him as a model, whereas the hydrographer maps features concealed
from his view. The hydrographic engineer must therefore rely upon his
experience and knowledge of bottom formations in order to determine the
best plan of development for a given area (see note g infra) so that no important
feature will go undetected.

1. The velocity of sound in sea water is a function of the temperature, salinity, and depth of the
water through which the sound impulse passes. Echo-sounding instruments are calibrated for a standard
velocity and any variation from the actual velocity is applied as a correction to reduce the observed depth
to true depth. During the period between 1924 and World War II, when a method known as Radio
Acoustic Ranging was developed and used in offshore surveying for the determination.of the survey
vessel's position (see fig, %), temperature and salinity observations were also necessary for the computation
of the horizontal velocity of sound. Apams, HyprocraPHIC MaNuAL 556, 573, SPECIAL PueLicaTioN No.
143, U.8. Coast aND GEoDETIC SURVEY (1942). The latest Hydrographic Manual was published in 1960
as “Publication 20-2,” under a new numbering system (se¢e note 24 imfra). Since then a number of
changes have been made in the text, these being designated as “Change No. 1 (April 1, 1963).”” The
pages affected have been reprinted in 1963 and are available from the Government Printing Office in
packet form. The manual is now designated as “Third (1960) Edition™ (see note 22 infrz). Although
obsolete in many respects, due particularly to rapid developments in hydrographic control systems and
echo sounders, the 1942 manual is still an excellent reference work (see 537). In subsequent sections,
wherever reference is made to present practice, the 1960 manual will be cited, but, wherever pertinent,
references will also be given to the 1942 manual.
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Ficure 56.—Black and white copy of section of completed hydrographic survey
showing specified plotting of topographic and hydrographic detail.
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52. FIRST HYDROGRAPHIC SURVEY

The first hydrographic survey by the Bureau was made in 1934 (Register No.
H-44), at a scale of 1:10,000, and covered the area of Great South Bay, Long
Island, N.Y.* 'The sounding lines consist generally of a number of zigzag
lines running between points on opposite shores, or radial lines from an an-
chored position of the survey vessel to points on shore. The spacing of lines
are approximately 500 meters apart, and by modern standards would be con-
sidered as of no more than reconnaissance value.? No identification numbers
for boat’s positions are shown nor are the days of operation distinguished.
(The sounding records for this survey could not be found and it was not possi-
ble to determine what method of identification was used nor how the boat’s
positions were ascertained.) * A geographic grid is shown on the sheet in pencil
and the actual lines of the triangulation system are also shown. The high-
water line is a transferred line from the contemporary topographic survey and
the area between the high- and low-water linesis sanded. There are indications
on the survey that the latter line was determined by soundings but none were
plotted. All soundings are given in feet, the maximum being 44 feet, but only
the 6-foot depth curve (a dotted line) is traced. (On Register No, H-45 (see
note 4 supra), both the 6- and 12-foot depth curves are shown, the latter by a
series of double dots.) A few bottom characteristics are given. The plane
of reference is stated as “approximate mean low water,” but this was added
at a later date.

This survey, with some variations, can be considered as typical of the
hydrographic surveys of the period. The first written instructions for hydro-
graphic work had not yet been issued (see 53) and much in the way of proce-
dures was no doubt left to the judgment of the individual hydrographer. This

2, Normally, the first hydrographic survey would have been indexed as Register No. H-1, but for
some reason, not apparent now, this number is assigned to a later survey, made in 1837. The carliest
survey filed in the Bureau archives as an original survey is Register No. H-1061 (1817). This is a
replotting, on a reduced scale (1:20,000), of the survey of Boston Harbor made by the Navy Department.
There is no absolute certainty when the plotting was done, but the “Comparative Map of Boston, Harbor,
Massachusetts” (Register No. H-1960 (1846-53))—which includes the survey of 1817 (in red), selected
soundings from Register No, H—221 (1846—48), and other soundings—states that it was “Executed in the
Office of the U.S. Coast Survey for the U.S. Commissioners on Boston Harbor” in 1860. The presumption
therefore is that Register No. H-1961 (181%7) was plotted some time prior to 1860.

3. Register No. H-%800, covering the same area and surveyed in 1950, has an average spacing of
100 meters for the general sounding lines and about one-third this spacing in the channels. 'This is an
excellent example of a modern survey in which due regard has been paid to the development of important
areas, such as channels and the low-water line, and would be of value for many collateral uses.

4. On Register No. H-45, which is a replotting in 1845 of Register No. H—44 but on a smaller scale
(x: 20,000), position numbers are shown in red and the identifying day letters by various shapes. 'The
title note for the survey states it was plotted from the original notes.
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was the early, formative period of the Coast Survey. Hydrographic methods
had not yet been standardized nor were the importance of keeping lucid records
fully appreciated. It is therefore not infrequent to find on some of the early
surveys long lines of soundings controlled by few boat’s positions, no record
kept of the time of taking soundings in between positions, and a failure to refer-
ence the plotted work with the sounding volumes. This makes it extremely
difficult at times to identify a plotted line of soundings in the original records.
But some of the early surveys gave full identification information ( position num-
bers and day letters) and even included the date of survey on some of the lines
(Register No. H-47 (1835)).°

53. INSTRUCTIONS FOR HYDROGRAPHIC WORK

For a correct evaluation of the early surveys, a knowledge of the field and
office methods used and the changes made during different periods is essential.,
The early instructions for hydrographic surveying furnish the best source mate-
ria] for such evaluation. Because many of these are no longer available for
distribution, they will be examined in this chapter and those matters pointed
up that will assist in a better understanding of the early surveys. These will
include such matters as standards of accuracy for soundings, methods of control
for hydrographic surveying, planes of reference, low-water line delineation, and
symbolization.

For the interpretation of the more recent hydrographic surveys, that is, those
made since the early 1920’s, when echo sounding was first introduced, the pub-
lished manuals, which are still extant and to which reference will be made, can
be used as guides. Where germane, present-day practices will be contrasted
with earlier ones.

531. Earuiest InstrucTioNs (Circa 1844)

The earliest instructions for hydrographic work were in manuscript form,
of which the following is a copy: ®

5. Oiten, in studying early surveys, a trial-and-error method of identification must be resorted to.
By recording the sequence of soundings in question on a sheet of paper, a corresponding sequence is
searched for in the sounding volumes.

6. The instructions, neither dated nor signed, are filed in the volume (1%) of correspondence marked
“Coast Survey, Scientific, 1844~1846."

706-026 O-64—16
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THE SOUNDING SHEETS OF THE COAST SURVEY
TO BE FILLED UP IN THE FOLLOWING MANNER

1st. ‘The projection parallels and meridians corresponding to the locality to be sur-
veyed to be ruled and numbered.
2nd. The points of triangulation to be laid down from the manuscript tables and
names printed.
3rd. The shore line and such plane table points and houses and ranges as may be
useful in sounding to be transferred preserving the plane table names—when names are
not given on the plane table sheet—those given in the sounding book to be placed on the
sheet. All the topography may be omitted.
4th. 'The line of soundings to be so disposed as to render it probable that no inequali-
ties in the bottom have been overlooked, and to extend to the low water line/except in the
soundings of the coast/—The soundings to be reduced to the lowest water observed during
the survey—The curve of the low water line to be drawn and the space between it and the
high water line to be dotted.  All shoals bare at low water to be dotted in the same manner—
The curve at every fathom to be traced up to 4 fathoms—the character of the bottom to be
marked with soundings. The position of beacons and ranges and buoys at ebb and flood
to be marked—the set and drift of the tides to be shown particularly in the channel ways.
On the margin of the chart insert
'The plane to which the soundings have been reduced—
The establishment of the port
Rise and fall of tides—/see form/
Magnetic Variation—
Title
U.S. Coast Survey
Sup’
Sounding Sheet No.
From point to point
from Jan. to Sept.
Soundings by ~————
Adjusted by ————
(Original)
or

[Copy/

The significant aspect of these instructions is their lack of detail as to method
of surveying. Much was left to the judgment of the individual hydrographer
who was probably guided to an extent by the methods used in some of the
European countries. The preparation of definitive instructions applicable to
all survey parties no doubt awaited the experience gathered by the chiefs of
party during this early, formative period.

Another item of importance, in evaluating the surveys covered by these
early instructions, is the plane of reference used for reducing the soundings—
namely, “the lowest water observed during the survey.” This plane would be
lower than the plane of mean low water which was later adopted for all the
surveys along the Atlantic and Gulf coasts. Where a plane other than mean

184—
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low water was used in the original work, a correction note was usually added
to the survey at a later date so the soundings could be brought to the plane of
mean low water.

532, Frst PusLisHED INsTRUCTIONS (Circa 1860)

The first published instructions appeared under the title “General Instruc-
tions in Regard to The Hydrographic Work of the Coast Survey (Printed for
the Use Only of the Hydrographic Parties),” and were signed by Superintendent
A.D. Bache. No publication date appears, but a reference on page 10 to “Coast
Survey Report for 1856” and a written date 1861 appearing on page 1, establish
these as the limiting dates of publication, with 1860 as the probable date.

The instructions consist of 28 printed pages, in a 6- by g-inch format. Ref-
erences are made within the text to Appendixes 1 to 11 and to Plates 1 to 11 as

accompanying the instructions, but in the only copy now available these are not
included.®

Although in condensed form by comparison with later manuals, these
instructions contain a considerable amount of detail with respect to soundings
and tides.

From the standpoint of evaluating surveys of this period, it is important
to note the emphasis that is placed on the sufficiency of soundings to show the
configuration of the bottom. It is stated that “The best zes of whether they are
sufficiently numerous is to ascertain if Aorizontal curves can be drawn by them,
without leaving doubt as to their direction in any case” (par. 2). It is also

. In the printed pamphlet entitled “Directions for Observations of Tides” (see mote 36 infra), the
authority for the opening paragraph on page 3, which sets out the object of establishing permanent tide
stations along the coast, is given as “Genl. Hydrog. Instruc., 1845, Par. 19.” No copy of these instructions
could be found. It is noted, however, that the published paragraph is practically a verbatim copy of a
portion of paragraph 19 of the circa 1860 instructions (see above). Inasmuch as the tidal pamphlet has
no publication date (see note 36 infre) and the carliest published instructions are also undated, it is con-
cluded that either the “1845" date is incorrect or the instructions referred to are identical with the circa
1860 instructions. ‘The fact of the identical language and paragraph number would seem to support the
first alternative. This assumption is also borne out by the fact that the varied practices on the surveys
made around 1845 do not support the existence of detailed instructions, such as existed in 1860, but
rather the existence of generalized instructions as those of circa 1844 (see 531 and 563).

8. The appendixes refer to printed forms for recording soundings, angles, tides, and currents, and
descriptions of tide and current instruments. The plates refer to illustrations of a hydrographic signal,
a sounding chair for a steamer, tide gauges, specimen tide curves, current apparatus, conventional signs,
lettering, form and size of soundings, forms for describing bottom specimens, and current diagrams.
Appendix No. 1 contained printed forms for registering the soundings, angles, etc. These are apparently
the “sounding sheets” referred to in the instructions, one or more being taken out for the day’s work and
placed upon a board for convenience of recording, or bound in a book of the width of half the sheet.
These were the original notes of which duplicates were required (par. 18). No record of this form of
original notes could be found in the Coast Survey archives and it is possible they were destroyed after
being transcribed in another form.
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emphasized that the best direction for running lines is in the general direction
of the curve and not across it, the reason being that “the changes of depth
for a given change of position being then the least” (par. 6).°

The sounding accuracy is specified as tenths of a foot to 3 fathoms, with
greater latitude beyond and reaching whole fathoms for offshore work. The
allowable error at sounding-line crossings was not to be more than 3 percent
of the depth, with a limiting error of 5 percent.” For sounding in depths up to
15 feet, a graduated pole was used with a disk on the lower end to prevent it
sinking into muddy bottom (par. 15). Beyond this depth, the leadline was
used. Comparisons of the marked leadline with a measured length were
required to be made three times a day for use in correcting the soundings taken
during the day.

Reference is made to “Diggrams of the work which is laid out, corrected to
represent the actual working” (par. 5). This no doubt refers to what is now
termed a “boat sheet” (see 551) on which the system of sounding lines was laid
out in advance of the work and the lines corrected to correspond to the actual
running of the lines as the work progressed. This designation was still
included in the 18¢4 instructions (see 535).

Three methods of position determination are given: (1) by running
out ranges and timing the soundings; (2) by observing angles with a sextant
from the boat on three signals; and (3) for offshore work, by measuring angles
to the survey vessel with theodolites at two shore stations and, for verification, by
measuring the angle at the vessel between the two shore stations.™

The section on “Tides” provides for the establishment of permanent tide
stations (with self-registering or other forms of tide gages) at suitable places
along the coast for the study of tidal phenomena, and of temporary tide stations
for use in the reduction of the soundings to the same plane of reference. Mean

9. This requirement was climinated from the 1848 instructions (see 533). Subsequent experience
has shown that a system of lines normal to the depth curves provides the most convenient and economical
development of any area, but it is often advantageous to adopt some other system for various reasons.
The selection of the most appropriate systems is governed by the type of control used, the configuration
of the area, and its location with respect to an anchorage or base of operations. Three systems of sounding
lines are in general use—parallel straight lines, radiating lines, and concentric arcs (see fig. 57). JEFFERs,

HyprocraPHIC MANUAL 137, PUBLICATION 20-2, U.S. Coast aNp GEopETIC SURVEY (1060, 3d ed.) (see
note 1 supra).

10. This requirement, it is stated, is based on *“‘Observations made expressly for the purpose have
shown that in the smooth water and moderate depths of harbors the accuracy attainable is to fractions (say
tenths) of a foot, and in off-shore soundings to fractions of a fathom" (par. 2).

11. The method of observing theodolite angles from stations on shore and measuring verification
angles on the boat was used in the early surveys for inshore work. See, for example, Register No. H-106
(1840), where the sounding record contains notations on accidents to the flag signal, missing angles taken
from the vessel, and occasions when the angles were only taken on shore at the times given by the vessel.
See also H. Rept, 43, 2vth Cong., 3d sess. 38 (1843).
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systems of sounding lines for the various conditions encountered.
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low water is specified as the plane of reference except on the Pacific coast where
the mean of the lowest low warers was to be used (par. 26).*

Under the section on “Office Work,” it is stated that “The original note
books of observations, and the duplicates, should be bound and lettered accord-
ing to the specimens of the work of 1845” (par. 67). These specimens could
not be traced, but it is possible that the field parties used sheets in the form of
unbound note books which were later bound in a permanent volume. It
is also stated that every “finished” hydrographic sheet when turned into the
office must show “The lines of soundings, with the angles marked to distinguish
them from the soundings” and with identification letters for the day of the
month and numbered in reference to the day, the soundings to be in black and
the angles and references in color (par. 724).*

The requirement for depth curves was to show the 6-foot curve in green,
the 12-foot curve in red, and the 18-foot curve in blue, all to be shown as con-
tinuous lines (par. 72¢). (This color scheme has been continued to the present
day.) The requirement was also for the shoreline to be shown in a continuous
black line if obtained from the topographic survey, and in a broken line if
sketched by the hydrographic party (par. 72¢). (This practice was still fol-
lowed in 1894.)

Shoals bare at the plane of reference were to be shown with their heights
above the plane (par. 727). This general instruction was variously interpreted
by the field parties, and soundings above the plane were shown on the smooth
sheets in at least three different forms (see 5613).

Of additional interest in these early instructions are the references to troll-
ing for rocks with a single boat or with two boats (par. 9), to obtaining bot-
tom specimens and preserving them in small vials in order “to trace the
formations along the coast in which particular kinds of soil occur” (par. 16),™
and to obtaining the correct geographic names in an area (pars. 48 and 49).

12. On several surveys made around 1858 and thereafter along the Pacific coast, the plane of reference
is noted as the mean of the lowest low waters of each 24 hours (see 5642). ‘This has been interpreted to
be the same as mean lower low water for all practical purposes (see Descriptive Report for Register No.

H—464 (1853)). This practice was apparently continued until the issuance of the 1878 instructions (see
533, and note, for example, Register No. H-13408 (1876) and Register No. H-1508 (1881)).

13. As far as could be determined the instruction for showing the angles at positions was not
universally adhered to. This requirement may have been intended to refer to the position numbers and
day letters only, A similar provision was included in the 1878 and 1883 instructions but was omitted
from the 1894 instructions. The instruction for “binding” and *lettering” the original note baoks appears
to have been followed (see 553), but the originals were the only ones generally retained and are now
in the Coast Survey archives. One case of the “duplicate” soundings was found, this being for Register
No. H-268 (1851). This volume is also marked “Fair Journal” (see 5531) and is identical with another
volume marked “Original Soundings.” All entries in these volumes are in ink.

14. This provision was included in the later instructions through those for 1894
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533. InsTRUCTIONS OF 1878

Although these instructions are titled “General Instructions in Regard to
Inshore Hydrographic Work,” they actually cover offshore work as well (par.
146). In general they are an attempt at greater standardization, with some
earlier procedures modified. They were issued during the superintendency
of Carlile P. Patterson. In commenting on these instructions, cognizance will
be taken only of those items that fall within the purpose of this publication,
pointing up significant departures or additions from previous instructions.

A section on “The Projection” was added and included information on
the recovery of triangulation stations, on the erection and location of signals
for hydrography, on the naming of signals, and on the method of recording
angles used in fixing the location of signals. The projection was generally
furnished by the Washington Office and included the shoreline and triangula-
tion and other forms of control points. Triangulation points were indicated
by a point enclosed in a triangle and all other control points (topographic or
hydrographic) were indicated by dots inclosed in circles (par. 2). Black ink
was presumably used for all such symbols, but this was not specified. Reference
is made to “angle books” in which all angles taken for locating signals were to
be entered as well as those taken from shore stations for locating the position
of the survey boat while sounding (par. 13). Additional signals that were
located by “cuts” during the sounding work were to be recorded in the sound-
ing volume and later transcribed into the angle book.

In the section on “Soundings,” emphasis is placed not only on the location
of the dangers to navigation but also on the development of the bottom con-
figurations as an aid to the mariner in recognizing his position by casts of the
lead.® Four systems of sounding lines are described and illustrated to replace
the system described in the 1860 instructions (see text at note g supraz).

More detailed information than was contained in the 1860 instructions is
given for limits of error at sounding-line crossings based on observations made
expressly for the purpose.*®

A subsection on “Minus Soundings” (par. 26) was included for the first
time. This applied to both shoals and flats and therefore took in the low-water

15. This idea would seem to be the forerunner of the present-day method of depth-contour charting
(see 6241).

16. Lines of soundings at their crossings were not to exceed, *in depths of 15 feet and under, two-
tenths of a foot; between depths of 15 and 30 feet, three-tenths; 30 and 48 feet, five-tenths; between
48 and %2 feet, three-fourths of a foot; between 72 and 96, one foot and a half; and between g6 and 150
feet, two feet. In the sea-depths the limit of error should not exceed 1 percent. With proper care and
close attention, these limits of error are quite attainable.” (Par. 19.) This was continued in the 1883
instructions.
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line. Soundings over these areas were to be taken at or near high water and
all soundings above the plane of reference (heights) were to be shown as
“minus soundings.” (See 5613.)

Angles for position were to be observed often enough to insure that the
line preserves its direction. This included position angles at the beginning and
ending of a line, and whenever a marked change in depth or change in course
occurred (par. 47).

As in the 1860 instructions (see note 8 supra), reference is made to printed
forms for recording soundings, etc., in “books of a width of one-half the sheet.”
Details are given for making the various entries, including the angles observed
for locating the boat’s position while sounding. Soundings were recorded in
“feet and tenths” or “fathoms and feet.” **

Identification of the sounding lines were better standardized. Each day’s
work was assigned a day letter, using capital letters in color for the vessel
and lower-case letters of different colors for the boats (see Register No. H-1573
(1883)). The requirement of showing the observed angles at positions (see
note 13 s#pra) was still continued.

Under the section on “Tides,” the plane of reference for soundings is
given as the mean of all the low waters for the Atlantic and Gulf coasts, and
the mean of all the lower low waters for the Pacific coast. (This was carried
into the 1883 and 1894 instructions). ‘The latter is a modification of the require-
ment in the 1860 instructions which called for the mean of the lowest low
waters (see note 12 supra, and accompanying text).

The field plotting of the “finished” hydrographic sheet (now termed the
smooth sheet (see 552)) is covered in the section “Plotting of Work During
the Surveying Season.” The requirement was for each plotted position to be
marked by a prick point to permanently establish its exact location, the point
being enclosed by a small circle, using red ink for the vessel’s work and for each
boat’s work the color corresponding to its letter. The identifying number for
each position was to be shown and the day letter given at least for the beginning
and end of each line and where there was a change in course. The soundings,
day letters, and position numbers were all to be left in pencil. (Par. 140.)

17. 'This form of sounding record, and method of recording, was continued in the 1883 instructions
(see 534) except that no reference is made to “books of a width of one-half the sheet.” Essentially, it was
the same form that was used up to the publication of the Hydrographic Manual in 1942 when some
changes were made to reflect new methods of sounding and position determination, and for other reasons.
One of the changes made was in the order of recording the angles in three-point fix hydrography when
instead of recording the right angle first and then the left angle, the reverse order was adopted. Apams

(1942), op. cit. supra note 1, at 764. 'This is also the practice in 1963. JEFFERs (1960), 0p. ci. supra
note g, at 170,
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534. InsTRUCTIONS OF 1883

These instructions were titled “General Instructions for Hydrographic
Work” and were issued during the superintendency of J. E. Hilgard. The
principal difference between these and the 1878 instructions is the addition of
asection on “Reports, Accounts, etc.”

Under the section “Soundings,” greater detail is given for making leadline
comparisons with a measured distance, Standard markings for the leadline up
to 20 fathoms and for the deep-sea line beyond were also included for the first
time. A method was also given for running sounding lines on exact ranges
(par. 47).

In the section on “Office-Work,” a third hydrographic sheet, called a “sound-
ing-sheet,” is referred to for the first time for use in plotting the soundings each
day so the chief of party could keep track of the work and lay out the next day’s
work. The boats’ positions each day were transferred from the “boat-sheet” by
tracing paper, and approximate reductions for tide used in case the plane was not
yet established (par. 143).*® Mention was also made of a “working-sheet” for
the first time (pars. 140 and 148), which also seems to be the same as the “boat-
sheet” and the “diagram” previously referred to, and of “fair journals” which
were part of the records submitted by the field party (par. 153).

Duplicates of all records were required but these were not sent to the Wash-
ington Office until receipt of the originals was acknowledged (par. 157).

In addition to the new section on “Reports and Accounts,” which was not
included in the previous instructions, there were added for the first time a
short section on “Deep-Sea Sounding Record,” a table of bottom abbreviations
(par. 158), and a page of “Conventional Signs and Symbols.”

535. INsTRUCTIONS OF 1804

The 1894 instructions were titled “General Instructions for Hydrographic
Parties” and were issued under the superintendency of T. C. Mendenhall.

18. Apparently, the three sheets were: (1) the “finished” hydrographic sheet on which the final
plotting of positions and soundings was made (par. 141) and turned into the office (this corresponds to
what is now called a “smooth sheet” (see 552)); (2) the “boat-sheet” (this is the first mention of the
term in any of the instructions for hydrographic work) on which apparently only the boat’s positions
were plotted showing the different sounding lines; and (3) the “sounding-sheet” (mentioned in the text)
on which the soundings were shown. (The “boat-sheets” referred to in par. 143 would seem to be the
same as the “diagrams” referred to in par. 21, otherwise it would have meant that four sheets were
required. It is noted, however, that the term “boat-sheet” is not mentioned in the 1894 instructions, but
“diagrams” and “sounding-sheets” are.) This practice of having a “sounding-sheet,” while still men-
tioned in the instructions of 1894, was later departed from and the “boat-sheet” was used for plotting
the soundings as well. The “sounding-sheet” referred to in these instructions was apparently something
different from that referred to in the 1860 instructions (see note 8 supra).
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They were the last to be issued in this form, as separate instructions for hydro-
graphic work, until the first “Hydrographic Manual” was published in 1928
(see 537). Except for some differences, which will be noted in subsequent
paragraphs, and the addition of sections dealing with certain administrative
aspects of the work, the instructions are essentially the same as those of 1883.

One of the changes made from previous practice (see 533) was to designate
a triangulation station by a dot surrounded by a black circle which in turn was
inscribed in a red triangle. All other points were to be represented by dots
enclosed in small circles, using red ink for those of topographic origin and
blue for hydrographic origin. (Par.2.)

In the section on “Soundings,” four additional systems of running sound-
ing lines are described and illustrated—a system of radial lines for use in search-
ing for rocks and for development of bars, a system for developing an outlying
rock, a system for developing an awash shoal or sand bar, and a system for
developing a shoal that is under water (par. 19¢, f, g, £).

An important addition was made to the instructions for hydrographic work
by incorporating the following rules for the reduction of soundings, preparatory
to plotting (par. 24):

1. The reduction for tide to the nearest tenth of a foot will be entered in the sounding
book in its appropriate column.

2. The soundings will be taken with sufficient accuracy, depending upon the depth of
water, to enable them to be reduced as follows, viz:

A. Deep-sea soundings—to nearest fathom.

B. Outside 15 fathom curve—to nearest half fathom.

C. Between 15 and 10 fathom curves—to nearest foot.

. Between 10 and 4 fathom curves—to nearest half foot.

D
E. Between 24 and 12 foot curves—to nearest quarter foot.
F. Inside 12 foot curve—to neatest tenth foot.®

It was also stated that the admissible percent of error at sounding-line cross-
ings was a maximum of 1.5 percent of the depth at that point. This was based
upon observations made in smooth water (par. 25).

An addition to the previous instructions was the requirement that the chief
of party compare his work with existing charts and publications to make certain
that rocks and shoals have either been verified or disproved (par. 32).

A modification from previous instructions was the use of the sounding pole
for depths of 10 feet or less instead of a limiting depth of 15 feet (par. 39).

A specimen of sounding pages for a leadline survey was also included. For
the depths shown (3 to 6 fathoms), the soundings were entered in fathoms and

19. Occasionally, when a survey was made for a special purpose all depths were plotted in feet and

tenths (sce Register No. T-2196 (1895) which is a combination topographic and hydrographic survey of
Port Orchard, Wash., for the Navy Department).
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feet, the tide reducers in feet and tenths, and the reduced soundings in feet and
tenths. (This is somewhat contradictory to the requirement given in D and
E, above, which calls for a sounding accuracy that would permit the soundings
to be reduced to the nearest half foot and quarter foot, respectively.)

Reference is no longer made to a “boat-sheet,” but the “working-sheet,” the
“sounding-sheet,” the “finished-sheet,” and the “diagrams” are still mentioned
(see note 18 suprz). Several additional plates of conventional symbols are
included.

In addition to the colors previously prescribed for the 6-, 12-, and 18-foot
depth curves, brown is prescribed for the 24-foot curve, and purple for the 30-
and 6o0-foot curves (par. 168#).

536. GENERAL INsTRUCTIONS FOR FIELD WoORK (1908, 1915, 1921)

Between 1908 and 1928, the instructions for hydrographic work weré part
of a volume covering all field work of the Survey. Three such volumes were
1ssued—in 1908, 1915, and 1921. The first was titled “General Instructions for
the Field Work of the Coast and Geodetic Survey.” The last two carried
similar titles but were further identified as Special Publication No. 26.* These
were complete rewrites of the previous instructions, but the procedures by this
time were fairly well standardized and fewer changes are noted in successive
instructions.

5361. Instructions of 1go8

In the 1908 instructions, the following essential additions or departures were
made:

(2) Position angles were required to be observed at sudden changes of depth, at all
changes of course and of speed, when the boat gained full headway, and when the boat
slowed down in approaching shoal water (pars. 230—232). These requircments were in-
tended to give greater certainty to the locations of the soundings on the sheet so as to avoid
irregular and improbable depth curves.

(#) A new form of sounding record was introduced but actually it represented but
little change from the previous one (par. 259(2)).

(¢) The practice of duplicating records was eliminated, except when specially directed
(par. 263). Relerences were no longer made to “diagrams,” “sounding-sheets,” or “working-
sheets,” but only to “boat-sheet” (par. 283).

(d) Soundings were to be recorded generally in fathoms and integral feet, and “only
in exceptional cases need fractions of feet be recorded” (par. 264).

20. The 1921 issue is labeled as the second edition of Special Publication No. 26. Some copies were
printed with a 1920 date on the cover but with an identical authority date (Mar. 1, 1921). As far as
could be determined the two volumes are the same in every respect and the 1920 date must be presumed
to be in error,
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(¢) In the reduction of soundings, certain changes were made—tide reducers and
leadline corrections to be entered to tenths of feet, but the latter could be omitted if not
more than one-half of 1 percent of the depth; reduced soundings to be entered to the nearest
foot, ordinarily omitting decimals; tide reducers to be omitted for depths over 50 fathoms
except where the range of tide was in excess of 2 percent of the depth; and for important
critical soundings depths could be plotted in feet and fractions (par. 277).

() The planes of reference to be used for soundings on the various coasts were speci-
fied with particularity for the first time as follows: the mean of the low waters for the
Atlantic and Gulf coasts and for Porto Rico; the mean of the lower low waters for the
Pacific coast, Alaska, and the Hawaiian and Philippine Islands; 2 feet below the mean of
the lower low waters for Puget Sound; and 3 feet below the mean of the lower low waters
for Wrangell Narrows (pars. 27g-281).

(g) Boat’s positions were no longer to be indicated by small circles but by pen dots
in color (par. 293).

(4) The low-water line was to be indicated by a dotted line and minus soundings were
to be enclosed within this dotted line, the sanding of the area between high and low water
being specifically prohibited (par. 286(c) and (d)).

(i) Colors were prescribed for additional depth curves extending to 1,000 fathoms.
Some change in colors were made from previous practice—the 24-foot curve to be shown in
yellow, the 30-foot curve in red, the 36-foot curve in green, and the 6o-foot curve in yellow.
(Par. 288.)

(j) The depth units for plotting the soundings were prescribed as follows: all soundings
to be in feet only, except in deep water when fathoms could be used, but the whole of any
one sheet had to be in one unit (par. 303). (The latter was a significant change from
previous practice.) On sheets plotted in feet no fractions were to be shown except that in
critical places on navigable bars and in channels fractions of feet (Y4, %, and %) could be
shown where important (par. 304). On sheets plotted in fathoms, quarter fathoms could
be used to » fathoms and half fathoms from 7 to 10 fathoms (par. 305).#

(k) Use was made for the first time of the term “smooth sheet” instead of “finished
hydrographic sheet,” as formerly used (pars. 284, 285, 290).

(1) For lines beginning or ending near the shore the requirement was that the estimated
distance in meters to the shore, reef, or breakers be stated (par. 259(¢)). This was the first
appearance of this requirement, although it was generally required that a distance be esti-
mated where no position angles were obtainable.

5362. Instructions of 1915

The 1915 instructions were for the most part a verbatim reprint of the 1908
instructions. Some new provisions were added, others modified or amplified,
and still others omitted. Of the changes made, the following bear on the
interpretation of hydrographic surveys:

(2) In the reduction of soundings, greater detail is given for the entry of tide reducers.
Thus, tide reducers for depths over 7 fathoms or for open ocean areas were to be entered

2x. When plotting in feet, fractions less than 0.8 were omitted, and those of 0.8 or more were plotted
as the next whole foot. Rules were also given for converting fractions. Thus, when plotting in quarters,
0.1=o0, 0.z and 0.3=%, 0.4 to 0.6=%, 0.7 and 0.8=1%, and o0.9=1; when plotting in halves, 0.1 to
0.3==0, 0.4 to 0.7="1, 0.8 to 1=1; when converting from feet to fathoms and quarters, less than 1 foot=o,
1 foot and less than z.5 feet=1% fathom, 2.5 feet and less than 4 feet=1 fathom, 4 feet and less than
5.5 feet—=% fathom, and 5.5 feet and over=1 fathom; when converting from feet to fathoms, for less
than 4.5 feet=o0, and 4.5 feet and over=1 fathom (par. 306).
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in the sounding record to integral feet; 22 on bars and over inside water areas for depths
less than 7 fathoms but more than 3 fathoms, to nearest half foot; and for depths of 3
fathoms or less, to the nearest tenth of a foot. The reduced soundings were to be entered
in integral feet except on developments in less than 4o feet at critical points where the
reductions were to take account of the fraction of a foot. (Par. 313.)

(£) The limiting depths for plotting fractions of feet or fathoms are given in greater
detail as follows: feet and fractions at critical points in extensive enclosed waters and inside
routes with 2 to 5 feet of water or less, but to whole feet at other places; fathoms and sixths
to depths of 634 fathoms; fathoms and quarters from 7 to 8% fathoms; and for greater
depths in whole fathoms (par. 337). In critical places (under 40 feet) on navigable bars,
in channels, in shallow enclosed waters, and in inside routes quarter feet were shown (par.
338).

(¢) Where the first position of a sounding line was taken when the boat was at rest,
an additional position was called for after an interval of 1 minute ot when the boat had
attained sounding speed (par. 354).

5363. Instructions of rgar

The 1921 instructions showed very few departures from those of 1915. The
changes that were made have no special bearing on the interpretation of inshore
bydrographic surveys except for the addition of yellow as the color for the zero
curve when determined by soundings, and the provision that the 24- and 36-foot
curves were to be omitted except in special cases (par. 321).** A small change
was also made when converting feet to fathoms: for depths less than 4.9 feet, the
fraction was dropped and for 5 feet and over the next whole fathom was used
(par. 338). (See note 21 supra.) A change was made in the plane of reference
for Puget Sound from 2 feet below the mean of the lower low waters to the
mean of the lower lows (par. 315). The exact sizes of the symbols for the
various control points are specified and black ink is specified for the names of
triangulation points. The section on typical errors to be considered in studying
discrepancies in the work (par. 353) was greatly expanded from the 1915
treatment.

22. This modified the 1908 instructions allowing tide reducers to be omitted for depths over 50
fathoms where the range of tide was less than 2 percent of the depth. The practice in 1963 calls for the
omission of all corrections to soundings of over 101 fathoms where the algebraic sum of the tide correction
and other corrections, excluding velocity corrections, is less than one-half percent of the depth. For depths
less than rox fathoms, special rules are applicable depending upon the depth range and character of the
area or bottom. JerFERs, HypRoGRAPHIC MANUAL 14%4 and Table 2, PusLicaTiON 20-2, U.S. Coast AND

GeopkTic SURVEY (1960, 3d ed.). Subsequent citations to this manual will omit the edition reference
but should be understood to reflect the changes to Apr. 1, 1963 (se¢ note 1 supra).

23. In the instructions, the zero curve is designated as the “mean sea-level curve,” which was clearly
an error and should have been “plane-of-reference curve.”” This was corrected in the Hydrographic
Manual of 1928. This scheme of depth-curve colors is generally in use today except that the zero (plane-
of-reference) curve is shown in orange and some intermediate curves have been added and colors are
prescribed for depth curves extending to 3,000 fathoms. I4. at 15 and Tables 3 and 4.
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537. THE HyprocrarHic MaNUALS

Beginning with 1928, the instructions for hydrographic work were pub-
lished under the title of “Hydrographic Manual.” Three such manuals have
been issued to date—in 1928, in 1942, and in 1960. The 1928 manual is identified
as Special Publication No. 143 and went through a 1931 reprint and a 1935
reprint in the form of “Errata and Addenda” inserts. It is divided into two
parts: Part 1 covers “General Requirements for Hydrographic Work,” and
Part 2 “Equipment and Methods Used for Hydrographic Work.”

The Hydrographic Manual of 1942 was labeled a “Revision” and retained
the same Special Publication number as the 1928 manual. Actually it was a
radical departure from the previous one, being more comprehensive in scope and
designed to serve not only as manual but as textbook for the new methods of
hydrographic surveying then developed, or being developed, and for which there
was a scarcity of published material. It contains g40 pages and is one of the
most complete manuals ever published by the Bureau.

The 1960 Hydrographic Manual (identified as Publication 20— under
a new numbering system) * was issued to reflect the many new developments
in hydrographic control systems and in echo-sounding instruments which made
the 1942 manual out of date in many respects. Although parts of the pre-
vious manual were carried forward into the 1g6o text much useful informa-
tion was not repeated. The 1960 manual is printed in loose-leaf form so that
changes or new material can be added as necessary in an expeditious manner.
(See note 1 supra.)

54. MAKING AN INSHORE HYDROGRAPHIC SURVEY

The work of actually surveying the water area on a given project usually
followed the establishment of the triangulation control and the completion of
the topographic mapping. Both of these operations furnished the latitudes and
longitudes of the stations that were to be used in the hydrographic work
for locating the boat’s positions during the progress of the survey.

24. Beginning with Jan. 1, 1957, a new numbering system for Bureau publications was inaugurated
based on identification of class of subject matter covered. The entire scope of Bureau activities is divided
into 13 categories and all publications issued in a particular category carry the same numbered prefix.
The prefix is followed by the number of the publication, each category having its own range of numbered
publications. The word “Special” is no longer used in the designation. “General publications of Bureau-
wide scope” are in the “10” category, “Hydrography” is in the “20” category, etc. Thus, the designation
for the Hydrographic Manual of 1960 is “Publication 20—2,” which indicates it is the second publication in
the “Hydrography” category. Change in Numbering of Bureaw Publications, 7 JourNAL, COAST AND
GeobrTIC SURVEY 12T (1957).
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A working sheet (now termed a boat sheet) was prepared on which a
projection (meridians of longitude and parallels of latitude) was laid down,
the triangulation points plotted, and the high- and low-water lines and sec-
ondary control points transferred from the planetable survey. Occasionally,
additional control stations were established by the hydrographic party. These
were usually located by means of sextant angles from “cuts” taken in the boat
or from angles at the station. The observed angles were either entered in the
sounding volumes or in a separate angle book.™

Proposed sounding lines were plotted in pencil on the working sheet in
accordance with a planned system designed for most effective development
of the bottom features. The hydrographer attempted to follow these lines as
he progressed with the work.

A typical field party, engaged on inshore hydrography and sounding with a
leadline, usually consisted of the following: two engineers (one to direct the op-
erations) to measure the angles for locating the survey boat’s positions; a leads-
man to take the soundings; a recorder to record the soundings and the observed
angles; and the necessary crew to operate the boat.  (See fig. 58.)

There are two essential operations in the prosecution of every hydrographic
survey, both of which are carried on simultaneously: (1) the measurement of
depths (soundings), and (2) the determination of the geographic positions
(latitudes and longitudes) of the soundings so that they may be charted in
correct relation to each other and to the surrounding topographical features.

541. MEASUREMENT OF DEPTH

Various methods of measuring depths of water have been used in the
hydrographic work of the Bureau. These included the use of a graduated pole
for depths to 10 or 15 feet, the handlead and marked line for depths up to 15
fathoms, pressure tubes between 15 and go fathoms (Register No. H-4547
(1926)), various types of mechanical sounding machines for depths beyond
the handlead limit, and echo-sounding devices for all depths.*

25. Different symbols were used for the different categories of control, but with no great consistency
in the early years for a given category. Thus, triangulation stations have been variously shown by black
triangles, by red triangles, by red triangles circumscribing black circles, by two concentric black circles
(Register No. H-15 (183%)), by red circles (Register No. H-1437 (1879)), and by needle points alone
without any symbols (Register No, H-44 (1834)). Topographic stations have been designated by black
circles and by red circles, and hydrographic stations by black circles and blue circles. The modern practice
is to use red triangles for triangulation stations, small red circles for topographic stations, and small blue
circles for hydrographic determinations, and small green circles for stations spotted fom aerial photographs.
JeFrERs (1960), op. cit. supra note 22, at 206 and fig. 7o.

26. In the survey of the Potomac River in 1959, a 16-foot sounding pole was used for all shoal-
water sounding from the shore to a depth of 8 to 10 feet.
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Ficure 58.—Sounding with a handlead and line from a whaleboat in a survey of
Baltimore Harbor on November 7, 1g900.

Since this publication deals primarily with the early surveys of the Burcau
and this chapter considers in the main inshore hydrographic work, leadline
surveys only will be discussed.

The handlead and line consisted of a suitably graduated line (in fathoms
and feet) to one end of which was attached a lead weight called a sounding
lead, the bottom of which was scooped out to receive tallow or soap for pick-
ing up specimens of the bottom while sounding.”

Before the advent of the gasoline engine and the steam vessel, pulling
boats and sailing vessels were used in hydrographic work. In measuring
depths, the leadsman usually stood on a small platform, which projected over
the side of the sounding boat, and while the boat was proceeding at slow speed
he heaved the lead forward far enough so that when the lead struck the bot-
tom it was vertically below him and he was able to obtain an accurate read-
ing of the depth from the markings on the line. When the water surface was
broken by waves or swells, the leadsman estimated the mean water level so that
the depth as read was from the mean surface. (See fig. 58.)

27. Changes in the line caused by stretching or shrinking during the sounding operations were

accounted for by applying corrections to the measured depths after comparing the leadline with a standard
measure (see text following note 10 supra).
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542. DETERMINATION OF PosiTion

As with the measurement of depths, various methods have been used in
the past for determining the position of the sounding boat or the survey ves-
sel (and in turn the soundings) while engaged on hydrographic work. There
is a striking similarity between the development of position-fixing methods in
the Coast Survey and the development of depth-measuring methods. Both
have retained earlier methods, have discarded intermediate ones, and have
reached a climax in the utilization of sound (in the case of depths) and elec-
tronics (in the case of positions) for their determination. These methods in-
cluded, for the early period, sextant angles taken in the survey boat upon three
stations on shore, theodolite angles taken at two shore stations upon a flag
hoisted in the boat and measuring the angle in the boat between the two shore
stations for verification, and by running out ranges from shore and fixing the
positions by time (see 532).”® These methods were still included in the 1894
instructions, but subsequently the 3-point fix method was primarily used, the
method of angles from stations on shore being reserved only where extreme
accuracy was demanded, as in harbor improvement surveys.

In the early years of the Bureau’s history, when the Nation’s commerce
was carried in comparatively small, shallow-draft, sailing ships, it was unnec-
essary to extend the surveys offshore into deep water. With the advent of the
steamer, however, and its subsequent increase in size, draft, and speed, the
early requirements were radically modified, and the emphasis gradually
shifted from shoal to deep water. The determination of position became more
difficult and complicated. Many factors had to be taken into account which
could be ignored when in sight of shore signals. This gave rise to a method
of position determination known as “Dead Reckoning” which resembled very
much the method used in navigation.

In 1914, and the years following, a more precise method of dead reckon-
ing was developed and was termed “Precise Dead Reckoning.”  Every known
element affecting the vessel’'s position was carefully observed by the survey
party: the deviation of the compass, the effect of the wind in pushing the ves-
sel sidewise through the water, the careful calibration of the log for the deter-
mination of distance, and, above all, the frequent observations for current to
determine its velocity and direction. But notwithstanding the many precau-
tions that were taken, there were still enough indeterminable factors to make

28, In the earliest instructions for hydrographic work (see 531), no mention is made of the method
of position fixing, but in the volume (17) of early correspondence marked “Coast Survey, Scientific, 1844~
1846,” notice is taken that one of the methods used is to observe angles on the boat from two stations

ashore (see note 11, supra). On Register No. H-268 (1851), the sounding lines were run between shore
signals with the distances from the signals noted at the beginning and ending of the lines.

706-026 O-64—-17
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the results anything but precise. In consequence, later surveys have revealed
occasional errors in the earlier work of as much as 5 miles in the location of
some of the offshore depth curves.”

With the advent of echo sounding in the 1920’s and the realization of their
great potential in aiding the navigator to better determine his position, more
precise methods were developed for position fixing—for example, a buoy-
control method and the method of Radio Acoustic Ranging (R.A.R.). During
and following World War II, the latter two methods were replaced by electronic
methods, to wit: Shoran, Electronic Position Indicator (E.P.L), and Raydist.*
But for the close inshore work, the 3-point fix method is still resorted to.”

543. THE SURVEYING OPERATION

Having determined the system of sounding lines for best coverage and
laid it down on the boat sheet, the hydrographic party starts work at any con-
venient point in the area to be surveyed. The two observers with sextants in
hand, the recorder with a watch or clock and record book, and the leadsman
with his “leadline,” take their respective positions in the boat. The officer-in-
charge directs the recorder to make a note in the sounding record, say, as follows:
“Line begins at position 1, about 5 meters from shore.” The observers measure

29. This method was first described in Seran, Precise DEap Reckoning IN OFFSHORE SOUNDINGS,
Seecian PusLicarion No. 73, U.S. Coast anp GeopeTic Survey (1921). Its later use in conjunction with
other methods is described in ApamMs (1042), op. cit. supra note 1, at 232-238. The present use of dead
reckoning in hydrographic surveying is described in JeFrers (1960), 0p. cit. supra note 22, at 108. In
comparing such surveys with later, more accurate surveys, it is important to keep these limitations in mind,
in order to avoid erroneous conclusions regarding changes in the ocean bottom. Unless the earlier survey
can be correlated with the later survey by the superposition of characteristic submarine features, no intel-
ligent deductions would be possible. Even on the dead-reckoning survey alone, exaggerated underwater
slopes may be indicated as a result of soundings on successive lines not being in correct relationship due to
the variation in the elements encountered on different lines. This is especially true when attempts are
made to combine data from different sources subject to the same or even greater uncertainties. The
relationships may become so complex as to challenge even approximate analysis. An excellent example
of this is the outer Hudson River submarine canyon. Until accurately controlled surveys were made in
the 1930’s, this important physiographic feature was represented on the charts and in physiographic studies
by an S-shape, an interpretation resulting from inaccuracies in locating the earlier soundings which
connected the part of the valley immediately below the s0-fathom depth curve with the lower part of what
turned out to be an entirely different declivity. See Patton, The Physiographic Interpretation of the Nautical
Chart, 5 INTERNATIONAL HyproGRaPHIC ReviEw 205, 218 (May 1928), and Smith, Submarine Valleys,
10 FieLp Encineers BurieriN 150, U.S. Coast aND GEopETic SURVEY (1936).

30. The buoy-control and R.A.R. methods are described in Apams (1942), op. ciz. supra note 1, at
109 et seq. and at 555 et seq., respectively. Shoran and E.P.I are described in Burmister, Electronics in
Hydrographic Surveying, 1 JourNaL, CoasT aAND GEODETIC SURVEY 3 (1948), and Raydist is described in
Hickley and Bolstad, ER-Type Raydist System of Position Control, 7 JournaL, CoasT AND GEODETIC SURVEY
45 (1957), and in Fish, Raydist on Georges Bank, Technical Bulletin No. 5, U.S. Coast and Geodetic Survey
(1959). The present use of Shoran, E.P.I,, and Raydist in hydrographic surveying is described in JEFFERs
(1960), op. cit. supra note 22, passim.

3I. See Register No, H-8152 (1954-1955) where Raydist was used to within 1 mile of shore and the
3-point fix method from there inshore.

e
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with the sextants the two angles between three signals on shore, the middle signal
of which is common to both angles, and read the angles so measured; * the
leadsman measures the depth with the leadline and calls out the number of feet,
or fathoms and feet; and the recorder enters all these in the sounding record
together with the time. The boat starts ahead at a constant speed on the
predetermined course, and position angles are taken every 3 or 4 minutes, or
as frequently as necessary, and soundings taken at every 15 to 20 seconds, or at
irregular intervals where the depths are changing rapidly, the time of each
sounding being noted to seconds. This procedure is continued until the end
of 2 line is reached and the boat is maneuvered to a new line where the routine
is repeated. As position angles are observed, the officer-in-charge plots each
position on the boat sheet which enables him to make the necessary changes
in course so as to follow the predetermined line.*

Itis a fundamental principle in hydrographic work that the boat must main-
tain a straight line between adjacent positions and that if a change in the boat’s
direction is to be made 2a position must be taken at the time of change (see 533).
In plotting the soundings, therefore, the assumption is made that the boat
followed a straight course between consecutive positions, unless otherwise
noted in the record.

When a sounding line ended or began near shore, it was customary to note
in the record the estimated distance from shore, in addition to the observed posi-
tion angles. This served as an independent check on the accuracy of the
shoreline as surveyed by the topographer because the boat’s position is deter-

32. For measuring angles from a moving boat, no handier instrument has ever been devised than
the sextant. It is so called because a true sextant encompasses one-sixth of a circle, or 60°. Based on the
optical principle on which the instrument is constructed, namely, that when a ray of light undergoes two
successive reflections in the same plane, the angle measured is actually twice the angle through which the
index arm has passed. Therefore, the markings are doubled at the time of manufacture. Thus, the 5°
graduation is marked 10°, 10° is marked 20°, etc. The maximum horizonta] angle that can be measured
with a sextant is thus approximately 120°. The instruments, almest universally known as sextants, are
actually quintants, constructed for the measurement of angles up to 144° or slightly larger. To measure
the horizontal angle between two abjects, the observer sights directly on the one on the left and brings the
object on the right into coincidence with the one on the left by moving the index arm as needed. The
angle is then read on the graduated limb. For a detailed description of the sextant and its use, together with
the principle of its construction, see Apams (1042), op. cit. supra note 1, at 361-372. A briefer account
of the sextant, including the micrometer drum type (a modern development), and its use in hydrography
is given in JEFFERs (1960), op. cit. supra note 22, at 45 {see fig. 59).

33. The instrument universally used for plotting three-point sextant fixes is the three-arm protractor
(metal or celluloid) (see fig. 60). It is in reality a graphic solution of the three-point problem and was
in use at a very early date in the Coast Survey. It is referred to in the instructions for hydrographic
work published around 1860 (par. 57) (see 532). It consists essentially of a graduated circle with a fixed
center arm and right and left movable arms pivoted at its center so that the extension of each fiducial
edge always passes through the precise center of the graduated circle, The observed left angle is set with
the left arm and the right angle with the right arm. The protractor is then placed on the plotting sheet
so that each arm passes exactly through the corresponding control station that was used in the measure-
ment of the angles, that is, the center arm is made to pass through the center station, the left arm through
the left station, and the right arm through the right station. The center of the protractor then marks the
position of the sounding boat or vessel.
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Fieure 59.—Micrometer drum sextant with endless Fic. 60.—Three-arm plastic
tangent screw. protractor.

mined by a different method, namely, by angles to objects that are often on
the opposite shore. Any inaccuracy became apparent in the relative position of
the boat to the shore. Also, if the boat was aground at the end of the line, or
if the line ended on the beach, such notes were usually entered in the record. In
marsh area, these were helpful in interpreting the nature of the marsh with
respect to the planes of high or low water (see 4432).

During the progress of the survey, while soundings were being taken, the
leadsman noted the character of the bottom either by “feel” or by bringing up
small specimens that clung to the tallow on the bottom of the lead. The
recorder entered in the sounding record notations such as hard, soft, sandy,
rocky, grassy, or the like, as the case might be.

As a check on the accuracy of the work, most hydrographic surveys contain
a number of sounding lines that intersect the main system cither at right angles
or at an oblique angle. When all soundings are reduced to the same plane of
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reference, the soundings on one system must agree, within certain limits, with the
soundings which they cross on the other system, otherwise the work is revised.™

While the survey has progressed, the water has not maintained the same
level due to the rise and fall of the tide, which is a continuing phenomenon.
Soundings are entered in the sounding record as measured from the water
level without regard to the height of the tide (see fig. 61). Each sounding as
recorded is therefore corrected for the height of the tide at the time in order
to refer the depth to the sounding datum or reference plane. If this were not
done, uncorrected soundings shown on the hydrographic survey or on the
nautical chart would be no more than a group of numbers without significance
or coordination (see 564). Tide observations are therefore always made in
conjunction with the hydrographic work.*® They are obtained from readings
on a tide staff or from an automatic tide gage operated during the progress of
the survey (see Part 1, 2312, 2314)."

Tide observations serve a two-fold purpose: they provide the data for
defining the plane of reference for the area, and furnish the data for deter-
mining the height of the tide at any time with respect to that plane. With
this information, it becomes a simple matter to derive the cotrections to be
applied to the recorded soundings to reduce them to depths below the plane
of reference, Thus, the plane of mean low water is derived by averaging all
the low waters observed on the tide staff or on the automatic tide gage (see
Part 1, 2312). If this represented a reading of 3 feet on the staff, then a
sounding of 12 feet obtained at a time when the water level registered 8 feet
on the staff—s feet above the plane of reference—would have to be reduced by

34. On some of the hydrographic surveys, two systems of parallel lines were run in regular checker-
board fashion (see Register No. H~2229 (1895)).

35. This was always a requirement. There are some isolated exceptions as, for example, Register No.
H-106 (1840), where no register of tides was kept and an arbitrary value was used for the height of high
water above the sounding datum and the soundings corrected accordingly.

36. Instructions for tide observations were issued under the title “Directions for Observations of
Tides,” and carried the notation “Printed for the Use of the Tidal Observers from the Manuscript Instruc-
tions, 1852.” ‘This date is interpreted to be the date when the manuscript instructions were issued, rather
than the date of publication of the pamphlet (see note 7 supra).

Early Tide Qbservations.—The first self-registering tide gage used by the Coast Survey is described in
Appendix 38 to the Annual Report of 1853. The longest continuous tide records available from any one
station are those from the Presidio at the entrance to San Francisco Bay and date back to July 1897, but
the earliest automatic gage to be established was at Governor's Island, N.Y., and was kept in operation
during the winter of 1844—1845. See Annual Report, U.S. Coast and Geodetic Survey 315 (1897). The
carliest tide observations of any kind made by the Bureau were those of 1834 when a staff was established
at the Lighthouse Wharf at Fire Island Inlet in Great South Bay, N.Y., in connection with the survey of
the bay (see 52). The observations covered the period from Oct. 22 to Nov. 2%, 1834. Copies of tide
observations made in 1833-1835 in Cape Cod Bay and at Race Point, Mass., are on file in the Bureau
archives, but it is not certain whether these were made by the Coast Survey, or’ by the Bureau of Topo-
graphical Engineers who made the hydrographic survey (see Map File, Accession No. 645). On a survey
of a portion of San Francisco Bay (Register No. H-2246 (1895-1896)), five tide gages were used to
control the area.
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Ficure 61.—Sounding record of echo soundings with three-point fix sextant control.
(Double page of sounding record reduced about one-half.)
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5 feet to obtain the depth of water below the plane of reference. A depth of 7
feet would therefore be shown on the survey sheet and on the nautical chart.

55. TERMS ASSOCIATED WITH HYDROGRAPHIC SURVEYS

In the use and interpretation of hydrographic surveys, it will be helpful to
know the meaning and significance of certain terms associated with such sur-
veys, particularly where they are to be used in waterfront boundary litigations.
These terms will be explained in the light of present practice, with references
to earlier practice where a significant difference exists.

551, THE BoAT SHEET

The name “boat sheet” is given to the work sheet which the hydrographer
uses in the field during the survey operations for plotting the details of the work
as it progresses. Its use enables the hydrographer to cover an area with lines of
soundings in a systematic and economic manner, to judge the adequacy of the
survey, and to ascertain where additional soundings are required.’” The boat
sheet is prepared in advance of beginning the actual hydrographic operations.
It resembles the “smooth sheet” (see 552) and contains the same kind of in-
formation (see 54), but is necessarily less accurate because of the haste with
which the positions are plotted, the use of predicted tides for reducing the
soundings, and the exposure to which the sheet is subjected.

The second important function of the boat sheet is its use as a guide in the
plotting and verification of the smooth sheet, and as an aid in clarifying un-
certainties which may arise at such times. Occasionally, when a conflict cannot
be completely resolved, a boat position may be transferred from the boat
sheet to the smooth sheet and used in place of the recorded data on the theory
that the hydrographer being in the boat at the time of the survey knew his
position and plotted it on the boat sheet in accordance with the known facts.
Often, the boat sheet contains supplemental details and notes which aid in in-
terpreting the sounding records and which should be transferred to the smooth
sheet.

The boat sheet is retained during the verification and review of the smooth
sheet and 