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thanges ‘in Instructions for Field Work

Faragraph 622, Approved August, 1925

Shoreline reference. Wherever a per-
manent mark is established or recovered
along a shore subject to wave action &nd
in such posidion a8 to make the measure-
ments feabible, the field party will
measure ihe distance ed azimuth from the
mark to one or more points on the high- .

water line, top of beach sl¥pe, crest of
bluff -or such other tharacterietlic fea-
‘ture as, when cbmpared with eimilar
measurements to ‘e mede in future, will
‘bebt-indicate the chamnge in the echoreline
during the interim: On s straight or .
- gently curving shore a single measure nor-
mal to the shorelire will suffice. At
points or headisnds & larger nwmber Of
messurements, preferably not lese than

- three; should be made in directione as
widely deparated s practicablei The re~
#gulting data will be included in the de-
goription of station gr recovery note in
the seme menner me reference marks but in
‘addition thereto,
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"These instructions supersede all previous instruetions and circu-
lars upon the subjects treated and, together with the Regulations
and Instructions for the Government of the United States Coast
and Geodetic Survey, are to be followed in the execution of tield
work.

E. LEsSTER JONES,

Director.
MarcH 1, 1921,

4



GENERAL INSTRUCTIONS FOR THE FIELD WORK OF THE
U. S. COAST AND GFODETIC SURVEY.

LATITUDE AND LONGITUDE DETERMINATIONS.

1. Initial positions.-——Initinl positions from which to extend new
work will ordinarlly be furnished, these positions having bheen
derived from previous triangulation or from astronomical deter-
minations made by special parties. In the present state of the
worlk In such regions as Alaska and the Philippine Islands ocen-
slons may arise where surveys must be made in localities where
ho determined initial point Is available. In such cases, in order
uot to delay other operations, it may be necessary at first to as-
Sume the latitude and longitude of n starting point, taking the
best value obtainuble from existing charts or other source of
Ibformation. If means are available for determining by approxi-
nate astronomic methods a position likely to be more nearly cor-
rect, this should be done as opportunity offers. The relative
economy of using such methods, or the standard methods, or
depending on the agsurmed value until connection is mude by
triangulation, should be consideréd in each case. If the instru-
lnents ure available, the meridian telescope can be used for lati-
tude und time with lttle more expenditure of time than is re-
quired to get less satisfactory results with a theodolite. When,
however, a theodolite is used, the Iatitude should preferubly be
obtained by observing meridian altitudes of stars north and
south of the zenith, or the altitude of Polaris; and the time by
cqual altitudes of stars, or a single altitude of a star, preferably
One near the prime vertical. Convenient star charts are United
States Hydrographic Office charts Nos. 2100 and 2101. The
illustrations in “A field book of the stars,” by Willlam Tyler
Oleott, will also prove of value in the identifieation of stars.

2. The standard methods used in the United States Coast and
Geodetic Survey for determining astronomic latitude, longitude,
uand azimuth are described in Special Publication No. 14, entitled
* The determination of time, longitude, latitude, and azimuth.”

b



6 GENERAL INSTRUCTIONS FOR TFIELD WORK,
TRIANGULATION.

8. Classification of triangulation.—I'rinngulation in the United
States Coast and Geodetic Survey is divided into three classes:

4. Precise triangulation.—1'riangulation which has an accuracy
represented by an average closing error of a triangle of about one
second with all stations occupied. It is to be used in extending
arcs over long distances. The network of ares of precise triangu-
lation constitutes the bases from which secondary and tertiary tri-
angulation are extended. The general instructions for precise
triangulation, reconnoissiance, and base measurement are given
in Appendix 4, Report for 1911, and in Special Publication No. 19.

5. Secondary triangulation.—Triangulation which bas an accu-
racy represented by an average closing error of a triangle of be-
tween two and three seconds. Some of the stations need not be
occupfed. This class of triangulation is usually employed when
carrying the control from precise trlangulation to the locality
where topographie, hydrographie, boundary, and other surveys are
to be made. Such distances are comparatively short, usually less
than 100 miles. In the Philippine Islands the main scheme of fri-
angulation is secondary in character. The general instructions
for secondary triangulation are given below,

6. Tertiary triangulation.—Triangulation of an accuracy repre-
sented by an average closing error between three and flve seconds.
The coast trinngulation of the Survey is of this character and is
used for the immediate control of topographic and bydrographic
surveys. At intervals along the coast the tertiary scheme is
controlled by secondary and even precise triangulation. Al
triangulation done by United States Coast and Geodetic Survey
parties or vessels along the harbhors und rivers of the United States,
Alaska, Philippine Islands, or other coasts under the jurisdiction
of the United States will be tertiary in character unless special
instructions designate another class.

7. 1f it is found Impracticable on account of the physical condi-
tions or lack of time to obtain the accuracy in the triunguiation
cualled for by these general instructions or by special instructions,
the chief of party will make a special report to the office ealling
attention to the discrepancies and the conditions causing them. In
the Philippines such report will be made to the Director of Coast
Surveys. :

8. ‘The instructions which apply only to secondary triangulation
are given in paragraphs 10 to 21, Complete instructions are glven
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for tertiary triangulation, Some of these apply also to secondary
triangulation, and a reference to them is given In paragraph 22,

9. The instructions for observation of vertical angles are given
in paragraphs 112 to 138 and are to be followed in both secondary
and tertiary triangulation.

SECONDARY TRIANGULATION.

10. Character of figures——"The chuin of trinugulation between
base nets shall be made up of figures of from four to seven points
each, in which certain stations may be left unoccupied, as indi-
cated in paragraph 25. It may be allowed to degenerate to single
triangles in cxceptional cases where otherwise the cost and time
would be excessive, There must be no overlapping of figures, ex-
cept that in a four-sided central-point figure one of the diagonals of
the figure may be observed, and no excess of observed lines beyond
those necessary to secure a double determination of every length.
If it is necessary to occupy other stations than those in the main
scheme, in ovder to fix certain positions which are required by
instructions to be fixed, connect these additional occupied stations
(which will be called supplementary stations) with the main
scheme by the simplest figures possible in which there is a check
and preferably by single triangles with all angles measured.

11. 8trength of figures.—This is the same as for tertiary trian-
gulation. (See pars. 25 to 42.)

12, Length of lines.—The lower limit of length of line is fixed by
two considerations. On very short lines it is difficult to get obser-
vations of the degree of accuracy necessary to cloge the triangles
within the required limit. Very short lines are apt to he accompa-
nied, though not necessarlly so, by poor geometric conditions as ex-
pressed Dy large values of R. (Scepar.25.) Past experience in
precise triangulation indicates that observations over a line ¢
kilometers long are of practically the gsame accuracy as over the
longest lines, and that there is no advantage, in so far as accuracy
in the measurement of the angles is concerned, in making the
line much longer than this. The lower limit for secondary trian-
gulation is probably cousiderably below this, Therefore endeavor,
in laying out the main scheme, to use the economic length of line;
that is, endeavor to use in each region lines of such lengths as to
muke the total cost of reconunoissnnce, building, triangulation, and
base measurement a minimumn per mile of progress, subject to the
Hmitations stated in these instructions, If the economlic length
of the line is very great, then supplementary or intersection stu-
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tions must be introduced to meet the needs bf those who way wish
to start other triangulation from the scheme.

13. Frequency of bases.—The requirements are identical with
those for tertiary triaungulation (see par. 44) except that the =R,
must be reckoned between measured bases or one measured base
and a line of precise triangulation. Also the discrepancy between
hases must not exceed 1 part in 10000 instead of 1 part in 5000,
which is the requirement for tertiary triangulation.

14. Base sites and base nets.—1'ollow the direction given under
tertiary triangulation, paragraph 45,

15. Base measurements.—In the base measurements such ap-
paratus and methods should be used as to insure that the constant
error does not exceed 1 part in 75000 and that the accidental er-
rors are not greater than that represented by a probable error
of 1 part in 200000 in the length of the base. No difliculty will be
encountered in keeping both classes of errors far within these
limits, even when the base is over very rough ground, if it is
wmeasured twice with invar base tapes properly standardized. The
required accuracy may be obtained by making the measurements
with steel base tapes If the work is done at night or on cloudy
days and provided the tapes have been well standardized. Al
of the base tupes of this Survey are standardized at the Bureau
of Standards.

18. The method of measurements, form of record, and of compu-
tutions are given in paragraphs 47 to 55. Base measurements with
tapes are described in some detail in the following publications
of this Survey: Appendixes 8, Report of 1893, 3 of 1901. 4 of 1907,
4 of 1910, and Special Publication No. 19.

 17. Horizontal angle measurement—Standard of acouracy.—In
selecting the instrument to be used, the methods of observation,
the signals to be used, and the conditions under which to observe,
proceed upon the assumption that what is desired is the maximum
speed and minimum cost consistent with the requirement that the
closing error of a single triangle in the main scheme shall geldom
exceed 6 seconds and that the average closing error shall be be-
tween 2 and 3 seconds. The observations connecting supplemen-
tary stations with the main scheme should be of this same degree
of accuracy. This standard of accuracy used in copnection with
other portions of these instructions defining the necessary strength
of figures, frequency of bases, and accuracy of base¢ measure-
menty, will, in general, insure that the probable error of any base
line (or line of precise triangulation used as a base) as compunted
from an adjucent base (or line of precise triangulation used as
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a base) is about 1 part in 35000 und that the actual discrepancy
between such bases is always less than 1 part in 10 600,

18. Selection of imstruments.—Either a direction or a repeating
instrument may be used in triangulation of this class. In select-
itig the size of instrument to be used two opposing factors must
be taken into account. If small, light instruments are used and
if sun and wind shields are not used, then the weight of the outit
which it is necessary to take to a stution will be light, and the
cost in time and money to transport the observing party and its
outfit will not be large. On the other hand, the larger and better
the instrument, up to the Iimit of the best theodolite avallable, the
waore fully it is protected from the sun and wind and the more
stable the support provided for it the smaller will be the number
of observations necessary to secure the required degree of
accuracy and the shorter will be the observing period at the
station,

19. Observations in the main socheme with the direction instru-
ment.—An 8-inch direction instrument (No. 140, for example),
used on its own tripod and protected from sun and wind simply
by an umbrella, will give the required accuracy with from 5 to 10
measures, a direct and reverse reading being considered 1 meas-
urement, This iy the type of instrument recommended for sec-
ondary triangulation. Five positions of the circle should be used,
corresponding approximately to the following readings ou the
initial signal: No. 1, 0° 1’; No. 2, 72° 8'; No. 8, 144° §'; No. 4,
218° 7' No. 5, 288° 9,

The minimum numnber of measurements shall be 5, 1 in each
position, and the maximum vumber 10, 2 in each position, un-
less it shall be found ihat under particulur conditions encountered
a larger pumber is necessary o sccure the required degree of
accuracy. The backward (additive) reading of the micromaoter
only should be talken in eaclh position of each microscope. At
least once a month n few special readings both backward and
forward should be taken on various graduations of the circle
to determine the run of each micrometer and placed In the record
a8 a test for run. If the average value of the run for either
micrometer Is found to be greater than two divislons (= 4
scconds), the m‘lcrometer ghould be adjusted for run. Under
these conditions and with the specified positions of the circle the
run will be eliminated from the results with sufliclent accuracy
by the process of taking means. For any other dirvection Instru-
ment the system of positions to be used must he sclected with
reference to the number of measurements found to be neccessary.
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With any direction instrument when a broken series iy observed
the missing signals are to be observed later in connectlon with
the chosen initiai, or with some otlier one, and only one, of the
slgnals already observed in that series. With this system of
observing no local adjustiment is necessary. Little time should
be spent in waiting for the doubtful signal to show. If it is
not showing within, say, 1 minute when wanted, pass to the
next. A saving of time results from observing many or all of the
signals in each series, provided there are no long waits for signals
to show, but not otherwise. When the elevations of the stations
differ greatly, it is pecessary to keep the horizontal axis of the
instrument level in order to avoid large and troublesome errors.
The magnitude of these errors for various conditions is shown
in the following table. Of course, releveling should only be done
between positions. (For form of record, see par, 62.)

Oorrections to directions for inclination of the horizontal awis of
the direction ingtrument or theodolite,

Inclina- YVertical | Correctlon
tion of tho | anglo of Lo hori-
lorizontal | the line of | zontal

axis. eollimation.| direction.

M) ) (iton k)
" ’ 1"
10 20 0. 06
20 20 0.12
30 20 0.17
10 40 0.12
20 40 0.23
30 40 0.35
140 60 0.17
20 G0 0,35
30 6o 0. 52

"

20. Observations in the main scheme with a repeating instru-
ment.—A 10-inch Gambey repeating theodolite, used on its own
tripod and protected from sun and wind stinply by an umbrelly,
will give the required accuracy wilhh from one {o two sets of
observations. This ix the type of repeating theodolite recom-
mended for secondary triangulation. A set of observations should
consist of six repetitions of the angle with the telescope in the
direct position and six repetitions of the explement of the nngle
with the telescope in the reversed position, The method used
in making a set of observations is as follows: Set the circle
approximately at zero and record the Initial reading. DPoint on
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the left-hand object by means of the lower motion and then
unclamp the upper -moiion and point on the right-hand object.
Record the approximate reading of the circle. This completes
ithe first repetition of the angle, Next loosen the lower motion
and point agaln on the left-hand object, then uaclamp the upper
motion and point again on ihe right-hand object, and so on. A
careful reading of thc circlo must be mude and recorded after
three repetitions of the angle and agaln after six repetitions,
Next reverse the telescope about the horizontal axis and by
means of the lower motion repoint on the right-hand object.
Then loosen the upper motion and point on the left-hand object.
This constitutes one repetition of the explement of the angle.
After six repetitions of the explement the iustrument should
be back very nearly to the initirl setting. The circle should
then be carefully read and recorded as before. (See sample
record in par. 65.) Slightly change the setting of the circle at
the completion of ench set of observations und make an entirely
independent rending for the initinl of the next set. When two
or more sets of observations are made on the samo angle the
initial setting for each set should differ by an amount approxi-
mately egual to 180° dlvided by the number of sets. Ior example,
if an angle is to be measured with two sets of observations, the
initial settings sbould be about 90° apart; if with three sets,
60° apart, ete. If some of the statlons observed upon are much
higher or lower than the station occupled, it s necessary to keep
the horizontal axis of the instrument. level, .in order to avold
large and troublesome errors. (See table above,) With any
repeating theodolite measure only the single angles hetween adja-
cent lines of the main scheme and the angle necessatry to close tlie
horizon. In the comparatively rare, case in which the failure of
adJacent signnls to show at the same time prevents carrying out
this program, make as near an approach to it as possible and then
take the remaining slgnals in another series together with some,
one, und ouly one, of the signals observed in the first series, and
measure in the new series only the single angles between adjacent
signals and the angle necessary to ctose the horjzon. With this
scheme of observing, no local adjustiment is necessary, except to
distribute each horizon closure uniformly among the angles mens-
ured in that serles. If an attempt is made to use 7-inch repeating
theodolites on {riangulation of this cluss, it may be found nec-
essary to make three sets of observations as defined ahove. (For
a form of record of observations with a repeating theodnlite,
see par. 85.)
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. 21. Observations on intersection stations.—An intersection sta-
tion is one which is not occupied and whose position is determined
by observations upon it from stations of the main scheme, or
from supplementary stations. If a direction theodolite is used,
one such measurement as is outlined in paragraph 19 must be
made on euch line to each intersection station. A second such
measurement should be made if this can be done without ma-
terially delaying the progress of the work. ISach series of obser-
vations on intersection stations with a directlon instrument is to
contain some one, and only one, line of the main scheme (or a
. line used In fixing the position of a supplementary stution), If
a repeating theodolite is used, the direction to each intersection
station Is to be fixed by measuring the angle between it and a line
of the main scheme (or a line used in fixing the position of a
supplementary station) by one set of observations cobsisting of
three repetitions upon the angle with the telescope in the direct
position and three repetitions upon its explement with the telescope
in the reverse position. No measures introducing station conditions
are to be made on Intersection stations. It is immportant with.
either form of theodolite to have lines to each intersection station
from at least three occupied stations In order to secure a check,
but a possible intersection station should not be neglected simply
becnuse only two lines to it can be secured.
22. Paragraphs 56 to 58 und G9 to 111 also apply to secondary
triangulation, and all persons cngaged on that work will comply
with the dircctions given.

TERTIARY TRIANGULATION.

28. Character of figures.—Tho muain scheme of the triangulation shall
be made up of figures of from four to seven points cach, in which
certain stations may be leit unoccupied as indicated under paragraph
25, ““Strength of figures.” It muy be allowed in exceptional cases to
degeneruto to single triangles with all angles observed whero other-
wise the cost and time would be excessive. On the other hand, there
must be no overlapping of figures, except that in a four-sided, cen-
tral-point figure ‘one of the diagonals of the figure may be observed,
“aud no excess of observed lines beyond those necessary to secure
a double determination of every length. Observations over lines
which will make the main scheme any more complicated than that
defined above would practically be wasted. The main scheme should
be extended to within sight of all portions of the area to be controlled
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by tho triangulation. 1f it is necessary to occupy other stations than
those in the main scheme in order to reach by intersection certain
stations which must be fixed to control hydrographic or topographic
operations, connect these additionsl occupied stations (which will be
called supplementary stations) with the main scheme by the simplest
figures possible in which there is a check. Single triangles with all
the angles mesasured will, in general, be'sufficient for the purpose. It
frequently happens that tertiary triangulation stops at a place from
which it is probable that it will be extended at some future date—as,
for cxample, at the head of a bay or part way up a river. In such a
case it i desirable to stop on a line rather thau & point, and the last
figure: should be quadrilateral with one point left unoccupied rather
than a single triangle.

24. Inthe coast triangulation in the Philippine Islands the stations
are usually located near the coast wnd on off-lying islands of on the
first foothills back from the coast.

25. Strength of figures.—In the inain scheme of trinngulation the
value of the quantity R= (D—5~ 2 (8%, +3,8p+8%] for any. one
figure must not in the selectad best chain of triangles (call it R,) exceed
50, nor in tho second best (call it R;) exceed 150 in unita in tho sixth
place of logarithms. These are extreme limits never to be exceeded.
excopt when it is extremely difficult under oxisting conditions to keep
within theny. Keep the quantitiea R; and R, down to the limits 25
and 80 jor the best and second best chains, respactively, whenever the
estimated total cost. does not exceed that for the chain barely within
the extreme limits hy more than 25 per cent. The values of R may be
readily obtained by use of the ““ Table for determining relative strength
of figures.” (See paragraphs 28 and 27 for this tablo and explanation
of formula for R.) One station in cach figure may be left unoccupied
whenever to do so does not increase the values of R beyond the specified
lirits. In a figure in which all stations are occupied, if any inter-
ruption (as, for example, the failure of a signal 1o show) makes it proh-
able that such & procedure would save considersble time, certain lines
not exceeding three may be observed over in one direction only. Tu
such a case R, and R, shall be computed as if one outside station of the
figure had been left unoccupied, and the value so computed must not
exceed the specified limits. For no triangle used in connecting a
supplementary station with the main scheme should the value of R he
greater than 50.
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28, Table for determining relative strength of figures in tri-
angulation.— :

%]

] I
! 10°ll2°lld° 16°]18°R0°; 22°124° 26°128 °135°]40° 15"‘" °‘55°|60°!05°I70° 75“%0" 85°(90°
|
!
!

359! H
205/263) |
253(214[187)
$284/225187(162:143) | i
204/168143 12113, | ;

180:153 130||11‘ 100] 91 f
17711421119'103) 91| 81| 74
167|154{1111 9
160,120/104
153[120| 90| 8] 72 63{ 57 51{ 47] 43

148{115| 94
1371108 85| 711 60} 52| 46| 41| 37} 33| 27} 23
120] 99| 79] 65 54] 47| 41| 36| 32 20] 23| 19

—
&

124] 03] 74| 60§ s0| 43| 37| 32| 2o 25 20| 16| 13| 11
119] 89( 70| &7 47} 39| 34 20 2] 23] 18] 14| 11| o
115| 86! 87} 54 44| 37| 32| 27| 24} 21 16| 12| 10 76
112] 83] 64 51] 42| 35{ 30| 25| 224 19| 14| 11| "9 5 4f 4
109 80| 62| 49] 40| 33| 28 24} 21] 18] 13 10} 7 5 4 3 2
108| 78; 60 32| 27] 23 1 17| 12| 0| 7 4 3| 2| 2| 1
104{ 70| 58| 46} 37| 30l 25! 21| vd 16 11] 81 i 4} 3 2 21 1} 1} 1
102| 74| 57| 48 36| 29 24] 20| 171 16/ 10] 7| & 4] 3| 2| 1] 1 14 o o
100] 73] 55| 43] 34} 25) 23! 19 1] 14] 20! 7| 8| 2l 20 1{ 1| of of ©
08| 71{ 54] 42 33| 27| 22| 10| 16} 13| 9| 6 4 3} 2 1 1| 1] o o o 0
908l 70| 53] 41) 32| 26 22| 18! 15] 13| 9| 8] 4 3 1 1| o of o o
95| 68| 61| 40| 31 25} 21] 17] 14) 12| 8! 6| 4 3 2 1| 1| of o o
53| 67} 50| 39 30 25] 20} 17| 14} 12| 8 & 4] 2 2| 1} 1 o o
01| ¢5| 49| 388 30) 24 19, 16{ 13y 1] 7! & 3 2] 2] 1 1 2
80| 64| 48| 37 20 23'19 15| 13 11| 7| 8 8 2 2| 1} 1
88| 62| 46| 36§ 28| 22 18| 15 12} 10| 7| & 3 2 2| 1
86) 61) 45( 364 27| 22| 18] 14] 124 10| 7] & 4| 3] 2
84| 50| 44| 34} 26} 21] 17) 14} 12} 10) 7| & 4| 3
82 58| 48! 33 26/ 21| 17| 14) 124 10! 7} & 4
80| 8! 42| 32} 25/ 20' 17, 14, 12] 10| 8 6
77; 85| 41| 82} 25| 21| 17| 15 13} 11| 9
750 64] 40| 32] 26: 21 18! 16| 15] 13
75| 63' 40| 328 20! 22 19| 171 1
74| 53| 41| 33] 271 23 21, 1
74| 54| 42| 34 28! 25| 22
74! b4 43| 38 30| 27
74| 56| 45| 38] 33
78] 59] 48| 4
79| 63| 64
g6l 71
98 ! |
| ; |

27. In the table above the values tabulated are 8§,%-+8,85+852.
The unit is one in the sixth place of logarithms, The two argu-
ments of the table are the distance angles in degrees, the smaller
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distance angle being ziven at the top ol the table. The distunce
angles are the angles in each triangle opposite the known side aod
the side required, &, and &gz are the logarithmic sine differences
corresponding to one second for the distance angles 4 and B of a
triangle.

#8. The square of the probable error of the logarithm of a gide

of o triangle is 5 () 25C 3 [ 4sypto%] in which d is the

probable error of an observed direction, D) is the number of direc-
tions observed in a flgure, and ¢ is the number of conditions to
be satisfled in the figure. (See Wright and Hayford's Adjust-
ments of Observations, 2d ed., pp. 168 and 169.) The summation
indicated by = is to he taken for the triangles used in computing
the value of the side in question from the side supposed to be
iibsolutely known,

29, In the above formula the two terms -])J_)_—Oand 2 {62, +620048%]

depend entirely upon the figures chosen and are independent of
the aceuracy with which the angles are measured. The product
of these two terms is therefore a measure of the strength of the
figure with respect to length, in so far asg the strength depends
upon the gelections of stations and of lines to be observed over.
The strength table is therefore to be used, in connection with the

values of 2‘;“9' given hereafter, to decide during the progress of

the reconnolssance which of the two or more possibie figures is
the strongest, and to determine whether a sufficientiy strong
scheme has heen obtained to make it inadvisable to spend more
time in reconnoissance.

30. To compare two alternative figures, either quadrilaterals or
central point figures for example, with each other in so far as the -
strength with which the length is carrled is concerned, proceed as
follows:

(¢) For ench tigure take out the distance angles, to the nearest
degree if possible, for the best and second best chuins of triangles
throngh the figure. These chaing are to be selected at first by
estimation, and the estimate is to be checked later by the results
of comparison.

() Ior each triangle in cach chain enter the table with the
distunce angles as the two arguments and take out the tabular
value.

(¢) For ecach chain, the best and second best, through each
figure, take the simm of the tabular values.
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£) Auttiply cach sum by the factor --+ for that figure. e
() Multiply cacl by the factor 235 for that Th

quantity so ohtained, namely, D%C- 2 (67, +8,85+6%], will for con-
venience, he called R; and R: for the best and second best chalns,
respeetively.

(¢). The strength of the figure is dependent mainly upon the
strength of the best chain thhrough it, bence the smaller R, the
greater the strength of the figure. The second best chain con-
tributes somewhat to the tota) strength, and the other weaker
and progressively less independeunt chains contribute still smaller
amounts, In deciding between figures they should be classed
according to their best chains, uunless said best chalns are very
nearly of equal strength and their second best chains differ greatly.

— v
81. Some values of the quantity D- 7 ).(’..-- -
The starting line is supposed to he completely fixed.
. . -1
Yor a single triangle, 4—4~— =0.75.

For a completed quadrilateral, lOL_Oj =0.60.

For a guadrilateral with one station on the fixed line unoccunpied,

)
=05,

lun a quadrilateral with one station not on the fixed line unoceu-
-2
pxed, -—7—'=O7]

For a three-sided, central point figure, ](;—(—)— =0.60.

For a three-sided, central point figure with one station on the fixed

line unoccupied, 88— =0.75.

lfor a three-sided. central point figus: weth one station not on the

7-2
fixed line unoccupied, -———-—'0 71.
14—5
For a four-sided, central point figure, T3 =0.64.
For a four-sided, central point figure with one corner station on the
. . 12-3
fixed line unoccupied, ~ig" =0.7
I°or o four-sided, central point Iiguru with one corner station not on
. . 11—
the fixed line unoceupied, “yy- 3075,
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Fora four-sided, central point figure with the central station not on
the fixed line unoccupied,. ——1-0 4—0 80.
Jor a four-sided, central point figure with the central station not on

. . . 4
the fixed line unoccupied and one diagonal observed, ~219——0 67.

. R, 18~6
For o five-sided, central point figure, 1§—=0.67.
For a five-sided, u.nt.ml puint figure with & station on a fixed outside
line unoccupied, - —--0 75,

16
For a five-sided, cenlral poiut figure with an ontside station not on

the fixed line unovvnpw(l l =().73.

For a five-sided, central point figure with the central station not on

—2
~— ==().85.

the fixed line unoccupied, 19']’5;

. o . 22~7
For a six-sided, central point figure, ‘:2‘2"330x08.
Por a six-sided, central poinL figure with oue outside station on the
20—
tixed line unoceupied, —,—)6~—==0 75.
For a six-gided, centrd point figure with ene outside station not on

1‘)
the fixed line unoccypied, - =() 74.
For a six-gided, central pomt tn,ur(, with the central station not on

the: tixed Hne uuoccupwd ~0 88.

.lb
lmr 8 four-sided, central point figure with one diagonal also observed,
G-
| 6“ =0.56.

Por a four-sided, central point figure with ono dingonal also obsorved
with the central station not on the fixed line unoccuplcd 3 —0 67.

32. Examples of various triangulation figures.—The following
lourteen figures are given to illustrate some of the principles in-
volved in the selection of the strong figures and to illustrate the
use of the Strength Table,

83. In cvery figure the line which is suppesed to be fixed in
length, and the line of which the length {8 required, are repre-
sentod by heavy lines. Either of these two heavy lines may be

13027°—21——-2
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considered to be the fixed line and the other the required line.
Opposite each figure R, and R: as given by the Strength Table,
are shown. The smaller the value of I, the greater the strength
of the figure. R: need not be considered in comparing two figures
unless the two values of R are equal, or nearly so.

34. Compare figs. 1, 2, and 3. Fig. 1 is a square gquadrilateral:
fig. 2 is a rectangular quadrilateral, which is one-half as long in
the direction of progress as it is wide; fig. 3 is a rectangular
quadrilateral twice as long in the direction of progress as it is
wide. The comparison of the values of I, in figs. 1 and 2 shows
that shortening a rectangulur quadrilateral in the direction of
progress increases its strength. A comparison of figs. 1 and 3
shows that extending a rectangular quadrilateral in the direction
of progress weakens it.

35. Fig. 4, ke fig. 2, is short in the direction of progress. Such
short quadrilaterals are in general very strong, even though badly
distorted from the rectangular shape, but they are not economical
as progress with them is slow.

36. IPig. 5 is badly distorted from a rectangular shape, but is
still a moderately strong figure, The best pair of triangles for
carrying the length through this figure are D S Rand R S I’. As
i rule, one diagonal of the quadrilateral is common to the two
triangles forming the best pair, and the other diagonal is common
to the second best pair. In the unusual case illustrated in flg. 5 a
side line of the quadrilateral is common to the second best pair
of triangles.

37. IMig. G is an example of a quadrilateral so much clongated,
and therefore so weak, that it is not allowable in any class of
triangulation.

38. Pig. 7 is the regular three-sided, central-point fizure, It ix
extremely strong.

39. IFig. 8 is the regular four-sided, central-point figure. It is
very much weaker than fig. 1, the corresponding quadrilateral,

40. IMig. 9 is the regular flve-sided, central-point figure. Note
that it is much weaker than any of the quadrilaterals shown in
tigs. 1, 2, or 4.

41. Fig. 10 is a good example of a strong, quick expansion from
a base. The expansion is in the ratio of 1 to 2.

42. Pigs. 11 and 12 are given ag a suggestion of the manner in
which, in secondary and tertiary triangulation, a point (A), dif-
ficult or impossible to occupy, may he used as a concluded point
common to several flgures.



TERTIARY 'TRIANGULATION.

F16, 1.—AIll stations occupied.

Same, any one stlation
not occupied.

63

27

63

1*1g. 2. -All stations occupied.

Same, any one station not occupied.

1M6. 8.-- Ali stations occupied.

Same, one station on
fixed line not occupled

19

Ryeneb
o=
Rym=6}
Rg—06

Ry==1
Re=1
Rie=2
Rgee2

Rya=22
Ro==22
Ry==27
R=27



Iy, d4-ap Klationy GCChp g,

Fig, 5. —~ Al Stationy OCcupieg, Rysera
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12
wre g,—All stations occupled. 1’=1G4 ?upprox.)
R.==176 (approx.)

F16. 7.—-All stations oe- Rye= 2
cupied, Ry==12

One outside fta- Rye= 3
tion, on fixed line, Ryg=10
not occupied,

116, 8. —All stations oceu- Rye=1d
pled. Rg=me13

Same, one corner Ry==16
statlon not occupied. Rg==16

Same, central sta- Rye=17
t’on not occupled. Re==17
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S54i54
I'16. 9.—All stations R,;=10
54 54 occupled. Ry=15
Sawme, any one  Ry==1)
72{72 outside  stution Ro—16
nut occupied.

72 Same, central  Ry==13
station vot  oc- Ne==19
cupied.

54 54

IF1a. 10,— All stations  Rye==
oceupled. Ra=5H

=

D—C. 28-16_p 44
12 28 '

¥16. 11.—~TUnoccupied station  Ry== 36
not on fixed line. Ro==2102
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7,7

{0/10/ I"1¢, 12,—Unoccupled station Ryme 4
at intersection of fixed Re==20
lino and lice to be de-
termined,

15050

Fra, 13— Al stations occupled. By

(A strong and quick Ryom®
expansion figure.)
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S 63
9|
N\
N /
&8/
16, 14 ~—Central station not Ry=18
100 occupled. Rgm=24
Z
-l
s\
4 4 Yo
4
26,
50 79

43, Length of lines.—The lower lmit of length of line is fixed
by two considerations. On very short lines it is difficult to get
observations of the degree of nccuracy necessary to close the
triangles within the required limit. They require extreme caution
in centering and plumbing signals so that all eccentricity due to
these causes may be avoided. . Very short lines are apt ‘to he
accompanied, though not necessarily so, by poor geometric .con-
dittons as expressed by large values of 2. The extreme lower
limit fixed by these two considerations should be avoided. There
is no advantage in so fur ag accuracy is concerned in using very
long lines, Long lines are apt to introduce delays, due to signals
not being visible, With long lines supplementary stations to reach
required points in all portions of the area covered are much
more apt to be needed than with short lines. Therefore endeavor
in laying out the main scheme to use the economice length of line—
that is, endeavor to use in each region lines of such lengths as to
make the total cost of reconnoissance, signal building, tridngula-
tion, and base measurement a minimum for the areu to be covered,
subject to the limitations stated in these instruetions,

44, Frequency of bases.—If the character of the country is such
that a base site can be found near any desired loeation, 2R,
between base lines, or between a base line and 2 line of precise
or secondary triangulation used as a basec, should be made about
180. This will be found to correspond to a chain of from 10 to 35
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triangles, according to the strength of (he figures secured. With
strong figures but few base lines will be needed, and a correspond-
ing 'saving will be made on this part of the work. If topographic
conditions muake it difficult to sccure u base site at the desired
location, 2 may be allowed to approach but not exceed 200.
There will be dunger when this is done that an intervening base
will be necessary, for the reason stated in the next sentence.
If in any case the discrepancy between adjacent bases (either
measured bhases or lines of precise or secondary trlangulation
used as bases) is found to exceed one part in 5000, an intervening
bage must be measured or the intervening triangulation strength-
ened.

45, Base sites and base nets.—A base may be meuasured over
rough ground and steep slopes ‘with steel or invar tapes with the
degree of accuracy specified in the following paragraph. Smooth.
level ground is a convenience, but not a necessity, for base mens-
urement of this grade of accuracy., There shouid be no hesitaucy
in placing the base on rough ground if by so doing the geometric
conditions in the base net are improved—that is, values of Rk
made smaller. The length of a base is to be determined primarily
hy the desirability of securing small values of 2 'in the base net.
The longer the base the easier it will be found to secure small
values of R, and the smaller the values of R the longer the chain
of triangles through which the lengths may be carried before an-
other base beccoines necessary. The base net shall consist of a
figure or figures of the same charucter nnd subject to the suine
conditions as to strength as the main scheme previously deseribed.
If the net is made up of two or more figures they may overlap in
space, but there should be no overlapping of figures in the sense
of the existence of observed llnes which tie together the separate
tigures. Broken bases arc permissible when found advantageous.

46. Base measurements.—In base measurements select apparatus
and methods which-ingure that the constant crror does not exceed
one part in 30000, and that the accidental errors nre not greater
than that represented by a probable errvor of one part in 100 000,
in the length of the base. No difficulty will be .encountered in
keeping both classes of errorg within these lmits, even if the
measyrement is over very rough ground and steep slopes, pro-
vided that the verticul measurements on steep slopes are made
with suflicient accuraey, that two measurements are made of each
section of the base with 60-meter steel or invar tapes, and that
the.tapes have heen properly standardized. The tape should be
used on the fleld under the same conditions as to tension and
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number of supports -that obtained during the standardization.
After the measurement of a base or a series of bases the tape
shonld, if practicable, be returned to the office for restandardiza-
tion,

47. Meusurements made with stecl tapes in daylight, particu-
larly in sunlight, are subject to constant errors in the determina-
tion of the temperature by mercurial thermometers. These errors
muy exceed 3° C. and produce a constant error in length as great
us one part in 30000: therefore preference should be glven to
overcast days when practicable, or to measures at night.

48, Bases will in general be measured by steel or invar tapes
suspended from stakes. The tape lengths may be marked on the
tops of the stakes by marks on copper strips or zine plates; a
30-meter tape should be supported at 25-meter or 12.5-meter inter-
valy, the support (conveniently a nail in the side of a stake) being
in line vertically and horizontally between the end supports. The
smaller interval should be used whenever the wind is troublesome.
The base tapes are usually standardized while being supported at
euch of these intervals. When the topography is such as to re-
quire high end supports, the intermediate support may be placed
ahove (never below) the grade of the end supports and each half
of the tape corrected for grade. Two thermometers should be
used, fastened to the tupe toward eithier end. The tape should he
carried clear of the ground. Two measurements of a hase should
usually suffice. Set backs and set forwards may be made with a
quarter-meter scale and dividers, and where the lengths run off
the stakes, with a poeket tape having proper subdivisions. A ten-
sion of 15 kilograms should he applied with a spring halance
attached to the forward end of the tape. 1t is preferable to unse
a coniplete tape-stretching outfit, as described and shown In {llus-
trations in Appendix 4, Report for 1910, but n simple staff may he
used at each end of the tape. Strips of signal muslin are satis-
factory In fastening the tape to the staffs. The use of hard twine
or rope for that purpose tends to twist the tape.

49, The spring balance used in the hase measurement should be
verified before and after the measurement by comparison with a
spare or standard spring balance, or with a standard testing
weight furnished for that purpose,

50. The base measurements may be recorded in “ Horizontal
angle " record hooks by changing the headings or in the “ Traverse
measurements * record book (Form 590). A duplicate of the
base measurement record should be made on computing paper.
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and attached to the List of Directions. Each record of base meas-
urement should be preceded by a description of the measurement
showing what tapes were used, their lengths, coefficlents of ex-
Danslon, method of support, number of supports, the tension ap-
plled, how the thermometers were used, and all informution neces-
sary to a clear understanding of the measurement,

51, Form for record of base measurement.—

i - I
! ) Thermometers, |
From = Tosteke | i Bot Sot
stake No. No. | backs. forwards.
2183, 21N,
1
°C R Y Meters., Meters.
NE. base 176 5.0 4.9
176 175 4.7 5.0
176 174 1.9 5.3 I 0.0121
REMARKS,

Time of beginning: 9h. 5m. p. m.

Began at NE. base station mark.

Backward measure.

Fifteen kilograms tension applied with spring balance No. 170, ¢
Tape No. 403 on three supporls.

Balance tested and found correct.

Wind, moderate, NW.,, at right angles to base.

Under the column of remarks give also the names of the persons
recording and making the forward and rear contacts.

52. Example of computation of length of base.—Standardization
formula for tape No. 403, supported at ends and in middle, with a
tension of 15 kilograms:

0 to 50 m. =50 m.+8.32 mm.-+0.568 mun. (—14°.56 C.)
-£.039 mm, #-.093 mm.
Twenty tape lengths; mean corrected temperture 15°.58 (.

Motors.
20 (50 m.+8.32 mun.)=20 (50.00832)=.._................. 1000. 1664
Temperature correction: 20 (15.58 —14.56) (0. )()‘3 mm,)=..+ . 0116
Set forwards, Bum. ... -+ . 0133
Set backs, sum............. e . 0060
Inclmauou corrections (seo Lab]o par. 5") BUM..ornann... — . 2283

Lengthofbase.... ... i 999. 9570

@ To ho antomd an rlght-hnml page.
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§3. In case the standard length is given for a tape supported through-
out its length, the catenary correction (' is to be applied to each span

of tape, as follows:
: L /N4,
(AP - I“l
24( t)

Where W=weight in grams per meter of tape (21.6 grams for steel
tape in use, 25 to 27 grams for invar tapes).
t=horizontal tension in grams=15000 grams in general.
I=length of span in meters.

54. The following publications of this Survey deal with tape mcas-
urements: Appendix 7, Report for 1893; Appendix 3, Report for 1901;
Appendix 4, Report for 1907; Appendix 4, Report for 1910; Special
Publications Nos. 19 and 58.

55. Inclination correction tables for 25-meter tape lengths.—Correc-
tion for inclination= — (I —+/Z—}7) where ! is inclined distance and
k 1s difference of height. For !=25 meters and % in feet, the correc-
tion for inclination==—. 00186 %*—. 000000069 A*— . . . . . The scc-
ond term may bo neglected for differences of height of 5 feet or less.

For 50-meter spans take one-half the correction given in the table.
For instance, for a span of 50 meters and a differenco in elovation og
the two ends of the span of 2 feet (0.6096 meter), the correction is
0.0037 meter.
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Difference in Correc- Differenco io Correc- , Differonce in Corroc-
olovation. tion. clovation. tion. |, elovation. tion.
1
Foot, | Meler. | Meter. Foot. Meter, | Meter. Feet. Meter, | Meter.

0.00| O. —0.0000 0.50 { 0.1524 | ~-0.0005 1.00 | 0.3048 | —0.0019
.01 .0030 0 .61 . 1554 6 .01 .3078 19
.02 .0061 0 .52 1585 5 02 .3109 19
-03 0001 0 .53 1815 I} .03 .3139 20
.04 0122 0 .54 . 1646 b .01 L3170 20
.05 L0152 0 .55 .1878 [} 05 3200 20
-08 .0183 0 .58 1707 (] 08 .3231 21
.07 .0213 0 .57 1737 8 07 3261 21
-08 L0244 0 .58 1768 [\] 08 .3202 22
.09 L0274 0 .59 1798 [i] 09 .3322 22

0.10 | 0.0305 0 0.60 | 0.1829 7 1.10 { 0.3353 22
A1 .0335 0 .61 . 1859 7 11 -3383 23
.12 - (1366 0 .62 1800 7 12 8414 23
.13 . 0306 0 .63 L1820 K 13 .3444 24
.14 .0427 4] .64 .1951 8 14 3475 24
.15 . 0457 1] .65 . 1981 8 15 .3505 25
.18 .0488 0 .68 .2012 8 10 . 3530 25
17 .0518 1 .67 L2042 8 17 - 3566 25
.18 0549 1 .68 .2073 9 18 . 3697 20
19 0579 1 .68 -2103 9 19 L3627 26

0.20 1 0.0610 1 0.70 ¢ 0.2134 ] 1.20 | 0.3858 7
.21 0640 1 N L2164 9 .21 3688 27
.22 .0871 1 .72 .2195 10 .22 .3719 28
.3 .0701 1 .73 . 2225 10 23 3749 28
.2 a2 1 T4 .2256 10 24 .3780 2
.28 0762 1 .75 . 2280 10 25 3810 20
.26 .0792 1 .76 .2316 11 26 .3810 patl
.27 .0823 1 .77 L2397 11 27 <3871 30
.28 . 0853 1 .78 L2377 11 28 . 3u01 31
.29 .0884 2 .79 L2408 12 29 3032 31

0.30 | 0.0014 2 0.80 | 0.2438 12 1.30 | 0.3062 31
3 0045 2 .81 . 2469 12 31 3093 32
.32 .0075 2 82 . 2400 12 32 L4023 32
.33 .1008 2 .83 .2530 13 33 <4054 33
.34 . 1036 2 .84 . 2560 13 34 . 4084 33
.35 . 1087 2 -85 2501 13 35 L4115 3
.36 L1097 2 B8 2021 14 36 4145 31
.37 L1128 3 .87 L2052 14 37 4176 35
.38 1158 3 .88 .2082 14 38 - 4200 35
.39 1188 3 .89 2713 15 39 42337 36

0.40 | 0.1219 3 0.90 ] 0.2743 15 1.40 [ 0.4287 36
.41 .1250 3 .01 W27 15 41 L4208 37
.42 .1280 3 .82 3804 16 12 4328 37
43 <1311 3 .93 L2835 18 3 4359 33
.44 1341 4 .94 L2 16 44 .4389 38
.45 1372 4 .95 . 2806 17 .45 . 442 30
.48 .1402 4 .00 . 2026 17 ] 445 40
47 1433 4 .07 . 3057 18 47 .4481 40
48 . 1463 4 .08 . 3087 18 48 4611 41
.48 . 1494 4 .59 .3018 18 10 . 4542 41
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I l Difference in

Differenco in Correc- Differencoin i Correc- Correc-
elovation. tion. clevation. tion. |.| clovation. tion.
' H
Feet, | Meter, | Meter. Feet, | Meter, | Meter, Feet. | Meter. | Meter.

1.60 3 0.4572 | —0.0042 2,00 | 0.6096 | —0.0074 2.560 . 7620 | —0.0116
.61 . 4602 43 .01 6120 75 .51 L7650 117
.52 .4633 43 .02 6157 76 .52 L7681 118
.53 .4663 44 .03 L0187 70 .53 L7711 119
.54 .4094 44 04 .6218 77 .54 7742 120
.56 L4724 45 05| L6248 78 651 .12 121
.50 4765 46 .06 L6279 79 .56 .7803 122
.67 .4785 46 .07 .6309 80 .57 27833 123
.58 .4816 47 .08 .G340 80 .58 + 78064 124
.59 .4846 47 .09 . 6370 81 .69 <7804 125
1.60 | 0.4877 48 2.10 | 0.0401 82 2.60 - 0.7926 126
.61 A7 48 .11 6431 83 .01 L7965 127
.62 .4038 49 J12 . 6462 84 .62 . 7986 128
.63 4968 50 .13 . 6402 81 .63 . 8010 129
.64 4999 50 14 6523 86 .64 . 8047 130
.66 . 5029 51 15 .6553 86 .65 8077 131
.66 . 5060 52 .18 . 0584 87 .66 .8108 131
.67 5000 52 a7 .6014 88 .67 8138 132
.68 L5121 563 .18 L8645 §8 .68 8169 133
.69 .5161 53 .19 . 6676 80 .69 8199 134
1.70 | 0.5182 54 2.20 ; 0.6700 80 2.70 | 0.8230 135
.1 .6212 55 .21 0735 91 .71 . 8260 136
72 L5243 55 .22 L6767 92 72 . 8201 137
It .5273 56 .23 . 6707 92 .73 . 8321 138
7 5304 56 .24 . 6828 93 .74 . 83562 139
.75 .56334 57 .25 L0858 94 .75 8382 141
.76 L5364 58 2 . G888 05 .76 . 8412 142
.77 . 5395 58 .27 -0919 96 .77 .8443 143
.78 <6425 59 .28 .G49 96 .78 - 8473 144
.79 . 5456 59 .29 - 6980 7 .79 . 8504 145
1.80 | 0.5486 G0 2.30 | 0.7010 98 |. 2.80 | 0.8534 146
.81 L6617 61 .31 L7041 89 |I .81 . 147
.82 .5547 Gl .32 L7071 100 .82 8696 148
.83 .5578 G2 .33 L7102 101 .83 . 8626 149
.84 . 5608 63 .34 7132 102 .84 .8656 160
.85 . 5639 04 .35 L7163 103 .85 . 161
.86 6669 64 .36 7103 103 .86 8717 162
.87 5700 65 .37 L7224 104 .87 .8748 153
.88 5730 G0 .38 . 7254 105 .83 8778 164
.89 . 5761 60 .39 . 7285 106 120 155
1.90 | 0.6701 67 2,40 | 0.7316 107 2.90 | 0.8839 156
.91 5822 68 .41 L7346 108 .41 . 8870 167
.92 5862 68 .42 <7376 109 .92 . 8000 1568
.93 5883 G4 .43 7407 110 .93 . 8931 169
.04 5913 70 .# 7437 1 .94 8061 160
.96 . 5944 71 .40 7408 112 .95 . 8092 162
.96 . 5974 71 .46 7498 112 .96 . 9022 163
.97 . 6006 72 .47 7520 113 .97 <9063 164
.98 6036 73 .48 7559 114 .98 . 9083 165
.99 . 6066 73 .49 7590 116 .99 .9114 166
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Differonce in Correc- |  Differonce in Corroe- | Difference in Corvee-
elevation. tion. clevation. tion. clevation. tion.
Feet. | Meters. | Meter. Fect. | Meters, | Meler. Feet. | Meters. | Meter.
3.00 ] 0.9144 [ —0.0167 3.50 | 1.0668 | —0.0228 4.00 | 1.2192 1 —0, 0287
.01 L0174 108 .61 . 0899 229 .0t L2223 209
.02 . 8205 160 .52 L0729 231 .02 . 2253 300
.03 . 9235 171 .53 L0759 232 .03 .2283 302
04 9286 172 54 L0790 233 .04 (2314 303
05 . 9208 173 .85 . 0820 235 .05 <2344 305
00 . 9327 174 .50 0851 230 .08 L2376 300
07 . 9357 176 .57 0881 237 .07 . 2406 308
08 . 9388 177 .58 L0912 238 .08 .2436 309
09 L5418 178 .59 0942 240 .08 2460 311
3.10 | 0.9449 179 3.60 | 1.0073 241 4,10 1.2497 312
11 . 9479 180 .61 1003 242 1 L2527 314
12 0510 181 .62 L1034 244 .12 . 2668 315
13 . 9540 182 .63 1 246 .13 . 2588 317
14 . 8571 183 .04 1095 246 14 2619 318
16 . 9601 185 65 .1125 248 15 . 2649 320
16 9632 186 08 . 1166 249 18 . 2080 322
17 . 9662 187 .67 1188 250 17 2710 323
18 9693 188 .68 1217 251 18 . 2741
19 . 9723 189 .69 1247 253 19 2171 320
3.20| 0.9754 190 3.70 | 1,1278 254 1.20 | 1,2802 328
21 0784 191 .U . 1308 255 21 . 2832
22 0815 192 .72 .1339 257 22 . 2803 331
X . 9845 194 .3 . 1389 258 .23 2893 333
.24 . 9876 195 .74 . 1400 200 L4 2024 334
.26 . 9008 108 .75 . 1430 261 .25 . 2954 336
.26 . 9930 197 (i} . 1461 262 .20 . 2085 338
.27 L0967 198 1 . 1491 204 .27 . 3018 330
28 9997 200 .78 1521 205 28 . 3046 341
20| 1.0028 201 70 . 1652 287 29 . 3076 342
3.30 | 1.0058 202 3.80 | 1.1582 | 208 4.30 | 1, 3108 34
31 . 203 .8t . 1613 270 31 346
32 0119 206 .82 .16843 271 .32 3187 347
33 . 0150 200 .83 . 1874 273 .33 ., 3108 340
34 . 0180 207 .84 . 1704 274 34 350
35 L0211 209 .85 1735 270 .35 . 3269 352
36 L0241 210 .88 . 1765 277 .36 3280 354
37 .0272 211 .87 L1798 279 .37 . 3320 350
38 . 0302 212 .88 1826 230 .38 3350 a57
39 . 0333 214 .89 . 1857 282 .39 3381 358
3.40 | 1.0303 216 3.90 | 1.1887 283 4,40 | 1.3411 360
41 0394 218 .91 1918 284 .41 L3442 362
42 0424 218 .02 . 1948 286 .42 3472 363
43 . 0455 219 .93 L1979 287 .43 « 3504 305
44 0485 220 R . 289 44 . 387
45 . 0616 222 .95 200 .45 + 3664 369
46 . 0546 223 .06 . 2070 201 .40 . 3694 370
47 0677 224 .97 L2101 203 .47 . 3625 372
48 . 0607 225 .08 . 2131 204 .48 . 3665 374
49 . 0638 227 .99 2162 206 .49 3686 375
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1
Difference in ( Correc- Differonco in ( Correc- |[ Difforencoin Correc-
olevation. tion. olevation. f tion. [ el¢vation. tion.
!
Feet. | Metera. | Meter. Feet Meters. | AMeter I Keet. | Aleters.| Mcter.

4.0 1.3710 | —0,0377 500 f 1.5240 | —0.0485 5,00 | 1,8764 | —0.0563
.51 . 8747 379 0L 5271 4673 . .51 <8785 565
.52 L3177 380 .02 L5301 469 .62 . 6825 567
.53 . 3807 382 .03 . 5331 471 .83 .8855 | 569
.54 , 3838 384 04 . 5362 473 .64 .6888 |- 51
.65 . 3868 386 05 . 5392 475 .55 . 6918 1. 573
. 56 , 3889 | 387 .00 . 5423 476 .56 -6947 | 576
.67 .3029 |- 388 07 5453 478 .57 8977 1 577
.58 . 3960 391 08 5484 480 .58 . 7008 i 570
.58 .3000 | 362 .09 5614 482 .59 . T038 + 581

4.60 | 1.4021 394 510 [ 1.5545 | 184 5.60 | 1.7069 I 583
.61 . 4061 396 . JB575 | 486 .61 . 7099 585
.62 . 4082 397 .12 . 5606 488 .62 .130 | 587
.63 L4112 399 13 . 5636 490 ;<) .T160 ! 589
.64 L4143 401 4 . 5667 402 04 L7108 501
.85 L4173 403 15 5687 |: 494 .65 L7221 594
.68 L4204 404 18 G728 {, 495 .66 . 7252 596
.67 .4234 408 17 L5768 497 .67 7282 508
.68 L4205 408 .18 L5789 | 499 .68{ .7313 800
.69 . 4295 409 .19 . 5819 501 .69 . 7343 602

14.70 | 1.4326 411 5,20 | 1.5850 15 570 1.7374 604
W 4360 413 21 . 5880 505 .71 . 7404 606
.72 . 4387 415 .22 LBl 507 .72 .7435 808
.73 L4417 416 23 L9 509 .73 . 7465 611
.74 . 4448 418 24 L8072 511 .74 . 7496 613
.75 . 4478 420 25 . 6002 5613 75 L7528 615
.78 . 4600 422 20 . 6033 515 .76 1567 617
77 . 4539 424 prd . 6063 517 77 . 7687 619
.78 . 4689 426 28 518 .78 L7817 622
.79 . 4600 427 29 6124 521 .79 . 7648 624

4.80 | 1.4630 420 5.30 1. 6154 523 580 1.7678 626
.81 4661 431 31 6185 525 .81 .T709 628
.82 . 4681 433 32 6215 527 .82 .T139 630
.83 L4722 434 33 . 6246 6H29 .83 L7770 633
.84 4752 436 k1 . 6276 531 .84 . 7800 835
.85 .4783 438 .35 . 6307 5 .85 . 7831 637
.86 L4813 440 36 . 6337 535 .86 . 7861 639
.87 L4844 142 37 . 6368 37 .87 . 7802 a1
.88 . 4874 443 38 6398 539 .88 . 7022 644
.89 L4905 445 39 .6429 541 .89 . 7953 16

1,00 { 1.4035 447 5.40 | 1.6459 543 5901 1.7983 H8
.91 . 4940 449 41 . 8480 5456 .0 .8014 850
.92 . 4996 151 .42 . 6520 547 .92 8044 852
.83 L7 452 43 . 6551 9 .03 8075 0655
.04 . 5057 454 44 . 65681 551 .04 . 8105 857
.95 . 508 456 45 . 6612 553 R . 8146 850
.98 L8118 45 .48 . 0642 555 .90 . 8166 061
.97 . 5149 460 47 . 6673 557 .07 8197 663
.08 5179 461 48 . 8703 559 .08 . 8227 666
.99 L6210 483 .49 L8734 561 .09 .8258 608
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|

Differonce in l Correc- || Ditference in l Corree- Difference in Corree-
elevation. tion. | clovation. | tlom, | clovation. tion

| ; . i
! i i ;

Feet, i .\Ictcra.l; Meter. i| Feet. | Meters.| Meler. ) Feet. ! Meters. | Meter.
6.00 1.8288( —0.0670i  G.80 | "1,9812 | ~0.0786 7.00 | 2.1336 | —0.0912
.01 83191 672 -1 L0813 789 |l .01 1367 815
02 L840’ 674 ! Br e 741 02| 1397 817
.03 837 677 531 .9003 704 .03 L1427 920
L0t LB410 679 . I TIN ] 796 L0411 L1458 922
65 .80 o8t a3 .oens 709 .05 4881 925
.06 .8471 683 | 56 L0995 801 .00 | 1819 0928
.07 .850F: 685 LT 2.0025 R04 .07 L1549 930
.08 L8532 688 | 580056 200 .08: .1580 | 933
.of . 8562 600 | S L 00KG 8§09 .00 L1610 935

. ; i .

6. 10 1.R563 692 ' (3.(')01 2.0117 &1L |l 7,10 | 2.1641 1 3R
L1l 80623 694 61| 0147 s14 ) J1 .18 { 941
127 .8854 607 L6210 017K 816 | Jd20 702 943
.13, .8684 689 .63 . 0208 819 13 L1782 946
14 85 701 a1 L0239 821 4 .g763 949

: .
15 8745 704 . L85 L0269 824 50 1703 952
16, &G 067 .66 0300 soll 16| isze|  oes
.17 . 8806 708 .67 .0330 829 A7 1854 957
L8 L8837 710 LG8 L0361 831 |1 L8| 1885 ; 960
.19 L8867 713 691 L0381 834 i L1900 915 962
6,20 1.8%08 75 6.70 ; 2.0422 836 I 7.20 | 2.1946 205
.21 L8928 717 7] L0452 830 | a1l L1976 | 94
221 L8959 720 | 720483 Q41 | .22 2007 970
.23 .8980 722 L7300 .0513 844 | .23 L2087 - 973
.24 9020 725 L4, L0544 846 } 24| L2088 976

i i i H
.25 9050 727 J76 L0574 849 |, .25 L2008 970

.26 9081 729 i 76 0605 851 ) .26 2129 l 981
S271 .9l 732 . 70 .0035 854 .27 2159 | 984
28| len4l 4 L1 L0865 856 28! L2180 | 087
200 L9172 87 | LI 00 859 |, .20 20 axy

£.30 | 1.9202 730 1 G.80 2,0720 861 7.30 1 2.2260 qu2

.31| .9233 741 , JRLG L0767 R64 31| L2281 095
32| 9263 744 | 82 L0787 866 .32 .23 908
.33 .9284 746 .83 .0818 260 |! .33 L2342 .1000
.34 .9324 8 L84 0848 871 : .34 L2372 1003
H 1
.36 .0355 7ty 85, L0879 874 |i L35 L2408 . 1006
236 | .9385 753 if LRG| . 0909 876 1 360 24330 L1000
.37 L8416 755 ” 87| .0040 80 .37) L2484 L1012
(381 L0446 757 881 0970 831 L3881 L2494 L1014
391 .77 0| .8, L1001 884 .39 L2825 1007
[ :

6.40 | 1.9507 72l a0 1031 886 |1 740 2.2855 1 1020
L4l L9538 764 .91 1062 889 | L4l L0583 L1023
.42 .9568 207 |; 92,1002 a1 | 42| L2016 L1026
.43 9509 769 1] .93 123 894 | 430 omr ! noes
44 1620 e .94 1153 806 | ST +1031

451 9660 774 {' 95| L1184 890 .45 L9708 L1034
.46 | .9000 776 98| L1214 902 |! 4G a7’ 1087
471 o721 779 87 1248 904 || A7 .2l 1040
.48} .05 781 08 1275 007 0 48| L2109 L1042
.49 9782 784 .91 .1308 909 || L40 ) L2830 1045

13027°—21——3
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Difference in Correc- ‘ Difference in Correc- Difference in Correc-
elevation. tion. clovation. tion. clevation. tion.
. l ! e
eel. | Meters, | Meter, Feet. Meters. | Metcr. Feel. Meters. | Meler.
7.50 | 2.2860 | —0.1048 7.80 | 2.3774 | —J.1133 ¢ 8.10 [ 2.40680 | —0.1222
.51 L2891 . 1051 .81 . 3806 L1138 A1 .4719 L1223
.52 L2021 L1064 .82 . 3835 L1139 . .12 .4760 L1228
.53 . 2051 L1056 ! K31 3866 142 A3 9780 st
.54 L2982 . 1059 | .41 3806 1145 14 L4811 L1234
55 302 | L1062 | LNh 3927 1148 | .15 L4841 L1337
.56 . 3043 1065 1] h(:l 3957 L1160 5 .16 . 4872 L1230
<57 L3073 -1068 | TR, 1163 ! 17 . 4802 S P4
.58 3104 L1670 ! N8 .4018 L1156 i .18 -4933 L1246
259 1 L3134 L0731 Y i L4049 1 L1169 - .19 . 4963 L1249
760 | 2.3165 " L1076 .00 ;| 2.4079 L1162 ¢ 8.20 | 2.4904 L1252
.61 L3195 1 L1078 |t .91 l .4110 L1165 - .21 . 5024 L1255
.62 L3226 - 1082 .92 [ .4140 L1168 .22 . 5055 L1258
63 L3256 <1084 .83, 4171 L1171 23 l L5085 L1261
684 L3287 L1087 04 4201 L1174 24 L5116 ! L1264
! .
]
.65 L3317 L1090 L05 1 .4232 L1177 .25 1 L5146 | L1208
.66 . 3348 1003 296 4202 . 1180 26 .5177 L2et
.67 . 3378 . 1096 .97 ' .4203 L1183 .27 L5207 1274
.68 . 3400 108 LU 4323 U .28 | 5237 L1277
69 23430 ¢ .1101 00 L4354 L1189 .29 : . 5208 L1280
7.70 | 2.3470 1104 8.00 . 2.4384 .1192 8.30 ! 2.5298 L1283
71 . 3600 1107 .01 4415 1195 317 .5329 L1286
72 3631 e 02, 4445 1108 32 . .5359 L1289
73 3561 113 0304475 1201 33 ! -1292
74 3592 1116 .04 ¢ 4506 1204 34 i 5420 1205
75| 3622 1119 05| .4536 1207 35| 5461 1298
76 . 3653 1121 06 . 4567 1210 .36 5481 1302
77 L3083 1124 07 4507 1213 .37 5512 1305
8 3713 ) 1127 08 . 4628 L1218 .38 .5542 -1308
79 3744 ¢ 1130 09 .4658 .1219 .39 .5573 -1311
] | 8.40 | 2.5603 .1314
| | !

58. Signals.—Various types of signals are used. A very satis-
factory one is a single pole held in a vertical position by wire
guys, with the foot of thie pole resting on a low bench. 'The bench
may be made of two stakes driven inte the ground on either side
of the statfon mark, with a picce of scantling placed across and
nailed to them. A hole is bored Into ithe crosspiece directly over
the station mark. The foot of the pole should have a spike placed
in its center, projecting about an iuch, and this spike should he
place in the hole in the crosspiece of the henel when the pole is
crected. "There should be four wires to eich set of guys, the pum-
ber of sets depending upon the length of {he pole. The pole iseasily
lowered when the stution is occupied by loosening the guy or guys
on only one side and letting the pole fall over, The guys on the
other three sides are not disturbed from their anchors. To re-
place the pole it is only necessary 1o stand it up on the bench and
fasten the loosened guy to its unchor.  The cenfering of the pole,
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or that part upon which observations ave made, should be tested.
[t will usually be found that the centering hus not been disturbed
by replucing the pole. Single pules with wire guys nre not satis-
fuctory when placed in a pasture wherve there are cutltle, us their
rubbing against the pole and wires will throw the former out of
plumb. The part of the center pule of a signal observed upou
should be accurately centered over the station mark, or if eccen-
trie, the eccentrie distance and angle should be measured and re-
corded. Uncorrected eccentricity of signal is the most frequent
source of error in triangulation. If it becomes necessary to ele-
vitte the instrument more than a few fect, & double structure, like
that described in Appendix 4, Report for 1903, should he used.
That description gives bills of lumber, plans, etc.

57. Signal lamps.—The use of ncetylene signal Iuwmps, for long
lines or even for lines of only moderate length, is recommended,
if ihe atmogpheric conditions are not favorable for observations on
Dpoleg or targets, YHustrations in Special Publieation No, 11 show
the large and small lamps which are issued to field porties by
the office. The large lamp is shown also in Special Publicitions
Nos. 14 and 19. Large electrie signal lamps niy be used where
conditions are especially unfavorable,

58. Instructions to lightkeepers are given in detail in Special
Publication No. 65. There ave also given the code slgnals used
between the observer nnd lightkeeper in precise triangulation
and the coutinental Morse alphabet.

59. Horizontal angle observations—Standard of acouracy.—In se-
lecting the instrument to be used, the mothods of observation, the
number of observations, the signals to be used, and the condi-
tions under which to observe, proceed upon the assumption that
what is desired is the mmaximum speed und minimum cost con-
sistent with the requirement that the closing error of a single
lrlgmg]e in the main scheme shall =eldom exceed 10 seconds, and
that’ the average closing error shill he hetween' 3 and 5 sceonds.
The r»I_nsel'vu('imls connecting  supplementary stations with the
main scheme should be of this same dogree of neenraey. This
standard of accuracy, used in connection with other portions of
these fngfructions defining the necessary strength of figures, fre-
queney of bases, and accuracy of baxe measurements, will fn
#enera) insure that the probable error of any base line (or line
of precise or secondary triangulation used as a base , A8 com-
buted from an adjacent hase (or triangulation line used as a
hase), is phout 1 part in 20000, and that the nctunl dixerepancy
lietween such hases is alwiys loss than 1 part in 5000,



36 GENERAL INSTRUCTIONS TOR TIELD WORK.

60. Selection of instrument.—Iither a dlrection or a repeating
instrument may be used in triangulation of this cluss. In select-
ing the size of an instrument to be used, two opposing fuctors
must be taken into account, If small, light instruments are used,
and if sun and wind shields are not used, then the weight of the
outfit whiclh it Is necessuary to tuke to a station will be light,
and the cost In time and money to transport the obscrving party
and its outtit will not be large. On the other hand, the larger
and berter the instrument, the more fully it is protected from the
sun and wind, and the more stable the support provided for it,
the smaller will be the number of observitions necessary to
secure the required degree of accuracy and the shorter will be
the observing period at the station.

61. Observations in the main scheme with a direction instru-
ment—An 8-inch direction instrument (No. 140, for cxample)
used on its tripod and protected from sun and wind simply by an
umbrella will usually give the reqguired accuraey with two measure-
ments, a direct and reverse reading being considered one meuasure-
ment. Any two positions of the circle may be used with this
instrument for which the settings on the initial signal differ by
approximately 90° 03'. The backward (additive) reading of the
micrometer only should be taken in each position of euch micro-
scope. At least once a month, as a test ftor run, a few special
readings both bunckward and forward should be taken on various
sraduations of the circle to determine the run of each micrometer
and placed in the record. If the average value of the run for
either micrometer is found to he greater than two divisions (four
seconds), the micrometer should be adjusted for run. Under these
conditions and with the specified positions of the circle the run
will he eliminated from the results with sufficient accuracy by
the process of taking means. I[For any other direction instrument
the system of positions to be used may be selected with reference
to the number of measurements found to be necessary. With
any direction instrument when a broken serfes is observed the
missing signals are to bhe observed later in ‘connection with the
chosen initinl, or with some other one, and only one, of the signals
already observed in that series. With this system of observing
no local adjustment is necessary. Little time should be spent in
waiting for a doubtful signal to show. If it is not showing
within, say, one minute when wanted, pass to the next. A saving
of time results from observing many or all of the signals In each
series, provided there ave no long waits for signals to show, but
not otherwise. When the clevations of the stations differ greatly



TERTIARY TRIANGULATION. 37

it is necessary to keep the horizontal axis of the instrument level
in order to avoid large und troublesome errors. The magnitude
of these errors for various conditions is shown in the table in
paragraph 19. Any releveling should, of course, be done between
positions.

Example of record Is given below,

62. Horizontal directions.—

Station: Gunton. Date: April 17, 1902,
Jbserver: Instrument: S-fuch theodolite No. 140,
::. TP TEFEY
°=' . 1.
5 | Objecls observed. 5 5 : g %
8 . a 3 4 R |3 5
7 & @ i | 8| E
g §l=lgl @ | 4182 |E|E
& e | & |8 = A |2 |2 |&al&
Ih. m. ° ! Div, " " w !
T | Benvenue [2 36 D | A 0 00} 07.¢
i 3 0LH 1L
Benvenue 18 06 R A 180 00 05.0
, 3 1.0} 16,0} 13.8 | 00.0
White Stione D LA 46 40} 12.0
Point B 07.0 | 19,0
White Stomne R fAL 225 40] 08.5
Point B 16.6 | 25.0 § 22,0 | 08.2
Stevenson D A 76 351 20.5
B 23.01 49.5
Stevenson ! R O|A] 236 35| 24.0
B 20.5] 53.5 ) 51,5 8%.7
Gut DA 87 05| 25.5
B 24.6 [ 60.0
Gug | R Al 267 06 2.5
i B 2.0 19.5 | 40.8 [ 36,0
| Benvenue 3 10} R A 270 05) 03,0
B 00.5] 125
Benvenue 316 D | A 90 053] 06.0
B 05,51 11.5] 12,0 00.0
White Stono RO AL 315 45( 05.0
oin{ i} 068.0 [ 11,0
White Stone 12 A 135 45 ¢ 06.0 .
Point B 07.0 | 13.0 ] 12,0 | 00,0
Stevenson R A 346 40! 24.0 .
B 22.0 ] 46.0 i
Stevenson D Al 166 40| 20.6 -
. B 23.0 1 43,5} 44.8 | 32.8§
Gut R A 357 10 22.0 !
B 20561 43.5 i
Gut D | A| 177 10] 180 i
B 22.0 1 40.0 | 41.8 | 20.8 !
i

! BEach division of the micrometer corresponds to 2’/ of uro,and thercfore the mean*’
for thisinstrument is the sum of the two readings,
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83. Observations in the main scheme with a repeating instru-
ment.—A T7-inch Berger repeating theodolite used on its own
tripod and protected from sun and wind by an umbrells will give
the required accuracy with from oue to two sets of observations
on each angle, each set of observations consisting of six repeti-
tions on the angle, with the telescope in the direct position, amd
six repetitions on the explement of the nngle, with the telescope
in the reversed position, 7This is the type of repeating theodo-
lite recommended for tertiary trinngulation in any region in which
the convenience of transportation of the instrument is an- im-
portant considerntion.  When the elevations of the stations diffev
sreatly it is necessary to keep the horizontal uaxis of the instru-
ment level in order to avoid large and troublesome errors. (See
table in paragraph 19.) Releveling may be done hetween sets
or LDetween the separate angle measures of a set; that is, when
the lower clamp is looge. With any repeating theodolite, mens-
ure only the single angles between adjacent lines of the main
scheme and the angle necessary to close the horizon. In the
comparatively rare case in whicel the failure of adjacent signals
to show at the same time prevents carrying out this program, make
as near an approach to it as possible and then take the remaining
signals in another series together with some one, and only one, of
the signals observed in the first series, and measure in the new
series only the single angles between adjacent signals and the angle
necessary to close the horizon, With this scheme of observing no
local adjustment is necessary. except to distribute each horizon
closure unifornily among the angles measured in that serles, If
the region is one in which there is no great inconvenience in
transporting a heavier instrument, and a 10-inch Gambey repeat-
ing theodolite or an equivalent instrument is used on triangula-
tion of this class; it will probably he found that one set of ob-
servations consisting of three repetitiong on the angle and three
on its explement, will be sufficlent to secure the required accuracy.

64. An example of a record is given below. From this the re-
sulting directions should be written in the * List of directions”
(TForm 24A) without any other abstract. It will be notleed in
the sumiple below that, in addition to the usual practice of reading
one repetition on the first meusurement of each nng]e; there is a
reading for three repetitlons in each case. The latter glves a
value of the angle correct to within 10 seconds, which will check
the reading of the minutes for the six repetitions, The reading
of one repetition on one vernier does not give a sufficiently accu-
rate check. TUse the reading on three repetltions as a eheck only.
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85, Horizonial angles.—
Station : Dab, Date: FPebruary 7, 190

6.
Island : Luzon. Instrument : B, & B. 7- luch theodolite No..134.
Obscryer :
- I: ——
@14 5 i3 £
5 ,_é, = g fv
Objects observed. R . S 4le . -
Jbjects observed. E Q ,g % gg QE %2
£ 1E|8] 5 ||« BRE° &
. a. m. L] [ [z " " ” o ! ’” " " ’”
Pet-Doy 800 ] 000{00] 0000
1188 59| 50
3 (206 551 20 [ 20
D 61173 58 1 40 ) 40 | 40 | 40 | 83 59 46.7
(Doy-Pat) R}l 6] oowl10)20)15]|26 44,2 |46, 56—0.7m44.8
Dog-Bat 0j oo00|15]25]20
11423015
31127 30 ) 35} 456
R| 6255011525120 00+% 42 30 10.0
D] 6} 000|25{25|25|38 09. 2 109.6—0. 7= 08, 9
Bat-Kow 9 000]10]10 |10
27 34 | 10
3824310 20
D 6 {165 26| 20|30 |25 (15| 27 34 22.6
R| 67 000[56(00{35130 25.0 |23.7—0, $=22.9
Kow-Bol 01 000001005
1374040
3/11302) 10} 20
R 622004 (201301 25]20] 37 40 43.3
D 61 000 w}j20(15]10 41.7 {42.50.8=41.7
Bol-Pet 0] 000203025
116315 10
31120 151 30|30
» 61259 30 | 40 1 40 ] 40 ] 15 ]163 15 02.5
R{ 6{ 000{20130/25]15 02,5 102, 50, 8em01, 7
' 360 00 03.8 00.0

668, Observations on intersection stations.—An intersection stu-
tion Is one which is not occupied and of which the position is de-
termined by observations upon it from stations of the main scheue,
or from supplenientary stations, The direction method of obser-
vation should be used in observations upon intersection stations
even if the theodolite is a repeater. HKach series of observations
on intersection stations should contain some one line, and only
ane, of the main scheme (or a lue used in fixing the position of
;i supplementary station). Such a serles of observations should
commence with the selected line of the main schieme, with the tele-
scope In the direct position, and with the circle reading approxi-
mately zero. The intersection stations should then be observed
in order of azimuth und the first half of the series closed with a
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reuding on the line of the main scheme.  Phe telescope should therr
be reversed and the suanie process repeated in the reverse order.
beginning and ending us before with the selected line of the main
scheme, A second set of observitions should be made on each
intersection station (with the cirele shifted in position, say, 100°)
if this can be done without materially delaying the party. It is
important to observe at leust three lines {o each intersection sta-
tion in order to secure a check, but a possible intersection station
should be observed upon even if only two lines to it can be securedl.

87. Example of record ig given below. Irom this the resulting
directions should be written in the “ List of directions” {(Form
24A) without other abstract.

68. Horizontal angles—

Station: Rat. Date: January 10, 1802,

Island: Negros. instrument: 7-inch theodolite No. 157.
Obsorvor:
o T 1
| Tel. Yor? Cor-p Re-
Objects observed. [Time.; D.or| Angle. [ A. B. | o0 | rec- | Direetion. | ooqce
! I R. niers. tmn.i
[
1 ! i
ia. m. ° ’ " ’” w e VAT
Trec S50 D 0 00|00 B0 + 5 ,
: R {18 00{10 00| 00 0 00 00°
Bell tower, Olon | D | 21 18[30 20 | i
f R [201 18|40 30| 30 121 18 35 |
oit : D {176 13|10 30 ?
| R 20| +10}176 13 301
. |
Frog D 1209 395 40 : :
; R |29 50{c60 50| 5045|200 50 56]
L. tang. Pudang 1d b | 282 18 |
. R 52 18 202 18
1 s
Peak 17 ll Dof2at 11100 448¢ .
| | R |61 1050 40| 48|+ 5241 10 38
Tree l "' 1350 505 40 !
!m,32|R;I7959 60 50 ;
i i i

50 0 00 00

89. Eccentric stations and signals,—Whenever a station is not
occupied centrally the distance and direction between the eccentric
station and the center of the statlon must be carefully measured.
A sketch, showing the relation between the two stations and also
to one line of the main scheme of the triangulation, must be en-
tered In the record book and also on the list of directions form
for the station. If the station is a lHghthouse, the eccentric dis-
tance can be obtained by measuring the circumference of the tower
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from which the radius can be computed. The length of the
radius added to the distance between the eccentric station and
the nearest poiut of the tower gives the eccentric distance sought.
The direction to the center muay be obtained by observing upon
cach side of the tower and ¢ntering the results in the record as
left and right tangents. The mean of these two directions is the
direction to the center. 'I'he eccentric angle should, if practicable,
he messured from the station used as the initial in the regular
observations.

70. If the part of a signal upon which observations have been
made Is eccentric, the eccentric distance and direction must be
measured and entered in the record and on the list of directions.
The eccentric distance for a signal is usually small, and it is
suflicient to state that the pole is off center meters on line
and in the direction to station, a station of the main
rcheme . or an Intersection station. If the eccentric station is not
in a line between the center and some other station, the eccentric
distance can be given, and then it should be udded that it is
nieters to the north of the lne to station. In uny event
the eccentric distance and direction must be measured with the
areatest care. Making the wmensurements twice will nearly always
insure against mistakes.

71. Observations on large objects.—\Vhen sighting on o gas tank,
stundpipe, large chimney, or other object which has a large diam-
eter, it is often best to observe on the two sides, right and left,
and enter the observations in the record buok us left and right
tangents to the object, The mean of the two observations will
give the direction to the center of the structure and should be
used in the computations of the triungles.

72. Observations on indefinite and temporary objects.—Observa-
tious may sometimes be, made upon indefinite objects, ns, for
example, mountuin or hill tops which are comparatively flat or
wooded, or upon points which are temporary in nature and uot
warked upon the ground, such as flags in trees, ete, which are
10 be used as hydrographic and topographic sighals, The direc-
tion method of observation shall be used in all such cases, even if
the instrunent is a repeater. One series of observations, such as
is described in paragraph 66, is all that is necessury in such
cases. The two pointings, one direct and the other reversed, are
needed to eheck the degrees and minutes of the direction. The
indefinite objects may be observed in the same serles with other
intersection stations. Each pointing upon an indefinite objeet
should be clearly marked *indefinite,” and all topographic and
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hydrographic points not permuanently marked upon the ground
shouldd be marked in the record with a circle and a dot. For
observations of these two classes a graphic treatinent will fre-
quently be all that is desired, and hence the necessity of dis-
tinguishing them from other points for which a complete com-
putation must be made. In selecting indefinite points to be ob-
served it should be borne in mind that an approximate determi-
nation of the position of a prominent mountain or hill too far
inland to be included in the fringe of topography along the
coast, or an island far out from the coast, is frequently of- con-
slderable geographic value.

73. Indefinite or other unoccupied statlons which have been ob-
served upon from two or more stations must have thelr identity
established in the record either by means of sketches, estimated
distunces, or descriptive . notes, so that they may be plotted or
computed without probability of confusion. An object nppearing
in more than one list of directions must bear the sume name or
designation in each. Any churacteristie features of hills, moun-
tuins, church xpires, or other objects which would render them
good landmarks must be clearly noted, as such notes are valu-
able in chart construction and in hydrographic work. The loca-
tion of prominent objects and the determination of elevations
of mountaing are to be considered important parts of the work
essentia! to the completeness of the survey. This work is to be
done even when the objects and mountaing are beyond the limits
ot the area to he surveyved. In the case of imperfectly known
regionyg tangents should be taken to poiuts and islandg outside
of the region to he surveyved,

74. Value of intersection stations.--In selecting intersection stn-
tions it <hould be kept in mind that the geographic value of a
triangulation depends upon the number of points deterniined, the
size of the area over which they are distributed, and the per-
manence with which they are marked. The geographic value of
a trinnzulation i< jost for a given aren when stations can not be
recovered within that aren, The chavce of permunency s made
greater by inereasing the number of stations as well ag by
thorough marking, IFor the reasons stated there should bhe deter-
nihed as intersection stutions many avtitielal objects of a per-
manent character such uas lighthouses, church spives, cupolgs,
towers, chimneys, and standpipes. Make the description detinite
whenever practicable, Instead of describing the object as ¢ ¢church
spire' with the name of the town. make its ldentity certain by
giving street locntion or denomination of church. There should
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also be determined well-gefined natural objecty, such as sharp
mountain peaks, waterfalls which show from the sea, and pin-
nacle rocks along the coast. Ocensionally intermediate stations
should he estublished, permanently matrked, and determined by
intersections for the specinl use of topographie and hydrographic
patrties,

75. Report on aids to navigation.—At the end of each season the
<hief of party will make a list of the objects whose positions
have bheen determined by triangulation and which may serve as
aids to navigation. For purpuses of identitication each object
will be described as to its size, shape, color, and its relative
prominence as seen from the water., This list and a description
of each object must be sent to the oftice with a transmitting let-
ter for the files of the chart construction division. (See also
paragraphs 73 amnd 196.)

76. Marking stations.—Isvery station, whether it is in the main
scheme or is a supplementary or Intersection station, which is not
in. itself « permanent mark, as are lighthouses, church spires,
cupolas, towers, large chimneys, sharp penks, etc, shall De
marked in a permanent manner, except where the station is on
a shifting sand dune.

77. At every station a standaxd metal triangulation mark shouid,
H practicable, be set in rock or concrete. Where digging 18 feasi-
ble, there should he an underground mark which is separate from
the surface mark. The use of a standard station mark in the
underground murk is desivable, The stution mavk, if on bed-
roek, should be surrounded by a trinngle or eircle ent in the rock,
which will make it possible to recover the station approximately
iff the metal disk sbould be removed through cupidity. Wooden
stakes will be acceptable asg marks only where the station is on
shifting sand dunes, where a concrete or stone mark could not
remain undisturbed.

78. When the triangulation is on & narrow river or other hody
of water where it Is difticult to identify {opogtaphie features, i
is advisable to stamp numbers, by means of dies, on the metul
disk station marks. The numbering of the stations in any one
region need have no relation to the numbering of stations in
other places.  The number placed on the marvk should be entered
in the description of the station, hut in no case should a station
be designated by number only, Isach station sbould be given a
name to facilitate the tlling and Indexing ol its position and de-
seription in the office records. It iy deslruble to stamp the yeanr
in which the station s established on all metnl disks,
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79, See puragraph $8 under the heading ** Stundard notes for
use in descriptions of stations.”

80. Reference marks.—'1'wo perm:unent reference marks and sev-
eral witness murks should be established at ench marked station.
I'hese marks should be referred to the station by theodolite angles
aud tape distances. The object of the reference marks is to
serve in place of the station murk, if the latter should be de-
stroyed, and also to serve as an aid in the rccovery of the station
mark. The reference marks should, therefore, be placed in secure
positions, it practicable, and the directions and horizontal (not
inclined) distances from the station to them should be measured
with great cure. Jf the station is on a shore which is liable to
erosion, the reference marks should be placed some distance, say
wore thau 20 meters, inland. If the station is in a field, the
reference marks should be placed in a fence line, ou the edge of
n road, or in some other place where they are not likely to be
disturbed. In each reference block of concrete or rock should he
placed a standard metal reference mark which is shuilar to the
station mark, except that it Las an arrow in its center instead of
a trinngle, and contains the words “reference mark ” instead of
“A{riangulation station.”

81, Where the shore and the area hack of it are marshy, the
station and reference marks may he made as follows: Drive q
piece of scuntling (preferably one 4 inches square) into the
marsh and let its top project about 12 inches. Set over this
projecting end a drain tile, the hottom of which s made to
extend about § inches helow the sarface of the marsh,  Surround
the bottomn of the tile and fill it with c¢onerete, and set one of
the standard marks in the top of the tile. As ihe wood I8 pro.
tected from the alr it is bhelleved that it will last many years.
The fact that the mark projects from 1 to 2 feet will .aid in its
recovery.

82. Witness marks.—These are used primarily to récover the
general localily of a station and alse to find the station mark,
whether surface or underground. They nray, therefore, be indefi-
nite, such as the mouth of a creek, a fence corner, corner of a
barn or other huilding, trinngles cut into the bark of trees, mounds
of earth, etc. In general, the distances from the station, as
measured over the surface of the ground, are sufficient in the
descriptions rather than the hoerizontal distance. ‘The distances
apa directions need he only moderately accurate, hut they should
be free from gross errors. The objects used as witness marks
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should be as widely separated as practicable to insure greater
permanency of at least part of them. When close together the
same cause may destroy all of them. On prairie or other unenl-
tivated land where therc are no objects avallable for witness
nrarks one or more swceh marks should be constructed. A very
permanent and satisfactory mark is a mound formed by digging
a cirenlay trench, say 10 feet in dimmcter, and throwing the dirt
from the trench to the center of the civcle formed by it. The
trench aud mound will probably soon bhecome sodded over and
Will be easily found until the land is plowed (possibly even after
that time), Bluaved trees are frequently used as witness marks.
These are to he considered as only tempornry mrrks, A good
withess wark is a standard metal reference mark set firmly into
a Iiole hored into a trec at the center cf o triangular blaze, When
the station is in woods it is advisable to have & withess mark on
the road which runs nearest to the station, and preferably the
nrrk should be at the point on the vroad from which the path or
trail leads to the station. It is also desirable to have a witness
mark establisked in a conspicuous place on the seashore in certain
cases opposite triangulation stations whieh would otherwise be
aifficult to recover. The witness mark should, if practicable, be
a concrete mark with the stundard reference mark set into its
top. The arrow should point in the general direction of the
station. The description should give the approximmte bearing
and distance between the witness mark and the station. See
paragraph 88 under the heading * Standard notes for use in de-
seriptions of stations.”

83. If a recovered station is marked badly or in any other man-
ner than with a standard metal mark, the re-marking should
provide one of these marks which can be set into a block of con-
crete or solid rock. Where it scems inadvisable (o disturb the
old center mark a standard reference mark should he established
near the old mark. The distance hetween the two marks need
he only a few feef. With a standard reference mark near by,
the station can he more easily recovered and It is less likely to
he wantonly destroyed.

84. Re-marking stations of the Engineer Corps, U. S. Army.—
Wherever a station, only 1’empm':n'11y marked, of the IIngineer
Corps is connceted with, it shonld be re-marked in a permaunent
manner. An especially inseribed disk mark for engineers’ sti-
tions, which ix furnished by the office, should he set into the
conerete or stone used to mark the station, and reference and
witness marks should be established.  (See pars, 81 to 82))
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85. Descriptions of old stations.—If the existing description of
an old station is not exact as to the present topography around the
station or as to the marking, a new description should be prepared
and made complete in itself. Tlie new descriptions of the old sta-
tions should be made on IForm 526G, called recovery note, triangula-
tion station (see sumple on p. 81), and should be written with
a typewriter if possible. One of these recovery notes should bLe
filled out for every station visited whether the station was re-
covered or not. Do not report a station as lost unless a very
thorough searvch has been made. In case the stution mark found
differs from the mark given in the description furnished by this
office, Tull details should be stated in the recovery note.

86. Description of stations.—Descriptions shall be furnished oy
all marked stations. Ifor each station which is in itselt a murk,
as arve lighthouses, church spires, cupolas, towers, Inrge chimneys.
objects valuable for future hydrographic signals, sharp peuks, etc.,
cither a description must be furnished or the records, list of direc-
tions, and lists of positions must be made to show clearly in con-
nection witlt each point by special words or phrases, if necessary,
the exact point of the structure or object to which the horizonwul
and vertical measures refer. Ivery land section corner connected
with the triangulation must he fully described. The purpose of
thie description is to enuble one who is unfurmiliar with the locality
to {ind the exact point determined us the station and to know posi-
tively that he has found it. Nothing should be put into the de-
scription that does not serve (his purpose. A sketch is not neces-
sary, for the description can express in words the essential facts
which would be shown on the sketell, There is no objection to u
sketeh being made, but the written description must he complete
without it.

87. Only one copy of the descriptions of stations need be sent to
the oflice but these descriptions must he on form 525 (see sample
deseription on p. 50) and should he written on the typewriter if
possible. The essentiul information which should be contained in
a description is us follows:

Locality (general and particulur).

How marked,

Distances (by 1ape) and directions (by theodolite) from ceuter
of station to reference and witness marks; and, if necessary for
the recovery of the station, directions or magnetic bearings to
promincent objects in the vielnily, fungents 1o points, islands, cte.
In any set of directions to prominent objects und to refereunce and
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witness marks, a main scheme or intersection station should he
used as the initial.

Notes describing the marks which ave given in paragraphs 92 to
93 may be referred to by nwmber, thux lessening the nmount of
work necessary in writing the descriptions.  Wherever an excep-
tional mode of marking is used, the marks must be described in
full.  The notes in puragraplis 92 to 93 cover the various methods
of marking now in general use by purties of this Survey.

The height above the station mark of the top of the signul pole,
and of any other part of the siguul likely to be used in ohserving
vertical angles, should be measured in meters and centimeters and
so stuted in the “ Description of stations.”

88. Standard notes for use in descriptions of stations.—The fol-
lowing notes on the marking of stations are made us general as
possible in order that it may not be necessary in the tield tu de-
sceribe small and unimportant variations. For instance, no dimen-
sions are given for the different concrete blocks and bowlders, but
it is understood that they will have a volume of at least 1 or 2
cubic feel as u general rule,  Although it is not stated in the notes,
the surface and reference marks should project a little nhove the
ground, say from 1 to 6 inches. 1In the notes regarding the under-
around marks the distance ot the mark below the surfuce of the
round is stated as 3 feet. This probably represents closely the
average value. Unless the varviation from this value exceeds 6
inches it need not be stated in the description. Whenever a type
of marking is used which is not covered by these notes, the warks
used should be described in the vecord.

89. The standard triangulation disk station wark referved to in
the following notes consists of a disk aud shank made of brass
and cast in one piece. The disk is 90 willimeters in diameter,
with a small. hole at the center surrounded by o 20-millimeter
equilateral triangle, and has the following inscription: “ U, S.
Joast and Geodetic Survey triangulation station. TIor informu-
tion write to Superintendent, Washington, D. C.  $250 fine or im-
prisonment for disturbing this mark.,” On marks established after
the year 1920 the word Director will supersede the word Super-
intendent. The shank is 25 millimeters in dinmeter and 80 milli-
meters long, with a slit at {he lower end into which a wedge is in-
serted, so that when it is driven into a drill hole in the rock it
will bulge at the bottom and hold the mark securely in place. (See
par, 91.)

90. The aunthority for the warning concerning punishiment for
disturbing the mark is contained In an act of Congress, approved
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March 4, 1909, entitled “An act to codify, revise, and amend the
peml taws of the United States,” and reads as follows: ‘ Who-
ever * * % ghall willfully defaee, change. or remove any
monument or hench mark of any QGovernment survey shall be fined
not more than $250, or imprisoned not more than six months, or
hoth,” 35 Startute 1088, section H7. Many States have also en-
acted additional Iaws, among them being California, Connecticut,
Georgia, Iinoig, Indiang, Maine, Marvland, Massachusetts, Min-
nesotn, Michizan, Missouri, Mississippi, New Hampshire, New Jer.
sey, Ohio, Oregon, South Carolina, Tennessee, Vermont, Virginia,
and West Virginia,

91, The stindard disk reference mark rveferred to in the follow-
ing notes is «hmilar to the standard disk triangulation-station
mark described ahove, except that the center of the disk is in-
scribed withh an arrow instead of with the triangle and that the
words “reference mark” replace the words “ trinngulation station”
in the inscription. A short perpendicular groove across the shank
of the arrow indicates the point to which the measurements are
made. The mark is set so that the wrvow points toward the sta-
tion. Both station and reference marks should have stamped
upon the top, hy means of steel dies, the name of the station and
the year of its orviginal loceation.

92, Surface-station marks.—

Note 1.—A standard disk station mark set In the top of (a) a
square block or post of concrete, (b) a conerete cylinder, (¢) an
irregular mass of concrete.

Note 2.—A standard disk station mark wedged in a drill hole in
outeropping bedrock (a) and surrounded by a trinangle chiseled
in the rock, (b) and surrounded by a ecirele chiseled in the rock,
(¢) at the intersection of two lines chiseled In the rock.

Nole 3.—A standard disk station mark set in concrete in u de-
pression in outcropping bedrock.

Note j—A standard disk station mark wedged in a drill hole in
a bowlder.

Note 5—A standard disk station mark set in concrete in a de-
pression in a bowlder.

Note 6.—A standard disk station mark set in concrete at the
conter of the top of a tile (a) which is embedded in the ground,
(b) which ig surrounded by a mass of eoncrete, (e) which is
fastened by meuns of concrete to the upper end of a long wooden
pile driven into the marsh, (d) which is set in a block of concrete
and projects from 12 to 20 inches above the hlock.



Special Publication No. 26. (2d ed.)
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93. Underground-station marks.—

Note T—A block of concrete 3 feet below the ground containing
at the center of its upper surfuce (a) n standard disk station
mark, (b) a copper holt projecting slightly above the concrete,
(¢) an iron nail with the point projecting above the concrete, (d)
@ glass bottle with the neck projecting a little nbove the concrete,
(¢) an earthenwuare jug with the mouth projecting a little ubove
the concrete.

Note 8.—In bedrock, (e¢) a standard disk station and mark
wedged in a drill hole, (b) a standard disk station mark set in
concrete in a depression, (¢) a copper bolt set in cement in a drill
hole or depression, (d) un iron spike set point up In cement in »
drill hole or depression,

Note 9.—In a bowlder 3 feet below the ground, («) a standard
disk station mark wedged in a drill hole, (V) a standard disk
station mark set in concrete in a depression, (¢) a copper bolt set
with cement in a drill hole or depression, (d) an iron spike set
with cement in a drill hole or depression.

Note 10.—Fmbedded in ecarth 8 feet below the surfuce of the
ground, (¢) a bottle in an upright position, (d) an earthenware
jug in an upright position, (¢) a-brick in a horizontal position
with a drill hole in its upper surfuce.

94, Reference marks.—

Note 11.—A standard disk reference mark with the arrow point-
ing toward the stution set at the center of the top of, (a) au
square block or post of concrete, (b) a concrete cylinder, (¢) an
irregular mass of concrete.

Note 12—A standard dizk reference mark with the arrow point-
ing toward the station, (a) wedged in a drill hole in outeropping
bedrock, (h) set in concrete in a depression in outeropping bed-
rock, (¢) wedged in a drill hole in a bowlder, (d) set in concrete
in a depression in a howlder.

Note 18.—A standard disk reference mark with the arrow point-
ing toward the station set in concrete at the center of the top of
2 tile. (a) which is embedded in the ground, () which is sur-
rounded by a mass of concrete, (¢) which Is fastened by means
of comerete to the upper end of a long wooden pile driven into
The marsh, (d) which is set in 2 block of concrete and projects
Lrom 12 to 20 Inehes above the block.

95. Witness marks.—-

Note 1}—-A conienl mound of earth surrounded by u circular
trench.

18027° 21 ——4



50 GENERAL INSTRUCTIONS FOR FIELD WORK.

Note 15.—A tree marked with, (@) a triangulur bluze with a
nail at the center und each apex of the triangle, (3) a square
haze with a nail at the center and each corner of the squire,
(¢) a blaze with a standard disk reference mark set at its center
into the tree,

96, Sample descriptions.—

DESCRIPTION OF TRIANGULATION STATION.

DEPARTMENT OF COMMERCE,
V. 8. COAST AND GEODETIC SURVEY.

Form 525.
Name of station: Lopena. State: Teras. County: Willacy.
Chicfof party: E. H. Pagenhart. Year: 1918. Locality: Laguna Madrc.

Distances and dircetions to reference marks and
promincnt objects.
Surface-station mark, Note, (b,

Underground -station

mark Note, 7c. i .
Referenco mark, Note, 11b. Object. Distance. | Direction. n;:xztfh.
Reference mark, Note,

Witness mark, Note, B ] L e e
l\ylltn}?tss ntmik’ - Ot(t), u o s |es

eight of signal above station | 400, 1 0 o0

mark, 1 moter. o HETEE e
Height of telescope above station ‘?gnd;’;ﬁlo/%%;{‘ Pomile.......[138 £5

mark, 1 //¢ mcters. WindmilL........ | 318 mile. ... {847 25

Reference mark. . ..| 81.68 meters .|361 41

Detailed description:

Near the southwestern end of a high sandy ridge partly covered with grass, on a large {sland
known as Lopena Island onthe western side of Laguna Madre. Therldgeiznearthe western
side of the island and about midway of its lenyth north and south. T'he stution i1 in range
with the left tangent of the southernmost one of a grou o[&our tslands about 4 miles dirtant
in @ aouth-southwest direction and the left tangent of an island west of the southern end of
Lopena Island.

Described by E. 1. Pagenkart. Marked by G. D. (bwie.

NoTE.—Thoe initial direction must bo to 8 main schemo station.
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DESCRIPTION OF TRIANGULATION STATION,

DEPARTMENT OF COMMERCE,
U, S. COAST AND GEODETIC SURVEY.

Form 525.
Name of station: Swan Point 3. State: Maryland. County: Qucen Annes.
Chief of party: C. C. Yutes. Year: 1909, Loocality: Chesapeake Bay.

Distances and directions to reference marks and
prominent objects.

Burface-station mark, Note, 1Ia,

Underground-station Azl-
mark, Note, 7. Objeot. Distance. | Direction. \nuth.

Reforencomark, Note, 1fa.

Reference msrk, Note,

Witness mark, Note, o s o lern

Witness mark, Noto, Love Point Light. . |...c.c........ 0 00
Holght of signal above station | Chimney of cabin..| 55 meters 1, (203 54
mark, 8 meters.
Height of telescope abovestation | Gable of Rockhall | f mile....... 264 07
mark, £} moters. wharfhonse,
Reference mark, a | £1.43melers..[267 02
copper bolt in a
bluck of concrete.
Reference  mark | 13.26meters..[267 02
(nole 11a).
Chimney of housc | 2 miles...... 292 12
to right of Wind-
mill Point.
Qableofbarie. ... .. 2 miles.. ... 505 49

Detailed description:

On Swan Pofnt, a sand ond marsh point or {he eastern shore of Chesapeake Bay, about
83} miles south-soushwest of Tolchester Beach Wharf und 7 miles north of Love Point. The
station 18 abote¢ 825 melers from the extremity of the point, about 1§ meters back from the shore
line, and about 55 mcters southwest of a fisherman's cabin.

Desceribod by €. C. Yates. Marked by J. J. Phelan.

Nore.~—The initial dircotion must be to a main scheme station.

RECOVERY NOTE, TRIANQGULATION STATION. . R

DEPARTMENT o¥ COMMERCE,
U. 8. COAST AND GEODETIC SURVEY,
Form 526.

Name of station: Marysville Butte. State: Celifornia. County: Sutter,
Estabiished by: W, Eimbeck. Year: 1876. Locality: Sacramento Valley.
Recovored by: 4. F. Rodgers. Year: 1994. )

Detafled staternent as to the fitness of tho original desoription:

About 15 miles west of Muryaville, on the southeastern summit of the south butte of the
Marysville Buttes, about 8 meters northeast of the highest past o{ the summit, and near the
-vle.c? cliff on the northern 3ide.  The station was marked originally by a copper boltsetina
drill hole n u depression in outcr:g{;ing bedrock. When recovered in 1904 this mark was
Jound in good condition. Az an additionul mark the depression was filled with concrete in
which a standerd diak station mark was placed directly above the copper bott.

Dist and directions at {

Distance. | Direction.

L ’
Mount Helena.........ccocceennns ceeeee vereenretineneaneareeaofuenenass .. 0 00
Reference mark No. 1 (RO 12G)e e vumnererunns ceeieees .. meters..|  £.915 58 04
Reference mark No. 8 (copper bolt set in soltd rock)............ do.... £.470 196 46
Reference mark No. 8 (same a8 N0. ) eeveeeeennnnnn. eeeeenenn do....| 8.685| 315 08

NotE.—One of these forms must be used for every station recovered.
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97. Land section corners and other survey marks.——\Whenever it
is feasible to do so without incurring undue expensc, the section
corners established by the Land Survey, and survey marks of
any kind found upon the ground, including township, county,
State, and internationu]l boundary inonuments, shall be con-
nected with the trangulation, eitlier by direct mensurenient of a
distance and divection from 2 triangulation station or by frear-
ing them as intersection stations,

98. It will insure the permanence of a station if it is related b\'
direct mreasures or otherwise o neighboring cadastral features,
and a station located close to a line fence is less liable to dls-
turbanee than one situated out in an open field.

99. Poor seeing.—OMservations either in the main scheme or on
intersection stations in trinngulation of this class may be taken
under any atmospheric conditions when the objeet 1o be pwinted
upon is visible and there should he no delay to secure good sceing
hefore observing. If the seclng is very poor, it may be necessary
to increase the number of observations on angles in the main
scheme in order to sccurce the vequired accuracy. 'The decision
in regard to the necessity of cach increase should be based upon
the triangle closures which are secured with such poor seeing
rather than upon the appearance of the signals or even upon the

cange of the observations.

100, Field computations.—The field computatious for the main
scheme and supplementary stations are to be carrled to even
seconds in the angles and azimuths, to hundredths of seconds in
the latitudexs and longitudes, and to five places in the logarithiis.
The field computations for intersection stations, and for indefi-
nite objects shiould be cirried out to a sufficient number of deci-
mal places to give two uncertain figures in each result. In gen-
eral it will be necessury to carry the angles to oven seconds and
the Jogarithms io five places, 7The comvutation of the horizon-
tal meagurements up to and including the lists of directions for
all stations and objects und the computation of the triangle sides
of the main scheme should be kept up as closely as possible as
the work progresses. (o enable the observer to know that the ob-
servations are of the required degree of accuracy and complete-
ness, No least square adjustments arve to he made in the fleld.
All of the computation (taking of means, ete.) which ig made in
the record hooks and in the lsts of directions, should he so
thoroughly checked by <ome person, other than the onc by whom
it was originally done, as to render an examination in the office
unnecessary. - If there is no one in the party bestdes the observer
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who is competent {o check the computations, theu it will be wc-
ceptable for the observer to do the checking, but it should not be
done inmmediately alter the computing. ‘T'he Initinls of the per-
sons making and checking the compututions in the record books
and the lists of directlions should be signed to the record as the
computation and checking progresses. DPointings upon indefinite
objeets should he carefully examined, graphically or otherwise,
the objects identified, and the identification clearly indicated in
the records and computations. It is important to indicate clearly
what Unes are to objects on which no pointing was secured irom a
second station, us well as to indicate by conimon names or symbols
what lines are to the same object. This must be done as the fleld
work progresses.

101. In laying out the triangle side computation, the names of
the stations should be written in the triangle in a clockwise diree-
tion, and the order of triungles should be such as to give two or
more results for the side to be used as a base for going ahead.

102. For cach quadrilateral figure the length of the base from
which it is computed should be that resulting from the computa-
tion of the two strongest triangles ‘(those nused in computing R,)
in the preceding quudrilateral. )
The length computed through the D
two wenkest triangles should be .
used only as a check. With well-
shaped fizures the two values for
uany one lne will, in genera), C
agree within 1 part in 5000, un-
less a mistuke has been made.

103. In the position computa-
‘tion on Form 27 the position of a
station should be computed from
the two sldes, radiating from
the point, of one of the stronger
trinngles used for carrying for- 8
ward the lengths, and from the
angles of that triangle. In any A
triangle ¢ B ., figure 16, ¢ being
the new point whose position Is
desired, the line from B to C is computed on the left page of the
form and from A to € on the right page. With the triangle side
and position cowputation writien us above (from left to right)
the angles at B and A are always, respectively, + and —, and
1o sketeh is necessary to write up the position computation. The

IMa. 16.
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tactors for the position computution in the latitudes frowm 0°.
to 72° are given In Special Publication No. 8, There are also
given In the preface to that publication detailed directions, with
sample forms, for making the position computation.

104. Where connection is inade with a base the measured length
is to be used in going ahead.

105. Reduction to center of observations at eccentnc station.—
Use¢ Form 382. The instructions for computing the reduction to
center are given on the back of the form, a copy of which ix
given below. A sketch showing the relative position of the center
and eccentric station with directions to one or more stations must
be entered in the record and on the list of directions.

The required reduction to cenier is, in seconds, c=‘j—s%n—1—§, in
which d is the distance from the eccentric station to the true sin-
tion, and s is the length in meters of the line between the true
stations Involved, and, therefore, log 3 is taken directly from the
computation of triungle sides. « Is the direction of the distant
station involved, reckoned in a clockwise direction as usual, but
referred to the direction from the eccentric to the true station, or
center, taken as zero. This definition of a is true for the case
in which the object pointed updn is eccentrie, as well as for the
case in which the instrument is eccentric.

Carry a to minutes only and all logurithms to filve decimal
pkices only. Do not in any case carry the derived reductions to
more than two decimmal places. There is no advantage in cavrying
them to more decimal places than the directions to which they are
to be applied are carried on FForm 24A,

The preceding paragraph fixed the maximum numbel of decimal
places to be used. In some cases 2 smaller number may bhe used
as indicated in the following table:

And dis lo:;q than value stated bclm\ in meters—

Iflogarithm | (1ge 1oparithms to four dectmal Use logarithms to three decimal

0]‘1?1 o"ég’:ft places and a to mimites, places and « £o dogrees,
cern&l is .
more than—
Primary trian- Bet?gndztx: ag'él"fr' Primary telen- s‘éfg:‘d?ﬁ{gr &’"
gulation. Tattonr gulation. by onDEY

anoson
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REDUCTIONS YOR AN ECCENTRIC .1NSTRUMENT.

If the instrument is eccentric, the first column of this form
should contain the names of the stations observed from that
cecentrie position of the instrument.

The values in the tifth column are derived by subtracting those
in the fourth column from those in the third. The values in the
fourth column may need to be derived by successive upproxima-
tionx from the triangle side computations if the eccentric redue-
tions arve large. The values in the sixth column are obtained

from those in the fifth by adding log derived as indicated

d
sin 177
in the heading of the form, if d ix expressed in meters. If d ix
cxpressed in feet, to the other two logarithms add also 9.48402
1o c¢onvert to meters. To obtain a dirvection as shown on Form
24 A, subtract the reductlon ¢ for the station which s the initinl
on Form 24 A from the veduction ¢ for the required direction
and apply the difference to the observed divection.  Similarly,
the correction to any nngle is the difference of the reductions on
this form to the two directions involved in that angle,

REDUCTIONS 1OR AN ECCENTRIC OBJECT ORSERVED.

It the object observed is eccentric, the heading * Keccentrie
Station ——" should he changed to * Xecentric Observed Object
at Station -——," the first cohunn should contain the names of
the stations from which this eccentrie object was observed, and
in each cease a is the direction from the eccentric object to the
distant station invelved, reckoned In a clockwise direction ‘ns
usual, but referred to the direction from the eccentric objeet to
the true station, or center, tiuken as zero. (No distinetion need
be made hetween the direction from the eccentric ohject to the
distint station and the direction from the true station to the
distunt station except when the eccentrie rednetion is more than
one minute.}  The remainder of the computation on thix form is
made in the manner indieated above with reference to an cecen-
tric instrument.  The reductlons to directions are, however, to
he applied to observed directions, at the stations pnamed in the
first column, to the cccentric object at the stutfon named in the
heading. The Qirections to which these reductions ave to be
appled are therefore found in varlous of the lists of directions
on Form 24 A, not all in one list as is the case when the instru-
ment is e¢centric,
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Compare the following example with that given on Form 24A.

REDUCTION TO CENTER,

Fecentric Statinn.: Chase. Logd =~ 1 04088

Colog sin 1’7 == 31443
dua 10, 987 moters.

l Loga-
{ in rithms | Reduc-
Stations. a.  Logsine.| logs ([LogSiRe. of reduc- |  tion
[ tionin =¢.
'| ] seconds.
PO - 3 e —
e i ! .
CoBLer. ..o irnianeennanns 0 00 koo [
Central..... 224 27 9.%4528 | 4.40254 | 5.44274 ¢ 1.79805 | — 62.8)
Little River.. 247 47| 0.04001 | 4.51028 | 542078 | 1707 | — 6096
Lyons, salt works....... 249 02! 9.97025 | 4.30616 | 5.60400 I‘ 2.01940 ; —~104.57
Bossingeeeieeiiienaan. 179 18 '] 8.08604 ; 4.40108 1 3.50408 - 9.0%029 ’I + .89
1 .

106. Spherical excess.—The spherical excess which {s propor-
tionn) to the area of the triangle becomes appreciable only when
the sides are from 4 to 5 miles in length. One-third of the com-
puted excess is deducted from each angle of the trinungle, and the
difference between the sum of the resulting angles of the triangle
and 180° is the error of closure to be distributed. The formula
for the spherical excess F fs

E==mab sin C. )

in which a, b are the triangle sides and € the included angle. The
values of m are tabulated for every 30’ of latitude, and are printed
fn Bpecial Publication No. 8, page 16. A condensed table of log m
to four decimal places for every 5° of latitude is given below. A
rough approximation of the spherical excess of a triangle 1n sec-
onds is obtained by multiplying its area in square miles by 1}
and pointing off two decimal places.

107. Condensed table of log ni.—

Lati- , Lati- , Lati-
tade, | o8l fnde. | Tosm | uge. | Tosm
Q0 1. 4070 25 1. 4059 50 1. 4036
] 69 30 55 55 30
10 a8 36 50 0 25
16 60 40 45 65 21
20 63 46 40 K] 17
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108. Mathematical solution of the three-point problem.—If three
points, forming a triangle of which the sides and angles are

known or-can be computed, be
visible from a fourth point P,
it is reguired to determine the
position of P.

Set up the theodolite at P
and measure the two angles
subtended by any two of the
given sides.

This problem is of use in
cases where the regular tri-
angulation having been com-
pleted, nadditional points are
required for the topographic
survey - or are needed for
specinl use. ‘Lhe angles should
he cavefully measured and in
the computations the loga-
rithims should be carried to
the same number of places of
dectimnls as in the regular tri-
angle side computation,

"Three cases of its applica-
tion are glven, depending upon
the locatfon of the poiut P with
reference to the sides of the
triangle., If P> falls upon the
prolongation of n side of the
triangle the ense resolves Itself
into the solution of a triangle
with n side and all the angles
given, while If P is situated on
the clrcumference of the circle
passing throngh the vertices of
the triangle the problem is in-
determinate.

Given the sides, @, ¥, ¢, and
the angle A.

Angles observed, APC=P' APB==P'’,

To find, ABP=2 and ACP=y.

In cases 1 and II, let §=180°—3 (A +P'4+P'')=% (x+y).
In ense 117, S=3 (A—P'—P" )=} (z+y).

¢ein P/

Let tan Z:mi—n—]—m

Fig. 17.
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then,
e=% (4—y)
tan g=cot (2445°) tan S.

If tan g be positive, r=84-¢, y=8—¢.

1f tan g be negative, e=8—¢, y=8+-¢.

Since all the angles and a side in each triangle are now known,
the other sides, or the distunces from £ to the three given points,
can be readily computed.

"The results are verified wheu both trinngles give the same value
for the line PPA.

109. Triangulation records.—-Io not duplicate volumes ol hovi-
zontal angles. Do not make an abstract of angles. . Make a con-
plete list of directions on Form 244, in accordance with the in-
structious on the buck of that form., The local adjustment cor-
rections (to cluse horlzon only) are to be written in the * Hori-
zontnl angle record,” and the * List of directions™ is to be mude
from thut record directly.

110. Base, azimuth. and vertical angle observations may be
recorded in *“ Horizontal angle record.” Base and azimuth ob-
scr\'atious are to be duplicated on computing paper and attached

* Idst of directions.”

111 All records of obsenutions should contain an alphabetic
index of stations occupled. When stations are occupied more
than once, each record should have a cross reference to page and
volume, Ilecords should also contain a prefuce glving briefly
number, make, and size of instrument, with direction and manner
of graduation and method of observation, and any information
necessary to n complete understunding of the record.

ELEVATIONS BY VERTICAL ANGLES.

{The instructions under this head apply to both secondary and tertlary
trlangulation.}

112. Scheme of observations.—In cunnection with secondary and
tertiary trinngulation a complete scheme of vertical angle ob-
servations should he carried out, except in the cases stated below.
This complete scheme should consist of a contlnuous series of ver-
tical angle measures through the main scheme of the triangulation,
observing ench line over which horizontul angles ave ohserved (the
observations over cach line to be made in both directions if both
ends of the Yne are occupied), and should also include observa-
tions of vertical angles upon all supplamentary and jntersection
stations corresponding to the horizontal angles measured upon
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such stations, Counections should be made with elevations ac-
curately determined by precise leveling, wye leveling, or tidal
observations as frequently ns possible. When a triangulation is
carried along a coast or tidal stream, at each station near the
shore where it is convenient to do so, 1 connection should he made
with mean sen level and the connection recorded. Tide gauge
marks shonld be included where availuble, but otherwise an ob-
served vertical angle to the water's edge and an approximate dis-
tence {o the point sighted upon, with a note as to height of tide
or the time, may serve the purpose. If the plune-table topog-
raphy fixes the elevation in the region covered by the triangu-
tation, that part of the obscrvations of vertical angles upon sup-
plementary and intersection stations which would merely furnish
redetermminutions of elevations tixed by the topogruphic survey
may be omitted, but the obscrvations of vertical angles in the
main scheme and upon supplementary and intersection points
heyond the limits of the plane-table surveys should be made. If the
scheme of triangulation is aloug & coast or river, with no high
ground visible from the stations, and if at each station it is not
difficult to make a sea-level conuection, then a series of vertical
sngles need not be carried thirough the main scheme., 1In this case
only such vertical ungles shoukl he observed as are necessary to
determine the clevations of the highest points of aids to naviga-
tion, such as lighthouses, standpipes, stucks, ete, If the eleva-
tions of such alds Lo navigation throughout the scheme are known
to be fixed previously in elevation, no observatlons whatever need
be made. This condition will probably seldom occur, und then
only on the Atlantic and Gulf cousty of the United Stutes.

118. Plane of reference.~~All hefghts will be referred to mecun
sea level,

114, Method of observation.—~-In the main triangulation scheme,
two measures, each consisting of one pointing with the telescope
in the direct position and one polnting with it in the reversed
position, on each day of occupation is sutficient. ¥or observations
on intersection stations and indefinite objecty two weasures, each
consisting of one pointing in each. of the two positions of the tele-
5¢ope, on only one duy are all that ave necessary., Such observa-
tions should be taken on each intersectlon statlon or indefinite
object from all the stations from which horizontal angles are
mensured to that stutlon or object.

118. As far as practicable, the observations for vertical ungles
should be made us near the middle of the day as possible, and in
any cvent not before 10 o’clock in the morning ner later than one
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hour before sundown. Early morning and late afternoon observa-
tions are of lower accuracy, owing to rapidly changing verticul
refraction.

116. An essential for the accurate measurcment of vertical
angles, whether in triangulation or for astronomic positions, ix
that the vertical axis be truly vertical or that the effect of errors
of verticality be eliminated by the method of observation. The
instrument should of course he leveled and placed in adjustment
before beghining observations, hut éhereafter error in verticality
of axis will be eliminated by the following system of observing
for each elevation to be determined:

117. Directions for observations.—(a) Point on object, bring
horizontal thread to position by telescope-clamp Slow-motion
screw; (b) hring to the center of the vial the bhubble attached to
the verniers of the vertical circle by means of the vernler slow-
motion screw; (¢) read both verniers; (d) turn the instrunrent
180° in azimuth and transit the telescope. Repeat (a), (b), and
(c) in same order. Do not change the relation hetween the axis
ot the bubble and the line joining the zeros of the verniers between
the two polntings of a set. Ifor all important objects determina-
tion of elevation should be obtained from at least three statfons.

118. If the instrument used is a theodolite of 7-inch circle ov
smaller, it is usually best to bring the bubble to the center of the
scale for each pointing in order to avoid having level corrections.
\Vith the Jarger instruments, especially designed for trigonotetric
leveling, the bubble is very sensitive, and it will he found best
to make level readings for any position the hubble may be on the
scale rather than attempt to center the hubble. If the verticul
circle is fastened rigidly to the telescope of the theodolite, the
bubble mray he brought to the center by means of the foot screws
(before making the pointing) or by the slow-motion screw of the
frame supporting the bubble and verniers after making the
second pointing. It the ifnstrument is one by which the vertical
angles are measured by the method of repetitions, then the bubble
must be brought to the center or on the scale, for the second
pointing, by the foot screws only.

119. Record.—Observations should be recorded in the . usuul
Double Zenith Distance records except in work where very few
stationg are occupied for vertical angles, in which case they may
be recorded in the Horizontal Angle record book and listed in the
table of contents. The actual circle readings are always to be
recorded.
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120, The D. 7. D. record is suranged for use with repeating ver-
tical circle; for observations as here proposed the columns headed
“ Rep’s of DZD,” “ Level,” “C,” and “ D may he left blank.

121, In covery case the record must show clearly the height of
the {nstrument in meters and centimoters above the surface mark
ar the statlon occupied and the exact point observed on at each
distant signal with its height above the surface mark; whenever
the entire signal is visible the ground should be observed und s=o
noted. In observing objects other than signalg care should he
raken to nete in the record the -exaect point sighted upon in each
care, as, for example, for mountain peaks, * zround ” or “ tops
of trees”; for a church, *“top of dome” or *tlop of tower,” efc.
When tops of trees are observe] the estimated helght above
around should be noted in the record and the ground should be
observed if practicable.

122. In the case of mountains and hilltops a small sketch show-
ing the relation of the point determined to the outline of the sur-
rounding clevations will be useful in representing the object on
the chart, as well as to the observer in identifying the object from,
anocther station. )

123. Computation of elevations from ohservations of zenith dis-
tanoces made in conneotion with tertiary triangulation.—Abstract
all zenith distuuces on Form 29, briuging together all observations
upon the same object from a given station, and taking the mean.
If the observations are tuken on more than one day, give the mean
result for each day the same weight, regardless of whether many
or few observations were made on that day. )

124. In the record book and on IForm 29 carry all angles to
seconds only.

125. The value in the column headed * Object above station ” is
zero If the object pointed upon is the final mark for elevation, as,
for example, the top of a chimney, top of a spive, etc.

128. Use the column headed “ Reduction to line joining sta-
tions” only when the ohservations are reciprocal—that is, are
made in hoth directions over the line in question, The quantity

. . . . . . {—o0
in this column is an angle of which the value in seconds 8= oy

in which g is the horlzontal distance between stations, ¢ the ele-
vation of the telescope above the station mark at the observer's
station, and o the elevation of the objeet «ighted on above the
station mark at the distant stution, This formula represents,
therefore, a vertical eccentrice reduction which is to he applied us
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u correction to the observed zenith distance to obtain the cor-
rected zenith distance. Four places in the logarithms are all that
are necessary in computing these values.

127. If the observations :are made in one direction only over
line, the above vertical eccentric veduction is not needed. Instead,
the difference t—o, expressed in meters, is to be applied as a correc-
tion to the computed difference of elevation, as indicated on
Form 298,

128. Por reciprocal observations use Formm 20A in computing
Aifferences of elevation. The lower part of the form, involving
the weight p und the coeflicient of refraction m, Is not used in
tield computations. The formula for the difference of elevation
between stations 1 and 2 is:

h.—I—stan & (G—0) (4 B ],

In this formula I, is the elevation above mean sea level of station
1, which should be the statlon whose elevation is the more pre-
cisely known; . is the elevation of station 2; ¢ I8 the horizontal
distance between the stutions, reduced to sea level, log 8 being
taken from the best available computution of trinngle sides; & is
the mean corrected zenith distance of station 1, as observed from
statlon 2; similarly, & is the zenith distance of station 2 from
station 1. The values of ¢ and { are to be taken from computing
Formn 29. A, B, and € are correction factors whose values are
nearly unity and whose logarithms may be found in Tuables @, b,
and ¢, on puges — and —. .1 is the correction factor for the ele-
vation of station 1; its formula is

.‘l=1+'}’21

in which p is the radius of curvature of the are between stations 1
and 2. B is the correction factor to the approximate difference
of elevation, g tan 4 (f—¢1). Tts expression {s:

B=1 -|.2‘97) tan 3 (¢,—¢p).

(' is the correction factor for the distance between stations, its ex-

pression being
2

8
(=ltyr:

IMurther explanations in regard to A, B, and ¢ will he found in
connection with thefr respective {abhles.
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129. Compute through the form by horizontal lines. In the
form a brace groups those quantities which, added together, glve
the quanntity on the line immediately below the brace. In field
computations carry the angles to seconds, the logarithms to five
places of decimals, and the differences of elevation to hundredths
of meters. In field computations the lines marked “ 3§ ({H—&) in
secs.” and “ log ditto ” way be owitted and log tan 3 (L—1) may
be taken directly from Vegu's or Shortrede’s tables and entered
in the line marked “ I, Having found log [8 tan § ({—h)], use
it to take out log B f{romy Table b, Add algebraically the log-
arfthms of A4, B, und € to log [8 tan § (&—&)]1; the sum will be
log (ha—h), " being expressed in the same unit as g, in this
case the meter, which is the unit throughout the computation.
To convert meters to feet, which should be used in topographic
work, multiply the number of meters by 38.28083 (log 3.28083=
0.51508).

130. For nonreciprocal observations use Form 29B In computing
differences of elevation. The computation of weights provided
for at the hottom of the form may he omitted In a tield computa-
tion. The same rules as to the number of figures, cte., will apply
here as to the computation of reciproeal observations and the
braces have the sane meaning as in Form 29A. The formulu for
difference of elevation is stmilar to that for reciprocal elevations,
hut since only one zehith :distunce ({,) i3 observed, the quantity
3 (&z—0) must be replaced by 90°+k—¢, the value in seconds of
% being given by the equation I.‘=—~—-———-—((;";;,;L,), L In this equatien
w18 the coefficient of refraction, which varies with varying at-
mospheric conditlens. In oftice computations the best availabie
value of m will be used, but for field computations put

log (0.5~—m)=9.03246-10

whiceh corresponds to m=0.071. Log p comes from the table in
paragraph 138, the arguments ¢f which avre the mean azimuth
and menn latitude (e and ¢) of the line. These quantities need
not be known closer than the nearest tenth of u degree. Having
found k (to the nearest second only for field computations) the
formula for the difference of elevation is given by

ha—I=¢ tan (90°+k—t) (A4 B Cl.

The quantity & is the mean observed zenith distance and comes
from Form 20, as does nlso the quantity ¢—o which is to be
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applied as a correction to f-—Mh as indicated in paragraph 127,
No vertical eccentric angular reduction is to be applied to &.
This is contrary to the practice on reciprocal zenith distances.

131. In the field computations the lines marked * 90°+4-k—¢: in
sees.” and “log ditto” may be omnitted and log tan (90°47%—t)
taken directly from Vega’s or Shortrede’s tables and entered in
the line marked “T.” XLog [s tan (90°+k—u)] is used as the
argument for log B. The arguments of log A and log (' are h;
and log s, respectively, as in the case of reciprocal observations.
The logarithms of A4, B, and ¢ gadded algebraically tuv loy
[s tan (80°+%—4) ] give log (h—Tu).

132. Table e gives'the values of log A, the correction factor for
the elevation of the known station, by showing the limiting values
of the elevation i, between which log A may be taken as 0, 1, 2.
3, etc., units of the fifth place of decimals. liog 4 is positive.
except in the very rare case where /i corresponds to a point helow
mean sea level.

133, Table «.

Tog A, Log A, Log 4, Log A,
units of units of units of units of
Iy fifth I fifth by fifth Iy fifth
laco of lace of Jalnce of lace of
ecimals. ecimals. ecimals. ecimals.
[ Meters. i Meters. Meters. Meters.
: 0 . || 1541 3156 4770
| | ] | 11 22 | 33
73 1688 3303 4917
! | 1 12 23 34
i 220 1533 3449 5064 )
| | 2 13 24 35
367 1082 3596 5211
i : 3 | 14 26 36
514 L2128 3743 5357
: 4 15 26 37
661 - ! 2275 3800 5504
, 3 ! 16 27 38
W7 I 2422 i1 4036 5651
) 6 17 28 a9
954 | 2508 453 5798
‘ 7 h 18 29 40
nm | | 2ns 1330 5045
.8 19 30 41
1245 12862 4477 6091
! [ 20 31
L | b 3000 4624
i 10 N 21 32
1541 . 3136 4770

134. Table b gives the values of log B, the correction factor for
approximate difference of elevation, by showing the limiting values
of log [8tan 3 (&—5) 1 or log s tan (90°+k—8) ] between which
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leg B may be taken as 0, 1, 2, 3, etc., units of the fifth place’ of

decimals. Log B has the same sign gs the angle § (HL—bh) ‘or

90°+k~—¢ s for exaumple, if log [#2 tan & (L—bh) ] lies between

8.565 and 3.598 and } ({—f) is positive, log B=+0.00013, but if
(t=—t) 1S negative then log B= —0.00013, i. e,, 9.99987—10, the

ormer way of writing being usunlly more convenient in practice.
135. Table .

)
T

’ i ]
! Log [s tan Log j« tan J Y.og [¢4an !
t a1} Log B, } Ba—-3)) | Log B, Al Log B,
orlog (s units of or loL'JA units of orog s untts of
tan (90 fifth tan (80°4 | Qfth place || tan (90°4 | fifth place
k—1)]. (8] ofdecimals.|| k—&4)). (s{ofdecinals.jj k—{1) - (¢8| ofQecimals,
inmeters.) in meters.) inineters). 1
JESGEESE S, N _...___v.._i
— 0
2.167 3,507 3 3,685 ,
1
2. 634 3.445 8.7
2 10 18
2. 866 3.489 8.736
3 11 | 1®
3.011 . 3,628 12 3.758 2
3121 3. 565 1 3.779 2
5 ! i
3,208 i 3.608 I 3.800
6 ,-, 14 e 2
3. 281 7 it 3.620 15 ! 3.820 2
" H) '
3,343 < ,! 3,638 " | s Ny
x7 T s LS8 |
jt |

136. ‘I'able ¢ glves the value of log C, the correction fuctor for
distance hetween stations, by showing the limiting values of log s
between which log € may be tuken us 0, 1, 2, 8, ete., units of the
fifth place of decimals, Log C s always positive,

187. Table c.

Log C, . Log C,
Logs(sin{ unitsof ] Logs(sin| unitsof
meters). | fifth placo | 1neters). | fifth place
ofd IACR of dotimals.
0. 000 507
0 4
4.876 5352
1 5
5.113 5. 345
2 6
5,224 5.432
3 7
5.297 5,463
|

18027°—21—-5
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188. Table of logarithms of radii of curvature of the earth’s
surface in meters for various latitudes and azimuths, based upon

Clarke’s ellipsoid of rotation (1866).

- - ;
Azimuth, | 0°lat. | 1°lat. | 2°lat. | 3°lat. | 4°lat. | 5°lat. | 6°lat.
Meridian, | 6.80175 | 6.80175 | 6.80175 | 6.80176 | 6. 80177 | 6.80178 | 6. 80180
5 177 177 178 178 179 180 182

10 184 184 184 185 186 187 188

15 185 195 165 196 197 108 109

20 209 200 210 210 211 212 214

25 227 228 228 228 229 230 232

30 248 249 249 250 250 251 252

35 272 272 272 273 273 274 276

40 296 207 207 207 208 299 300

45 322 322 322 323 324 324 325

50 348 348 348 348 349 360 351

55 313 373 373 373 374 374 375

60 396 390 396 300 397 308 308

85 417 417 417 418 418 118 419

70 435 435 436 436 438 437 437

75 450. 450 450 450 451 451 452

80 461 461 461 461 462 462 463

85 468 468 468 468 468 469 469

80 470 470 470 470 471 471 472
Agimuth. | 6°1lat 7°1at. { 8°lat. | 9°lat. | 10°lat. | 11°1al. | 12°lat.
Moridian. | 6.80180 | 6.80181 | 6.80183 | 6.80186 | 6.80188 | 6.801901 | 6. 80104
5 182 184 188 188 160 163 198

10 188 100 192 104 197 200 202

15 189 201 203 205 207 210 213

20 214 215 217 219 222 224 227

25 232 233 235 237 239 242 244

30 252 254 268 267 260 262 264

36 .- 216 27 278 280 282 284 287

40 300 301 303 304 300 308 310

45 325 | 326 328 320 331 333 335

50 351 352 353 354 356 358 359

55 375 376 377 379 380 382 383

60 398 399 400 401 403 404 408

85 419 420 421 422 423 424 126

70 437 438 439 440 441 442 443

75 452 452 453 454 455 456 457

80 463 463 464 485 466 467 468

85 469 470 470 471 472 473 474

90 472 472 473 474 474 475 470
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Azimuth. | 12°1at. | 13°1at. | 14°1at. { 15°1at. | 16° lat.’| 17° Iat. l 18° iat.
. ___I
. .
Meridfun. | 6.80194 | 6. 80197 | 6.80201 | 6.80204 | 6.80208 | 6.80213 | 6.80217
: 5 196 109 203 206 210 25 20
10 202 206 209 213 a1l 22 225
15 213 216 219 22 227 31 25
20 227 20 233 236 240 244 248
2% 244 2147 250 254 257 211 265
30 284 267 270 278 276 2801 284
35 287 289 202 205 208 301 305
€0 310 313 315 318 321 324 327
45 336 337 339 342 344 347 350
50 359 361 364 306 368 371 373
55 383 385 387 380 301 3941 398
80 406 407 400 411 413 415 417
65 426 427 420 430 432 434 436
70 443 444 446 447 449 451 153
75 457 458 460 461 463 454 160
468 469 470 4n 473 474 476
85 474 475 470 478 479 480 482
%0 476 a7 478 480 48t 482 484
Arimuth. | 18°lat. | 19° lat. | 20° lat. | 21° lat. | 22°Jat. | 23° Jut. | 24°]ot.
Meridian. | 0.80217 | 8.80222 | 6. 80226 | 6.80232 | 6.80237 | 6.50242 | 6.80248
5 219 224 228 24 20 244 250
10 225 230 B4 29 244 250 255
15 25 29 244 249 254 259 264
20 248 252 257 262 266 271 277
25 265 269 273 277 282 | 287 202
30 284 287 292 296 3000 305 309
35 305 308 312 318 320 | 324 320
40 327 330 334 338 3411 345 350
45 350 353 357 360 364 ! 367 3n
50 373 3768 370 382 3861 389 302
55 306 398 401 404 071 410 413
60 417 419 422 421 427! 430 132
65 4368 438 440 443 4451 448 5
70 453 454 456 459 481 | 463 465
7 168 488 470 472 4T3 470 478
80 476 478 479 481 48 485 487
85 482 183 485 487 489 490 402
.90 48 485 187 489 400 492 494
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Azimuth. | 24°1Iat, § 257 lat. | 26° lat. lat. { 28°lat. | 2¢° lat.! 30° lat. i
— - p— —- !..___.__.i—____.i
Meridian. | 6. 80248 | 6. 80254 | 6.90260 | 6.50206 | 6.80272 | 6.80279 | 6. 80285 :
§ 250 26 262 268 274 280 287 |
10 256 261 267 273 279 | 285 202
15 264 270 276 282 2R | 294 300
20 217 22 258 293 299 : 306 311
25 292 297 302 308 ny 319 325
30 309 314 319 324 330 335 340
35 329 333 338 343 348 | 353 358
40 350 354 358 362 367 ; 372 377
45 371 375 379 383 387 3l 306
50 392 306 309 403 407 41 415
55 413 418 420 42 426 . 430 434
60 432 435 435 442 45 | 448 461
65 450 453 455 458 461 464 467
70 465 408 470 473 475 . 478 481
75 78 50 52 54 AT 492
80 487 489 491 493 495 | 408 s
35 492 494 196 498 501 & 503 505
90 404 496 198 500 502 | 504 507
R F i e e !
Azimuth. 30° 1at, | 31°1at, | 32°1ai, | 33°Iat. ] 34°1atl. | 33°1at. | 30° lut
Meridian, | 6.80285 | 650202 { 6. 60209 | 6. 40806 | 6. NOS1H | 6.8320 | 6. 50327
s 237 294 300 507 814 322 329
10 °92 208 305 312 319 820 333
15 300 306 313 R 836 333 340
20 311 317 324 330 337 343 330
26 325 331 337 443 149 356 362
30 340 346 362 358 164 370 376
35 168 263 369 474 380 385 391
40 377 382 356 302 397 402 407
45 396 460 406 410 414 419 424
50 415 419 42 42 432 436 441
55 434 437 441 145 44 453 457
&0 45) 455 458 403 465 400 472
[:$) 467 470 473 476 480 483 486
70 481 434 436 459 192 495 405
75 492 494 497 w0 i 505 508
80 500 602 506 07 a0 512 515
85 505 . M0 H12. bl4 517 519
90 507 509 511 514 516 518 51

.
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Asimuth. | 36°1at. [ 37° lat. | 38°lat. | 30°Iat. | 40%lat. | aetat. | 4aoist.
e e e - B R ;
uermmn.[s.s«xm 6.80335 { 6.80342 | 680850 | 4.50357 | 6.50305 | 0.80973 |
5 329 336 344 351 359 366 374
101 a3 340 348 355 383 370 378 |
151 340 348 355 362 369 3768 3R%4 |
20 | 350 357 364 n 378 385 392 ,
25 362 368 315 382 488 495 402
30 378 382 488 aH 401 407 113
35 301 307 402 403 414 420 426 |
40 407 412 418 423 420 434 #0 |
45 24 429 £34 439 Ha 449 45 |
5 441 445 450 454 459 464 468
55 437 461 485 469 474 n 452
60 472 476 480 484 487 491 495
65 4% 489 493 496 5 503 w7
i 498 501 504 507 510 A4 57
75 { 508 510 513 516 519 5223 525
80 515 517 520 523 525 528 531
45 519 522 52 527 529 533 534
90 521 523 526 528 531 533 536
Azimuth. ' 42°dat. | 43°0nt L4400 | 45% a1, | 46° 1at. 7°1at, | 48°lat
. |
Meridian. | 880873 | 6.80380 | 6.5038% | 6.80396 | 6.50404 | 6.50411 | 4. %0410 |
5 374 332 389 397 404 413 420
10 378 385 393 400 408 413 ot (
15 N4 191 398 408 413 420 428 |
20 392 399 4068 413 420 427 434 ‘
25 102 408 415 422 429 436 442 |
30 413 420 426 433 439 4486 452 |
35 420 432 438 444 450 456 462 |
40 140 46 451 457 462 468 474
45 454 459 464 470 T 480 i85 ]
50 408 41| am|  as2| sy ®2 105 |
85 432 486 490 495 499 50: 508
60 495 499 502 508 510 514 518 1
5 07 510 514 517 520 524 58|
70 517 520 523 526 520 532 536
5 525 528 531 534 536 539 642 |
80 531 534 536 539 542 5 M7
86 534 537 540 542 45 548 50
%0 536 538 541 544 540 549 sl |
' - —
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Azimuth. | 48°]at. | 49° lat. | 50°lat. | 51°Jat. | 52°1at. | 63°1at. | 54°lat.
Meridian. | 6.80419 | 6.80426 | 6.50431 | 6.50442 | 6.80449 | 6.80457 | 6.80464
5 420 428 435 443 450 458 465
10 423 430 438 445 453 460 467
15 428 435 442 450 457 484 471
20 434 141 448 455 462 469 476
25 442 449 436 463 469 476 482
30 152 458 465 471 477 484 490
35 462 463 474 480 486 492 493
40 474 479 485 490 496 501 606
45 485 490 495 500 (. 505 510 515
50 496 501 506 510 515 520 524
55 508 512 516 520 524 528 533
60 518 522 526 530 533 537 nal
65 528 531 534 538 541 545 548
70 536 530 542 545 548 551 554
75 542 545 548 551 554 557 559
80 547 550 553 535 5 561 563
85 550 553 585 558 560 563 566
%0 551 554 556 539 561 564 566
Asmuth, | 54°Jat. | 55° Jat. | 56°lat. | 57°Iat. | 58°lat. | 50°Jat. | 60°lat
Meridion: | 6.80464 | 6.80471 | 6.30479 | 6.80486 | 8.80493 | 6.50500 { 6. 80506
5 465 472 479 436 493 500 507
10 467 474 481 488 495 502 509
15 471 478 485 492 498 505 511
20 476 483 489 406 502 509 515
25 482 439 495 l 501 508 514 520
30 400 490 502 508 514 510 525
35 408 03 509 | 515 520 525 531
40 506 512 5171 sk 527 532 537
45 515 520 5250 530 534 539 543
50 524 524 533 63T 532 546 550
55 533 537 541, 545 548 552 556
€0 541 544 M8 582 555 558 562
5 548 551 55 558 561 564 567
70 554 557 360 363 566 569 572
7% 559 562 565 568 579 573 575
8 563 566 588 571 573 576 578
85 586 588 570 5713 575 578 580
%0 566 569 571 574 576 578 530

!
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ey
Azimuth, ' 60°lat. | 61° Iat. ;627 lot.  G3°1lafl. | 64°Iat. | 65°lat. | 66°lat,

—— e
° i

Meridian, | 6.80508 | 6.R0513 ; 6.80520 ' 6.80520 | 0.805632 | 6.80538 | 6.80544
5 07 14 20 ¢ 26 32

2 38 44

10| 09 15 22 28 34 40 45.
15 | 11 18 24. 30 36 42 47
20 15 21 27| 33 39 44 50
25 20 26 31 37 2] . 48 53
30 25 300 - 38| 41 46 51| 88
35 31 .38 41 | 46 51 56 80
10 37 42 46 5t 56 60 84
45 3 48 52 56 60 64 68
50 50 54 58 62 65 69 73
55 56 60 63 67 0 74 7
62 65 68 72 75 78 81

67 70 e 76 9 82 84

70 72 74 77 80 82 85 87
78 75 78 80 & 85 87 90
78 80 83 8 87 89 91

85 80 82 84 26 88 90 ]
90 80 8 86 87 89 0 93

Acimuth. [ 88°]lat. | 87° lat. | 68°lat. | 69°)at. | 70°at, | 71°Iat. | 72°lat,

Meridhm?’ 6.8054: 6.80550 | 6.80555 | 6:80500 | 6.80565 0.80578 6.80575
. ! : 7

4 50 55 61 68 75
ol BBl N & 8 »l R
1 53 s
20 50| . % 60 66 70 “|
256 53 H8 62 a7 72 7% 80
30 56 o1 o5 70 71 78 82
35 60 | 64 09 73 ki 81 84
40 84 | 68} 72 7 80 83 87
b3 LI 7 P 86 50
TR T || L

|

é 81 84 36 80 o1 94 9
85 84 - I 92 94 96 | 6.80508
70 87 90! 92 94 96 | 699698 | 6,
75 90 92, o 96| o8 e6.80000 ot
80 o1 Bl 97 | 6.80699 o1 02

92 04 ] 08 | 8.80800 01 03
9 93 %[ o 98 00 02 3

l.. — —
GRAVITY.

189, A publication on modern methods for measuring the In-
tensity of gravity is in course of preparation. When published
it will contain detailed instructions for the determination of
gravity. )
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TRAVERSE.

140. Instructions for precise and secondary traverse are given
in Speciat PPublication No. 58.

PRECISE LEVELING.

141. IFor generat instructions for this work, see Special Publi-
cation No. 18, entitled, “ Fourth General Adjustment of the Pre-
cise Level Net in the United States and the Resulting Standard
Elevations ” und also Special Publication No. 22, entitled, “ Pre-
cise 1.eveling from Brighaw, Utad, to San Fraucisco, California.”

RECONNOISSANCE FOR TRIANGULATION.

142. The reconnoissance preliminary to piecise triangulation is
made under special instructions suited to the work to be under-
taken. On tertiary triangulation the Hnes are usually of com-
paratively short length where the intervisibility of the points is
euslly tested, but for the occasional instances where guch is not
the case, the methods briefly indicated below may be ewployed.

Where the intervisibility of the points desired can not be deter-
mined by trial, or where it is necessary to estimate the heights
of towers which will make them intervisible when the lue is
obstructed elsewhere than in the immediate vicinity of one or
both of the points, the map method of reconnoissaice may be used.
The degree of precision oblained Ly tlis method will depend upon
the nceurncy of the map itself, which is usually indicated by its
source, date, and method of compilation, as well as by internal
evidence.

The difference between the upparent and true difference in ele-
vation of two points is affected by two factors, the curvature of
the earth’s surface und the refraction of light by the earth’s at-
mosphiere. These factors are of opposite sign und of an approx-
imately fixed relation to each other, so that the combined effect
can be applied as a single fuctor. The effect of refraction is about
one-seventh as much as the curvature; the formulas for the
separate effect of each can be found fn various works on geodetic
surveying, but the formulas helow give the approximate resultant

k (in feet)=XK* (in miles) times 0.574,
or )
K (in miles)=VL (In feet) times 1.32.
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143. Below is a tuble, condensed from the one given in Appendix
9, Report for 1882, which gives the distance X (in statute miles)
wt which a line from the height # (iu feet) will touch the horizou,
taking into account terrestrial refraction with a mean assumed
coeflicient of 0.070,

Correctéoit for carth’s curvature and refraction.

| Dist. Corr.  Dist. Corr. | Dist,

Corr. |
! R I
i ;
Miies, Fert, | Miles. Feet, | Miles. Feet,
1 0.6 21 263.1 a1 984.7
2 2.8 22 m | 2 1012.2
3 5.2 23 303.6 43 100L.0
4 9.2 24 330.5 44 1111.0
5 14.4 28 858.6 45 1162.0
6 20.6 2 888.0 | 48 1214.2
7 28.1 27 418.3 47 1207.7
8 36.7 28 449.90 48 13224
9 46.4 » #62.6 49 1377.7
10 57.4 30 516. ¢ 30 1434.6
1 94| 3 5514 1 51 1492.5
12 82.7 32 587. 6 52 1551. 6
18 97.0 38 624,90 58 1611.9
14 12.5 7 663. 3 54 1673.3
15 129.1 35 703.0 53 1785.8 ! -
|
16 146.9 36 43.7 56 1796.6 |
17 165.8 | 8 785.48 37 1884, 4 !
18 185.0 | 38 428.6 58 1930. 4
19 207.2 39 R72. 8 5 1997. 5
2 2.5 4 9k, I W 2065.8 |

To determine how much the line of sight between two stations
will clear or fafl to clear an intervening hill, either the table
anbove may he used or the following formula employed: - -

d
h=dt,4 (R— 1, "«7'5;':71' =0.5803d,d,
3 Pl

where
I =height of line at obstruction,
ho=helght of lower station,
I:=height of intervening obstruction or hill,

ka=nheight of higher station,
d;=distance from lower station to Intervening obstruction,

d;=distance from intervening obstruction to higher station.
AZIMUTH,

144. General remarks.—artics engaged in general cousl surveys
should make nzimuth ebservutions at one station for every 20 or
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30 figures of the triangulution. The azimuth may be meusured
at any convenient station of the triangulation, but preferably
at some stntion at which the deflection of the plumb line is not
large in the prime-vertical, therefore avoiding, if possible, points
having near-by mountain asses to the east or west,

Observation end computation of aimulh.—For examples of
observationd’ with the repeating theodolite and also with the
direction theodolite, see Special Publication No, 14, entitled, * De-
termination of Time, Longitude, Lutitude, and Azimuth” (5th
edition).

Observations on the sun for uzimuth,—It is occasionally desir-
able in reconnoissance for triangulation or in magnetic determina-
tions to have an approximate azimuth. IFor methods of obtain-
ing such an azimuth by observations on the sun, see Principal
Facts of the Ifurth’s Magnetism.

TOPOGRAPHY.

145, Use of the plane table.—F'nll details regarding topographic
surveys with the plane table will be found in A Plane Table
Manual, Appendix No. 7, Coast and Geodeti¢c Survey LRReport for
1905, which may be obtained bound separately.

148. Control of topography.—The most satisfactory way of mak-
ing detailed topographic surveys is to first complete and compute
a systematie triangulation, and plot the points determined on a
projection. This will .not always be feasible in echarting new
regions, on account of both time-and expense, and the topography
will sometimes have to be executed at the same time as the tri-
angulation. .

147, Where topography is cnmmd on simultaneously with tri-
angulation and other work, if practicable, the triangulation will be
kept sufficlently in advance so that the distances (not necessarily
the geographic positions) may be computed and plotted on the
sheet before filling in the topography.. In all cases where this
will cause too grear a delay or is not practicable from other
causes, the topographer must ¢check the distances on his sheet by
the computed distances as scon as they are available, and where
there are fluportant discrepancies must correct the error hy
examining the portion affected.

Upon combined operations-in Alaska the specifications for the
standard control of topoZraphy in Alaska shall be as follows:

In general, mafin-scheme triangutation statfons for control of
hydrographic and topographic work should be distributed along
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the coast at intervals not greater than about 5 miles. This tri-
angulation should be of the tertiary grade. To supplement the
main scheme, iutersection gtations of the triangulation, or stations
luciited by plane-table triangulation, by transit and tape, or transit
and stadia, shouid be distributed at intervals not greater than
about 2 miles. In localities where triangulation {s impruacticable
traverse with transit and tape may be used for:control, provided
that the accuracy of the traverse is egual to that of tertiury tri-
angulation.

‘When the details of unplovements along the water from sueh
ag docks, prominent buildings, ete., are to be located, a. control
point should be established at a distance not greater than 500
nmeters from such improvements.

Control stations shall be marked und debcrll)e(l in ucundamce
with paragraphs 76-96. All trianguiation signals must be cut in
with the plane table and shown on the topographic sheet ; -those
falling off the limits should have direction lines drawn on the
sheet. All traversc lines run must, if practicable, be checked by
closing circuits, and small errors adjusted ; if large errors appear,
the lines niust be rerun.. On a 1-20000- scale the closing error
#hould not exceed S meters per mile of traverse, and an error. of
half that amount will usually be obtainable,

" Unless otherwise specified, the standard of usceuruacy for the
!ocatlon of shore line in Alaska shall be equal to that for the
Atlantic and Pacific consts of the United: States.

'Fhe position of any purt of the well-defined and permanent shoxe
line shall not be in error more than 10 weters, where the shore
line is less than 1,000 meters from a triangulation or other con-
trol station; not more than 20 meters for distances between 1,000
and 4,000 meters from such a station; and not more than one- .
half of 1 per cent of the distance from w control stution where the
distance is greater than 4,000 meters from such a stution.

The descriptive report for each sheet must give the closing
errors of the fraverses run and state how and between what points
the diserepancy was distributed. . If proper care is exercised, it
will he possible to fit a projection to the plane table sheet by the
triangulation points, so that there will be little or no error in the
resulting chart. :

148. T'he maguetic meridian should be drawn on the sheet in
the field from at least one point, by neans of the declinatoire. In
rogions of large local disturbance, additional determinations of
the magnetic meridian should be made.
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In order to utilize all the availabie force at the bheginning of a
season, it may be advantageous to make a plane table survey of
a harbor and fill in the hydrography on this, the signuls (o be de-
termined by triangulation later.

148. When former trisngulation stations are searched for aud
not found, or when stations are recovered which are insufliciently
marked or described, the deflciency in marking or description
must be remedied and a report made to show existing conditions,

150. Scale.—I'or all general coast topography in hew regions,
unless otherwise specified, a scale of ypiys Will be used. Larger
scales, a8 yy¥py (and in exceptionsal cases gy ), are to be used for
special harbor surveys where the amount of detail or the -
portance of the locality warrants, but smaller scales than sgdye
will not be used unless specially guthorized.

161. Contour intervals for ordinary coast topography should be
either 20, 50, or 100 feet; 40-foot intervals shounld not be used.
The chofce of intervals should depend on the nature of the coun-
try and the scale of the sheet. Only one specjfic interval should
e used on a single sheet,

1562. Contours—Within the continental Ifmits of the United
States, the relief will be fndicated by contours. In Alarka and
the Philippine Islands ¢ form lines " instead of “ comtours” wild
be used for this purpose, except in the case of n large scale survey.
The term “contour” is generully understood to mean lines of
equal elevation located by a sufficient number of determined points
along its course, so that {n open country oun slopes of 5° or less no
part of it shall he aut of position more tban one-half the horizon-
tal ‘distance bHetween each successive contour.

In Alaska this standurd of accuracy is not practicable as it js
important for the benefit of the navigator to-include a large area
of rugged country back from the shore, so that its general con-
figuration wiil be indicated and the peaks and hilltops charted to
serve as landmarks.

For this purpose the relief will be shown by “ form Iines,” the
sketching of which will be controlled by as many points {refer-
ence points) of determined heights and location as can he recured
from the shore as the survey proceeds along the coast.

In general, these reference points, together with the elevutions
of prominent summits, shall be distributed over the area so that
there will be at least one reference point for every 4 square inches
of fleld sheet, with such additional elevations as can bhe obtained
without unduly delaying the progress of the work.
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Form lines developing the slopes and summits of points and
headlands which may be of use in determining a vessel’s position
from seaward should closely approximate the value of contours, as
they are often used when the inanediate shore line lies below the
observer's horizon,

In order that the relative value of the form lines may he known,
the position and height of each reference point shall be inked on
the sheet. :

153. Interior elevation.—Under the head of triangulation, pro-
vision is made for determining fmportant clevations visible from
the coaxt and heyond the limit of the plane table sheet,  Informs-
tion indicating the relation of these elevations fo the surrounding
country is of value, especially on small-scale general charts.
While it is impossible to obtain correet detailed information with-
oyt going over the country, vet it ix sugwested that by plotting
on a small satle (48 on q pleee of a general chart) the points
determined, a sketch may he made showing the trend of the
ridgex and the low areas as far as visible, Thiz will to some
extent avold the false idea which is glven of a mountainous
country by showing on the chart only detached smmmits.

154. The plane of reference for elevations is mean sea level and
must be used unless otherwise instructed. Elevations are to be
stated in feet. All clevations given either hy fizures or contours
should represent the elevation of the ground; when for any
reason the eclevation of the top of trees or vegetation is given,
a note to that effeet should be added, with an estiinate of the
height above ground in cach case.

165. Elevations may he read from the hypsograph (see Appen-
dix No. 4, Report for 1902), or they may be scaled from a graphic
diagram. They can be obtained by using the *‘ Table of factors .
for computing differences in elevation ” and * Table of corrections
for curvature and refraction,” pages 338 and 339 of Plane Table
Manual (also printed separately).

168, Laying out sheets.—I'lune table sheets should, in general,
he laid cut to run parallel with (he coast to cover as greatalength of
coast Mne as convenient, and to inciude the slgnals necessary for
its control. Sheets containing small detached fragments of topog-
raphy should be avolded as far ag possible; this can sometimes
be done by placing n subplan on an adfacent sheet. Where the
topography permits, sheets should preferably be lald out with the
two sides parallel to the meridian.
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In order to improve the field sheets and field records pertaining
{0 topographic and hydrographic surveys, it is directed that when-
ever drafting facilities are available for the fleld partles, pro-
Jectionsg shall be made in the field, thus obviating the errors due
to the distortion of a projection constructed under climatie con-
ditions which differ materially from that in the field.

157. Table of dimensions of standard topographic sheet, 30 inches
by 02 inches, expressed In nautical and statute miles, for different
scales:

Nautical mafles. Statute niles.
Soale.
Width. Longth, Width, 1 ILength,
o I
o 2,06 3.56 2.37 | 4.10
“n 7.13 a7 | g.21
it 4 8.22 14.25 9.47 | 1641
2vdos 18.45 28. 51 18.94 32.43
rodsus 41.12 71.27 47.36 82.07

158, The features to be included in ordinary coast topography
are the following:

169. The careful location of average high-water line and the
low-water line so far as it may be determined or estimated
without waiting for low tide.

180. Rivers and streams for a reasonable distance back from
the coast, according to their importance; large streams should be
surveyved to the limit of the detalled topography, while small and
unimportant creeks need be shown only as far as rowboats
can ascend; navigable strcams should be surveyed to the head
of tidewater or ship navigation.

161. Off-lying islets, reefs, and rocks, including elevations of all
prominent rocks and islets, Off-lying reefs should he designated
as bare, awash, or covered at high or low water, as the case
may be.

162. Towns, settlements, roads, and importunt trails within
reasonable distance of the coast. The individual buildings in a
town must not be shown except thosc of suflicient prominence
1o be useful as landmarks. When there is no street system and
it is desired to indicate a settlement a group of small buildings
can be used as a symbol
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163. Objects along the shore either natural or artificiul that
may be useful in future hydrographic work should be located
with care and so named or described that they may be identified
without difficulty. In coastal topography, even where the hydro-
graphic survey follows closely, it is essential to mark permanently
a sufficient number of points to make it unnecessary (o redeter-
nine them by theodolite or plane (able should later bydrographie
work become necessary. On a rugged, rocky coast this is easily
accomplished by placing patches of cement on the rocks, having
cmbedded therein a large nail or other object to make identifica-
tion more certain. Under other topographic conditions different
durable marks may be used to give to the survey a more permanent.
value. Descriptions of the marks and locations in duplicate must
nccompany -the descriptive report of the sheet on which they are
located. :
164, The location and elevation of bills or mountalus within the
limits of the sheet, so far as may be obtained from the vicinity
of the coast.

185. The nature of the coast line and of the low-water line, as
sand, corul rock, mangrove, etc.,, must be indicated by symbols, and .
the general vegetation along the shore must be shown.

186. Features not fully surveyed, as the fast land buck of the.
mangroves ang large areas of swamp land, also the extension of
i stream beyond the limits actually run, may be indicated by.
broken line or appropriate note.

167. Use of sextant and theodolite in topography.—While the
plane table is the most valuable instrument for. topography, the
surveyor should not regard himself as restricted to its wuse.
Where located signuls are in sight and the shore is lined with
swamp or mangrove, and in other situations presenting no suitable
locations for the table, the sextant may .be used to advantage in
filling in topography by locating each principal feature by two or
preferably three sextant angles, with additional angles to tangents
of points and other objects. A continuous sketch should be made
in a sketchbook, with the angles written opposite the corresponding
points on the sketch. Cases may also-arise where the topography
may be obtained advantageously with a theodolite traverse line
(the transit and stadia or chain method).

~A rapid and sufliciently accurate meihod of mapping rivers
which are comparatively unimportant yet navigable by small boats
is by a modification of the stadia method, in which the distance
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readings are made on n stadln rod by u plane-table aitdade, sup-
ported on a board nailed on top of a pole threst Into the river
bottom at the side of the bhoat, the angles being measured by a
sextant,

188. When any of these auxiliary methods are used the swork
should be plotted and combined by the topographer and udded to
the general topegraphic sheet, and the descriptive report should
~yute what portions are so surveyed.

169. Stadia errors.—The source of thic largest systematic errors
in stadia measurements lies in the different refractive power of
the air strata at the bottom of the rod as compared to fhose at the
top. All stadia readings within 1 meter of the ground should be
avolded, espectally in hot climates, us rendings above this limit
are practically free from error. When necessary to use the full
length of the stadia rod, attach an extension piece without any
graduation.

170, Stadia rods shonld be carefully tested before heginning a
season’s work, even though it is practically certain that they were
unsed with the same alidnde and disphragm on the previous season,
or have come direct from the Washington office,

171. Approximate locations.—If from any triangulation or plane-
table station breakers or other indications of (»ff-l)'ip;: dangers not
previously located are noticed, directions should at once be deter-
mined, and alse, if practicable, vertical angles. From the latter
and the elevation of the Instrument approximate distances may he
compnted, which will aid in identifying the objects from other gta-
tions. Another method quite useful in rapidiy gettlng approxi-
mate loentions of objects so as to permit of their future identificn-
tion is to take euts on them from a plane-table station and then
from another station nenrby. Of course such locations arve to be
confirmed hy good intersections from other points.

172. Revision.—In revision of the shore line and adjacent arens
where changes of moment have ocemrred it ix more economicatl
to make an entirely new outline survey rather than to select
places where changes are thought probable and then to work each
way from such spots to junctions with unchanged portions of
the coast. ‘This applies principally to stretehes of const where
intermediate trinngulation points are lacking.

When it is not deemed advisable to make an entively new antiine
survey, hromide copies of the original topographic sheet will be
furnished. From the bromide copy the chief of party will transfer
in pencil to a plane-table sheet (he datn covering the aren to be
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revised. This will permit erasing where objeets shown on the
bromide no longer exist or when changes have occurred sinee
1he original survey. The new topography will then be inked and
the sheet forwarded to the office in the nsunl form of g compreted
topographic sheet.

173. In the revision the following features heretofore shown on
the original sheets and the charts are not deemed of importance
1o navigation and will be disregarded, viz:

Individaal buildings.

(Ideceptions: Those of large size close to water front or a
detnched group of small ones along shore which would serve
a8 a landnmrk ; alse individual buiidings back from the water
front which are conspicuous and will serve as aavigational
alds, such as -church spires, factory chimneys, water towers,
ete, and the principal bullding of the life-saving stations,
These navigational atds and lfe-saving stations should be
well determined and listed in the descriptive report.)

‘Woods.

(I.reeptions: Where they will be of navigational impor-
tanee, such u4s a conspicuous clump of trees or where the growth
along shore is an exceptionnl and distinguishing feature.)

Minor roads,

(Baceptions: Thouse leading up from the water,

All fences. :

In the case of the water front of cities and large towns the
details of the whart line and adjvining streets chounld be carefully
located and drawn, using ull available accurate information.
Back of this the street system will he compiled in the office
from local maps obtalned by the fleld party. Suel maps should
have suflicient points and an azimuth in commmon with the plane-
table shect to insure locutlon and orientation.. In genera), the
inclusion of three streets back from tlhie water will be suficient
for the chart.

174. Plans of towns and loenl maps, if available, should be
obtained. These must be inspected in the feld and wmarked to
distinguish hetween detalls that exist and those that ure pro-
Jeeted only, They will be used in the office for filllng in details,
especially of towns, but not for the positions of important objects
which must be determined by the topographer. Coples of maps
of value obtained should be forwarded to the office with the
topographic sheet.

175. Symbols and lettering.—The standard topographic symbols
are to be Yollowed.

18027°—21- —¢
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176. The high-wuter line, being one of the most important fea-
tures on the sheet, should be drawn with suflicient strength to
make it clearly distinguishuble, The use of a full line for defining
the limits of vegetation outside of the high-water line or the limits
between marsh and fast land should be avoided.

177. Time need not be tuken for the elaborate covering of a
sheet with topograplhic vegetation symbols, but lHmits may be
shown with words in the center to show the area covered. Words
may be used to indicate vegetation features for which there is no
special symbol.

178. The field topographic sheet is a survey record; it should
show all useful information plainly, neatly, and correctly, but
time that can be more usefully employed should not be expended
in endeavoring to make it a handsome drawing,

179. Valuable information, useful notes, ete., should not be
onitted for fear of marring the appearance of the sheet; nor
should the topographer hesitate to pliace the necessary informa-
tion on the sheet because he is not expert at lettering,

180. In lettering topographic and hydrographic sheets, names
applying to the land should be in vertical letters, the names
applying to the water, including objects covered at high water,
should be in slanting letters. All geographic names are to be in
black ink, and names solely for surveying use, as of signals and
stations, are to be in red ink.

181. Care must be taken not to confuse the symbols for sunken
rocks (a simple cross), rocks awash (three lines crossing), and
rocks above high tide (heavy dot or shape). Brief notes are
desirable clearly indicating the nature of important reefs and
rocks, as “awash at low water,” “awash at high water,” * coral
heads bare at low water,” * breakers aut low water,” ete.

182. The following remarks apply particularly -to Philippine
topographie sheets. The cocoanut palin belng usually a distinctive
feature on the coast, should he shown by the special symbol.
Mangrove growing in the water should be limited by a very light
line to preserve the detail and correct position, and yet to repre-
sent it differently from the strong black line used for the high-
water line. Sometimes where there is mangrove the solid shore
may not Le seen, and it may not be practicable to locate it. Its
approximate position should be shown by broken lines sketched
on the sheet., The ordinary corual-reef symbol should be used
only to represent the limit of recfs bare or awash at low water,
and should not be used to represent reefs covered to some depth
at low tlde. When not developed by the soundings the limits of
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submerged reefs should be indicated by the sunken-rock symbol.
Rice puddies may be represented conventionally by small trregular
quadrilaternls bounded by slightly irregular lines and a little
grussing. :

183. Inking of sheets should be done by the topographer him-
self or by a1 mewber of the party under his supervision, and as
soon as practicable after the field work is completed on euch
sheet, Intervals of delay in fleld operations may be utilized
advantageously for this purpose. The inking of a sheet can not
be considered as finished until all essential notes and names are
inked.

184. Accuracy, neatness, and clearness are necessary in inking
sheets ; beyond this fine drafting is not essential.

186. When for any reason an uninked sheet is transmitted to
the oftice, the greatest care must be exercised by the chief of
party that every feature, fact, and nume is clearly and distinetly
shown. The topographer must also make it a point to see and
verify the sheet at some time after it is inked, examining every
detail.

188. It is pnrticulurly important in such case that small de-
tached rocks along the shore, and other features that might be
mistaken for aceidental markings, should be made clear, and in
weneral such objects should be inked hy the topographer.

187. The clevatlons of summits should be distinetly marked on
the sheet, and carec must be taken that they are not rubbed or
lost before Inking. Red ink is to be used for numerical elevations,

188. Triangulation stations should be marked by small black
cireles inclosed in red triangles, with names in red ink, but in no
case should this symbol be permitted to obscure an essential topo-
graphic feature; for instance, in case of an offshore rock or islet
used us u trinngulation station, the rock or islet should not be
obscured by the station symbol, but the latter may be omitted if
necessiy and an explanatory note may be added as to the station.

189. Plane-tuble positions should he marked on the sheet with
st red cireles when the positions are recoveruble and hikely to
bhe of future value; otherwise such positions should not be inked,

190, TTities should not be inked on original sheets in the field,
hut should be furnished on IForm 37a and pinned to the shect,
The information must include general locality, speeinl locality,
names of chief or party and of officers making survey, date
{months and year), and scale, together with a list of all data
forwarded with the sheet. In the Philippines the stamped title
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form should be filled in with ink on the sheet, or on a sip plnned
to the sheet.

191. In preparing and inking original sheets, north slmll be
taken as the top, and titles, names, numbers, and symbols shall
be put on normal to the meridian regardless of the direction of
the borders of the sheet, except where it is desirable that names
he lettered to conform to.geographic features. In such cuses the
names shall be inked so as to be read when looking north. Nawes
should by thelr direction and pr O\imlty clearly indicate the object
designated.

192, Photographs or tracings of sheets.—When there is reason
to believe that the mode of forwarding a sheet 18 not secure, it
should, if practicable, be photographed, or if photographic facili-
ties are not available, an outline tracing of the more hmportant
features of the original sheet may be made, Otherwise, no trac-
ing of an original sheet should be made in the field: Bromide en-
largements from photographs of sheets should not be made except
at Washington, unless specially ordered. :

193. When shects are photograplhied thie plates must be pre-
served until the sheets have been recelved at the office. Prints
should not be made unless the sheets are lost,

194. List of plane-table positions.—Before - transmitting topo-
graphic sheets to the otfice, chiefs of parties will prepare a list
of the prominent objects on the sheets that have been deternmined
by the. planetable, numely, spires, chimneys, cupolas, flagstuffs,
trees, ete, and such natural objects as sharp, well-defined moun-
tain peaks, rock cliffs, and other objects that miglit be recovered
and utilized, and particularly such objects as will:be useful in
hydrographic work ; and indicate the position of each object listed
by scaling the D. M, and D. I'. from the sheet in the following.
form, giving the height, if determined: .

&anc-tabl(' )osltions

]
Object and deseription. iLatitudol D. AL ‘°““j' 5 D. I'. |Helght.| Remarks.

tude.
N j
1
et ) Meters, ° ! Meters., Fed, .
Cupola, IHarrison’s house. .. 42 21 358 72 40! 508 146 1 Top.
Cupols, Blackwell’s barn... — 42 22 843 72 38 124 +138| Weather

vane.
Chsimn&y, sausre house, i 42 26 832 72 37 395 157 | Top.
mi
N?rth chimney, Rodgers, 42 26 981 72 381} 1,023 1256 | Top.
10use. .
Episcopal Church spire. ... i 42 25 63] 72 40 876 250! Top of

Gross,
Marray Mountain...........| 42 27 426 72 4 125 | 3,266 | The ﬂoﬁ.h
peak.
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195. This list should be attached to the descriptive report. The
exact position of the objects referred to should, of course, be
distinctly indicated on the sheet. Where space permits, the
more important objects, and especially those landmarks which
should appear on the chart, should be named divectly on the
sheet {tself, either close to the object or by reference letter and
note elsewhere on the sheet. Brief legends descriptive of impor-
tant landmarks may also, where practicable, be conveniently placed
on the sheet.

196. Landmarks for charts.—A list of the objects which are of
sufficlent prominence for  use on the charts must be furnisbed.
The selection, determination, and description of these points is
of primary importance, When placed upon the published charts
with brief descriptive legends they are little less than indis-
pensable for—

(a) Alongshore navigation, especially at dlmcult entrances or
those subject to frequent and considerable changes;

(b) The original location and determination of aids to naviga-
tion and subsequent verification of thelr positions;

(¢) Hydrographic examination of features subject to change,
to serve as the base for more complete surveys, such as entrance
approaches, bars, and channels. Also the verification of reported
shoals or other features incorrectly or incompletely charted,

197. In relinquishing charge of a topographic sheet, the chief
of party will inspect and approve each sheet before it is trans-
ferred to the office or to another chief of party for completion,
When circumstances are such that a departure from this rule is
unavoidable or when any part of the provisions of the instiructions
for completing these sheets are omitted, an explanation shall be
forwarded promptly to the oflice for approval; a full explanation
of the circumstances must nlso be entered in the descriptive report
aceompanying each sheet.

HYDROGRAPHY.

198. Data to start survey.—\When the information is available
from previous work, and the locality of the work and conditions
are such as to require it, the following will be furnished with the
instructions from the office, and the chief of party should at once
examine the informntion to see thut it is complete and understood :
Projections on which have been plotted triangulation points,
shore line, and ull objects or features located by plane table onr
otherwise which may be useful in the hydrography; list of geo-
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graphic positions; descriptions of stations; tidal plane of refer-
ence; description and relation of tidal bench marks; copies of
previous charts or surveys; information. as to dangers reported or
other special features to be examined, and, in the case of continu-
ous surveys along the coast in a new region, n copy of the
progress sketch of the previous season,

In regions where survey work has not previously been done the
tridngulation may have to be accomplished and the tide plane
determiined by the party charged with the hydrography, and the
projection will then be made in the field. In some cases it may
be desirable to carry on the hydrography simultaneously with the
triungulation or topography in order to save time or. utilize the
services of all of the party at tlie beginning of a season. -In such
cases preliminary locations of the signals should be plotted graph-
ically on the boat sheet, but all the work must be planned with
the view of ultimate control by the triangulation, and the more
important stations should be carefully marked.

198, The lists of geographic positions. and descriptions of sta- |
tions furnished to fleld parties must be returned to the office upon
the completion of the work. When former stations are recovered
that are found to be insufficiently marked or deseribed, or the
marks partially effaced, or the witness marks gone, the defects
should be remedied and an amended description forwarded (see
pars. 84-96). Stations should not be reported as lost unless an
exhaustive search has been made. When bullding signals over
stations care should be taken not to disturb the station marks,

200, Shore line.—When there is reason to suppose that the shore
line has changed materially since the previous survey the imn-
portant features should, if practicable, be located in connection
witlh the hydrography, either with the plane table or by deter-
mining prominent points by sextant angles (preferably three at
each point) and sketching in the intermediate shore line. Shore
line 8o located should be drawn in broken line. The same course
should be followed when the hydrography precedes the topography
and it is impracticable at the time to obtain the complete topo-
graphic information desirable,

201, Scale.~—Unless otherwise directed, inshore hydrography
should be plotted on scale not less than sgdyy, and must be done
in sufficlent detail to fully develop recommended sailing lines, ap-
proaches, channels, and anchorage areas and remove doubt as to
dangers. Anchorages, harbors, and channels may sometimes re-
quire scales of ylyy OF even ygyy. Offshore hydrography may usu-
ally be plotted conveniently and economlcally on smaller scales,



HYDROGRAPIHLY. 87

28 1ybves svdusy subvey OF Tuveow. ‘here there are no dangers or
details either of the last two muy be sufficient for chm ting pur-
poses.

202. Location of signals.-—It is desirable that in advance of the
hydrographic development a reconnoissance be made, the best Jocu-
tions for signals chosen, and the whole work systematically
planned,

203. If the hydvographic work Is to be based on trlungulatlon
and topographic points previously determined, these should be first
recovered, as far as practicable, and if necessary additional points
located from them.

204. For triangulation methods, instruments, and records which
should be used for the extension of the triangulation beyond the
limits already executed and to supply the place of points lost,
see paragraphs 12-111. The sextant should not be used for this
purpuse nor for the location of important hydrographic signals
or of perinanent objects, such as lighthouses, ‘Deacons, bulldings,
and other useful landmarks. :

205. When in the course of the hydlogmphic work “it 1§ desir-’
able to locate new signals by sextant, three angles should be laken,
if practicable.

206. In some cases it may be necessary to locate a subordinate
signal or object by angles from several positions of the boat, the
latter determined from other signals. Where recourse to this de-
vice is necessary at least three positions should be used as a check.

207. The officer in charge should make sure while yet on the
ground that the position of every signal or object used in the
hydrography is determined with sufficient accuracy for the scale
of the projection, and this must be tested by actually plotting or
computing in the fleld.

208. Great care must be taken that ample fnformation for the
. correct plotting of every hydrographic- signal accompanies the
record. A lst of such as depend on plane-table locations and a
list of such ns depend on sextant angles should be given in the
“ Description of stations” and in the “ Descriptive report.”

209. In connection with the trfangulation and piane-table work
along the coast in a new region special attention must be glven to
determining suitable objects for hydrographic work, each of which
should be described and marked when necessary, so as to be avail-
able for future use. (See paragraphs 78-76 and 194-198.)

210. A signal erected exactly over uan old station should bear
the name of that station. If for any reason a signal is located
near, but not exactly at a previous station, it must have a dis-
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tinguishing name, or may be given the old name followed by * No.
2" or the year. :

211, Names of signals. —I<01 convenience short words of not
more than three or four letters should be used for names of
hydrographic signals. Avoid using in the same locallty two
names that resemble each other in sound. .

212. List of permanent positions determined.—Before transmit-
ting hydrographic records or sheets to the oftice chiefs of parties
will prepare a list of prominent objects or positions-of a perma-
nent character that may be useful in future work that have been
determined in connection with the hydrographic work. Indicate
the position of each object listed Ly scaling the D. M. and D. P,
from the sheet, in the form given under ‘ Plane-table positions ”
(paragraph 194). This lst should be attached to the “ Descrip--
tive report.”

213. Character of sig'n.als —It will materially facilitate hydro-
graphic work to have a sufficlent number of conspicuous signals
which may be readily picked up by the sextant observers. For
convenience ag well a8 economy natural objects, sych as bowlders.
cliffs, and lone trees, and artificial objects, such as towers, flag-
staffs, lighthouses, gables of buildings, etec., should be used as sig-.-
nglg when avallable. It is considered that the success of a party
engaged on oflshore hydrography depends largely on the type of
tall signal and signal buoy:allowing of the longest range of visi-
bility. Specifications for the tall type sigual and different classes
of signal bupys may be-had upon application.

214. A good forw of hydrographic signal Is a tripod wlth slats
across two of its sides, or a pole with banners of cloth stretched be-
tween cross pieces so that the banners will show in different dlrec-
tions. Driftwood, small trees, and other material on the ground
and in the Tropicg bamboo poles fastened with wire or rattan.
may be used economically. -Siguals near each other or similarly .
sltué;ed should be varied in form. or color to avoid likelihood of
confusion. The directions from which they will be viewed should,
of course, be considered in building signals. Natural as well as
artificial objects may readily be made conspicuous by whitewash.
Agalnst a dark background white slgnals, show best; against the -
ql\y black is preferable. For general use white is the better color.
angd cloth the better material, other conditions being equal,

215. A tripod made of lengths of iron pipe, wired together -
through crosses at the top, makes a simple signal that will stand
in a moderate depth of water, and if wrupped with cloth and .
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with flags set in top may be seen at a.long distance. In exposed
situations in the water such signals may be made more secure by
'pumping'the legs into the bottom by means of a water jet; long
poles and saplings have also in this manner been pumped in on
ocean barvs and have withstood storms.

216. Indefinite objects, such as tops of mund hills and centers
of islands, should never be usged for critlcal or inshore hydrog-
raphy, but for offshore hydrography it is sometimes necessary
to use the summits of mountains which have been determined by
triangulation ; of course, for this purpose, definite and conspicuous
points are to be selected as far as practicable.

217. When sounding from boats, it may sometimes be desimble
to use the foremast of the vessel as a signal ; in such case the vegsel
should be anchored with a short scope, and her position determined
whenever there is any change, due to change in the direction of the
wind or. tidal current. The angles determining the positions and

" the time they were taken must be noted, and this information
should algo be put in the record book of the sounding party.

218. Plan of development.—~The plan of development should be
carefully considered in advance, so. a8 to cover properly the whole
urea, with suitable allowance for the relative importance of the
different parts; the closeness of development should vary from a
waximum .in channels and anchorages having depth near the
draft of the vessels to be accommodated to a minimum on exten-
sive flats of much less depth and in clear areas of much greater
depth, Careful attention must also be given to the development
of sliallow channels and waters that are likely to be used by light-
draft vessels, such as motor boats.: The soundings upon the chart
in .addition to indicating to the mariner dangers, channels, aud
anchorages, also enable him by casts of the lead to recognize his
position, and this requires a development of the .material and

- relijef of the bottom within the limits of ordinary sounding depths.

219, In working on the general scale along a coast in new re-
glonsg, closer development should be made of all parts where ves-
sels are lkely to be compelled to approach land, as in possible
anchorages or off promontories, even though present conditions do
not warrant special large-scale surveys. The lines should also be
closer off projecting points of land or reefs. In regions where con-
tinual changes are going on the development need not be so de-
tailed as in reglons where changes do not take place.

220. The order of the development of the lhydrography should
depend on an economical management. of the party. BMuch val-
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uable time may be lost in sending boats to sound a long distance
from the ship or headquarters, and whenever circumstances per-
mit the anchorage or the shore quarters should be shifted to keep
near the working ground.

221, Systems of sounding lines.—Systems of parallel linex cover
an area most evenly and economically, and zigzag lines, except as
provided for to supplement wire-drag work, should, in general,
uot be used. The development should usually be by straight lines
perpendicular to the general trend of the coast, though the direc-
tion will depend somewhat on currents, wind, and vessel.

When there is a strong irregular current in a thoroughfare or
river, lines run normal to the channel, owing to the nonuniform
progress of the boat over the bottom, will not afford reliable means
for plotting soundings unless position angles are observed fre-
quently. Under such circumstances the greater part of the de-
velopment should be made by lines run with or against the cur-
rent. For a certain mileage of sounding lines, a system of close
parallel lines will develop a given area more thoroughly than
if the same mileage was laid out in two systems, at right angles,
of wilder-spaced lines. However, cross lines furnish a valuable
check on the accuracy of the work, and it is therefore recom-
mended that for inshore hydrography the first syvstem of parallel
lines be crossed by lines approximately perpendicular and spaced
several times as far apart as the first system. Outside of the
10-fathom curve, such cross lines will be run as will insure that no
important changes of depth remain undeveloped. When, however;
a system of lines extends seaward for a considerable distance be-
yond where it can be checked by observations on fixed objects, a
few cross lines should be run to enable the draftsman to detect
gross errors. In many localities the submarine rvelief is char-
acterized by a succession of more or less continuous ridges which
trend in a common direction, such as the submerged glaclated
areas in Maine and Alaska, the fringing coral reefs of the Floridu
Peninsula, and the common sand waves and banks of rlvers and
coastal waters.

Where such areas are surveyed and developed by means of the
hand lead, the trend of the ridges should be ascertained by means
of a general system of lines and final development completed with
lines run at an angle with the direction of the axes of the ridges.
Lines making a more or less acute angle with the axis of the
feature are necessary also in the development of steep slopes, nar-
row channels, and crests of bars,
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2R2. The spacing of lines will have to depend largely on the
character and relief of the bottom and the importance of the re-
gion, In general coast work with flat and sandy bottom and
without indication of danger, inshore lines may be spaced 200 to
400 meters apart, but this interval should be diminished for steep
slopes, broken, uneven, or rocky bottom such as are found in the
Philippines and Alaska. In important anchorages and chanuels
lines as close as 50 meters may be required. Between the 10 and
100 fathom curves about four, or even less, lines to the mile should
be sufficient in regions like the South Atlantic and Gulf coasts
where there are no indications of dungers. In general the mini-
mum requirements will be included in the instructions, and the
chief of party should not hesitate to increase the number of lines
for the development of the ares, as the survey may require, re-
porting the necessary change of details to the office. All areas
with depths up to 100 fathoms, including detached lumps outside
the 100-fathom curve, should be developed sufficiently for the pur-
poses of mnavigation. On an abrupt coast, outside of the 100-
fathom curve, lines from 5 to 10 iniles. apart should be run off-
shore at least to the limits of vislbllity of the mountain peaks,
or the 1,000-fathom curve.

228. For the sake of economy care must be taken not to extend
the close Inshore system of development into open and deep areas
where 1t is unnecessary, as a serious loss of time and energy may
result. The system of lines must be varied to suit the conditions.
Ordinarily the close inshore work will be done with launch or
boat, and the more open offshore work with ship, the latter system
slightly overlapping the limit of the former.

224. Sounding interval.—The interval between soundings should
depend on the nature of the bottom and the depth of the water. In
depths of eritical importance to navigation it should be made as
short as Is consistent with good work, and it should always be
less than the interval between lines, Generally in moderate
depths of water more soundings will be taken than can be plotted
on .the sheet.

225. Time interval.—The time interval should ususally be uni-
form, the recorder indicating the time by the order *“sound” to
the leadsman, For very irregular bottom the time soundings
should be abandoned and the leadsman should sound as rapidly
as possible. Under normal conditions and with a single leads.
man the following time intervals have been found to meet the
requirements: :
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Depths under 2 fathoms___ . ___._ 15-second interval.
Depths from 2 to 4 fathoms ~2—— 20-second interval.
Depths from 4 to 7 fathoms_____.___________ 30-second interval.
Depths from 7 to 10 fathoms________________ 40-second interval.
Depths from 10 to 15 tathoms._ . _______ l-minute interval.

2268, Bounding speed.—The speed of the boat should be varled as
may be necessary for efficient and economical work. It may be
increased in very shoal water when soundings can be made
rapidly, and also in deeper open water where a close interval ix
unnecessary. But it should never be so great as to interfere with
getting correct soundings. It is impossible to obtain up-and-down
casts when the vessel is running at hl'gh speed. About 5 knots
should be considered as the maximum s)eed through the water
for sounding with a hand lead under favorable conditions.

227. Precautions in case of danger indications—When the bot-
fom is rocky, or when detached rocks are known or suspected to
exist, the precautions in souhding should be much increased.

228. In all cases of shoals, suspiclous sound111gs,'fnud“1;1dlcatlous
of dangers, whatever additional Wwork is necessary to develop the
bottom thoroughly and to ‘determine the least depth of wate’r must
be done regardless of any prearranged systéem of lines. It must
not be assumed that the 1egnlm lines of soundings show the leust
depth.” A séunding showing even very little less thzm the average
depth 'should be regarded ‘as the indication of a possible shoal,
much more g0 when two such shoaler soundings are found on con-
tiguous llneﬂs, and 1ii such case very careful investigation shou]d
be made of the vicinity to obtain the least depth.

229. Depth ocurves—A valuable test of the completeness of the
data from a hydrogruphic survey is to draw the curves for ‘all
depths. The data ‘are ndequute when no doubt  exists of thv
location of any portlon of a curve. ‘

280. Additional development.—All channels. sailing lines, and
anchorsdges should be sounded thor oughlv and diagged if neces-
sury ; additional lines {n the direction of the axis of the channel
or of the salling lines should be run if they are not parallel with
the ‘system of sounding lines adopted for the general devel“opmeﬁt
Salling lines should not bhe recommended without actual test by
running lines of soundings over them,

231 Ranges for running lines. —.Soundlng lines are oulimuih
run on colpuss courses. Ranges of natural objects on shore
should be picked up when practicable and will be especially  use-
ful when there is any wind or current. Usually, however, it will
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not be desirable to delay the .work to select ranges or for the pur
pose of getting the boat in the exact position to start a proposed

Iine, anad this must not be -dore unless tliere is special reason. for it.
When essential to select a range, the angle between some signal
and the llne proposed to be run -may be taken off the sheet twith
u protractor, and with the sextant set to this angle search made
for suitable objects ashore in the direction of the line.

- 232. Bunning lines by compass.—A proposed system of parallel
lines gpaced as directed should be lald out in pencii on the boat
sheet, In following a coursc indicated by a pencil line, when a
position plots off to one side, position angles should bé taken at
* the moment of changing course.  No time should be wasted; how-
ever, in uttempting to follow closely the pencil llnes on the: boat
sheet.

- 288, In close devolopment with paralel lines, soundlngs should
not be taken between the last position on ope line and the. first
position on the next line,

234. In cases of exposed shoals with breakers it may .be 1m-
practicable to do more than run & line just outside of the breakers
and to note the distance of the sounding boat off the breakem at
numerous points.

235. Special development of reefs, shoals, bars, and: cha.nnelx-—
In surveying a reef with a single high point or surface a buuy is
generally placed on the highest point and radial lines ruun fromn
this; but this may give an imperfect idea of the shape of the reef; as
the lines diverge rapidly from each other. "New lines: should: be
introduced, therefore, between the flrst radial lines as they recede
from the buoy, or preferably the area in question should be devel-
oped by a system of close parallel lines and cross lines. On shoals
or rocks that are bare at some stage of the tide the depth should
be obtained if practicable. .

236. It the reef has more than one high polnt, several buoys
placed upon them will give the meauns of laying out upon a dia-
aram and of executing by sounding u reguiar plan of work whichi
will show the peculiaritles of the reef, increasing the soundings
where the slopes are steep or the irregularities great. It is very
desirable to visit rocks and shoals at extréme low water, when
an examination may show hov« near the surface any pottion ap-
proaches.

237. In the development of areas remote from shom signals,
water signals (or buoys with signal superstructures) must be
established so that details may be studied in their true relative
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pousition and results made conclusive ; these water signals must be
connected with the remote shore signals. (See par. 275.)

238. In harbors lines should be run to the outer face of quays
and wharves to show that water can be taken to them.

239. When convenient, shoals and flatg bare at low water may
be sounded over at or near high water. When reduced for tide
these soundings will show the helght above the plane of reference.
These hoights will be plotted on the sheet as “ minus soundings,”
that is, the heights In figures will be plotted with the mlnus'slgn
before each. In general, whenever a sounding is less than the
amount of the tide reduction at the same moment, the difference
should be plotted as a minus sounding. All minus soundings are,
of course, to be included within the low-water line,

240. Locating reefs in heavy weather.—On a field of work ex-
posed to the sea, reefs and shoals may be discovered, located, or
verified during heavy weather by occupying two or more stations,
and with an instrument cutting in the breakers, or by cutting
them In from a vessel. Tlie depths can be ascertained during fair
weather. .

241, When the survey of a shoal or rock is finished, care must
be taken to note upon the spot all useful ranges, bearings, and
marks which lead over It or close to it on every side.

242. Examination for adequate development.—The development
of channels having moderate depths in the fairway, and that of
bars, if there are any, which obstruct the fairway, is of the ut-
most importance and should receive the close personal attention
of -the chief of party. After the lines are plotted and the curves
drawn in he should carefully trace out each channel and assure
himself that no soundings are wanting to show exactly how much
water can be carried throughout its whole extent, and extra lines
should be run where there is the least room for doubt. Should he
find indications of a bar, a further examination must be made to
develop its form and extent and to make sure of having found the
least depths upon it.

243. Dragging for dangers should bLe resorted to in cases of fm-
portant channels and anchorages where obstructions have been re-
ported and not found or where the nature of the bottom and sur-
roundings indicates a likelihood of dangers which might be missed
in the ordinary sounding lines. Even in the closest development
with the sounding lead pinnacle rocks may be missed, and a
thorough sweeping of a doubtful area is necessary to prove that
it 1s clear. Expérience indicates that this precaution is well war-
ranted in Important areas.
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The wire drag is’the only sure and effective means for this
purpose. It is described in the Coast and Geodetic Survey Speclm
Publication No. 68, with gengral directions for its use.

In plotting a large area of drag work the method deseribed in
Speclal Publication No. 56 should be followed. For smnall areas
the positions may be plotted on the regular hydrographic sheet,
but the connecting lines should not be drawn, as this will inter-
fere with the legibility of the soundings when plotted. A piece of
vellum should be used to show the details.

A drag made of pipe and intended .for use with & surveying
vessel is described in Appendix No, 6, Coast and Geodetic Survey
Report. for 1803, TFor surveying operations this apparatus has
been superseded by the wire drag.

Where speclal apparatus is not avallable a drag of some sort
should be improvised to search for an important reported obstruc-
tion which can not be found by the lead. Two pulling boats may
be used, and the principle of the wire drag should be followed in
keeping the drag taut by means of welghts at each end and the
boats towing on courses somewhat dlvergent. Wire should pref-
erably bo used, or, in its absence, rope or light chain, or an iron
pipe or bar suspended horizontally may be towed beneath a
launch ox between two boats.

-244, The length.of drag will depend on the nature of the work
and the amount and guantity of material available, With stand-
ard equipment lengths of drag under 8,000 feet are rarely used
except in channels with less width than this. The following table
gives information relative to drag lengths in 6rdinary use:

'Length of drag. L&:ﬁ;‘;A ‘:f"" Conditions.
Feet, Feet.
Less th!m 3,000 reet ..................... 300 {..ccuuanan Narrow channels.
38,000 feo : 300{ - 2,700 | Very broken bottom,
. 400 3,600 | Broken bottom.
000 feet 500 4,500 | Fairly clear bottom.
6,000 fe0t ANd OVOr...ocnveernenannnneas 600 ....... »-.| Desp water,

Lengths of drag for deep-water work are commonly 9,000, 12,000,
and 15,000 feet, depending on the area to be covered and the cur-
rent velocity.

245. Drag depths shall be referred to the plane of mean low
weater unless otherwise Instructed. It is considered that an
examination to a depth of 50 feet at mean low water is sufficient
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to insure safe navigation for surface vessels, whilé nn examination
to 100 feet Is necessary to safeguard sSubmarine navigatfon.
Therefore, unless otherwise instructed, the following will be'‘the
standard drag depths: Deep-water areas to 100 feet or over; areus
with depths hetween 50 and ‘100 feet to within 10 or 20 feet from
the bottom; and areas with depths less than 50 feet to within
about 3 feet fronr the bottomn.

When the drag is towed through the water the bottom wire
will usually lift slightly. The amount of this 1ift, which is rarely
over 2 feet, shall be determined by tests usually conducted from the
tender. For this purpose a tester should be used which m.lv conglst
of u 3-inch metal rod about 3 feet long attached to one end of a
small chain, ‘This rod and chain is graduated in the same manner
as u lead line, the chain being used to insute an invariable length.
The tender should stop a short distance ahead of the drag opposite
the point to be tested and lower the tester to a depth about equal
to the upright length. When the wire strikes the rod the tester
is Jifted until it clears the wire and the difference between the
upright length and the 1eadlng of the testex- when it clears ghes
the lift.

To obtain the uprlght setting for a certaln effective depth add
to this depth the lift correction and the helght of the tide above
menn low wuter ag shown by predictions. While predicted’ tides
are used for setting the drag, the final reduction ls to be made
by using observed vulues obtained duung the course of the \vom
on 1 near-by geuge.

In channels and in deep water the dmg s usually set to one
depth thiroughout, and for the latter work it is customary to avoid
depth changes by setting the .drag for the maximum height of
tide that will occur during the day. In shoal water fairly long
drags can be used by setting the drag at different depths to con-
torm to, the bottom contour as shown by soundings. In this class
of work frequent depth changes are necessary, in order to ullow
for rise and fall of the tide, to conform to changing bottom contours
and to avoid shoalg previously discovered. In this class of work
it is not good practice to have the difference in length betwecen
adjoining uprights greater than  one-fortleth of the distance
hetween them.

246. In dragging areas where soun(linx_s of 1)1 evious ﬂulveyq are
widely spaced and where additional information relative to the
depths is required soundings taken at stated intervals at each
alternate buoy during the progress of the drag will give a
staggered line of soundings over the entire patb. The soundings
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are plotted at the position of the buoy by using the time interval
on the normal path of the buoy. When the position of the drag
varles from its normal curve the position of the buoy at which
the sounding is taken should be fixed in order to plot its position
on the curve of the drag. This method of sounding should be
used only when speciully instructed.

247. All operations and angles in wire-drag work are to be re-
corded for final preservation and for later work on tbe smooth
sheet. A separate smooth sounding record and a wire-drag record
are to be Kept for each shect, The end launch officer records,
for future cowmpurison, euch ungle that he signals, together with
the time. Iach tender records all data obtained on shoals;
depth changes, giving the time that the change started and ended,
the new depth und the buoys Involved in the change; drag tests,
etc. All data in regard to shoals are to be copied from the tender
records into the smooth sounding record on the guide launch,
while other information is transferred to the wire-drag record.
Soundings taken during the progress of wire-drag work shall be
recorded in a separate sounding volume. When cuts or bearings
are taken from the end or-guilding launch to locate the position
of u sounding at an intermediate buoy they shall be 1ecorded in
the same volume with the sounding,

On the first page ol each record are to be entered the names
of objects used for control and the manneyr in which their loca-
tiong are obtained, together with the shore names assigned to
them for convenience in recording. On the second page the party
organization shall be glven, with the name and duties of each
member, Rubber stamps are provided for insertion of data at
the beginning and end of each day. A stamp may be obtained
for insertion of initial lengths of upright at the beginning of the
day and whenever a depth change i$ made during the day. At
eacp position the time, position angles, buoy -angles, distance
angle, signaled angle, and distance shall be entered in the order
named. . A buoy angle i8 to be considered as plus if the buoy is
to the right of the object, and minus if to the left. When the
drag catclics on a shoal, an excellent check on the shoal position
is obtalued by observing and recording a bearing to the indicated
position, with a note as to the number of the buoy nearest the
ghoal, '

Successive days are to be lettered in order and corresponding
days in the wire-drag and sounding records are to be given the
same letter., Hxplanatory notes should be entered, when neces-

18027°—21—1
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sary, in the wire-drag record, and every care taken to make it a
clear and complete record of each day’s work.

For long-drag work positions are to be recorded on the end
launch and later transferred to the right-hand angle column of
the guide-launch record.

248. To reduce the records, the upright length is to be entered
in the proper column at the top of each page and where it is
changed by a depth change. The correction, as shown by tests,
is entered and subtracted from the upright length to obtain the
drag depth. If there is a correction for swell it shall be noted
by the oflicer in charge and added to the correction. For deep
drag work a factor of safety may be introduced, at the diseretion
of the chief of party, by adding a foot or two to the lift shown by
tests. Tidal reducers are to be entered in the same manner as
for ordinary hydrographic work and applied to the drag depth
to give the effective depth., If the tidal change occurs between
two positions, it is shown at the preceding position if it decreases
the effective depth, and at the succeeding position if the contrary
is true. All distances must be checked by recomputation.

249. At the end of each day in the record an effective depth
diagram will be entered. This dlagram, which is simply a sum-
mary of all effective depths obtained during the day is to be
entered in the following form:

Position Remarks
43 45
1 N _ .. [ J— F B
' 34 — v
2.8-6.4 2 e B
44 35 0
8 N - 2 bo Tide.

The first entry shows the initial effective depths, the letter
B indicating that the line begins. On an inclined section be-
tween two different upright lengths, the lesser depth is to be
considered as extending horizontally to the first upright set at a
greater depth. Thus at the beginning of the day buoy No. 5 is
set at 43 feet and buoy No. 8 at 45 feet making the path of buoy
No. 6 the dlviding line between depths. The sccond entry shows
a depth change of 34 feet made from buoy 8 to buoy F in the
direction of the arrow. As the depth is decreased the change
extends automatically to buoy 2 as soon as buoy 8 is changed.
The fractional position nuinbers show that the change started
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between positiong 2 and 3 at a time when buoy No. 3 had trav-
ersed 0.8 of the distance between the two positions, and that it
cnded when buoy T had traversed 0.4 of the distance between
positions 6 and 7. At position No. 8 an increase of 1 foot in lh(,
cffective depths, due to tidal decreuse, is indicated.
250. When the drag parts, care should be taken to eliminate
uncertainty by the rejection of a sufficient number of positions.
251, For plotting, the smooth sheet is protected by tracing cloth
held securely in place, with small holes cut through over each
control object position on the sheet. A number of boat posftions
are plotted, after which the buoy positions are plotted and pricked
through on the smooth sheet. The successlve buoy positions are
connected by straight lines, using & pencil hard enough to indent
the smooth sheet. Care must be taken to plot the buoy positions
within a reasonable time after the boat positions, lest the tracing
change its position with relation to the sheet. The tracing is then
removed while the path lines are drawn in pencll on the smooth
sheet. BEvery fifth position is indieated by its number and the letter
of the nlphabet assigned to the day, using ink of one certain color.
These numbers should be entered only on the guidelaunch side of
the strip. The curved line of the drag is drawn at the end of each
strip, using the buoy spacer. The positions of nll shoals discovered
during the day are plotted, either immediately before or after
plotting the day’s work, and numbered as for the drag positions.
When a drag strip ends on a shoal, care must be taken to extend the
line of the drag back of the shoal. :
After the various strips are plotted in pencil they are subdivided
to show effective depths. For changes due to tide the line of the
drag is drawn with the spacer at the proper point. Depth changes
are shown by connecting, with a line, the position of the flrst buoy
nvolved at the thme the change started ahd the similar position
of the last buoy changed. If the change affects less than half the
drag, the two positions are connected by a straight line. If more
than'half the drag is changed, it is best to locate the middle buoy
involved at the time it was changed, assuming a uniform rate of
change, and to connect the three points with a smooth. curve.
With a drag set nt different depths, the dividing lines are obtained
by plotting the positions ot the dividing buoys at each drag position
and connecting succeeding buoy positions with straight lines,
After a strip Is subdivided each subdivision is outlined with
colored Ink In'accordance with the following color schemes, and
with the rule that deeper areas are completely surrounded with a
line 0f the proper color, while areas of less depth are surrounded
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by the proper color, except where they adjoin an area of greater
depth: :

19 feet and under-_________ o ... Brown,
20 to 29 feeto . ____ e Yellow,
80 to39 feet o Blue.
40to59 feet .. ____. Red.
60 to 70 feet e, Purple
80 feet and over_ . e Orange,

ISach area has one or more light lines exteudiug across it. with
a space for a numeral representing the difference between the
effective depth and the color base. Thus an area dragged to 94
feet will be surrounded with an orange-colored line and contain
the numeral 14. When the sfrips are inked, corresponding posi-
tlous of N and F are indicated by short lines drawn from each
toward the other. Each fifth position is indicated by slightly
longer lines, .

In shoal localities, where an area may be covered scveral times
by drags set at different depths, the subdivision described above
may be simplified by tracing each strip as it is plotted, subdivid-
ing the strip on the tracing and then transferring the subdivi-
slons to the smooth sheet.

252. All records of dragging operations should be kept in wire-
drag record hooks, and the work clearly explained.

253. Position angles.—Ior locating position of sounding hoat the
two methods generally used are by theodolite angles on the boat
from two statious ashore, and by sextant angles from the boat
on three shore signals, or & combination of the two. The former
is the most precise, but is not well adapted to surveys of extended
areas.

254. The second method §s employed in nearly all the coust
work, the principles involved being the same as in the location
of a plane table in topographic work by the three-point problem.
The strength of a determination of position depends directly on
the relative positions of the three fixed points and the position
sought, There are usually a number of objects from which to
select in taking the sextant angles, and good Judgment is re-
quired in making this selection; some positions of the objects
with respect to the observer give strong conditions and some very
weak conditions for the angles.

255, 8trength of position angles.—A single angle between two
fixed points gives as a locus of the vertex part of the clrcum-
ference of s clvcle through the two fixed polnts in which the
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given angle may be inscribed. ” 'Two angles measured between
three fixed points determine the position as at the intersection
of three such loci passing through each two of the points, respec-
tively. The strength of the position- depends in part on the
angle at which these circles Intersect; as they approach tangency
the positlon becomes weunk, until the limiting case is reached,
when the position is on the circumference of the circle pasding
through the three fixed points. In this case the three .position
efrcles coincide and the position is indeterminate and can be
plotted only gs somewhere on the circle,

256. Whenever the distance between any two of the ﬂxed points
s small as compared with the distance from them to the observer,
the corresponding position circle will be poorly determined and
the position will be weak.

257. Based on .the .two pleceding paragraphs, the following
should be observed in selecting objects for angles:

268, Avoid any selection in which the boat’s position is on or
near the circle passing through the three fixed polints. This is
commonly called a “revolver” and fs fo be constantly guarded
against.” In case there Is no cheice of signals und a “revolver”
is expected, as may sometimes occur inshore near the end of a
line, a third angle skould, if practicable. be taken to a point of
land or other defined object. .

259, Avoid 4 selection in which two of the fixed points are close
together as compared with their distance from the observer,

'260. A strong:position will be obtnined with the three objects
nearly in line or with the central object nearer than the othersy
and no angle less than 30°,

281, Small angles should generally be uvolded as they glve
weak positions in most cases and also are apt to be inconvenient
to plot., ‘ .

262. There is one case, however, in which a small angle will
give a strong position, and that is when two of the objects are
nearly in line and not close together and the third object is so
located as to glve a good ungle of intersection with them. The
limiting case is where the position sought is in range with two of
the objlects. Only a single angle need then be observed, hut a
second angle on n fourth object may be taken as a check, A
range should be taken when there is opportunity, but the range
points should not be relatively close together.

283. As slight errors fu angles affect a position more with dis-
tant signals than when near objects are observed, preference
should always be glven to the latter, other conditions heing favor-
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able. The uncertainties of plotting due to paper and instruments
also make- it preferable to use near objects. Thus for inshore
hydrography it is desirable that signals on the adjacent shore
be used, and not very distant signals, as for instance, those on
the opposite side of a bay.

264, When the central object is very close and the other two
objects distant, the whole angle between the latter should be ob-
served if practicable; or the two separate angles should be taken
from the same spot, to avold the error in position that will other-
wise result from angles taken by observers at points slightly
apart, if the two angles are not taken at the same Instant.

265. If practicable, avoid angles between signals having con-
siderable difference of elevation, when either is near the observer.

268. If in running the sounding line both angles change slowly,
the position will be weak. In plotting it -should be noted that the
position is strong if a slight movment of the center of the pro-
tractor throws the arms away fromn one or more points, and that
the position is weak i{f such movement does not appreciably dis-
turb the relation of the arms to the three points.

267. The time interval between positions will depend on the
scale and the character of the hydrography, but on large scale
work should seldom exceed three or four minutes. For con-
venience in plotting and spacing soundings, positions should ordi-
narily be taken on the full minute, and when possible at uniform
intervals. Position angles should, however, be observed when
there are sudden changes of depth and at all changes of course
and of speed. '

268. Where the change of course i1s considerable, positions shoull
be taken .both at the time the change is made and.as soon as the
boat is on the new course, and in such case the track of the
sounding boat should be plotted as a curve and not as a sharp
angle, : :

2689. In addition to the position at the beginning of the line,
position angles should again be observed when the boat gains
full headway (to be noted in the record) in order to avoid the
serious errors in spacing soundings on the plotted sheet as a re-
sult of the variable speed of the boat., The same holds true when
the speed is slowed down on the approach to shoal water at the
end of a line; that is, position angles should be taken when the
bhoat is slowed down as well as at the end of the line. The irregu-
lar and improbable depth curves sometimes seen on plotted sheets
near the shore are generally due to a failure to tuke account of the
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changes in speed of the boat near the beginning and end of sound-
ing lines.

270. Positions may conveniently be recorded in the following
form, the signals being named from right to left:

4 Bet T70° 40’
Cat
Dog 41° 14/

271, The position number is to be placed immediately to the left
of the time at which position was taken, being careful that there
is no uncertainty as to which time is referred to. It is important
that the time recorded should be that at which the position and
sounding were actually taken; discrepancies in the hydrographv
will result from lack of care in this respect.

272. A range is indicated by zeros with a llne drawn through
them, thus:

4 - Bet 61° 27’
Cat
Dog 66

273. Buoys and other alds to navigation within the fleld of work
should be determined by special sextant angles. If found to be
out of position or unfavorably located, this should be promptly
reported, as well as any recommendations as to desirable posi-
tions for aids to navigation. (See par. 401.)

274, The method of locating positions by two theodolites ashore
should be used when extreme accuracy is demanded, as in harbor
improvement surveys. Although not often employed in general
coast work, it may be convenient in some cases. For instance,
the signal at the masthead of a vessel ‘may sometimes be dis-
tinguished at a greater distance offshore than the shore stations
can be seen from the vessel. The two theodolities are sct up at
suitably situated trlangulatlon stations. All the directlons are
referred to a known direction as zero, which it will be convenient
in plotting to have to the left of any position of the vessel, when
the theodolite is graduated clockwise, This zero should be veri-
fied, say at the begloniog of each page of the record, by recording
a pointing on the reference object.

275. A time ball or flag is shown from the vessel each time a
position 18 required, and the instant it is dropped the direction
of the foremust of the vessel will be observed at each statlon, and
the time recorded at the two stations and on board. Or observa-
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tions made by a prearranged time schedule, in which case occasional
signals should be made, if possible, for the comparison of clocks.
The clocks should be set to agree and compared at the end of the
day. ' .

278. Positions for offshore hydrography.—In developing offshore
areas along the Atlantic and Gulf coasts, survey buecys are placed
two or three miles beyond the llmit of visibility of the tall signals
on the coast. The positions of these buoys are determined by
intersecting cuts taken from the Survey vessels while at ancior
at various points within the range of visibility of Doth shore
signals and the buoys whose positions are to be determined.. With
this control the fixed positions on sounding lines are carried from
5 to 7 miles beyond the limit of visibility of the shore stations.
For the survey of an important bank offshore out of sight of ob-
jects on land, a sextant triangulation sbould be carried ot from,
‘the shore to locate several buoys or heacons placed on the bank
to serve as signals during the hydrographic development. .. For the
intermediate stations between shore and bank sailboats may prove
convenient, as they can be readily shifted from point to point in
a scheme which requires several figures to make the connection,
If, owing to rough seas or other causes, this. method is found
fmpracticable, the use of two sbip logs and « record of the engine
revolutions, previously standardized, and the compuss to determine
a position on the bank by the adjustment of outward runs from
a'known position combined with that of return runs to- a similar
position in sight of land is recommended. The relative positions
of the control signals on the bhank cun then be determiuned by
courses and log distances, as well us sextant angles, When the
slgnals are short distances apart, & run between any two by
compass and log should be inmediately repeated in the reverse
direction to eliminate the effect of current and other sources
of error. For long distances the two runs should begin and
end respectively with the same phase of tide. The record should
be complete as to the compass deviantlons, log corrections, cur-
rents, wind, and apparent drift. The sounding lines should be
plotted and adjusted by the field party. In all coast hydrography
where the lines run offshore out of sight of signals, current ob-
servations shall.be made while on the sounding lines, about once
every two hours or at Intervals of not over 10 mliles. Each
course is to be corrected for leeway. Having an annemometer
available, a table should be prepared giving a factor for the
wind at each 45° from ahead or astern on elther side of the
vessel. When possible, astronomic observations at the current
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stations shall be taken for ship’s position in addition to all of the
dead reckoning data obtaimed, making also full use of wireless time
comparisons, Complete adjustment of the positions must be
shown,

277. A reconnoissance of a bank offshore, where signals can not
be seen from a boat, may be made by anchoring the ship and
sounding with a boat, obtaining the distance from the ship by
measuring the vertieal angle from the water line to the mast-
hread ‘and taking bearings on the boat with the ship’s compass.
The height of the mast above the water furnishes a vertleal base
for plotting the distance of the boat.

278. Soundings with lead and line.—The .leadsman should be
trained fo estimate the probable depth for the next sounding in
order that he may pay out an adequate amount of spare line;
too much may be more objectionable than too little. The effort

. should be to:have the lead draw the line taut as it reaches the
hottony; also to have the lead reach the bottom:as the-leadsman
wets over it, or just before the line becomes plumd. The leadsman
should then quickiy lift the lead off the bottom, and as it touches
again read the depth. This is an important precaution for the pur-
pose of straightening the line and keeping the lead vertical. When
there is a swell or the surface of the water is agitated the Jeads-
man must be careful to make an allowance for the héight.of
the waves, so that the reading of the lead litie wiil glve the depth
from the mean surface. ’

‘(@) The following sounding leads aund hand lines are in gen-
eral use:

For haud lead 1n depths up to 8 fathoms, a 6 to 8 pound lead
is used.

- For ‘hand lead in depths over 8: tathoms, b 10 to 12 pound lead
{s used.

For all hand lines No. 7 or No. 8 Silver Lake sash cord or
Sampson spot cord is used.

For troliey soundings in depths up to 20 fathoms, & 20—pound
lead with No. 9 cord is used.

For trolley soundings in depths over 20 fathoms a 30-pountl
Jead with No. 12 cord is used.. (See pars. 854 and 360.)

For the sounding machine in depths up to 500 fathoms lends
from 80 to 40 pounds are used with stranded wire. In greater
depths a shot of 30 to 60 pounds Is used with planoc wire.

Where subsurface currents exist an extra heavy lead should
he used to permit a straight stretch of the leadline from bottom
to surface.
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279. Soundings with vessel underway.—When working in mod-
erate depths (from 20 to 60 fathoms), and yet beyond those in
which it is practicable to sound with a hand lead (over 20 fath-
oms), there is considerable saving of time and of wear on ma-
chinery by using methods which permit the soundings to be taken
without stopping the vessel.

280. Trolley rig.—A satisfactory and often-used method is that
of dropping the lead near the bow and reading the depth .as the
lead line comes vertical under the leadsman stationed on the
quarter-deck. With a sounding lead of from 20 to 30 pounds
welght up-and-down soundings can thus be obtained rapidly in
depths up to 50 fathoms, with speeds up to 43 knots, without
stopping. Various methods are used for carrying the lead forward
and automatically releasing it. A trolley wire may be rigged
along one side of the vessel, with a grade downward toward
the bow. The lead is suspended from a traveler hung from two
grooved wheels which carries it forward until a projecting bolt
on the traveler strikes a rubber surface on a boom, pushing back
the catch holding the lead and releasing it. The lead drops to
the bottom, and the traveler is hauled aft again, Another device
is described and illustrated in Wharton’s Hydrographical Sur-
veying.

281. Deflection soale.—A system of soundlng underway with
sounding machine and wire (piano wire, No, 21 B. & S.) has been
used in moderate depths (under 10 fathoms). An iron weight of
30 to 60 pounds, attached to sounding wire, is employed, the amount
of wire out read on a registering sheave, and the angle of deflec-
tion from the vertical of the wire noted on a horizontal scale pro-
Jecting from the deck. Soundings are made rapidly without stop-
ping, the weight being lfted only a short distance off the bottom
and not brought to the surface. The welght dragging near the
bottom will develop the presence of shoal spots between the sound-
ings. An occaslonal sample of bottom may be brought to the sur-
face. The correction for deflection of the wire is —I{(1—cos a)
where ! is the inclined length of wire and « is the angle of deflec-
tion from the vertical, supposing the wire to be straight. This
method of sounding has been used to advantage only in moderate
depths (10 fo 30 fathoms) and at moderate speeds (4 to 6 koots).
In greater depths (over 40 fathoms) the angle of deflection will
become too great, and the curvature of the wire will introduce
difficulties in the correction.

282. A modification of this method has been used in depths from
80 to 50 fathoms, Soundings were taken when the headway of the
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vessel was reduced sufficiently {o keep the correction for inclina-
tion of wire small, As soon as the angle is reduced to the desired
Iimit it is read, the lead is dropped, and the instant it strikes bot-
tomn the registry dial is read and the reading recorded. The ad-
vantage of this over up-and-down soundings is that less reversing
of machinery ig required, and that the vessel, retalning some head-
way, is under better control and the pxoposed soundlng lines can
he more easily followed.

283. In machine sounding in moderate depths where vextlcal
‘casts are obtained there may Le some saving in simply lifting the
lead a short distance off the bottom and going shead without reel-
ing in, except where a sumple of bottom is desired.. In using the
heavier sounding leads for trolley rig, a proportionately heavier
grade of sounding line should be used, as a pendant between
the lead and 20-fathom mark, as noted in paragraph 278 (a).
Over an extended area with deptbs greater than 20 fathoms
@ section of wire of that length may be used to eliminate a portion
of the stretch incident to the use of a long hemp or cotton line.

.284. Pressure tubes.—Pressurc tubes are designed for use in
sounding when a vessel is under way in depths up io about 99
fathoms, Pressurc tubes with appliances employing the overflow
device, and others with springs and pistons, are also used. Pres-
sure tubes, while satisfying the requirements of navigation, should
not be used in depths less than 20 fathoms or when very accurate
hydrographic survey work is required on account of errors due to

"temperature and other causes. On off-shore work where sound-
ing tubes are used in the course of a sounding line, every fifth
sounding should be checked by a vertical measurement of the
depth with wire and registering sheave.

285, Sounding machines.—The Cosmos hand-sounding machine
may be used successfully for soundings to depths of 500 fathoms,
using No. 24 standard Brown & Sharpe gauge and about a 35-
pound lead. When sounding iu greater depths, steel wire should
be employed. Other small sounding machines may be used when
available, such as the Kelvin navigational machine or the
Tanper machines. In all cases it is preferable to use a sepa-
rate registering sheave, such as the Tanner, for reading the
length of wire out, insteud of the dlal on the reeling drum, which
is subject to correction, depending on the umount of wire on the
drum. In using the Sigsbee sounding machine the scale attached
to the upright carrying the leading sheave will show the strain
on the wire wlhen heaving in. A 90-pound strain is the approxi-
mate ibmit in using the 21 Brown & Sharpe gauge wire. When
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sounding in depths over 1000 fathoms the speed in paylug out
and ‘reeling in should not exceed 100 fathoms per minute.

(e¢) In splicing stranded wire, o lay of 16 inches with neat
tueks at each end will suffice,

- Por plano wire, a splice 8 inches long will suffice. In making
the . splice, caution should be observed not to give the luy at
the cross or middle of the splice so shiort a nip that it will
afterwards be straightened out under strong tension. The splice
to be wiped with solder, giving a long taper to each end.

To cover the splice completely with solder, which must be
done, several layers of felt, ticking, or moleskin cloth with
tallow coating in the pulm of the hand will serve to wipe the
splice as the solder is dropped or poured over it. In this operu-
tion care must be taken that the soldering iron, ladle, or flame
from the blow torch does not come in contact with the wire.

In preparing the splice for soldering a flux of muriatic acid
with zinc dissolved 1n it till it will take no more should be used
before the solder is dropped or poured on.

Pure tallow, sperm candle or sweet oll only should be used
in greasing the wiping cloth.

Au electriclun’s soldering torch with soldering wire facllitates
the operation. Stranded wire No. 24 B. & 8. gauge 1s-furnished
in sealed tins containing 300 fathom lengths. Plano steel wire
No. 21 B. & S. gauge is fumhhed in sealed ting contalning 0000
fathom lengths,

(1) The ordinsry sounding-record books may be used for work
with these machines; the time required to reach bottom should
be recorded for the deeper soundings as a useful check. For de-
seription of the Sigshee deep-sea sounding machine and explana-
tion of its use, reference should be made to Tanner’s Deep-Sen
Exploration (U. S. Commission of Iish and Fisheries, 1897) and
to Sigsbee’s Deep-Sea Sounding and- Dredglng (Coast and (‘eo-
detic Survey, 1880).

286. Sounding records.—All sounding records must he complete
and intelligible, and the chief of party must personally see that
the record is being kept in a systematic and caveful munnecr.
Glve description of sounding apparatus (whether hand or mi-
chine), and state size and kind of line or wire, whether register-
ing sheave is used, etc. Many things which are perfectly clear
to an observer, having the work fresh in his memory, niay not

“be so to n stranger; hence the necessity of making complete notes
with each day’s work and recording evervthing essential to a
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complete understanding of the record. All uncertainties and
doubtful places should be carefully investigated before leaving
the fleld.

(¢) Sounding-record volumes must, as far as practicuble, be
kept separate for each hydrographic sheet and numbered in sepa-
rate series. It is inconvenient in plotting and 1lling records to have
in one volume soundings that go on diflcrent sheets; to avoid
this, where projections are not furnished, the scheme of sheets
should be planned in advance us far as circumstances will permit.
Boat sheots should conform to the limits of the siooth sheets.

A special form of record, * Soundings with wire,” is now avail-
able and should be used for deep-sea sounding.

287. Identification letters and numbers—In order to ald in the
identification of sounding records, hydrographic projections sent
from the office will be designated by a temnporary number, and
those made in the fleld should bLe assigned a letter, and these
field nmmbers or letters, marked plainly in pencil, should form a
part of all sounding records, descriptive reports, ete., pertaining
to each sheet, respectively. At Manila, Philippine sheet numbers
will be assigned to each field party at the beginning of the seasoun,
und the records and. reports must be systematically marked in
ink with the corresponding sheet numbers. B

288. Information notes.—At the beginning of each day’s work
enter in the sounding book the time the party left the vessel, or
the vesscl left the anchorage; the distance to the fleld; the fact
that the sextants, clock, and Jend lines have been examined and
were correct, or the corrections, if any; describe sounding appara-
tus used—if machine give weight and form of sinker and kind and
size of wire used, also any departure from ordinary methods; the
names of the observers, recorder, und leadsmen, and should any
of these be relieved during the day a.note should be made in the
column of remarks at the time it occurs. If there are two ob-
servers, stute which takes the right and which the left angle, also
the one in charge. Should there be any correction or fact recorded
Tater, which should be known before cominencing the plotting of
tho day’s work, a note calling attention to it should be inserted at
the beginning of the day’s record, also the name and location of
the tide gauge or stafl to be used in red.ucing the soundings.

289, At the close of the day’s work note again the examination
of sextants, clock, and lead lines, and their corrections, if any, the
time of returning to the vessel, and the distance from the working
ground.
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280. In the division of work between the two observers it will
be well for one to supervise the steering of the boat and the
plotting and the other to watch the correctness of the leadsman
and the recorder.

291, Standard time is to be used in all records and so noted in
the column “ Time ” at the beginning of each day.

292, Any informution that will be of value in plotting the sheet
or In explaining the hydrography should be noted in the remark
column, as, for instance, the force and direction of the wind, the
state of the sea whether rough or smooth, the force and direction
of the current, the bearing and cstimated distance of any object
passed by the boat and which is or should be plotted on the pro-
Jection, and the time of crossing the range of two well-defined
objects. The time of changes in wind or current should be noted,
a8 well as eddies, tide rips and their trend, whirlpools, ete.
When, owing to surf or other daugers, a sounding line can not be
run to the shore, explanation should be given in the record, with
estimate of distance to the shore or danger,

298, Special care should be taken that sounding records ure
complete in the following respects:

(a¢) In remark column the relation of beginning and end of line
to some object should be given approximately, as “line begins
about 300 meters 80° from A Tree;” “line ends 25 meters from
reef, 0° © Run.” Also, for every line beginning or ending near
the shore, the estimated distance in meters to the shore, reef, or
breakers must be stated, und for every important object passed on
a sounding line, as rock awash, breakers, buoy, etc., the estimated
distance and bearing must be noted, or when not otherwise deter-
mined an additional sextant angle should be taken to it from two
or more positions. -

() The course should be noted at beginning of each line, and
when changed the tlme of change and direction of the course
should be indicuted, as Q. C. to 56°.

In the new form of smmdmg record the ship’s or boat’s head as
read by compass should be entered in the first column on the right-
hand page, and the course intended to be made good should be
written in the remark column as an indication of leeway.

In offshore work, the course, corrected for variation and
deviation, should be entered in the remark column, and the ship’s
deviation card should bhe entered on page 1.

(¢) A reference mark should be made against every sounding
or time to which any note refers,
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(d) When stops are made, the * ahcad time should be noted,
as well as any change of speed.

294. Courses,. bearings, and directions should be stated in de-
grees (from 0°, at north, through east, south, and west to 860°)
and not in points, and degrees should be used instead of points for
all purposes on board vessels of the Survey, Whenever there is
a possibility of confusion, a statement should be made as to
whether the course is magnetic or true.

295. Name and location of tide gauge to be used 1n reduction
should be entered at the heading of each day's work.

296, The second page of a volume of soundings should contain
an index of signals determined and an index of currents noted;
also a special reference to any other important information con-
tained in that volume, giving in each case the page reference.’

297. Duplication.—Sounding records should not be duplicated,
except when specially directed, or when there is considered to be
an unusual risk in forwarding records. A good security against
loss will be to forward the sheet and records at different times;
the records to be sent by registered mail. i

288. Soundings will in general be recorded in fathoms and in-
tegral feet; only in such cases as in developments less than 40
feet at critical or controlling points, in channels, across bars,
and in fairways, need fractions of feet be recorded, or, in other
words, this will depend upon the locality and depth of water.

299, “ No bottom” soundings are not satisfactory, and where
practicable the depth should be obtalned They are quite objec-
tionable in harbor surveys.

300. Character of bottom.-——The soundlng record should show the
character of the bottom at the top of each page and at each
change reported by the leadsman, by the usual abbreviation used
on the charts, which are as follows: M, mud; 8, sand; G gravel;
Sh, shells; P, pebbles; Sp, specks; Cl, clay; St, stones; Co, coral;
0z, ooze; bk, black; wh, white; rd, red; yl, yeliow; gy, gray; bu,
blue; dk, dark; 1t, light; gn, green; br, brown; hrd, hard; sft,
soft; fne, fine; crs, coarse; rky, rocky; stk, sticky; brk, broken;
Irg, large; sm), small; stf, stift, The occurrence of grass, kelp,
hyacinth, or other growth should be noted; also where kelp is
towed under, and at what stage of the tide It is covered.

301, It is particularly important that information as to the bot-
tom be given for harbors and anchorages. The {nformation given
by the gounding lead may be somewhat superficial, and when con-
venient a useful check is furnished by the actual experience in
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anchoring and the material brought up by the anchor, which
should be noted.

302. In the record-of soundings, one line should be omitted after
the sounding on which a position was taken, and about four lines
between the end of one line of soundings and the beginning of the
next Hne,

303. The times of soundings and positions should be carefully
recorded, as they are used in spacing the soundings. The time the
hoat starts or stops is required, although the angles may be tnken
earlier or later. When under way, it no sounding is tuken on the
position, leave that part of the line blank in the record.

804. Corrections.—Iirasures should not be muwde in records.
Mistakes discovered may be crossed out and corrected by writiug
ubove or to one side, with explanation, if any. I*ull explanation
must be written in the record if any work is rejected, using blue
or red pencil. :

805. The recorder should promptly call attention to any uan-
usual sounding; if it is confirmed it should be marked O. K.

306. The success of the hydrographle work depends directly on
the correctness and clearness of the record; the recorder must
make sure that he hears ahd records every fact properly and that
the record is complete, and must not hiesitate to nsk for repetition
when necessary. He should call back the figures as entered.

307. To save space in plotting upon the sheet, each day’s work
is known by a letter. The vessel and each hoat should have a
separate series, distinguishing them by using capitals of one color
for the vessel and lower-cuse letters of another color for each
boat, these distinctions to be preserved in the books, on the sheets,
and in the table of sintistics., Ior convenience of reference the
letters used in each bhook should be given on the outside of the
covers in the proper colors.

308. When the alphabet hns heen exhausted for day Jetters, use
double letters or primes, as AA or A’. Red, blue, and green are
the best colors to use; black should not be used, as this would ob-
scure the soundings.

809. When a sounding machine of any kind is used the record
should clearly state the kind of machine. manner of making sound-
ing, and correction to machine or registering dial, and how cor-
rection was obfained. (See also par. 288.)

810. Reduction of sounding.—The plane of reference having
been established and related to the graduation of the staff, the
reducers, or tide corrections, to be applied to the soundings are
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derived by taking the difference between the tide-gauge reading
at the time of sounding and the tide-gauge reading of the plane
of reference. If the tide-gauge reading at the time of sounding {s
groater than the reading of the plane of reference the correction
to be applied to the sounding will be minus. If less the correction
will be plus.

311. The reducers, or tide corrections, for open ocean areas or
for depths over 7 fatboms, will be entered in the sounding record
in integral feet. On bars at entrances and over inside water
areas for depths less than 7 fathoms and more than 8 fathoms
the reducers will be entered to the nearest half foot, and for depths
of 3 fathoms or Jess to the nearest tenth of a foot. The correc-
tion for the lead line, also to tenths of feet, must be applied at
the same time as the tide reduction, but the lead-line correction
muy be omitted if not exceeding one-balf of 1 per cent of the
depth. The reduced soundings will be entered in integral feet in
the column headed “ Reduced soundings fleld * (see pars. 335-837)
except in developments in less “han 40 fect depth, at critical points
(see par. 298) the reduction shail he wade so as to take account
of the fraction of a foot., In verifying the reduction of soundings
diserepancies of ‘two or three tenths of a foot may be disregarded.

Lead-linc correction.—The correction for lead line or sounding
apparatus, when necessary, will he entered in the sounding record
in feet and tenths for depths of 7 fathoms and less, and in integral
feet for depths over 7 fathoms, using the minuns sign for correc-
tions to be subtracted and the plus sign for corrections to be ndded
to the soundings. When Integrul feet are used, a fraction of 0.8
foot or more in a positive correction, and a fraction of 0.8 foot
or more in a negative correction will he counted as an extra foot,
but the smaller fractiong will be neglected in each case. The
correction for lead line or sounding apparatus may be omitted if
not exceeding one-half of 1 per cent of the depth,

812. The record must show, by initinls at the end, by whom
reducers were entered and soundings reduced, and by whom each
of these operations was checked. It can not be too strongly im-
pressed upon the commanding officer and chief of party and thefr
subordinates as well that good results in hydrographic surveying
can not be expected unless attentlon is paid to details. Xt is,
therefore, the dQuty of the officers engaged upon Survey work to
see that the records conform in a)l respects to these {nstructions,

18027°—21——S8



114 GENERAL INSTRUCTIONS FOR FIELD WORK.

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

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

815. For the Pacific coast of the United States, Alask«, the Ha-
waiian Islands, and the Phllippine Islands, the mean of the
lower low waters (except for Wrangell Strait, Alaska, 3 feet lower
than the mean of the lower low waters).

318. For the derivation of the above planes, see under * Tidal
observations.”

317. Plotting hydrographic sheets.—On boat sheet, smooth sheet,
or tracing of either, positions should be plotted, and suflicient
soundings should be plotted in pencil to keep track of the work
and to make sure that the area is properly covered. -All sound-
ings showlng unusual or dangerous depths at critical places should
be plotted so that hmmediate examination can he made, before
leaving the locality, of doubtful points and spots that give indica-
tion of danger to navigation. Approximate plane for tidal
reduction should be used where tide observations are available,
getting the plane by comparison with predictions. Where ob-
servations are not available use predictions in the form of
tide curve prepared at the officc on the tide-predicting machine
in the form of a tide roll or marigram. This is recommended for
preliminary hydrographic plotting and for wire-drag work. Ap-
proximate depths should be plotted on the boat sheet only.

318. IMield parties must plot all sounding lines on the smooth
hydrographic sheets, plotting the positions in ink and indicating
them by pen dots instead of small circles. See paragraph 327 and
the following paragraph for instructions, The protractor, par-
ticularly if it is a metal one, should seldomn be permitted to
touch the face of the smonth sheet, Before beginning the pro-
tracting, stretch a plece of tracing vellum over the entire sheet
and cut circular holes one-fourth inch in diameter over each
signal. Letter the names of the signals legibly on the traeing.
In pricking the plotted positions apply sufficient pressure to
mark through the vellum onto the smooth sheet. After plotting
a few positions Mft up the vellum enough to expose the area
just protracted, and number the positions and connect them
with hard-pencil lines, After the sounding lines are fixed on
the sheet and there is opportunity for further office work, due
to unfavorable weather for field work or other causes, the sound-
ings should be entered In pencil after they have been reduced
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for tide as noted in the preceding puragraph. It is bmportant
that in so far as practicable the hydrographic sheets should be
completed in the fleld. In no case should the soundings be inked
in by the fleld party.

319, Necessary details on completed sheet.—Every original hy-
drographic sheet when sent in from the fleld must contain the
following :

(a) Projection in black ink, fine full lines, the latitudes and
longitudes on ench end of each parallel' and meridinn; a note at
bottom giving the latitude and longltude, with seconds in meters,
of some one triangulation station.

(b) Triangulation, plane table, and such other points as may
have been determined or cstablished by the hydrographic party
must be plotted, each with its distinctive symbol and name. The
standard symbol of triangulation point is a black circle 2 milli-
meters in diameter with red circumscribed triangle, the name of
the point lettered in black. The symbol of plane-table position
{s a red circle 3 millimeters in diameter with name lettered in
red. The symbol of hydrographic signal is the same as for plane-
table syinbol except that blue ink is used. The positions of all
signals should be accentuated by finec black dots in the needle
holes to assist plotting. large buildings and prominent land-
marks determined in connection with the hydrography should be
indicated on the hydrographic sheet and designated by appropriate
legend ; if necessury, n reference letter may be used and the legend
placed where there is more room. (See also par, 196.)

(c¢) The shore line must be drawn on the sheet in a continuous
black lne if it has been surveyed by a plane table; if sketched
in by a hydrographic party, it Is to be indicated by a broken line,
The high-water line and all information ouiside of it should be
trangferred from the topographic sheet; the low-water line and
other features outside of high-wuter line should, however, be left
in pencil until the hydrography is plotted, when the information
should be combined, in general giving greater weight to low-water
line as developed by the soundings. The low-water line should
be indicated by dotted line, as far as determined. The area be-
tween high and low water should not be sanded.

(d) The soundings on the finished sheet should be plotted in
pencil by the field party with the positions, letters, and numbers
fn colored Ink. Minus soundings, which represent the heights
above the planc of reference of areas bare at low water, should
be given with the minus sign and inclosed within the dotted low-

water line.
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(e) Rocks, reefs, coral, and shell bunks, sunken or awash,
must be marked with the proper symbols. Where the least depth
over a submerged rock is obtained, the depth should be shown,
with the word “ Rock” or “ Rk.” Do not use symbol for sunken
rock in such case. .

(f) The positions of all buoys, light vessels, etc., must be given
with their proper symbols, and depths at same determined.

(y) Bottom characteristics should be noted on the sheet at
moderate intervals, to give Information contained in the record.
The standard abbreviations are to be used. (See par. 300.)

(1) The limits of grass, kelp, etc., and the conditions of tide
or current when these show must be indicated. If the bottom is
‘grassy, it must be so written. Kelp must be marked with its
proper sign.

(i) The names of islands, points, rocks, reefs, shoals, banks,
channels, creeks, etc.,, must be given on the sheet. Care must be
taken to obtain these names correctly. Names should, as far as
practicable, be placed on the land area, leaving the water area
clear. Lettering should not be allowed to obscure soundings.

(f) All ranges, bearings for dangers, etec., and sailing lines on
courses or ranges should be given and drawn as follows: The
range in black lines broken with long dashes; the bearings in
biack dotted lines; and the sailing lines in black lines broken
with short dashes, with the positions of the objects for ranges
and bearings determined, marked, and named, and the names of
the objects and the purpose of the range or bearing written along
its line. .

(k) Current stations and tidal stations must be plotted in posi-
tion.

(1) Titles should not be inked on original sheets by the field
party, but must be furnished on Form 537 and pinned to the sheet.
The information for the title must include the general locality,
special locality, names of persons actually in charge of sounding,
and of chlef of party, vessel, dates of beginning and ending, and
scale, together with a list of all data forwarded with the sheet.
The title of a hydrographic sheet must clearly indicate the limits
of the hydrography, and the same title must be given on the record
books pertaining to it.

320. Table of statistios.—A table of statistics should be made
us the sheet is plotted and transmitted with the sheet. This
table may be written on computing paper and should be in the
following form :
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Statistics sheet No. ...

Vo | posi | Sound- | Mites ;
A Date, 1903. Teotter. | yme. |  tions. ings. statute. Vessals.
:_ — i e c— ¢ —— s e [ = —— e
January 28..........eeeeeeeeeei o0 01 164 1,300 24.8 | Launch.
Totalu..eeeneeiennnns R 7,488 | 53,081 950, 8

There must be a note stating the unit for soundings (fathoms
or feet) and the plane of reference. Also a tidal note giving
the location of the gauge, and if there was 1more than one tide
gauge, for what parts of the sheet each was used; also the follow-
ing information:

Plane of reference, 1eading on gauge.
Lowest tide observed, reading on gnuge.
Highest tlde observed, reading on gauge.

321. Depth curves~—~The depth curves must bhe -drawn on the
sheet, and cach” curve should include the outer soundings of the
depth represented by the curve. When curves run 80 close to-
gether as.to confuse the sheet, the less important, or those vep-
resenting greater depths, may be dropped. Curves must not be
completely drawn where the information 1s insufficient, but parts
of curves or curves with broken line may be put in.

The field party should leave the curves in peneil, :When the
sheot is verified at thie office the curves will be inked with full
colored lines, in general according. to the following scheme:

Zero or mean sex-level curve__.________..__..._____:__Yellow.
" @-foot or 1-fathom curve.__.____._.. ... . ... ___Green.
12-foot- or 2-fathom cwrve..____- ____.._. _____.._"Red.
‘18-foot or 8-fathom curve___.__________._._. e Blue.
. 24-foot or - 4-fathom curve
30-foot or 5-futhom curve
36-foot or G-fathom curve
* 80-foot or 10-fathom curve._________: o ._._-.. Yellow,
120-foot or  20-fathom curve_.____. ... _'.____Blue.
300-foot or  50-fathom curve______ . ___’__.._.....___Red.
G60-foot or  100-Tathom CUIVe_ i .o e Green.
1,200-foot or 200-fathom:eurve._______._._____.__________ Yellow.

8,0u-fool or 1,000-fathom curve_ .o . ________ o oo Blue.
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" (The 24 and 36 foot curve will be omitted except in special
cases.)

Depth curves are of much value in interpreting and examining
the results of the fleld work. The depth curves will often indi-
cate areas of shoaler depths requiring further examination. Also
abnormal and improbable curves are a strong evidence of prob-
able uncertainties or inaccuracies in the hydrographic survey.
Depth curves correspond to contours on land, and in nature gre
therefore generally of graceful sweeping form, free from sudden
changes in divection and from corners; ordinarily they can not
cross or abruptly run into each other; on approaching they tend
toward parallelism; any departure from probable natural condi-
tions is an indication of error either in field work or in plotting,
or it may be an indication of shoaling that will reguire further
examination. A study of the characteristic bottom forms in any
region 1s of value In the interpretation of hydrography, as such
forms are apt to repeat themselves under similar conditions.

In relinquishing charge of hydrographic sheets and accompany-
ing records the chief of party will inspect each record and sheet
and approve each sheet before it Is transferred to the office onr
to another officer for completion. - When clrcumstances are such
that a departure from this rule is unavoidable or when any part
of the provisions of the instructions for completing these records
and sheets are omitted, an explanation shall be forwarded
promptly to the office for approval and so noted in the descrip-
tion report accompanying each sheet.

322. Comparison with previous surveys.—In plotting comparison
should be made with the results of all previous surveys and with
charts covering the same region, i1f available, especially as to all
dangers or less depths shown on previous surveys. ' Develop pre-
vious dangers and verify their location and extent.

323, All remarks, comments, etc,, in sounding records should be
carefully noted in plotting; abrupt changes in depth should be

- verified by checking tide reduction, etc.; bout sheets and descrip-
tive reports should be examined and compared to see that all
essential information is on the smooth sheet,

324, Charaoter of drafting.—The drafting work on the finished
hydrographic sheet reguires accuracy, neatness, and legibility,
and of course good judgment and knowledge of the work, but it
does not require expert penmanship,

826. Marking positions.—As each position is plotted on the
sheet a point should be pricked through to show its exact post-
tion, and this point should be marked with a light dot of colored
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ink (small circles should not be made). The successive positions
on the lines will be connected by lines drawn with a hard pencil,

328. Each position 1nust be numbered and the number placed
just below and to the right or left of the position; the positlion
numbers must be small and so placed as not to interfere with the
soundings.

327. The letter of the day's work must be placed at the begin-
ning and end of each line, at about every fifth position on the
Hine, and at the point of any decided change of direction in line.

328. The color of the position, day letter, and position num-
ber must be the same as the color given the vessel or hoat in the
sounding record.

329. Style of numerals.—Vertical block numerals (no hair
lines) have been adopted for soundings on hydrographic sheets.
‘The penciling, as well as the inking, should follow this style, using
& pencil hard enough to uvold smudging, but not so hard that it
will unduly eut into the paper,

330. Distinctness of important features.—It is important in plot-
ting hydrographic sheets that the more important features, such
us rocks and least depths on shoals, shall be perfectly clear and
distinet, and great care must be taken not to obscure them by at-
tempting to plot all of the numerous soundings that may have been
taken for the development of such a feature. If for any reason
an {mportant feature i8 not clear on the finished sheet, or 18 so
shown that there is a likelihood of its being overlooked, a note
should be added calling attention to it.

331, Seleoction of soundings.—Where the number of soundings
taken is greater than can be plotted on the sheet, as many sound-
ings should be plotted as Is consistent with clearness; those show-
ing the least depths on shoals, greatest and least depths in chan-
nels, and changes of slope must be shown,; the selection being such
that a cross sectlon could he drawn from it showing all important
features; in no case should a mere mechanical selection be made,
as, for instance, every third or every fourth sounding.

332. Enlarged soale for complicated areas.—It {8 sometimes diffi-
cult to properly plot the soundings to show the development of
a complicated area on the scale of the general hydrographic sheet.
In such cases nn enlargement of the plotted positions should be
made and the soundings plotted on the enlargement, which may
appear on the sheet as a subplan. The enlargement should be to
some even declmal scale, and the scale should be stated on the
plan. The curves at the margin of the subplan should be reduced
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and transferred to the main sheet to muke sure that the work ix
consistent,

833. Overlap of sheets.—For adjacent hydrographic sheetg the
curves and soundings should be common for a narrow strip, and
this overlap should be in accord on the two sheets.

334. Dangers and stage of tide.—Definite information should be
given on the sheet as to dangers which show at various stages of
the tide, as so many feet above low water, awash at low water,
awash at high water, breaks at half tide, breaks in heavy weather
only, and the like. “Awash” should always be qualified by the
stage of tide at which it occurs, and the mere use of the symbol
for rock awash will not be sufficient for any important danger.
(See par. 285.)

335. Tide rips should be indicated on the sheet by words, quali-
fied as heavy, moderate, or lght.

886. Depth units.—The unit to be used in plotting the soundings
will depend upon the locality, the chavacter of the body of water,
and the closeness of detail to be shown, Extensive inclosed waters
and inside routes frequently have but from 2 to 5 feet of water
or even less, and of course should be plotted in feet and frac-
tions (see par. 337) at critical points. Sheets in generally deep
water will be plotted in fathoms and sixths of fathoms to a depth
of 6§ fathoms, § being plotted as %; in fathoms and quarter
fathoms from 7 to 8% fathoms, 4 being plotted as #; and for
greater depths fractions will be omitted. But one depth unit
must be used for the whole area of any sheet.

837. On sheets plotted in feet no fraction of feet will be shown
(fractions of less than 0.8 being omitted, and those of 0.8 or more
belng written as the next whole foot), except that in critical
places (under 40 feet in depth) on navigable bars, in channels,
and shallow inclosed waters and inside routes fractions (3, 3, and
1) sball be shown where important; buf on outlying dangers all
fractions shall be omitted and the next lower foot shall be given.

838, In converting fractions the following will in general be ob-
served : When plotting in even feet omit all fractions of less than
0.8, and those of 0.8 or more write as the next whole foot; when
plotting in quarters take 0.1=0, 02=%, 0.3=%, 0.4=3, 0.5=14,
0.8=3, 0.7=%, 0.8=%, 0.9=1; when plotting in. halves, take 0.1
to 0.3 as 0, 0.4 to 0.7 as 3, and 0.8 to 1 as 1; when converting
from feet to fathoms and. quarters, take.less than 1 foot as 0, 1
foot and less than 2.6 feet as 3 fathom, 2.5 feet and less than 4
feet as § fathom, 4 feet and less than 5.5 feet as § fathom, and
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56 feet and over as 1 fathom; when converting from feet to
fathoms, for less than 4.9 feet drop the fraction, for 5. feet and
over take. the next whole fathom.

339. Defining reef limits.—The limits of reefs ns located by the
hydrography should be fully marked on the sheets in the field.
The danger limit of rocky bottom having some depth of water, but
which can: not be investigated in detall, should be indicated by
the sunken rock symbol. The coral-reef symbol shoul@ be used to
indicate the extent of coral reefs either bare or awash at low
water.

-340. Errors and omissions.——Where from any reuson but a single
angle is available (as when a mistake has been made in reading
one angle) a line of position may be plotted by setting the angle
on a protractor and plotting several points in the vicinity of the
work, The boat must have been at some place on the line drawn
through these points, and its location can be fixed by the intersec-
tion of this line with the course made good, or by plotting on it
the distance from either the preceding or succeeding position ac-
cording to the time interval. If two angles have been observed,
but without & common object, the two lines of positions may be
plotted separately and their intersection will be the position of the
boat.

- Mistakes ln angles or record may sometimes be detected by
estimating the position from time and course and testing the
angles with the protractor. No arbiirary deviation from the
record should be made, however, unless it is reasonable and sup-
ported by other evidence, Such cases, or rejection of any portion
of the record, should be noted in the column of remarks with rea-
son therefo,r',i and this statement must be signed and all defects
corrected before leaving the working ground.

841. North the top of sheet.—In plotting and inking original
sheets, north ghall be taken as the top, and names, soundings, and
signals shall be put on normal to the meridian, regardless of the
direction of the borders of the sheet, except where it is desirable
that names be lettered to conform to geographic features. In such
cases the names shall be inked so as to be read.- when looking north,
Names should by their direction and proximity clearly indicate
the object desfgnated.

842. Very large sheets should be avolded in plotting hydrogra-
phy, being Inconvenient to handle both in office and field. The

_standard size of topographlic sheet is 80 by 52 inches, Soinewhat
larger sheets may sometimes be necessary for hydrography, but
‘they shiould not exceed 42 by 60 inches.
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343. For smooth hydrographic sheets, Whatman’s paper is fur-
nished mounted, of size 30 by 52 inches. When larger sheets
are required backed drawing paper of the best available quality
should be used.

844, A multiplicity of sheets should be avoided as far as practl-
cable by completing each sheet in its entirety. Fragmentary sheets
for small pieces of work should be avoided; such information can
often be placed as a subplan on another sheet covellng the viclnltv,
separated by a border and with subtitle,

345. For boat sheets a good quality of mounted paper should be
used, and a paper with brownish tint has been found very satis-
factory. :

3848. Thin transparent celluloid has been used advantageously
for boat sheets ; one side of this material should have a-dull finish
so that it may be written upon with a pencil. The celluloid is laid
over the smooth sheet and the signals marked. In the boat the
celluloid s used over a sheet of paper.

347. The boat sheet, if one 15 used, should always be forwarded
to the office, to assist in the final veriflcation. .

348. The distances that will be included on & sheet of given size
and scale may readily be obtained from the following table of scale
equivalents, by dividing the length or width of the sheet by the
length of 1 mile on the given seale. For instance, a sheet 42 inches

by 60 inches on scale yyhyy Will include an area 11.5 by 18.5 nautical
mfiles.

Nautical mile. Statute mile.

Sealo. Centt Centt

nti- . | -

Inches. meters. Inches. meters.
s 14.503 37.08 12,672 82.19
roboy 7.208 18.63 6.336 16.09
Tedoy 4.864 12,36 4.224 10.73
yodoy 3.648 9.27 3.168 8.05
b il 2.432 6.18 2.112 5.36
5 1.824 4.63 1.584 4,02
volos 1.459 3.7 1.267 3.22
wwhoo 1.216 3.09 1.056 2.68
vsdoy 0.912 2.32 0.792 2.01
55 0.730 1.85 0.634 1.61
¥ 0,365 0.93 0.317 0.80
0.182 0.48 0.158 0.40
svodovs 0.073 0.18 0.063 0.18

849. Manipulation of protractor.—In plotting positions it is well
for the sake of rapidity to have a uniform practice in placing the
protractor. It is usually preferable to place the central arm on
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the central object, with the right and left arms about equally
distant from the corresponding objects; keeping the central ob-
Ject on, push the instrument up, reducing the distances on either
side equally until all three arms are on. Handled in this manner
the clamped arms of the protractor are not touched by the hands.
The protractor should be examined occasionally to see that it
is in good adjustment and has no lost motion in any of its parts.
A protractor may be tested by measuring with it several angles
which have been accurately constructed geometrically on drawing
paper. :

350. For plotting angles where the three-arni protractor can not
advantageously be used, either because the angles can not be set
off or the positions fall under the frame, the Court celluloid pro-
tractor should be used. This is more convenient than using
tracing paper.

851. Spacing soundings.—In plotting soundings the space be-
tween the plotted positions should be divided (using the con-
venient standard spacing dividers) according to elapsed time and
the soundings placed at positions indicated by their times. Where
there Is any distinction the more reliable system of lines should
be plotted first. The center of a numeral, or group of numerals,
representing a sounding is the position of the sounding.

852. In starting a sounding line from a position determined
when the boat is at rest, another position should be determined
after an interval of one minute or when the boat has attained
the sounding speed. Where considerable change of course is made
and soundings are continued with the vessel or boat under way,
allowance must be made in plotting for the curve made in turn-
ing and the fact that there is an appreciable interval before the
vessel s on the new course. In such a case a position should be
determined just before changing the course and another as soon
as the boat 1s on her new course.

853. Sheets should be carefullv examined for differences in
depths when sounding lines cross one another.

. Discrepancies at erossings should be recognized as evidence of
some fault In apparatus, method, or record which requires a study
to discover its source and indicate the most probable correction,
and possibly a reexamination in the field. The following typical
errors are llkely to produce large discrepancies and which are
most readily detected by such a study. Careless protracting or
spacing of soundings; errors In applying lead-line correction:
confusion of numbers, such as 7 for 11; miscalled sounding;
reversed angles, left for right or right for left: misreading sex-
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tant b or 10°; confusion of signals; sextant badly out of adjust-
ment ; erroneous tide reduction.

The following are typical of errors which will require u more
cureful analysis of all available data: Spacing of soundings when
affected by unrecorded variations of speed and course; unrecorded
errors in length of lead line; large clock errors; plane of refer-
ence, when the soundings of one line at u crossing depend on a
tide gauge blocked by shoals from the free accesss of the tide;
tide gauge too distant, or othewise not well located in relation
to the hydrography ; abrupt changes of slope, especially those due
to the existence of ridges formed by wave action on bars; dif-
ference In state of the sea, when the soundings of one line
are more affected by rough water than those of another; sound-
ings affected by the existence of a bight in the lead line when
running with or agalnst wind, sea, or current; very soft or ooze
bottom; a condition which: permits of a considerable latitude of
Judgment as to what is the bottom.

Most of the errors In the first list will bave the effect of
displacing the sounding line from its true location, and a study
of the data should bring out the fact that the divergence was
inconsistent - with the record, and lead to the discovery of the
error.

Unrecorded variations of speed most frequently occur at the
start or finish of a line—a comparison of time Intervals-and dis-
tances between positions should indicate the trouble. A faulty
plane of reference will produce discrepancies where ines of sound-
ings reduced by it cross other lines of soundings reduced from
a .different gauge.

.Curves of equal depth afford uséeful evidence of the source
of several discrepancies, among which is that of a tide gauge
poorly located with reference to the hydrography.’ Under thix
condition curves located by means of adjoining parallel soundimz
Hnes, run at different stages of the tlde, will have a jagged
unnatural appearance.

The existence of sand ridges on a bar should be apparent from
an inspection of the whole area of the har. A slight difference in
the position of the vessel at a crossing might result in a sounding
being taken on the crest of a Mdge and one on the side or bottom
of the steep tnward slope. © The possibility of an underwater bight
in the lead line should be eapable of Inference from the notes
fn the record. And ‘here it s pertlnent to once more stress the
importance of full notes In the record. It should be obvious from
the foregoing how necessasry they are in clearing up discrepancies.
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Sufficient notes may suve frowm rejection an uppuréntly unreliable
sheet.

‘1f the study does not result in an actual correction of one of
the lines, yet it may plainly show good reasons for the rejection
of one of the lines and, in consequence, warrant the adoption
of the other. 'When the data do not afford a reasonable explanu-
tion of the difference, and the latter amounts to as much as §
per cent of the depth In critical parts of the water area, the
work should be revised in the field.

354. Lead-line corrections.—To avoid large corrections to sound-
ings it is desirable and convenient to have the lead line as nearly
correct as practicable. The following method has been found to
give a fairly constant lead line: First, each lead line should have
its own sized lead and not be subject to different tensions from
leads of different weights; second, before marking, let the line,
with lead attached, drag after the vessel for several hours a day
for two or three days, and afterwards keep the line sonked in
salt water; third, mark the fathoms with line under a tension
equal to the weight of the lend, Iaying off the marks with a steel
tape; the intermediate marks can be put In with line extended
on the deck, averaging the spuces.

855. Verification.—The lerd line must be verified by the officer
in charge at the beginning and end of each day’s work, and the
corrections in feet and tenths recorded in the sounding record or n
statement entered that lead line is correct. In verifying the line
cara should be taken to apply a pull equal to that of the lead in
water. '

356. Permanent marks may be placed on a deck or a whaif with
copper tacks, and the verification of lead line can then be quickly
accomplished,

857. The record in the sounding book of the comparison of lead
lines should be so expliclt as to avold any possibllity of error in
applying the correction to soundings, and the following form Is
recommended ;

Mark on Truclength | Corroction to
load line on tape or soundings
-M, standarde 1. o= LM,
1{m. 6.81t. --0.21¢,
2im. 11.91t, —0.11t,
3im. 18.11¢. +0.11¢.
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358. The minus sign indicates that the lead line is too short, so
that the depths obtuined with it appear too lurge and the corree-
tion to the soundings is subtractive. The plus sign indicates that
the lead line is too long, so that the depths obtained with it
appear too small and the correction to the soundings is additive.

359. The lead-line correction may be neglected if not exceeding
ope-half of 1 per cent.

860. Lead lines are marked asg follows;

1 fathom.—A piece of leather with one strip.
2 fathoms.—A plece of leather with two strips.
3 fathoms.—A piece of leather with three strips.
4 fathoms.—A piece of leather with four strips.
5 fathoms.—White rag.

6 fathoms.—A plece of leather with one strip.

7 fathoms.—Red rag.

8 fathoms.—A plece of leather with three strips.
9 fathoms.—A piece of leather with four strips.
10 fathoms.—A piece of leather with a hole in it.

11 fathoms.—A piece of leather with one strip.
12 fathoms.—A piece of leather with two strips.
18 fathoms.—Blue rag.

14 fatiioms.—A plece of leather with four strips,
15 fathoms.—Same ag 5.

16 fathoms.—A plece of leather with one strip.
17 fathoms.—Sume as 7.

18 fathoms.—A piece of leather with three strips.,
19 fathoms.—A plece of leather with four strips.
20 fathoms.—Two knots.

361, Up to § fathoms the line should be marked with small
white cord for every foot, the half-fathomn mark being distin-
guished by a cord with a knot, and this designation for halt
fathoms should continue to 10 fathoms.

862. Sounding poles instead of lines may be used in Shoal
depths.

383, Sextant glasses.—A sufficlent supply of spare sextant glasses
should be kept on hand. When the glasses become unserviceable
they should be returned to the office. Sextant glasses are ex-
pensive, and precaution should be taken against their being lost,
broken, or scratched.

3684. In case of emergency sextant glusses may be resilvered in
the field by the following inethod: The necessary requisites are
tin foll and mercury. Lay the tin foll, which should exceed the
surface of the glass by a quarter of an inch on each side, on a
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smooth pad of paper; rub it smooth with the finger; add a drop
of mercury about the size of a small shot, which rub gently over
the tin foil uutii it spreads itself and shows a sllvered surface;
gently add suflicient mercury to cover the leaf, so that its surface
is fluid. Prepare a slip of clean tissue paper the size of the tin
foil. Brush the surface of the mercury geantly to free it from
dross. Take the glass, previously well cleaned, in the left hand
and the paper in the right. Lay the paper on the mercury and
the glass on it. ‘Pressing gently on the glass withdraw the paper.
Turn the glass on its face and leave it on an inclined plane to
allow the mercury to flow off, which Is accelerated by laylng a
strip of tin foll as a conductor to its lower edge. The edges may
be removed after 12 hours, and in 24 hours give it a coat of var-
nish made from alcohol and red sealing wax. Spare sextant
glasses are now furnished with each sextant.

865. The mercury-tin amalgam, while less readily affected chemi-
cally, is more liable to mechanical injury than silver, and caution
is therefore necessary in handling the sextant glasses,

886. Dangers previously reported.—lxisting charts and publica-
tions must be carefully compared with the development of the
fleld work. Should a rock or shoal previously indicated on a chart
or mentioned in a publication not be found during the progress
of the work, the locality must be so carefully searched and the
records must be so complete as to show beyond doubt that the
rock or shoal does not exist. It must be speclally mentioned in
the descriptive report, and In this report must be given, if pos-
sible, the evidence of anyone who may be deemed an authority
fn the matter. No rock or shoal which has found a place on
the publications is removed unless it is proved beyond any doubt
that such rock or shoal no longer exists,

3867. Information must be obtained from all available sources.
Pilots, fishermen, shipmasters, boatmen, and others lving in the
vicinity or acquainted with the locality, must be consuilted, and
every place credited with a rock or shoal, even if only by rumor,
must be examined. (See par. 374.)

368. Blank areas on charts.—Surveylng vessels when proceeding
to or from the fleld of work should take opportunity, when it will
not materially delay more important dutles or interfere with their
instructions, to obtain occasional soundings in areas on the charts
where no information is at present given, particularly in the
ordinary tracks of vessels,

369. Ranges for compass deviations.—Report should be made of
runges of prominent and easily distinguished objects that wounld
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be suitable and useful for the purposes of determining the com-
pass deviations of vessels in the vicinity of important harbors or
anchorages,

370. Information affecting navigation, reports of dangers, and
changes in aids to navigation.—All persons in the service of the
Coast and Geodetic Survey should communicate to the Director
any valuable information obtained affecting the interests of navi-
gation along the coasts. Special reports should promptly be made
of any information of the following classes, giving in each case
the authority and such recommendsations as may seem desirable:
rocks, reefs, shoals, or sunken wrecks (with depth of water over
same), either not shown or incorrectly shown; aids to navigation
differing In any respect from the data given on the charts or in
the light or buoy lists; important errors or omissions on charts
or in Coast Pilots or sailing directions; changes in depths or di-
rections of channels, changes in coast line, cmrents, ete. (See
also par. 401.)

371. Determination of alds to navigation.—All alds to naviga-
tion in the area of the field of work, not already located, should
be determined, Even outside of the limits of proposed work, when
practicable, lights and buoys established by proper authority
should be determined in position and.described when they are
not shown on the charts or have not previously been determined by
this Survey.

372. Vessels en route from one port to another, when weather
and other circumstances will permit, should verify the positions
of lightships and seacoast buoys. The positions of all buoys and
lightships on the fleld of work should be accurately determined.

378. Care of property.—Reasonnble and proper care should at all
times be taken of property, boats, and vessels employed in the sur-
vey work.

COAST PILOT.

874. The following outlines briefly the topiecs on which informa-
tion shall be sought for publication in the Coast Pllot.. It is
a general guide for those whose special assignment is coast-pilot
work. All officers, when in a position to do so, shall collect such
information and forward coast-pilot notes as hereiln directed,
which shall include all the date obtained on any or all of the
subjects mentioned.

(a) The Coast Pilot aims to supply all information not fur-
nished on charts or in other readily available forms, which may
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be of use to the navigator of any craft whatsoever, regardless
of draft, size, or service.

(b) Inquiries shall be made of local authorities, commercial
organizations, yacht clubs, and others interested, for the purpose
of ascertaining their needs so far as they can be supplied by this
service, or through reference to othér bureaus.

(¢) Relations shall be established, when possible, whereby the
Survey will be advised at all times of any matters which should
receive consideration in the oflice or attention in the fleld.

(d) Preparation for this work shall be made by collecting all
data in the office or elsewhere available bearing upon the region
which is the subject of investigation, such as reports of aids and
dangers uncharted or incorrectly charted: examine previous pub-
lications and note omitted, incomplete, or erroneous information;
make study of United States Army Engineers’ blue prints of
surveys of improved areas in order to determine necessity for
extension of their surveys to cover indicated changes beyond
the ‘limits of their work; note localities requiring examination
on account of the Iincompleteness of surveys or increased im-
portance of locality; ascertaln from the oflice in what localities
our data on tides and currents are incomplete and should be
supplemented in the field; consult Senate and House documents
on examinations, surveys, reports. and improvements in regions
under consideration,

Bromides of original sheets muy be required where a chart is
inndequate by reason of scale or lack of detail for purposes of
tield examination.

(e¢) In the fleld, data will be collected Jrom all avallable

sources ; offices of the United States Army Engineers should be
visited to obtain results of their surveys and examinations, pro-
sram of proposed operations, nnd information on subjects useful
to the Survey.
" (f) Application for similar informatlon shall be made, per-
sonally if possible, to municipal engineers in charge of water
fronts, engineer departments of rallways conirolling deep-water
terminals, State authorities or others engaged in the development
or operation of waterways, mariners and other individuals in-
terested in shipping..

(g9) Travel to and from the fleld of woxk and movements by
members of the party while on the working ground shall be by
steamer as far as possible in order to collect data from local
masters and pilots maklng the runs. On the working ground,

13027°—21-—9
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visits should be made to lightships, tenders, und stations of the
Bureau of Lighthouses, and officers and employees interviewed.
No general rules can be laid down, but the following points will
be suggestive so far as applicable to any particular region. The
amount of detail to be given requires much judgment, as over-
minute details tend to obscure the most -useful facts. Obviously
certain classes of information may be useful as in a new country
previously unsurveyed which may not be necessary to give in con-
nection with a well-known coast.

875. General description of the coast, following the geographic
sequence of the published Coast Pilots, and including the aspect
or appearance of the coast on making the land; describing promi-
nent objects, as, on a bold coast, the headlands, peaks, etc., with
thetr form, color, and height; or, on a flat coast, the water tanks,
spires, beacons, ete. Especially describe the first landfall and
objects useful as guides to navigation.

376. Outlying dangers and islands, the limits of tide rips and
breakers, and their relation to wind and tide.

3877. Landmarks.—Description of all prominent landmarks likely
to be useful to navigation or to future surveying operations. If
mountains, state whether summits are often clouded. Give
measured or estimated heights of mountains, hills, cliffs, islets, or
rocks referred to. Describe ranges in use by pilots and means of
identifying them. Suggestions should be made as to other ranges
that would be useful or as to artificial marks that it would be de-
sirable to erect. (See par. 194, ‘““Topography.”)

878. Directions for passing the outlylng dangers.

379. Refuge.—In case of stress of weather the best anchoruge
or the nearest harbor of refuge to run for; or In extreme cases of
damage the best place to beach a ship. Locate and describe life-
saving stations and houses of refuge. Give character of beach
and behavior of vessel in breakers.

380. Pilots.—Information as to their station or uulslug ground,
any speclial regulations or signals, -their charges, the possibility
of obtaining tugs, etc.; anchorage while awaiting pilot or tug.

381. Approaches.—General remarks, usual course from along-
shore or from sea, dependence.on lead, approaching in thick
weather.

882. Bars.—Describe principal marks and aids. Give directions
for approach, with description of outlying and other dangers and
how to avoid them. Least depth and width at best place for crossing
bar; most favorable time to enter. Does bar break in ordinary
or only in heavy weather? How far out do breakers extend?
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Give velocity and direction of wind and stage of tide producing
these conditlons. Can entrance be made while bar is breaking;
and, if so, for what draft? Give character of bottom, and usual
allowance made for squat, pitch, and tides under different condt.
tions on the bar. To what change in depth and position is the
bar channel or approaches subject; if any, give magnitude and
direction of change. (See Currents.)

883. Channels.—Glve minlmum available depth throughout and
where necessnry the minimum width, Give character of bottom
and describe all alds and unatural objects. Are channel banks
defined by grass or other growth, color of shoals, or in any other
readily recognizable manner?

State maximum draft possible and greatest draft entering or
leaving. Where maximuin draft differs from minimum depth in
channel state reasons for same, as swell, squat, tide, and rocky
or soft bottom. Note .depth and character of approaches to
wharves, plers, dry docks, marine railways, and coal stations.
Manner of approaching them and why. Are channels permanent,
subject to considerable or frequent change, under impmvement,
or maintained? H

884. Description of the shore, with characteristics (as height,
color, wooded, cultivated, bold, sandy) of each important head-
land, point, island, and rock.

385, Inshore dangers.—Iixtent and nature, lenst depth over
them; whether visible; if breaking, at what stage of tide; how
much, if any, is bare at low water; marks or ranges for clearing
them by day or night. In regions where dangerous shoal areas
or pinnacles are marked by kelp or other growth state the ordl-
nary significance of such growths, at what stage of tide they
show at surface, and when, if ever, they are towed under.

In reglous where Dbowlders, ledge, coral heads, or similar
dangers probably exist it is very desirable to examine the sus.
pected areas at extreme low water, at which time important fea-
tures may show above or near the surface.

In the examination of entrances and approaches for off-lying
dangers, advantage should be taken of heavy sweather to locate
any shoals marked by breakers, The existence of rocks or other
shoals in localitles of considerable current is often indicated by
rips and swirls; such disturbances should be noted at strength
of current and Investigated.

388. Ports—Commercial importance, -character, and magnifude
of trade, chief exports nnd imports, facilities for coaling and
watering vessels, supplies and provisious obtainable, facilities for
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repairs to hulls and machinery, marine railways or dry docks
(length, draft forward and aft, and tonnage hanled), wharves,
piers, and docks, and depth of water and churacter of bottom
alongside nnd in approaches, whether public or private, and rules
for use, harbor regulations, means of communication.

Locate and describe customary anchorage, customhouse and
landing, time ball, station for reporting vessels, storm warning
and small ecraft warning display stations, quarantine stations,
hospitals for mariners; and obtain copies of all published pilot,
harbor, and anchorage rules and regulations where possible. Note
harbor lmprovements in progress or projected.

387. Sailing directions for approaching, entering, and leaving
channels and harbors; such directlons should be actually tried
under different conditions and verified before they are adopted or
recommended for use,

Verify ranges and determine and describe any natural ranges or
leading marks, defining suiling lines, points of change of course,
dangers, and other features,

Check bearings or obtain azimuth of dredged chaunel axes.
Wherever possible locate aids by means of ranges, bearings, or
angles for use as checke on thelr position. Add any useful detalls
not given in light list, relinbility of lights and buoys, visibility of
lights and audibility of fog signals. Note localitles of unusual
sound reflection. Locate and describe marks and aids, whether
natural objects or others, used in connection with works of im-
provement which may setve as navigational guides. Locate and
describe fish welrs, oyster stakes, and similar constructions, also
day marks and lights malotained on them. Give rules and regu-
lations relating to them. .

388. Alds.—Lights, lighthouses, buoys, bencons, and other aids
ghall be verified on the ground for location, description, depth
alongside, and in relation to the features they are intended to
mark. Note buoys which tow under or do not watch properly.
Where the distinctive characteristic of an aid is itg color state
whether it is generally clearly distinguishable.

389. Currents, tidal or nontidal.—General conclusions from ob-
servations or other informatlon. Give velocity, direction, duru-
tion, and velution of time of slack to that of high water or low
water. Note set with reference. to axis of channel and openings
through bridges and at other coniractions of the fairway, across
pars and in entrances; approaching docks and piers; occurrence
of rips, swirlg, and eddies. Effect of wind and freshets on cur-
rents, and if flood current is ever entirely overcome. Describe
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fully all abnormalities in currents or marked varlations from
usual phenomena. The nctes shall cover the entire fleld of oper-
ations, both inshore and cffshore, and include all horizontal move-
ments of surface waters, whether tidal or nontidal, or both.
Where the currents are due to winds or other meteorelogic cause
or are greatly modified in velocity, direction, and duration thereby,
the variations produced shall be determined and their relation to
the conditions that produce them shall be developed if possible,
such as velocity and direction of wind.

390. Tides.—Collect all available data bearing upon tides, ex-
cessive or abnormal rise and fall, duration of stand, and time of
high and low water. Where gauges are in operation make special
effort to obtain records of such conditions; whether due to wind,
flood, or othier causes. Note rate of progress of the tidal wave
and the variation of amplitude along its course.

In shoal areas, especially inclosed waters, give variation of
surface level due to storms and, if possible, develop relation of
velocity and direction of wind to locality and magnitude of result-
ing changes in surface elevation.

391. Bridges, contractions, and obstructions.—Note kind of
bridge, horizontal and vertical clearance at high water of open-
ings through fixed spans, draws when closed, and at other con-
tractions; also depth in openings. Length, beam, and draft ac-
commodated by locks and similay structures. Vertical clearance
of gerial cables and trolley wires. Which side of draw or open-
ing of bridge should be used, and if only one, state for what
rveason. Obtain coples of rules and regulations governing the
operation of bridges and locks and signals In use.

392. Toe.—Season during which it is encountered. Its form of
occurrence; movemenis under intluence of winds and currents;
extent to which it affects navigation. Season of navigation as
affected by lce, flood, fog, low water, storms, and in addition in
the case of canals and other artificial waterways give perlod of
ravigation fixed by law or regulation.

393. Rivers.—Glve draft and class of vessels which can enter;
point to which tide reaches; depth on bars and permsancacy of
channel ; strength of current; effect of freshets; distance to head
of navigation for steamers and other craft.

894. Canals.—Describe location and® approaches, glve total
length of each lock, capacity of locks, controlling vertical clear-
ance under overhead structures, passing points, tie-up points, local
contractions, varintions of surface clevation, period open to navi-
gatlon, rules, signals, and regulations governing operation.



134 GENERAL INSTRUCTIONS FOR YIELD WORK.

885. Anchorages, with descriptions relative to their capacity,
holding ground, amount of protection, and ecircumstances of
weather under which tested. Character of bottom, marks, and
rules and regulations for use, if any.

396. Landing places, especlally on a coast exposed to swell.

387. Watering places for vessels—Rivers, streams, or springs.—
At ports state whether water is piped to wharves or supplied by
water boats, and charges; convenience for watering ships, Give
distance upstream that salt water extends at different seasons
or under other varying conditions; state also when overboard
water is sufficlently fresh for drinking or boiler purposes.

398. Weather.—Under this head state briefly only new and im-
portant facts, as prevalling winds and their seasons, directions
from which gales come and how they affect anchorage, land and
sen breezes, rainy sessons, fogs, and freshets, and seasons or
conditions when prevalent.

399. Wrecks, where usually occurring; tendency of wrecks to
break up or remain in position. Information bearing upon the
occurrence of wrecks is exceedingly desirable. It is of first im-
portance that inquiries be made and investigations instituted
for the purpose of developing the various causes contributing in
any way to marine disasters, such as little known currents, addi-
tional alds required, misleading or deceptive bottom relief in
approaches, shifting shoals and channels, imperfect or inadequate
charts,

400. Change of coast line or depths.—~Mention any reliable evi-
dence 085 to recession or growth of shore line or change of depths.
Note any important facts regarding changes observed. Give evi-
dence, if any, of ‘subsidencé or emergence of shores. Locate and
outline mits of dumping ground for dredged or other materials.
Give location of submarine cables and water mains. Define
limits and give regulations for forbidden anchorages. Report all
obstructions and temporarily obstructive operations. Note cspe-
cinlly localities where changes of any sort affecting navigation
ure likely to occur and report those which should receive frequent
attention in order to keep publications up to date.

401, Information of importance affecting navigation, such as
rocks, reefs, shoals, sunken wrecks, alds omitted or incorrectly
charted, errors or omissions on charts or in Coast Pilots, changes
in depth, channels, coast line, and currents shall be forwarded
to the Director without delay for insertlon in the Notice to Mar-
iners or other immediate publication. Where aids are involved
a report shall be forwarded, without recommendation, to the
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lighthouse inspector and ua copy sent to the Director. Sugges-
tions or recommendations in regard to aids shall be sent only to
the Director.

(2) To avold delay, inspectors and chiefs of parties on the
Pacitic coast and Alaska are authorized, whenever the Survey
develops rocks or other important information that should reach
the public promptly, to lssue a notlece furnighing such information.
A copy of such notice, with full details, will be .mailed to the
‘Washington office at once.

402. Inside route pilot.—(a) Special effort shall be made to col-
lect information which will contribute toward the completeness
of our publications covering the inside routes through inland
waters and all entrances and inlets affording access to such
routes and with special reference to the needs of motor boats,

(b) Note extent of routes and period of navigation; draft that
can be accommodated at low water and at high water; width of
opening and vertical clearance under both fixed spans and draw-
bridges; rules and regulations for operation of drawbridges; draft
in canals; length and width of locks; obstructions; tolls; perfod
of navigation; attended or unattended bridges; rules, regulations,
und signals, )

(¢) Navigability of tributary rivers, creeks, and other water-
ways, and distance from mouth to falls, rapids, dums, or other
head of navigation, including depths and distances to various
points.

(d) At points wher® boats must wait for the tide the time of
local high water referred to some known point should be given.
Character of bottomn shall he determined generally, especially at
Jocal shoalings such as cross-overs, bars, oyster reefs, etc. Outline
and deserlbe snag infested and stump Infested areas,

(e) The extent to which the tide affeets the inland waters and
variation of surface due to winds and floods should be noted.
Localities of strong currents should be mentioned with at least
approximate velocitles and relation of time of occurrence to that
of local or othey high or low waters. Note points where naviga-
tion depends upon freshet conditions or high water due to rain.

(7) Locate and describe, in relation to the channels or other
features they are intended to mark, all alds to navigation, includ-
ing private alds such as pointers, poles, bush stakes, beacons,
buoys, etc. Note buoys which tow under or do not watch properly.
Where the distinctive characteristic of an ald is its color, state
whether it is generally clearly distinguishable,
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(g) Give points where services of pilots are necessary, where
they can be obtained and rates, extent of traffic, development or
settlement of reglon, and mention places where supplies, provi-
sfons, gasoline, ofl, water, ice, and hotel accommodations can be
obtained; also facilities for watering vessels and coaling, where
small craft can be repaired, hulls, machinery, or both; give loca-
tlon of marine railways and the length, beam, draft forwurd and
aft and tonnage they can haul.

(h) In remote districts telegraph, telephone, raih‘oad, steam-
boat, or other lines of communication and postal factlities should
be described.

(¥) Occurrence of obstructive growths such as hyacinth, grass,
kelp, ete., and season in which they are found, occurrence of ice
and to what extent and for what period navigation is affected.

(§) Note especially localities where changes of any sort affect-
ing navigation are likely to occur and which should receive fre-
guent attention in order to keep publications up to date,

(k) Entrances and inlets.—Describe principal marks and aids;

directions for approaching entrance with description of outlying
or other dangers and how avoided; least depth and width in
entrance, across bar in channel, and locate same. To what change
in depth and position is entrance subject; if any, give rate and
direction.
. (1) Does bar break in ordinary or only heavy weather? Glve
direction and velocity of wind producing thig effect, How far
out do breakers extend? Can entrance be made while bar is break-
ing and, if 8o, for what draft?

TIDES.

403. Purpose.—Tide observations are made in connection with
hydrographic work in order to furnish data for computing the
plane of reference, for reducing the soundings to that datum, and
for use in making predictions and giving tidal information for
the Tide Tables, Coast Pilots, and Charts. Tide observations also
furnish determinations of mean gea level for use in connection
with precise leveling, and give Information valuable for other en-
gineering and scientific purposes. One or more tide gauges must
be maintained in connection with all hydrographic work, and the
tide observations should be made as complete as clrcumstances will
permit.

404. Location of gauge.—The corrections necessary to refer
soundings to the adopted plane of reference shall be in error not
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miore than one-fifth of the allowable error in the determination of
depth; where the allowable error in depth is one-half foot or less
the correction shall not be in error miore than one-tenth foot.
Gauges shall be located 8o us to approximate the conditions on the
working ground within the limits stated. Should doubt attach to
any gauge in use, a temporary statt shall be established in the im-
mediate vicinity of the work and the results at the gauge in ques-
tion verified. In connection with hydrographic work, it will in
general be desirable to set up an automatic tide gauge at some cen-
tral point, and continue it there throughout the season ; subsidiary
tide staffs are also to be established in the immediate vicinity of
the work, as may be necessary. In selecting a site for a tide
gauge, existing facilitlies and the accessibility of the location to the
observer must generally be taken into account. It will be conven-
ient to place an automatic tide gauge on a wharf if a substantial
one exists. It is important, however, that the location shall be
such that there ls free communication with the sea, shelter from
storm waves, and deep water close to the position at low tldes.
For use in connection with the hydrography on the outer coast it
18 -advisable to avoid a location for a gauge well inside of a river
mouth or shallow estuary, or in any body of water-having only a
narrow connection with the sea. Ifor surveys of offshore bars and
exposed chanpel approaches, where especially accurate soundings
will be required for which the record of an inshore tide staff will
not be sufficient, a temporary tide staff should be established by
pumping down a scantling, or otherwise. ’

405. Abnormal tides due to configuration of shore.—In straits
connecting two areas having tides of different ranges and epochs
of occurrence, it will usually be found that there is a portion of the
strait in which the tide varies rapidly from place to place. TFor
instance, within a single mile at Hell Gate. East River, N. Y., the
time of tide changes about an hour, and the mean range varies
about 1 foot. Similarly, in the channel north of Vancouver Island,
British Columbia, there is a difference of about 2 hours in the
time of tide, and of about 5 feet in the mean range, within a few
miles. There may be an appreciable difference in both time angd
“height of tide on the different sides of the same island in an archi-
pelago, for it often happens that rapid changes occur in the tides
and currents of such groups. Sometimes the occurrence of a shoal
near one end of a rather small detached {sland will cause the tides
to differ considerably on opposite sides of the island, depending
upon the location of the shoal with reference to the approach of
the tide wave.
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406. Abnormal tides due to wind and shallow water.—In large
shallow bays, in broad stretches of rivers or along shores where
the water is shoa), the wind sometimes has considerable effect
upon the level of the water surface, and two tide stations dif-
ferently exposed to the wind may be affected unegually.

Failure to detect the conditions that cause abnormal tides, and
to adopt measures that will permit the elimination of these ab-
normalities, has caused sounding lines to fail to cross by several
feet, and, in some instances, has seriously vitiated the survey.

Where the conditions described prevail, an additional staff
should be established in.the lmmediate location of the work, and
comparison of the tide observations made with those of the stand-
ard gauge. The observations at the auxillary gauge should in-
clude one complete range of the tide on each day that the gauge
is used, unless its bench mark is connected with the bench mark
of the automatic tide gauge by a line of levels, In that case
the observations at the auxillary gauge may cover only those hours
during which sounding dependent upon the gauge I8 being done.

407. Tide gauges.—There are four types of tide gauges, known
as tide staffs, box gauges, pressure gauges, and automatic gauges.
The plain tide staff is the simplest and most common form of tide
gauge, and whenever possible should be used in connectlon with
the other kinds of tide gauges in order to refer the tidal results
to permanent bench marks, The box gauge is sometimes employed
when the water is too rough to obtaln satisfactory readings from
a plain staff. 'The pressure gauge may be used from g vesgel at
anchor where the water is too deep to erect a tide stnff. The
automatic gauge is used when a continuous record of the tide for
a long period is desired. ’

408. Tide staff.—The simplest form of the gauge is a plain board,
about 5 inches wide, 1 inch thick, and the length should be based
on the extreme fluctuation of the water surface in the locality in
which it is to be used. It should be graduated to feet and tenths
(not inches) with numbers increasing upward, the lowest gradua-
tion being zero (0). It must be securely fastened in a vertical
position to a pile or other suituble support. The zero should be
placed lower than the lowest known tide, and a temporary bench
mark established as close to it as practieable, in order that the
staff may be readily returned to its original position if displaced
by accident. For reference to permanent bench marks see para-
graphs 514-520. It is desirable that the tide staff be painted, espe-
cially if it is to be used for a considergble length of time. In the
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latter case the graduation sbould be cut into the wood on the
edge of the staff. '

409. Glass tube.—When the water is rough {t is a great advan-
tage to have a glass tube, partially closed at the submerged end
by a notched cork or otherwise, secured to the face of the staff.’
Some floating object should be introduced into the tube in order
to give definition to the water line within, such as a ball cut
out of cork and scorched to blucken it, or a little colored oil. This
ball should be somewhat smaller than the bore of the tube, as it
otherwise tends to increase the capillarify in the tube and indi-
cate helghts a little above the true.

410. Portable staff.—It will soinetimes DLe preferable to use a
movable tide staff, which may be taken out and cleaned or re-
painted or removed for use in another locality. A guldeboard is
secured in a vertical position to a pile or other suitable support,
and pieces nailed to it so as to form grooves in which to slide the
tide staff, exposing only its graduations. This guideboard need
not extend lower than mean tide level. A metal plate 1s screwed
to the top of the guidebourd, forming a stable support for a metal
shoulder which is fastened upon the back of the movable staff.
This metal plate serves as a temporary bench mark, whose rela-
tlon to the zero of the graduntion must be stuted.

411. Portable staffy are recommended for use especlally in con-
nectlon with automatic tide gauges at stations where the observa-
tions are to be continued for several years. An ordinary fixed
staff left in the water soon becomes discolored and the gradua-
tions illeglble, necessitating frequent removals for painting. A
portable staff that is placed in the water only when it is to be
read and is kept in the tide house at other times remuins in a
good condition much longer., ¥For convenience in storing in the
tide house the staff may be in sections.fastened together with a
hinge, which should usually be placed on the face of the staff so
as not to interfere when the latter is lowered In its guides. As
it may sometimes be convenient to use the same portable staff
at different stations a standard size is desirable. It is recom-
mended that such staffs be made § inches wide and 1 inch thick
or slightly less when dressed. The guides should be constructed
with the sliding space about 5% inches by 1% inches to provide
sufficient margin for the staff to be lowered without binding.

412. Multiple stafts.—When the range of tide is too great to be
measured- by a single staff, a successlon of staffs may sometimes
be used along shores with gentle slopes. A fleld glass will usually
enable the ohserver to read the outer stafl. When possible,
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these should be arranged so that the graduations will be. cou-
tinuous from one staff to the other, so that the readings on all
the staffs will be referred to the same zero.

413. Box gauge.—This form may sometimes be employed when
more accurate readings are required or when the swell renders
the use of a simple staff inconvenient. It consists essentially
of a float that rises and fallg in a vertical box to which the tide
has access; and to the flont is attached either an index that
moves over a fixed seale or a graduated rod that moves over an
index. The float is usually a copper cylinder abhout 8% inches in
diameter and 3 inches high, the bottom being weighted to give
it steadiness in the water. The top may be provided with a
socket for a graduated rod or with a ring for ap index wire or
cord. The float box is similar to that used for an automatic
gauge (see pars. 441 and 442 for description), but the opening in
the bottom may be somewhat larger. A hole 13 inches in diameter
in a float box that is 12 inches in diamecter will permit the
water to enter freely enough to give a perceptible slow motion
to the float when the water outside is rough. Such a motion is
desirable in order that the observer may be assured that the box
is not clogged with sediment or other obstruction.

414, A convenient form of box gauge, where the range of txde
is not too great, is to have a light wooden rod fixed in a socket
on top of float and steadled by cross pieces at the upper end of
the float box, so as to rise and fall In a vertical line. The rod
should be numbered from above downward, zero belng at the
upper end. The top of the hox, or of a board or a piece of sheet
metal placed at.a convenlent height for the eye, is used as the
reading point.

415. In another form of bhox gauge one end of a small flexible
wire Is attached to 2 ring in the top of the float, while the wire
passes over one or more pulleys and terminates with a counter-
poise. An index on the wire passes over a fixed scale, which
may for convenience be elther vertieal or horizontal. The scale
is usually that of nature, but sometimes it is desirable to either
inerease or diminish the scale, which can be done by passing wires
over drums of different sizes or by means of movable pulleys.

416. A form of box gauge adapted especlally for use in the rough’
waters on shoals offshore consists. of a white-pine pole staff, cross
section 1 by 1 inch, with rounded edges, graduated on each of
the four sides in feet and two-tenths with the zero (0) at the
top, and set in a hollow ecylindrical white-pine float 13 inches
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outside diameter and seven-cighths inch Inside dlameter. The
float should be thoroughly covered with shellac and liquid par-
affin. The length of the rod will depend upon the range of tide
in the locality where it is to be used, and the length of the float
should be about four-tenths that of the rod. The float well con-
sists of a 2-inch iron pipe, the bottom of which is set in a
1000-pound concrete block to serve us an anchor. The pipe should
be long enough to reach above the ordinary waves at high tide,
and a one-fourth inch hole should be drilled in the side several
feet above the concrete aunchor. A cap with a square hole for the
staff is to be screwed on top of plpe after the flont staff has been
placed 1pside. Just below the cap, a 2-inch flange for the at-
tachment of guy wires may be screwed on the pipe, and four
small sheaves, one for ench guy wire, secured to this flange by
wire loops. The top of the pipe is to be secured by four guy
wires of No. 6 wire with leads making an angle of 60° or more
with the vertical. The end of each guy wire is to be anchored
with concrete blocks, glving a total welght of about 2000 pounds
to each anchor. lor convenience in handling, each concrete
block may be cast with wire-rope loops projecting. After the
anchors have been set the guy wires are led through the sheaves
at the top of the flout pipe and drawn taut, & fence-wire stretcher
being convenient for this purpose.

417. Reference of box gauge to bench mark.—The reference of
a box gauge to a bench mark should be such as to indicate
clearly the elevation of the mark above the water surface when the
wauge reads zero (0), the position of the water surface at this
time being the true datum of the box-gauge readings. This refer-
ence can generally be most satisfactorily obtained by erecting n
plain fixed stafl near by, the zero of which is referred to the bench
marks by spirit levels, Simultaneous readings of the water on
both gauges are taken when the water i{s reasonably smooth. A
comparison of these readings will give the difference between the
datums of the two gauges, which difference applied to the eleva-
tion of the bench mark above the zero of the fixed staff will glve
the elevation of the bench above the datum of the box gauge.
The difference between the box-gauge readings and the fixed-staff
readings should be frequently checked, as a small leak in the float
of the box gauge might change the line of flotation and conse-
quently modify the datum. )

418. The relation of & bench mark to the box-gauge datum may
algo be obtained directly as follows: (@) When a graduated rog,
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with scale inverted, is attached to the float and moves over an.
fndex known as the reading point. In this case obtain the eleva-
tion of the bench mark above the reading point and add the
length of the float rod as measured from the zero (0) graduation
to the water line on the float. In case the bench mark is below
the reading point, this distance should of course be subtracted
from the length of the float rod. (b) When an ungraduated rod
with an index is attached to the float and moves over a fixed
vertical scale, the graduations increasing upward, the elevation
of the bench mark above the zero of the scale should be added to
the length of the float rod as measured from the index to the
water line on the float. (¢) When a cord or wire connects the
float with an index, a direct measurement is usually impracticable.
In this case the elevation of the bench mark above the water sur-
face should be obtained when the iater is smooth, and to this
should be added the box-gauge reading taken at the same time.
In every case the separate measurements must be entered in the
record in order that the results may be properly interpreted and
verified.

‘419, Pressure gauge ~—This is an ingtrument for determining the
tide by measuring the variation in pressure at the bottom, due
to the rise and fall of the water. Although the results are very’
rough as compared with those obtained by a plain tide staff, the
aauge is serviceable in obtaining the approximate tides on shoals
where the water is too deep to erect an ordinary tide gauge but is
sufficiently shoal to anchor a boat. A simple form of this gauge
formerly used by this Survey consisted of a strong rubber bag,
holding about 6 gallons, connected with a flexible, air-tight tube,
having an inside bore about one-fourth inch, and made in sections
like garden hose. The upper end of the tube has a stopcock and a
steam gauge. The bag is incased in an iron box, which is nearly
water-tight, so as to exclude the influence of short-pertod waves,
the same as for & box gauge. The tron box containing the fnflated
bag is lowered to the bottom, the gauge on hoard the vesgel being
read at intervals, the rise and fall of tlde belng indicated by
change of pressure.

420. The aero-mercurlal gauge and manometer, two other forms
of pressure tide gauges, have also been used and description of
them can be furnished when desired.

421. Automatic tide gauge.—This machine, which is known also
as a self-registering gauge, traces a curve that graphleally repre-
gents the rise and fall of the tlde, the abscissse indicating time
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and the ordinates the height of the tide. The essential parts of
the machine consist of a clock that moves paper forward at a
uniform speed and a float that is free to rise and fall with the
tide, and is so connected with a tracing pencil that the latter
moves perpendicularly to the motion of the paper and propor-
tional to the rise and fall of the tlde, The combined motion of
the paper and the pencil produces a tide curve, sometimes called
a marigram, from which the height of the tide for any desired
time can be read by meuns of n scale. The automatic tlde gauge
now in use by this Survey is illustrated in figures 18 and 19 and is
deseribed in the following paragraphs:

422. Clocks.—There ure two cloeks, as illustrated in figure 18.
The one on the right-hand side, No. 1 in the figure, is the motor
clock, and the other one, No. 2, is the time clock. The motor clock
turng the main cylinder which regulates the motion of the paper.
The cylinder, which is 12 inches in clrcumference, turns once in
12 hours, moving the paper forward at the rate of 1 inch per hour.
The motor clock has two mainsprings, both being connected with
the driving apparatus, and in case of one of these breaking by
uccident it is sometlmes possible to operate the machine with the
remaining. one until there is an opportunity for repairs. The
purpose of the time clock is to mark the hours on the record. Itis
similar to an ordinary striking clock; one spring runs the clock
und the other operates a device that trips the recording pencil,
making a short horizontal mark on the record each hour.

423. BEach of the clocks will run eight days with one winding,
but it is recommended that they be wound twice a week. The
clocks may be regulated and corrected as similar clocks in ordi-
nary use. The minute hand of the time clock must not be turned
backward when it is between 10 minutes before and 5 minutes
after the hour mark “ XII,” in order to avold Injury to the hour-
marking device,

424. Rollers.—There are three rollers; the supply roller (fig. 19,
No. 8), a round brass rod with flanges at each end, one of which
is removable for putting in the paper; the main oylindcr (figs.
18 and 19, No. 4); a hollow drumm made of brass tubing about 1
foot in circumference, with 12 sharpened steel ping set at equal
intervals around the cylinder near each end, designed to prevent
the paper from slipping over the smoeth surface of the cylinder
as it 1s revolved by ‘he motor clock; and the receiving roller (lig,
18, No. 5), a hollow tube of shect brass, with a small slit running
its entire length, and two flunges, on¢ of which is 1'emovable; 80
that the completed tide roll may be removed,
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425. Connection between clock and gauge.—The axle of the hour
hand of the motor clock extends through the back of the case and
has a toothed or carrier wheel upon it (fig. 19, No. 6). The main
cylinder has a hinged carrier arm attached to its axis, which can
be thrown into or out of the teeth of the carrier wheel, thus making
or breaking the connection between the motor clock and the gauge.

4268. Paper.—The paper used on the machine is about 13 inches
wide and is furnished in rolls about 60 feet long, which is sufficient
for one month of record. This roll is placed on the supply roller,
fed over the main cylinder, where it receives the tidal record, and
is then mechanically wound upon the receiving roller.

427, Tension weight.—This is the smaller of the two weights
furnished with the muachine. It is attached to a cord (fig. 18, No.
22), which is wound around the tension wcight pulley (figs. 18
and 19, No. 13). This pulley is provided with a pawl and ratchet
for winding up the tension weight from time to time, The action
of the tension weight winds fhe tide roll on the receiving roller,
keeps the paper on this side of the machine taut, and also assists
the motor clock in turning the main cylinder.

428, Tension spring (fig. 19, No. 21).—This spring presses
against the supply roll of paper and keeps the paper on that side
of the machine taut. As the paper I3 prevented from slpping
over the main cylinder by a set of sharpened pins (par. 424), an
excess of tension on either side of this cylinder is likely to cause
the paper to tear, especially if it is damp.

429. Float.—The float furnished with the tidle gauge is o copper
cylinder, 83 inches in diameter, 3 inches high, and weighted so
as to float with about one-third of its height above the water
surface. It is connected with the float pulley of the machine hy
phosphor-bronze wire, No. 23 American wire gauge, When in use
the float rises and falls with the tide in a float box to which the
water has access through u small opening., (See par. 441,) -

430. Float pulley (figs. 18 and 19, No. 11).—A set of four inter-
changeable pulleys with circumferences of 6 inches, 9 inches, 12
inches, and 16 inches 1s provided with each machine in order to
adapt it to different ranges of tide. Special pulleys of other sizes
are also sometimes used. These pulleys are about 1 inch wide
and have threads cut in their faces to prevent the float wirve, one
end of which is attached near the edge of the pulley, from winding
upon itself, There are from 18 to 24 turns of the thread on
each pulley. For the removal or adjustment of the pulley there
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ure two clamp nuts (fig. 18, No. 23), which are set by means of a
special wrench (fig. 19, No. 24). This pulley together with the
counterpoise pulley is clamped to the pencil screw (fig. 19, No. 8),
and causes the latter to turn as the tide rises and falls,

431. Counterpoise pulley (fig. 19, No. 10).—This pulley, which
is threaded like the float pulley to which it is clamped, carries a
wire or cord to which is attached a counterpoise weight.

432. Counterpoise weight.—This is the larger of the two welghts
provided with the tide guuge. Attached by a wire or cord to the
counterpoise pulley it serves to take up all slack in the float wire,
and rewinds the latter as the tide rises.

433. Sliding grooved pulley (fig. 19, No. 12).—This is free to
slde on a long axle near the counterpolse pulley. It is designed
to carry the counterpoise cord away from the float wire, and at
the same time keep the wire as it winds or unwinds always oppo-
site its proper thread on the counterpoise pulley. When the coun-
terpolse cord Is carried directly to a fixed pulley in the ceiling
of the tide house, thig sliding puliey is unnecessary.

434. Pencil screw (fig. 19, No. 8).—This is made of phosphor
bronze about five-eighths Inch in diameter, and has a square
thread with a 1-inch pitch. For stations having a large range of
tide, a pencil screw with a one-half inch plteh is frequently used.
The threads at each end of the pencil screw are turned down to
prevent the pencil arm from jannning,

435, Penci)l arm (figs. 18 and 19, No, 9).—This arm carries the
recording pencil. In its bearing is a nut that fits in the thread
of the pencil screw so that as the latter Is turned the arm moves
along the screw, toward the clocks for a rising tide and in the
reverse direction for a.falling tide. If a very high or a very low
tide moves the arm to either end of the pencil screw, the nut .
hecomes disengaged from the screw thread and jamming is pre-
vented. Springs are provided on each side of the peneil arm to
force the nut back into the thread of the screw when the tide
beging to reverse.

436. Datum pencil holder (fig. 19, No. 15).—This holds the pen-
cil that traces the datum line, It may be clamped in any posltion
on the datum pencil rod (fig. 18, No. 14), but it is desirable to have
it clamped near the middle of the rod.

437. 8cale.—The height scale of the gauge depends upon the
circumference of the float pulley and the pitch of the pencil screw.
These should be chosen according to the probable range of tide at

13027°—21-—10
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the station. The following table will indicate the proper pulleys
and pencil screw to be used:

Float pul- Pencil
Lxtremo range. Scale. le‘y clrcum-{ screw
erence. piteh.

Inches. o Imch,

Tessthan@feet. . ...oonieiiiiiiiiiiiiiiiiennnns 1:8 1
From 6 to 9 feet... 1:9 9 1
From 9 to12fcet.. 1:12 12 1
From12to10feet.....ocvuvrniiniiiiiiiiiiannnn.. 1:16 16 1
From 168 to 18{cct... 1:18 9 b
From 18 to 24 foot . ... 1:24 12 }
From24t032f60t..c.ccicuiininieanniinincnennnns 1:32 16 ]

438. A metal scale (fig. 19, No. 18) is attached to the gauge by
a clamping screw at each end. Both sides and both edges are
graduated, making four different scales of 1:6, 1:9, 1:12, and

28

S

MG, 20.

1:16. Any of these edges may be turned toward the maln cyl-
inder. To refer a point on the tide curve to the scale, there is
a broad, two-pronged fork (fig. 19, No. 17), which may be slid
along the scale, ’

439. Hour-marking device.—The time clock is like an ordinary
striking clock, but instead of striking a bell it moves a lever (figs.
19 and 20, No. 18), connected with a tripping rod (figs. 18 and
20, No. 19), which is supported on rocker arms about 2 inches
above the metal scale. The pencil arm is jointed and provided
with a hook which passes under or over the tripping rod. On the
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hour the striking mechanism of the clock moves the lever outside,
which in turn rocks the tripping rod. 7The latfer engages the
pencil hook and pulls the pencil arm, causing the pencil to make
a short stroke parallel to the edges of the paper. The pencll,
which is tracing the tide curve, is returned to position by u
spring. .

440. Installation of an automatic tide gange.—When an asuto-
matie tide gauge is to be established at a station, a fixed or port-
able tide staff should be set up first in order that a rough esti-
mate of the mean range of the tide and of the reading for mean
sea level may be obtained from n few observations. The halt
sum of mean high and mean low water for any four consecutive
tdes miay be taken as mean tide level for the purpose of setting
the automatic gauge. (See also par. 408.)

441, Float box.—This should be located where the water is not
less than several feet deep at the tlme of the lowest tides. The
box should be about 1 foot square on the inside, or 1 foot in diam-
eter if cylindrical in shape, and long enough to reach several feet
below the lowest tides. It must be set and maintained in a ver-
tical position to prevent the float from seraping against the sides
as the tide rises and fally, and should be well braced. A single
opening from three-fourths to 1 inch near the bottom of the box
has been found to be most: satisfactory. This opening should be
below the lowest tides and should be 8o located that it can readily
be cleared out if It becomes clogged. An opening in the bottom
rather than in the side of the box hag the advantage of being
easily cleared by means of a stiff wire or slender gas pipe lowered
down into the inside of the box, This enables the tide observer
to do in a few minutes that which would often require the services
of an extra man and a boat when the opening is in the side 6f the
box. When necessary to remove the float attach a smalil clamp to
the wire just beneath the table to prevent unwinding on the drum.

442, For a station that is to be occupied for only « short time a
plain square wooden box made of boards or plank from 1 to 2
inches thick is sufficlent. Ior stations that are to be occupied
for several years a cylindrieal cast-iron pipe, 1 foot inside diam-
eter, 1s frequently used. To the bottom of such a pipe, if sup-
ported several feet above the ground, is attached an inverted
conical-shaped casting with a three-fourth-inch opening in the
apex. The chlef disadvantage that has been experienced with
this kind of pipe is the formation of rust scales, which clog the
opening in the bottom and are often diffieult to remove. Prob-
ably the most satisfactory form of float box that is used by the
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Survey at stations where the observations are continued for many
years is a copper tube, 1 foot in diameter, protected by an outer
wooden casing. Such a tube should be not less than one-sixteenth
inch thick, as a thinner tube is not only too frail to handle but
would also require more frequent renewals. A tube one-sixteenth
inch thick, if not located too near other metal in the water, caus-
ing electrolysis, might reasonably be expected to last for 15 years
without renewal. For a longer series of observations a heavier
tube would be more economical in the end. An inverted conical-
shaped copper bottom with a three-fourth-inch hole in the apex
should be soldered to the tube. If this bottom, instead of being a
true cone, were made a little one-sided so that the apex ecame
near the side of the tube, it would permit the hole to be cleaned
by a slender rod lowered into the tube without removing the float.

443, To prevent freezing.—To prevent the formation of ice in
the float box during cold weather and the consequent stoppage
of the gauge, petroleum or kerosene has been frequently employed.
A column of oil in the float tube of 2 or 3 feet in height would
suffice for ordinary latitudes, and one of 4 or 5 feet in helght, it is
belleved, would suffice for stations in Alaska. For a 12-inch tube
it will require about 6 gallons of oll for every foot in height. If
possible the gauge should be located where the depth at very low
tides would be about 2 feet more than the length of the column
of oil required. The amount of petroleum that can be used is
limited by the depth of the small opening in the pipe below the
lowest tides, for when a greater amount is used there will be a
loss through the opening at extreme low tides. As the specific
gravity of kerosene is less than that of water, the surface of the
oil inside the tube will be higher than the water surface outside.
This feight will be equal to about one-eighth of the whole column
of oil. If a gauge has been working with ordinary sea water
only, the introduction of petroleum in the float tube changes the
line of flotation of the float and also the relation of the curve
to the datum line. But this will not cause any inaccuracy of rec-
ord if the observer furnishes readings of the staff, to which the
curve can be referred. In locations where there is an extensive
land drainage, such as near the mouth of a large river, the
difference between specific gravity of the water at the end of
the flood and at the end of the ebb may be sufficient to cause a
sengible periodic oscillation in the height of the surface of the
petroleum with reference to that of the sea outside the tube,
thus introducing a periodic varlation which is not tidal and which
it would be difficult to get rid of. Therefore petroleum can not
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he employed where there is much change in the specific gravity
of the water.

444. The tide house (flg. 21).—A rough house is usually con-
structed to protect the gauge from the weather and from being
interfered with. This structure may be ubout 6 by G feet at
the buse and 7 feet
high at the envey,
with & door and win-
dows. It should be
well bolted down to
k“ﬂ : the wharf, Sometimes

it may be conveunient

to have the float box
outside the house, es-
pecially at permanent
stations, as it permits
of easy renewnls of
the box without huv-
ing to remove the roof
from the house; in
this case a sloping
cover must be pro-
by vided for the Dbox,
9 T which may be hinged
and padlocked to per-
- nmit of casy unecess to

E the float, while pro-
tecting it from bhelng

interfered with, A

- float-tube opening in-

side of the tide house

Julllﬂ should also he provided
with a cover tu prevent
anything  from being

droppeqd down the tube.

Fig, 21, Such a cover may be

made of two pieces

with a narrow slit in the center for the float wire. .For the sup-

port of the tide gauge, a strong table or shelf about 234 feet high

should be provided. If reasonably protected from molestation, an

automatic tide gauge may be operated for n limited time without

a house, but protected by a box with a hinged id with padlock
and a canvas cover.

>

&
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445, Setting up gauge.—When the top of the float box .opens
inside of the tide house, the gauge is usually set upon the table
or shelf so that the float pulley is directly over the float box.
Otherwise a series of pulleys must be provided to lead the float
wire to the float box. The gauge is to be adjusted so that at ap-
proximately mean tide level the peneil arm will be near the
middle of the main cylinder, the flont pulley and counterpoise
pulley each about half filled with wire or cord, and the counter-
poise weight arranged so that It can move freely between the
limits of extreme high and extreme low water. The datum-line
pencil is to be set near the middle of the main cylinder in order
to reduce to 2 minimum the error resulting from hygrometric
changes in the tide-roll paper. These adjustments are referred
to in the following paragraphs.

446. Attaching counterpoise weight.—One or more fixed pulleys
are placed overhead in such positions as to carry the counterpoise
to one side of the house, or otherwise out of the way (fig. 21).
The counterpoise, which is the larger one of the two weights pro-
vided with the gauge, Is attached to a movable pulley and placed
upon a block of wood or other substance to raise it an inch or two
above the floor. Pass the end of the varnished fish line, furnighed
for the purpose (the bronze float wirg may be used if desired),
through the small drill hole near the inner edge of the counterpoise
pulley and tie o knot at the end. The other end of the line is then
passed over the fived pulley overhead, down through the movable
pulley on the weight and up again to the ceiling where the end is
fastened. After removing the block from under the welght it
should hang just a little above the floor. The line will be wound
upon the counterpolse pulley by the descent of the flout to the
water,

447. Attaching float.—To put on the float wire. The length of
wire required for the float, in feet, may be obtained by the formula :

L=BC+D

where L=number of feet of wire required for float.
B=one:half the nuinber of threads on float pulley.
O=circumference of float pulley used, expressed in feet.
D=qdistance from flout pulley to mean sea level in feet, ineax-
ured by the route the wire must take to the float.
448. Unclamp the float pulley by turning the nuts a very little,
as too much slack will cause it to jam. Undo the end of the wire
on the spool, holding a finger on the colls to prevent its spring-
ing off the spool, pass the wire through the small drill hole near
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the outer edge of the float pulley, twisting it a few times around
itself to make it fast. Now revolve the float pulley, holding the
spool of wire with the other hand and keeping sufficient tension to
wind the wire smoothly in the threads cut in the pulley. The
number of feet of wire which may be wound upon the float pulley
is 2B(, and if this is less than I, wind the pulley entirely full,
clamp it tightly to the counterpoise pulley, and measuring off
1,—2BC feet of additionai wire, cut it off and fasten the end to the
float. Some one must keep tension on the wire or hold a fnger
on the float pulley while this is being done, or the wire will spring
off the pulley. Tf T {s less than 2BC, find 2—12-%:—11
number of thrends of the float pulley to be left unwound when the
wire is cut and attached to the flont. Place the float in the float
hox, letting it down gently until all the slack wire is used, and then
hold the float pulley with friction enough to prevent any hasty
descent of the float to the water. At the beginning of unwinding
the wire from the float pulley by the descent of the float, take
care that the counterpoise line enters the thread ot its pulley, after
which It will take care of itself. After the float is attached the
position of the gauge should be adjusted so that the float hangs
in the center of the float tube, and this position made secure by
fastening the gauge to the tuble and the Iatter to the floor.

449. Adjustment of pencil arm.—The pencil arm should now be
adjusted so a8 to bring the pencit about the middle of the paper at
mean tide level, It is not necessnry to walt until the tide is actu-
ally at its mean level, for knowing the difference between that
level and the actual stage of tide the pencil may be set accordingly
by the metal seale provided with the gauge. If the arm is very far
out of position, a first approximate adjustment should be made by
running the arm to the end of the pencil screw nearest the clocks,
thus disengaging it from the screw thread. This is done by turn.
ing the float pulley, so that the float will rise and the counterpoise
weight fall. The pencil arm should be held at this end and the
float pulley turned either backward or forward until it lacks three
turns of being filled with the float wire, The pencil arm should
be then released and the float permitted to descend until it rests
upon the water. This should bring the peneil arm within 1 inch
of its proper position. To bring it closer to the position desired,
press on the counterpolse pulley with one finger, to prevent the
weight from turning it, a finger of the same hand resting upon
the last coil of wire on the float pulley to prevent the wire from
springing out of the grooves; then with the other hand slightly

, which is the
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unclamp the two set screws within the float pulley. Next revolve
the counterpoise pulley until the pencil is in the desired place,
when the float pulley is firmly reclamped.

450. Attaching tension weight-—This weight is attached by a
cord to the pulley at one end of the receiving roller. This pulley
has a small hole in one flunge, through which the end of the cord
may be passed and knotted. As with the counterpoise cord, it
is desirable that this cord also be led over a pulley in the ceiling
of the tide house in order to provide as much space as possible for
the falling of the weight. By suspending the weight by wmeans of
a movable pulley its motion is diminished one-half,

451, Starting the gauge.—The roll of paper provided for the
record should be placed on the gauge, as described in paragraph
454, the tension weight wound up, and both clocks wound and set
to the correct time. The datum-line pencil should be placed
in the holder and the latter clamped near the middle of the main
cylinder. The recording pencil should be adjusted in its holder.
The tide observer who is to have charge of the station should be
given the necessary instructions for the care and operation of the
gauge.

452. Report on establishment of tide station.—When an auto-
matic tide-gauge statlon is established, a separate report describ-
ing the same should be sent to the office. Such a report should
jneclude the following information:

{a) Name of town or place, with latitude and longitude.

() Name and location of wharf. A sketch showing location is

desirable.

(¢) Name of owner of wharf and a statement of arrangements
made with him,

(d) Give position of tide staff and automatic gnuge on wharf.

(e) Describe tide staff, giving dimensions, limits of gradua-
tions, and a statement whether it is portable or fixed.

(fy If a portable tide staff is used, state how it is supported
and. give the reading of the tide staff that corresponds
to the fixed point of support,

(g) Give number and scale of the automatic gauge.

(k) Describe the float box, giving dimensions, method of se-
curing it in position, exact position and size of opening
in the bottom and the depth of the water helow this
opening. Give also the depth of tbis opening below the
zero of the tide staff. A knowledge of the exact position
of this opening is especially important when the float box
becomes clogged and it is necessary to clear {t.
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(i) State what precaution was taken to prevent freezing in the
float box. If kerosene is used, give the quantity.

(§) Give a brief statement relative to the recovery of old bench
marks and the establishment of new ones. Complete de-
seriptions of the bench murks are to be given sepnmtel\
in connection with the leveling record.

(k) Give the date when the installation of the gauge was com-
plated and the record started.

(1) Give the name and occupation of the tide observel left in
charge of the station.

() Give any other information about the tide station that
may be important. .

453. Operation of automatic tide gauge.—The observer in charge
of a station shall visit the gauge at least once each day for inspec-
tion and comparison. Every effort must be made to secure a con-
tinuous record by keeping the gauge in running order. When out
of order and necessary repairs at permanent stations are pos-
sible, they must be made at once and the bill sent to the office for
payment or paid for by the observer and an account rendered.
Details in such eases must be reported to the office without delay.
When a self-registering gauge is maintained in connection with
hydrographic operations in the fleld, a continuous record shall be
secured by making staff readings every hour whenever the gauge
is out of commission, and the conditions must be reported jmme-
diately to the clhief of party.

Each day the gauge is visited the tide staff should be read and
an entry made on the tide roll. A statement concerning the cor-
rectness of the time clock should also be entered, and if this clock
is in error it should be set correct. (See par. 461.) The condition
of the wind and any other matter that may affect the record
should be noted nlso. All notes should be, initlaled by the observer.
The tension weight should be wound up each day the gauge is
visited. The clocks are to be wound twice a week. The tide roll
should be changed once a month. If the observations are to be
continued for a year or mwore, the change in rolls should take
place on the first or second day of each calendar month, excepting
the February roll for common years, which should be removed on
March 2 or 8. These duties are desuibed in detail in the following
paragraphs.

454. Placing paper on gauge.—The supply roller, which is the
one with the solid rod, is removed from the gauge and the roll of
paper placed on it, which may be readily done by removing one
of the flanges and replacing it again after the rod has ‘been
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passed through the central hole in the roll of puper. The roller is
then placed in the gauge, turning it in such a way that the loose
end of the paper may pass from below inward toward the main
cylinder. It makes no difference which end of the roller has the
movable flange. The main cylinder is then disconnected from the
motor clock by throwing out the carrier lever from the toothed
carrier wheel, using a slender stick or lead pencil to reach it, if
necessary. Pass the paper over the main cylinder and insert the
end about three-fourths inch into the slit in the receiving roller.
Several turns of the paper should then be wound around this
roller, the paper passing from the main cylinder over the top of
the receiving roller. The main cylinder must be again connected
with the motor clock, the tension weight wound up, and the pencils
adjusted. Before placing paper on the gauge, it should bhave
written on the inside, at the beginning of the record, the name of
station, date, scale of gauge, kind of time used, name of observer,
and, in hydrographic work, the chief of party.

455. Removing paper from gauge.—Place the tension weight on
the gauge table or some other support, unwrapping by hand from
the pulley as much cord as may be necessary. Disconnect the
main cylinder from the motor clock. Wind up the remaining
peper on the recelving roller, and take it from the gauge. Re-
move one of the flanges, revolve the other flange so a8 to force a
little more paper into the central groove, when the paper can be
removed from the roller. One roll of paper is sufficient for =
month of record.

456. After the roll has been removed it should be rewound on a
wooden core to bring the record on the inslde and to prevent injury
in transit to the office.

457. Label.—The label, Form 489, should then be pasted on the
outstde of the roll, First, fold a few inches of the beginning of the
paper down on the side containing the record, thus making a
square, smooth edge of double thickness. Then, on the side of the
paper which has no record, paste the label parallel to this edge
and abhout 2 inches from it, the hottom of the label being toward
the edge. Never paste the label as a seal to keep the roll from
unwinding, as it must not be broken to open the record. The
label should be fllled out as completely us possible. The first
marigram or tide roll of the series should be numbered 1 and the
others numbered consecutively throughout tlie series. The gauge
number will generally be found on the face of the clock upon the
tide gauge. On this label the beginning and ending of the record
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refers to the particular tide roil and not (o the entire series of
obgervations at the station, as on Form 138,

458, Reading tide staff.—Every time the gauge Is visited the
tide staff should be read to the nearest 0.05 foot, and recorded on
the marigram. If the water Is too rough to obtain directly &
reliable mean reading, record both the highest and lowest oscllla-
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tions of the waves. The tabulator will take the mean of these
two readings for comparison of stuff and scale on Form 455, The
exact posltion of the recording pencil of the gauge at the time each
staff reading is made must be Indicated by an arrowhead with a
Hne connecting it with the note of the staff reading. The manner
of connecting the note and tide curve is shown in figure 22.
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The note may be placed either above or below the curve, but it
must be connected by a line with the exact position of the record-
ing pencil at the time the comparisons are made.

At the time the above note was made the recording pencll was
at the point in the curve irdicated by the arrowhead, and only that
part of the curve to the left of this point was completed The por-
tion of the curve to the right of the arrowhead was made after the
note had been entered.

459, Time comparison and clocks.—The observer should have
some means of obtaining correct standard tlme. There are two
clocks on the automatic gauge now in general use; one, designated
the motor clock, which merely controls the movement of the main
cylinder and paper; the othex, which is on the left hand when
facing the clocks, is deslgnnted the time clock, and makes the
hour marks on the curve. The time indicated by ihe motor clock
is of no consequence; it is sufficient If this clock moves with ap-
proximately uniform Speed. The time indicated by the tlme eclock
and also the correct time and date should be recorded on the
marigram near the staff reading, on each visit to the gauge.

460. A rubber stamp of the proper form for these notes is fur-
nished to each regular observer. After this note has been made
on the mar lgmm the time clock, if wrong, should be corrected.
The fact of this correction is indicated in thé note ofi th& wWfii-
gram by the word “ corrected.” If no correctlon is necessary, the
word *“ correct ” may be used instead. Figure 22 shows the proper
form for these notes.

461. The clocks on the gauge may be corrected as ordinary
clocks, by turning the hands forward or backward; but the hands
of the time clock must not be turned backward when the minute
hand is between 10 minutes before the hour and 5 minutes after
the hour, as it would probably injure the hour-marking device, The
regulating deviee is similar to that on ordinary clocks. Both
clocks should be wound regularly twice a week, care being taken
not to wind them too tightly.

482, Tension weight.—This weight, which winds the paper:on
the receiving roll, should be wound up every day that the gauge
is vigited.- It is connected with the receiving roll by pawl and
ratchet, and while winding it up with one hand the receiving roll
must be held steady with the other hand.

483. Pencils.—These should be examined frequently. The datum
penefl points furnished for the gauge are usually too long and
should be broken to the proper length. The point should be care-
fully adjusted so as to make a distinet line and still not tear
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the paper under unfavorable conditions. It should project about
one-sixth inch from the holder, and thls adjustment can be kept
by screwing down the cap a little from time to time as may be
necessary. When the holder s lifted to remove or put in paper,
care must be taken not to lose the lead from the brass holder. For
the recording pencil that makes the tide curve, a good quality of
No. 2 pencil is best. This should be kept carefully sharpened
and adjusted In its holder. Upon this adjustment depends the
-efficiency of the hour-making device. It should be such that the
hook attached to the pencil holder will Just clear the txlpping
rod,

464. Lost record.—If any portion of the reco:d 18 lost from any
cuuse, move the paper forward a few inches before starting the
sauge again. To do this the main cylinder must be disconnected
from the motor clock in the manner described in paragraph 454,
but the cylinder must be held steady with one hand when dis-
connected, as otherwise the paper would be jerked forward by the
tension weight. This may be done by placing the hand on the
paper over the main cylinder,

4685, Changes in adjustment.—After un automatie tide gauge has
been properly set up, changes in the adjustment of the flont pulley
or in the position of the datum line should be avoided unless
actually necessary; and when any change is made, a note of the
fact and the reason for the change should be lmmedmtely entered
on the marigram.

4668. Cleaning the pencil screw.~—~The pencil screw must be
cleaned from time to time, otherwise the pencil arm may be raised
from the paper on a falling tide, or pressed so firmly against the
main cylinder on a rising tide us to tear the paper, either accident
causing a loss of record. A small rag molstened with gasoline
passed around the pencil screw and drawn back and forth several
times will keep it clean. Never put oil on the pencil screw, as it
soon catches dirt and makes it worse than it was before.

487. Operating troubles.—Some of the difficulties likely to be
met in the operation of an automatic gauge are:

Failure to keep the float box in a vertieal position, causing the
float to scrape on side of pipe.

Breaking the float wire, which is nearly always due to sharp
bends or kinks in the wire when it i{s.slack; a new wire should
be put In, rather than to splice the old one.

Vibration of pencil on record; this is due to too large openings
in the tide box and if serious may require repair of box.
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Failure of guuge to record full range of tide, as shown by com-
parison with stafl readings; this is due to clogging of openings
in float box, und is likely to render the record worthless, and calls
for Immediate examination of hox and clearing of openings.

Jamming of paper rolls, duc to paper not running true; rolls
should be examined to see thut they are in their right position,
and paper rewound if necessary. Often the paper can be slipped
away from the flange by hand.

Failure of hour-marking device. This is usually due to lack of
proper adjustment of the recording pencil, causing too much space
between the tripping rod and the lhook attached to the pencil
holder, or causing the hook {o be jammed too tight against the
rod. The adjustment should be such that the hook just clears
the rod, If the trouble is due to the time clock itself it may be
necessary to remove the clock and have it repaired by a clock
maker,

468. Tabulation of tide records.—In order to establislh uniformity
iu the records to e flled in the oflice, the tabulations sbould be
neatly made in black ink and in accordance with the forms as
outlined in the following paragraphs. For interpolated values to
till in gaps caused by lost record, red ink Is generally used. In
all forms in which both sides are to be used and in which there is
a difference in the width of the left-hand margin on the two sides,
thie side having the wider left-hand margin should be taken as
the front or first page of the sheet and be used in beginning the
tabulations on that sheet. In all the forms the heading on the front
side of each sheet should be filled out as completely as possible. On
the back of the sheet the name of the station and the year and
month of the observation should be repeated. The words “ Party
of ” or “Chief of party” may be taken as equivalent to * Ob-
server ’ when the latter bhus charge of the tide station. On the
label of a tide roll, the dates of the beginning and end of observa-
tions refer to the particular tide roll only, but in the headings of
the forms for the tabulation of these rolls these dates refer to the
entire series of the observations at the station. If the observa-
tiony are still being continued at the time the tabulations are
made, the space after  Observations end ” should be left blank.
In the tabulations, the hours of the day are to be designated con-
secutively from O (midnight) to 23" (11:00 p. m.), thus avolding
the terms . . and p. m. Before tabulating a marigram or tide
roll the following preliminary work iy usually necessary:

469. Marking the hours.—The time notfes should bhe examined
and if it is found that the time clock never varies more than
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three minutes from the correct time, the small horizontul hour
marks automatically made by this clock may be accepted as cor-
rect and marked accordingly. The hour itself begins at the In-
stant the mark leaves the curve, and no account need be taken
of the length of the stroke. These muarks shiould be numbered
consecutively from 0 (midnight) to 23 (11:00 p. m.), and the
numbering should be checked at each time note on the marigram.
470. In cases where the hour-marking device has failed to work,
or when the hour marks are unreliable on account of the time
clock being more than three minutes In error, the following
method may be used: First: From the time notes ascertain the
position on the curve of the nearest exact hour. This may usually
be best accomplished by laylng off 1 inch on a plece of paper and
subdividing it in 12 equal parts. The inch, neasured parallel to
the datum line, will represent one hour on the tide curve, and each
of the subdivisions will represent five minutes. This is known as
a time gcale. The correct time of the poiut on the curve indi-
cated by the time note being known, fhe nearest exact hour may
be readily laid off hy this little scale. Second: Draw lines through
the points indicating the exact hours perpendicular to the datum
line and extending across the paper. Third: Prepare a strip of
paper somewhat longer than the greatest distance between the
time notes on the marigram, pasting successive pieces together
if one is not long enough. On one edge lay off equal- divisions a
little greater than 1 inch long, and if' made about 15% Inches long
they will generally be about right. These dlvisions should be
numbered consecutively from 6" to 28" and then from 0' to 28",
repeated as often as may be necessary, the last division ending
with any hour. In general it will be convenient to start the num-
hering with 6® at the left-hand end of the scale, ax the time notes
“will seldom be made at an earlier hour in the morning. This
strip is known as a dividing scale. This scale s then adjusted
obliquely between two consecutive cross lines passing through the
correct hour points, so that the numbers on the scale will agree
with the hours represented by the cross lines, With the scale
in this position, held fast from siipping by paper weights, each
division may be marked on the marigram or tide roll by a dot,
Fourth: By means of a square and a straightedge placed near the
bhottom of the paper and parallel to the datum line, these hour
dots may be readily referred to the tide curve and indicated by
vertical lines crossing the curve. These hour lines should be num-
bered in the sume manier as the hour marks that are made auto-
matically by the mauchine,
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471, Comparative readings (Form 4535, fig, 28).—This form is
used to obtain the relation between the scale of an automatic tide-
gauge record and the fixed tide staff. It is fundamentul and of the
greatest importance, for upon it chiefly depends the accuracy of
the reference of all tide planes to fixed bench marks, so that they
may bc recovered at any future time. The work must be
thoroughly checked by the observer so as to remove all uacci-
dental errors, for any mistake made here will affect all tabula-
tions for the month.

472, The scale reading of the datum line for the comparison may
be taken at any arbitrary number, but for convenience and to
avold negative differences it is desirable to have it such that the
scule readings of the curve will be from 3 to 13 feet less than the
corresponding staff readings. The reading scales are usually
made of glass or celluloid and are graduated to represent feei
and tenths. The foot divisions may be numbered with ink as
desired. To choose an original scale setting for the datuin line,
place the scale with one of the foot divisions on the datum line
at & point where a stufl comparison is noted, and then nuwber
the foot divisions of the scale so that the point on the curve will
read by the scale about a foot less than the staff reading. 1t
would be well to test thig same setting with several notes. The
number of the foot division on the datum line will be adopted as
the original scale setting and entered in the heading of the forn.
In using a glass or celluloid scale the side on which the division
lines are cut should be kept down next to the paper. 'The num-
bering®of the divisions should be written with india ink on the
upper surface. On the underside of scale draw an india-ink line
across the scale through the foot division that is to be used ax
the datum line.

473. Prepure table of comparative staff and scale readings on
Form 455 as in the accompanying sample. Stuff and scale read-
ings should both be given to two decimals of a foot, but it will
be sufficient to give merely the nearest 0.05 foot. The secale read-
ing is subtracted from the staff reading for the difference. If
the scale reading is larger than the staff reading, the difference
will be negative.

474, If the gauge has run without any accident, the differences
“A-B” for the marigram ought to be approximately equal; but
if there has been uny change in the wachine, such as moving the
datum pencil, breakage of float wire, or Increuse of kerosene in
flout tube, etc., the differences will form distinet groups, oue set
of differences tor each adjustimment of the gauge,
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475. In case there has been no change of adjustment during the
month, examine the differences carefully to sece that they agree
fairly well with one another. Small variations in the differences
are to be expected, but if any one of them varies by hualf a foot
(0.50) or more from the apparent average, revise the difference
and also the scale reading., If hoth are found to be correct, an
error must have been made in the staff reading, and as this can
not then be corrected, the difference must be rejected, which is
done by making a peucil line around it, and that difference is
then omitted from the computation of the mean difference.

478. In case there has been one or more changes in the adjust-
ment of the gauge during the month, consider each set of dif-
ferences hy itself, and proceed as in the preceding paragraph,
omitting accidental discrepancies,

477. Sum all those differences which are upproximately similar
and obtain their mean by dividing the sum by the number of
differences used, carrying the quotient to two decimal places. In
cuse a change was made in the adjustment of the gauge there
may be two or more separate means required for the month. In
either case, the mean difference plus the scale reading of the
datum line for this comparison is the true sctting of the secale on
the datum line for tabulating high and low waters and hourly
readings for the perlod covered by the uniform differences. Erase
the temporary mark on the scale which was used for Form 455,
and mark the true scale setting with Indin ink on the lower side
of the scale, if transparent; or on its upper side, if opaque. Be-
fore using this mark it should be tested by seeing that when this
mark is set on the datum line the scale reading of the curve will
be nearly the same as any staff reading.

478, Tabulation of high and low waters (IFormn 138, figs. 24 and
25).-—This form is used for the tabulation of high and low waters,
which may be either reand from the tide curve made by an auto-
matic gauge or taken from plain staff readings as recorded in
a tide book. The times are to be expressed in hours and tenths
instend of hours and minutes., This is the general practice in
the office work, and has been found to save considerable time
in the computation of thc lunitidul intervals. One-tenth of an
hour is equivalent to six minutes, which is as elosé as an ob-
served high or low water can usually be determined. The fol-
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lowing tables give the equivalents of the minutes in tenths of
an hour:

Tenths Tenths Tenths| v
Minutes, ofhour.l Minutos. ofhour. Minutes. of hour., LExamples,
l [ h. m. hrs.
0to 3 0.0 21 to 27 0.4 45to 81 0.8 4 0240
4to 8 1 28t0 32 .5 52 to 60 .9 4 3l=4.5
9tols .2 33to 39 .8 57to 59 1.0 4 50=4.8
16 to 20 .3 40to 44 .7 4 b68=5.0

479. The heights should usually be referred to the zero of the
tide staff, and should be given in feet and tenths of a foot. If
the position of the tide staff has been changed during the observa-
tions, the heights should &ll be referred to the zero of one of the
staffs, and a full explanation given in the column of * Remarks.”
Any point of an automatic tide-gauge curve is readily referred to
the zero of staff by using the true or corrected scale setting, as
calculated from the comparative readings (par. 477) on the datum
line. :

480. When the serics of observations is less than 8 months the
high and low waters should be tabulated in groups of 20 days
cach, beginning each group on the first line of the front side of
a sheet. Allow two lines for each day, which willl enable 17 days
of record to be tabulated on the front page, and the remaining
12 days of the group will be tabulated on the back of the form.
If any part of the record is lost, leave vacant lines for missing
tides. If the series is longer than 6 monthbs, the high and low
waters should be tabulated by calendar months, Begin each sheet
with the first of the month, and after 29 days have been tabulated,
place the remaining days of the month below the long black hori-
zontal line near the bottom of the back of the form. For February
of comnmon years, insert March 1 after Tebruary 28 in order to
complete the 28-day group. The high and low waters for March
1 should be repeated at the beginning of the sheet for March,

481. The method of representing the year, month, and days is
- shown in the speclinen forms that follow. The repetition of the
name of the month in the date column on the same side of the
sheet is not desired; and although two lines are allowed for each
duy, the day of the month 1s written only on the first of these
lines. Generallly, the morning tides are entered on the first line
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and the afternoon tides on the second line for each day. A tide
occurring at midnight (0") is tuken as belonging to the morning
of the day just beginning. While tubulating the times and heights
of the high and low waters, the columns of * Moon’s transits ” and
* Lunitidal intervals” are left blank. These are to be filled in
afterwards in case the reductions described in paragraph 493 are
made. ‘

482. After the times and heights have been tabulated, the high-
est and lowest tide occurring during the entire month, or during
the period represented by the sheet if the tabulations are not
inade by calendar months, should be selected and entered in the
heading on the back of the sheet. If during this time the observer
was unable to obtain a complete record because of some abnormagl
weather conditions, an estimation of the height of an extreme high
water or extreme low water referred to the tide staff may be made
from the evidence at hand and an explanation .entered in the
column of “ Remarks.”

483. Tabulation of hourly readings (Form 862, figz. 26).—The
heights in this form should generally be referred to the zero of
the tide staff, and should be expressed in feet and tenths of a
foot. When heights are taken from a tide roll they are readily
referred to staff by using the corrected scale setting on datum
line (par. 477). The month and day of month are to be indi-
cated In the spaces provided. The name or abbreviation for the
month should be written only once on a page, except that the
month should nlways be giveun for its first day. The series may
begin at any time and the days are to be entered consecutively
without regard to calendar months or to time of changing tide
rolls, seven days to the page, and using both sides of the form.
After a year of observations has been completed a new series
should be started. If any part of the record is lost, unless it is
great enough to break the series into separate parts, blank spaces
should be left for the missing tides. In the space after the *“ Day
of series,” the days are to be numbered consecutively, 1, 2, 3,
ete., throughout the series, without regard to the month or day
of month.

484. As stenclls are to be used in connectlon with this form, itis
important that the heights be written in their proper spaces in the
columns headed “Teet” and in the lines opposite the number of
the hour. In the form, these columns have the decimal points
already printed. The columns without the decimal pointg are to
be left vacant.
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485. When the record is to be continued for many years it is
generally divided into series of 369 days euach, commencing on the
1st day of January of each year, the last three or four days of
one series being repeated as the first dayvs of the following serles.
As a check on the arrangement of the days in the form, the fol-
lowing table gives the page, column of page, and day of series,
for the first of each calendar month, when the geries commences
with January 1. This table is not applicable to a series beginning
on any other date than the 1st of January.

Common year. Leap year,

Month, | Page. u(igL Is)o‘;fc?l Month. | Page. u(ig;]. ]s); egf
Jau. 1 1 1 1 Jan, 1 1 1 1
Feb. 1 b 4 32 Feb, 1 5 4 32
Mar. 1 1 4 Mar, 1 9 ] 01
Apr. 1 13 7 91 Apr. 1 14 1 92

8y 1 18 2 121 ay 1 18 3 122
June 1 22 5 152 June 1 22 8 153
July 1 28 7 182 July 1 27 1 183
Aug. 1 31 3 213 Aug. 1 31 4 214
Sept. 1 35 6 244 Sept. 1 35 7 245
Oct. 1 40 1 274 Oct, 1 40 2 275
Nov. 1 44 4 305 Nov. 1 44 5 308
Dec. 1 48 6 335 Dee, 1 48 7 336
Dec. 31 53 1 365 Dec. 31 53 2 368
Jan. 4 53 b 369 Jan. 3 53 b 369

486. If the series of observations is to be less than four years
long it is usually best to begin on the first complete day of rec-
ord as the first day of series. After 369 days have been tabu-
lated, a new serles should be commenced on the saume month
and day of month as the first series, the last three or four days
of one series being repeated as the first day of the following
series.

487, At permanent tidal stations the tabulated hourly readings
when complete are to be summed both vertically and horizontally
and the results written in the spaces provided on the form. The
total of the horizontal sums on any page must equal the total of
the vertieal sums, and this total page sum should be written in
the proper space near the lower right-hand corner of the form.
If any of the columns are incomplete because of lost record, the
missing readings may be estiimated by interpolation, and entered
in the form with red ink to distinguish them from the actual
observed readings. Generally if the tide observer does not under-
stand the method of tterpolation, he may leave this part of the
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work to be done in the office. In this case he should enter the
sums of all incomplete lines, columns, or pages, with lead pencil,
in order that they way Le modified after the interpolations have
been made. The tinal sums are to include hoth observed and
interpolated readings. A tlde observer who tabulates his own
records should send to the oftice only those pages of Form 362
which have been eutirely completed so far as his gauge record
will permit, retaining any partially tilled form to complete when
the record for the followlng inouth Is removed from the gauge.

488, Interpolations.~Before beginning the reductions, if any
portion of the record is lost, it is desirable that the missing tides
be supplied by interpolation. Interpolated tides should be written
in red ink or else Inclosed in parenthesis to distinguish them from
ohservations. If only a few tides are lost, plot time and height
upon proflle paper for a number of days before and after the
break, leaving space for the missing tides; connect the alternate
tides with cutved line, which must be extended across the gap
on the plotting as nearly as may be in accordance with the ap-
parent law of change in time aund height. There will usually be
eight distinet curves—four for height and four for time, including
both high and low waters., In order to prevent the curves from
becoming confused by intersecting too much, they may be plotted
upon scales which are dropped one below the other.

489, If there is a simultancous series in the vicinity the missing
tides may be supplied by comparison with it.

480, If the series is long enough take the means of the times
and helghts occurring 29 days before and 29 days after each
missing tide, smoothing out the results by plotting,.

481. In some cuses @ direct linear interpolation will suffice, espe-
clally when ouly a few tides ure missing. In this mode of inter-
polation divide the difference between the times of alternate tides
and also that of the corresponding heights by one more than the
number of missing tides and add the quotient to the preceding
time and heights. If it happens thut onc of the tides occurs near
noon or midnight, it may chuance that only one tide of that phase
oveurs in the civil day, aud cuare must be taken to allow for this
in counting up the number of missing tides,

492, Reduction of tide records.—To obtain tidal constants and
tidal datums for any station, the tabulated tides, together with
intervals and ranges depending upon them, must be reduced to
their mean values. The mean of a serles of items is obtained
by qividing the sum by the number of items included in that
sum.  In order to secure uniformity, the spaces for the sums are
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generally Indicated in the forms, and the number of items in-
cluded in each sum should usually be written in small figures
Just above the sum, as indicated in the specimens of Form 138
(pp. 163-164). In the tabulations, the individual times aud
heights are given to one decimal place, but in obtaining the
means the results should be calried to two decimal places. The
last decimal figure should be tuken to the nearest hundredth,
but if the remainder should be exactly one-half of the divisor,
the second decimal should be made even, if not already even, by
adding one. The means directly obtained require certain cor-
rections, which are explained in the following paragraphs.

493. Lunitidal intervals (Form 138).—This computation is mude
directly on the form on which the high and low waters have been
tabulated. :

First: The moon's transits for the meridian of Greenwich are
copied in the column provided for the purpose. If the transits
are obtained from an almanac, care must be taken to refer them
to civil time and to convert the minutes Into teuths of an hour.
Photostat copies of a table of transits expressed in hours and
tenths, Greenwich mean civil time, may be obtained from the
office. The times inclosed by parentheses are for the lower
transits of the moon, the unmarked ones being for the upper
transits. They should be similarly indicated in the copy.

Second: Subtract from the time of each high and low water
the time of the first preceding moon’s transit, and write the dif-
ference in the appropriate column on the same line as the tide
from which it wag obtained. In case the time of high or low
water is nearly the same as that of the moon’s transit, take the
transit which precedes the tide by about 12 hours, but in no case
must the same transit be used for two consecutive high waters
or for two consecutive low waters. The lower transit of the
moon applies to both high and low waters, just the same as the
upper transit does.- When the time of the moon’s transit Is on
one day and the following high or low water is on the next day,
the time of this tide must be increased by adding 24 hours before
attempting to subtract the time of the transit. The high-water
intervals will usually be approximately six hours greater or less
than the low-water intervals, but the intervals for each phase of
tide will rarely vary among themselves more than several hours.
Intervals from the lower transits of the moon are to be indicated
by parentheses,

Third: Sum both columns of the intervals for 29 days, placing
the results in the spaces provided on the back of the form.
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Fourtb: Obtanin the means by dividing each sum by the number
of intervals combined to obtain it, carrying the vesults to two
decimal places, and enter the results just below the sum,

Fifth: Apply the correction to intervals, as obtained from the
table on pages 173 to 175, and enter the results in the spaces pro-
vided below the second horizontal black iine near the bottom of
the form. The corrected high-water interval thus obtained is
known also as the corrected establishment of the port.

494, Corrections for lunitidal intervals.—The true lunitidal in-
terval Is the difference between the inean local time of the tide
and the mean local time of the moon’s transit over the local
meridian. But on account of the vse of standard time instead of
local tlme and the inconvenience of changing the moon’s transits
to the local meridian, it is customary to compute fictitious
lunitidal intervals, which are the difference between the standard
time of the tide and the Greenwich time of the moon's transit
over the mexidian of Greenwich, and then correct the mean once
for all, thus saving considerable work.

Let L =west longitude of station in degrees and declmals.
& =west longitude of time meridian vsed for tides.
'==west longitude of time meridian used for transits.
X =correction to lunitidal intervals in hours and decimals.
Then the correction for lag of the moon 1s—

24.8412—24.0000

360
The correction for reduction of standard time to local
time is—

1) X,= (8'—L)=0.00233667 (8'—L)

24
Xa=__ (8 —L)=0.00666607 (S—L
(2) Xa SGO(S ) 7 ( )

Combining (1) and (2) gives—
(8) X=0.06066667 (S— L)+ 0.00233687 (8¢~ L)
When Greenwich transits are used 8’=0°, and—
(4) X=0.06666667 §—0.06900334 L
‘When Greenwich translts and mean local time are
used
L=S, and (4) becomes—
(5) X= —0.00233667 L.
485, The following table has been.computed from formula (4)
for west longitude. For east longitude reverse the signs in this
table.
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496. It is directly applicable when standard time has been used
for the tides. Take the correction for the degrees of local longi-
tude from the column headed by the time meridian used and add
to this the correction for the minutes of local longitude. The
latter part of the correction is independent of the time meridian,

497. For any other time meridian §: the table may be adapted
by using the nearest standard time meridian (S) of the table, pro-
ceeding as before, and then apply the following correction to the
result from the table:

X= =0.06667 (S:—S), + for west longitude, — for east longitude.
498. When transits for the meridian of L’ are used, the table

may be adapted by proceeding as before and applying the follow-
ing correction to the result:

X= %0.00234 L’, + for west longitude, — for east longitude.

499. When mean local clvil time and Greenwich transfts are
used, it is probably more convenient to use formula (5) inde-
pendently of the table.
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1

Correction for lunitidal intervels (in hours and decimals).

L

[

[For west longitude use sign given; for east longitude reverse sign.]

Timo meridian, Time meridian, Time meridian, Time meridian,
0°, 15° 30°. 45°.
Longi- } Correc- } Lopgl- ) Correc- | Longi- | Correo- Landgi- Correc-
tude. tion, tude. tion. tude tion, tude. tion.

° Hour. ° Hour. ° Iiour, ° Hour.
51 -+0.655 20| 40.620 36 { +0.585
6| + .58 2| 4+ .551 361 + .b16
71 + .o17 22 + .482 871 4 .447
81 + .448 23| 4+ .413 38 | + .378
9( + .37% 240 + .344 39| + ,309

101 + .310 % + .215 40 | + .240
11 + .241 2] + .206 41| 4+ .11
12| + .172 2] + 137 42 4+ .102
13} 4 .103 281 + .008 43 | 4+ .033
14 + .034 2( ~ .001 44 { — 030

0 0,000 6] —~ .035 3| — .07 45| — ,105

1 — 068 16 — 104 81( — .130 461 — . 174

2 — .138 171 ~ 173 32| — .208 47| — 243

3 — . 207 187 —~ .242 3| - .277 48 { — .312

4 - ,218 191 -~ .31 341 — .846 49 | — ,381

5 — ,345 20 - .380 36 ) — .416 50 ] — .450

[} — 414 21 | — .449 3 [ — .484 61 { — .519

7 —~ .483 22| — .18 37] — .583 62 | — .588

8 — .5652 2| -~ .687 381 — .622 63 { — .657

9 — .621 24 ~ .066 39} — .691 54 | — .70

10 — .0690 25( ~ .72 Q1 — 760 551 — .785

Time meridian, Timo moridian, Time meridian, Tlmeo meridinn,
60°. 75°. 80°, 105°.

Longi- | Correc- | Longi- | Correc- | Longi- | Correo- | Longl- | Correo-

tude, tion. tude. tion. tudes, Yon. tude. tion.

* Hous. ° Hour, ° Hour, ° Hour

+0. 550 65 <40.615 80 | +0.480 093 1 40.445
51 + .481 66| 4+ .446 1 1 4 .411 961 4+ .376
52 + .412 67| + .377 821 - .342 97 | + .307
53 -+ .343 8| + .408 &3 + .273 081 + .238
B | + .21 69| + .239 84| + 204 0 [+ .169
55 -+ .205 0{ + .17 8 ( + .135 100 { < .100
56 + .136 1) + .10 8| 4 .068 101 | + .031
57 + . 067 724 + .032 87 — .03 102} — .038
b3 — .002 3] -~ .037 83 | - .072 103 | — .107
£9 - .07 74 ~ .\08 89 — 141 104 | — .170
60 - .140 %) -~ .17 00| - .210 105 | — . 245
61 - o 0] - .24 81| — .278 100 | —~ .314
02 - 278 7Tl ~ .318 21 — .348 107 { — .383
%] - 347 8| ~ .382 93] — .417 108 | ~ .452
84 - .416 0| - .45 M4 — 488 109 ) — 521
06 — .486 80| -~ .520 951 — .b55 110 | — .580
;4] - . 554 811 — B89 o) — .624 111 ] — ,650
07 - 023 82| — .058 971 — .693 N2 - ,728
68 -~ .682 83 ) ~ .727 98] — .762 13| - .19
69 - 761 4| ~ .798 g9 ~ .831 114 | ~ .866
70 — .830 85] ~ .866 100} — .900 115 — .9036

3
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Correction for lunitidal intervals—Continued.

Timoe mcridian, 120°.

Timo meridian, 135°.

Time meridian, 150°.

Longitude. | Correction.

Longitude, | Correction.

Longitude. | Correction.

e Hour @ Hour ° Hour,
110 +0. 410 125 +0, 376 140 +0. 340
111 + .341 126 + . 141 + .21
112 + .272 127 + .237 142 + .
113 + .203 128 + .168 143 + ,133
114 + 134 129 + .099 144 4 084
116 + . 065 130 + .030 145 ~ 005
116 — 004 131 -~ .039 144 - 074
117 - .073 132 — .108 147 —.143
118 - 142 133 - 177 148 — .212
119 -~ .21 134 — .248 149 - .281
120 —.280 135 -~ .315 160 - .351
121 — 349 136 — .334 1561 - .420
122 - ,418 137 ~— .453 152 — 480
123 —~ .487 138 — 522 163 - .558
124 - .b58 139 — 501 164 — . 827
125 - .0625 140 — .660 166 — .69
126 — 604 141 - .720 156 - .65
127 — .763 142 — .798 1587 — .834
128 - .832 143 — .867 158 - .903
129 - .901 144 — . 938 169 - .72
130 — .970 145 —1.005 160 -1.041

Time meridian, 157° 30", | Timo meridian, 165°. | Time meridian, 180°.

Longitude. | Correction.

Longitude. | Corroction.

Longitude. | Correction.

° Hour.
148 +0.288
140 + .219
150 + .149
151 + 080
162 + .011
183 -~ .058
164 - 127
1565 - 180
1668 - 265
167 —~ 334
158 — . 403
169 - 472
160 — .b41
161 - .08lY
162 — .679
163 — .48
164 - 817
165 — .886
160 — .955
167 ~1.024
168 —1.003

° Hour.
155 +0. 304
156 + .235
167 4 .168
158 + 097
169 + .028
160 -~ .04l
161 - .110
162 - .170
163 — .248
1684 - .37
165 — .38
160 — .455
167 - .b24
168 — 503
169 - . 862
170 — .73l
17t — 800
172 — .860
173 — .938
174 —1.007
176 —1.078

° Hour.
170 -+-0.289
17+ .200
172 + .181
173 + .082
174 - .007
176 — .078
176 -, 445
177 - .214
178 - .28
179 - . 352
180 — .421
181 — 490
182 — . 850
183 - . 028
184 — .697
185 — .708
188 ~ .835
187 — .04
188 — .07
189 —1.042
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Correction for minutcs of longétude.

Longl- Correc- Longi- Corrcc- Longi- Correc-
tude. tton. tude. tion. tude. tion.
’ Hour. 4 Hour, ’ Hour,
1 —0. 001 21 -0, 024 41 —0. 047
2 - .002 22 — . 025 42 - .048
3 — . 003 23 — . 026 431 /— . 049
4 -, 006 24 —.028 4 |- — .05}
5 - 25 - . 029 45 —.052
(] - . 007 20 — . 030 46 — .053
7 - .008 27 - .03 47 - . 054
8 - - .082 48 -~ . 055
9 —.010 29 - .033 40 — .056
10 -~ .012 30 — . 034 50 — . 058
11 -~ ,013 31 — . 030 51 - . 059
12 —.014 32 - .037 52 - . 0680
131 —.015 33 — .038 53 - . 081
14 — .018 34 - .039 54 — 62
16 - .017 35 -- . 040 55 — . 063
18 -~ .018 38 ~-- . 041 56 - . 084
17 - . 020 37 — 043 67 — . 066
18 —.021 38 — , 044 58 - . 067
19 - . 022 9 — .45 69 — . 088
20 —-.023 | 10 — .046 60| — .0680

500, Mean high water (HW), mean low water (LW), mean range
(Mn), and mean tide level (MTL), (Form 138) —TI'rst: Add the
high and low water heights for 29 days. Second: Obtain the
means by dividing each suin by the number of high or low waters
included, 'Third: Obtaln the mean range (Mn) by subtracting
the mean of the low waters from the mecan of the high waters,
and enter the result in the space before the symbol “Mn.”
Fourth: Obtain the mean tide level (MTL) by taking one half of
the sum of the mean high water and the mean low water, and
enter in the space before the symbol “ MTL.” Fifth: The mean
range shiould be corrected for longitude of moon’s node in ac-
cordance with paragraph 503.

6501, Mean higher high water (HH’W), ‘mean lower low water
(LLW), and dlurnal inequalities (DEQ and DIQ) (Form 138).—
Tirst: Chieck off the higher of the two high waters and the lower
of the two tow waters of cach day for 27 days, omitting the first
and Jast days of the 29-day group. When only one high or one
low water occurs on a calendar day, by reason of one of the tides
having occurred after midnight and therefore on the next calendar
day, the single tide should be checked if the tide just above it s
unchecked, otherwise it should not be checked. If, however, the
tide has become diurnal and only one high and one low water
occur during the tidal day, these should both be checked. Second:
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'The higher high waters and lower low waters thus checked should
be summed and the results entered in the spaces provided in the
column of * Remarks” on the back of the form. Third: Obtain
the means and enter the results in the line below the sums. Fourth:
Subtract the mean of all the high waters from the mean of the
bigher high waters and enter the difference after the symbol
DHQ on the back of the form. Fifth: Subtract the mean of the
lower low waters from the mean of the low waters and enter the
difference after the symbol DLQ. Sixth: Correct the DHQ and
DLQ in accordance with paragraph 5086.

502. Correction for the longitude of the moon’s node,—The moon’s
node is the place where the lunar orbit inteisects the ecliptic or
earth’s orbit, and the position of the node is continually changing.
The effect of this change in the longitude of the node is to vary
the maximum declination of the moon by more than 10 degrees,
there being periods of years during which this maximum is less
than that of the ecliptic, and other periods of years when the
maximum declination of the moon fs grenter than that of the
ecliptic. A change In the moon’s declination affects both the
mean range and the diurnal inequalities of the tide, so that these
quantities as found from observations for any year must be
corrected to ohtain a true mean value,

503. To correct the mean range for the longitude of the moon's
node, apply the factor “ F(Mn),” or “Factor for mean range,”
which may be obtafned from the following table for the years 1915
to 1934. The factors have been computed for the middle of each
yvear, but as they change very slowly, the same value may be
taken for any month of the year. The line in the table from
which the value is to be taken is determined by the argument

ZLD—E%_:L;D—LQ): which may b(; computed to one decimal place from

the uncorrected values of DHQ, DLQ, and Mn as obtained from
Form 138."
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5§04, Factor 1 (Mn) —For reducing ther abscrved range of Hde to
its mean value.

|
H H
2——-——-—-(1) %:DLQ) 1916 (1018 | 1927 { 1918 1919 | 1020 | 1621 | 1922 | 1923 | 1024
I
0.0t00.2............. 1.02 ! 1,021 1.011.00]|0.9010.908|0.971{0.97)|0.97) 0.98
0.3t00.4. 1.02(1.02( 1.0t | L.OG[ .90 98¢ .97( ..97 97 .
0.56t00. 6. 1,02 1.02}1.01|1.00] .90 081 .98 .97 97 098
0.7t00.8. 41,022,011 1000;1001 .09 98 .08) .98 98 98
0.9to1,0. JL02]1L0111L00)1.00} .99 991 .98 .98 98 | 98
1L1tol. 2. 4L0111.01110011.000 .00 99} .09 .98 98 .99
1.3tol. 4. 1.01|1.01}1,00]|1.00] 1,00 99| .99 .99 99
1L.6tol.6.... 1.01)100)200) 100|100 99 ] .99 | .99 99
1.7tol.8............. 1.0001.00(2,00[1.00{1.00(1.00{o0{4.00{1.00{ LOO
1 |
%DE%'DLQ) 1025 { 1026 | 1027 | 1028 | 1620 | 1930 { 1631 | 1932 | 1633 | 1934
- o ]
0.0t00.2 3 0.991.00)1.011,02(1.03}1.03]1.03)1.03] 1.02
0.3t00.4... . .0011,001{10111,02({1,03{1.03(1.03|1G3| 1.02
0.5t00.6... . .00]2.00(12.0111,02]|1.02/1.03[1.03]1.02] 1.02
0.7t00.8 . 8020011021 2.02(1.02!202{1.02{1.02) 1.02
0.9tol.0 . . L9031 10011011102} 1.02]12.02]1.02]|102| 101
1.1tol 2..... veseeaas B9 20012,00]0.01]11.0))1.02)1.02)1.02)1,02] 1.01
1.3tol.4..... veeseaan L9001 1L0011.0011.01(1.0171.01|1.01}1.01|13.01) 101
L§tol.6..... vesreens L00/1.00)200}1.00}200)1.01)101]101)L01! 10O
1.7to1.8..... Cevanaan 1.00| 1.00 [ .00} 1.00( 1,00 | 1.0O [ 1.00 [ 2.00 | 1.OO | 1.00

505. I'or stations on the Atlattic coast of the United States

from Muine to [Florida, g—(—D—H—%P—i’-Q—)—

the values of DHQ and DLQ have not been obtained, the top line ot
the table may generally be taken without materlal error. For sta-
tions on the coast of the Gulf of Mexico from Key West to the Rio
Grande, the mean range of the tide is very small und the factor
F(Mn) need not be applied. Tor other localities, where DHQ and
DLQ are usually computed, as on vur Paclfic coast, Alaska, etc., the
2(DHQ+DLQ)
Mn
-gpace provided In the heading on the back of Form 188. If it i
larger thau 1.8, no correction need be applied to the mean range.
508. The dlurnal inequalities DITQ, DLQ, should be corrected by
the factor 1.02 I7,, which may be obtained from the following table
for the years 1915 to 1934, These factors have been computed for
calendar months and niay be used without modification for series
of 29 ddys beginning on the 1st day of the month. ‘If a 20.day

18027°—21——12

is usuully small, and if

value of should be obtained and entered in the
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series begins on any other day of the month, the factor may be
obtained from the table by interpolation.,
507. Factor 1.02 F,.—For correcting DHQ and DLQ.

Month, 1915 | 1916 | 1917 | 1818 | 1918 | 1020 | 1921 | 1922 | 1923 | 1924
0.860.89(0.92[0.907 1,01 |1.03{1.03]| 1.02
1.01 11.0511.11 1 1.16 { 1.22 | 1.26 | 1.26 | 1.23
1.16 [ 1.21 }1.28 | 1,37 [ 1.45 | 1.40 { 1.49 [ 1. 46
1.0811.1371.21 |1.27 | .33 | 1.37 | 1.36 | 1.33

.01 96| .99 |1.04 [{1.08 (1.10|1.10 ] 1.07
.83 | .86 .01 ] .94 .07 | .98] .08 .96
.86 .60 .95 .08!1.0111.0311.02} 1.00
1.01 (1.06 |1.13 } 1,18 ( 1.22 | 1.24 { 1.23 | 1.19
1,16 11,261 1.34 [ 1.42 | 1.48  1.51 | 1.48 [ 1.43
1.11 11,17 | 1.23 | 1.31 [ 1.35 [ 1.37 | 1.356 | 1.30
L0211 .96711.0111.0861.0911.0971.08| 1.04
.85 .88 .92 .96 .98 .u8]| .97 .94

0.00 [0.86]0.8310.82 [ 0.80}0.8010.80 | 0.82
1.06 {1.01 | .98 .85] .83 | .03 | .93 .95
1.2211.16 1 1.11 | 1.08 1 1.006 | 1.06 { 1.08 | 1.08
1.12 [1.07 } 1.03 { .00} .99 | .99 (1.00| 1.02
.03 .90} .8 .8 .84 .84| .8 . 86
.85 811 .79 | .78 77| .77} .78 .79
L85 L84 821 .81 | .80} .80} .81 .82
1.02} .98 95 .93 .92} .02 .03 .85
1.19 11,13 1 1.09 (1,07 [ 1.06 | 1.068 | 1,07 | 1.10
1.10{ 1.04 | 1.01 | 1.00 | .09 09 |1.001 1.03
.01 88 8| .84) .& 8| .84 .87
.8 .78 .77 7| .78 .80

508. Annual inequality in mean sea level—At most statlons
there is a variation in the reading of mean sea level upon the
staff at different times of the year, depending in general upon
‘the seasonal changes in the direction and strength of the wind,
and In river stations also upon the rainfall or melting snow.
There is a rough periodicity in these variations of mean sea level,
but they can not accurately be foretold. The inequality may to
some extent be eliminated from a short series of observations by
u comparison with simultanecus observation at a near-by statlon
where the tidal planes have already been determined from a long
series of observations.

508. c'oniparison of simultaneous observations (Iormn 248, fig.
27).—If tidal data have been well determined for one station,
satisfactory data for another station near by may geuerally be
obtained by observing the tides simultaneously for several days
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at the two stations and cowmparing the results. For this purpose
there should be at least two days of both day and night tides
observed, and if the stations are very far apart o longer serles
should be observed. It is generally most satisfactory, especially
when there is a large diurnal inequality, to have the tides com-
pared consist of a whole number of tidal days so that the num-
ber of higher high waters, lower high waters, higher low waters,
and lower low waters will be the same.

510. Explanation of Form 248. (See page 179).—This form is
designed for the comparison of tides at a subordinate station for
whieh tidal results are sought, with the tides observed simulta-
neously at a standard station for which tidal constants are known.
For short series of observations the high and low waters observed
at the subordinate station may be tabulated immediately in this
form, in which case it will be unnecessary to tabulate them also
in Form 138. The time and height differences are to be obtuined
by subtracting the values at the standard station from the values
at the subordinate station and the results entered with proper
signs in the columns indicated.

Find the sums and means of columns of time difference, height
of tide at both stations, and height difference. For stations on
the Pacific coust, where the plane of reference is mean lower low
water, the heights of the higher high, lower high, higher low, and
lower low waters are to be summed separately, the higher highs
and lower lows being indicated by pencil check marks., Tor sta-
tions on the Atlantic coast, where the plane of reference is mean
low water, the heights of the high waters may be all combined
into a single sum, and similarly the low water heights; the head-
ings of their sums being made to rend HW and LW, respectively,
by striking out the extra letters. All mean results should be given
to two decimals of its unit, whether hour or foot. If any indi-
vidual difference varies greatly from the apparent average, and
an examination of the original record fails to show an error, that
difference should not be included in the sum; and such a value
should be encircled to show that it has been rejected.

TPor stutions on the Atlantie coast omit (4) to (9), (14) to (19),
(25), (28), and the computation of DHQ and DLQ at the bottom
of the form. Take (10)= mean high water height at the subordi-
nate station, (11)== mean low water height at subordinate sta-
tion, (20)= mean high water difference, and (21)= mean low
water difference. For stations on the Pacific coast the lower part
of the form should be filled out completely as indicated.
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The correction for difference in longitude (2) may be obtained
from the following table. Find the difference in longitude by sub-
tracting the longitude of the subordinate station from the longi-
tude of the standard station, considering west as positive and east
as negative. The correction has the same sign as the resulting
difference of longitudes, If the kind of time used at the two sta-
tions is different, apply this difference, expressed in hours, to the
difference in the time of tide as directly obtained, adding If the
time meridian of the subordinate station Is west of the time
meridian of the standard station, and subtracting if the time
meridlan of the subordinate station is east of that of the standard
station.

511. Correction for difference in longitude.—

- -

Dil- | DAt Dit- | pis. | pie. I pir
. (oqzae| B ogmeed Bt como| B Jograe B fcomee| Bl oo
enes. g It ence. * ||ence. * || ence. * |l ence. * j|ence. .

: | .

¢ | Howr.|l ° | Hour.|| * | Hour. ° { Hour, ° (Hour.:| ° | Hour,
1]0.059: 31}2139 6114.209 | 9116.279 | 121)8.349 | 151 | 10.420
2101381 32{2208| s62{42/8]) 2]6348] 1228418 152] 10 480
3 7 33| 2.277 63 | 4.347 93 16,417 || 123§ 8.487 4 .153 { - 10,5658
410276 312,361 644,416 94)6.480 || 124853 || 154 10.627
503450 35(2.415! 65|4.485(|1 95}6.655|| 125]8.625'1 155 10.696
6] 0.414 36 | 2,481 66 | 4.554 96 ] 6,624 || 120 8.604 -] 156 | 10.765
710493 712,553 6714.623| 9716.8931 127{ 87631 157 10,834
8 0.552 38 | 2,622 4.692 | 98)6.702 || 128)8.8321 158| 10.903
910.621 39 [ 2.601 69 | 4.761 99 | 6,831 || 129 { 8.001 ! 159 | 10.872
10 | 0.690 40 | 2.760 70 4.830 | 100 6.900 || 130 8.670 | 160| 11.041
11 ] 0.759 41 | 2.829 l 71, 4.899 101 | 6. 969 1311 9.039 | 161 11.110
12 | 0.828 42| 2,808 72 4.908 ) 1021 7.038 ) 132} 9.108 | 162 11.179
13 | 0.897 43 | 2.967 7316037 103]71071( 133]9.177 | 163 | 11.248
14 } 0.966 44 | 3.036 741 5.100 1) 10417.176 | 134 | 9.248 || 164 | 11.317
15| 1.035 45 | 3.105 75106.175 1 105 | 7.245( 135]9.315 | 165 11.386
16 | 1.104 46 1 3.174 78521 106{7.314( 1369381 | 166! 11.45%
17| 1.173 47 1 3.243 7715313 [ 107 7.383 ({ 1371 9.453 ¢ 167 11.624
18| 1.242 481 3.212 781 5,382 | 108|7.452 |0 138]9.622 .| 168| 11.503
19 | 1.311 40 | 3.381 707 6.450 1 1001 7.521 {1 139} 9.501 | 160 11602
20 | 1.380 50 | 3.450 80 5.520|[ 110} 7.590 || 140 9.660 i} 170 | 11.731
21 1 1,449 511 3.510 81,658 ) 1il7esl 1411072010 11| 11,800
22 1.518 52 | 3.588 8215658 1127728 142]0.708 | 172| 11.869
23 | 1.537 53 18.0657 () 83[6.727( 113]7.7971 143 | 9.867 (| 173 ( 11.938
24 1.656 54 | 3.726 845796 (| 114} 7.808 || 144 | 0.036| 174 | 12.007
25 11,725 55 | 3.796 85| 6.865 (| 115 7.935 || 145(10.005 | 175| 12.076
20 1.704 58 | 3.864 86150341 116| 8,001 || 146 [10.074 [| 170 | 12.145
27 1 1.863 57 | 3.933 8716008 1178073 147 ]i6.143 ]! 177 | 12.214
28 | 1.9032 58 | 4.002 88)6.0721 118814211 148110.212} 178 ] 12283
20 2.001 59 | 4.071 801614111 198211 ) 14010281 |i 179 | 12.352
3012.070| 60| 4.140 6.210 || 120 8.280 || 150 |10.361 || 180 | 12.4R1
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i i i
lf)eg: mei ?&‘_’ Correc-l %‘r‘: Corrnc-[ 23;_‘ : on-ec—} ﬁirf_’ Correc-! glr‘: Corroc-
ance. tion, lence tion, enco. tion, ‘ euce‘li ton. |l 0o | tion. |°m' tion.
I .
— - = I .
* | Hour.{' * | Hour. * | Hour.!| ’ i Hour.i| ¢ gour| ¢ | Hour.
1| 0.001 1 0.013 2110.024 31 [ 0. 036 l 41 | 0.047 51 0.059
2100021 12}0.014 22 10.025 3210.037 ] 421 0.048 52 0. 060
3]0.003) 13]0.015 23] 0.02 1l 3310038 4310040 53 0.081
41 0.005 147 0.016 24| 0.028 34| 0.039 ; 441 0.031 | i 0.062
5(0.006( 15¢0.017 2510020 35|0.0401 450052 65 0. 063
61 0.007 | 16 | 0.018 26 1 0.030 \ 361 0.041 ¢4 461005314 & 0. 084
710.008 171 0.020 2710.031'] 3710.043: 4710.05¢: &7 0.066
8100094 1810.021 2810032 38}0.04411 48100554 58 0.087
910010 19]0.022 29 | 0,033 | 39 | 0.045 491 0.056 , 50 0,068
10} 0.012 ! 20| 0.023 30{0.035 40| 0.046 50| 0.058° 60 0,080
; | ;

512. Planes of reference.—Upon the Atlantic and Gulf coasts of
the United States, including Porto Rico and the Atlantic coast of
the Panuma Canal Zone, all soundings are reduced to mean low
water, Corrected mean low water is obtained by subtracting
one-half of the corrected mean range from the corrected mean tide
level. In localities where the mean rise and fall of the tide is
less than 1 foot, as in the greater part of Albemarle and Pamlico
Sounds, a planc one-half foot below the mean water level should
be taken as the equivalent of the datum of mean low water.

Upon the Paeclfic coast of the United States, Alaska, Hawalii, and
the Philippines, all soundings are reduced to the plune of mean
lower low water, except that for Wrangell Strait the datum 1s
3 feet below mean lower low water. Corrected mean lower low
water is obtained by subtracting the corrected diurnal low-water
inequality (DI.Q) from the corrected mean low water.

Upon the Pacific coast of the Panama Canal Zone the sound-
ings are reduced to the plane of mean low water springs. For
this datum the spring range of tlde is first obtuined from the
high and low waters observed at the time of new and full moon.
One-half of the spring range is then subtracted from the mean
tide level to obtain mean low water springs.

513. Difference in time of tide.—When there is much diffcrence
in the time or height of the tide at the place of sounding and at
the tide gauge, allowance shouldl be made in the reduction of the
soundings. The difference may generally be estimated from ob-
servations made ut several stations in the vicinity of the work,
but when it has been impossible to establish more than one tide
station In the loeality, the following formula muy be usgeful in
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estimating the velocity of a progressive tidal wave, and enabte

one to obtain the approxlmmate difference in the time of the tide:
v=/gd=5.67 /d feet per second,

when g=382.17 feet per second and d=depth of water for the

average cross section between stations, in feet.
In order to convert feet per second into nautical miles per hour,

multiply by %gg%=0.592, and we have

v=3.36+/d nautical miles per hour.
The time required for the tide wave is
08 17.87 . .
t"ﬁoxi{gﬁ\/c?: " minutes per nautical mile,

= 65280 _155 il
= 505672 NFi d " mmutes per statute mile.

For convenience the following brief table i{s given:

Time required for the tide wave to travel.

1 nautical | 1statute . 1 nautical | 1statate
Depths. | *"rjle. milo. Depths. | ““ypjjo. mile,
Fathoms. | Minules. | Minutes. || Fathoms. | Minutes. | Minules,

1 7.3 6.3 9 2,4 2.1

2 5.2 4.5 10 2.8 2.0

3 4.2 3.7 15 1.9 1.8

4 3.6 3.2 20 1.8 1.4

6 3.3 2.8 30 1.3 1.2

[} 3.0 2.6 40 1.2 1.0

7 2.8 2.4 50 1.0 0.9

8 2.6 2.2 o0 0.0 0.8

514. Bench marks.—A bench mark is a definite point on a per-
manent object used as a reference for elevations, No matter how
temporary the occupation ot a tide station is, if any plane of ref-
erence I8 computed or assumed, the tide staff should be referred
to at least three permauent bench marks, This is of great im-
portance to make the results of the tidal observations available
for future use. These marks should be sufficiently scattered so
that they are not likely to be all destroyed by a common cause,

§15. Qualities of a good benoch mark.—The principal qualities of

"t good bench mark are that it 1s not likely to be destroyed or its
elevation changed, and that it may be easily found and identified.
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It should be so placed that a leveling rod can be held vertically
over It. A mark set horizontally is generally more convenient,to
use than one set in a vertical wall. In a settled community perma-
nent and substantial buildings afford the best location. In a
rocky country, a ledge of rocks will serve. If the ground is
sandy, & mass of concrete containing not less than a cubie yard
of material and buried so that its top projects a few inches above
the surface of the ground, will generally constitute a suitable
foundation for the bench. Ior a concrete bench mark, great care
should be taken to obtain a proper mixture; one part sand, two
parts cement, and three parts broken stone constitute the usual
proportions, Bench marks should not be placed on buildings
which are known to rest upon filled-in ground, as such structures
are liable to settle. Water hydrants, curbstones, and growing
trees are very unsatisfactory as bench marks except for tempo-
rary use. .

516. An identification mark is required, for no matter how welil
the bench mark may be described there is nearly always danger
of mistaking the point used, unless it is clear.y marked. The best
identification mark, which should be used when it is practicable
to do so, is the standard disk or cap bench mark of this Survey.
These are made of brass about 3% inches in diameter and have the
following inscription * U, S. COAST & GEODETIC SURVEY B. M.
$250 FINE OR IMPRISONMENT FOR DISTURBING THIS
MARK.” The disk bench mark has a shank about 3 inches long
for insertion in g building or other substuntiul support. It should
usually be set with its face flush with the wall and secured with
cement. On the face is a short line, which should be piaced hori-
zontal and which serves as the refercnce point. The disk bench
mark may with advantage be set with its stem vertical in rock
or cement, in which position it Is more convenient to place a rod
on than when set in a wall. The cap bench mark is threaded in-
side and is designed to screw on top of an iron pipe which is sunk
in the ground and secured to a mass of concrete, the top of the
pipe projecting a few inches above the ground. This cap bench
mark may be set directly in the top of a concrete base, when no
suitable pipe is avallable. In the center of the top of cap is u
space inclogsed by a circle which is the point of reference. When
a standard disk or cap bench mark is used, the year of establish-
ment and the number of the mark should be stamped into the
metal. Duplication of numbers should be avoided, and a number -
that has previously been assigned to another bench mark in the
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same locality, whether destroyed or extant, should uot be used
again for a new bench mark. Sets of dies for stamping letters
and figures may be secured from the office.

517. If the standard bench marks are not available,’'a small
cross + cut on a rock, building, or other structure, or in some
cases a drill hole, will serve to indicate the point on which the
leveling rod was held. The addition of lettering, especlally in
rock, will make the identification more certain. In a rocky ledge
subject to weathering, a copper bolt is desirable, a8 a cross or
inseription may become too indistinct to identify with certainty,

518. Permission from the Treasury Department to place staund-
ard disk bench marks on any Federal building has been obtained,
as Indicated by the following letter:

TREABURY DEPARTMENT,
Washington, November 11, 1914.
The honorable the S8ECRETARY OF COMMERCE,
Washingion, D. C.

Big: By direction of the Secretary I have the honor to acknowledge
the recelpt of your communication of the Tth instant, requesting that
permissfon be granted to the officers of the Cosst and Geodetic Survey
to place on the Federal buildings under the control of this department
small jnscribed metal tablets, which ave to be used as bench marks in
connection with the system of leveling, the custodians of the bulldings
to designate where the tablets are to Ve placed.

In reply, you are advised tbat no objection will be interposed by thils
department to the placing of the tablets on the various public buildings,
as desired, and this letter, or a copy thereof, upon its presentation to the
custodlan of a Fedcrdl building, is to be considered by him as his author-
ity for permitting the placing of one of the tablets on the bullding in his
custody. :

Respectfully, .
B. R. NEWTON,
Assistant Becretary.

519. Leveling—The bench marks and tide staff should be care-
fully connected with each other by forward and backward lines
of spirit levels. Great care should be taken to keep the instrument
in proper adjustment. When the forward and backward measures
between two bench marks differ in feet by more than 0.05 K (in
which K is the distance leveled between the two bench marks in
statute miles), or for distances under 500 feet by more than 0.015
foot, both the forward and backward measures are to be repeated
until the difference between two such measures falls within the
limit. No one of the questioned measures is to be used with a new
measure to get this agreement. If work has been previously done
in the vicinity, all the old bench marks that can be recovered
should be connected with the tide staff by spirit levels, It is
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desirable that bench marks established by other organizations,
and also city and railroad datums, should be connected with the
Survey bench marks.

520. Record of bench marks and leveling.—Before leaving the
general locality where bench marks have been established, a de-
sceription of each one must be written and sent to the office,
together with the leveling record, and must also be written in the
Tide Book, Form 277, when this is used for recording staff read-
ings at the station, or in the Leveling Record, Form 2§8. Care
should be taken to make the descriptions of the bench marks as
clear and distinct as possible, and sufficiently complete to enable
another person to readily find and identify the mirks. When a
bench mark is made on a building in a city or town; the street
and number should be given when possible. When not on a
prominent structure, the distance and direction to several land-
marks that are more or less permanent in the neighborhood should
be given. Sketches or photographs which would aid in locating
or identifying the bench marks are desirable.

521. Inspection of tide stations.—The tide observer should be
interviewed to ascertain whether he thoroughly understands his
work. The care taken to keep the gauge clocks correct, and the
manner of making the stuff comparison should be noted, special
attention being given to the observer’s habit in regard to the scale
on the gauge to see whether he is inciined to enter the seale read-
ing rather than the actual staff reading on the marigram. The
value of many of our tidal records has been Impaired because of
the uncertainties arising from the habit of some of our tide ob-
servers of entering modified scale readings instead of the actual
staff readings on the tide roll. In general, the metal scales serve
no useful purpose in securing the tidal records and have been
already removed from some of our gauges. Unless there iIs some
special reason for leaving the scale on the gauge, it may be re-
moved and returned to the office.

§22. The gauge should be adjusted so that, at approximately
mean tide level, the recording pencil will be near the center of the
paper, and the float pulley and the counterpoise pulley about half
filled with wire or cord. The datum-line pencil should be set near
the center of the paper. The counterpoise weight should be so
arranged that it may move freely between the limits of extreme
high and extreme low water. In order to secure a sufficient range
of motion for the counterpoise weight and also for the tension
welght, it is generally desirable to carry each supporting cord over
a pulley in the celling of the tide house. After these adjustments



TIDES, 187

have been made, there will be no occasion for the tide observer
to change them unless the float wire breaks or other accidents oc-
cur. When this happens the observer should enter & clear explana-
tion of the fact on the tide roll. Such changes are very undesir-
uble except when actually necessary, and the observer should be
80 informed, .

523. The position of the float in the well should be examined to
-ascertain if it is free to move within the imits of the tide without
scraping on the sides of the float box and, if necessary, the gauge
should be moved to bring the float into a more nearly central po-
sition. If there is any evidence of the float hox being clogged
with mud, barnacles, or other matter, the opening should be
cleared.

524. The tlde staff should be examined to see if it is in good
condition. If there is more than one staff at the station, make a
note of which one the tide observer is accustomed to using. If
the staff is a portable one, it should be placed in position for use
and a note made of the reading on the staff that is level with the
support on the fixed guide. It is important that the staff be
actually placed in position, as it may happen that some obstruc-
tion in the gulde will prevent the staff from belng lowered to the
position indicated by the shoulder or angles attached to the staff.
If there appears to have been a change in the position of the staff,
ascertain, if possible, from the tide observer or other source, the
time when such change took place, as this informatlon is very
important in the interpretatlon of our records. The fixed guide
for the portable tide staff should be examineqd to see that it is in
good condition, ’

525. As many bench marks as practicable should be connected
with the tide staff by spirit levels, If there is more than one
staff at the station, all should be connceted with the bench marks
by levels. If a portable staff is used, it should be placed in posi-
tion to determine its true relation to its support. At permanent
tide stations not less than five permanent bench marks should
be maintained, One of these should be as near the tide staff as
practicable to afford a ready means of checking the elevation
of the staff. It is also desirable that a temporary mark be placed
directly alongside of the staff, which would enable the staff to
be replaced without the use of u level should it be removed from
any cause. The present condition of the bench marks should be
noted, deficiencles in the descriptions supplied, and new marks
established when necessary.
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626. A separate report should be made for each tide station in-
spected. This report should include recommendations concerning
repairs to the station, with an estimate of the cost whenever it is
possible to do so.

527. Estlinates for the inspection of tide stations should be sub-
mitted as soon as possible after the receipt of instructlons. A
small amount should be fncluded to cover small incidental repairs
which may be required, and these repairs should be made if pos-
sible while the inspecting officer is at the station. At remote
stations, when repairs are urgently required which exceed in
amount the sum allotted for repalrs, and when it is desirable that
these repairs be made while the Inspecting oflicer is at the station,
to avoid the expense incidental to sending some one else to super-
fntend the work, telegraphic approval of the estimates for this
work should be requested from thig office in case clrcumstances
will not permit the delay of obtalning authority by mail

CURRENTS.

528. (teneral remarks.—Currents are of two types, tidal and non-
tidal. Tidal currents are due to the tides and nontidal currents
are due to winds, land-water discharge, differences of density, and
other such causes. What chiefly distinguishes these two kinds of
currents from each other is the fact that tidal currents are
perfodic while nontidal currents are not periodic.

In passages from one hody of water to another, in narrow en-
trances to bays and in constricted parts of rivers, currents fre-
quently attain considerable velocity. In such places, as well as
off capes and wherever strong currents or countercurrents are be-
lleved to exist, current ohservations are desired.

6529. Location of stations.—The location of each current statfon
should be determined by angles between three or more objects
plotted on charts or hydrographic sheets, and angles should be
taken during hoth flood and ebb. When observing currents off-
shore out of sight of.Jand the position of the station should be
given by latitude and longitude with as much precision as the

‘means at hand will permit. In all cases sonundings should be fre-
quently made, as these aid in identifying the station.

530. Length of observations.—Contlnuous observations covering
a period of at least 2 tidal days or 50 hours are desirable. In
every case the ajm should be to secure at least 25 hours of cou-
tinuous observations. In places where daylight observations only
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are feasible two sets of observations should be made, each covering
a period of 2 days and separated by an interval of 1 or 2 weeks.

531. Frequency of observations.—Observations should be made
as frequently as practicable and preferably at definite intervals
of time, as quarter-hourly, half-hourly, or hourly. Near the time of
strength of current it is of advantage to manke observations every
10 minutes or even oftener.

532. Measuring current velocity.—For measuring the veloclty of
the current either a log Iine and current pole or & current meter
is generally used. Where dangerously swift currents prevent the
anchoring of u hoat the velocity of the current may be determined
by noting the time taken by a free float to pass a measured dis-
tance between two ranges. Observations made by following up a
free float with a boat are, as a rule, of little use, since the station
is continually changing.

538. Log line.—The log line should have a sufficient length of
stray line to permit the current pole to attain a position beyond
the effect of the disturbed waters in the wake of the vessel. One
hundred feet of stray line is generally satisfactory. Part of this
stray Une should be much heavier and stronger than the log line,
because it s used to lift the heavy-current pole out of water;
A one-half inch rope is often used for the first 25 feet of stray line,
to which is attached a log line three-sixteenths of an inch in
dlameter.

When the log line has been thoroughly wet, it Is marked by
tags or otherwise into principal divisions representlng knots,
or nautical miles per hour, and secondary divisions for the tenths
of a knot. The length of these divisions will vary according to
the period of time that the float 1s allowed to rum, and may be
convenlently found from the following equation:

6080 ‘
K= TX'3—6'0—0=1.6889X T.

Where KE=the length In feet of the graduation representing one
knot,
=munber of seconds during which the pole runs out.

The log line should preferably be marked for an observation
interval of 60 seconds for use with a stop watch into prineipal
divisions representing knots, each 100 feet 4 inches in length.
Tenths of knots will then be shown by lengths of 10.18 feet,
which should be marked in a suitable manner.

Occastonally, as with very strong or very weak currents; it is
more convenient to use a shorter or a longer time interval, In
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that case the following formula will give the velocity. If L=
length of line in feet run out durlng an interval of 7' seconds, the
veloeity in knots is L :
- L, 3600
=7 X 5080 =0.592 7 T
The log line should be measured occasionally, when wet, and
any error in length noted in the record book. If the line breaks
it should be carefully repaired and a note to that effect entered
into the record book.
Veloclties expressed in feet per second may be converted into

knots, or nautical miles per hour, by the following equation-

3600
V=F X oo ="0. 5921 X .

Where F=the velocity in feet per second.

534, Current pole.—This is generally a pole or other cylindrical
body 2 or more inches in diameter and from 6 to 20 or more feet
in length, according to the depth of current to be measured. The
pole may be made of wood or of sheet metal, and in either case
is to be weighted at one end so as to float vertieally with about
1 foot out of water, The welght of lead or other material required
may be estimated from the following equation:

, W=64 g (I~—~1)—w, In pounds.
Where 64=pounds in 1 cu, ft. of sea water.
=radius of pole, in feet.
#=38.14186.
L=length of pole, in feet, which Is diminished by 1
because 1 foot is out of water.
=weight of pole, in pounds.

When a wooden pole is used, while most of the lead may be
a solid casting, some of It should be in the form of sheet lead
wrapped around the lower part of the pole and secured by a
nafl; for the pole will absorb water after it has been In use
some time, as will be indicated by a gradual decrense in the
length of pole above water, and then by unwrapping a portion
of the sheet lead, and cutting it oﬂ' the former line of ﬂotntlon
may be restored.

'585. Observing with log line and pole.—The reel car;ying the
log line should be mounted upon a stand or other support. About
five minutes before the time for observations lower the pole into
the water and allow it to run out the length of the stray lne.
On the exact time for observing, release the line and press the
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stem of the stop watch., If necessury assist the line by hand, but
do not pay out faster than the pole can take it away. When
the stop watch has completed one minute, stop the reel and at the
same instant press down the stem of the stop watch. Then count
the number of knots and tenths that have run off the log line.

538. Direction of current.—Ior determiniug the direction of the
current one of the two-following methods may be used, either alune
or preferably together: (a) Measuring with a sextant the angles
‘between the pole and fixed objects on the shore; (b) noting the
angle the current line makes with a graduated circle called a
pelorus, ’ :

537. Use of the sextant.—\When measuring the angle between
the float and some fixed object on shore, the angle should be
marked “R ™ if the float is to the right of the object of reference
and “ L if it is to the left. This rule should be Invariably fol-
lowed. In using fixed objects on shore for azimuth, it I8 of ad-
vantage to choose objects rather remote and few in number,

538. Use of the pelorus.—A simple form of the pelorus consists
of a circular brass disk about 8 inches in diameter graduated
every 10 degrees, from 0° to 860°, clockwlise. - It is fastened to.the
‘boat so that the 0° and 180° marks fix a fore-and-after line parallel
to the keel of the ship with the 0° forward.

After the current pole has run out the observation interval for
determining the velocity of the current, the log Une is stretched
across the center of the pelorus and the angle made by the line
to the nearest.§ degrees is recorded. The heading of the ship
by the ship's compass at the same time is noted, which, with the
pelorus reading, gives the direction of the current. - .

When the log line.is stretched across the pelorus, two angles,
_ Qiffering from each other by 180°, are determined. In order
that no confusion may arise; that arc Is read which is farthest
away from the pole. This will be the forward semlcircle of the
pelorus, unless the pole happens to be drifting forward of the
beam, when the after gemlicircle is read.

539, Current meters.—All meters whose -measurements depend
upon the impact of water against a rotating wheel or propeller
should be rated at frequent intervals, This may be done at the
Bureau of Standards or may be accomplished by attaching the
meter, well submerged, to the bow of the boat and drawing it
at uniform rates through still water. The boat Is driven at vari-
ous speeds over a measured course and the number of revolutions
of the meter per second i8 noted. A rating curve may then be
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drawn by plotting on cross-section paper the speed in feet per
second as abscissas and the revolutions per second as ordinates.
With all meters sent out from the office rating tables will be fur-
nished.

540, Use of ourrent meters.—In smooth water measurements
with a meter may be successfully made within a foot of the sur-
face. If waves exlist, the measurements should be taken at such n
depth that the flow appears to be practically steady.

If the velocity is to be determined at a depth of only a few
feet below the surface, the meter may be attached to a pole; if at
a considerable depth, it must be suspended by a strong slender
cord or cable, and to the lower extremity of the meter sufficient
weight should be attached to keep the meter in a nearly horizontal
posmon

“When using a meter which measures velocity only, a current
pole should be used for determining the direction of the current.
Care should be taken to make the average depth of the resisting
surface of the pole about equal to the depth at which the meter is
suspended. Another method for ascertalning the direction of the
current at the depth of the meter is to suspend a heavy body of
suitable specific gravity to that depth, the position taken by the
suspending wire Indicating the direction of the stream,

Photostat copies of instructions covering the care of current
meters may be secured from the office.

541. Kind of time used.—Since it is desired to determine not
only the veloelty and direction of the current, but also. the time
of maximum and minimum velocities, correct time is essential.
The record should clearly state the kind of time used, whether
standard time, mean local time, or apparent local time, If stand-
ard time is used, as is generally the case in coastal waters, the
standard meridian should be specified. :

542. Checking the time used.—The time used should be checked
frequently ; of the observer can readily consult a reliable clock, a
time comparison can be made each day. A note in the column
of remarks of the record book should state the observer's time
when the comparison was made, the correct time, and whether or
not the observer’s time was corrected.

If the time is obtained from a noon mark or from sextant ob-
servations upon the sun it can -be reduced to local mean time by
applying the equation of time. Local mean time 1s reduced to

sstandard- time by adding a number of minutes equal to four times
the number of degrees which the standard meridian 18 to the east-
ward of the local meridian.
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In localities having a water horizon, the time of sunrise or
sunset (using the upper limb of the sun) should occasionally be
noted in the column of remarks.

548. Becord of observations.—The form of record book now
‘avallable for current observations is pumbered 270, and all items
called for should be filled in as completely as possible. Particular
attention is directed to the items at the beginning of the record
calling for the deviation table and information regarding the kind
of time used, location of stations, and description of current
apparatus used. .

544, Reduction of observations.—The method used in reducing
any glven series of current observation, other than by the hax-
monic analysis, depends on the type of current under discussion.
In the inland waters and close inshore along the coast, both on the
Atlantic and the Pacific, the currents are of the rectilinear or
reversing type. Offshore, on both coasts, the currents are- of the
rotary type. But whereas on the Atlantic coast the currents show
practically no diurnal inequality, the Pacific coast currents, both
of the rectilinear and rotary types, show considerable diurnal
inequality, The method of reductlon of each of these types.of
currents is outlined below.

5§45. Atlantic coast rectilinear currents—Where the current has
a distinct perlod of flood followed by a slack and then by a
period of ebb current, the observations should be plotted on cross-
section paper, taking -the hours of the day as absclssas. Two
curves will then result for each day, one the curve of velocities
and the other the curve of directions (azimuths). From the
-smoothed. curves there is then entered on Form 451 the times of
slack and strength of flood and ebb, together with the velocities
and directlons pertaining to them. On the same form, under the
heading * Moon’s Transit or H, W., L. W.,” there is entered the
times of tide, predicted or observed, at some near-by station. If
no satisfactory tides be available, the times of the moon's upper
and lower transit may be used. The tidal-current or luni-current
interval for each element of the current is then entered in the
proper column, and o mean value from the whole series .of obser-
vations derived.

548, Atlantic coast rotary ourrents. —Oﬁ'shore the currents do
not flow in one general directlon during the flood and in an oppo-
site direction during the ebb. Instead, the direction of the cur-
rent changes continually at an average rate of about 30° per-hour.
In reducing a serles of observations of this type of current, the

18027°—21-—13
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observations are plotted on cross-section paper, as indicated for
the rectilinear currents. In addition, the times of high-and low
water, predicted or observed, at some near-by place, are indicated
on the cross-section paper. The hourly velocities and directions
of the current from three hours before to three hours after high
and low water, are then entered into Form {07, and the mean
for all the hourly values found. Where no suitable tide is avall-
able, the hourly values of the velocity and direction of the current
with reference to the moon’s upper and lower transit from six
hours before transit to six hours after transit should be used.

547. Pacific coast reotilinear currents.—Because of the consider-
able diurnal inequality found in the Pacific coast currents, some
modification of the procedure ‘outlined for the reduction of the
corresponding current on the Atlantic coast is necessary. The ob-
servations are plotted on cross-section paper and the times of slack
and ebb referred to somre suitable tide. But it will be necessary
to distinguish the two high waters and the two low waters. One
set of the current elements will be referred to higher high water
another to lower low water, the third to lower high water, and
the fourth to higher low water. The tidal-current intervals and
the velocities of the various currents with reference to the various
tides must be kept distinet, and the means of each group found
separately. :

548. Pacific coast rotary currents.—Offshore the currents on the
Pacific coast become rotary. In the reduction of this type of cur-
rent the method followed is that outlined for the corresponding
current on the Atlantic coast, except that the hourly values of the
velocity and direction of the current are referred to both higher
bhigh and lower high waters and to lower low and higher low
waters from three hours before time of tide to three hours after.

549. Weak rotary currents.—Where the velocities of rotary cur-
rents do not exceed half a knot, the effect of wind or river dis-
charge will frequently completely mask the tidal currents. In
such cases, the tabulated hourly values of the current, with refer-
ence to the time of tide, must be resolved into north-and-south and
east-and-west directions, before summring for the mean. This
may easily be done by means of a traverse table, but {s best left
for computation at the office

550. Winds.—In the open sea the effect of a continued wind is
to cause a nontidal current, setting somewhat to the right of the
wind in the Northern Hemisphere and to the left in the Southern
Hemisphere., Near the coast, local conditions modify the above
rule. It is therefore essential that the direction and veloclty of
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the wind be recorded every hour in the record of current obser-
vations, 80 that the local effect of the wind on the curent may be
ascertalned. -

MAGNETIC OBSERVATIONS.

551. General remarks.—TFor detalled information in regard to in-
struments and methods of observing reference should be made to
“ Directions for Magnetic Measurements” published in 1911,
New edition in preparatlon (1920).

To secure the best results, particular attention should be paid
to the following points: '

Be sure that all articles of iron and gteel are removed to a sufc
distance before Dbeginming magnetic observations. This applies
particularly to articles about the person of the observer, such as
knives, keys, belt and suspender buckles, eyeglasses, watch, steet
in brim of stiff hat, etc.

. Be sure thal. the instrument is level and the levels in adjustment
before beginning observations, especially in latitude and azimuth
obhservalions.

Be carcful to kecp the magnetg and dip needles dry and clean,
espectally the pivots of the dip needles.

Handle the chronometer with care at all times,

§52. Equipment.—Observers engaged cxclusively in magnetic
work are supplied with o complete magnetic outfit, consisting of
theodolite-magnetometer, dip circle, half-second pocket chronome-
ter, and nonmagnetic observing tent. When magnetic observa-
tions are to he made only. as opportunity offers in connection with
other branches of the field work of the Survey, the equipment is
often less complete, elther a dip circle with special needles for
total intensity observations and a compass attachment for deter-
mination of the magnetic declination, or simply a compass dec-
linometer for declination alone. In such cases the true meridian
is usually known from triangulation, or- else the instrumental
equipment includes a theodolite and timepilece with which the
necessary astronomic observations can be made,

563, General survey parties working in remote reglons, such as
Alaska or the Philippines, will in general be furnished with a
compass declinometer for measuring the magnetic declination. In
connection with triangulation where the true azimuths are known,
the magnetic declination can readily be obtained, and this should
be done at intervals of about 20 miles along the progress of the
triangulation, or at shorter intervals where there is Indication of
local disturbance. In the regions mentioned this should be con-



196 GENERAL INSTRUCTIONS FOR FIELD WORK.,

sidered a regular part of -the work of general survey parties. The
making of complete magnetic observations, including dip and in-
tensity, will be required only when there are special instructions.
The declinometer may be set up. directly at the triangulation sta-
tion; or if this is impracticable because of the presence of iron,\
height of tripod, or other cauuse, a magnetic station may be estab-
lished by alignment between the triangulation stnt:[on and the
mark.

554, Selection of stations.—The conditions to be satisfied in
choosing a magnetic station are freedom from present and prob-
able future local disturbance, combined with convenience of access.
A station on -suitably situated public property', or property be-
longing to an educational institution, is to be preferred, as it is
less likely to be disturbed. Proximity of electric rallways, masses
of iron or steel, gas or water pipes, bulldings of stone or brick,
should be avolded. A quarter of a mile from the first, 500 feet
from the second, 200 feet from the third and fourth may be con-
sldered safe distances. ‘The station should be at least 50 feet
from any kind of building. If any doubt arises in the selection
of a station on account of the possible existence of loeal dis-
turbances, two intervisible points & hundred yards or more apart
should be selected and the magnetic bearing of the line jolning
them observed at both. A lack of agreement between the two
results is evidence of local disturbance, ~

555. Description of station.—Euch point occupied shotild be de-
geribed with sufficlent detail to render possible its recovery. The
description should begin with the general location—enough to
indicate the park or fleld in which the station is situated—this to
be followed by measured distances to fences or other near-by fixed
objects, and the manner in which the station is marked. It should
include the approximate distance and direction from the center of
town or from some point which can be definitely located on a map,
g0 that a rough check on the latitude and longitude may be made. -
In case a new station is established {n a locality where observa-
tions have been made before, the distance and direction from the
old station should be given if possible. It is dcesirable to give a
rough sketch showling the relation of the station to surrounding
objects, Indicating on it the directlon of north (which should
always be toward the top of the sketch) and the direction of the
marks of which the true bearings are determined.

558, Azimuth marks.—These marks should be well-defined ob-
Jects a8 nearly in the horizon as practicable und likely fo be
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available for future use. Where an observing tent is used, it is
preferable to have the mark to be used in azimuth and declination
observations in a southerly direction, so that it may be sighted
upon through the opening in the south side of the observing tent.
It should be one-quarter of a mile or more from-the station- if
possible, s0 that a small error in recovering the station or a small
change in the position of the marking stone would not materially
affect the azimuth of the mark. As an angle of 1’ subtends an
arc of approximately 1 inch at a distance of 300 feet, the eflect
at any given distance may be readily computed. . .

567. Marking of stations.—Every station intended for future use
should be marked in as permanent a manner as conditions will
warrant, to assist in its subsequent recovery, using the bronze
magnetic station marking disk whenever possible. To avoid being
disturbed the station mark should project little, .if any, above the
surface. of the‘ground and should extend 2 feet or more into the
ground. i

558. Meridian lines.—When a meridian line is to be estuhlished
the magnetic station should.be selected so as to form one end of
the line and the distance to and location of the other end.should
be given in the description. . The line should-be not. less than
800 feet .long, and extra precaution should be taken to secure the
marking stones ugainst future disturbance., The uzimuth obser-
vations must be made with special care and the Lomputntlons
revised before the second stone is set.

559. Repeat stations. —Where observations are to he mude at an
old statfon for the purpose of determining the secular change,
especlal effort should be made to occupy the precise point. at
which the earlier, observations were made. Any change in the
immediate surroundings should be noted in the description of
station, .If local conditions have chauged to such an extent that
it reoccupation of the old station is clearly undesirable, then a
new staticn must be estaflished. There may be cnses, however,
in which it will be best to reoccupy the old station and also estab-
1ish a new one, as for example when the old station, while not
satisfying the requirements of future availability, may still suffice
to determine the secular change since the former observations,
When, owing to change in the immediate surroundings or defect
of the original description, it Is imposslble to locate the exact
spof from the measured distances, the desired result may some-
times be accomplished with the aid of the ,_bearlngs of prominent
objects, Havipg three well-defined objects which were. connected
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by angular measures at the time of the former occupation, suc-
cesslve trials with the theodolite will serve to locate the spot at
which those angular measures ave reproduced.

560. Care of instruments.—Care should be taken to keep the in-
strument in good adjustment and free from dust, The magnets
should be touched with the hands as little as possible and should
always be wiped with clean cbamols or soft tlssue paper at the
close of observations. They should not be allowed to touch each
other nor come in contact with iron or steel objects and should in
the Northern Hemisphere be kept in the box with north end down.
The dipping needles should be wiped with tissue paper both before
and after observations and the pivots and agate edges cleaned
with pith. In reversing polarity the bar magnets should be drawn
smoothly from center to ends of needle, as nearly parallel to the
axis of the needle us possible. The bar magnets should be wiped
after using to prevent rusting and should not be allowed to touch
cxcept at ends of opposite polarity.

581. Order of observations.—\When a complete instrumental outfit
is supplied the observations at a station comprise morning and
afternoon azimuth, latitude at noon, one set of dip with each of
two neecdles, two sets of declination, deflections, and oscillations,
and angles between prominent objects. It is desirable that the
azimuth observations should be made at nearly equal times not
less than two hours before and after apparent noon., Latitude
observations should begin about 10 minutes before maximum ailti-
tude of the sun (apparent noon) and continue until about 10
minutes after. They need not be made when g reliable latitude
is' available. As the declination and horizontal intensity are
usuglly changing more rapidly in the morning than in the after-
noon, it s preferable to make the magnetometer observations in
the afternoon. They should be made in the following order:
Declination, oscillations, deflections, deflections, oscillations, dec-
lination. At stations far removed fror?) a magnetic observatory,
particularly where the diurnal variation is large, as in western
Alaska, it is desirable to make additional declination observations
at other times of the day, preferably at about the times of maxi-
mum and minimum, as a control on the correction of the results
for diurnal variation. The mean of the maximum and minimum
values of declination is usually a close approﬂmation of the mean
value for the day.

562, Thermometer.—The same thermometer must be used through-
out a set of intensity observations and placed as near the long
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magnet as possible. Before beginning observations the thermom-
eter should be examined to see that the mercury column is not
broken and that none of the mercury is in the upper recess. A
broken column can usually be Joined by holding the thermometer
in the hand and striking the wrist sharply against the knee or by
attaching it securely to a string and swinging it rapidly in a circle.

5688. Discrepancy limits.—Before leaving the statlon the compu-
tation should be carried far enough to show that there is nothing
radically wrong with the observations. Thus, In good work, the
two consecutive sets of azimuth should agree within one minute,
and the morning and afternoon sets within two minutes. A
greater difference is usually due to lack of adjustment or level of
the theodolite or to a mistake in pointing on a wrong limb of the
sun. The effect of changes in level of theodollte should be elimi-
nated by the method of observing deseribed under “ Elevations by
vertical angles” (p. 60). In case the difference between morning
and afternoon azimuth amounts to more than five minutes, the
observations should be repeated. The two sets of declination
should not differ more than two or three minutes when allowance
ts made for dfurnal variation. The average tlie of 70 oscillations,
or whatever number is used, should not Qiffer more than a half
second in the two sets, and in the deflections the two values of
log sin « should not dlffer more than 0.00100 for either distance,
when allowance is made for the difference of temperature of the
two sets, - When the dip results for the two needles differ by more
than five minutes in excess of the normal difference, the observa-
tions should be repeated. Thus, if previous dbservations show
that needle No. 1 gives on the average a dip three minutes greater
than needle No. 2, the observations should be repeated when No.
1 glves a result more than eight minutes greater or two minutes
less than No. 2.

584. The record should be kept with a hard penell (or fountain
pen) and entered at once on the proper form (not recorded on
blank paper and afterwards copled on the form). All computa-
tions should be made in ink., The different sheets should be
punched and fastened together in the covers provided (Form 867),
arranged in the following order: (1) Description of station, (2)
angles connecting the azimuth mark with other prominent objects
and chronometer correction on standard time (Form 441), (8)
latitude (Form 287), (4) azilmuth observations (Form 268), (5)
azimuth computations (Form 269), (8) declination (Form 87),
(7) dip (Form 42), (8) oscillations (Form 41), (9) deflections
(Torm 389). :
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565. Abstract~—Before the record is sent to the office the compu-
tations should be.completed and a copy made (on Form 442) of
the results and also such quantities as would be needed to repluce
the computations in case the record is lost. No duplicate of the
records is to be made. All records must be turned in promptly,
esgpecially at the end of the calendar year, in order that the results
mgy be included in the annual publication of results, which covers
the calendar year,

566, Observations with compass declinometer or with the com-
pass attachment of a dip clircle are recorded on Form 38a. Stund-
ardization observations should be made ut the beginning and end
of the season at some place where the declination is known from
wagnetometer observations.

5687. Total intensity.—The totul inteuslty may be determined
with a dip circle by Lloyd’s method (Form 389) when suitable
standardization observations have been made at a station where
the dip and intensity are known. - As the determination of total
intensity by this method is relative, it is necessary to guard, as far
us possible, aguainst any change in the magpetism -of the two
needles und to use the same weight in the fleld as during the stand-
ardization observations. Thelr polarities mast never be reversed,
therefore, and they must not be allowed iu close proximity to the
bar maguets when these are being used to reverse the polarity of
the regular dip needles. Standardization observations should be
made at the beginning and end of the season’s work to determine
the intensity constant.

588. Observations on board ship.—On shipboard declination is
determined with the standard compass, dip and intensity with a
Lloyd-Creak dip circle-mounted on g suitable gimbal stand. The
successful determination of declination, dip, and intensity at sea
reguires, first, that observations should be made with the Lloyd-
Creak dip circle at a base station on shore at the begloning and
end of the cruise to determine the intensity constant for the pur-
ticulur weight used at sea uud the correction to the dip as de-
rived from the deflection observations: and, second, that the ship
he swung at the beginning and end of the cruise (and if possible in
the highest and lowest latitude reached) at a place near shore
where the declination, dip, and intensity ure known from shore
observations, in order to determine the deviations of the standard
compass and the deviations of dip and intensity at the dip-circle
position.

569. The accuracy of the results depends prindpauy upon the
suecessful determination and elimination of the effect of the ship's
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magnetism. - For this reason observations are usually made on 8
or 24 (preferably 24) equidistant headings, steaming In a circle
forward and back (with port and starboard helins), holding the
ship long enough on each hending to secure good results, and tak-
ing usually not over two hours for both swings.” Since a complete
determination of dip and total intensity on each of 24 headings ot
the forward and back swings would consume too much tinre, the
-practice has been adopted of observing: deflections alone while
swinging ship In one direction and loaded dip alone while swing-
ing in the opposite direction. Besides the total intensity derived
-from the combination of these observations, a value of dip on each
-heading results from the deflection observations, since the sus-
pended needle fs deflected by approximately equal awmounts in-
opposite directions from its normal position, On -each heading,
observations with dip circle are made in only one positlon of clrcle
and needle, as follows:

0° to 76° Circle East, Needle ‘Face East; 80° to 165°, Ch(le
:West, Needle Face West; 180° to 255°, Circle West, Needle Face
Kast; 270° to 845°, Circle East, Needle Fface West. In this way
the observations with the-dip circle can be made in about the
same time as required for the compass obsexvatlons whicli ‘are
being carried on at the same time, E

570. When instructed to make magnetic observatlons at ‘sen the
ship should be .swung at least once a day if possible. When clr-
cumstances would not permit & complete swing, results have some-
times been obtalned from observations on aud near the course;
e. g, on course.one or two points to starboard, one or ‘two- points
to port, and back on course. This requires n knowledge of the
deviations -on those particular headings, which may be derived
from the complete swings preceding and following,: (See Appen--
dix 8, Report for 1904, pp. 192 to 197, and Forms. 854, 855, 356,
compass, and 890, 391, 892, dip circle,)

DESCRIPTIVE REPORTS.

8§71, Descriptive reports must be submitted o cover all hyd;jo-
graphic and topographic surveys. It is preferable to have a sepa-
rate report for each sheet, but in some cases it may be more con-
venient to have a single report cover the consecutive sheets of a
season’s work in one locality where much of the lnformntlon is
common to the different sheets. :

(a) The descriptive report should not be in the f.orm of a letter,
it should not be a journal of the work, and it need not contain any-
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thing about the movements of the party; it should be entirely
distinct from the season's report and should give the date of the
instructions under which the work was done.

(b) It should be headed “ Descriptive report to accompany sheet
(insert pumber and title of sheet or sheets).” Writing must not
be nearer than 1 inch to left edge of paper. -

{¢) The descriptive report is for the purpose of supplementing
-original sheots, either hydrographic or topographie, by informa-
tion not readily shown thereon, and which will be useful in the
interpretation of the sheets, in the compilation of salling direc-
tions, and in chart construction. Preferrnce should, however, be
given to showing information on original sheets themselves when
practicable to do so.

(@) The descriptive report should be written concisely, omltting
all unimportant detail, and should be arranged in a systematic
manner with each class of Information -in separate paragraphs
under suitable underscored headings.

(e} Bearings given in connection with sailing directions and
hydrographic information should in general be expressed as from
seaward and in degrees, and it must be clearly stated whether the
hearings are true or magnetic.

572. Subject heads.—No general rules can be laid down, but the

- following points will be suggestive in preparing descriptive reports

5o Tar as applicable to any particulur region and according to the
character of the survey made. The amount of detail to be given
requires much judgment; overminute detalls tend to obscure the
most- ugeful Tacts. . Obviously certain classes of informaton may
be useful as to.a new country previously unsurveyed which may
not be necessary to give in connection with the resurvey of a
well-known coast.

(@) Gencral description ot the coast, following the geogmphk
sequence of the published Coast Pllots or Salling Directions, and
including the aspect ov appearance of the coast on making the
land; describing prominent objects, as; on a bold coast, the head-
lands, peaks, etc., with their form. color, and height; or, on a
flat coast, the spires, beacons, etc. Especially describe the first
landfall and objects useful as guldes to navigatlon. (See pars.
194 to 196.) ' '

(b) Outlying dangers and islands, the limits of tide rips and
breakers, and their relation to wind and tide.

(¢) Currents, tidal or not tidal.—General conclusions from
observation or other Information, How long does flood run after
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high water and ebb after low water? Doex current set fair with
channel?

(@) Landmarks~Description of all prominent landmatks Hkely
to be useful to navigation or to futurc surveying operations should
be submitted as directed in paragraphs 194 and 212. If mountains,
state whether summits ave often clouded. Give measured or esti-
mated heights of mountains, hills, liffs, islets, or rocks referred
to. Describe ranges in use by pitots and means of identifying
them,

(e} Inshore dangers~—~Extent and nature, least depth over
them; whether visihle; if breaking, at what stage of tide; how
much, if any, is bare at low water; marks or ranges for clearing
them by day or night.

{7) Bars and channels~—Least depth, best time or place for
crossing or entering, permanency of bars and of channels ; breakers
on bars and their extent and with what winds or tides they occur.

(g) Anchorages, with descriptions relative to thelr capacity,
holding ground, amount of protection, and circumstunces of
weather under which tested.

(k) Change of coast line or depths.—~Mention any relinble evi-
dence 88 to recession or growth of shore line or chauge of depths.
If a resurvey, note any important facts regarding changes ob-
served. Glve evidence, if any, of subsidence or emergence of
shores.

(#) Dangers reported or shown on previous charts or surveys;
if not found, or if more water found, give in each case detalled
statement of effort made to find former shoal water, and any
important evidence as to the reliability of the previous report.

(7} Smrvey methods.—Explain any unusual features of survey
methods used ; mentlon if any part of the work is incomplete oxr
requires further examination, and the‘reason; also if any portion
is less relinble; state the system of contro) of the work; mention
any discrepancles and adjustments made.

(1) New place names—When an original sheet contains new
place names, i. e, place names which have not hitherto appeared
on the charts, chiefs of partles will list them in the descriptive
reports of the sheets affected under two heads: (1) Well-estab-
Hshed local names; (2) names assigned by fleld officers. In
other respects the Instructions under the heading * Geographic
names” will be followed. Reports shcould be supplemented with
photographs which will 1llustrate the apparatus used or add to
the knowledge of the locality, (See par. $92.)
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PROGRESS SKETCHES.

578. A progress sketch faithfully representing the extent .of
the entire season’s work should be prepared and forwarded at
the end of each season. IKach progress sketch must have a
projection.

In order that the. ofiice progress charts may be kept closely
corrected, a progress sketeh on tracing vellum showing the hydrog-
raphy and topugraphy accomplished, shall be forwarded to the
office at the end of each month, ‘The information thereon will be
transferred to the progress chart and the sketch returned to the
chief of party for each succeeding month’s work. If not other-
wise designated, the seale of the progress sketeh will correspond
to that of the published chart showing the enfire area outlined
for the season’s work, .

(a) Progress sketches should be made on tracing vellum, using
black ink only. They must not be of excessive dimensions, usu-
ally not over 18 by 24 inches. Seales of ygdsvoy zovvo0 OF 3o60sT0
are recommended according to the extent and detail. The scale
of the sketch wust be stated in the title. - They should be.drawn
sufficiently strong to be suitable for blue printing.

() In the Philippines progress sketchies of general coast work
should, if practicable, be on a scale of yooopy (the scale of the
Philippine coast c¢harts) ; for harbor surveys a larger scale may
be used if necessary to show the triangulation clearly. The
dtamped title form is to be used on such sketches, giving the fol-
lowing: information: Class of work, island, loculity, scule, dates,
chief of party, vessel.

(¢) The progress sketch should. give the upproxunute limits of
the topography by parallel ruled llnes, not closely spaced, the
approximate limits of the hydrography by widely spaced dots, und
the triangulation as indicated below, including the various oper-
ations of a single party for one season on one sketch,

(d) Principal triangulation schemes should be in heavy lines,
and bare. lines should be of double width. A line obscrved at both
ends should be full throughout. A line observed at one-end should
be full at the observed end and broken at the other. Recon-
noissance. lineg should bLe dotted if shown on the gketch with
trlangulation. - When the sketch containg reconnoissance only, the
lines should be full if they are to be observed at both ends. A
line should (be broken at the end from which it. is not to be ob-
served.  Old stations recovered, including spires, stacks, ete,
should appear thus: @ New statlons should appear thus: N
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(e) Al important points determined, including mountain peaks,
should be shown as far as practicable. Lines to intersection sta-
tions should be drawn lighter than those of the main scheme.
A confusion of lines may often be avolded by {ndicating with short
lines radiating from intersection points, the statlons from which
they were observed. All lines, letters, figures, etc., shown on the
sketch should be sufficlently bold to make a good blue print.

GEOGRAPHIC NAMES.

5§74, Distinct names of points, islands, shoals, rocks, towns,
mountains, etc., are necessary to the intelligent use of charts and
sailing directions, and the surveyor should ascertain the accepted
or native names, and use such names in all possible cases. Atten-
tion should be called to all new names of geographic features; that
is, names not previously used in the publications of the Survey,
with a statement whether the name is in local use, and if not, what
name is in use, with the reasons which prevented its adoption.

(a) The origin of each new name should be stated. Geographic
features must not be. ghen the names of living persons as the rules
of the United States Geogl aphic Board only permit the retention
of such names in rare cases.

(b) Al new names are submitted to the Geographic Board by
the office before publication and the -decisions and rules of the
board In regard to names are to be followed in all cases. In the
Philippines the decislons of the Philippines Committee on Geo-
graphic Names govern in the same manner.

(¢) Names alrcady fn use on charts and maps and in the Coast
Pilots should be verified; if well established and appropriate they
should be adhered to, even though found to differ from the native
or original name, especially if the feature is of more iniportance
to navigation than it is to the inhabitants, and if the native name
is an awkward or difficult one.

(d) Dual names for the same object lead to confusion and
inconvenience, and special care should be taken to avoid giving
n new name to an object already named, or changing a name
already established. Where two names are in use it should be
nycertained which is the more appropriate and the more ac-
ceptable to the people of the locality; and report should be made
giving the authorities.

(¢) For such objects as require them, and for which ac-
knowledged names can not be found, names should be recom-
mended, selecting as far as practienble designations that convey
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some idea of the form, charucter, productions, or traditions of the
place, or some characteristic of its inhabitants; convenience of
Iength of word and pronounciation should also be consldered.
Report should be made of names so recommended.

(f) In new applications of the terms * shoal,” *bank,” and
“reef ” to forms of secondary size and limited extent, but clearly
separated from the surrounding bottom by a stecper slope, the
following distinctions should be made, but these terms already
in use should not be changed:

Shoal should be applied only to arens on which there is a depth
of 6 fathoms or less,

Banik should be employed for areas of greater depth.

A reef i3 always rocky, and the term should not be used where
there is more than 6 fathoms at low water,

(g) Where the natfve names uscertained have not an estab-
lished written form, they should be spelled according to the system
of the Geographic Board, as follows:

(h) The true sound of the word as locally pronounced is taken
#8 the basis of the spelling.

(1) An approximation only to the sound is aimed at. An
attempt to represent delicate inflections of sound and accent would
often result In forms of words too complicated for use.

() The vowels are to be pronounced as in Itallan and on the
continent of Europe generally, and the consonants as in English,

¢ has the sound of a In father. Examples: Java, Banany,
Somali, Borl.

¢ has the sound of ¢ In men. Examples: Tel el Kebir, Medina,
I*eru,

¢ has the sound of ¢ in ravine, or the sound of ee in heet. kx-
amples: Fiji, Hindi.

o has the sound of o in mote.

% has the sound of 6o in boot. Iixamples:: Umnak, Ung.

ai has the sound of ¢ in ice. Example: Shanghal.

au has the sound of ow in how. LExample: Fuchau.

«o is slightly different from above. Exawple: Nanao.

ei has the sound of the two Italian vowels, but is frequently
slurred over, when it is scarcely distinguishable from from ey in
the English they., Examples: Beirut, Beilul.

¢ is always soft und has nearly the sound of &; hard ¢ s given
by . Example: Celebes.

ch is always soft, as in church. ISxample: Chingchin.

f as in English; ph should not he used for this sound. Thus,
not Haiphong, but Haifong.
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g i8 always hard (soft ¢ is given by j). Exuample: Guldpagos.

h is always pronounced when inserted.

j a8 in English; d§ should never be used for this sound. HEx-
mnples : Japan, Jinchuen.

k as In English. It should always bhe used for the bard e.
Thus, not Coren, but Korea.

Eh has the sound of the oriental guttural. IExample: Khan.

gk is another guttural, as in the Turkish: Dagh, Ghazi.

ng has two slightly different sounds, as in finger, singer,

¢ should never be employed; qu i1s given by Alw. Exumple:
Kwangtung,

b, d, I, mn,p st v e and 2 as in Bnglish.

vy Is always a consonant, as in yard and should not be used for
the vowel i. Thus, not Mikindany, but Mikindani.

All vowels are shortened in sound by doubling the following
consonant. Examples: Yarra, Tanna, Jidda, Bonni.

Doubling a vowel iy only necessary where there Is a distinet
repetition of the single sound. LExample: Nuulua.

Accents should not, generally, be used; but where thero is a
very decided emphatic syllable or stress whieh affects the sound
of the word it should be muarked by an acute accent. DBxamples:
Tongatibu, Galipagos, Paliwan, S8arfiwak.

(1) In the Philippine Islands, In translating from Spanish into
English nouns which are combined with geographic names, the
following system should be followedl, except in specific instances
whereé a different usage has alveady been established :

River, island, bay, point, and gul[ are to follow the proper name.

Mount, port, aud cape are to precede the proper name.

Rio Grande is to he transiated simply river, unless these words
torm the specific name of a stremn.

ADDITIONAY INSTRUCTIONS.

575. Completion of field results.—It should be the aim of a chief
of party to turn in fieid records, computations, and sheets fn a
completed conditlon, as far as clrcumstances may permit. All
records and results must be transmitted as early as practicable,
and In any event before the commeucement of another season's
work. .

578. Records in general.—All records should bhe kept in a sys-
temntic manner on the standard forms as far as provided. They
must be sufliciently distinct and clear to avoid all chance of mis-
understanding, particularly nwmbers must be written plainly, Bx-
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planation must be given wherever necessary so that the record
may be intelligible to one not familiar with the field work.

- 877, Original records should not be made on lovse sheets of
paper to be copled afterwards into the regular form of record book,
but should in all cases be made at once in the hook which is to be
transmitted to the office, and must be consecutive and continuous
in the order of time in which the observations are made.

578. Erasures' should not be made in original records. Where
an error is discovered, draw a line through it and write the. cor-
rected figures above or to ohe side. -

579. Original records in pencil must not be inked. I'encils softer
than No. 3 should. not be used in making records. It is prefer-
ahle, but not essential, to make original records In ink. )

580. The duplication of records 1s usually to be avoided, except
in cases where called for in the general or specific instructions.
The requirements are specitied under each head. The function of
duplication is the insurance against loss in trunsmission, and this
should be kept in view In declding special cases.

581. Records or computations sent by mail are to be well
wrapped and registered. When there is duplicate Information (in
whatever form) it should not be forwarded by the same muil as
the original, and in generul should not be kept in the possession
of the observer any longer than necessary after the completion of
the work.

582. Computations in general.—Computations should be kept up
during the field work as far as practicable, and at least far enough
to show that the observations are sufficient und the record com-
plete.

583. Computationg should be transmitted to the office promptly,
as soon as reasonably complete. In no case should computations
he held with the idea of making them perfect in the flield, us the
final revislon of the computations is the function of the office.

584. All computations must be in a neat and orderly form, and
complete, so as to he readily intelligible to others. Every impor-
tant operation must be shown.

585. Standard forms for computatlons should be followed wher-
ever practicable.

586. Every computation must show by whom made and by whom
checked, -

587. Proper titles should be written or pasted on each caliler of
computations, giving all essential information, as kind of work,
locality, date, observer’s name, computer’s name, ete. Printed
labely are avallable to cover ordinary requirements.
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388. No writing should be placed within 1 inch of the binding
margin of the sheets.

589. Information affecting navigation, reports of dangers, and
changes in aids to navigation.— (See pars. 374-402.)

590. Suggestions and recommendations of a definite character are
invited us to survey methods or instruments, need of surveys or
charts in any particular locality, economies in work, jinprovement
or correction of charts or other publications, and concerning aids
to navigation.

591. Maps, charts, and sketches (or copies of them) containing
information as to geography, topography, or hy/ﬂrography likely
to be of value to the Survey should he obtained”when practicable
and forwarded to the office.

592. Photographs.—DIhotographs illustrative of the geographic
features of new regions visited are desirable—more especlally
views from seaward of important fentures of the const, harbor en-
trances, and promdnent landmarks. Views iNustrative of sarvey-
ing operations, or of the people of the region, may also be of value:
when unusual. The following information should accompany
every photograph: Subject, locality, position from swhich taken
(an exact location for views of important coast features is desir-
able), date, and by whom taken.

583. Al negatives worth preservation taken with supplies and
outfits furnished by the Survey are to be transmitted to the office.

594. In the Troplcs, owing to climatic conditions, plates and
tilms should be especlally cared for, used as fresh ax practicable,
and developed soon after exposure. If necessary, they should be
forwarded for development,

595. Special effort should be made to protect plutes nnd films
from being fogged or light struck. Orthochromatic plates are vee-
ommended.

596. Care of instruments.—I’roper care of instruments is impor-
tant in all classes of surveying work. The officer using the instru-
ment should personally see that it is kept in good order and not
leave this to anyone else. Instruments in good condition and ad-
justment are essential to good work.

597. The are of n sextunt may be cleaned by wiping lightly with
chamois skin or a soft rag dipped in weak ammonia. Never polish
the arc with paper or cloth, as this is liable to deface the gradu-
ation.

5988. Sounding wire, even when galvanized, is subject to rust if
not well cared for. The reel should be wrapped around with oiled

13027°-—21——14
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cloths and well covered from rain. When the sounding machine is
idle for a short period the wire should be dried by running througlh
cloths, and oiled, and this should be repeated once a month when
the machine is not in use.

599. All surveying instruments should be cleaned from time to
time. Surfaces that are liable to stick together when left in place
for a long timre should be moistened slightly with oil or tallow
after cleansing and before assembling; this applies to the cells
holding object glasses.

800, Particular care should be taken »f invar and steel tapes,
steel parts of drawing instruments, cte., as all steel instruments
are subject to rapld deterioration, particularly on board ship or
in a tropical climate. Invar and steel tapes should be cleaned and
oiled after use, and the chief ¢f party should make sure that they
are carefully handled at all times; special care is required in reel-
ing tapes.

801. A lens may be dusted with a camel’s-hair brush, and when
necessary may be cleaned by rubbing gently with soft tissue paper,
first moistening the glass slightly by breathing on it. A lens
should be examined occasionally to see that it is tight in its cell.
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Latitude determination.
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Materisltoboused............. 354
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Length of lines: '

Secondary triangulation........ 12
Tertlary triangulation.......... 43
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Longitude determination........... 2
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Abstractofresults..............
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Care of instruments....
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Instructions. ..
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Observations by survey parties.. 553
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Toteal intensity..
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Marking statfons...................
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Duties of tide observer 453
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Operating troubles 467
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‘Time comparison.......... 459
Tensfon welght.... 402
Winding tideroll........ 456
Photographs to be made........ .. 692-5085
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Planes of roference................. 512

Plotting hydrographic sheets. .... 317-353
Position angles. (Se¢ Hydrography.)

Position computation............... 103
Preciso leve'ing 141
Prossure gauge. . ..coveeinenennan... 419
Pressure tubes, useof............... 284
Primary triangulation:
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Reconnoissancefor.... .. 4
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Recommendations......... ... 590

Reconnoissanceinstructions. ... 4,142,143
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Proparation for fling......... 576-588
Transmisslonof............. . 581,587
Triangulation....... 62,85, 08, 109-111
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Correction for moanrange. . .... 503 | Sketchos to bo obtained...... 501
Correotlon for moan sea level.... 508 | Sounding (see Ilydrography).
Diurnal inegualitics. ..... 501 | Sounding en route tofleld.......... 308
High water....... 500 | Sounding machines, uso of. . 285
Higher high water.. 501 | Sounding poles, uso of. . .. 362
Low watcr........ 500 | Sounding wire, eare of .. 508
Lowor low water.. 501 | Spherical oxcess. - 106,107
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