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. . 
·Changes in lnstructions for Fi'eld Work 

. . 
·hragraph a2a·, Approved August, 1925 

Shoreline reference~ - Wherever a per.:. 
m8.nent mark i's esta'bliehed or recovered 
along a. ·8ho.re subject to wave action ~nd 
in 'S1lch posilfon ~ to make the measure ... 
ments feasible; the field party wjl1 
mes.Sure the distance B)id azimuth from the 
ma.;-k to. one or more points ,9n the high- . 
water line, top of beach si•pe; crest of 
blUff or su.ch other cha.raeteristic fea~ 
~~'!. &If;, when .compared with eim~lar 
-~e,aeur.enients to 'be .made. in future, will 
''Oee·f-'-hidi~ate the ohqe in t.he . ehoreline 
d'Ur~ the interim• On a. straight or . 
ge~tly Cui-~: shore ~ . Bingle. m~a.sure nor
mal to the· shore1il'i.e will suffice. A:t 
Po llits or }J.eadiande a larger numb el:". ot 
ine~"il.romentej pretera.blf not less th~ 
throe; eho'U.ld be ms.de in directions as 
widely eeptu-e.ted as pr.acticO.ble~ Tho r~
lulting ~ata will be included in the de
scription ot eta.tion or recovery note in 
the same manner D.s reference marks but in 

, &ddition thereto~· 
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'l'he~ Instructions supersede ull previous Instructions and clrcu
ltU'B upon the subjects treated and, togetb'er with the Regulations 
and Instructions for the Government of the United Stutes Coast 
und Geodetic Sw·vey, are to be followed In the exeroUon of tielll 
work. 

!'.fAllCll 1, 1921. 
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E. J,i;;i;n.:R .lONJo:i;, 

I>irtt.tor. 



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

LATITUDE AND LONGITUDE DETERMINATIONS. 

1. Initial positions.-Inltli1l positlous fro1n whlcll to extend uew 
work wtll ordinarily be fmnlslwcl, theRC' posit lonR lmvlng l1een 
clerlvecl from previous trla11gnlutlon or from nstronomlcnl detcr-
111Jnations mude by Rpecinl parties. In the present state of the 
work In Ruch regions ns Alaska and the Phlllppl11e Islamls occn
slons muy arise where sm·veys must be m1Hle In localities where 
no dcterrnlne<l initial point Is uvnlluhle. In such cases, in order 
not to delay other 011eratlons, it may be .necessnry at first to ns
sunw the latitude UIHl longitude of ll starting point, tnldng the 
hest value ohtuinuble f1·om existing charts or other source of 
hifornmtlon. If means are avnllnble for determining by app1·oxi
inate astronomic methods u position likely to be more near!~· cor
rect, this shoulcl be done as opportunity offers. The relatlye 
Peonomy of using such methods, or the stnmlnrd methous, or 
d<'r>eudlng on the assumed value until connection is m111le by 
t1·lu11A"ul11tlon, should he considered ln each case. If the instru-
1uents ure uvalluhle, the merlrllun telescope can be usetl for lati
tncle and time witll little more expl•mlltnni of time than is rP
quireu to ,.;et less sutlsfuctory resulb~ with u theodolite. 'VhPn, l 

however, n theodolite is used, the Iutitmle should preferably be 
ohtulne!l by ohserving merllllnn ultltndes of stars north nrnl 
south of the zenith, or the altitude of Polaris; und the tlm<> by 
1~qual altltudeH of stars, or u single altitude of n star. prefernbly 
0 ne neur the prime vertical. Convenient star charts nrc United 
f'ltutes Hydrogruphlc Office charts Nos. 2100 nnd 2101. The 
lllui:;trutlons in "A field book of the stnrs," hy Wllllnm 'l'ylt>l' 
Olcott, will also prove or value In the iUentlflcntlon of sturs. 

2. The standard methods used in tbe United Stutes Coast nml 
Geodetic Survey for determining nstronomlc latitude, longltmlc, 
and azimuth are described in Speclnl Puhlicutlon No. 14, entitled 
"The determination of time, longitude, latitude, and llzlmutb." 

5 



6 OENEHAL IN8THUG''l'IONS FOR FrnLD WORK, 

TRIANGULATION. 

3. Classification of triangulation.-'l'rlnngulation in the United 
Rtntes Coast nnd Geodetic Survey ls divided into three classes: 

4. Precise triangulation.-'l'riungulation which hns an accurucy 
1·epresented by an average closing error of a triangle of about one 
secout.I with ull stations occupied. It is to be used in extending
urcs ove1· long distances. The network of urcs of precise triangu
lation constitutes the buses from which secondary und tertiary tri
angulation ure extended. The geneml instructions for precise 
triangulation, re<:ounoiss:mce, und bnse mensurPruent nre ~lven 

in Appendix 4, Heport for 1911, and in Special Publication No. 19. 
5. Secondary triangulation.-Trlnngulatlon which has an accu

racy revresented IJy an avernge closing error of a triangle of be
tween two und three seconds. Some of the stations need not be 
occupied. This class of trlungulutlon is usually employed when 
currying the control from precise triangulation to the localit~· 

where topogrnphlc, hydrogruphic, boundary, and other surveys are 
to he mnde. Such distnnces nre comparntlvely short, usually less 
than 100 miles. In the Philippine Islands tilt> umin scheme of tri
angulation is secondary in character. The general ln&tructiorrn 
for secondu1·y triangulntlon ure given below. 

6. Tertiary triangulation.-Trlangulation of an accumcy repre
i;ented by an n veruge closing error between three nnd five secon<ls. 
'l'he coast triangulation of the Survey is of this character ancl is 
used for the immedlnte control of topographic and bydrographie 
surwys. At Intervals along the coast the tertiary scheme is 
controlled by secondary nnd even predse trlungulation. All 
trlungulation done b~· United States Const and Geodetic Survey 
llllrtles or vessels along the harbors und rivers of the United States, 
A lnslrn, Phllip11ine Islan<ls, or other coasts under the jurisdiction 
of the United Stutes will be tertiary In charueter 1mlC'8f.l spe<·inl 
instru<'tions de:;ignutt> another cltt8S. 

7. If it is found lrupractlcable on account of the phyi;lcul condi
tions or luck of time to obtain the accuracy In the triangulation 
culled for by these g<'neral Instructions or by spPcial instructions, 
the chief of party will mnkp u special report to the office calllng 
attention to the cllscrepnneies und the conditions causing them. In 
the Philippines such report will be made to the Director of C1onst 
Surveys. 

8. The Instructions which U!llJly only to secondary trlungulntlon 
nre given In pnrngru11h,; 10 to 21. Complete instructions are given 
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for tertiu1·y trlungulation. Some of these upply ulso to secondu1·y 
trlangulutlon, uud a reference~ to them Is glveu In paragraph 22. 

9. The instructions fot· observation of vertical angles ure g!veu 
in puragruphs 112 to 138 and are to be followed in both secondary 
und tertiary trluugulutlon. 

SECONDARY TRIANGULATION. 

10. Character of ftgures.-'l'he chnin of triuugnltttiou between 
buse nets sl!al! l>e nmde up of figures of from four to seven points 
encll, in which certuin >itations may be left unoccupied, ns Indi
cated in purugrupll 25. It muy be allowed to degenerate to single 
triungles in excevtlonal cnses where otherwise the cost and time 
would be exces:;;lve. '1'here must be no overlapping of figures, ex
cept that in 11 four-sided ceutrnl-point figure one oftbe diagonals of 
the figure muy be obsen•e<l, nnd no excess of observed lines beyond 
those necessary to secure n double determination of every length. 
If it ls necessnry to occupy other stations than tllose in the mnln 
.~cheme, Jn order to fix certnln positions which are required by 
lnstructlons to be fixed, connect these additlQnal occupied stations 
(which will be called supplementury stntf9ns) with the main 
scheme by the slmpl<>.«t fig1.11·es possible in which there is a check 
nnd preferably by slu~le triungles with ull angles measured. 

11. Strength of figures.-'l'hls Is the some us for tertlury triun
gulution. (See pars. 25 to 42.) 

12. Length of lines.-'l'he lowe1· limit of length of line is fixed by 
two considerations. On very Rhort llnes It Is difficult to get obser
\'utions of the degree of nccmw·y necessary to cloi;e tile trlungles 
within the required limit. Ver~· Rhort lines nre npt to be 11ccompn-
11led, though not necessurll~· so, by poor geometric conditions us ex
pressed l>y lnrge vulues of R. ( S<>c P,Ur. 25.) Pust experience In 
predse trinngulatiou inllkates I hnt observntlon~ over u line (I 
kilometers long are of practically the same nccm·ncy ns over the 
fo11~est lines, nnd tlmt tlw1·e ls 110 :idvuntnge, In so fnr us nccurucr 
in the ruensurement of the angles is concerned, in muklng the 
line much longer tbnu this. The lower limit for secondary trian
gulu t ion is p1'obn1Jly ('ons!d('J'llbly l>elow tllis. '1'l1erefore endeavor, 
in lnying out the main scheme, to use the economic length of line; 
thut is, endeu vor to use iu e11ch region lines of such lengths us to 
mnke the total cost of reco1111oissnnce, building, triangulation, uuu 
bnse meusurement a minimuin l>el' mile of progress, subject to tbe 
limitations stated in these instructions. If the e<."Onomlc length 
of the line Is very grent, then supplementary or Intersection stu-
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Uous must l"H~ intrntlucell to meet the needs bf those who way wish 
to start othe1· triangulation irom tbe scheme. 

13. Frequency of bases.-'l'he J'equlrements are identical with 
those tor tertiary triangulation (see par. 44) l'.xcept that the l:R, 
must be reckoned between meusurell bases or one measured base 
and u line of precise triangulation. Also the cllscrepuncy betweeu 
huses must not exceed 1 part in :10 000 instead of 1 part In 5000, 
whlch Is the requirnment for tertiary triangulation. 

14. Base sites and baae neta.-l•'ollow U1e direction given under 
tertiary triangulation, paragraph 45. 

15. Base measurements.-Iu tJie base measurements such ap
paratus and methods should be used as to insure that the constant 
error does not exceed 1 part in 75000 nnd that the accidental er
rors are not greater tlmn that represented by a probable error 
of 1 part in 200000 In the length of the base. No difficulty will be 
encountered in keeping both classes of errors far within these 
limits, even when the base is over very rough ground, lf 1t ls 
measured twice with lnvur base tapes properly standardized. The 
required accuracy may he obtained by making the measurements 
with steel buse t.apes If the work is done ut night or on cloudy 
duys 11.lld provided the tapes have been wen standardized. All 
of the base tapes of this Survey are standardized nt the Bureau 
of Standurds. 

16. The wetbod of measurements, form of record, und of compu
tations ure given in paragraphs 47 to 55. Base measurements with 
tapes are described In some detail in the following publications 
of this Sm·vey: Appendixes 8, Ueport of 1893, 3 of 1901. 4 of 1907, 
4 of 1910, and Special Publication No. :19. 

17. Horizontal angle measurement-Standard of accuracy.-In 
1;1,>lectlng the instmment to be used, the methods of observntlon, 
the signals to be used, anu the conditions under which to observe, 
proceed upon U1e assumption that what Is desired Is the maximum 
speed and minimum cost consistent with the requirement that the 
dosing error of a single triangle Jn the main scheme shall seldom 
exceed G Heconds and thnt the average closing error shall be be
tween 2 ancl 3 seconds. The observntlons connecting supplemen
tary statlons with the main scheme should be of this snme degree 
of accuntey. This standard of accuracy used Jn connection with 
other portions of these lnstl'Uctlons defining the necessary strength 
of tlgures, frequency of bases, nnd uccuracy of base meusure
ments, will, in geneml, ln~ure that the probable error of any base 
line (or line of precise trlaugnlutlon used as a base) as computed 
from nu adjacent base (or line of precise trlnngulutlou used as 
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u bUBe) is about 1 purt in 35 000 uull that the actual dlscrepaney 
l>etween such bases is alwnys le!ls tlmn 1 part in 10 000. 

18. Selection of instruments.-gltlier u dlrectlou or u repeating 
iustrwucnt muy be used in triu!1gulution of this class. In select· 
ing the size of Instrument to be usetl two opposing factors must 
be tuken into uccount. If small, light instruments ure used und 
lf sun und wind shields ure not ru;e<l, then the weight of the outtlt 
which It is necessary to take to u stution will be light, and the 
cost in time an<.l money to tru11sport the observing part-y und itt1 
outfit wlll not be large. On the other hand, the llirger and better 
the instrument, up to the llmit of the best theodolite available, tltt• 
more fully it ls protected from the sun an<l wind and the mort· 
stable the support provided for lt the smaller will be the number 
of observations necessary to secure the required degree -Of 
accuracy und the shorter wll1 be the observing period at the 
station. 

19. Observations in the main soheme ·with the direction instru
ment.-An 8-inch direction instrument (No. 140, for example), 
used on its own tripod and p1·otected from sun and wind simply 
by an umbrellu, will give the requlr<•ll nccm·ncy with ft'Olll 5 to 10 
measures, u direct and reverse reading being considered 1 me11.s
u1·eme11t. This Is the type of instrument recommended for RP<'· 

ondury trlnngulution. Five positions of the circle should be U!>ed, 
corresponding approximately to the following ren.dlngs 011 tllc 
Initial signal: No. l, 0° 1'; No. 2, 72° 3'; No. 3, 144° 5'; No. •1, 
216° 7'; No. 5, 288° 9'. 

The minimum number of meusurements shall be 5, 1 in each 
position, and the maximum uumhcr 10, 2 in ench position, un
less it sliull be found thnt under pn rt\<;ulur t•on<litlons encountered 
n larger number Is necessary LO io;et·urc tile t'<'quired !kg1·c0 of 
accuracy. The backward (o.ddlt!Yc) reading of the micrornP!cr 
only should be tulceu In each 11osition of each mlcroscopt>. .\.l 
least once n month n few special reulllngs both backwurd nud 
forward should be taken on various gmunatious of the circle 
to determine the run of euch mlcrometer and plucc<l in the i·ecor!l 
us u test for run. If the uveruge value of the run for l'lthel' 
micrometer is fouml to be greater than two divisions ( = 4 
>:e<:onds), tlie m,lcrometer should be mljusted for z·un. Under 
these condltlons und with the specified positions of the circle the 
l'Un wm be eliminated from the results with sufilcleut 11ccm•ac3• 
hy the process of taking means. For any other direction imitru
ment the system of positions to Ile th;ed must be selected with 
reference to the number 01' mell.<1Urements fouud to be necessary. 
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With nny dlreetion instl'ument when u broken series is observed 
the missing signals are to be observed later In connection with 
the chosen initiul, or with some other one, and only one, of the 
signals already observe1l in thut series. With this system of 
observing no local uujustment is necessary. Little time should 
be spent in wultlng for the douhtful signal to show. If it is 
not showing within, say, 1 minute when wanted, puss to the 
next. A saving of ttme ref'ults ft'orn observing many or ull of the 
signals in each series, provided there ure no long waits for siguuls 
to show, but not otherwise. Whm the elevations of the station~ 
differ greatly, it is necessu1·y to keep the horizontal uxis 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, relevellng should only be done 
between positions. <For form of recor1l, s<'c vur. 62.) 

Oorrections to dircdion.~ for inclination of the horizonta.1. aons of 
the dirrl'ffrm i118tn1me11t or fltco1lo/it1.1. 

I Jucliu~~· Vertical Correction 
tion oft ho unglo of to hori-
horlzontul tho line of zontul 

o.xls. collimatlon. dlrccllon. 

(i) 

--.. --1--
(Ii) (i l>lll Ii) 

10 20 o.oo 
20 20 0.12 
:w 20 O. li 

10 40 o. 12 
20 40 u. 2:1 
ao ·lll u. a;, 

HI h(J 0.17 
20 GO o. :15 
:JO 60 (I. 62 

--·-----

20. Observations in the main scheme with a repeating instru
ment.-A IO-ind1 Gambey reventlni.: theodolite, nsed on Its own 
tripod and protected from sun and wind simply by an umbrellu, 
wlll give tlw requirc1l accuracy wilh from ouc to two sets of 
obflervntions. Tllis is the type or repeating theodolite recom
mended for secondary trlangulution. A set of observations should 
consi;;t of six: repet.Hl<tllS of tlle uugle with the telesc:ope in the 
direct position and six repetitions of the explement of tlle 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 reco1·d the lnitlal reading. Point on 
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the left-hand object by lllOOns of the lower motion and then 
unclamp tho upper motion und point on the i•lght-hand object. 
Record the approximate reading of the circle. This completes 
the first repetition of the angle. Next loosen tbe lower motion 
and point nga1n ou the left-huud object, then unclamp the upper 
motion and polut uguiu on ihe right-baud object, and so on. A 
careful i·eading of the circlo must be ruude uud recorded after 
three repetitions of the nnglc nnd again after six re1>etitlom1. 
Next reverse the telescope about the horizontal llXis and by 
means of tile lower motlon repoint on the right-hand object. 
'.rhen loosen the upper motion anu point on the left-hand object. 
This constitutes one repetition of the explemeut of the ungle. 
After six repetitions of the explement the instrument should 
be back very nearly to the .inltial setting. '.rl1e circle should 
then ·be carefully read and recorded us before. (See sample 
record 1n i>at'. 65.) Slightly chuuge tile setting of the circle at 
the completlou of ea.ch set of obserwttiona 1md make an entirely 
independent rending for tbe initial of the next set. When two 
or more sets of observations a1·e mnde on the same angle fhe 
initial setting for encb set should cliffer by an amount approxi
mately equal to 180° divider{ by the number of sets. 11\Jr example, 
if an angle is to be measured with two sets of observations, t110 
inltlal settings should be about 00° npart; if with three seti;, 
60° upart, etc. If Aoine of the stntlons obser,'ed upon are much 
higher or lower than the station occupied, It Is necessary to k~ep 
the horizontal axis of the instrument. level, in order to avoid 
large and troublCRome error!'. (See tnhle above.) With any 
repeating theorlolite measure only tbe single angles between ndju
c:ent lines of the main scheme and the angle necessnry to close tl1e 
horizon. In the comparatively rure. case In which the failure -of 
adjnc<'nt slgnnls to show at the snm<' time iwevents carrying out 
this program, mnke as near 1m npprouch to It as poAslhle and then 
t11ke the remaining signals in nnotlwr series togethet' with some.__ 
one, unfl 011ly one, of tlie signals obse1Tecl 111 the tlrst serles, and 
meusnre in the new series only the single nuglcs betwl'en ncljnccnt 
~lgnnls and the angle necessary to close the horizon. With this 
i>chcme of observing, no local adjustment is necessary, except to 
distribute each lior!zou closure uniformly nmong the nngles mens
nred in tllat serles. If nn attempt is made to use 7-inch repenting 
theodolites o~ t.rlangulntlon of this cluss, it 10a.y be found nec
css1u·y to make tlu·ee sets of obsern1Uons n:;; defined nhoYe. (1!~01· 

a form of reC'ot·<l of oh>"erv1ttlons with :i repentln~ 1lwo1Jollh>, 
sef' pnr. 6f).) 
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.. 21. Observations on intersection stations.-An intersection ::;ta
lion is one which is not occupied und whose position ls determined 
uy obsernltiuns upon 1t from stations of the muin scheme, or 
from supplementary stations. If u direction theodolite ls used, 
one i;uch meusurement us ls outlined in pnrugruph 19 must be 
rnude on each llne to euch lntC'rsectlon station. A second such 
111ensu1·ement should be mude if this cun be done without mu
terlully delaying the progress of the work. Each series of obser
Yutlons on intersection stations with a dlrectlou Instrument Is to 
contain some one, and only one, line of the muln scheme (or u 

• line used in fixing the position of a supplementut·y station). If 
a repenting theodolite is used, the direction to euch intersection 
station Is to be fixed by measuring the ungle between it und u line 
of the muln scheme (or a line used in fixing the position of a 
supplementnry station) by one set of observntions consisting of 
three repetitions upon tl1e ungle with the telei;cope In the direct 
position and three repetitions upon Its explemeut with the telescope 
In the reverse position. No measures Introducing stutlon conditions 
1u·c to be mude on intersection stntlons. It Is i111portant with 
either fot•m of theodollte to hn \'C Hues to ench intersection stution 
from ut lenst three occupied stations In order to secure a check, 
but n possible intersection ::;t11tlon should not be neglected simply 
becnuse only two lines to it cnu be secured. 

22. Paraf!raph8 56 to 58 and G!I to 111 al1io apJJ/!f to i<ccxnulary 
trianf111latio11, and all pcrB(ms engaged on that work ·will OOfflfJl11 
·u:ith the directions !1ivc11. 

TERTIARY TRIANGULATION. 

28. Character of figures.-Tho main Rchcmo of the triangulation Hhall 
be made up of figures of from iour to seven points each, in which 
certain stations may ho leit unoccupied as indicated under paragraph 
25, "Strength of figures." It may be allowed in exceptional C'aBes to 
degenernt•.J lo single triangles with all angles observed whero othel'
wise tho cost and time would be excessive. On the other hand, th<>r<' 
must be no overlapping of figures, except that in a four-sided, cen
tral-point figure ·one of the diagonals of tho figure may be observed, 

-aml no cxce88 of observed lines beyond those necessary to secure 
a double determination of every length. Observationa over lines 
which will make the main scheme any more complicated than that 
defined above would practically be WaBted. The main scheme should 
be extended to within sight of all portions of the n!'(>a to be controlled 
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by Uio triangulation. lf it is necessary to 01·c;upy other sta.tione than 
those iu the main scheme in order to reach hy intersection cortain 
stations which must ho fixed to control hydrographic or topographic 
operations, c.onnect these additional occupied stations (which will be 
called supplementary stations) with tho roaiu scheme by tho simplest 
figures possible in which there is a. chock. Single triangles with a.II 
the angles measured will, in general, be· sufficient for the purpose. It 
frcquentJr happens that tertiary triangulation stops at a place from 
which it is probable that it will be extended at some fntnrc date--aa, 
for example, at the head of a bay or part way up a. river. In such a 
case it is deirimhle to stop on a lino rather than a point, and the last 
figure· should be quadrilateral with one point loft unoccnpied rather 
than a single triangle. 

24. ln the coast triangulation in the l'hilippine !elands tho stations 
are usually located near the coast and on off-lying islands or on t.he 
first foot.bills hack from tho coast. 

26. Strength of ftgures.-In the.main scheme of triangulation the 

value of the quantity R=(P-;Q)~ W.1.+~.o1.&n+6~n) for any. one 

figure must not in the selected best chain o[ triangles (call ii R1) exceocl 
50, nor in the eecond best (call it R2) exceed 150 in unit.a in the sixtl1 
place of logarithms. These are extreme limita never to be cxcoedcd. 
except when it is extremely difficult uruler existing conditions to kecp 
within them. Keep the quantitle2 R1 and R2 down to the limits 25 
and 80 for the best and second best chains, respectively, whenever tl1e 
estimated tot.a.I cost doea not exceed that for the chain barely within 
t11e extreme limits hy more than 25 per cent. The values of .R may bo 
readily obtained by use of the "Table for determining relative strength 
of figures." (See paragraphs 26 anc\ 27 for tllis tablo and explanation 
of formula for R.) One station in each ngure nuiy be left unoccupied 
whenever to do so does not increlll:!e the, values of R beyonrl the spocifierl 
limits. In a figure in which all sta.tions aro occupied, if any inter
ruption (as, for example, tlw failure of a signal to ehow) makes it proh
a.ble that such a. procedure would s.·we considemble time, certain lines 
not exceeding three IDJtY be observed over in one direction only. ':tli 
emch a cMo R1 and R2 shall he computed aa if one out.'lido station of th~ 
figure had been left UI10CCUpiod, and the value BO computed roust not 
exceed the specified limits. For no triangle used in connecting n 
lllppleroent.ary station with the main scheme should the value of R he 
greater than 50. 
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26. Table tor determining relative strength of 11.gures in tri
angulation.-

Iii 
47 43 

G8 fi9 li3 48 43 40 33 
60 52 4U 41 3, 33 27 23 
54 47 41 36 3 2Q 23 lU 16 
50 43 37 32 2 25 20 16 13 ]] 

23 18 14 11 8 
21 16 12 10 7 6 
19 14 11 9 6 4 4 
18 13 10 7 6 4 3 2 

38 32 27 23 g 7 4 3 2 2 
37 30 25 21 8 6 4 3 2 2 1 1 
3B 2'J 24 20 7 5 4 3 2 1 1 0 0 
34 28 23 19 7 6 2 2 l l 0 0 0 

6 4 3 2 1 I 0 0 0 

6 4 2 0 0 0 
6 4 3 2 0 0 
5 4 2 2 0 
/j 3 2 2 1 

Ii a 2 2 1 I 
Ii 3 2 2 l 
5 4 3 21 
/j 4 3 

JO 7/ /j 

10 8, 6 
11 gi 
13 

I 
I 

I 

27. In the table above the values tabulated are li..1.~+li..1.li8+082• 
The unit is one in the sixth pince of logarithms. The two argu
ments of the table are the distance angles In degrees. the smullP1' 
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distance angle being given ut the to1i ol the table. Tlie distnute 
nngles are the angle!> In eucll triangle opposite the kuown side and 
tho sido required. oA and lia aro the logarithmic eino differences 
corrcsponuing to one second for the <listauce angles A nn<l B of a 
tlinnglc. 

1'8. Tlw 8(]Uure of the 1n·obahlP error of the lo~uritlm1 of 11 side 

of 11. triangle is } (d2) D IJ C ~ [li2 A +li.1.08 +02
8 ] in which d is the 

probnblE" error of 1111 ohserve<l 11irect1011, ]) ls the number of direc
tions observed 111 a flgurE", nrnl (,' I~ the number of condltlons to 
be sntlsftcd in the fii::nre. (Se<> Wright nm! Hnyford's Adjmit
mcnts of Obsen'utlorn;, 2<1 ed., pp. 168 and 169.) Tile surnmntion 
indlcnted by l: Is.; to he taken for the trlnngles used in computing 
the vnlue of th\! f'hfo In question from the side supposed to be 
:il>solutely known. 

D-0 
29. In the above formula the two terms -- j) ruid ::!: (o2 A +li.1.on+o'nJ 

ll<'pc1Hl entire!~: upu11 the fl~ures chosen 11nu nre inuepemlent of 
the nctm·ac~· with which the ani;:les nrc mensurecl. The product 
of t bese two tcl'ms Is therefore n me11surc of the st1·e11gtll of the 
figure with rPs11ect to length, in so fur ns the strength depends 
npon the selections of stntlons nnd of lines to he observed ovel'. 
Tlie i-;t l'ength tnblc is !hcrl'fore to he used, 111 connection with the 

values of ~g_ given hereafter, to decide <luring the progress of 

t Ile reconnolssuncc which of the two or more possible figure<! is 
the strongest, and to determine whether 11 sufficlentiy strong 
.scllrme J111s hee11 obtuined to ruulre It inudvli:.nble to spend more 
time In reconnoissauce. 

30. To compurc two nlternntlve figures, either quudrilateruls or 
<01mtml point figul'cs for exnmple, with each other In so fur ns the 
strength with which the leni,,'111 is curried is concerne(i, proceed us 
follows: 

(a) For each figure take out the distance angles, to the nearest 
li<'gree If posslhle, for the best nn<l second best cllulns of trlnngleR 
tbrongh the figure. These chains are to be Relected ut llrst by 
estimntion, nnd tlle Pstlruute Is to bE" checked Inter by the resultR 
of compurlson. 

(li) I<'or euch trlnngle in ench chniu eutel' Uie tuble with the 
distance angles as the two arguments nnd tnlrn out the tnbulur 
vnlue. 

( c) For e>nl'li chuln, the be,;t nm! second best, through each 
figure, talre tl1t• ;;11m of tl11> t11hnl11r ''11lues. 
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(J) ?.rultiply each ~um by the factor !!:;;-(,' for that figure. The 

quuntity so obtained, namely, DD C 2: [o~A +0408+0~8), will for con-

1·e11ience, he cnll('d R, nn<l U, for tll<' best uni! :,;econd lJest chulru;, 
l'eb1Jecti ve ly. 

( c). The Rtrength of the lig-ure i,; dependent mu inly upon thC' 
strength of the best d111in through it, llence the snmller R,, thP 
~renter the streng~h uf the Hgure. 'l'he secund best chniu con
tribute.'! somewhat t1J Uw total strength, ull!l the other weaker 
and progressively lel:!s imlepPJ11.leut clrnlm; contribnte still Hmuller 
amount~. In decldlni; 1Jetwee11 figures they Rllonld be classed 
acC'.ording to their best chaini;. 11ules,.; 1;ald best chulus ure very 
nearly of equal stt•engtb and tlieir Hecond best chains differ greatly. 

D-·C 
81. Some values of the quantity Ji · .· -

The starting line iR Hnppos.-<l to I.c 1·ompld1·l~· fix<-<l. 

For a singlo triangle, 
4 ~ 1=0.7fi. 

For a completed quadrilal.!!ral, 
10

1
;:2 =0.GO. 

For a qua<lrilateml with 01w ~.itjo11 on t.lw fixed line un<1<·cnpied, 
8-'' 
il:'.=0.75. 

For a quadrilateml wit.It 0111~ ~tat.ion not. on th<' fixr•<I Ji111• unoc<'u
. 7-2 

pied, -7-=0.71. 

For a three-sided, <'entrnl poi11t figure, -1.~~ 4 =0.GO. 
For a thr(·e-8ided, centml point figure with one 1<ta1irm on tlte fix!'<l 

8-? 
Jinn unoccupied, s.:-=0.7.~. 

For a three-Hi<l<«I. <'entral point figu· .. , •'J;~l· n1w :<tut.ion not. on the 

fix•><l line unoc<~11pi<'<l, 7 ~~=0.71. 
. 1 . ti H-5 For a fo11r-s1<le<l, centm pomt gure, 14=0.ti4. 

For a fonr-sidecl, central poin1 figure• ,·.-ith "111• •·orn1·r Rtation on the 

). . I 12-:~ o~-
fixc•d me unoccupIC! , -jz· · = .1'>. 

F•>r a four-sidc..-<l, <·P111ral poi11t /ig1m· with 01w comer station not on 
]J-:\ 

the fixed Iiue unot·<·upied. · 11· =0.7:>. 
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For a four-Bided, central point figure with the contra! station not on 

I 1. . l 10 - 2 0 8 the fix0c me unoccupiel , --i0--= . 0. 

For a four-sided, ccntnd point figure with t Ito c1Jutml station not on 
12-4 

th•· tixL~l line unoccupied and one diagonal observed, -
1
2=0.67. 

I, fi '<l rl I . J' 18 -G 0 67 •ni· n. 1vc-BI e , centra point 1gure, is= .. 

For a live-sided, central.point liguro ,dth n station on n fixod outside 

I. . I IG-4 0 . 
In<' llllOCCUple( ' --·n;·= .7;1. 

For >t flvc-ai<lccl, c:cnlml poiut ligure witl1. :rn out>ii1lo ~t.ation not ou 

I t· l l' . I JG-·i o 73 t 1(' rxe< mo uno1!r.npw1 , --15---= . . 

!"or a fivo-sidt,'<l, cent.ml poiut Jigure with tho central st.<itiou. not on 
. . . ]3-2 -

the fixed lme unoceupic<l, -T:f' =0.8;J, 

2')·-i 
Fnr >\ six-Aidecl, c'.entral point fi~ure, · ; 2-=0.68. 

l~nr a six~<rlded, ceutml point figure with 0110 outsicle Atation on the 
. . . 20-fi --

fix<'<l Imo unoccupwd, 20 -=0.1 '" 

For n six-sided, •~cntm! poir1t figure with 0110 outsid(! st.-ition not ou 

' l }' • .I HJ-!) ~ u,,, hXC( me UUOCCIU>Hlu., ·-nr· =0.1_4. 

J<'.,r :\ i<ix-Hidccl, central point 1igure with the <"cntral stntion not on 

I . I 1· 'c<l rn-2 88 I '" Jrxc< 1110 uuoccup1 , -W""'O, . 

For a four-Ridwl, contra! point figure wit.hon<> cliagonal 1\lHO obaerved, 
l!i--7 

w-=0.56. 

For a four-»i<ie<l, centml point fignro with 0110 <liugo1ml also ob!lflrvoo, 

. 1 I . I fi --1 1· 'cd 12 - 4 
wtth t 1e eentm Htatum not 1111t1e Xl'U iuc unoccup1 •12 =0.67. 

S2. Examples of various triangulation. figures.-The following 
fourteen til{Ures ure given to illustrate some of the principles in
rnlved in the i-:el<'etlou of the strong figures 1md to lllustrnte the 
\ll';e of tl1e Strength '.!.'able. 

83. In every lig-urP the line whleh IH 1o;11pposed to be fixed in 
length, und the line of whld1 the length ls required, nre repre
~entoo by henvy lines. Either of these two hcnvy llnes may be 

1 :lOZi"-21--~ 
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considered to be the fixed line und the other the required line. 
Opposite each llgure H, uml Rz, as given by the Strength Tnble, 
arc shown. The smaller the value of R, the greater the strength 
of the figure. Ro need not be considered in comparing two figun•s 
unless the two values of R, are equal, or nearly so. 

34. Compure figs. 1, 2, a1ul 3. Fig. 1 is a square quadrilnteml: 
Ilg. 2 h; a rectangular quadrllatl'rnl, which Is one-half us long in 
the dll·ection ·of prog1·ess as it is wide; fig. 3 is a rectangular 
quadrilateral twice as long in the direction of progress as It b 
wide. The comparison of the n1lues of R, in figs. 1 and 2 shows 
that shorte11l11g a rectangulur quad1·lluteral in the direction of 
progress h1c1·eases its strength. A comparison of figs. 1 and B 
!!how;; that extending a rectangular quudriluterul in the direction 
11f progreHs weakens it. 

35. Flg. 4, lllw fig. 2, ls short ln the dlrectlou of progress. !';ueh 
short quadrilaterals are in general very strong, even though bu<lly 
distorted from the rectangular shape, but they are not economical 
as progress with them ls slow. 

36. l~ig. 5 is !Jadly distorted from n rectangular shape, hut is 
stlll a moderately strong figure. The best pair of triangles for 
c~arrylng the length through thls figure are D S R and R S l'. As 
a .rule, one diagonal of the quudrllaterul ls common to the two 
triangles forming the best pair, and the other <liugonal is co1umon 
to the second best pair. In the unusual cuse illustrate1l In fig. 5 u 
side line of the quadrlluteral 11:1 common to the SP.cornl !Jest pnir 
of triangles. 

37. Fig. G Is un example of a qundrilatei·nl so much <·lougatetl, 
and therefore so weak, that it Is not ullowuble in any cluss 01· 

trlangula tlon. 
38. Fig. 7 is the regular three-sille<l, central-point fignrP. It h~ 

extremely strong. 
39. Fig. 8 Is Ill<' rc>gnlnr fonr·Hlde<l, <:entrnl-pnlnt figure. It is 

very much weaker thnn fig. 1, the corresponding quudrlluterul. 
40. l•'lg. !) Is the 1·egulur flve-slde!l, central-point flff"Ure. Note 

that it is much weaker than any of the qundrilateruls shown in 
tlgs. 1, 2, or 4. 

41. Fig. 10 is ll goo<l 1•x11mplP of 11 strong, quick expansion from 
n base. The expansion is in the ratio of 1 to 2. 

42. Fig;;. 11 aud 12 ure given us u suggestion of the munner in 
wlllch, in seron11nry :rnd tertiary trinngulution, n point (A), dif
ficult or impossible to occupy, mny be used ui-; u concluded point 
common to severnl figures. 
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Fir;. 1.-All "tntions occupied. 

~nine, any out> at.ntion 
llOf OC'CUpfed. 

l•'ro. 2. ·--All •tat Ion" occupied. 

~nmr, nny on•• ~tntlon not O<'cupled. 

1•'10. a.--- Ali ~tntlons occupied. 

Saine one stn tlon on 
tlxed 11ue not occupied 

19 

Ri-6 
n,.-r. 
n,~11 
H.=G 

n,-2!! 
U2=22 

n,~21 
R.=27 



p 

s 
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~·,,. U.-All stntlons occupJe<l. 

45 

45 

lh=lG·l (approx.) 
ll,=liG (a1_1prox.) 

Flo. 7.--All ~t..utlon" OC· H1= :! 
•·npit~. lt.=12 

One out11lde Rtn- R,- a 
lion, 011 fixed llue, H~=l!) 
uot occupied. 

FIG. R.-All stations U<'Cll- R,,=lll 
p1 .. ,1. u-1s 

45 
45 

Hamc, otH.~ corner H1z:a=16 
•tntlon not occupied. It,.-16 

Rnme, <'l•ntrn\ stn- R,,=17 
t 'ou not occupied. 1'9~17 
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!•'IO. !J.--All stations lt1=10 
occupied. lt2 =1rl 

Suu1e, nn~· onP H1= 1 J 
out~idc stntion H::==lH 
not uecu1ile<I. 

~n11u•, .:·t~ntral H1 =1:~ 
:-:ttL1io11 not 111'- H::'""-'" l!J 
1·npl<·<I. 

Frn. 10.-All stntlou" H 1~:i 
OC<'ll(lif><l. lt,=!i 

IJ- C. }:~-W=n. ·13 
J) 28 

A 
---~~ .--,,,;.T 

Y'/~ 
o/ 

FIG. 11.-Gnoccupicu stnl Ion H 1=~ ;it; 
not on flx!'d line. H:=• 1 n~ 
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3 

FH:, 12.-Unoccupled stat.I on 
nt lnterS<'ctlon of ftxoo 
lino and line to be de
termine<!. 

Fw. 13.-All xtutJons occupied. 

(A slroni.: nnd quick 
expansion figure.) 

23 



24 GENERAL INl:i'I'RUCTIONS FOH FIELD WORK. 

63 

F'ro. 14.-Ci>ntrnl hlatlon not R,.=18 
occupied. U.-=2·1 

43. Length of lines.-'l'he lower limit of lei1gth of line is fixed 
by two consluerntions. On very short Hues It ls difficult to get 
observations of the degree of accuracy necessary to close the 
triangles within the requil'e<I limit. '.l'fJey n~quire extreme ciiutlon 
in centering an!l plumbing siguals so thut nil eccentricity due to 
these causes may be avoided. , Very short lines ure apt to be 
uccompanleu, though not necessarily so, by poor geometric .con
ditions ns expressed by large vtiluex of R. The extreme lower 
limit flxeu by the~e two conslucratlons should be avoided. '!'hem 
Is no udvuntage in so far as nccurucy is concerned in using ver~· 
long lines. Long lines ure apt to introduce delays, due to slgnuls 
not being Yisible. With long lines supplementary stations to reach 
required points in all portions of tbe urea covered are much 
more apt to be IJeeded thnn with short Ilnes. Therefore endeavol' 
In laying out the main scheme to use the economic length of line-
that Is, endeuvol' to use in each region lines of such lengths as to 
muke the total cost of reconnolssunce, signal building, trltinguln
tlon, nnd base measurement u minimum for the urea to be covered, 
imbject to the limitations stutPtl in these lnstrnctiomi. 

44. Frequency of bases.-If the churacter of the country Is such 
tbnt u lmse site cun be found near :my tlPslretl locution, l:R1 
between base lines, or between 11 base line und a line of precise 
or secondary triangulation used us 11 bnse, shoultl be made nbout 
ISO. 'l'hls will be found to correspond to n clwln of from 10 to 35 
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trla11gles, 11cl-01·uiug to the strength of the ligures secured. \Vith 
strong Jlgures but few base ·11nes wllJ be needed, ruid n correspond
ing saving will be 11111.rle on this purt of the wo1•k. If topographic 
c:onditions muke it di!Hcult to secure u base site ut the desired 
locution, -:tu, nuty he allowed to UPIJroach but not exceed 200. 
There will be dunger when this ls done thnt nn Intervening bmi~ 
will be necessury, for the reason stated In the next sentenc1'. 
If in uny case the discrepancy between adjacent buses (either 
measured bnses or lines of precise or secondary trlangulntion 
used as lmses) is found to exceed one part In 5000, nn Intervening 
ba::ie must be measured or the Intervening trlungulatlon strength
ened. 

45. Base sites and base nets.-A base may be measured O\'er 
rough ground and steep slopes wlth steel or invnr tapes with t11i> 

degree of accuracy specified In the following parng-raph. Smooth. 
level ground is a convenience, but not IL necessity, for bnse mens
urement of this grade of accumcy, There should be no hesitancy 
In plucing the base on rough ground If by so doing the i;eometrlc 
<~onditlons iu the base net nre imp1•ovml-'-th11t Is, values- ·Of H 
made 8maller. 'l'he length of u base is to be determined primarily 
hy the deslrablllty of s«.'Curlng smull values of ll in the bnse 1wt. 
The longer the base the easier It wilJ be found to secure· small 
vulues of R, and the smalleJ.'. the vnlueR of R the longer the chain 
of triangles through which the Ienv;ths mny be ca1Tled before nn
other base become!! necessury. '.l'he bnse nJt shall consist of n 
tlgure or figures of the same chnructer nnd subject to the i:;ume 
conditions us to strength as tl1e main scheme previously described. 
If the net is made up of. two or more flgurt.>s they may o\'erlup in 
space, but there i:;hould be no ovel'lo.pplng of figures in the scnS<• 
of the (!X}i;tence of observed lines which tio together the separate 
figures. 'Ilrok<!n bases arc permissible wh<>n found advant11geous. 

46. Base measurements.-Iu buse measurements select apparatus 
and methods which !n1:1ure tlmt the constant error does not exceed 
one purt 1n 30 000, und tllnt the uccldentnl en•ors nre not greater 
than that represented by a prolmule error of one port in 100 000, 
In the lenJ.,rt:h of the bnf!e. No difficulty wlll be encountered in 
keeping both classes of errors within these llmits, even If the 
measurement il:I over very rough groulld unu steep slopes, pro
vided thnt the vertical measureuwnts on steep slopes nre madl' 
with wfficlent uccurncy, that two measurements are mnde of encl1 
Aeetlon of the lmse with 50-meter steel or lnvur tapes, and that 
the. ta pea have hren pr(lperly stnndurcllzed. '1'he tape should be 
used on the field under the snlllP. conditions as to tension nn<l 
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number of supports that obtained du1'ing tlw stundardl.zatlon. 
After the measurement of a base or 11 series of buses the tape 
shoulcl, if Jll'llctlcuble, be returned to tlle oifice for restnnnar!llzn
tlon. 

47. Meu8urements made with stePI taJ)es ill dnyligbt, pnrt!cn
lurly Ill sunlight, are subject to com;tunt errors In the determlnn
tion of the tempPruh1re by mercurial thermometera. These 1>rrors 
muy exce<•d 3° C. and Ilrodnce a constant error In length as great 
as one pat·t In 30 ()(M): therefore preferem~e should be given to 
overcast dars when pructlcuble, or to measures at night. 

48. B11Hes wlll In .:::enernl be memrnred by steel or lnvar tupt>s 
suspended from stakes. The tape lengths may be marked on tlw 
tops of the st:1 kes by murks on copJ)er strips or zinc plates; a 
i){)-meter tu)le ;:hould he suJ)ported nt 25-meter or 12.5-nwter lnter
rnl>1, the sup)lort (<·onymiently u null 1n tbe i:;l!le of a stnkP) helng 
In line vertically nnd borlzontnlly between the end supports. The 
snmller interval should be used whenever the wind IB tronhlesomP. 
Tlw base tapes are usually standardized while being- supported at 
eu<'h of these lnter\'nls. When the topogrnph~· ls sneh ns to n!
qulre high end supports, the Intermediate Fmpport ma~· bP pluced 
nhove (nPver below) the grn1le of the end supports 11ml each half 
of the tape corrected for grnde. Two thermometers should he 
USl'd, fnstPnell to the t11pe towurrl clthC'r encl. The t11pe should ht! 
c111-rled clear of the ground. Two mPasm·<>mPnts of n haSP should 
usnull~· imfficc. Ret hncks nnd set forwnrds mn:v be made with a 
quarter-meter scale and dh·lders, and where the lengths rnn otr 
the stultes, wlth a pocket tnpe having proper imbO!vislonR A tell
slon of 15 kilograms should he npplied with a i;prlng lmhmc•e 
nttnched to the forwnrd 1~nd of the tape. It If.' prefPmhle to Ui<P 

11 complete tnpe-Rtretchlng outfit, nH de!'Wrilwrl and Rhown In llln~

trntlons in Appendix '!, R1>port for 1910, hut a simple stnft' may he 
used ut each c•nrl of the tape. Strips of signnl muslin nre Rutls
fnctor~' Jn fastening the tllp!l to the Rtnffs. The use of hard twlnP 
or rope fOJ" that purpose tends to twist the tape. 

49. 'fhe spring balance uRe{l in the hnse nwnRurement Rhould lw 
verified before and after the measurement by comparison with a 
RJ)are or standard spring bnlance, or with a standard te~tlng 

weight furnished for that purpose. 
50. The base nwasnrements may be recorded In " Ho1·izontal 

nngle" reeorct hooks h~' changing the headings or In the" Traverse 
measurements " record book (Form 500). A duplicate of tbe 
base measurement record should be made on computing paper. 
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and at Inched to the List of Direction<>. EHeh record of hase mens-
11remcnt :;hould be preccde<l h;,· a descrlpt.lon ot' the meu1<11rement 
showing what tnpp,;; were used, thdr lengths, copfficlents of PX· 

Jlanslon, method of ~upport, number of ~mpports, the tension up
llil<'d. how the thermometers were trne<l, and all lnformut!on necrs
sury to u clcnr uuderstaudlug of the measm·cnH~nt. 

51. Form for record of base measuremcn t.-

------
T11er1nomt'1 ers. 

From To 8tnko flot Hot 
stako !'o;o. No. backs. forwnrds. 

2183. ~l\I. 

--- --- ·------. -----
0 c. (.', Jft·ler•. .lft:lrr.'f. 

NJ<:. be.se 176 5.0 4.9 : 
176 176 4. 7 s.o I 
175 174 4. Q 5.3 i 0.0121 

I_ 
--· -·--------- --

Jll'~lAHKH, 

Time of beginning: 9h. 5m. p. m. 
Degan at "N"E. baso station mark. 
Backward meaHurc. 

I 
i 

·1 
I 

I 

Fifteen kilograms tension applied with Apring ba.Ianco No. 170. " 
Tape No. 403 on thrco supports. 
Ilulanco tested and found correct. 
Wind. moderate, NW., nt right angles to lia.se. 

Under tho column o[ rom:l.l'ka give also the names of tho pel'Aons 
recording and making tho forward and rear contadR. 

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

0t<,50m.=50m.+8.32 mm.+0.5G8 mm. (1-J-l 0 .51i C.) 
:l: .039 mm.± .003 mm. 

Twenty tape kngths; mean <·orreetC'd tC'mpel':.\tllr<• 15'' .58 C. 

20 (i;o m.+8.32 mm.)=20 (50.00!l32)= ............ __ ..... _ 
Tempemturc corr0etion: 20 (15.5R- H.5G) (OJiG8 mm.)= .. + 
Sot forwur<ls, sum .......... - - . - .. - - - ... - - - . - ... - .. - - .... + 
Set backs, sum ............ - . - - - . - - - - - - .. - - . - - - - -.. - . - ... -
Inclination corrections (sco tablr., par. 55) Rnm •..•...... _. -
I,cngth of base ... _ . _ . ____ . - .. - .. - . - - ............. - .. - - . 

a 'I'o ho ontornd on rlgl1t-hnnd pngr. 

Motors. 

1000.1664 
.0116 
. 0133 
.0060 
. 2283 

!)99. f}570 
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63. In case the standard length is given for a t.a.pe supported through
out it.a length, the catenary correction C' is to be applied to each span 
of tape, ns follows: 

('= - l n~:)· ~/3 
'.!-!\ t 

Where W=weight in grams per mett•r of tt1pe (2! .G grams ior ~tt><>l 

tnpe in use, 25 to 27 grams for invar tapes). 
!=horizontal tension in gramf!= 15000 gram~ in g('lWT:\l. 

l=ll'ngth of span in metC'I'::!. 
54. The following publications of this Survey deal with tape nwa~

urements: Appendix 7, Report for 1893; Appendix 3, Report for WOl; 
Appendix 4, Report for 1907; Appendix 4, Report for 1910; 81wcial 
Publications Nos. 19 and 58. 

65. Inclination correction tables for 26-meter tape lengths.-1 'om•t·
tion for :inclination= -(l--v'l2-li2) where l is inclined distance and 
It is difference of height. For l=25 meters and h in feet, the corrc•e
tion for inclination=-. 00186 h2

-. 000000069 hf- . . . . . The sc<'
ond term may bo neglected for differences of height of 5 feet or Jes~. 

For 50-metcr spans take one-half tho correction given in the ublc. 
For instance, for a span of 50 meters and a difference in elevation of 
the two ends of the span of 2 feet (0.6096 mot.er), the corl'ection iii 
0.0037 meter. 
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D!flerenoo In I Correc- I Dlfiorenro In l C<rrec- \I DUieronro In Corroc-
olovatlon. tion. i olovntlon. tio11. I elevntlon. tion. 

! ,. 
' 

Foot. J.fuer. ;l{etn. I l<'oat. • \{eter. Jfel<'r . Feet. .1leter. ,\£,.ter. I 
o.oo 0.0000 -0.0000 

I 
o.60 0.1624 -0.0005 1.00 0.3048 -0.00IQ 

.01 .0030 0 .51 .1651 5 .01 .ao;s 19 

.02 .0061 0 .ii2 .l.585 5 .02 .3109 10 

.03 .00\ll 0 .53 .1615 5 .03 .3139 20 

.04 .0122 0 i .54 .1646 5 .01 .3170 20 

.05 .0102 0 

I 
,r,5 .1676 0 .05 i -3200 20 

-06 .0183 0 .SU .1707 6 .00 .3231 21 
.07 .0213 0 .5'/ .1737 6 .01 -3261 21 
.os .02d4 0 .58 .1768 6 .08 -3292 22 
.09 .0274 0 ,59 .1798 6 .og .3322 22 

0.10 o.0305 0 ().ijO 0.1829 7 1.10 0.3353 22 
.11 .0335 0 .61 .1859 7 11 .3383 23 
.12 .0366 0 .62 .1890 7 12 -3414 23 
.13 .03{)0 0 .()3 .1920 7 .13 .3444 24 
.11 .0427 0 . 64 . 1Q51 8 .14 .3475 24 

.15 .0457 0 .05 .1981 8 .Iii .3505 25 

.16 .0488 0 .66 I .2012 8 .ltl .3030 25 

.11 .0518 1 .67 .2042 8 .17 .35r,6 25 

.1s .0549 l .68 .2073 9 .18 .3597 2fi 
, 19 .0579 1 .09 .2103 9 . JV -3ti27 2~ 

11.20 0.0610 l O. iO 0.2134 9 1.20 o. 3tl58 2i 
.21 .06-10 1 • 71 .2Ul4 g .21 .3088 27 
.22 .0671 1 . 72 .2195 10 .22 .31rn 28 
.2.1 .0701 1 .73 .2225 10 .23 .3749 2H 
.21 .0732 1 I 

. 74 .2256 10 . 24 .3780 29 

.25 .0762 1 

I 
. 7.~ ,2'l8(j 10 .25 .3SIO 2{) 

.za .0792 l . 76 .2316 11 .26 .38l0 2\J 

. 27 .0823 l . 77 .2317 11 I .27 .3871 30 

.28 .()853 l • 78 .2377 11 .28 .3\JOI 31 

.:Ill .0884 2 . 7~ .2408 12 .20 -3032 31 

0.30 0.0914 2 0.80 0.2438 12 1.30 0.3062 31 
.11 .()\)45 2 .81 .2469 12 .:n .30'J3 32 
.32 .0975 2 .82 .2409 12 .32 .41):!:! 32 
.33 .1006 2 .S:l .2530 13 .33 ,4054 33 
.34 .1036 2 .S4 .256() 13 . 34 . 4n•1 33 

.35 .1007 2 .S.'i . 2591 13 .3.'l .4115 :!1 

.36 .1007 2 -~6 . 2G2l .14 .36 .11-15 31 

.J7 .1128 3 .87 .2li52 14 . ~{i . 4176 35 

.38 .1158 3 -~8 .20S2 14 .38 . 4206 35 

.19 . usu 3 ,,'l) .2713 15 .3\l .4237 36 

h.~o O. J2lll 3 o. oo 0.2i43 I 15 J.40 0.·1~67 36 
.11 .1250 3 . Vl .277~ 15 . 41 . 42r.ll 3i 
.42 .1280 3 .92 :~~I 16 .42 . 432-~ 37 
. 43 -1311 3 .93 16 .l:l .4359 3~ 
. 44 .1341 4 .Q-1 .2".llfi I 16 .1-1 .43S9 3g 

.45 .1372 4 .1)5 .2~61 17 .15 .4420 30 

.46 .1402 4 .96 • 2\)2ij 17 .-10 .4450 40 

. 47 ,1433 4 .01 • 2l157 18 .-17 .4481 40 

. fS .1463 4 .us .:l\l87 18 .-18 .4611 41 

.(g ,1494 4 , . oo .3018 111 . .40 .(542 41 
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'I 

I 
/I Dlf?erenco In Corroc- Difference In i Carree- Dlff~rence In 

nlovntlon. tton. elorntlo11. tion. 1! ~lovnllon. 

·---'i ' 

I 
Fut. Meter. Jfrter. Feet. ,lfcter. Meter. Feet. Jfcttr. 

1.50 0.4572 -0.0042 2.00 o.0096 -0.0074 2.50 0. 7020 
.51 .4002 43 .01 .6126 75 . 51 .7650 
.52 .4633 43 .02 .6157 76 .52 . 7681 
.53 .46fi3 44 ,03 .6!87 70 .03 . 7711 
. 54 .4694 44 . 0.1 .6218 77 .54 .7742 

.55 .4724 45 .05 .624~ 78 .55 . 7772 

.50 .4755 46 .06 .6279 79 .5ti • 7803 

. 57 .4785 46 .07 .6309 80 .57 • 71133 
.58 .48Hl 47 .08 .0340 80 .58 .7804 
.59 .4846 47 .09 .6370 81 .59 .7894 

I 

l.(l() 0.4877 48 2.10 0.0401 82 2.GO o. 7925 
. 01 .4907 48 .11 .6431 83 .GI .7955 
.G2 .4038 ·19 .12 .6402 8-1 .li2 . 7980 
.G.1 .4008 50 .13 .0492 81 .03 .8016 
.G4 .4999 50 .14 .6523 85 .64 .8047 

.ti5 .5029 51 .15 . Oli53 86 O' . " .8077 

.00 .5()(i0 52 .10 .6584 87 . 00 .8108 

.07 .Ii{)()() 52 .17 .0014 88 .G7 .8138 

.68 .r.121 li3 .18 .(1645 88 .68 .8rn9 

.69 .5151 53 .111 . 6H75 80 .69 .8199 

1. 70 0.5182 54 2.20 ! 0.6700 llO 2. 70 0.8230 
.71 .5212 55 .21 .U73fi 91 . 71 .8200 
• 72 .52-13 55 .22 .0767 92 .72 .8291 
. 73 .li273 56 . 2:l .6797 02 . 73 .8321 
. 71 . 5:l0.1 56 . 2.1 . ll828 113 .74 .8352 

. 75 .5334 57 .25 .usr.s 114 

I 

. 75 .8382 
. 7G .53G1 .'i8 • 211 .6888 (15 • 76 .8!12 
. 77 .5395 ,;g .27 .G91U YG • 77 .8443 
. 78 .&125 5H .28 .G\140 OG . 78 .8473 
. 79 .5·156 .';0 ,29 .ti980 117 • 79 ,8504 

1.80 0.5486 tiO i 2.30 0.7010 118 2.80 0.8534 
• 81 .5517 01 .31 . 7fl.ll 9<J I . 81 .8h65 
.82 . 5547 01 .:J2 . 7071 100 .82 .8li95 
,83 .5578 li2 .:~1 . 7102 101 ,83 .8G2U I 
.81 .5008 G3 .34 . 7132 102 .84 .8056 

I 

.s5 I .5G39 04 .35 . 71!i:l 103 .85 .8687 

.8ll I .5ll!i9 (J.j .3G . 71!J3 103 .86 .8717 

.87 . .'i700 li5 .~7 • 72!14 10-1 .87 .8748 

.88 .5730 (;() .as .7254 105 .SS .8778 

.s9 I .57Gl !>ti .:JO . 7285 106 .~9 .8809 

1. oo I 0.57UI IJ7 2. •IO o. 7315 107 2.00 0.8839 
. 91 .5822 ll8 .41 . 734ll 108 . 91 .8870 
.92 .5852 u8 .42 . 7376 !(Y.) .112 .8000 
. 93 .58&l li9 .43 . 7407 110 .93 .8931 
.!)t .5913 70 ,.g . 7437 lll .11.j .8001 

.95 .5944 71 .45 .74G8 112 .95 .8092 

.96 .5974 71 .11; . 7498 112 .9G .0022 

.97 .6005 72 .47 • 75211 ll3 .U7 ,9053 

.98 .0035 73 .48 .7559 114 .98 .0083 

. 99 .6066 73 .40 • 7590 115 .99 .9114 ' 

Co ITCC-
tlon. 

J.(eter 
-0.01 

1 
1 
I 
1 

I 
J 
1 
1 
l 

I 
1 
1 
1 
1 

1 
l 
1 
1 

lG 
17 
18 
19 
20 

21 
2'2 
2J 
24 
25 

26 
27 
28 
29 
30 

31 
31 
32 
33 
34 1 

1 
1 
1 
1 
1 

1 
1 

35 
30 
37 
38 
39 

1 

41 
42 
43 
44 
45 

I 
1 

1 4G 
47 
48 
49 
50 

1 
1 
1 
I 

1 
1 
1 
1 
1 

1 
1 
l 

51 
52 
63 
54 
65 

56 
67 
58 
59 
00 

1 
1 

1 
1 
62 
63 
64 
Oli 
f,(j 

1 
1 
1 



--
Dl1Joronoo in 

elovation. 

eet. Meters. 
~.()() 0.9144 
• OJ .9174 
.02 .9205 
.03 .9235 
.04 .9266 

.05 . 9'l96 

.00 . 9327 

.07 .9357 

.08 .9388 

.09 .9418 

3.10 0.9449 
. 11 .9479 
.12 .9510 
.13 .9540 
.14 .9571 

.15 .0001 

.16 .9632 

.17 .9662 

.18 .96U3 

.19 .9723 

3.20 0.9754 
. 21 .9784 
.22 . 9815 
.23 .9845 
. 24 .9876 

. 25 .9906 
.26 .0036 
. 27 .1!967 
. 28 . 9997 
.29 1.0028 

3.30 
I. 0058 J . 31 .0089 

.32 .01191 .33 .0150 

.34 .0180 

. 35 .0211 

.36 .0241 

. 37 .0272 

. as .0302 

. 39 .0333 

3.40 1.0303 
. 41 .0394 
. 42 .0424 
. 43 .0455 
. 44 .0485 

. 45 .0616 

. 46 .0546 

. 47 .0577 

. 48 .0607 

.49 I 0638 
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' 
Corrcc- I Dilloronce in 
tlon. I elovation. 

Meter. I Feet. }Jders. 
-0.0167 I 3.50 I. 0668 

168 . 51 .oouv 
HID . 52 .0729 
171 . 53 .0759 
172 . 54 .0790 

173 . 55 .0820 
174 .56 . 0851 
175 .57 .0881 
177 . 58 ,0\112 
178 .59 . 0\142 

170 3.60 1. 0073 
180 .61 .1003 
181 . 62 .103·1 
182 .63 .1064 
183 .64 .10\J5 

185 .65 .1125 
186 .66 .1160 
187 .67 .1186 
188 .118 .1217 
18\1 .69 .1247 

100 3. 70 1. 1278 
191 • 71 .1308 
192 . 72 .1339 
194 . 73 . lStl\I 
ms . 74 .1400 

196 . 75 .1430 
197 . 76 .1461 
198 . 77 .1491 
200 . 78 .1521 
201 • 711 .1652 

202 :l.80 1.1582 ' 
203 .81 .1613 
20.'i • B'l .1643 
200 

• 83 l .1674 
207 .84 . 1701 

209 .85 .173~ i 
210 .86 .176a . 
2ll .87 

.17961 212 .88 .1820 
214 .89 .1857 

216 i 3.00 1.1887 
216 . 91 . 1918 
218 .1)2 .1948 
219 .93 .1970 
220 .114 . 2009 

222 .95 .2040 
223 .00 .2070 
224 . 97 .2101 
225 .98 • 2131 
227 00 2 2 . 16 

--
~-

Corroc-
tion. I 
Jfthr. 

-0.0228 
229 
231 
232 . 
233 I 
235 i 
230 . 
237 
238 
240 

241 
242 
244 
245 
246 

248 
240 
250 
251 
253 

254 
:l55 
257 
258 
200 

261 
262 
2<>4 
:?65 
2tl7 

~68 
270 
271 I 
27:! 
274 

276 
277 
27U 
280 
282 

isa 
284 
286 
287 
i89 

200 
291 
293 
294 

---

DUioronc<• 111 Con-cc
tlon. elovatlon. 

Feet. 
4.00 
.01 
.02 
.03 
.04 

. 05 

.00 

.07 

.08 

.09 

4. 10 
.11 
.12 
.13 
.14 

.15 

.16 

.17 

.18 

.19 

·1.20 
.21 
. 22 
.23 
.24 

. 25 

. 20 

.27 

.28 

.29 

4. 30 
. 31 
. 32 
.33 
. 3·1 

. 35 

. 30 

. 37 

.:JS 

.39 

4.40 
. 41 
.42 
. 43 
• 44 

.45 

. 40 

.47 

.48 

. 40 

Mete ra. .lfeur. 
92 -0.0297 1.21 

.22 23 21)9 

.22 53 300 

.22 83 302 

.23 14 :m:i 

.23 44 30.1 

.23 7fi 306 

.24 06 308 

.24 36 3<Y.I 
00 311 .24 

1.24 97 312 
27 314 .25' 

.25 58 :us 

.25 83 317 

. 26 HJ 318 

2649 320 
,26 80 322 
.27 JO 32:! 
.27 41 325 

2771 320 

1. 2802 328 
2832 330 
2863 331 

.28 93 33:l 
292-1 :~14 

.29 54 a:10 

.2\l 85 :~18 

.30 lo a:m 
3045 341 

.30 76 342 

1, 31 06 a« 
.31 37 346 
.31 67 347 
.31 08 :l49 
.3 228 350 

.32 69 35:1 

.32 89 35-1 

.33 20 35;, 

.33 50 357 
3381 358 

1.341 I 360 
.34 42 :162 
• 34 72 36-1 
3503 36.1 
3ii33 367 

. 36 

.36 

.36 

3501 
114 
25 
55 

3686 

309 
370 
372 
374 
375 
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~::-=-=-----=.....::-:·_ -:--:·.:.: -·-- ··-. ..:.-..:-=-~- ,.;·:..:.:..: -T ----·11· 
J)lffcrcnce in I Corrcc- Dllleronoo in J>Ufo1-oncojJ1 Correc-

I 
('A>rrcc- i: 

ole\'utlon. tlon. elevation. I tlon. i/ clrvntlon. tlon. 

- ---- ---.- __ I --
Mtitr . • , 

F.,t. ,,{etera. J.feter. Feet. JoftU:ra. Ftti. Metera. Meter. 
'i.f.10 1.3710 -o.-o:in 5.00 1.5210 -0.04t15 0.60 1. 6764 -0.056:1 

. 51 .3747 379 .01 .5271 467 .51 .6795 565 

. 52 .3777 380 .02 .5301 469 .62 .6825 007 

.53 .3807 382 .03 .5331 471 .53 .6865 669 

.M .3808 384 . 04 .5362 473 . 54 .6886 511 

.55 .3868 386 .05 .5392 475 .55 .69111 &73 

.56 .3899 387 .06 .5423 476 .56 .6947 676 

. 67 • 31l21l :189 .07 • &\[>3 478 .57 .6U77 &77 

.58 .3960 :J91 .08 .6481 480 .58 • 7008 i 579 

. 59 l • 3l'OO ;!92 .09 .5614 482 .51J • 70".!8 581 

4.60 1.4021 394 5.10 1.51"'45 ·184 5.60 1. 7069 583 
.61 • 4061 396 • IJ .0575 486 .61 • 7099 585 
.62 .4082 397 .12 .5606 488 .02 • 7130 687 
.63 • 4112 :l99 .13 .5636 400 .fi3 • 7100 ! ~ 

.64 .4143 401 .H • li667 492 • 64 • 7101 WI 

.65 .4173 403 .15 .6697 494 . 65 • 7221 594 

.66 .4204 404 .16 .5728 495 .66 .1252 696 

.G7 .4234 406 .17 .5758 497 .67 • 7282 598 

.6S .4265 408 . 18 .5789 4911 .68 • 7313 600 

.69 .4295 409 .19 .5819 501 .69 • 7343 602 

I. 70 1.4826 411 [1, 20 1. raro r.0:1 5.70 l. 7374 604 
• 71 .4366 413 • 21 • fJ88() 505 • 71 • 74()4 600 
• 72 .4387 415 .22 • Olli I f,07 • 72 .7435 608 
. 73 .4417 416 .23 • IJ9.ll 509 • 73 • 7465 611 
. 74 .4448 418 . 24 • 5072 511 .7'1 • 7496 613 

. 75 .4478 420 .25 .6002 513 • 75 .7fJ26 615 
• 76 .4509 422 .26 .60;!3 015 • 76 .7MJ7 617 
• 77 . 4639 421 .27 .6063 517 • 77 .7!Sl 619 
• 78 .4669 425 .2R .6093 519 • 78 .7&17 622 
. 79 .4600 427 .29 . 6124 521 • 79 .7648 624 

·1.80 1. 4630 42!) 5.30 1.6154 523 5.80 1. 7678 62-0 
.81 .4661 131 .31 .61&5 625 ,81 • 7709 628 
.~2 • 4691 4~3 . 32 .621G 527 .82 • 7739 630 
.83 .4722 434 . a:~ .6246 62'J .83 .1110 ().33 

.84 .4752 436 . :l4 .6276 531 .84 • 7800 6."lL 

.85 .4783 438 .35 .&.~07 fi33 .85 • 7831 G37 

.86 .4813 440 .3f. .6837 5.15 .86 • 7861 63\l 

.87 .484·1 442 .37 .6.%8 I f>37 .87 .781!2 6-11 

.88 • 4874 443 .as .639S [ 539 .88 • 71122 644 

.89 .4905 445 . 39 .6429 541 .89 • 71153 tl-16 

J.00 1.4fi35 447 5.40 1.6459 6'13 5. llO 1. 71183 (l.J8 

.91 • 4000 -149 • 41 .6490 546 . 91 .8014 (l5() 

.n\ • 4996 4.51 • 42 .6520 547 .V2 .11044 652 

.93 .wn 452 . 43 .6551 549 .93 .8015 G55 

. 04 I . r,o57 454 • 44 ::I 
551 • !14 .8105 657 

.051 • OOH.q 456 • 45 5S3 .Y!) .8136 650 

.00 • 5118 4;,S .46 .0642 !)t>!) . 96 .8166 661 

.97 l • 5149 460 .·17 .6673 5"7 • 07 .8197 003 

.OS .5179 401 • 48 .6703 559 .98 .tm:l 066 

.99 .5210 463 • 49 .67"J4 ' 561 .00 .8258 008 
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l>Jtreroncc i11 II Corrcc- ( -- D~~rcn~~,:= ~A>rr~c-
elcvntlon. tlon. I clovntlon. I Uon. 

-----1-----' ·[--i 
Fut. \ .\fcl<ra. ! .lfflu. Feet. I Nrt<r._ I Jfetcr. I 

fi 00 ; I. 8288 1· -{I. 0670 i (i. r.o I. 0812 -0. 0780 
:01: I 
. 02 i : ~m . ~~~ , : ~~ 

1 
: g~~:: 1 ~Wr II 

-03 ; • 83ifi I fii/ , fia . IJ003 794 
• Ot • 8-110 . li79 . ..11 . fl934 796 

• 0.5 • 11-~0 : 081 " ,.;,; i • !J9G4 79!1 
• Oti • 84d 683 ii . 5h I . Oll!Hi l!Ol I 
.Oi .850t: u85 ' .57 2.002:; )<(14 

. on . !'562 fiOO • m · . cx1~1; 809 
. OS . 8532 688 . :..~ ; . OOiili ~ I 

•fi.10 
.JI. 
.12. 

I. R.%3 002 Ii. hO 2. Oil i fill I 
.8623 O!H .tll .0147 ~H l 
• 8654 007 , 62 • 01 iH 816 

• 13' • 868-1 fi99 . ri:i • 020~ 819 
• 14 ' • 8715 iOI . 0 I • O'J39 821 

.15 

.16. 

.17 

.87451 10-1 . o;, • o2fi9 I x24 
70fi ·1 .fJtl i .0300 I 826 . 877fi 

.8800 

. !lSai 

.8867 

708 . ti7 . • 0330 829 
. l~ 
.HI 

110 . u8 • . 03r.1 831 
713 . (j9 I , 03Pl S34 

~l.20 
. 21 
. 22 I 
. 23 ! 
• 24 

.25 
• 20 ! 
• 27 I 
. 28) 
.29 l 

'1.30 
.31 
. :i2 
.33 
.34 

). 88!l8 
• 8928 
.81)59 
.81189 
.0020 

.0050 

.0081 

.9111 

.9141 

.9172 

J.0202 
.!1233 
.9W3 
.9291 
. 9324 

715 
ili .j 

720 
i22 
725 

727 
720 
732 ' 731 , . 
737 

i39 
741 
744 
746 
748 

- 3/j • !!355 7."J,l !1 
. 36 . 9385 75:! " 
• 37 . 94lfi 75511 
. 38 I . 114.w ;s1 
.a9, .P477 ;r.o\1 

~- 40 \. 9.';07 762 I[ 
. 41 . 9;;;J.'l 764 I 

:!5 :~~~ ~~i Ii 
.44 .0029 i72 i: 
. 45 . !lti60 7H ii 
. 46 . 00\l{) 7761 
. 47 I • 9721 7791 . 48 i .~751 781 
• 49 ' . 117.~2 784 

18027°-21--3 

I 
6. 70 i 2.04221 
. 71 I .<H.~2 
. 72 i .04~1 
. 73, .0.'H:! 
.74; .ffiH I 

• iG I .0Ui4 I 
.101 .ooo:;I 
.77j .00351 
. 78 I , ()00.'j 
. i9 . Ot~lti ., 

u. i-0 2.onn 
• 81 I . mr.11· . R2 • .07R7 
.83! .0818 
.S4' .OS.IS 

85

1

1 

• 0Si91
1 

: 80 . 090\1 
. 87 . 0040 
-~81 .00701 
• !111. .1001 1 

U.00 
.91 
.92 
• 93 
.04 

,g5 
.96 
.97 
.98 
• 99 

2.1031 I 
• JOO:.! 
.1002 
.1123 
.1153 

.1184 

.121-1 

.1245 
.1275 
.1306 

Soll! 
!l51 
S54 
&56 
S,59 I 

874 
S76 
871J 
881 
8.'W 

899 
002 
004 
1107 
!lO!l 

Diflorollco in I ('_,o::~ 
CIO\"l\t!On. tion. 

Fut. ! 
7.00 I 

:3~ I 
.03' 
.04 I 

0'- ! 
:o6 I 
.07 
.08: 
.09' 

7.10 
. I! 
.12 
.13 
.11 

.15 

.10 

.17 

.18 

.19 

7.20 
.21 
• 22 
.23 
.2-1 I 
.25 ! 

.261 . 27 
• 28. 
.2\l i 

7.30' 
.31 
.32 
.33 
.34 

j~ll 
.38 
.:!9 

7. 40 
• 41 ' 
.421 
• 43 
.Hj 

.45 
• 4(1 i 
. 471 .-18 
.49 

. lfetcr.•. 
2.1336 

.1367 

.13P7 

.1427 

.1458 

.1488 / 

.1619 

.1549 

.1580 I 

.1610. 

2.1641 i 
: ~~b~ I 
.1732 . 
• li63 I 

.17931 

.1824 

.1854 ' 

.18&5; 

.19lli; 

2.1946 
.1970: 
.2007' 
.2037 
. 206X 

,2()91; 

.21211 I 

:~l~ I 
.2220 

2.2260 
. 22St 
. 2311 
.2342 I 
• 2372 

.2403 

. 243:1 ' 
• 24M I 
. 2494 '. 
• 2525: 

2. 25.5.l ! 
• !.!580 ~ 

. 2flt6 I 

.2617 . 
• 21177 ! 

. 2708 

. 273R' 
• 2769 I 
. 21on 1 
.2830' 

Jf<Ur . 
-0.0912 

915 
Pli 
!l20 
922 

925 
1128 
930 
93,1 
935 

938 
941 
943 
H4ti 
949 

95:! 
954 
957 
!100 
002 

9ll5 
9111-
970 
9ia 
97fi 

Uill 
9111 
91'! 
987 
H)i{!I 

9\12 
oo~ . 
00~ 

.1000 

.JOOJ 

• lOOti 
. 100!• 
.101~ 
.1014 
. 1017 

. IO'iO 

.JO'J:I 

.10'.?fi 

.102S 
• JO'Jl 

.103-f 

. 1037 

.1040 
. 10~~ 
.1015 
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I Corrcc- 'I Difference in II Correc-Diliorencc in 
elevatlo11. 

Fut. .\ftlers. 
7. 50 2. 281)() 

.51 .2891 

.52 .2021 

.. 53 . 2951 
.54 . 2%'2 ' 

.or, 

:~~I • 51; 
.,;9 . 

/.Ii() 
.n1 
. G2 
.63 
.64 

.t;5 

.Oil 

. Iii 

.fiS 

.tl9 

7. iO 
. 71 
. 72 
. 73 
. i4 

-, I ,,., 
. 76 
. 77 
. 78 
. 79 

.&ll2 i 

. 3013 i 

.30i3 I 

.:ll04 ; 

. 3la4 ' 

:i, !illi.i I 

.3JU5 I 

.~221; I 

.:i25f. I 

.:m7 i 

.3317 

.3348 

.337H 

.:H09 
_;1439 

2. 3470 
.3600 
. 3631 
.3561 
. 3.592 

.3622 

.3653 I 

.3683 

.3713 

.3744 : 

Correc- I 
tion. · 

Jfeter. 

1

1 

-0.1048 
. 1051 
.11154 
-1056 
.1059 

.lllii2 

.1005 

. l()f,8 

. 1070 i! 
. !073 1: 

;: 

. !Oifi 1'i 

. 107~ ' 

. IOS2 I 

. t084 I 

. IOHi i 

.1090 

.1093 

.10\lfi 

.11¥.18 

.1101 

nurcrrnce in 
c!OYntion. ' lion. i cJc,·nt.lon. tion. 

Fl"et. I ·;. 80 
.. ~l 
.82 
.'i3 I 
. S4 ! 

'i.00 
. !JI 
.92 
.93 
. ~J.t 

.05 I 

.96 ; 

.97 . 

.9H 

.!l!I '. 

Jfrtera. -~1·---;.,tl.--1 .lfrltr:. ~ 
2.3774 -J.1133: 8.10 2.40!10 -0.122~ 
.~805 .11311 . .11 I .4719 .122:; 
.383.5 .1139' .12 .4760 .1~2' 
.386!l .lJ.12, .1:1 .4iHO .JZ!I 

.3.SOG .1145' -1~ l .4811 .. ll~~~' 
,392; .1148; .1,,, .. 1841 _, 
. '3957 . llf>O ; . IG . 4872 .12411 
.;1988 .1153 1 .11 .4002 .1zr: 
.1018 . Jl5f, i .18 . 4933 .1211> 
,40.rn .1rn9 - .tu\ .4063 .124\l 

2. 4079 . 1162 ; 8. 20 2. 4991 . 1252 

:mz :::~~ :~ 1 :~~~ :l~~ 
. 4171 . nn . 23 I . r,O.% .121;i 
.4201 .1,174 .24 .SIIO. .121\4 

. 4232 

. 4202 

.4203 

.. 132a 

.4351 

.1177 

. 1180 

.1183 

. tlNl 

.1189 

. 25 

.2!i 

. 27 

.2x 

.29 

.;,1,11; I 

.5177 

. 5207 

.52.'.17 

.5268 

.I21K 

. !271 

. 12i4 
.1277 
.1200 

j I 

:n~~: 8 gr 2:nn :m; 
1
·1 

8.30 \ 
.31 i 
.:12 . 
.33 ! 
.34 \ 

2-5298 
-L329 
.r,159 
,5390 
. 542() 

.12l!3 

.12811 

.1289 
-1292 
.120r. 

.1110 I .02, .4445 .1198 ·\ 

.1113 [ .o3 · .4475 .1w1 ;\ 
,lJ!fl .04: .4506 .1204 ·1 

:Jm 11 :8~ 1' ::~~ :~m \' .1124 .07 .4591 .1213 
. l127 . ()8 • 4628 .1216 
.1130 . 09 . 4658 .12rn 

__ L__ ___ j_______ 1. 

.35 

.36 

.37 

.38 

.39 
8.10 

. 5451 

.54Rl 

.5512 

.5542 

.5573 
2.lili03 

.1200 

.1302 

.130:; 

.130S 

.1311 

.!3H 

56. Signals.-Vurious types of signals are used. A very Ratis
fnctor~· one Is a ;;in!!le pole held In u vertical position by wire 
i.:uys, with the fool of the pole resting on n low bench. 'file bench 
muy be mude or two stakes <lriven Into the g1·ou111.l <Jn either ~i<le 
of the station murk, \\"ith a piPce of scunl.IJ11g 11la<'eu aero:;;; uml 
uaik<I to thelll. A ]Joie i:; IJore<.l into Uie <T11~:;plpce diredl~· m·c1· 
the station n1<1rk. 'l'l1e foot of 1he pole sllonl<l lian~ a spike 11l11cell 
in its el'nter, 1n·ojectinv; uhout. au inch, ll!Hl this spike should he 
placetl ln the> hole in the erosi-:picce of tllP lH•n<·h wlien the 1iole Ii,; 
erecter!. There shonl<.I he four wires to <'il<'h st!t or i.:uys, the mnn
lier of f;ets de1wn<liu;; upon the length of U1e pole. The pole ls easlly 
lo\\'Cl't'<l when the stntion Is occupied by looscn!ni; the guy or guys 
on only one sitle :11ul IPttin~ tll(! pole foll o\'f'I', 'rJie guys on tlw 
other three si<:lcs nre not <llstnrbc<l from Owl!' anchors. To !'<'

place the pole It is only 1wcPs~ar~· to stmul it up on the bench an<l 
fasten the looscne\l i,!llY to its Htl<'lHn'. '!'he (0<•11t<'ring of th<' pol ... 
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or that imrt u1>on which ul>,.;1•1·vntiom; are 111utll', should be teiited. 
It will usuull~· be foumi that the cputering hu:;; uot been disturbed 
IJ~· l'eplucing tile pole. Single l>l)lPs with wire guys are not satis
factory when placed ln a pasture where there ure catlle, as their 
1·ubblng ugaln:;t the i1olc aull wires will throw the fonuer out u.r 
plumb. The pnrt of the center pole of u i:;ignul ohser1·ed uw•u 
-~hould he accurately center<•d ovi>r the :stu lion mark, or if pc•ce11-
l rlc, the eccentric tlh;ta11c·p arnl m1gle sll(\uhl lw mea;;m·etl urn! n·
<·m·tlpcl. l'nr.orJ"P<·tetl e'·eent l'il"ity of ~i;,:11:!1 Is I he most frequent 
~ource of error In triangulation. If it becomes neces:mry to ele-
1·:1 te the lnstrume11t more thau a few feet, u uouble structure, like 
that de:,c1·lhcd in Appendix 4, He1iort for 1903, shoultl be usetl. 
That desc·rlpt!on gives bills of lumher, phrns, etc. 

57. Signal lamps.-'J'he m:e of nec·t~·leue f'iinial luml)><, for Ion;.: 
lines or eveu for lines of 1mly moderate length, is recommended, 
if the 11tmo;:pl1eri~! rontlit!1ms nre not: fnyorablc for obserYutious ou 
poles or turgl•ts. lllustratlc.ns in ~pcclul Publi<'ntion No. 11. ><how 
t hP lurge nml sma 11 lumps which ure Issued to lieltl p11 ri iP:;: h~· 

the office. 'l'he l11rge lmup ls showu ulso in 8pec!n! l'ul.Jliratio11s 
N'os. 14 fill(] l(J. Lurge ehwtrlc signal Inmp,; 11111~· lw Utietl wl1<•1·e 
(·onclltlons nre especlnll~· unfllYorable. 

58. Instructions to lightkeepers are gil·en in 1letnil in f;p0c·ial 
l'uhllcutlon No. 6.5. Tl1ere Dl'e also given tll(' co<l1~ sli;lll!ls nsPtl 
between the obser\'c'r untl ligbtkeeper it1 precise trlnngulatfon 
:rnd the eo11ihH'lltal J\forse 1tlph1tbet. 

59. Horizontal angle observations-Standard of acouracy.-In se
l1>1·ti11g the llllslTume11t to he llH<>d, the rnPthods of ohservntlon, th•:!' 
number of ohservutions, the signals to he us<•tl, nrnl the condi
tions under which to observe, p1·oct>ed upon thP n;;snmptlon that 
whut Is deslretl Is the mnximt1m RJWNl umt minimum co:;t Mn
;;istent with the re1111irPm1mt thfl1 tlie <~losing P!Tor of a s!u~le 

triangle in the mnln scheme :-hall !'l'l11nm PX<'t>Ptl 10 s<·<·ornls, and 
t-httt' the 1rrer11ge dosing ('l"J'Ol' sll:tll Ill~ lll'IWPl'll a 11n1l r; i';('('()lltls. 
TJ1e o!Jse1"\·n t·ior1s co1111ec·t ing s11ppleme11tnr~· .sL.li Ions wil h the 
lllaln ·schenw should l>e of Oris i<anw d<'g1·pe of· :1<·t•rn·11rr. 'l'his 
f;tnndnrd of uccurac~-, used Jn conne<·tlon with ol:hPt' i1ortion~ of 
tlwse ln~trur;tlons dPlinh1g tlw w•e0ss11 ry st l'Plll!'t h of figures, fre
quenc~· of· linsc•s, and nc<'urn<'~' of hnse 11wasnrements, will In 
iwnernl ln;;ur1~ tlrnt the probah!l! error of 1111y b11se line (or line 
"f l>l'eclf't' or seC'ontl:ir~' tl"lnngulnt!on rn::ed :ti" n base), as com
puted from an· adjacent hnsc (or 1ri11ngul11tlon l!ne usP1l a..: a 
hase), h; nhont: 1 pnrt in 20000, mHI thnt tl.ie ll<"tnul <llscrepnncy 
liH11·c,,11 ~twh hn~:p~ I~ nhn1.1-,.: Jp,.:<; thnn 1 p111·t In !iOOO. 
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60. Selection of instrument.-Eithel' a <llrectlo11 ol' a J'Ppeut:iu;.: 
instrument may be used in trlungulatlon of this cluss. In select· 
111~ the size of an instl'ument to be used, two opposing factor:; 
nnrnt he taken into account. If small, light Instruments are used, 
:irnl if' sun UIHI wind shi0lds m·c not used, then the weight of the 
ouUit wlild1 it Is neec8s:1ry to tuke to a stnt ion will lw light. 
an<l tlw <:ost In time a111\ money to transport tllc obS1,ni11i; part~· 
auu its outllt wll\ not be large. On the other hand, the lul'ger 
11wl' hPlf<•r tlu~ ln;;tmmc11t, tile more fully it is protected from thP 
:-1m arnl wlnct. and the more stuble tile :mpport provl<.fotl for it, 
th\• sm:1 ll<'1' will he the numbe1· of observations 11ecessury to 
Sl'<~m·<, 011} required cleg;ree of accuracy and the :;horter will Le 
the observing period at the station. 

61. Observations in the main scheme with a direction instru
ment.-Au 8-iuch direction insti·ument (No. 14-0, for example) 
u&•<l on its tripod and protected f1·0111 sun and wind simply by 1111 

umbrella will usually ~ivn the l'e<1ulred accuracy with two measure
ment>i, n direct: ancl ren•r:-;e 1·ea<1i11g being considered one measure
ment. Any two positions of the drcle nm~· be used with this 
instrument for which the setting;; 011 the iullial signal diffel' by 
;ipproximutely !>0° O:J'. 'J'he l.mckward (addltlve) reading of till' 
micrometer 011ly should be taken in each posltiou of euch micro· 
scope. At least once a month, as 11. test 1'01· run, n few f:!pecial 
n•udin~:; both l>nekwurd and forward should be taken on various 
;.:ra<luations of the clrclP to determine the run of ench micrometer 
alHl pluced in the record. If the average value of the run for 
eithe1· micromet<•r is found to he gt·eater than two dkisions (four 
seconds), the 111icromete1· slloul<l be adjm;te<l for rnn. Under thel'e 
•·01Hl!tion~ 11nd with ti.Jc specified positions of the circle the run 
will lw eliminated from the results with sufficient accnrucy by 
the process of taking means. For any other dit'ection irn;trument 
U1e system of positiom; to be used ma~· be selected with reference 
to the number of memmrements found to be necessitry. \Vith 
au:v <llrectlou instrument when a broken serfos is ob~rved the 
missing sig1rnls nre to be obserV<'<l later in ·connection with thP 
1·l1osp11 initial, or with some other one, :tn(l oni~' one, of the signal!:; 
already observed in that series. With this system. of observing 
no local adjustment is nl'cessary. Little time should be spent iu 
waiting for a doubtful signal to show. If lt is not showing 
,,·ithin, say, one minute when wanted, pm;s to the next. A saving 
of time m>;11lts from ohser\'lng many 01· nil of the signuls in each 
series, proYlcle<l thPre ure no long waits for signals to show, but 
1tot otllerwise. When the ele\'atlons of the statlow; differ greatly 



TERTIARY TRIANGULATION. 37 

it is necessary to keep the horizontal nxhs of th~ instrument levl'l 
in onle1· to uvol<l large un<l troublesome errors. The mngnltu<le 
of these errors fur I'll rious conuit ions Is shown in the table iu 
1mrugruph 19. Any relevellng shoulu, of course, be dune bet ween 
posi tloni;. 

Exumple of 1·eco1·d is given helow. 

62. Horizontal directions.-

~tntion: Gunto11. 
'Jbscnrer: --. 

,=,T~===---1 

.~ j Objcc~' oh.•CT\'C<l.

1 

. 

~ i .§ 
"" i E-< 

Bem·euuo 

nenvcnue 

11. 1n. 
I 2 5G 
i 
I 8 Od 

Whll.c st one I 
Point 

Whito Sto1111 
Point 

Steven.~mt 

Gut 

Gnt 

I 

i 

ll llenvcnuo 13 10 

, Bonvenue 3 15 

White Stono 
Point 

White Stono 
Polr,t 

i;l(1YCnso11 

stcwonson 

Gut 

Out 

------==--=--==-==col"'-O~=--~·--o·.~o' 

~ ~ 11·~ .~iv: . . ~ ~ - ~ 

~cl~ ~ ~1; ~1e t. Sl ~ ;:; ::; ~ ;::: ~ 

D 

It 

J) 

R 

A 
II 
_\ 
Jj 

.\ 
ll 
A 
ll 

-i---.-
0 ' Div. ,, ,, \ ,, ! 

(J 00 07. 0 I I 
llitl 00 g~: g I 1 i.:. I 

11.0 !ti.0 13.X 00.U 

4f> 40 12.0 
07. 0 111.0 

2'2/i 40 08. 5 
16.fi 25.0 22.0 OS" 

Jl A 76 35 2fi. 5 
JI 23. 0 49. 5 

H A 250 35 24. O 
B 2H.5 r>-1.5 51.5 37.7 

lJ A 87 05 2.'i.5 
Jl 24. 5 50. 0 

Jl A 267 05 23. 5 
ll 26. 0 ·l!I. 5 40. 8 36. u 

H 

)) 

It 

J_) 

It 

j) 

A 
B 
A 
n 
A 
11 
A 
n 
A 
n 
A 
n 

270 0.5 

!10 Oii 

315 45 

135 ~5 

34fi 40 

100 40 

03.0 
00. 5 ):! • .') 
06.0 
05.5 11.5 12.0 

05.0 
00.0 11.0 
06.0 
07.0 1:1.0 12.0 

24.0 
22.0 46.0 
20.5 
23.0 43.5 14.8 

ll A 357 JO 22.0 
D 21.6 43.5 

I 
oo.o I 

I 
i 
i 

00.0 ! 

32.8 \ 
I 

lt ~ 177 JO ~:~ 40.0 41.8 2<J.8i 

~~~~~~~~~--~--I---~-~~~---'-~~-'--~-'-~-
I E11eh division or the micrometer COITP,,ponds to 2" o/ 11ro,and therefore the "mean., 

!or this instmmont I~ tho sum of Ute two rea<.lin~~. 
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63. Observations in the main scheme with a repeating instru
ment.-A 7-lnch Berger repeating theodolite used on its owu 
tripod and )lrotecte<l from o:un nnd wlncl h~· an umbrello. will give 
the required accumcy with from ouc to two set,; of olu;ervatio11s 
ou each tingle, pa ch set of ous<>1·,·ations consisting of six repeti
tiom; on ti.le nnglc, with the telescope in the 'lfrect position, and 
;;ix repetitions on the <>Xplement of the 11nglc, with t11c telesc~ope 

in the re,·e1·se1l position. 'l'his is the type of re1)('11 ting theodo
lite recon1111Pmled for tPrtiar~· trinngulntion In nny rPgion in which 
the convenli>nce of trun!'<portntion of the lnstrnment Is an im
portant co11,.;i1lerntio11. "'hen tile clen11ions of nw stations differ 
~re:ttly it is necessary to lwep the horizontal axis of the instru
ment level In order to a void lnrge and troublesome e1Tors. (See 
table in parngruph 1!.).) HpJe,·ellnl! UHi,\' be 1lo11r h<'t ween sets 
or b1·tween the separnte ang-le measures of n sf.'t; tllut Is, when 
Hie lower clnmp is lom~e. \Vith an~· repC'ating theodolite, meas
ure only thP single angles hetwePn arljncent lines of the main 
scheme nncJ the nug-le necessnry to elm<!' tlle hoi·lzon. In the 
<'0111pnrntl\·p]~· r:irf' ca1<1• ht whif'l1 tlw failure of aclJucent signals 
to show at th<' ,.;anw ti11w JWPvents CHl'l'~·ln;:( out this pl'ognun, mnlw 
ns near n11 appro11d1 to it as pos!':i!Jle mul tlu•n tnke the rem11lnl11g 
signnls in nnothPr series togetlwr with some one, am1 only one, of 
the signals ohi-;en·e<l in tlte first series, nnd memn1re in the new 
serlt•s on!~· tlw ;;Ingle angleg hetween n1ljncent signals nntl tbe nngle 
ne<'essar~· to dosp the hm·l:r.on. "'Ith this scheme of o!Jse1·vlng no 
Jocul aclJustment is JH'<'f'ssnry. <'xcept to <llstrihntc C'ud1 horizon 
closure unit'ormlr nuw11g tlw 11nglrs nwnsnrrd In thnt series. If 
the rf'gion iR 011e In whic:h there is 110 great inconvenience in 
t1·unsportlng a IH'nvier instrnment, an cl n 10-lnch Gamhey repent
ing theorlollte or 1111 equi\'nli'nt i11f<tn11nent Is used on trlnngula
tion of tlllH clns:;~ lt will Jll'Ol.>:ihly he found thut one set of ob
servutious conRl;;tlng of tlll'ee repetitions on the 11ngle nml three 
on its explement, will be sufficient to secure the required nccurncy. 

64. An exampl'~ of a l'P<·o1·d Is given hC'low. From this the re
sultllig 11lreetlnns shonl<I he \\'l'it t<'ll ln the "J,lst of directions" 
(Form 24A) without any othe1· uhstl'llct. It will be notice(\ in 
the s11m1>Ie below thnt, In nddltlon to the mmnl practice of rending 
one repetition on the first meusnrement of each nngle; there is u 
reading fol' three rr1>etitlons In ead1 ('!lse. The la ttm· gives n 
Ynlue of the nn~lc correct to witllin 10 seconds, which wlll checl• 
the readln;; of the minnt<>s for the six repetitions. The rc:t<ling 
of one repetition on one Ycrnler does not gl\·e n i;ufflelently accu
rn te d1e<'k. r~" the rr•a1lln~ 1111 thrPe J'PpPtltion~ n~ :i l'!JC('k onl,\'. 
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65. Horizontal angles.-

Strttlon : Dnh. 
Island: Luzon. 
Ohserver ; ---

Dnte: Ft'hl'Ul\l'Y 7. 1906. 
Instrument: 11. &. B. 7-lnch theodolite No. 1:-14. 

-----------------·--·---- -·- -------
Pi 

.I 
11. :'i ~Pi 

15 I~ l?l S"" 
<J hjocts ol,,;orve<l. .; r:;; i .; 0 ii C.,: ~1i! 

e;, c:: Q ~ ih . .§ i "' i:: rQ 
~-~ ~o ~A ... ... ~ ~ ~ ... ~ ..., 

I ------·---- - - ------ - -··-· -
a. m. ' I II " II " ' I ,, 

" " " 
Pl?t-Dot! KOU (J u ()() 00 no 00 

I AA 59 50 
3 200 5;; 20 20 

]l 6 173 58 10 40 40 40 &~ 59 46. 7 
(Dog-Pl't) R 6 o.w 10 20 15 25 44.2 46.6-0.7-H.~ 

Do~-nat 0 0 00 15 25 20 
1 42 30 15 
3 127 30 :is 45 

I~ 6 255 01 15 25 20 00 42 30 JO.O 
D (} 0 00 ~5 25 2;; 5! 09.2 00.6-0. 7-0«.!I 

Batr-Kow 
~ 

0 00 10 10 10 
27 3·1 JO 

3 8~ 43 10 20 
]l 6 165 ~t) :20 30 2.i 15 27 :H 22.5 
R fl 0 00 !O 00 !! 30 25.0 23. 7-0.!'-22.\1 

Kow-Bol 
I 

IJ 0 00 00 ! JO 05 
1 ;17 40 ·ill' 

HI 
:i 113 02 10 20 
6 220 04 20 30 25 20 37 40 43. 3 

ll Ii u 00 Ill 2U 15 10 41. 7 42. 5-0. 8-41. 7 

llol-Pet I 0 0 00 20 30 25 
I If>:! 15 Ill 
3 129 J5 :JO 30 

]) 0 ~9 30 ·IO 40 40 15 163 15 02. 5 
R 6 0 00 20 30 2.r; ].j 02.5 02. s-o. s-01. 1 

I 
360 ()() 03. 8 00.0 

66. Observations on intersection stations.-An i11terscctlon sta
t ion Is one which ls not oc:cuplell und of which the position is tle
tormirwd by obsPrvatio11s llJhlll it from statlous of the rnnln scheme, 
or fn>m supplemc>ntn r~· st n t:ons. 'l~ht> 1\irectlon mc>thod of obser
v11 t1011 should be usP1l in ohser\'11tlons upon intersection stations 
l'\'en if the theouollt:e is a repeater. Each series of observutlons 
on iutersectio11 statlous 8hould coutuiu some one line, unu only 
e>Jte, of the muin sdwme (or n Hue used In fixing the position or 
a supplcme11turs stat ion). Such a sel"les or observations should 
commence with the i;Plcctell line of the main scheme, with the tele
:scope in the direct po1>ltion, aml with the circle rending approxi
mately zero. The intersection i;tutions should then be observed 
111 order of azimuth und the ilrst half of the serlct> closed with n 
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reading on the liue ol' the malu seheme. 'l'he teleseope shuuhl thPJt 
be reversed und the sum<' process repeuted 111 the 1·everse on.lt•1· .. 
uegi11nlng aud ending us lwfor1~ with tl1l' Sl'IPtied line of the main 
scheme. A :;eeuml ;;et of ob:;erratlom; slwuhl he made ou eal'h 
i11tersectio11 station 1 with the circle slliftcd in position, >iny, 100°) 
if this can be done without materially delaying the purty. It is 
important to ohserrn at leni;t three lines lo each intersection sta
tion iu onler to secure u check, I.Jut a possil.Jle intersection station 
should be ol.Jscned upon even if on!)· two lines to It can be securecL 

87. Example of recor<l is gln~n helow. Fro111 this the resultln~ 
directions should he written \n the "I .. \st of dil'ections" (Form 
24A) without other abstract. 

88. Horizontal angles-

Station: Rat. 
Island: Negros. 
Observer: --

Objects ou<crwd. 

Dat~: Jauuarv IO 1002. 
lnstrument: 7.fnch theodollte No. 1'°•7. 

-- ------------
1 - • I I I 

I 
J Tel. I I Mern Cor· i 

Tlmn. 1 D. or Ani:le. A. ll. v~r- rec- 1 
J R. , niers tion .. 

J lircetion. 

: _____ : _____ ' ___ -_· __ ' 
-------, ' ,-----·---

( a.m. j /1 

1

, 
Tree 

Bell tower, Olon 

Oil 

Frog 

L. tuni:. l'udani; Id 

Peu.k 17 

Tree 

: O.[,() I R 1s8 ~ ~ ri8 00 + 5
. 

i D 

0 00 ()() 

21 18 30 20 
) ll 1201 l S 40 ao 
I ~~ ' l 7G 13 10 30 

i 
J) I 2()9 ;;g 50 40 
H[29.59GOSO 

D I 232 18 
n 52 18 

~1 . n . l R 
I I D 

J 10.32 ! R 
I 

2\1 11 00 
61 10 50 

350 r.o 50
60 

4
50
0 I 

179 ii9 

30 21 IS 35 

20 +10 17G 1·3 30 

50 + 5 209 59 55 

j 232 18 

48 + 5 241 10 

0 00 

---~------~-----'---

69. Eccentric stations and signals.-Whenever a station is not 
occupied centrully the distance und direction between the eccentric 
statton and the center of the station must be carefully measured. 
A sketch, showing the relation between the two stations and also· 
to one line of the main i;ehf'me of the triangulation, must be en
tered In the record book und also on the llst of directions form 
for the station. If the stntion is u lighthouse, the eccentric dis
tance cnn be obtained by measuring the circumference of the tower 
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from which tlle radius can be computed. '!'he length of the 
radius added to the distance between the eccentric station and 
the nearest polut of the tower giYes the eccentric llistuuce sought. 
The dlrecUou to the center may he u!Jtnined by observing upon 
euch side of the tower and entering the results in the r<->eord as 
left un<'I right tangents. '!'Ile menu of these two directions Is tl1e 
direction to the center. '!'be ecceutric angle should, It prnctlcable, 
be meusureu from the station used as the initial in the regulur 
observatious. 

70. If the part of a signal upon which observatlom; have l>een 
made ls eccentric, the eccentric distance and direction must be 
measm·ed and t>ntered in thl• rt>cord and on the list of di1·ect1om;. 
The ecceutrlc dh!tunce for a signal Is mmully i,;mall, and it 1~ 

sulliclent to Mtnte thut the pole ls off center --- meters on line 
und In the direction to --- station, n stutlou of the lllltln 
~cheme 01· an Intersection station. If the eccentric station is not 
in a line l>etween the center und some other station, the eccentl"ic 
dltitauce cuu he giYen, and then It should he added that It ls --
meters to Uw north of the line to --- sta tlon. In any event 
the eccentl'ic distance and direction must be mensured with the 
;.!TPatest cnrt>. .Making the mensuremeuts twice will nea1·Ly 1tlways 
Insure against mistakes. 

71. Observations on large objects.-Wht>11 sighting 011 a g-ns tunk, 
stuudplpe, large chimney, or other object which hns a !urge dlam-
1~ter, 1t ls often best to observe on the two sid<':'!,. right 1u1d left, 
and enter the observutions in the l'ecor<l !Juok us left nnd right 
tangents to the object. '.l'he mean of the two obSl'l'VUtious will 
give the direction to the center of the :;tructure nntl should be 
used in the computations of the triangles. 

72. Observations on indefinite and temporary objects.-Ohse1·vu
t lorn:1 may Monwtimes he. umlle upon i11delh1ite obJectR, us, for 
<'Xllmple, mountain or hlll tops which ar1~ compnl'Utively flnt or 
wooded, or upon points whkh 1u·c tclll[)Ofllr~· in nntm·e and uol 
markl>tl u1>011 the grounll, lilH:h ns tlugs in trees, etc., which are 
10 he used 11s h;vdrogruphlc nnd to)log1·uphic slgi1nis. 'rhe tllrec
tion method of obsc1·yatlon shnll be used In 1111 s11d1 cnses, eve11 if 
the Instrument Is u repenter. One sel'IPs of ob><1't0 1·atlons, such us 
ls <lc!>trlbed In pnrugrnph GG, Is nil thut Is necessary in ~uch 
caseR. The two polntlngs, one direct urnl U1e o!he1· rev1!rSC>il, are 
n<>edecl to ch1~clc the degrees nntl minutes of the tllrectlon. The 
indefinite objects nmy be observed in the same series with other 
intersection stations. Each pointing upon an indefinite object 
sh(Ju!d be cl<>arly mnrked "lrnletlnite," und nil topographic nnd 
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hyd1·ogrnphlc points not 11ermanent1y lll1trked upon the ground 
shoul<l be marked In the record with n circle and n <lot. For 
obserYntlons of thesP two clnsse11 11 gr11pblc treatment will fre
quently be nil that is desired, nncl hence the nel'esslty of dis
tinguishing them from other point!'! for which n completl~ com
putation must he mude. In selecting Indefinite points to lw oll
serve<l It should be borne in mind that un approximate 1\eterml
nation of the position of 11 prominent ruonntnln or hill too fa1· 
inland to he included in the fl'l11ge of topography ulong tlw 
coast, or an lslRnd fur out from the coast, is frequently of con
sl1lernhle p;~grnJlhlc vulue. 

73. I11dcti11ite or other uuoccnple<I stntlons which have been oh
s1~rve<l UJlOll from two or more stations must have tlwlr idPntlty 
Pstablished In the record either by means of slcetches, estimated 
<llRtlmces, or dP;;criptive ·notes, ::;o that thf>y may be plotted or 
co1111mted without prohahllity of confm!ion. Au object uppenrlng 
in more than one ll~t of (i!rectlons must bear the s11me name or 
<ksignation In Pad1. A11y cl.Juractoristlc fPatures of llllls, moun
t11ins, d111rd1 spires, 01· other objects which would ren<\l)l' th1•m 
good l:rnd11111rki,: 111ust be ch!nrlr not(;(], 11s such 11ote11 are \'ulu
nhl<• 111 chmt corn,tTuetion and 111 11ydrographic work. '.l'he locn
ti•m \)f prominent ohjPds all(l the \letermln11tlon of elevations 
of 111011nt11ins nre to he consil1ere<l illlllOl'tnnt pnt·ts of the work 
<•:<si>ntfn' to the completeuei;s of the survey. '.fills work is to be 
<lou1? p1·l·n wht>u the ohjcets nutl mountnins are beyond the limits 
or the arc•a tu IH• RUl'Yt>yed. In the case of imperfectly knowu 
re;.:ions tn11~1·11ts !>hould l.Jp taken to points urnl islands outsidP 
of till' re;.:!1111 to lie >'lll'l'(•~·l'il. 

74. Value of intel'sect.ion stations.---In selecting l11tt-'rHectio11 st11-
r)o11s it ~l1!1ul1\ he kt>pt i11 mln(l that the geog-mphic value of a 
trl:l111!11lntion <iPP<'IHlH u11nn tlw 1tu111lw~ of points 1let1•rminc1l, t!w 
size of tlw arl'a on!r which th1•y nn• 1Jtstrlbute!l, and the per
m:111e11ce with 11·1tkh they are 11111rk<'ll. The geo;.:mphie nthH• of 
ll t1·ianp;11lation ts lost for a g-ln~u area when stations c1111 not he 
re\'OYN'<'<l within that :11·e11. Tlw 1:h1111ce O'f pC>rmunenc·y Is m1uh• 
grPa t<•1· 11~· inr·r<•nsiuµ; the n11111hnr of' stations as well 1u1 by 
tho1:011.!!h mn rid nir. Fnr the rPason;;; stn terl there shouhl he <leter
)llillecl a8 i11tprs.,etlo11 stnt ions num~' nrtitlcln 1 oli,1Pets of n pei·
mnnent ch111·n<:tt·r s11<·1t 11s liirhthou~Pfl. ehureh spires, cupolas, 
towf'rfl, chimney~. and ,:l:m<lplpeH. 1\ln Im the rl<.'scriptio11 dPtlnlte 
wheneyer prueticable. Instcncl of 1les<"rihing the object nfl "d111rch 
spire" with tl1e nnmP of tile tmn1. make Its identltJ' eertuln by 
~!Ying ;;;trl'et location or <lenorulnntlon of e\lurd1. 1'here should 
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nlso be <let•!rmine<I w1'll·l1<>ti11c~\ 1111lur11l ohjPcts, !;uch ns shurp 
mountain peuks, wntprf'nlh; \\'hil.'h sho\I' from the sea, uml pin
nacle 1·ucks ulong th<> <·onl"t. Oe<'nslon111ly lnte1·medlnte 1>t11tlo11s 
;.;ho11!<1 he e>:t11hllshe<l, per111nnently 11111rke1l, 1111(\ lictermine1! hr 
inrPrst>ctlons for t111• spedn I m;e of tO\)Ographlc antl byclt'ographlc 
J >;ll't h·s. 

75. Report on aids to navigation.-At the end of euch scuson thP 
<:hief of p1irty will muke a list of the objecti,; whose positions 
have Ileen detenulne<l h~· trinng11l11tion and which muy serve a~ 
Hids to nu,·i;~nt Ion. For purposes of i<lenUticution eaeh obj.-ct 
will be de>:erlhe<l ws to its size, shup~', coJm·, und its relutlvt• 
rn·omhwnce us seen from the wutm·. 'l'his list nnd a deHcriptlon 
of each object must he sent to the olllcc with 11 transmitting let
ter for the tiles o1' tbe chart construction division. (See also 
paragruplls n: u111l 106.) 

76. Marking stations.-J.;yery :stuti011. whether it Is in the mni11 
i<('heme or Is u su1111Jeme11tnl'~' or luten;eclion station, which Is not 
in itself u permanent murk, as arc !lght11011ses, church splre:s, 
('.llf1Ql11s, towers, lurge chi11Hll'J"S, :::1111 rp pe11ks, etc., shull be 
murkeu in u 11cr111u111~11t 111an11e1-, except where the station is on 
a shifting san<l chmc. 

77. At evt·r~· stntil•ll a stauunrtl metal tri1111gulatio11 mark should, 
II' r11·11ctlmhlt>, l>e set in rock or concrete. Wbe1·e digging 18 foasl
hle, there sl1011ld he un u1Hlerground murk which ls sepal't\tc from 
1 he !'lnrfuce murk. 'l'he use of n stan<lnnl station nrnrk in thP 
\1tHlerg1·ouml uun·l;; is 1lesiralJh» The stat.Ion nmtk, If on 1Jed-
1·11ek, should he s111To111Hlefl by n tr11rngle or circle cut in the rock. 
whld1 will lllnke it 11oi;>'ible to rccov!'r the station upproxltnatel~· 
ii' the metal disk shoulcl be n•movell through cupidity. Wooden 
~takes will be acceptilble ns 11111rks only wht>re the stntion hi on 
~!lifting :-mid llUlll'S, where a conc1·cte or stone mark could 1101 

1·ern11ln 111ufo;t11rbed. 
78. \\'hen the trlan~ulatio11 is on a nurrow 1·iver or other b11u~· 

of wate1· where it ls dltlicult to i<l1·11tify topogi,:aphic flmtures, h 
is 1Hl\"isalilc to stamp 1111mhers, lJy JJH'H11s ol' 1lle:,;, on the uwtul 
disk stutiou murks. The numlll'ri11;.:- of t.lll' 8tation:,; In un~· 0111' 
1·,·~1011 need ht11·p 110 l'!!latlon lo th1~ nu111berl11g of :,;tntlons in 
oth1'r JJhtc(•s. The number plncl·d 1111 !lw 111al'k i<lwuld he eutl•reil 
ill tlJP dcs1·1'iptio11 vf the st11tlou, but in 1w case shoultl u stutlo11 
lie 1lt»<l,::n11tecl hy number only. Ench st:utiPu 81.toulll IJe gh·e11 ;i 

numt~ to fucilitntc the iiling- uuu ludcxlng of its p11sltlou and dc
i,:cription in the ottice records. It is desirnble to stump the yenr 
!11 which the station l8 estal>lli;hcl\ on all nwtal disks. 
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79. 8ee pu1·ug1·aph ~ umlt•r the beading " 8tundartl uotes for 
use in de,;crivtiu11;.; of stations." 

80. Reference marks.-Two perrnaneut refcreuce ruarks aull ser
eral witue::;s nmrks shouhl !Je estul>lishe<l nt ench markeu station. 
'l'bese murks shoulcl be referrecl to the station by theodolite uui::Ies 
:mcl tu1x~ dbtances. The object of the !'eference marks is t1• 
sel'\'e in pl:ll'e of tile stn tion murk, if the In tter shoulu he tle
stroyetl, and also to se1Te us un ail! in tile recovery of the stnrlon 
murk. '!'he reference murks sliould, therefore, JJe Jlht<'<'tl in st>cm·e 
positions, If pructleuble, and the t\ir~Uons and horizontal (not 
iuclinecl) tli:;tunces from .the station to them should he mensur,~d 
with ;;n~ut cnre. It the st11tio11 is 011 a i;hort• whid1 is liable to 
.. l'<>>iiou, the reference 1unrks should be placetl i;ume llbtnnee, ,.:a)· 

w01·e thun 20 meters, inlanll. If the stutlon is in !l. fielll, thP 
rl'ference nrnrlrn should !Je plnC!!cl in n fence Jlne, ou the edge of 
tt ronu, or In some other pince where titer 111·e 11ot HkeJ;1-· tn l.M:' 
tllsturbe<l. In Pach r<>fereuce block of c·oncrNe or roc-k i;hould ht• 
placed n stnn<lurd metnl refPrPnCP mnrk whlc>h lfi l'imilar to th<> 
i;tation mark, exc(>pt thnt lt l1:1s a11 m·row in Jb; center instead of 
11 triung'le, all(l eontulus the words "refe1·en(•e nmrk" lm;;tentl of 
"triangulation fitntlon." 

81. \Vhere the sl1ore nm1 the nren buck of it nre mnrsh~', the 
station unct reft>renc>e mal'kfi mny he mnde nfi follows: Drin~ n 
pil'<·e of l'C'1t11tling (Prl'fernbly <me 4 lnc-Jws f'C)Ultre-) Into the 
mnrsh aml Jet !tr;; top 111·ojP<'t nhout 12 in<·hes. 8et over th ls 
projecting encl n <lrnln tile, tht> holtom of whi<'h Is rnnde to 
extend nhont fi inches lwlow the ~nrfn<'e n1' the mar~h. Surround 
the l>otto1u of the tile nncl till it with l'Oncrete, and set one of 
the standur<l murks In the top of the tile. As the woocl 111 pro
h•de<l from tl!e air it ls helleveil that it will lnst mnny yenrs. 
'l'he fact thnt the murk :Dl'ojects from 1 to 2 fee-t will ·ttid tn Its 
recovpry. 

82. Witness marks.-Tlw;;e UJ'e llfS('(] )Jl'imnrily to re('(l\.('l' flt(' 

~1·neral lo<'allty of n station nnd nh:io to finll the Rtntlon mnrk, 
wheth<'I' snl'face or mHlergromHl. 'l'hey may, therefore, be ltulefi
nltP, sul'h ns the mouth of a f'l'e!.'k, a frncp <'Ol'nc:>r, corner of n 
l.mrn or other lmlltlill).(, trJanglp:-; cut into the bark of trel's, momul" 
of N\rth, etc. In genern.l, tl1e 11l.8t:nwes frnm the ;;lntion, as 
rnt•nsUl'(!1l m·er the surface of tl1e ground, arP 1<11Llkienc In th·~ 

<leserJptlons rather than the Jwri:w11t:1l cllst11nce. 'rhp !listnn<'P;;; 
nn1l clirP!~tlom: nred he only moclrrntely accm·att!, hut they shonl<I 
be free from groHs enors. '.rhe objects usl'<l as witness murk:; 
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should be as wiclel~· separated ns prncticnhle to insure greater 
permnnenc~· of nt lenst p111·t of them. When ciose togetlwr lh<• 
;;:ime cnuse ma~- dt>stl'Oy nil of them. On prairie 01· other unrnl· 
tivnted l!tml wher1~ there nrc no ohJects available for wirnes:< 
nmrks one or more sneh marks should be constructed. A very 
perma1w11t nncl sall><factory marl{ is '' mouncl formecl by dlgi,'in;: 
a dn•nln1· trenelt, sn~· 10 feet in cllnmetcr, a11d throwing the din 
from th1~ trench to thP center of the clrc·IP formed by it. 'l'hP 
. t renr·l! n 11rt 11Hi1111ll will probnh I~· soo11 bc•c·• •me sotl<lecl over an<l 
wm lw l'll:<il~· fou11d until the hual is plowetl (possihly even after 
tlrnt timt>\. 111a:wcl trees are frPquently u,.;ed as witne~"' nnu·ks. 
ThcsP are to he <:onRfderecl aR onl~· tempornry marks. A goorl 
witneRs lllark is a stnnclnrtl metnl rl'fPrencc mark set 11rmly iuto 
a hole horPcl i11to a tree at the centc1· 1;f a tl'ian~tilur blaze. "'hen 
the Rtntion is in woods It Is advisable to 11:n·e a witness ma1·J;: 011 

t.hc road whleh rnns nearest to the statinn. ancl pref(•rubly the 
murk should he nt the J)Oint on the rond from which tlw path or 
trnll Jeuds to the stntion. It Is also 1lesirable to lutYe a witllP>'>" 
mnrk est.,nblisllecl in a conspkunus place on the :;..~ashore in certnin 
euses · oppositc· trinngulntlon st n t Ions which woulcl othf'rwlsP I.JP 
<llffieult to I'l'con•r. The wit ll('S:< mark "lwulll, If Jll'Hcticable, b1~ 

11 concrete mnrk with the :o:tunclnrd referP111•e mark set into its 
top. 'l'he nrrow shoul<l llOint in the i.,'t'Ht•rnl <lircction of till' 
stntlon. 'l'lw description should g-ive tltc· npproxh1mte IJcarlui.: 
and cUstnnce hetWl'<'n tht.> witness mark and the station. Sf'e 
p11rngra1)h 88 nnd<'r tlw lwurllni.r "~tnnclnrcl noteR fol' use In <le
srrlptlons of Hf:ttions." 

83. If a 1·ec1n-c•1·ec1 sf11ffo11 is m111·lwd ha1ll,v or i11 all,\' othPr mnn
ner thnn with a Hf1t1tclnrd metal mark, the re-marking- i;hould 
provide one of these n111l'k" whkh c·an he set: Into :1 hlock of con
cretp or solid rock. 'Vh<'rc it ~e1•ms inndvi~uhle lo dlsturh tlll' 

old f'entel' lJllll'k a stnmlnrtl refC'renre 11111rk slwnl<l lw Psfahlisherl 
near thl' olt.1 11111 rk. 'rlw d l:;t u ncc> lwtwern t lie two 111a rk~ I1Cf'<l 
hl' only a few ff'P!. With a standard refl'l'cnce marl;: 1war ti~·, 

tile stntion can he more l'nr>lly reco\'e1·cd nnd It Is IC'ss likely to 
hP wantonly dl'Rtroyed. 

84. Re-marking stations of the Engineer Corps, U. S. Army.
\Vlleren•r n Rtntlon, only tcmporm·lly mnrlrnd, of the I-mirlnl'Pt' 
Co111s iR connected with, it shonl<l be re-mnrkecl In a pemmncnt 
mnnner. An espednll~· iuscrlht><l <lisk mnrk for l'll!;illl'<'l""' st:i
lions, whid1 is furnbhecl h~· the oflk<', ,.:honhl he set into tbP 
<~oncrete or stonP mice! to mark the :;tntion. 1111<1 r<•fl'r<>nee nncl 
witness 111urks !<llouhl ht• pstnhlislle1l. (~Pe pars. Rl to :';2.) 



85. Descriptions of old stations.-lf tile exh;ti11g deseriptiou of 
an old station is not exact ns to the present topogruph~· around the 
station or us to the marking, a new uescription should be nrepu.retl 
nnd mutle complete in itself. Tl1e new clesc1·ipt1011s of tile old sl a
t ions slwultl be mu!le on 11'01·m 52G, culled recover.v note, trlnugula
tion stution (see su11111le 011 p. 51), an<l i;hould be written witll 
a typewriter If 11os1;ible. Oue of these reco,·ery notes i;houl<l lw 
filled out fo1· every station vh;ited whether the st·ution wm; n~

covered or not. Do not rppo1t a station ai,: lost u111t•ss a very 
thorough scut·ch has l>eeu made. 111 case the station murk found 
<.111Iers from tlw rnurl' given in the <.Iesc:ription fumished by thi,.; 
otllce, full <.leLalls shoul<l !Je stated in the rec:over~· note. 

86. Description of stations.-Descriptluns shall he fnrnishet! nf 
all murl<ed stations. 11'or each i;tution which is 111 itself u m:u·k, 
as are lighthouse.-:, church spires, cupolas, towe1·s, large cl1imui>rs. 
ol.Jjects valuu!Jle for future Ii~·1kogruphic isiguuls, ;;ha1·p peak:;, etc .. 
l'ither n tlei>tription must he fumlslied or tlle records, list of direc:
lions, an<l lists of vositions u1t1st !Jc 111nd1! to ishow dearly in c1•11-
1iec:tlon with each poiut Ii~· special words or phrases, if nece::;snr~·. 
tile exact poi11t of tlw su·uctu1·e or ohj1~c1: to wlll<:h the 1iO'rizo11tal 
arnl vertical Hieusurt!S refer. Ever~· l111Hl sett ion l'or11e1· co1111ectec.l 
with the triangulation rnusl he full~· de:;crihell. 'l'he purpo::<e of 
the <.leS('l'iptiou is to e11ahle one who i:; unfll!niliur wiU1 the locality 
to fl11<.l the exact point determined us the station uull lo know posi
tively that he has fonntl it. l\'vthing 8hould lie put iul.o till' lle
;;eriptio11 tllut doe<; not. sen·e this vurpose. A sketch is not 11eces
s111-y, for tl1e dei,:criptlon can eXJH't·ss in w111·d:; the l•s:..:e11tial fl(\:ls 
wlllch would be sl1ow11 on the sketcl1. '.l'l1ere is no objection to u 
sketch being mutle, hut the written tlescriptiou must lie c:ompll•te 
without it. 

87. Ouly 01w copy of the dcscl'iptioJJs of ::<tations llCl"<I Im sPnt to 
the otllce but these tlescrlptious m11st lie 011 form fl25 (see sample 
description 011 p. fiO) and slloulll !Jc written un tile typewriter if 
possll.Jle. '.fl1e essential informntiun which should Le contnltwd iu 
a cleseriplion is a;; follows: 

T.ocalit11 (ge1wral nwl pal'til'ular). 
flow mor/;cd. 
J)i8la1tecs (by tape) au<l <Lircctions (by theodoltte) from Ct!Ull~r 

of stat!(m to reforence and 'dtness marks; and, lf necessary for 
the recovery of the station, directions or magnetic bearings to 
promim'11t object:,; in the Yitlnlty, t11nyents to voi11ts, isluntls, etc. 
In n11y sc't of <.IiJ·ectl<1ns to vrornlnent objects und to reference a11<l 
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witness murks, a main s<'hernc or iulm·,.;t•c·tion 8Lntion ;;houltl he 
used as the initial. 

Note.~ clescrihing tile marks which ar<' giwn in purn~raphs 92 to 
!13 lllay be referred to by llUlllber, tlllls h>.s:.:ellillg' lhe lllllOUllt of 
work necessary in writing the ll<'scrlptlons. WherPWI' an l!XCl'l'· 

t ionul rnocle of marking h; u,.;Pcl, tile wurks muflt he uescrihP1l in 
full. The llOtl'S in lHll'Ugraplis 9::! to o:; !'OH'!' the \'ltl'ion~-; lll•~llll>ds 
of murking now in geuernl u;;e by purtie,; of this :';urYey, 

'l'ltc lteivht 111.Jove the ;;tat ion mark of tlu! top of the signul poll', 
:1rnl of uny other pnrt of the sig-ual Jikl·l~· to be ui;ecl in ohse1·,·1ng 
Yertlcnl angles, should be measured in metlm; nnd centirnl'let·s :mu 
su statecl in Uie "Description of stations." 

88. Standard notes for use in descriptions of stations.-Tlle fol
lowing notes on the marking of stntion1> 11n' made us genernl 11:-; 

possible in order that it mn;v not be nccessur~· ln the tiehl tu de· 
sC"l'lbc smn.11 1111<1 unimportant vurintlom;. F'ur instance, 110 dl111eo

flions are given for the different conc1·ete blocks and bowltlers, hut 
it is understood that they will have n Yohm11• of at lc~ust 1 or :..! 
(•uhk feet. as 11 gL•nernl rule. Although it is nut stutetl in the notes. 
tile surface nud referencc> marlrn shoulcl 111·0.k<·t n 1i ttle nhove I 11,• 
ground, sur from l to G Inches. ln the notes t'l';,mnling the 11111h:r
grouml mnrks thP distnncc of the mark below tlie :-;urfuce of th1· 
gromul is stat<>d ai;; 3 feet. 'l'his prolmhl~· rqiresent:-; do:;el~· lhl' 
:l\·eruge vnluc!. L'nll'iiS the Ya rial ion from this vnluc cxeemh; ti 
iuchcs It need not be stuted in U11~ <1Pseriptio11. Whe11cn!r a type 
of marking Is usPtl which Is not eovPr<'cl b~· thesl· notes, I.he marks 
used should be describecl in the reconl. 

89 . .'1'1.w stnmlanl trl11ng11!11 tiou <ll~·k st :t t ion mark refer reel t.o i 11 

the following notes couslsts of fl di:,:k aud sha11k 11uule of brass 
and cnst i11 one pieC"c. The <ll::;k b lli) milllmetl'l'S in tli:unewr. 
with 11 sm111l hole nt the ceutl,r s111Toumlcd h~· :t :..!O-milli11wLPI' 
equilnternl trlnngle, and has the following imierip!ion: "l;'. S. 
Coast 1111cl Geoddic Sur\'<'Y trlnngulatlon station. For informa
tion wrl1e to S111wrintenclen1, \Y11sl1ingtll11, D. C. $2iill Hue 01· im

prisonment for disturbing this 11111rJ,," Ou marl's establislwtl aftPr 
the ye1tr Hl20 the word Direct-or will supC'rsc•de I.he word S111wr
intendent. The shank ls 25 mlllimcteris in clinrnt>ter 1rn<l 80 milli
meters long, with 11 slit at the lower entl into which ll weclge is iu
sertetl, so that when it ls driven into a drill hole lu the rock it 
will bulge ut the bottom and hold the ma1·k securely in place. (See 
Jilli'. 91.) 

90. The nuthorlty for the wnrnh1g eo1werning 1mnlshmeut for 
dlstnrblng the murk is contnlnc>tl In un nrt of 'iongTPR~, 11pprov1>1I 
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,\lurch 4, 190fl, entitled "An net: to eodlfy, revise, and 11nwnd tllP 
pcn11l laws of the> l'nitpd 8tnt.es," UIHl rea1ls as follows: "'Vho
e>er "' * " shnll willfull~· defn<·c. d11111ge. or rernon• any 
monument 01· lwnch mn rk of any Goverrmw11t snrve,\· shall l>P filw<l 
not more thnn $2!i0, 01· i11111rlsonP1l not· nwrP thun six month:-<, rn· 
hoth." 3:-,_StatlltP 101'8, sl'etion :ii. ;\Jn11~· StatPs have ulsn Pn
a<'tPd. addit lonnl law;;, nmon~ t"lwm !wing Cnllfornia, Connecticut, 
neor;.:in, Jllinoil", Indlnna, l\Inine, l\lnrylnnrl, ::'llnssnehm;ettl-'. ll!l11-
11c>sotn, l\lkhi;rn11, .Missouri, lllls,,;lsslppi, New Hampshire, Ne\\' .JPt'
sc>y, Ohio, OrPgo11, ~nuth Carolina, 'l'ennessee, Yt'rmont Virl!ini:i. 
ancl West Virginia. 

91. '.!.'he sl:11Hln1·1l di:-<k ref!'rence m11rk r1•fel'l'e<I to in tlie follow
in;:{ notPs is ~lmll:ir to the st,mchtrd 1lh<k trln11g11lntion-stntio11 
murk clescribPcl 1tbove, except that the center of the disk Is in
scribed with nn m·1·ow im;tend of with the tt·lnn~le nn1l thnt tlw 
words "refererwe murk" repine<" the words "triangnlntlon stnHon" 
in the inscription. A short pl"rpendicnlnr grooYe ncross thP slumk 
of the arrow imlicntp;.; tlw point to whkh tlie me:urnrPments are 
made. ThP mark Is ;;Pf so that the arrow 11oints townrll the sta
tion. Both station nnd rf'forence murks should have stnmpe<I 
upon the top, hy means nt' :-<tl'l.'i lllPs, till' n:tlll(~ of 1 hf' stntion an<! 
the )'enr of its <•rl;:dnnl lol'ntlon. 

92. Surface-station marks.-
Note J.-A stundnrd disk stat.Ion 1nnrk !'et In the top of (a) u 

sq1rnrP block or post of <·otwn•t<', (Ii) a <·011•'l'PfP <·~·Jfnrll'r, (<•) nn 
itl'Pl!Ular muss of concrete. 

l'.'otf' 2.-A sb11Hl:11·d 1Usk station 11111rk wc>clge<l in n drill hol<· In 
outcropping lwrlroek (a) :rnrl ~mrrounderl hy 11 triangle chlsele!I 
in the rod<, ( 1>) :11111 s111To11n<'le<l hy n cl re IP chisl"le1l in the rock, 
( c) at the interseC'tlon of two lines chiseled In tlw rock. 

Nole 3.-A stnnrlnrcl <llsk station mark set In <"oncrete in a d<'
pression in outcropping hellrock. 

."tole 4,-A standur<l disk station mnrk we<lge<I In a drill hole In 
a bowlder. 

Nole 5.-A st1111dard flif'k station mark set In concrete in a <le-
11ression In a howlder. 

Note 6.-l\. standard disk station mark srt in concrete nt th<' 
eentc>r of the top of a tile (a) whlf'h ls embedcleil in the ground, 
(IJ) which is surrounded by fl mus!". of <"oncret<\ (cl which i!'; 
fasten<'d h;v means of concrete to the 11ppp1· <'1111 of a Jong woodPn 
pile driven into the marsh, ( d) \Yhkh ls ;;pl· i11 :i hlock of concrete 
nnd projects from 12 to 20 Inches ubove the hlock. 
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]r 1c . lfl.-S ianda rc.l sta t ion and rcfcrenco 11rn rk:s used in iua rking: triang 11 ln.lio 11 
:> in lions. 
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93. Underground-station marks.-
Note 7.-A block of concrl'fe 3 fPPt below the ground containing 

~tt the center of its upper surfacP ( o i n standard 1.llsl• station 
mark, ( b) n copper bolt Jlrojeetlng sli~htly above the concrete, 
( e) an Iron nnll with the 110int projeetln•~ ahL•n~ the concretl', (d) 

:1 g-lass boUle with the neck projectin~ a little nbove the concrete, 
(c) an l'arthenwure jug with the mouth projecting a little above 
the concrete. 

Note 8.-In bedrock. (a) u 1>tanda1·d disk station und mark 
wedged in u drill hole, ( b) u stu1ulard rlisk station mark set in 
{·oncrete in u depression, ( c) a coppe1· bolt set in cement in a drill 
hole. or depression, ( d) un Iron spike Sl't point \11) In cement In u 
( l rill hole or 1.kpres::1io11. 

Note 9.-In n buwlder 3 feet below tlw ground, (a) a standard 
(llsk station mark wedged in a drllI hole, ( u) a st!l11dul'll disk 
station murlc set i11 conCr<!te in a depression, ( l') 11 copper bolt set 
with t~ernent in a drill hole or depression, (d) nn Iron 8pilw set 
with cem1.>nt in u drlll hole or depresi,:lon. 

,Yotc 10.-Emhedtk<l In eurth 3 feet helow the surface of tht> 
; .. ;Tom1cl, ( n) u bottle iu un upright position, ( b) an earthenwilre 
jug In au upright pu,.;ltion, (c) u brick In a horizontal position 
with u clrlll hole in its upper surfuce. 

94. Reference marks.-
Note 11.-A stun(lurd disk refe1·ence murl;: with the arrow point

ing towurd the stt1tion set ut the center of the top of, (a) u 
square block or vust of concrete, ( u) a concrete cylinder, ( c) nn 
il'l'egulnr mass of conc·1·ete. 

Note 12.-A sturnl.11·tl (Ji:<k rPference ruark with the arrow point
ing toward the stutlou, (a) wedget! in 11 drlll hole in outcropping 
be1lrock, (Ii) Ret in <'<•ll<'l"«'t<• In u depression in outcropping bed
rock, (c) wedgetl In a drill hole in a bowWer, (d) set in concret<~ 
in 11 depression In a howl11Pr. 

lfute L.'l.-A statHl:11'tl d1"k rcfen•nce murk with the arrow point
ing toward the statiou Sl't in coneret!' at the center of the top of 
~l tile. (a) which is emhclhled in the grounll, (Ii) which is su1·
l'<•11111IPd "by u muss of concrPte, (c) which Is fastened hr means 
<>I' ""1H·retr to the upper eml of a long woode11 pile drin•11 Into 
tlu! marsh, (<I) "'hie-II I<; ,;Pl: in a block of con<'rete and iwo.1ects 
;from 12 to 20 Juchc>s ahnYP the block. 

95. Witness marks.- -
Note 1.1.--A <'Ollicnl 11wuutl of earth surrournll'd hy a circular 

trench. 

130::!7'' .. ::!1----1 
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Note 15.-A tree murlH'd with, (a.) a triangulttr bl11ze with ;1 

nail at the center und eac:h apex of the triangle, ( b) a i:;qun rt> 
hlnze with a null ut tlw center and each comer of the squH1·e, 

(c) u blaze with ;1 ~tmHl11ru <ll~k reference marl;; set ut its centl'r 
Into the ITCI'. 

96. Sample descriptions.-

1 it:scmPTIO!'l' OF TRlANfHJLATlON f'.'rATION. 

DJ::PARTMJ::NT n•· CoMMERCJ::, 

U. R. COAST A?\D GF.ODETIC ':JUR\'F.Y. 

~'onn 525. 

Name of station: Lopena. 
Chfofof'[lllrty: E. /[. Pagenharl. 

Sur!ac.>-statlon mark, Note, lb. 
Undergro1md-station 

mark, Note, 7r. 
Reference mark, Note, 1 tb. 
Rtforenoo mark, :-.'ote, 
Wltnc8'mnrk, Note, 
Witness mark, Noto, 
Height of slgnul abo\'C stat.ion 

mark, 1 meter. 
Height of tclescol'e above •tation 

mark, t 1/t meters. 

State: Tua&. 
Year: 1913. 

County: Wlllacv. 
Locality: Lall'tna Jla<lr<. 

DL•tance.• and directions to reference marks mul 
prominent objects. 

Object. 

.Aroct1 ••.. ......... 
W17Ulmlll (north

ern 011< of two). 
1Vi11dmlll ••••..... 
Rtference mark • . _ . 

Distance. i I>uectlon. J~~t\i, 
. ____ _\_ 

0 00 
i ~~i/e . ...... 138 Bo 

tJ/8 mile •.... £47 es 
~1.fiB 'lmlltrl. 361 41 

Dote.!Jod description: 
Nearthurnttliwc•/<'f'n etid of a high aaiulu ridge partl11 covered with QTM•, on a large blan<I 

known a& Lopena Island onthewutern6'deof Laguna Madre. Therldgelsneartllt western 
aide of the 18land 111ul about 1111dwa11 ofiu lwvth north and aouth. 'l'he st11tion ts in range 
with the left tangent of the oouthernmo•t one of a (!Toup of fourlilandl about 4 mllu di•tant 
in a oouth-aouth1cut direction and the ltft tange11t of an illa11d wrat of the 1011-th<'rn end of 
Lfypma Mand. 

Doscrlbcd by E. n. l'aqent.art. .\larked by 0. D. f'owit. 
NoTF..-Tho lnltfal •Hrectlon mu•t bo to a main scheme station. 
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DESCRIPTION OF TRIANGUL:\'flON S'fATION. 

DEPARTMENT Ol' COMMF.RCE, 
l'. S. COAST ANll GEODETIC 8URVF.Y. 

l''orm 525. 
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Na.mo of station: Swan Points. 
Chief of party: c. C. Yalu. 

State: Ma,.,,Zafl<l. 
Year: 1909. 

County: Queen .A.nnu. 
Looullty: Cliuapeake Bc;.y. 

------·· 

Distances and direction~ t.o rerl'reneo marks end 

B11rfuce-st11tlon mark, Note, la. 
U nderground-statlon 

marli', Note, 7d. 
Object. 

prominent objects. 

Distance. Direction. A~I-
mu th. 

Retercncomark, Now, 11a 
Reference mnrk, ~otc, ·----------
Witness mark, Noto, 
Witness mark, Noto, 
Height of Rignal above station 

mark, B meters. 
Height of telescope nbovc stat Ion 

mark, I~ rooters. 

Love Point J,igltt. .. 
Ohim11ep of cabin •. 

Gablr. jf,; Rockhall 
whar l1011.,, 

Reference mark, a 
t'1pper bo!t In a 
block of Cllnci'tte. 

J,'efcTfna mark 
IJIO/t 1 la). 

Chi11111r.y 1 hou.Ac 
lo right o Wind-
mill l'oi11I. 

I G11h!tt•fbarn .... .. 

. ' " • f II 

. j5. ;,i;u,:,·±·; 0 00 
SOJ 6~ 

1 milt ....... ts4 07 

!l.4:im•tcrs •• £67 OS 

/ .i .tG meltr• .. i67 Of 

i milta •. ... r.9£ 1:! 

2~ milu ..... ,;Q,<; 49 

Del.lille<l description: 
On Swan-Pofnl, a an1ul 01ul mar"I' ziolnt 01: tlie t.o•tern aliore of <'ltt•nptakt Bay, about 

O~ 141lu 1oulh..aouthwut of Tolcht31tt Beach ll'harf and 7 milt• north of Lav• Point. The 
auit101114 ab<Ju.tt~6 mtlcrsfrom Ilic eztrcinltv of the pohu, about I~ mel'11 back.from thuhort 
II!~, and aboul 66 tncter• southwest of a fi1herman'1 cabin. 

Dcscdbod by C. C. Yalu. Markod b~· J. J. Phelan. 
NorE.-1'he initial dlrl'Olion must l>~ to a main •cheme station. 

RECOVERY NOT!<:, 1'RTANGUI,ATIO~ S'I'ATIO~. 

D};P.\l\T){l!;NT 011 ColUll::RCE, 

lT. s. C;IAMT A:oiu Oi;:ot>F.TIC Sutn'EY. 
F(lrm 520. 

~ame or station: .lt'.rq.tvlllt BtUI<. State: Cnllfomia . . County: Suttrr. 
l~stabllsho<l hy: IV. Simbeck. Year: 1876. J,ocality: Sacramento Vallty. 
Recovered hy: .A.. F. Rodgtr.. Year: /1)()4. 
Detailed stat.emeot as to the fitness or tho orlglnai desorlptlon: 

R 

A.bout 16 mlZu west of Marv~vlllt, otl the aoutht<Uum •ummlt of lh• aoulh butte of tile 
JJ'arvavllle BU/Ua, about 0 meter¥ northeast of/J1e hil/heat part of the •mnmlt, arid near the 

·'lttp cllb. cm t6e northtrn Rldt. Tit• •talion ira.t marked 01lginall11 by a copptl' bolt ut In a 
drill hafd In u. dtprualon In w.tcropping btdrock. Whtn recovered In 1111J4 lhla w1ark waa 
fou9uJ In good cotldllkm. A8 an udditlonul mark t11e drprullon wa8 filled tcllh concrtu 1-n 
Whieh "Hltmdarrl dlak atation mark WM plaaa directly above ti•~ CJYf>PtT boH. 

Dlatancea and directiom at atatlom. 

Diatanu. Dirtction • 

.'11ount Hdena • ....................................... -••• ·• · · • .. · .. · · · · · · • · 
11.tferma mark No. J ~note llla) .•••.•.•.•.•••.•.•••.•.•••.• metera.. S. 916 
Reftrtiict mark No. I ropper bolt set In aolfd rock) ••...•..... . do.... !. ~70 
11.tftrenc~ mark No. fJ aame M No.f) ........................ do.... S. 6S5 

~OTE.-One or these Corms must he used tor every station recovered. 

0 00 
5~ 04 

196 45 
.~15 OS 
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97. Land sect"ion corners and other survey marks,--,Yhrnever it 
is fensible to <lo so without incurring undue expens<,, the section 
corners estahli81W(l h~· thl~ Lnnd Sm·vcy, nml ;;m·vc;; mal'ks of 
any klutl found upon thr ground, Including township, couuty, 
State, and International buundu1·y monuments, :;;hull lie con
nected with the tl'angulatlon, either by direct mensurcmcut of a 
cli><t:lllte and direction from a triun:~ulntion station or by treat
iug them ns i11tersP('tion r-;fnt!ons. 

98. It will insure I he permanl•nce of n station if It ls relater! b~· 
direct measurl',; or othr•rwise to nei1'hborlng- cadastral feutures, 
nnd tl ~tution loc·tttP<I dose to a line fcnc<~ \8 Jp;;;; liable to dls
turbauce tltnn one situated out in nn open 1ieltl. 

99. Poor seeing.--Ob..;errntion,; pithPI' in the n111in scheme or on 
iutcr~ection i,:tntlo11s in trinngulatlon of this dnss may be fHkei1 
untlcr auy utmosplte1·k c:onlllt!ons wh<'n the object to be p1>inted 
upon i,,; visihle and tl1e1·(! should be no tleluy to secure good seeing 
hefore obse!"dug. If the seeing is ver~·· poor, it mn~· be necessur~· 
to increase the nnmlwr uf obscrn1tions on ungles In tlte muln 
scl1em0 fn ort!e1· to Recure the i·cquil'l•d accuracy. 'l'ltc (kei!;!on 
in regard to th<' ni>ct'ssity of Pach increase should be b:ised upon 
the trhu1gle clo::mrcs wh!eh are secured wlth such poor seeing 
rather than upon the uppearunce of tlle slgnnls or even 11pon the 
rau;w of th« ohsen·ntlons. 

100. Field computations.-'l'he flelcl computations for tile ntnln 
i-;ch<>me :irnl s11ppl<>mPnf11ry stations nre to be curried to even 
seconds in th<> ung!Ps nrnl azimuths, to hundredths or seconds in 
the lntltud~ nn<l lon~!f tules, and to five phtces In the logarithms. 
'I'he fteld c,m1p11tatlons for inll'i'><ection stutloni;i, nn1l for imleti
nite ohje<:ts slwnl•.I he cmTlPd ont to n sufficient number of 'lec!
ma l pl:t«lls to give two uneertain figures ill each result. In gen
erul it will Ill' 11Pcess11ry to eurrv I he un!:les to even seconds and 
tlw logarithms io 1iYe places. ;l'he con1.\mtutio11 of the l;orlzou.· 
tu! rneasurenwnt,; up to 11nd hichu..flng the lists of directions for 
all stat~us ancl objects anrl the cnm1mtntlon of the triangle sides 
of the rnnln sclwmP shoul<l 1.w k<'pt 1111 as cloHP!y ns possible "" 
the work vrog1·es,.;e,;, to ern1hle the observer to know that the ob
sern1tlon,; ur<' of the required ll1•gree of accuruc~· and comvletl~
ne,,;s. No ll'ast. sqmtrP 11<lj11,.;tnwnts nre to be macle Jn the field. 
All of the COlll[lUtntion (taking of tn(>[lllS, etc.) which is mau~ in 
the re<:orrl lhH•k" :111<1 in the lists of directiowi, shoul!l he so 
thoro11;.:hl~· chceke<l h~· some per;;on, other than the one by whom 
it wns originally 1\011l', a,; to n·111\er an Pxamlnntlo11 ln the l•ffke 
u1111ect>ssarr. · If lhp1·e is 110 one in the pnrtr hesitles the observc1· 
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who is competent tu ched;: th1! cumvutntions, theu it will be ac
ce1itable for the ob1>-erver to do the checking, but it should not be 
tlone inuuetliately after the co1111mt1uµ;. The Initials of the per
sons nmking uml checking the com1nttutious in the record books 
and the lists of directions shouhl be siµ;1wd to the rPcor1l as the 
"omputatlon nn<l checkinr.: pl'Ogresses. Polutlngs upon irnlctiulte 
objects should he carefully <-xamlne1l, grnphlc:ill~· or otl1er\\'hle, 
the objects ldentltie<l, and the itleutlticutlon c!Parl~.' 11111icatcli in 
the records and compututiow;. It ls Important to lnlileate dcurly 
what lines are to objects on which Ill) pointing \\'HS seeurcd from a 
HPContl station, us well as to indicate by common names or symbols 
what lines are to t hc- sume object. This must lie done as the Held 
work pro;.(rcsses. 

101. In htylng out the trluugle Hltle cowi.rntu!ion, the names of 
the stntious should be written hi the trlnn:;le in n clockwi;;e 1Urec
lion, and the order of triangles should be SU('h ns to give two or 
more results fl)l' the Ride to· he ·uf.\ed ns a hiU>(! for µ;oi11µ; ahen(J. 

102. Fo·r <'ach quudriluteral Jl:;u1·e tlw len:;t'li of the h11sP from 
whkh It is eornputed should be that resulting 1'.rom the l'olllputa
t ion of th" two strongest trlnngll•s ·(those 11sed in co1111n1tl11g R,) 
in the preecdlng qumlrllnteral. 
The leng!'l1 com1rnte<l through the D 
two wenkest triangles sl10uld be 
u!'led only us a check. With well
shnped figures the two vulues for 
1my oue line will, in generul, C 
agree within l vnrt in 5000, un
less a mistake hns been mude. 

103. In the pmdtlon compntn
tlon on li'orm 27 the positl011 of n 
station should be computctl from 
the two sides, r:11liatin:; from 
tlie point, of one of tlie :-;trougcr 
t rluuglcs u:-;etl for cmTyin:; for
ward the~ lengths, and from the 
:mgleR of thut triangle. In any A 
triangle 0 B A, ltgure 10, U being 
the new polut "·hose vosition is 

J.'10. l<l. 

desired, the line from B to (J is c01nputeu on the left page of the 
form arnl from _,1 to <J ou the right page. "'ith the triangle side 
and position computution written u,,; above (from ll'ft to right) 
the u11gh's at B alltl A 11re nhva~·s, rt·.-;1H.·etivPl~-, + nml -, und 
110 Rket{'h i;; lH'('E'RSlllT tu write np the posit} on eomputatlon. The 
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fa<:tors for the position compututiou in the latitmfos from 0°. 
to 72° are given In Special l'ublicnt!on No. 8. 'l'hel'e are nlso 
gl\·pn In the p1·eface to that publication detailed directions, with 
sutu1)le forms, for making the position computation. 

104. \Vhere conne<:tion Is made with a base the measured leni;th 
i<; to be USt.·d in going ahead. 

105. Reduction to cente1· of observations at eccentric station.
l: ,.;c Form 382. The instructions for computing the reduct.ion tt• 
CT>nter are given on tht' back of the fom1, a co[ly of which ii< 
gin~n below. A slrntch showing the rC>lutlve position of the center 
and ec~entrlc station with directions to one or more station:; must 
he ent(,recl in th1~ record nnd 011 the list of directions. 

d sin a in 
The n~quirel1 reduction to center Is, In sc>eo11d:>, c= 

8 
sin l"' 

whid1 d Is the distance from the eccentric station to the true sta
tion, nnd 8 ls the length in meters of the line between th\\ tru1~ 
stations involved, and, therefore, log .~ Is taken dh·ectly from thl~ 
computatlou of trlungll• si<le:;. a Is the lllrectlou of the llistunt: 
station involved, redt011etl in a clockwise direction as usunl, but 
referred to th<~ dlrectlou from the eccentric to the true station, or 
center, tnkPn as :wro. Tllis deliuitlo11 of a Is true for Ille cal:IP 
In which the object polntett upon Is eccPntrlc, as well as for the 
<·use in which the Instrument ls l'CCPntrlc. 

Carry a to mlnut~ only and ull logurlthms to five declmnl 
pl:tces onls. Do not in nny case carry the derived reductions to 
more than two declmnl places. Tlwre Is no udvantugp in carr~·lni.: 
them to more decimal places than the directions to which they al'<' 
to be nppllell nre enrrl<'d on Form 2-!A. • 

The preceding pnrugrnph fixed tile maximum 11t1111ber of <lecirnnl 
places to be used. In some cnses n smalli>r 1111mber 11111~' he URE'd 
ns indicated In the following table: 

--------·--·--·· -------
And d I• lc..s than value stated below In melon;-

·-··--·- ------------,--------- ---- ·-·-·--- -
If logarithm 
of shortest 
Jinocon-

Use logarithms lo four decimal 
places and a to minutes. 

l1sc logarithms to three decimal 
places and a to degrees. 

cornod is -----------· ------·1-------,-------
morethan-

Primary trian
gulation. 

Secondary or ter
tiary lrlani;n

latlon. 
Prlmarv lrlan

y,ulailon. 

2.5 !···-·-············ 0.6 .......... - •. ·--·-~:~ ............. ·ox ~ ·············0:02· 

::~I ~ ... ·········-~·-·! g:~ I 5.0 I ~ ................. -
1 

o.6 

Booondary or ter
tiary trlnngn

lst!on. 

0.02 
0.06 
0.2 
0.6 
2 
6 
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REIJUC'l'lONS t'Ol\ A:S ECCEN'flllC !Nt;'l'ltUM~;NT. 

If the instrument is eccentri<:. the lfrst column of this form 
i<hould contain tlw 1111m<'s of the stations ohsPn'Pll from that 
eccentric posltio11 of the i11stl'UllJent. 

The \'lllucs i11 the llftll eoltunn :ire derivetl b)' subtrncting those 
111 the fourth colum11 from those in the third. The vulues in the 
1'o111·t h column may llPPtl 111 he deri\'l>d by successive upproxhnn
tions from the triangle! sid<· compututions if the eccentric reduc-
1io11s are I urge. Thi> vnl Ut':i i 11 the sixth column ure obtained 

from lliose in the fiflh !J~· adlliug lo;.: ~1 ,; derived as indicated 
. . Sil1 . 

Jn the J1eacli11g of the t'orm, if cl is cxpn!ssed in meters. If ti Is 
1·x1H·e;;sed In feet, to the other two lognrithms add ul;;o 9.48402 
1 o co11vert to meter,... To oht11 l11 n di rectlou ai:; show11 on Form 
~4 .-\, suhtt·act the re1luct"lo11 c fol' tlw station whit'h Is the lnitlul 
011 Form 24 A from 1 h<> 1·pti11ct ion v for thl' l'!"<Jlli red dlre<:tlou 
a11d uppl~· the 11ill't•1·p111·1• 1 o t lw ohsc>rYl'll 11! rect ion. Slmll11rly, 
the _correct1011 to uny nngle is tlw ditl'ere111'1! of the reductions on 
this form t<l the two dh01'<'tlons J111·olvl'<l 111 1·hat angle. 

RElllTC'l'IONS l'Olt .o\N ECn:NTHl(' OB.JE("I' OllREH\'l<:Il, 

Tf the object ohs<>1·,·ed ls eccf'ntrlc, the he11dlng "J<::Ccentrli! 
8tntion --" sltoulcl lw eh11ng<>tl to "I..:ccentrlc Observed Object 
at f'tation ---," 1he first 1·ol111nn shonlll contain the n1111ies of 
1hr stntlons from· whleh this N'l'!'ntrlc objPct w11s observed, niul 
In <'nch cnse a is th<> dlrcctlon from thP l'C'centrie object to tl1e 
tllstnnt station involYE'd, rN·l~onrrl In a clockwifle cllr<>ctlon 'as 
usn:il, but referrPcl to the dil'l'<~tlon frotn the ecc1mtrl" o\)ject to 
the true station, or center, taf;:pn ns zci·o. (No dlsthictlon uee<l 
he• urn<lc hetween tlw cl!rectlon from tho l"<~Cl'litrlc ohJect to tlw 
1list11nt stntlon arnl the direction from the tr1w station to the 
11ist1111t 1"t:1lio11 ex1·ept wlt(•n the Pl'l'Pntrlc l'Nlnctlon I.<: lllOl't! thnn 
one mh111te.) 'l'he rcmnfurler of the eom1mtation on th!;; form Is 
1n1ulp in th<! mnnner lmll<'atc<l nho,·e with rPfl"rence to 1111 1~ccen

t ri1· il1:<tn1mcnt. 'l'h0 r<!dnetlons to dll't>etl011s are, howen>r: to 
h(' nppllP1l to ohscrYPd dlrectlonfl, nt tlw >1t11tions nnmcd In the 
first 1·olnmn, to the eccentric obJe<'t nt the 1:1t"atln11 111111H.•d 111 the 
hendlng. '.1'111~ cllt·ecUons to which t1ws1• l'P<hwtlons nre to he 
11ppllerl 111·1· th<•refore found In ,·arious of the lists or <lirectlons 
on l"orm 24 A, uot nil In one l!st: as is the cnse when the Instru
ment is ~centric. 
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Compare tile following example with that given on Form 24A. 

Eccmtric Station: Chase. 

d-10.1187 meters. 

gto.tions. 

Center .................. \ 
Central. ............... " 
Little River ........... ·/ 
J,yons, snit worlrn ...... . 
Bossing ••............... 

1 

REDUCTION TO CENTEll. 

() 
224 
242 
249 
179 

Log d - 1. 04088 
\'olog slu I" - 5. 31443 

~um 6. 35'>31 

li.oi;sin a. Logs. ·

1

:L:g sin ~-I )ii~i-~- R~r~~;,._ 
I s tionin =r. 

1 
\seconds. 

;--- ------ -~ ---- -
I 

~ i .................... \.. ................. > ......... . 
271 9. X4528 4. 402'>4 i' 5. 44274 : 1. 79S05 I - tl2. 81 
47 9.114004 4. r,1928 f>. ·l'..!97B ; J. 7>l507 - 60. 96 
02 9. 07025 4. 30016 ,). tli\40\l i 2. 01940 I -104. 57 
IR i 8.08600 L~4.0108!~5Q1\lS -~·~002'.l '1_~ (\.!\'.\ 

106. Spherical excess.-'l'hc :;phericu! exce:;s which ls propor
tlonnl to the urea of tile triunglc becomes 11ppreclahlc only when 
the sides are from 4 to 5 miles in ll'ngth. One-third of the coru
J>Ute<l cxcPss Is dedudt>tl from each angle of the triangle, and tile 
l!!trercnce betwel'll tile sum of the resulting ungles of the t1'inngfo 
and 180° ls the error of closure to be distl'lbuted. The formula 
for the spherlcnl excess R }.s 

FJ= ma/J sin C. 
iu which a, b are the triang-le sides nncl 0 the lueluded nngle. '.l'he 
values of mare tubulatecl for cYery 30' of latitude, aucl arc printed 
in Special Publication ~o. 8, page 16. A condensed table of log m 
to four decimal pluces for every 5° of lnt!tu<le is given below. A 
rough npproximatlon of the spherical excess of a trlungle in sec
onds is obtained by multiplying Its nreu In square m!Ics by 11 
and pointing o:ff two decimal plnces. 

107. Condensed table of log ui.-

------- ---·---·--·-~ 

I 
Lnti- LOl(7!1. Lnii- Lol(m. Latl- l.ogm. tndc. tu<lo. tu do. 

------- --- --~--· --------. . . 
0 1. 4070 25 1. 4059 50 1.4035 
5 69 30 55 55 30 

10 68 35 50 00 2& 
15 66 40 45 05 21 
20 63 46 40 70 11 
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108. Mathematical solution of the three-point problem.-lf three 
points, forming a triangle of which the sidPS and angles nre 
known ot·· cnn he computed, be 
Ylslhle from n fourth point P, 
It if> required to determine the 
position of P. 

8et up the theodolite nt P 
an<l mensure the two angles 
subtended hy uny two of tbe 
~il·en sides. 

'.fills problem is of use in 
coses where the regular trl
angulntion hnvlng been com
plPte<l, nddlttonnl points are 
required for the topogrnpblc 
fHll'\'e~· or nre needed tor 
spPciul use. '!'he nngles should 
he <'tll"(•fully measured and in 
the {'<>lnput11 tlons the loga
rithms sho11lcl be cnrrled to 
1he same number of places of 
'lPelmnls ns in the regular tri
nngole side compututlon. 

Tln·ee cnses of its appllcu
tlon nre given, depending upon 
the loentfon of the Jlolnt P with 
reference to the sides of the 
trlnngle. If P falls upon the 
11rolo11g11 tion of n i:;ide of the 
1rian~le the cnse resoln1s 1tt!Clt 
lnto tlie sohttlon of a trlnngle 
with a sloe and 111\ the un~I~ 
~ivrn, while If 1' is situated on 
the circumference of the circle 
)lns.<ilng through the vertices of 
the trianl?;le the problem is in-
1h~ten11l11ate. 

Given the sides, a, b, c, and 
the nngle A. 

N 

Angles obst~rve<l, Al'C=P' APB=P". 
To tlnd, AflP=x and AOP=y. 

u 

u 

I 
I 

/ 

u 

In CllSCS I and II, let 8=180°-, (A+P'+P")=i (a:+v). 
In cnse III, S=! (A.-P'-J"')=! (x+11). 

c sin P1 

Let tan Z=bflin p7i 
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then, 
o.=g (.c-u) 

tano.=<'ot (z+45°) tans. 
If tan e bP positive, :i·=S+e, y=S-o,. 
If tan._ be nE>gntive, x=s-... y=S+t. 
Si11ce all the augh!S an<l a sich• in ('lll'.h t1·in11gle are now known, 

I he other i,;illes, or the <lli;tu11cc,,.; fl'on1 /' to tile three given point,;, 
can be rendily computed. 

The results ur1· \·erili\•d when both trlauµ;il'S µ;iv1• the sume vnlue 
for the line I' A. 

109. Triangulation records.--l>o 1101 u1111ilcute Yohm1es of Jiori
~:outal nngh•:;. Do uot iualw an Hln;tmet of angles. :'llnke a COlll
plete list of direction;; 011 Form ~-!A, in 11cconhmce with the in
structions 011 the buck of that form. '.rile locul adjustment cor
n~ctious (to close horizon only) ure to be written iu the "Hori
ll.onlal uugll' 1·eeonl," and thP "List of directions" ls to be mtule 
from thut record directly. 

110. Buse, azimuth. und vertlcul 1lllgle observutlons mny be 
n~oJ'flt>cl In "Horlzontul ungle u;cord." Bnse un<l azimuth ob
':i(·rnltious are to he dupli('at!><l mi ('omputlug JJUper und uttuche1l 
to " Lli,;t of <llrl•cUons." 

111. All r<~co1·d;i of olJserrntlons should contuin nn nlphul.Jetk 
imlc>x of stutlom; oC"cupied. When stntlons nre occupied more 
than onee, end1 record slwuld have a eross reference to puge mul 
,·0J11111e. Hecor<ls should also c•mtulu u prefuee giving briefly 
nm11bPr, makl', 1111rt size of Instrument, with direction nnd m111111er 
of graduation and rnethotl of oh:-ervutlon, anti nu~· information 
necessary to n comvletn under,,;iamling of tlw recorcl. 

ELEVATIONS BY VERTICAL ANGLES. 

( 'fh<' I nstructlc.11• und<•r this hend llpply to both •<>condary and tertiary 
l rlnni,'lllntlon. J 

112. Scheme of observations.-Iu connectiou with ;;econdin·y and 
tertlar~· trin11i;ulntio11 u complete scheme of vertlcul nngle oh
servutlons shonlrl he curried out, l'XCept In the cases Htuted below. 
This complete scheme shoulcl consist of n contluuorn; series of ve1 .. 

tlcul :ml{le measures through the main scheme of the trim1gulv.tlo11, 
obsen·lng euch line over which horizon tu I 1111~dei,; ure ohsen·eu ( 1111' 

ohsc•rYntions ovPr t•ach l111c> to he made In hoth tlirectlons if l.Jolll 
ends of the line nre occupied), nnd should also inclucle ohserrn
tioIHl of \·crtical :rngles upon all :-.uppl(•Jlleutan· nntl lutm-i>ectiou 
:;tatlons eorrespcm<llng to the horizontal angles measured 11po11 
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such stations. Co1111ecU0ns should be made with elevations ac
cumteJ~· uetermined by precise Jernling, w~·e leveling, or tldnl 
observations as frequent!~' 11s possible, "'hen ll trlungulntlon Is 
carried uloug u eoust or tidal streum, at each stntlon near the 
shore where it li:i convenient to do so, a connection shoul<l he made 
with mean sea lernl and the cmmc,ctlon recorded. Tide gnuge 
mn1·ks should be included where t<Yailable, but otherwise un ob
>wrvcd n~rtlcu l nugle to tile wnter'::; L'llge u11d un upproximute dis
lllllee to the point !:lighted upon, with n note ns to height of titk 
or the Unw, muy sen·e the JHU]IOl'e. If the 1ilum~-tu!Jle to[log-
1·1111lly fixcl" 1lw e\cn\tion in the 1·ci.;io11 coverctl by the triangu
lalln11, thnt p11rt of the ohservat.lons of verticul angles upon sup
pll•11wntm·y anu inte1·sectlon stations which would 11w1·0J~· furnhd1 
rcdeterminatlons of elevations tixecl l.J~' the topogruphlc sul'\'ey 
mny be omitted, but the ul.Jse1·vutlorni of Yerticul nnglcs in thl' 
mo.in scheme and u11on impplementu1·y and intl'rHectlou points 
he~·ond the limits of t)le plane-tu hie HUrYe~·i,; should be made. If tlle 
scheme of trlnni;,'Ulatlon is aloug ti const or river, with no high 
ground visible from the station,;, tUld if nt each stutlun it Is not 
clifticult to mnke n sea-level connection, then a seriei; of Yertlcul 
~·ngles need not hl• l'll rriecl t11rough the main scheruc. In this case 
only such vertlrn I u uglei; .slwulcl Ile ol.Jsel'\'<~d us ure necessary to 
determine the cleYutions of the highest pol11ts of nicls tu navign
tlon, such us lighthouses, .stu111lpi11es, stncki;, etc. If the eleva
tions of such aids to navigation throughout the schome aro known 
to be fixed previously In elevation, no obsern1Uom1 whatever need 
be made. This condition will prnbubly seldom occur, uml then 
only on the Atluutlc und Gulf cot1st::i of the Uulted :::ltutes. 

118. Plane of reference.-All heights wlll be referred to mcun 
1:1en Jm·cl. 

114. Method of observation.--Iu the main trhu1gulntlon scheme, 
two measures, ench consist.lug of one pointing with the telescope 
in the ulrect position ancl one polntln~ with it in the reversed 
posltlon, on each clu~· of occupation Is sutliclent. l•'or obscITutlons 
on Intersection statiorn;1 nml ilHlet!ulte objects two meusures, each 
consisting of one i1ointlng ln cach.Qf the two positlom: of the tele
:;cope, on only one du.y llre nil thut uro necessary. Such observa
tions should l.Je t11ke11 on each intersection station or indefinite 
objl'ct from a 11 the stations from which hol'lr..ontal angles n1·e 
men!;ured to thut st11tlo11 or object. 

115. As fur m; practicable, th{~ ol.Jsc1·ra lions for vertical angles 
shoul!l be mude us ncnr the mit11lle of the duy us vosslble, and In 
nn~· erent not bPfore 10 o'dock In 1 he nwrnlug 1wr lnh•r than one 
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llour before su11llow11. Early 1110r11iug and lut.e afl!,n10011 obst'rnt
tions nre of lower nccurnc~·. owinl! to rnpidlr changln~ Yertic:1l 
refraction. 

116. An essential for the accurate measurement of Y<.>rtkal 
angles, whether in triangulation or for nstronomic positions, is 
that the vertical axis be trul~· vertical or tlmt the effect of error;; 
of Yerticallt~· be ellmlnutt.'<1 hy the methocl of observation. The 
instrument should of cotm,;e he leveled :rncl placed in adjustment 
lwfore beginning obs1~1·vatlons, hut ~:hereafter error in vertlcnlit~· 
of axis will be eliminntell by the following system of obseryinc: 
for each eleYuilon to be determined: 

117. Directions for observations.-(a) Point on object, bring 
horizontal thread to vositlon by telescope-clump slow-motion 
screw; (Ii) bring to the center of the vial the bubble nttnched tn 
the vPrnlers of the vertical circle hy means of the yernler slow
motiou screw; (c) read both vemlers; (d) turn the im1truffi\'1tt: 
180° in azimuth and trun1llt the telescope. ltepent (a), (Ii), and 
(c) in same order. Do uot change the relntlon hetweim the nxis 
of the bubble nml the lhw joining the zeros of tile verniers betw~n 
the two polming-s of. a set. For nil irnportnnt: objectfi determlna
l'iou of eleYutlon should be obtained from at least th1·ee xtatiom>. 

118. If the Instrument us .. tl Is n theodolite of 7-lnell circle or 
smaller, it is ·usually best to brinl! the huhhle to the center of th" 
scale for each pointing In orcfor to uvold having level correction;;. 
With the largn instruments, espednll~· tlesll!ne'l for trigonometric 
leveling, the buhhle ls very ~nsitlve, null it will be found b!'st 
to muke level remlings for nny 110Sitlon the huhble mny he on thP 
scale rather than nttc>mpt to center the huhble.. If the vertical 
circle ls fostem'<l rigidly to the telescope of tlw theo<lollte, the 
bubble lll'llY he brought to the center h~· means of 1 he foot screws 
(before making- the pointing) or by the slow-lllotion SCl'\'W of the 
frame supporting the huhhle nnd vemlers after muklng thP 
second pointing. If the instrument Is one by which the vertical 
angles nre measured b~· the method of repetitions, then the buhblP 
must be bi·ougllt to the center or on the ·sen.le, for the second 
pointing, by the foot screws only. 

119. llecord.-Observations Rhould be recorded in the uBual 
Double Zenith Distance records except in work where very few 
stations are occupied for vertical angles, in which cuse they may 
he re<'orded in the Horizontnl Angle record book nncl llstt>d in the 
tnble of contents. The nctuul circle readings are ulways to be 
record eel. 
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120. The D. 7,, D. l't'COl'<l ls 111T1lllf!C1! for u:;e with repeating ver
tical circle; for oh>'ervaUons ns here proposed the columns headed 
.. nep's of Dlr.D," " LPYel," "C," nnd " D " may he left blank. 

121. Ill <·,·e1',1· 1·11se tlJP recm·11 rnw<t slmw clt>nrly Ille hei.i;ht 11\' 

1 he !n;:trumcnt In nreter~ and cent!motcr" ahove the surface marl\ 
:11 tlw i;;tntlon occupied unrl the c>xuct point oh!lern•u on at each 
~Ji;:tant signal with lts height 11boYP tho i;;urface mnrk; wltenen•1· 
the entire signal ls 1·lslbl<• the ground >:houlu be obsern~d uml o<o 
noted. In observing obj<~ets other Hum signals cure should lw 
rnken to note In the J'Peord the rxact point slghteu upon in ctteh 
<·a~e. !IS, for exmnple, for mountnln pcnks, ·• ~1·01md" or "tops 
<1f tre<>s "; for a cllnrd>, "top of rlonH'" or "lop of tower," ell'. 
When tops of tl·ees Ul'C obscn·e1] the estimated height above 
;.:rouncl shimld be not1•cl in the rPcord and the groun<l should lw 
1•b:oervcd Ir pructlcublc. 

122. In the c;1:;e of monntuin:; awl hilltops a Sll\Ull sketch show
ing the relation of the point determined to tl1(' outline of the snr: 
1'oundlng elevations will be useful hi representing the object 011 

the chart, us well ar; to the observer in identlf~'lng the object fro!ll. 
another station. 

123. Computation of elevations from observations of zenith dis
tances made in oonneotion with tertiary triangulation.-Abst1·11e1 
all. zenith dlslnu,;es 011 l~ol'ln 2!), br!ugln., togeth<>r all ohser1·11Uon.~ 
upon the sump oh.Jeet frolll n .i;-1\·eu i:;tntlon, anu taking the rneuu. 
If ~he obsern1tlons are tukcn on more than one day, give the 111P1111 

re~ult for each <la~' .the !:lame weight, regardless of whether mttn~
or few observations were made on thnt day. 

124. In the rProrcl book nnd on Form 2!) cun·~- all anglp~ t" 
i<et:oncls only. 

125. The Ynlue In the column heu1l<•1l "Oh.i1'ct ahoYe station" is 
zero If the oh.iN:t pointed upon Is the linui mark for Plp1·ut Ion, ""· 
for pxam11l1'. f"lie top of a ehlmney, to)l of 11. spl re, Ptc. 

128. Use tbc column hcaclecl "Ileductl.on to line joining sln
tions" only whl'll thl' ohsPrYatlons :tl'(• r<'clprocnl-thnt ls, nr1· 
ma<lc in hoth cllrpctions over t!Je Jin<· in fJUcstlo11. The qnnntitr 

in thiH column is an angle of which the nduc in oecouds is- ...!:.;: 0

1
,;• 

8 Blll 

in whkh .~ ls tlw horizontal distance between stutlonfl, t !.he cl<'
\'ation of th<• tele:o;copc abon• the l'lation mark at the observer'>< 
station, and o the elevation of 1111' oh,lect sighted on nboYe the 
:-:tatlon murk at the dl~t:mt Htution. 'l'hl~ formula repreHenti:;, 
therefore, a Yertical Pceentrlc rPcluetfon wltlC'h is lo h(' applied us 
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u correction to tlte ohsened zenith (li~tnn<"e to ohtni11 the cor
rected zenith llistnnte. Four ph1c1•s in the Ioirnrithms are all that 
nre necessary in comput111g these vnJupr;. 

127. If the observutious a1·e lllU(le in one (\irectlon 011!~· over :1 

line, the uhove vei·tknl Pc<·P11tl"ic l"PthH,tion is not nPeded. Inste11,1, 
the dlt!erence t-o, expressed In meters, is to be a1>plled ns u correc
tion to the C'Olllputc<I ditfort'llt"e of elevation, HS ill<lfelltPtl 011 

l•'orm 29B. 
128. For reciprocal observations nse Form 29A. in com1mtl11;:r 

differences of ele,·ution. The Iowe1· p1u·t of the form. im·olvlm: 
the weight p und tlw coeffieie11t of refructlon 111, ls not used lu 
tield cornputations. 'l'he formula for the <lifferenee of t'ievntlo11 
between stations 1 und 2 Is : 

Jn this formula Ji, Is the elevation nhove menn sen level of stuti.m 
1, which should be the station whost- t>levntlou ls the more pre
cisely known; II, Is the eleYution of Htntion 2; 8 Is the horizontul 
distance hctwcen th~ stutlons, redtwecl to sea level, log s l.Jelng 
tnk{'ll from the I.Jest antllahle tomp11t111io11 of triangle ;;idPR; !,'2 Is 
the mean corrected ?.<•nlth tllsta11ce of stn tlon J, llH obserVL'll fro111 
station 2; slmllurly, !;1 I;; the ze11lth 1llst1mce of st11tlon 2 f1·om 
:;t11tJOll 1. 'l'he Y!lhH'S Of !°o 1111<1 i"• Ill"(• (11 he taken from Conipntlng 
Form 29. ..1, IJ. and 0 are eorr<'dlou fnct.ors whose ,·nlues ure 
nearly unit~· and whoRe log11rith111s 111ay bt~ found ln '!'ables a, b, 
and c, on pug<•s - anll -. .·I is tlw con(>('tlon f:wtor fur the ele
vation of ;;ta t!on 1 ; its for111ula is 

in which p I;; the radius of cun·ature of the 11re hctwe<•u stations 1 
nnd 2. B Is the correction factor to the upproxlmnte <llf't'crence 
of elev11tlo11, R tnn ! (.~2-f1). Its cxpre;;slon Is: 

lJ= 1-\- 2-~ t.:m '' I\.,- 11). fl • • 

(!Is the c11r1·ectlon factor for the 1lisl:1nce !)(>fWN•n st·nti•ms. Its l'X· 

prl'S~lon being 
s2 

('=1+·19•• 
-P 

I•'urther ex11lu1111tlons In regard to A, JI. nnd 0 w111 h" foun1l 111 
('OntH'Ctlon with thPlr r1•!'fJ<•ctiVC' tahlPS. 
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129. Compute through the form hy horizontul lines. lu the 
form a brace groups those quantities which, added togethe1·, glve 
t Iw qunntity 011 tlw Hue immediately below the brace. In fielu 
computntlon~ c111T~· the angles to sccomls, the logarithms to ttve 
plnces of dechuals, urn! the llifference;; of elevation to hundredtbs 
of meters. In Held computntlons the lines wnrked " ! (L".-1.) in 
secs." and "log ditto" wuy be omitted und log tan l (.t,-f,) may 
be tuken tllrectly from Vega's or Shortre<le's tables and entered 
lu the line marked '"1\" Huvlug found log [8 tan i U•-r1)), u:w 
it to take out log B from Table b. Add algebraically the lol(
:11·1tl1111s of A, H, unu C to log [8 tun i (f,-f,)]; the sum wlll be 
log (112-//1), 1,,.-1,, being expressed In tbe same unit as 8, in tllls 
cu$e tlw meter, whkh is the unit tllrougJ10ut the computation. 
To convert met<.>rs to fL-et, which should be usL>d in topogmphk 
work, multlplr the 11umber of meter& by 8.28083 (log 3.28088= 
0.515!>8). 

130. For nonreciprocal obsel'vatlons use 11'01·m 2{)B in eompulin;; 
cllfl'erences of eleyutlon. The com1rntntlon of weights 1wovl<led 
for ut the bottom of the form muy he omitted Ju n Held computa
tion. The 1<n me rules ns to the uu111he1· of flgm·es, etc., will npply 
he1·e as to the computntlo11 of reciprocal obsPr1·ntlons uud the 
hraces ho.ve the 1mme menning ns In Form 29A. The for111ul11 fot• 
difference of elevation Is slmllnr to thut for reciprocal eleYutlons, 
hut since only one zenith distunce ( !i) i>1 observed, the quantity 
! U2-r1) must be rep la cell bS• 90° + k-r,, the vnlue in seconds of 

(0.!l-ni) .~ 
1• being glY<'ll by the P<JU1ttlon f; 1 1 ,, · In this equntlen 

pi;. JJ 

in is the coefllclent of refral!tlon, which vnl'ies with Ylll'ylng 11t

mos1)herlc conditions. In ofiice rom1mtntlons the best uvallab!P 
value of in wlll be used, but for lleld com1lututlons put 

log (0.5-111) =9.U3246-10 

which corresponds to m=0.071. Lop: p comes from the tuble in 
11nmgruph 138, the 11r:.,ri1m1>nts vt' 1Y1.1leh nl'c the menn nzlumth 
and mc•nu latitude (a and </l) of the line. These qunntltlns m>e<l 
not be known closer than the rwurest tenth of u dPgree. H1wi11!.!; 
found k (to the 111!nrest sL-contl only for fielu co1111)utut1on.·) the 
formula. for the dift'crence of elevntlon Is gh'~m by 

li.-11t=.~ tan (90°+1c-r,l [,1 JJ OJ. 

The quantity r1 Is the llH'an ohser,·e.l zenith <llstan<..-e nnd comes 
from Form 29, as does ulSQ the qunntity t-o which Is to be 
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applied ns a correction to 11,-h, n,; lrnl!catc!I in pnragrnph 127. 
No YPrtirlll ('{'Centric nngular reduction Is to be applied to 11. 
This ls contrarr to the prnctlce on recl)lrocnl 7.enitll tlistances. 

131. Iu tlw fiC'l<l com1rntations the lines marked "00° +k-f, in 
secs." and "log ditto" mar be omitted and log tnn (90° +Tc-ft) 
taken direct!~' from Vegn's or Shortrede's tables und t>nterecl i11 
the line marked "T." Log [s tan (90° +Tc-rt)] is ust>tl ns the 
argument for log B. The arguments of log A and log (,' are Iii 
anct log s, respectively, ns In the cuse of reci)lrocul obsel'\·ntions. 
Th<' logarithms of A, B, nm\ 0 added algebralc111I~· tu Io;.: 
fs tn11 (90°+Tc-ft)] give log(l1"-h1). 

132. Tu hie a. gives the Yah1es of log A, the correction fnctor for 
the elp,·ntlon of the known ,:tntio11, b~· showing the limiting yaJues 
of the t>l<'Ylltion II,, bl't\n>C'n whkh log A mu~· he taken ns 0, 1, 2. 
3, etc., milts of the fifth pince of decimal!:'. Loi! A h; JlOSiti ve. 
exce11t Jn the \'er~· rare rw;e where /I, corresponch; tu u voint helow 
mean sea level. 

133. Table o. 

I 

~~ftsAo'r I ~riftsAo'r Loft A, Log A, 
un ts or units of 

'" filth ,,, filth h1 fifth ,,, fifth 
J;laooof /clace of J;laceor J;lace or 

ecimals. oclmals.
1
, eclmals. ecimats. 

I J(ctcrs. ---1 Mtlns. 
---1·---1 'I llfetm. Meter•. 

: 0 : ! 1541 3156 -4770 
I lJ I 11 22 I. 33 

;:1 ,. H\'!8 ' 3303 4917 

I 
1 I 12 2:J I 34 

220 11<:!.1 3H9 I 5064 I I I I 2 I: 13 24 35 
:\fi7 I' 1982 3596 I 5211 

I 
i 3 

1: 

14 26 36 ;,u 212S 3743 

I 
0357 

' 4 15 
I 

26 3i 
! 661 22i5 3800 5504 

I 5 16 i 

I 

27 

I 
I 38 

S07 ['. 2422 ., 4-036 li(i[,1 I I 6 17 
11 

2S I ~9 ' 95·1 

I 
[, 2569 4lk.~ 

I 
5798 

7 I' 18 

11 

29 40 
1101 :1 271.) ·1330 I 5945 

1· s 10 
I I 30 

! 
41 

12·h 2862 4477 60()1 

i II i. 2() 

I 
I 

31 I 
l:.i!l4 3000 462~ 

I I 10 
.J 

21 32 
1541 I 3156 I, 4770 

I : ~ I 

134. Table li gives the values of log B, the correction factor for 
approximate difi'erenee of elevation, by showing the limltlng vulues 
of log [stun! (K,-!,'t)] or log [s tnn (90°+T,,-)t)] between which 
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log B may be taken ns 0, 1, 2, 1', etc., units of the fifth plnce• of 
fleclronls. Log B iin i-: the same sign us the angle i (r,-~.) 'or 
!l0° +k-11; for exnmple, If log f s tan ~ ( r.-ri) l lies between 
3.!"'>65 und 3.598 nutl i (1,-.\,) Is positive, log B=+0.00013, but if 
! (l»-!'1) Is negntlw then 101-: R= -0.00013, i. e., 9.99987-10, the 
former way of wrltln~ heh1~ mmnll~· more eonve11ie11t In pl'lle~lce. 

136. Table b. 

1 
J,og [•tan 

I ILog[~tan \ 1,01 I·' tan : 
; \ts-ti)] LogB, ~ lt1-t1)J' LogB, ~ (!)-t1)J LogR, 
or Jog J·' unit9 Of or lo!: J• units of or Jax I• units of / 

t:m (90 t ft(!~ tan(llll + 1l!th plooe tnn coo·+ ftrth i;Jace 
1-t1lJ. 3 old mals. k-!'i)J. (.~ ofdl'Cll!lB\s. k-l'il• (a ol<tee mnls. 
in met.era.) In meters.) I in meters!.' 

. I ------ --· --·' .------···-1 
-<» ii 0 

2.167 I a.:m7 8.6& 
g 17 

2.6H 3.H5 a. 711 
2 10 18 

2.866 3.4811 8. '136 
3 11 lt 

:1. Oil 3.G2S 3.7~ 
12 20 

3. 121 3. 56.> 3. 7i0 
~ 13 21 

a. ~'08 3.008 3.800 
6 l4 22 

a. 281 3. 62'J 3.820 
1;, 23 

:1. 3·13 :1.11&~ 3.s:!U 
.~ 18 2~ 

:t :(~17 ,a.OR."'1 3. 8117 

--· 

136. Ta hie c gives tlw \'nhu• of loJ.: C, the correction· factor tor 
dlsb111et~ hetw~n st11tiom1, by Hlwwin;.: the limiting vnlues of log s 
hetw1~n whleh log 0 may be tukeu UH 0, 1, 2, 8, etc., units of the 
fifth pluce of dechnule. Log C is alwuys positive. 

187. Table c. 

Log C, I ·~og c. 
Logs (.•In units of Log 8 ("in units of 
metera). fift~ICO meters). fi!t~bce 

o!<l nJs. I of cl IJUllS. 

----· 
0.000 !l. :..~r, 

Cl 4 
4.876 rl.35~ 

/j 

5.1\3 .';. 3H.:) 
2 6 

5.224 5. 43'.! 
~ 

I·--~~~ _i _____ cl_ _ _:"· 
4
fe'._1 _________ _ 

13027°-21--G 



66 GENERAL INSTRUCTIONS ]'OR J;IELD womc 

138. Table of logarithms of radii of curvature of the ea1·th's 
surface in meters for various latitudes and azimuths, based upon 
Clarke's elllpsold of rotation (186G). 

Azimulli. I 0° lat. )~ 2° lat. 13" lat. 
I ' 

4" lat. 5• Jat. J 6" lut. i 

• Meridian~ 6. 8017516. 80175 =16.80176 6. 80177 6. 80178 6. 80180 ! 
5 177 177 1781 178 179 180 182 

i 10 1S4 1S4 184 185 186 187 188 
15 195 195 195 100 197 198 199 I 
20 209 209 210 210 211 212 214 i 
25 m 228 228 228 229 230 232 
30 248 249 249 21i0 250 251 252 
35 'J:/2 'J:/2 'J:/2 273 273 'J:/4 276 
40 2116 297 297 297 298 299 300 
45 322 322 322 a23 324 324 325 

liO 348 348 348 348 349 360 351 
5li 373 373 373 373 374 374 37:; 
60 396 396 396 396 397 :ms 308 
65 417 417 417 418 418 ·118 419 
70 435 435 436 436 436 437 437 

75 450 450 450 450 451 451 452 
80 461 461 461 461 462 462 463 
85 468 468 468 468 468 469 469 
90 470 470 470 470 471 471 472 

Ailmuth. 6° lat. 7° lat. 8° lat. 9° lnt. 10° lat. 11° Jul. 12° lat. 

·----------------------. 
Merldlllll. 6.80180 6. 80181 6.80183 6. 80186 6.80188 6.80191 6. 80194 

5 182 184 186 188 100 193 196 
10 188 100 192 194 197 200 202 
15 109 201 203 205 207 210 213 
20 214 215 217 219 222 224 227 

25 232 :233 235 237 239 242 244 
30 252 254 256 257 260 262 261 
36 . 276 m 278 280 282 284 287 
40 300 301 303 304 306 308 310 
45 325 . 326 328 329 331 3.'l3 335 

50 351 352 353 354 356 358 359 
55 375 376 377 379 380 382 383 

I 
60 398 309 400 401 403 401 406 
11.5 419 420 421 422 ·123 424 426 
70 437 438 439 440 441 442 443 

75 452 452 4~3 4M 455 456 457 
80 463 463 464 465 :~I 467 468 
85 469 470 470 471 473 474 
00 472 1n 473 474 474 i 475 476 
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- ;~uth. j 12°11\t. 13° lat. 14° lat. 15° Jat.116° fat. -17° lat. ! 18" Int. 

--·-------. ----1-- -·---·---
Mcridlun. G. 80104 6. 80197 6.80201 6. 80204 6.80208 6. 80213 i 6. 80217 

6 196 199 203 200 210 215 . 210 
10 20'2 206 209 213 217 221 225 
15 213 216 219 223 227 231 I Zl5 
20 'J:J.1 230 233 236 240 244 248 

1' 

25 244 247 2.50 254 257 261 26.'l I 
30 264 'JJ31 270 273 276 280 284 
35 2f!7 289 292 2115 298 301 aos 
40 310 313 315 31R 321 324 327 
45 336 337 339 342 344 347 350 

60 359 361 364 306 368 371 373 
65 383 385 3f!7 389 301 394 306 
60 406 407 409 411 413 415 417 
65 426 427 429 430 432 434 136 
70 443 .44 446 447 449 451 453 

76 457 458 460 461 463 ml 460 I l!O 468 469 470 471 473 476 
85 474 415 476 478 470 480 482 I 
90 476 477 478 480 481 482 i 484 I 

I. 
... I Azimuth. j 1s• lat. 

22• 10~1 23° ln~:-19° lat. 20° lat. 21 •lat. 24° lat. 

-----··- - . -- -

)lcrldlan. o. 80217 6. 80222 6. 80'l26 6. 80'l32 6. 80'.?371 r.. 80'242 6.80248 
6 210 224 228 234 239 244 250 

10 225 230 234 239 244 250 255 
15 235 239 244 249 2.s4 259 264 
20 248 252 257 262 266 I 211 ~Y/7 

25 265 269 273 277 282 [ 2f!7 2!l2 
30 284 2f!7 292 296 :J()() I 305 309 
35 305 308 312 316 320 I 324 329 
40 327 330 334 :!38 341 I 346 350 
45 350 353 367 :ioo 304: 367 :171 

50 373 376 370 382 386 i 389 302 
55 306 :J98 401 404 407 I ·110 413 
60 417 4191 422 42·1 427 ! 430 432 
66 436 438 440 H:J 445 ~ 448 450 
70 453 <IM 456 4.'\9 ·161 ; 4fl3 .1r,5 

75 466 4681 470 ·172 473 470 478 
80 476 

4781 
470 181 m! 485 487 

~ 85 482 ·18'.l 485 487 490 402 

I 00 484 ·185 ·187 489 400 492 494 
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. \zim~~~=-;~•Jat. r~~~~~ ~·Ia~: I 2i"~at.-l~:l~t: !~:lat~-: 30'~,~~i 
' ' ' 

.\lcridta11~ o. 802.JS o .. '<ll254 i Ii. /j()2f.0 6. /j()200 6. 802'72 I Ii. 802'79 ll. 8021ib ' 
5 250 2f>ti I 262 2G8 27( 280 '1Z1 

I 0 255 21H 267 273 279 ' 285 292 
15 264 270 276 2112 2si; i 29• 300 
20 277 2"2 2si; 2113 299 ' 300 311 

25 
30 
;;5 

40 I 45 

50 
:;.~ 

60 
ti5 
70 

292 
:!09 
329 
350 
371 

392 
413 
432 

"'° 465 

297 
314 
333 
:1.'>1 
375 

306 
416 
435 
453 
408 

302 
31{1 
338 
358 
379 

399 
4~ 
4:18 
4~5 
470 

308 
324 
343 
3tl2 
383 

403 
42a 
•42 
458 
473 

~~1' 
348 
367 i 
3s7 · 

407 : 
4W · 
'45 I 
461 
47,, ' 

319 
335 
353 
372 
3Ul 

411 
430 
(48 
464. 
478 

325 
340 
358 
377 
:ioo 

415 
(3~ 
451 
467 
481 

W 4 7S 41'0 41>2 f~ f><7 ; f89 492 
500 
505 
[J01 

___ ~~ J :: m :~ m ~: ~ 
,,-7.;:uth. -:~'."~-l~ __ :ll~~~:r~~~n~-~· 1a~.-! ~· ia1. i"'a.;=-=.=1A=1.=J"'. =:io=·'°'1 .. =,=_ ·i 

.Meridian. 
5 

10' 

~, 

~I 
351 46 
45 I 

50 
65 
60 
ti.'; 
70 

419 
437 
4,;.; 
470 
4M 

405 

42;J 
4H 
4;,g 
•17'J 
-1.'l() 

4~7 
r-05 
.-.10 
511 

·-·-· .. --- I 
I 

I ' I 
ti.!'I~ <>.Mt;ita [ fi.1<1~120 I i>.l;O:l2i 

:so1 a 14 , a22 3211 
:n2 :m1 : a2u · :13:i 
3:ag a:iu I :133 :1-10 
:i~ 337 a43 a:>0 

a~J a411 ass :rn2 

~:~~ ~~I ~~ m 
410 414 41.(j 424 

:~ 1i~1
1 

r~ m 
476 480 483 48fi 
4S9 492 495 40S 

f>12. 514 ni1 
.;14 r,w r;1s 

fAJO I rm\ w.; 
;,o7 'IO I f>12 

------------------ _i 



m,1';VATIONS BY \'J.~RTJCAJ, Al' UJ,l·:s. 69 

--
A&lmuth. i 36" Int. j 37• Jat. '"~·~I "· ~· !~.... !.'.'.""' I ... '" i ···---~·--

: 

Meridian. j 6.1<0027 6.Rll.335 6. RIJ342 6. 81l8.'i0 ILJ;;(Jll.'!7 ti. ROOIJ5 O. ll007;l I 5 329 3311 344 351 :159 :100 374 
20 I :1:13 340 348 :i.>5 :16.1 370 :178 I 
15' :!40 348 355 362 :11111 376 :1~4 I 
20 I :150 :157 364 371 378 :1% :192 I I 
25 362 368 :1'15 .182 :188 :1g:; 4112 
30 376 382 388 394 401 407 -11:1 
35 391 397 402 40H 4\.lo 420 42« 
40 407 02 418 423 429 434 HO 
'6 4:U 429 434 439 H4 440 4i\4 

r.o I 441 445 450 4M 459 4!14 41\S 

~I 
457 461 465 469 474 47~ 4><2 
472 476 480 484 487 491 49;, 
4"6 489 493 496 [,()() W3 rm 

70 ! 498 SOI 504 507 .510 iiU "17 

~~ l 5-0R 510 513 M6 519 :;2:.1 ii25 
515 !il7 r,20 !'123 r.z.z; :i28 r .. i1 

i ~5 r.19 r,22 5:U .527 ;,29 532 ;,;14 
I 90 fi21 52:! 521! f>2R 531 533 5'16 ! 
\=A;:~~ ~~2' l:t. .. :--.:..__.:. ..... : .. : .. : ___ :-_:=::: ·j 

'4'Ja1 .. ; H"l111. J 4n•1at. 
i 

4:l' llll. 47° 11\t. i 48' lilt. 

·-- -·--··- --~- --··· -· .1---i 

""''"'· 1 · .. ,, 
6.!rnSO 6.NOOAA tl.~96 6.!;0404 6.80411 6. NOl.l9 

f> 374 382 :189 397 404 41:1 "20 
10 :mi :185 :1g.1 400 408 41~ 42;1 
15 :1114 :m :{08 406 413 420 42/j 
20' :!92 3~ 406 4ta 420 427 4:14 

25 402 408 '16 422 429 '30 442 
30 413 420 426 m 439 446 -152 
36 426 432 438 444 450 456 462 
40 440 446 451 457 462 WI 474 
45 454 459 464 470 475 48(1 ~s.~ 

50 46/l 473 47/l 482 487 492 496 
56 4112 4S6 490 496 4IXI [.()3 [o()8 
IJ() 4~5 499 [,02 506 510 !ll4 51R ! 
65 r.o7 MO 514 517 520 524' fl21! 
70 517 !)20 523 526 520 5a2 5.16 

75 !)25 r)28 S:ll 534 r.ao si11 '"'2 !JO r,a1 !>=i4 536 539 [>42 [>ti i'>47 
8f> 5.34 li:l7 [>40 542 f>45 548 :.:io 
90 536 1;3g 541 [J-14 540 

I 
549 551 

. ------- ··------
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48' Int. , 49' Int. 
I 

Azimuth. 60° Int. 51' lut. J 52' Int. 53' Jut. 

0 

Meridian. ().80419 6.80426 6. 0043l 6.00442 6.80449 6.80457 
5 421> 428 435 443 450 458 

10 423 430 438 445 453 460 

I 
15 428 43;; 442 450 457 464 
20 434 441 448 455 462 469 

I 
25 442 449 456 463 46!1 476 I 30 452 458 465 471 477 4S4 
35 462 468 474 4SO 486 492 
40 474 479 485 490 i 496 501 
45 485 490 495 500 I 501> 510 

50 496 501 506 510 510 ;,20 
55 508 512 516 620 524 528 
60 518 !;22 526 530 533 537 
65 528 531 534 538 541 545 
70 li36 539 542 545 548 551 

75 542 545 548 
551 I 554 f>57 

80 547 550 553 555 f>58 561 
85 550 553 555 558 ii6~ 063 
90 551 554 550 559 ! 561 .564 

Azimuth. 54' Jut. I s.;' Jut. 56' lat. r·;i' lat. ! 58' Int. ·15!1' lat. 

-- ·- ·---,----- -----. ; 

Meridian; 6.80464 6.80471 6.80479 6.804J;6 6.80493 6.80500 
6 4M 472 479 486 493 500 

10 467 474 481 488 495 [)()2 
15 471 478 485 492 498 nos 
20 476 483 489 496 502 SOii 

' 
25 482 489 495 i 

r.oi I .i08 514 
30 490 496 502 1>08 514 ,;19 
35 498 f,()3 ii09 I 515 li20 52S 
40 ii06 .112 J17 522 527 5:12 
45 515 1;20 52.'i: f,."j() ! 534 539 

I 60 524 :;zx, f,;j;I ; 
f>3i I lli 546 

55 533 r,a1 541 ' 545 !).i2 
eo 541 ;,44 i>4~ . 052 555 558 
&5 &48 551 5~): 558 fi(\l 564 
70 554 557 oilO i 563 I 566 569 

76 559 !i62 !"16.-1 ) 568 i 570 573 
80 563 !166 r~s I 571 I 673 57() 

I 
85 566 Ms 570 573 575 578 
90 566 569 571 574 576 578 

54° )Bl. i 
I ---1 

6. 80464 
465 
46i 
471 
476 

482 
490 
498 
[>()6 
515 

li24 
53:1 
541 
548 
.554 

li59 
563 
fill(\ 
S6ti 

6(1° fat. 

6.80606 
607 
f,()9 

511 
515 

520 
52.) 
531 
537 
54a 

550 
556 
562 
567 
572 

575 
578 
680 
680 

I 
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I -· I ·1- . . . I -- . - I 

Azlnu~th:_ 1 _uo· lat~ ~~-~~--i -~~, l~t._ ~·-1:'.~ / 64° lu'.~ 6,) 0 lat. 00° Int. 

0 i : 
Merldl1in. I 6. 80500 6. RO;>l3 : 6. S();)20 ! 0. S0520 0. S0532 6.80538 0.80.';44 

5 · 07 1-1 · 20 ; 2G 32 38 41 
10 J 09 Ii> J 2'J I 28 :H 40 45 
15 I 11 181 24 . ·30 :10 42 47 

1 

20 i 15 21 27 I 33 311 44 50 

25 I 20 26 31 . 37 42 48 53 
30 25 30 36 / 41 46 51 66 
35 31 36 :~I 46 61 56 60 
40 37 42 51 w 60 64 
45 43 ·48 s21 66 60 64 68. 

·50 

Ml 
M 

~1 
62 65 69 73 

55 r,o 60 67 70 74 77 
60 o~ 65 68 72 75 78 81 
65 .67 70 73 76 79 82 84 
70 72 74 77 80 82 85 87 

75 75 78 RO ~~ 85 87 90 . 
80 78 80 83 85 87 811 91 
85 80 ll'J 84 86 88 00 92 
90 80 83 85 87 89 91 03 

-

Atlmuth. 66° lat. , 67° lot. li8" lat. 69° lat. 10° Jnt. 71° Int. 72• lat. 

. -i-
Meridian. 6. 80.544 i 6. ~0550 6.80.'i55 6:80500 6.80565 6. 80570 n. 80575 

5 44 I 50 55 61 66 70 75 
10 45 I 51 5H 62 66 71 76 
15 :1 5.'I ~8 63 68 72 '/'/ 
20 65 60 65 70 7.4 78 

25 r.8 62 67 72 76 80 . 
30 ~! 01 l)!j 70 74 78 82 I 35 fi.11 60 73 77 ~1 84 
40 64 j 681 72 7G 80 83 87 I 45 68. 72 I 76 79 83 86 89 

50 ni 70 I 70 83 RO 89 92 j 
55 11 I 80 I 83 86 811 Ill 94 
60 81 ~~I 80 80 91 94 96 

I 65 84 80 02 94 96 n.80598 
70 87 00: 112 94 96 0.81)698 6.80600 

I 75 90 92 J 94 96 QR 8.80000 01 
80 Yl 93 J 

05 97 6.805119 01 I 02 

i 85 92 Q4 96 98 6.80600 01 I 03 
I go 93 95 j 97 98 00 02 I 03 

' 
i I --- -

GRAVITY. 

189: A 1rnbllcutlon on modern methotlR for mensurln~ the ln· 
tensity of gruvlty ls in course of preparation. When pubilshed 
It will contnln <letniled instructions for lhP rletermlnntlon of 
gravity. 
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TRAVERSE. 

loi-0. In~tt·ul'rion,; for pr+•d,;e 1111d fw.1•ornl11ry I rnver,;e a1·e ~iven 
i11 8pecinl l'uhli<:11tlo11 ::So. ;)8. 

PRECISE LEVELiliG. 

141. l•'or ;.:rnera I instrm:tions for this work. see Special Publi
catlou Ko. 18, «>utiUPcl, "Fourtb Geueral Adjustment of the Pre
<:ise Level Net in tlte Un\ted Shltes and the Resulting Standat·d 
Elevfltlons" ancl alf;o ~peelal Publication Xo. 22, l'lltltled, "P1·e
clse I..evellng from Bri~h:trn, Utah, to Sun Fr1wc!sc:o, Callfornia." 

11.ECO:Rl'fOISSA!iCE FOR TRIANGULATION. 

141. The reconnoissunce prellm!nary to pt·ecise triangulation is 
mnde under special lnstru<!tlons suited to the work to be under
taken. On tertiary triun~ulutlon the lines are usu.nlly of com-
1mratively short length where the lntervlslbility of the 1wintJI is 
c>nslly tested, but 101· the occasional instances where such ii!! not 
the <.'!lse, the methods briefly l11dicatecl below mny be employed. 

Where the lntervlslhility of. the points desirel1 can not he dete1·
ml11ed IJy triul, or where it Is 11ecessnry to estimate tile heights 
of rowers whieh will make them interv!Hlhle when the llue is 
obstructed eh;E>whe1·,• thnn In the lmme<liute \•lclnlty of one or 
both of the points, the mup method of reconnolssi.mce may he used. 
The <l<'!P'l!e Qf preclslo11 ol>lalnetl IJJ' this method wlll depPn<l upon 
the uccurncy of the mnp itself, which is usually i11dlcate<l by its 
source, date, aud method of mmpllatiori, l\S well uis by internal 
Pvide.nce. 

'l'be dlft'erence betwet•n tl1P uppurPnt and true dlffe1-encl' Jn eh~

vauoo of two points Is uifocte<l by two faetol'ti, the curvature of 
the eurth's sui·fuce uud tlie refraction of llght by the earth's nt
mofll)l1ere. These ,facWrs nre of opposite sign uncl of an 11p11rox
imutely fixed relation to ench ottwr, so that tbe combined effect 
1·1111 be ft}l}ille<\ as a single hH:t.or. 'rhe effect of refraction b; about 
orn•-seventh as muc:h u,; the cu1 vnture; the formulas fo1· thP 
,;ep111·ute effect of each can be found 1n ·various works on ~c>odetlc 
surveying, but the formul11s lwlow g-Jve the upproxlmutc resultant: 

h (111 feet) =K' (in miles) tlmei; O.G14, 
01" 

K (in mll~!iJ = V"li (in feet) times l.32. 
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14.3. Below is a tuble, comlensell from tl1e Olll~ gi\'eu i11 Al>~lllli:s: 
!J, Heport for 1882, which gi\'es the Lllstuuce J( (In stutute miles) 
at which u ll11e from the height It (iu feet) will touch the ho1·1.zoo, 
tuking into account terret5trial rl'fruction with u mean assumed 
1:uefficieut of 0.070. 

l'orrec:li<m far uart/t.'11 c:un:aturc a11d t'efraction. 

' Miko. 
1 
2 
3 
4 
6 

6 
7 
8 
9 

JO 

II 
).2 
18 
14 
15 

16 
17 
18 
19 
00 

Fdlt. 
0.6 
2.8 
5.2 
9.2 

lf.4 

20.6 
28.1 
36. 7 
46.4 
57. 4 

t9.4 
82. 7 
97.0 

112.6 
129.1 

146.9 
IM.8 
185.ll 
207.2 
221!. 5 

.Mila. 
21 
22 
23 
24 
2S 

26 
27 
28 
19 
30 

~l 
32 
38 ,. 
35 

./<'ttl. 
253.1 
'm.7 
303.6 
330.5 
868.6 

888.0 
418.3 
449.0 
1182.8 
516.4 

W.i 
587. li 
624.11 
Ull3. 3 
-rm.o 
7(3. 7 
785.~ 
828.6 
H72. H 
mM.l 

J/llea . 
u 
42 
43 
44 
46 

<(!I 

47 
48 
49 
50 

61 
52 
68 
54 
53 

Fut. 
9114. 7 

!012.2 
1001.0 
1111. 0 
1162.0 

\214. 2 
1207. 7 
1322. J 
1377. 7 
14;14, 6 

· U\12.6 
lfJ51.6 
1611. 9 
1673.:l 
1735.8 

I 

~~JI 
!~~:~ I. 
:I065. 8 I 

To detetmfne how much the line of Hight between tW(I i.1:otlon11 
will cleat• m· full to clear 1111 Intervening hill, either the table 
ahove ma~· hP 11Re1J or the following fnmmln employed: 

where 

ti l 
!1=11 1+ (h,-11, ~~I -<~.r"l803d,d..,, 

1111-ll, 

It =l1eight of line at ol>.st1·uctlo11, 
h1=hclght of lower station, 
h,=hcight of iutervening ol>su·uction or hill, 
11~=heigllt of highe1· station, 
cl,=distnnce from .lowm· station to Intervening ohstructlou, 
<l,='<llstnnce from !ntPr\'enlng ohstruction to higher station. 

AZIJllUTll. 

144. General remarks.-1'11rtlt's c11:,:llgl'il in geuerul co~i>l surve~·l< 
should rnuke tl21mutb obse1·v11tlom.; nt one Rtutlon for every 20 or 
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30 figures of the triangulation. '.l'he nzh11ut11 ma)' he uieusm·e(J 
at any convenient stntiou of rhe tri1111gulntio11, hut 11referu1Jly 
at some stntlon nt which the deffec•Uon of t.!11> 1ilumll line is not 
large In the pl'ime-vel'tic11I, therefore uvoirl!ng, If pos;;ible, points 
having near-IJ,1· monutaiu unt:;~1·s 10 Ill\' p:1s1 or wes\. 

O/J1<erratiri11 r111rl 1·0111p11/ation of 11.~i11111/ll.-For examples of 
ubservationi:' with tile repf'ntlng theorloiite and nlso with the 
<.Ii!·ectiou tlieodolite, :;et! 8pel'ial l'ublicatlon No. 14, entitlcil, " DP
rerminatio11 or 'l'inw, Longil:mle, L:ttfrude, anti Azimuth" {5th 
edition). 

Olis<~rtJutions on the 11m1 for uzimuth.-It is occasionally licsir-
11hle in ri-comwil;sance for t l'langulatlon or In mngnetlc <letermlna
tions to have au u11p1•oximate azlmutll. !•'or methods of ohtnin
ing such an azimuth \Jy ohsf'n·atlo11s 011 the sun, $ee l'rincipul 
fi'acts of the Eurth'r; l\fog11ethm1. 

TOPOGRAPHY. 

145. Use of the plane table.-Fnll detnili:; regnr<11ng topogrnphlc 
,;urveys with the plane table wlll be found In A Plane •rable 
Manual, Appendix No. 7, Coast nnd Geodetic Survey Ueport for 
1005, which_ mny be obtained bound separately. 

146. Control of topography.-'l'he most satisfactory way of mak
ing detailed topographic surveys Is to first complete and compute 
a systemntle triangulation, and plot the points determiner! on n 
projection. 1'his w!ll .not always be feasible In cha1•ting new 
t·egions, on account of both time-and expense, and the topograph,v 
will somethut>H have to be executed at. the same time as the tri· 
nngulation. 

147. Where to1iogrnph)' is cnrric>tl on simultarwously wit·h tri
angulation nml other work,.lf practicable, the trlangulntlon wlll be 
kept sufficient!)' In mlvnnce so thut the ulstunces {not necessarll~· 
the geogmphlc positions) mny be computed un<l plott1>tl on tl1P 

sheet before filling 111 the topography. In all cases whC're this 
will eausP too grenr 11 <lcla;1' or Is not prnctlcnble from other 
<'!!USC!<, tlw topoirrn11hr1· urns( cheek the distances on his sheet b)· 
the compute!l dlstuncl'S 118 soon as they nre avnllnble, nnd wht~t'l' 
there arP lmpol'tm1t discrepanci<'!-: must corrc>ct the enor by 
examining- tlw portio11 ~1ffected. 

U11on comhillt>tl opp1·ut iuns · i11 Aluska t hf' spef'i fica tious for· t.lw 
stan1lal'ti 1·ontl'<>I or tnpn;.n·nphy in Alaska shall he as follows: 

In ; .. wnrrnl, nrnf!Hwhcme trint1iru!ntlon stations 1'or control of 
hydrogrnphlc nncl top11µ-raphi<' work slwuld be tllstrlbuted along 
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the coast at intervals not greater than about 5 miles. Thii; tri
angulation i;hould be of the tert!ar~· grade. To Aupplement the 
main scheme, iute1·sectlon AtationR of tile triangulation, or stutlons 
ltwate<l IJ;i; plane-table t1·ia11gulation, by transit and t:a1ie, or tmnsit 
and stadia, should be distribute~ at intervals not grnater than 
about 2 mtles. In localities where triangulation Is impructlcul.llc 
traverse with transit and tape may be used for cont1·oi. provided 
that tile nccnm<T 01' the traYerse is equnl to that of .tertiary trl
ungulntion. 

When the details of imp1·ovementr; aloug the wate1· front, such 
n!' dock;;, jlrominent buihling;;, etc., ure to he located, u. cont1·ol 
point should be e8tnblisbed at a distance not greater than 500 
meters from such Improvements. 

Control stations shall be marked und described in accol'd1wce 
with para~mphs 76-9G. All triangulation signalti must l>e cut in 
with the pl11ne table nml shown on the topoATllJ>ilic sileet; ·tilose 
fallin!,', off the limits should lmve llil'ection lineK. dl'tlwn on the 
sheet. All traverse lines .run must, if 11rncticuble, be checked by 
closing circuits, and small errors ud.1ustc<l; if large er:rors appear, 
the liJies nm,.;t he re1·t111 .. On a 1-20UlJ(). scale tile clo:sing en·or 
fihould not exceed 8 meters per mile of traverse, and an error of 
llulf that amount will usually he obtainable. 
Unlcs~ otherwise .-1wcitie1l, the !;landnrd of accuracy for the 

location of shore line in Alaska shall l>e equul to that for the 
Atlantic nn<l Pacific coasts of the United Stntes. 

The position of uny pm·t of the well-defined and permanent shore 
line shnll not be in error rno1·e thnn 10 meters,. where the shore 
line is less tl11w 1,000 meters from n trla111rnlutlo11 .01· other con
trol station ; not more than ~O meters for distances between 1,000 
and 4,000 meters from such a station; a11u not more than one
half of 1 pel' cont of the distance from a control atutiou where the 
<lisl'lrnce !i; ~renter than 4,000 meters I t·om i:;uch u. stntlon. 

The •le;;eript ive report for Pach ><hl"'t lllU8t gi\'e the doslug 
Prrors of tlw tmverses run und stlttP how uud between whnt points 
flw <li~erppmw~· wns dlstrlbntC'rl. · If proper ('arc ls exercised, it 
will he JlO:-!<ihlo tu fit a projection to t hP- plnue tnble sheet by the 
triangulation points, so that therP will he little or uo error In the 
r1•.-11lting ehnrt. 

148. 'l'lw magnetic meridian shonlcl I.le drawn on the sheet lu 
the fie)(! from at lenst 01u! point, h~· m~~lllil of the decllnatolre. In 
r1>gions of large locnl dist.url.Jum·e, ·actditlounl determinations of 
llu! magnetic nwrldin~1 should be made. 
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In m·del' to utilize all the 11vuilable force at the lwgi1111iug of a 
season, it mu:r be advantageous to make a plane table survey of 
a harbor and fill in the 11ydrografJliY on till!':, the sfgnnlll to ue <lt>
termlned by triangulation Inter. 

1'9. When fol'mer triangulation stations 1u·e searched for auu 
not fomul, or when stuUons are recove1·ed whlcl1 arc immflidently 
marked or described, the dl'tlciency in marking or descrl1Jtlo11 
must be 1·emedled and a report made to show existing condition;;. 

150. Scale.-For all general coast topogmphy in new regiOUll, 
unless otherwise specified, a scale of TOtn will be used. Larger 
scales, as TUtn (and In exceptional cases~), ftre to be used for 
special harbor 1:1urveys where the amount of d1•tall 01· thl• hu
portance of the locality warrants, but smaller scales than ni.r(j 
wm not be used unless specially nutl10rlzed. 

111. Contour intervals for ordlnn11· coast tOIJOA'l'tllJU!' i,:houhl lie 
either 20, 50, or 100 feet; 40-foot inter\•als shoulu not be used. 
The cl10lce of inter,·nls should depend 1m the nature of tlw couu
try nntl tho scale of the shPel~ Only one spe'!lfic Interval ,.:houl<l 
I"" used on a single sheet. 

162. Contours.-Wlthtn the f'Ontimmtal limits of thP United 
Rtntei;, the rell<'f will he lndlcntt><l b~· contours. 111 Alo;.;l,n 11.1111 
the Ph!llr1plnP Islands "form linP.s" instead of "eont<Hll'S ·• will 
be nfl(!{l for this p11r1Jos<l, except In the cnse of 11 lnrt:e 8C~nle surver. 
The term " contour" is 1-,-enm~1 lly understood to mean lines of 
equal elevntlon located by n sumctent. number of dete11nined points 
along lte c<.tllr>le, ""' thnt In l•flCll country on slope;; of ii 0 

01· l~s;; no 
part of It shall he out of position more than one-half the horizon
tal lllstnnce between each suc~slve eontour. 

In Alaslm tbls stamlnrd of a<JCttrac:v is t1ot 111·a«l.ic11hle u,.; it is 
tmportftnt for thE'! be1wfit of the navigator to. include a large Ul'\"a 
of. rugged eountry back from tlle shore. so that its gener11I t.~D

f!guratlon will lw h11Ucated nnd the \)eS.}ci; ll.nd hillto1>s chnrted w 
Herve as landmarks. 

For this 1mrp0Rl" Uie relief wlll be sh.own by "form lines," tlte 
sketehtng of wl1leh will be 0011trolled by as man)' points (refe1·
f'nce polntf.;) of (l(•termined hPiJ,:hts and location ns can he ~lll't!l.i 
from the 11hore AR the suney procl'eds along tile coast. 

In general, tlwse reference points, together with the 1•Jevat1ou;; 
of promilwnt 1mmmlts, slulll b1~ <listt·Jbuted over the arPa so th11t 
there wm bent least one r<>ference point for every 4 ll(ll!art• lnd11-;; 
of. flelll sl14><>t, with f;ll('h add!tfonnl t!levations as can he obtnlned 
without 1111<111!.1• (]Plnylnl! the progress of the. work. 
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Form lines dPYPlop!t1g 111(' 1<lopp;; nnd f:nmmi11; of polnlfi and 
lwndlanlls wblel1 mu~· hP of ll>'l' in detPrml11\n~ a ,-cs'l':'l'R po>:ltlrm 
from Sl'nwunl should do;;eI~- :IPlll'OXllnutc the Ynlne of contours, ns 
the~· are ofh!ll Uf-:1•<1 wlw11 tll<' iurn1<'iliutP shore line lies below till' 

ob.server'H borlzon. 
In 11r1kr that tl1c relative vnhw of Ille form l\neii< mn~· he known, 

t1w posillon nnd hl'l~ht of Pnch rPfrr1·11eP J•<ltnt shnll he Inked on 
the sheet. 

153. Interior elevation.-lJmkr the h<>ntl of trinn~uhtt.ion, pro· 
vi:,;ion is 1111Hll' for determlnln~ lmportnnt elM"ntl•mf: visible from 
th<> con~t a1ut h<'~·o1Hl the limit of llw plnn<> tnh!P !o;IWH. Infornm
t ion l11dknth1~ the rdntlo11 of t hPs<• <'lt>rn 1ions 1 o the s11rron111llni: 
Mun try i:> of ''nluc, es1icclallr oil sm11 JI-sea It> gN1era1 cllnrts. 
While it Is Impossible to obtain corrl'd 11Ptailed informntion with
out h"Oin~ over the counu·~·. yet it I,; SH!!l!"sted 1hnt hy plott!ng
on n ;;urnll ;;c:1tlt• (:18 011 11 piece of a r:·en1·ml clmrt) the points 
ddermilH'<l, u sketch 11111~· lw mark showing tbe tren!l of tlw 
rldg<'s :11111 the low 111·1-u;i Hl< 1'H r ns Ylsihl!'. 'l'hl~ wi II to SOll\(' 

extent 1n·ol1l tlw false Iden whkl.J. is g!Yen of 11 11101mtnlno11s 
countr~· hy sl10\\'lng 011 the i:Jwrt only cletnchccl Rnmmlts. 

154. The plane of reference for elevations is me11n sen levd and 
must bP used unle;;;; otlwrwisc lnstn1ctecl. ElPYatious arc to lH! 
stated in feet. All elerntlomi giwn either h~' figures ot· contours 
should represent the elevntlou of the ground; when for auy 
reason the dcn1tion of the top of trees or vegetation is given, 
a note to tlwi effect f.'houl!J hl' 1111ded, with nn estimate of the 
hei~ht ubow ground In Piteh ruse. 

155. Elevations ma~· he renll from the h~'psogrnph (see Appen
dix No. 4, Ilp11ort for 1n02), or t\wy mny be scaled from a gmphi<' 
dingrum. 'rlwy ('fin he o\ltnhwll by using the "' Tnble of fuctors 
for com11ut1111; dlrt'er<'nces ln t'levation "and "Tttble of corrections 
for rurrn tm·p :iml refruction," pages 338 and 33!) of Plnne Table 
Manual (also 11rl11ted i;cpurntely). 

156. Laying out sheets.-Phrnc tahle sheets shonl<I, in general, 
he lahl c.ut to run parallel with the coast to cover ns grentn length of 
eoast Jlw• a& (•on,·1:mlP11t, nrnl to Jnclncl<> the signals necessary for 
its control. 8hcet" rontnlning small detached frngments of topog
raphy shoul<l he aYolilc<l as fur as lJOSslble; this can sometimes 
he tlone hy phl!'ln~ n 8Uhplan on un ndjaceut sheet. Wl1ere tile 
topog1·111ihy permits, shel'ts 8hc:iuld preferably be laid ont with the 
two sides 1mrnllel to the meridian. 
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In order to improve the fiehl sheets and field 1·eeor<ls pertuini11~ 
iO topographic und hy<lrogrnphic surveys, it is dirceted that whcu
PH~1· drnfting fttcllities ure avuiluhl<' for the field pnrtles, pro
jections :::hnll be mnde in the field, thus obviating the errors due 
to the !li:;t.oi·tion of 11 1wojPctio11 constrncl<'<l under climatic con
ditions which differ materially from that in the field. 

157. Table of dimensions of standard topographic sheet, SO lnchei; 
!Jy G'.! indies, expressed In nautical unrl statute miles, fo1· different 
:;cules: 

----------
N nuticnl miles. I 

Sonle. 
Width. IA1ng1.h. 

n'ow 2.06 3.50 
,...hi; 4.11 7.13 
.~ho 8.22 14.25 
'i'.llhl): 16.45 28.51 
.,.,,.;..,, 41.12 71. 27 

.----

Stntute mllo.~. 

Width. J Length. 

I 
2.37 i 
ri:I~ I 

18.!H I 
47.35 

-------

4.10 
8.21 

16.41 
:!2.83 
82.07 

158. The features to be included in ordinurr coust topography 
ure the following: 

159. The careful locution of uveruge high-water Ilne und the 
low-wuter line e;o far as It may be determlned or estlmated 
witbont waiting for low tide. 

160. Rivers und streallls for ·a reasonable distance hack from 
the coast, according to their lmportuilce; large streams should be 
surverecl to the limit of the t!etulled topogrnphy, while small und 
unlmportunt c:reeks need IW shown only as far as rowboats 
cnn nscend; navigable streams slloul<l be snrve~·eu to the head 
of tl<lewater or ship navigation. 

161. Off-lying islets, .reefs, and rocks, including elerntlons of all 
111·ornlnent: rocks and islets. Off-lying reefs :;Jwuhl he desib'llate<l 
as bare, awash, or covered at high or low watel', ns the case 
may be. 

162. Towns, settlements, roads, und importuut tmlls witlliu n, 
reasonable distance of tile coast. The iu<livldunl buildings in u 
town must not he shown except tlJOsl: of sutncicnt prominence 
10 he useful n:; landmarks. When there is no street system and 
it Is <leslred to Indicate u settlement u group of small l.mlldlngs 
<"an be used us a symbol 
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163. Objects along the shore either 11aturul ur urtliiclul that 
may he useful in future hydrographic work should be located 
with cure 1md so nametl or descrllwd that thPY mu;\· be lllent1fie1l 
without difficulty. In con,;tal topogruph~-, en'll where the hydro
i;raphic t<urvey follows closely, it is e;;scntiul tl• m111·k )lermunently 
a sufficient number of points to make it unnece1:1fmry lO r1!deter
minc them by theodolite or lilunc titblc slw11lll later llydrogmphlc 
work become necessar~·. On a rnggell, rocky coast .this is <'nslly 
accompllshed by placing patches of cement 011 the rocks, lurvlng 
embedded therein a large nail or othet· (Jbject to make ldentiiica
tion more ce1·tni11. Vuder other topogrupl!ic conllltlum; dllforent 
durable murks may be used to give to the survey a more permnueut. 
vulue. Descriptions of the murks and locations in duplicate must 
accompany the descriptive report of the slwet 011 which they are 
located. 

164. The Jocntion nnd elevation of hills or mo1mtaius within the 
limits of the sbeet, so far as may be obtained from the vlclnit~· 
of the coaflt. 

195. The nature of the coast line JUHi of Urn low-water line, as 
sun<l, cornl rock, mangrove, etc., must be indicated by symbols, and, 
the general vegetation ulong the shore must be shown. 

166. Features not fully i:;urveyed, as the fast Jund buck of the. 
mangroves nna lnrge areas of swamp lnnd_, nlso the extension o:t. 
a st1·eam beyond the limits uctuull~' run, may be .indlruted by 
broken line or appropriate note. 

167. U~e of sextant and theodolite in topography.-Whlle the 
plane ruble Is the most Yaluable Jnstrument for topography, the 
surveyor Hiloulcl not regard himself a!'I restricted to Its use. 
Where located siguulR are in sight and the !'lhore ls lined with 
swamp or mangrove, nnd In oilier situations presenting no suitable 
locations for the table, the sextant 111uy .be use1l to :idvnntnge In 
fllllng in topography by locatlng enc:11 principal fe11ture hy two or 
preferably three sextant ungh~s, with 11clcllt:I0Jlt1l angles to tangent!'! 
of points and other objects. A continuous sketch i-.houhl be made 
inn slcetcllllook, with the angles wrltteu.oppof;ite the corresponding 
po)nts on the sketch. Cnses may also· arise where the topography 
may be obtained advantageously with a theodolite tmverse line 
(the transit nnd i;tallla or chain method). 

A rapill and suillciently accurate method of mapplng rivers 
which are comparatively unimportant yet navlguble b~· smnll boats 
Is by a modification of the stadia method, In which the distunce 
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zeudings nre malh! on n ~tu<lla rotl hr a phlllP-tuhle :tlltlad1', sup
ported on n board nailed on top of n pole tllrnst Into tlw 1·lv1~r 

bottom at ttu' side of the bout, tlle anglt>s hein:,: 111ens11re<1 by a 
scxtanl. 

168. When any of these auxmury method;; art' \ltlL'll t hl' work 
should be plotted and combined by th1> topographer nnd llllrlecl to 
the genernl topogruphlc sheet, und the de.-crlpt!ve report l'lhoultl 
:<tute what portions are so surveyed. 

189. Stadia errors.-The source of tile Inrge8t s~·"tPmntit· error,; 
iu &tadia measurements lies In thP 11ifi'erent refruclh•e powpr of 
the air strntu nt the bottom of tlH~ roil H" eompared to fhm<P at thP 
top. All stndln readings wlrhln l meter of the gronncl Rhoulrl be 
avoided, e&-pecJally in hot cllmntt>S, as rendlugs 11hoYP thi,.: limit 
are practically free from error. When necessary to use the full 
ien~th of the stntlla rocl, attach an extension p!Pcc• without nny 
gru<luation. 

170. Sta<lin rolls Rhonlcl be cart>fully testecl hPfnl'P. hl';..:lnnlng n 
season's work, even though it is procticull~· certaiu that thl'~' were 
nse1l with the smne nlldndt> nnd <liuphl'llA'fll on the prt>Vlous season, 
or have coml' clh·1•ct from the Washln,gton otHr~. 

171. Approximate looattons.--Jf fmm 1my 11·f:rng11Jnt1011 or plnne
tnble station hrenlwrs or <'thN' lnlllcntlons of off-I~·fng llnngers not 
prm·lously locatP<l nre notke<l, directions shouhl at on<'.<! hP clPter
mlne<I, :md nlso, If prncn<11hle, v1?rtlcul nn;.dt>1<. From the latter 
nn1l tlw elevation of the Inst rumPm npprnxhnntr d!stnnc-es mn~· tw 
computed, which will ul!I in identlf~·fn;..: the oh:i<'<~tl'! from ot hPr sta
tions. A.11otl11•1· mc:>tlJO<l tfUftP useful In rnplcll.'' grttlng apprmd-
111atc locn lions of objects so 111-i to 11em1lt of t hc:>lr fut nre illf'ntltien· 
tlon iH to take cuts ou th1·m from n plnn<~tahh' i:tat!on :lllll tlwn 
from another .-tutlon 11e11rby. or l'Our;ie such locutions are to be 
1:Jmtlm1ed h;\' good lnb•rsert101111 from ot'lw1· points. 

172. Revision.-In revlslou-of till' f<hnr<' llnP 11ncl 2111.111<'1•nt nrens 
wlwre d111n;..:l'fl of moment hnve oc<~urr1>tl 1t h< 111nre t><'Onmnlcnl 
to m11ke un entirely new oul'llnP Rlll'l'•!Y rnther tl.1t111 to Relect 
plnceR wht'rl' chnng-ei nre thong-ht prohnhlP nrnl tlwn to work Pnch 
wa~- from Huch RpotR to junctions with 1111!'hnnt::e<l portlonH of 
the conRt. This n11pllei:; prlnclpnlly to l'tl't>tf'Ju-s of ('onst where 
lnterm·ecllnte trlnng-ulatlon points nre lnckln~. 

\VbPn lt Is not cle!'mell aclvlAAhle to mnkP nn entlrrl~· 1ww ontllru! 
surv1ir. liromille 1·opit~H of' the orlglnnl topof!;rnphl<' Hhe<•t wlll be 
f'urnlRhe1l. J<'rom the h1·0111flle eof'l.l' thP (•hief of pnrt)' will tn111Hfer 
in pencil to a plnne-tnhlt? sl11~·t llw llaln covp1·!11;..: the area to be 
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revised. This will pel'mlt er11.~ing where ob.lcets shown on tlw 
bl'ornide no longer exist 01· wlwn <'hlllli-:<'s l11lYP occunetl since 
1 hi' m:i1dnnl S\lrvey. Tlw uew topog1·nph~' will t·hen he lnkc<l 1111<1 

the shc.'Pt fonvu1·dPil to lhP oifl<'<> lll 11w m.;unl f•Wlll of a complct\•11 
to11ugrnphie sheet. 

173. In the revision th<• following l'PatnrP!4 lwretofore shown 011 
the orlginnl 8heets and the ch11rts are not deem(>(l of 1tuport1111< 0<' 

1o nnvig11tion al1<1 will lw dli-.'1'<~111-<led, viz: 
hllllvld nn I h11!1dings. 

(J<JJ:ccplious: Those of large size close to wat<>r front: or a 
detttdwtl group of sumll ones alon~· shore wltkh wonl<I S<'l'H• 

as a lantlnmrk; nlso i111livldunl buildings hndt from the water 
front wltich nre conspicuous nnd will serve ns nnvlg11tlo11nl 
aids, such as ·church spires, factory chimney!>, water towPrs. 
etc., and the principal hnlldlug of the llf<>-Hu vlng st11tlon,.;. 
Thcfle nu\'lgutlonnl nlds and llf<>-savlng Htntlons shnulcl he 
~ell determined nm! liRte<l In tlie deF1eri1}t ive report.) 

'Voods. 
( R.rrevtio11./5: Wlwre they will he ot' n11vlgnlionnl !m11oi·

t111Jce, i;neh as tt conspleuoti,; clump of trees 01· where the growth 
along shore 1H nn t·xcept101111l nnd distinguishing feature.) 

Minor ronds. 
(EJ:c~epfi<ms: 'l'lwlie le11cll11g up fl'om t.h<> mit<·r. 

All fences. 
In tile case of the Wl\ter ft"tmt of cltlei< nnd lnrge towns tile 

detnlls of tile whnrf line nnd n<ljolnlng Rtr~tR f:l!Ould he t-nret\tlly 
locnted nnd drawn, using ull amll11hli> nccu1·ate lnformntlou. 
Buel> of this the street syRtem will he compiled In the oftlN• 

·from local inaps obtnlned by tlw field pnrt~·. Suell 111ups >1ho\1lll 
lta ve sullident points an<l nn azimuth ill comnion with the plnu('
tnble sheet to insure lo(·ntlon nud orlentation .. Ill ;.reneml, the 
Jut:lusion of th1·ee streets hnck f1·om the wnter will lw i<\\ffielent 
for the churl:. 

174. Plans of towns :nul locn I mnps, If nvallnble, slwnhl be 
ohtniued. 'J.'ll<>se mu~t be lrm11ecte<I 111 the fi<>k1 1111<1 rnn rkt!d t(J 

<listlngnlsh l!Ptween <leta!ls that exist an<\ tho!o\e thut nre pro
Jecte<l only. They will be used in the office fur flllh1g in <letnils, 
<•s11eclnlly of towns, but not for tlw positions of iluportnut objects 
which rnnst be detertnlne1l h)· tlw topogl'tl(lher. Copl<>s of mnps 
of rnlue ohtnlne<l shoulf! he forwnrdt>tl to tlw off!(.'(' with the 
i opogruphlc sheet. 

17&. Symbols and letterlng.-Tlw stantlnrd topoi;:rnphic ~)·mholf' 
:ire to be followed. 

11!0'.?7°-'.?1- -G 
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176. The high-water liue, hc.•ing one of the most Important fea
t m·es ou the sheet, should be drawn with sufllclent strength to 
make it clearly distinguislmble. 'rhe use of a full line for uelinin;,!: 
the limits of vPget11t1011 outsil1e of the high-watt•r line or the limits 
hetween mursh und fttst Jund should he a\·oilled. 

177. Time need not be tuken for the elabo1·ate coveriug of a 
;;heet with topographic vegetation symbols, but limits may be 
shown with words in the center to sllow the area covered. \Vords 
may be! used to inclicnte vegetation fenh1res for which there is no 
s11ecinl symbol. 

178. The field topographic sheet is u survey record; it should 
show all useful information plainly, neatly, und correctly, but 
time that can be more usefully employeu should not be expenueli 
in endeavoring to make it u handsome druwing. 

179. Vaiuahle information, useful notes, etc., shoulu not be 
omitted for fear of marring the appearance of the sheet; nor 
should the tupogmpher hesitate to place the necessary informn
tion on the sheet because he is not expert at lettering. 

180. In lettering topug1·aphic ancl hyc.h·ographic sheets, names 
applying to the laud should be in ve1·tical letten;, the numes 
applying to the wuter, incluc.ling objects covered nt high water, 
shoulc.l be in slanting letters. All geogrnphlc uurnes are to be in 
hluck ink, uncl numel! solely for surveying use, as of signals and 
stations, ure to be in reel ink. 

181. Cure must be taken not to confuse the symbols for sunken 
rocks (11 simple cross), rocks uwush (three lines crossing), auc.l 
rocks above high tide (heavy <lot or shape). Brief notes ure 
desirnble dearly indicating the nature of Important reefs and 
rocks, us "awash at low wnter," "awash at high wuter,'' "coral 
heads barn ut Jow water," "breakers at low water," etc. 

182. The following remarks apply parUculurly to Philippine 
topographic sheets. 'l'he cocoauut pulm being usually a dlstluctlve 
feature on the eoust, should be shown by the special symbol. 
.:\lungrove growing in the wate1· should be limited by a very light 
line to preserve the detail anc.l correct position, and yet to repre
sent It differc•nt:ly from the strong black line usetl for the hi;;h
wuter line. Hometirnes where there is mangro,·e the solid shore 
may not be seen, and it 11111y not he pmctlcahle to locate it. Its 
approximate posit ion should be shown by hrol<en li1.ws sketched 
on the sheet. The 01·din11ry col'lll-reef symbol should be used 
only to rPpresent the limit of' reds harP or awash at low water, 
and shou !cl not be usecl to represent rc..'Cfs covered to some depth 
at low tide. When not developeu by the soundings the limits of 
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sul.Jnwrge<l reefs should be lmlirnled by the sunken-rock symbol. 
Rice p:Hl<lies may b1> reprp,-;ent<•(l eonventlo11all~- h~- smull Irregular 
quudrilut<mtls hounded by slightly irrl'gulur lines und 11 little 
grussi1sg. 

183. Inking of sheets should lie done l>y the topograplwr him
:self or I.I~· a mewi.ler of the party under his supervislou, uncl m; 
soon us prnctlenble ufter the field work is c•omplPted 011 each 
iJheet. Iutervals of delay in field operations 11111~· be utilized 
udvuntugeously for this purpose. The inking of n i::hcet can not 
be considered as finished until nil essential notes and 1ianws are 
inked. 

184. Accuracy, neatness, and clearness nre 11ecesi::a 1·y in inking 
sheets; beyond this fine drafting is not essential. 

185. When for any n•nson an unlnkecl sheet Is tr:111s111Itted to 
the oflice, the greatest cure mm;t bP ex<>rclsed b~· the chief of 
pa1·ty thnt en~ry fenture, fl\('t, und nume is dearly and distinctly 
showu. 'l'lw topog-rapl1er 11111i:;t nlso mnkc It ll point to S<'e unll 
n~rlf~· I he shc>et at so111t~ tlnh~ II ft Pr It is 111\wrl, exnml11lng ever~· 
detail. 

186. It iR p111·tleulurly h111)ort1tnt in flll<'h c·n~<' that smnll de· 
ta<:lwd rodes along the shore, and other feRtures thnt might be 
mlstnken for 1tccidentul markings, should b<' nmde c!Pnr, nnd in 
~1merul such objects should be Inked by the topogrnphet'. 

187. The elevatlom1 of summits should be distinctly mnrked on 
the sheet, und care must be tulrnn that they are not rubbed or 
lost before Inking. Hed ink is to be used for numerical elevations. 

188. Trln11i.:ulatlon stntlons i:;hnnl<l h<~ marked by smn 11 black 
<:lrcles lnclo11cd in red trinngl<>s, with names in red inlr, but In no 
case should Ibis s~·mhol he permitted to obscm·p 1111 essPntinl t<>po
gl'Uphlc fentlwe; for instnnee, In cm;c of 1111 offshorP rock or !;;Jet 
use1l us u tl'i1111g11lntlon station, the rock or islet sho11l1l not be 
obscurf'(l hr the stntion syrnhol, hut the latt<>r may lw omltt<'<l if 
11Pces,.;11ry allll nn explanatory note mn~· he 1ullled us to the station. 

189. l'l111w-t11hlp pn:<lllmrn shouhl lw mnrkP<l on tiH' sh<'et with 
HlllHll n~l <·irt·IPH wht•n llw posili1111:-; lll'l' rP<'OY(>l'llhlp Hild ltkt'ly b 
he of futun~ yultw; utlwrwlse 1<11l'11 positions shu11hl 1111t he inketl. 

190. 'J'ltlc>s should not lw l11ke<.l on original >:heets 111 the field, 
hnt :;ho11ld ht fumishcd 011 Form ri:l7n :t11tl pl111wd to the sh'.'et. 
'J'hc inform11tlo11 mnst in<'lmle gl•1wral !ocnllty, spl'Plnl lo<'nliry, 
1111mes of chief or pnrty urn! of oflieer:; making- snn'<.·~-, darn 
(months und y1!11r), 1111tl scnk>, to;,wthPr with u list of all dntu 
forwnrdP<l with the sheet. In the Philippines the stlllllJWd title 
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form shoulu be filled in with ink on the sheet, or on u slip pinned 
to the sheet. 

191. In preparing and inking original sheets, 11orth slu1ll, be 
tuken us the top, and titles, names, numbers, and symbols shall 
be put on normal to the meridian i·egardless of the dlrect1011 of 
the borders of the sheet, except where it is desirable that nnIDcs 
be lettered to conform to geographic features. In b'Uch CllSI!,; the 
names shull be inket1 so as to be read when looking north. Nulll~ 

sboulu by their direction antl proxhuity cleurly intllcate the object 
designated. 

192. Photographs or tracings of sheets.-When there Is reason 
to believe tbat the mode of forwarding 11. sheet ls not secut·e, it 
should, if practicable, IJe photographed, or If photographic facili
ties are not available, un outline trucing of the niore important 
feotmes of the original slll'et mny be wa<le. Otherwise, no truc
ing of nu original sheet should be made in the field. Bromitle en
largements f1·om photogl'uphs of sheets should not be mude except 
ut Washington, unless specially 01·dered. 

193. \\'hen sheets a1·e photogruphed tlie plutes must be rm.._ 
served until the .sheets have been 1·eceive<l 11.t the ottke. Prints 
should not be muue unless the sheets are lost. 

194. List of plane-table positiona.-Before · transmitting topo
!,,'1.'llphlc sheet<> to tlle office, chleft> of parties will prepare 11 list 
of the prominent objects on the sheets tllut have been detol'llllne,I 
by the plunetalJle, numeb', spirea, chimneys, cupolas, flagstu:ft'8, 
trees, etc., amt such natural olJjects as slmrp, well-dettnell -ruoun
tal.n peaks, rock cliffs, un<l other olJJects that mlglit be recov1>red 
and utilized, und purtl<:ularly Huch objects as wlll · be useful in 
hyurogruphlc work; uml intllcute the position of e11ch object listed 
by scaling the D. M. Ullll D. l'. from the sheet in the following 
form, giving the height, if <letermlneu: 

Pkmc-tablc posltw11s. 

Objec: and description:- J ~~itud{D~~~I ;t~a~- :~:J~elgh_~I Remarks. 

I ' I ; 0 
' Mr:tn~. 0 

' Mtttrs. Feet. 
Cupolll, I!W"rlson's house. . . 42 21 3.\11 72 40 I 508 146 Top. 
Cupola, Dlookwell's barn .•• 

1 
42 22 845 72 39' n~ .1as Weal her 

Chimney, s'luare house, ; 
Smith's. 

North chimney, Rodger's , 
house. · 

Epis<:opnl Church spire ...•. i 

Marray Mount~ln ••••......• I 
I 

42 25 72 37 

42 26 9$1 72 38 

42 25 63 72 40 

42 27 426 72 46 

------------- -·· --

VBllO. 
157 Top. 

1,023 126 Top. 

876 250 •r op o I 
CfO!IS. 

125 3,256 'fhe north 
peak. 
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195. This lli:;t should be attached to the descriptive report. The 
exact position of the objects referred to should, of course, be 
1!1stlnctly Indicated on the sheet. Where space permits, the 
more Important objects, and especially those landmarks which 
i;houlu appear on the chart, should be named directly on the 
sheet itself, eltlle1· close to the object 01· by reference letter and 
11ote elsewhere on the ·sheet. Brief legends descriptive of Jmpor
tunt landmarks may also, where practicable, be conveniently pln·ce<l 
on the sheet. 

196. Landmarks for charta.-A list of the objects which are of 
sufficient prominence for· use on the cliarts must· be furnished. 
The selection, determination, antl description of these poh~ts Is 
of p1·lmary importance. When placed upon the publtshell charts 
wlth brief desc1•lptlve legends they are little less than iinHs· 
pensable for--

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

(b)- The original location and determination of al<ls to 1111vlga
tlon and subsequent verification of their positions; 

(c) Hydrogruphlc examination of features !mhject to dl!lnge, 
to serve as the b11se for more complete survey~, such us entranc1' 
1tppronches, bars, and channels. Also the verification of reported 
shoals or other features Incorrectly or Incompletely charter!. 

197. In rellnqnlshlng charge of a topogrnphlc r;Jtl)(~t. tlw chief 
of party will Inspect ancl 11pprove each shE>c>t befor1~ it is trans
fenro to the office or to another chlc>f of part~· for completion. 
When clrcumstimces are such tlwt 11 1lepnrtnre from this rule Is 
unavoidable or when nny purt of tlw provisions of the instructions 
for completing these shePts nr0 0111ltteil, nn PXJllantttlon sl111ll he 
forwnrdetl promptly to the> ofllce for approval; 11 full explun11tlon 
of the clrcumstnnf'es mnst 11 lso be entere1l In the descrlpth·e report 
acromvnnylng each sheet. 

HYDROGRAPHY. 

198. Data to start survey.-\Yhen the lnform11tlon is nvnilnble 
from previous work, :md the locnlitr of the work ancl conditions 
ore such ns to require It, the follo\\"lng will be furnished with the 
instructions from the office, 1111<1 the chief of pnrty should at once 
e.xumlue tile lnfnrmntion to see thut It is compl<>te nnd understood: 
Projections 011 which haw hePn plotted trlnngnlntlon points, 
shore line, and ull objects or featurf's located by plane table or 
otherwl!ie which ma~' he useful In the hydrography; list of geo-
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gruphJc positions; descriptions of stntlons; ti<lal plane of refer
ence; description and relation of tidal bench marks; copies of 
previous charts or surve~·s; lnformatlon.11s to dnngers 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 
pz·ogress sketch of the previous senson. 

In regions where survey work has not previously been done the 
triangulation may have to be accomplished and the tide plane 
determined by the party charged with the hydrography, and the 
projection will then be made in the field. In some cases It may 
he d~lrable to carry on the hydrography simultaneously with the 
trlungulutlon or topography in order to save time or utilize the 
services of all of the party nt the beginning of a season. In such 
cuses preliminary locations of the signals should be plotted graph
lca lly on the boat sheet, but all the work must be planned with 
the view of ultimate control by the trlungulation, and the more 
Important stations should be carefully marked. 

199. The lists of geographic positions. and descriptions of sta· 
tlons furnlshe<l to field pnrtles must he retumed to the offtce upon 
the completion of the work. When fonner stations ure recovered 
that are found to he lnsufiiclently marked or dl!Scrlhe<l, or the 
marks partially effaced,. or the witness murks gone, the defects 
should he remedle<l and an amended description forwarded (see 
pars. 84-96). Stations should not he reported as lost unless 1m 

exhaustive seurcl.t has been made. 'Yhen building signals over 
stutlons care should be tuken not to disturb the station marks. 

200. Shore line.-When there is reason to suppose that the shore 
line has changed materially since tbe previous survey the im
portant features should, if practicable, be located in connection 
with the hydrography, either with the plane table or by deterc 
mining prominent points by sextant angles (preferably three at 
ench point) and sketching In the Intermediate shore line. Shore 
line so located should be drawn in broken line. The snme course 
should he followed when the hydrogruphy precedes the topography 
and it ls Impracticable at the time to obtain the complete topo
graphic Information deslrnble. 

201. Scale.-Unless otherwise directed, Inshore hydrog1·aphy 
sl1ould be plotted on scale not less than n-hir, and must be done 
1n sufficient detnll to fully develop recommended s1lillng llnes, ap
proaches, chnunels, nncl anchorage nreus and remove doubt as to 
dangers. Anchorages, harbors, and channels may sometimes re
quire scales of rcrb or even -rJn. Offshore hydrography may usu
ally be plotted conveniently and economically on smaller scales, 
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as Tirfirv, n!irv, '111h-a, or 11nftmr· Where thel'e al'e no dangers or 
details either of the Inst two mu~· be sufficient for charting pur
poses. 

202. Location of signals.-It ls desirable thnt in ndvnnce of the 
Jiydrographlc development a reconnolssance IJe made, the best locu
tions for signals chosen, nnd the whole work systematically 
planned. 

203. If the hyd·~·ogrnphlc work ls to !Je !Jasro on trlnngulatlon 
and topographic points previously determined, these·should be first 
recovered, ns far as practlcuble, und If necessury mlditionul points 
located from them. 

204. For triangulation metholls, Instruments, und records which 
:,:hould be used for the extl'nslou of the trlo.ngulo.tlon beyond the· 
limits already executed aml to supply the place of points Io;;t, 
i;c_>e l>llrugraphs 12-111. The sextnnt should not be used for this 
purpose nor for the location of important hydrograpblc slgnnls 
or of permanent objects, such as lighthouses, beacons; lnillclings, 
and other useful landmarks. 

205. When in the· course of the hydrogrnphic work· 1t is desir- · 
uble to locate new slgnnls by sextnnt, three angles should be taken, 
If practicable. ' 

208. In some cuses it may be necessnry to locnte n suborcliuate 
signal or object by angles from several positions of the boat, the 
latter determined from othet· signals. Where recourse to this de·. 
vice Is necessnry at least th1·1~ positions should be used as u check. 

207. The officer in charge should maim sure while yet 011 the 
grounll thnt the position of every signal or object used In the 
h~·drography ls determined with sufficient accuracy for the scale 
of the 1>rojectlon, and this must be tested b~· actually plotting ot· 
eom1rn ting In the field. 

208. Great care must be taken thnt ample Information for the 
correct plotting of every hydrographlc · signal nccompnnlns the 
record. A llst of such as depend on plane-table loenttons nnd 11 

list of such ns depend on sextant angles should be given In ·the 
"Description of stntlons" and in the "Descriptive report." 

209. In connection with the triangulntlon nnd plnne-tnble work 
along the eoast in n new region special attention mufit be given to 
determining suitable objects for byclrogrnphlc wm:k, ench of which 
should bo described and marked when necessary. so ns to be nvatl
nble for future use. (See paragraphs 78-75 and 194-196.) 

210. A signal erected exactly over nu old stntlon sh6uld bear 
the name of that station. 11' for an~· rc>nson n sl~nnl ls' located 
nrar, but not exactl~· nt a i1revlo11s station, It must hn,·e u dis-
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tingUislling name, or w11y be g!Yen the olu name followetl by " No. 
2 " or the year. 

211. Names of signals.-l~or convenience short words of not 
11Jo1·e tbun three 01· four letters should be used for naroes of 
hydrographic signals. Avoid using in the same locallty twn 
names that resemble each other in sound. 

212. List of permanent positions determined.-Before transmit
ting hydrographic records or shef'ts to the oflice chiefs of parties 
will prepare a list of prominent objects or positions· of a perma
nent character that may be useful in future wo1·~ tllut have been 
determined in connection with the hydrographl<: work. Indlcnt1~ 

tll.e position of each object listed by scaling the J). M. !Uld D. 1'. 
from the sheet, in the fol'lll given under " Plane-tuble positions " 
(paragraph 194). T}lts Ust should be uttuched to the "Descrip-
tive report." · · 

213. Character of iiig~ls.-It will muterlully fncllitute hydro
gr1,1phic work to have o. suffi.clent number of conspicuous signals 
which may be readily picked up hy the &extant obsel'vers. For 
co.uve1\ience as well ue. econo1uy na.tural objects, such us bowlders. 
dUis, und lone trqcs,_ 8.lld ar~itl.clal objects, such us towers, flag
:-;tnffs, lighthouses, gables of buil<llngs, etc., should be used as sig
n~ w~!ln available. lt I.a <:0nsi~red that the success of a party 
Cl).fP~ged pn offsl,101·e. )1.ydJiog1·Q.ph.y depends largely on the type of 
tuU signal al,l,u. slgUAl. buoy: allowing of the longest range of vlsl· 
bil,lty. Speclfu:atlons for the tall type slgual and different classes 
of slgul\l buoys ~Y be had upon appllcatlon. 

214. a good fo1·u,1. ot h~·drogru1)Jilc signal Is u tripod .with slats 
acrQss two of its sicte.s, or a pole wlth b1umers of clotl:l. stretched be
tween cross pieces. so tb.at the bu.nners will show in dl;fferent direc
tions. Driftwood, :;mull trees, nnd other mat;erlul on the ground 
m;1d in the Tropics. bamboo polE?s 4stened with wire 01· rnttan. 
may be used economically. Signals near each other or slmllnrly 
sltua~ed should be varl.ed in ~oi;n;i. or color to avoid lllcellhood of 
confusion. The directions from whlc}> they will be viewed should, 
of course, be consiuered in lrnildlug signals. Natural us well ns 
nrttficlnl objects may readily be made conspicuous by whitewash. 
A~ui1rnt a dark buclcground white slguals. show best; against the . 
sky black is preferable. For general use white ls the better color .. 
an1f cloth the better material, other conditions being equal. 

215. A tripod mo.de of lengths of iron pipe, wired together · 
through crosses at the top, makes ll. simple sigual tha:t will staml 
in a modernte depth of water, nnd if wrupped with cloth nnu . 
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with flags set in top may be seen at u long distance. In exposed 
situations in the water such signals may be made more secure by 

·pumping· the leg!! into the bottom by means of a water jet; long 
poles nnd saplings huve also in this manner been pumped in ou 
ocean bars and have withstood storms. 

216. Indefinite objects, such as tops of round hllls and centers 
of isluu<ls, should neve1· be used for critical or inshore hydrog
rnphy, but for offshore hy<lrography It is sometimes necessnl'y 
to use the 1mmmlts of mountulns wblch have been dete~mloed by 
t1·1tmgulation ; of course, for this purpose, definite and conspicuous 
points are to be selected ns far as p1·actlcable. 

217. When sounding from boats, it may sometimes be desl,ruble 
to use the foremast of tb.e vessel as a signal ; in such CllSe the vessel 
should be anchored with a short scope, IUlcl her position <.Ieterwfoed 
whenever there is any change,. due to change In the direction of the 
wind or tidal current. The angles determining the positions and 

· the tilue they we1'.e t.aken must be noted, and this Information 
should also be put in the reeord book of the.sounding party. 

218. Plan of development.~The pla.u of development should be 
carefully considered in advance, so. as.to cover properly the whole 
area, with suitable ullowunce for the. relative importance of the 
different parts; tb,e closeness of development should vary from a 
maximum .. in chnnnels and. anchorages having depth n~r the 
drnft of the vessels to be accommodated to. a mlnlmwn ~n exten
sive fiats of mu<:h less depth und in clenr areas of much greater 
1lepth. Careful attention must also be glven to the development 
of sllallow channels and watel's that are likely to be used by Ught
draft vessels, such as motor bouts.· The.soundings upon the chart 
in addition to indicating to the mariner clangers, channels, and 
anchorages, also enable him by casts of the lend to recognize his 
position, and this requires a development of the matel'lal nnd 

· relief of the .bottom within the limits of ordinary sounding depths. 
:119. In working on the general sea.le along a coast in new i·e

glons, closer development should be made of nil parts wl1ere yes· 
sels are likely to be compelled to approach Jund, as in possible 
anchorages or off promontorlefl, even though .present cornlltlons do 
·not warrant .special ml·ge-scale surveys. The lines s11ould also be 
closer off projecting points of land or reefs. In regions where con
tinual changes are .going on the development lll:'t~d uot be i;o de· 
tailed as in regions where changes do not take place. 

220. The order of the development of tbe hydrogl'llphy shoul<.I 
depend on nn economical munagement. of the party. Much val7 
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uable time may be lost In sending boats to sound u long distance 
from the ship or headquarters, ancl whenever circumstances per
mit the anchorage or the shore quarters should he shifted to kee11 
near the working ground. 

221. Systems of sounding lines.-Syslems of purullel lines cover 
an area most eYenly and economically, and zigzag lines, except us 
11rovlded for to supplement wlre-drn!{ work, shoultl, in general, 
uot be used. The development should usually be by strnight lines 
l>erpendlcular to the general trend of the coast, tllough the dlrPe
tion will depend somewhat on current!!, wind, and vessel. 

When there is a st1·ong Irregular current In a thoroughfare or 
river, lines run normal to the chamwl, owing to the nonuniform 
progress of th~ boat over the bottom, will not afford reliable means 
for plotting soundings unless position angles are observed fr<>
quently. Under such clrcumstnnces the greater part of the de
Telopment should be made by lines run with or agulnst the cur
rent. For a certain mileage of sounding lines, u system of close 
parallel lin!'s will de,·elop n given areu more thoroughly tllun 
if the same mileage wus luld out ln two systems, ·at right nngles, 
of wlder-spnood llnes. Howe,·er, cross lines fnrnlsh a valuable 
check on the accuracy of the work, and It Is therefore recom
mended that for Inshore hydrogruphy the first s~·8tem of parallel 
lines be crossed by lines upproxhnatel~· perpendleulnr and spaced 
several times us fur apart us the fh'Rt s~·stem. Outside of the 
10-futhom curve, such c1·oss lines will b<' run as will Insure thut no 
tmportnnt changes of depth remain tm<levelo~l. '\'hen, howev<'r; 
a system of lines extends 11enward for a considerable distance lw
yond where it can be checked by ohsermtlons on tlxed objects, u 
few cross lines should be run to ennble the drRftsman to detect 
gross errors. In many localities the submarine relief Is char
ncterlzed by a succession of more or less contlnuouR ridges which 
trend In a common direction, such us the i:<ubmerged gluclute<l 
ureas In Mnlne and Alaska, the fringing coral reefR of the Florlclu 
Peninsula, and the common sand wnvcs and bank!! of rivers and 
coastal waters. 

Where such ureas ure sm·veyed und developed b,r me1tn>1 of the 
hand lead, the trend of the rldi,,"e!! should be uscertulned by means 
of a general system of Jines uncl finnl cllwelopment completed with 
lines run at an angle with the direction of the axes of the ridges. 
Lines making n more or less acute angle with the axis of the 
feature nre necessary also In the development of Rteep slopes, nar
row channels, and creRts of barR. 
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222. The spacing of lines will huve to depend largely on the 
character aml relief of the bottom and the Importance of the re
gion. In general coust work with fi11t nnd sandy bottom and 
without indication of d11nger, inshore llnei; may be spaced 200 to 
400 meters apart, but this Interval should be diminished for steep 
slopes, broken, uneven, or rocky lmttom such as nre found In the 
Philippines und. Alaska. In Important anchorages and cl11rn11els 
lines as close ns 50 meters mny be J'l'<}Ulre<l. Between the 10 and 
100 fathom cm·,·es about four, or even less, lines to the mlle should 
be sufficient in regions like the South Atlantic and Gulf coasts 
where there are no indications of clangers. 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 area, as the survey may require, re
porting the necessary change of .details to the office. All ureas 
with depths up to 100 fathoms, including 1letached lumps outside 
the 100-fathom curve, should be developed sufilclently for the pur
poses of navigation. On an abrupt coast. outside of the 100-
fatllom cur\'e, lines from 5 to 10 miles apart should be run off.
shore nt least to the lhults of visiblllty of the mountain peaks, 
or the 1,000-fathom curve. 

223. For the sake of economy care must be takeu not to eJ1:tend 
the close inshore system of development into open and deep nreas 
where 1t ls unnecessary, as a serious. loss of time and energy may 
result. The system of lines must be varied to suit the conditions. 
Ordlnnrlly the close inshore work wlll 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 interve.1.-The interval between soundings should 
depend on the nature of the bottom and the depth of the water. In 
depths of critical importance to navigation It shoUld be made as 
short as ls 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 enn be plotted 
on .the sheet. 

2215. Time interve.1.-The time interval should usually 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 tlme intervals have been found to meet the 
requirements: 
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Depths under 2 fathoms------------------'-- 15·8\'COllll interval. 
Depths from 2 to 4 fnthoms _____________ '--- 20-Hecond interval. 
Depths from 4 to i fathomH _________________ 30-second interval. 
Depths from 7 to 10 fathoms _________________ 40-second interval. 
IJepths frolll 10 to 15 flltho111s _________________ 1-mlnute interval. 

226. Sounding speed.-The speed of the bout should be varied as 
may be uecessury for efficient and economical worlr. It may be 
increased in very shoal wate1· when soundings can be made 
rnpidly, and ulso in deeper open water where a close interval i:< 
mmec.-essary. But it should never be so g1·eat us to interfere with 
getting correct soundings. It is impossible to obtain up-and-down 
casts when the vessel is running nt high speed. About 5 knots 
should be considered as the 1nax:1mum speed through the water' 
for sounding with a hand lead under favorable· conditions. 

227. Precautions in case of danger indications.-When the bot
tom is rocky,· or when detached rocks are known or suspected to 
exist, the precautions in sounding should be much Increased. 

228. In rill cases of shonls, suspicious sotlndtngs, ·nud-'lndicatlons 
of· dn·ngers, whatever additional \vorlt is necessary to develop the 
bottom thoroughly and to ·determine the least depth of water must 
he clone regardless of any pr.earrnnged system of lines. It must 
not' be assumed thnt the• regular lines of soundings show the '1eust 
depth. A s6undlng showing. even very little less than tl1e 11 verage 
depth :should l:ie regarded 'as the lndlcntlon of n possible shoal, 
much more so when two such shoaler soundings are found on con
tiguous lines; imd Iii such case very careful hl\'estlgutlon should 
be made of the vlclnlty "to obtain the least depth. . 

229. Depth curves.-A vuluabfo test of the completeness of the 
<lnfa from n hydrogrupbic survey is to drnw tbe cm·,·es for nu 
depths. The datn ·are adequate when no donht exlstf; of th(~ 
locutfon Of nny portion Of ll CUlTe. , 

280. Additionill development,_;AII ehunnels, sulllng llnl's, and 
imchoruges should be 'sounded thoroughly and drugged if neces
sary; additional lines In the di'rectlon of the axis o! the channel 
or of the sailing lines should he r1;n if tlwy are not purullel with 
the 1!!ysteni of sounding lines adopt.eel for the general development. 
Sniling lines should not be recommended without actua'i test by 
running lines of souncllrigs over them. 

, 281. Ranges for running ·lines.-Soundlng lines ure ordinurlly 
run on corupuss courses. Hn111.res of nutural objects on shore 
should be picked up when 1irac:t1cahle null will be especiully. use
ful when there ls any wind or current. l.Jsually, however, it wUl 
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not be desirable to delay tlw wo1·k to Relect ranges or for the pm·· 
pose of getting the boat in the exact posltton to start a p1•oposed 
line, iind thls must not be done unless tlie1·e is spectal reason for it. 
When essential to select a range, the angle between some signal 
und the llne proposed to be run may be taken off the sheet with 
a protractor, and with the sextant set to this angle search made 
for suitable objects ashore in the direction of the line. 

232. :Running lines by compass.-A proposed system of parallel 
lines spaced as directed should be laid out in pencil on the boat 
sheet. In following n course indicated by a pencil Une, when n 
position plots oft'. -to one side, posltl.011 angles should be taken at 
the mom~nt of chnnglng course. No time should be wast:ed; how. 
ever, in attempting to follow closely the pencil lines on the' boat 
sheet. 

.. 283. In close cleVl!lopment with parallel lines, soundings should 
:not be taken between the last position on Olle line and the. first 
position on the next line. 

234. In cases of exposed shoals with breakers it muy IJe im· 
pruetlcnble to do more than ruu a line just outside of the hreaker1' 
~md to note tlie dlstnnce of the sounding boat off the bre11.kel'H at 
numerous points. 

2315. Special development of· reefs, shoals, bars, and oha.nnels.
In surveying a reef with a single high point• or surface a buciy ii; 
generally placed on the highest point nud radlul lilies run .from 
this; but this may glve mi imperfect iden of tbe·shape of the reef; a>i 
the lines diverge rapidly from each other. ·New llnes· should• be 
introduced, therefore, between the first radlul lines ns they recede 
from the buoy, 01· preferably the area in question should be devel
oped by a system of close parallel lines and croas lines. On shoals 
or rocks thut are bare nt some stage of the tide the depth should 
be obtained If practicable. 

238. If the reef has more thun one high point, several buoys 
placed upon them wlll give the means of laying out upon· a ula· 
;.n·um nud of executing by sounding n regular plan of work which 
will show thf' peeulinritles of the reef, increasing the soumlings 
'""here the slopes are steep or the lrregalarttles great. It is very 
de"lrable to visit rocks nnd shoals nt extreme low water, when 
an exnmlnatlon mny show how nenr the surface nny portion ap
proaches. 

237. In the development of ul'eas remote from shore 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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position and re;;ults made conclusive; these wuter signals must be 
connected with the remote shore signals. (See pur. 275.) 

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

239. When convenient, shoals und fiuta bare ut low water may 
be sounded over at or near high wuter. When reduced for tide 
these soundings wlll show the height above the plane or reference. 
These h~lghts will be plotted on the sheet as "minus soumllngs," 
that is, the heights in figures will. be plotted with the minus ·sign 
before eueh. In general, whenever a sounding is less tlurn the 
umount of the tide reduetlon ut the same moment, the dlft'.erence 
should be plotted as n minus sounding. All minus soundings are, 
of course, to be included within the low-wuter line. 

240. Locating reefs in heavy weather.-On a fieltl of work ex
posed to the sen, reefs and shoals muy be discovered, located, or 
verified during heavy weather by occupying two or more stntion1:1, 
and with an Instrument cutting in the breakers, or by cutting 
them In from u vesse1. The de1)ths can be ascertained during fair 
weather. 

241. When the survey of u shoal or rock is finb1het.l, care must 
!Je taken to note upon the spot all useful ranges, bearings, and 
murks which lea!l over It or close to it on ev0ry side. 

242. Examination for adequate development.-The development 
of channels having mo!lerute depths in the fairway, and thnt of 
burs, if there are ony, which ohstruct the fulrwuy, ls of the ut
most importance und should receive the close personal uttention 
of the chief of pnrty. Aftei· the lines ure plotted nnd the curves 
drawn in he sl1ould carefully truce out each clmnnel anu assure 
himself that no soundings ilre wonting to show exactly how much 
water cun be curried throughout Its whole extent, und extrn !Ines 
should be run where there Is the lenst: room for doubt. Should he 
find lmllcatlons of a bur, u further exumlnatlon must be made to 
develop its form und extent and to make sure of having found tlw 
least depths upon it. 

243. Dragging for dangers should be resorted to in cnses of hn· 
portunt channels nn<l anchorages whern obstructions have been re
ported and not found or where the nature of the bottom and sur
l'Oundings indicates a likelihood of dnngers wlllch might be missed 
in tho ordinary sounding lines. Even In the closest development 
with the sounding lend plnnncle rocks may he mb;sed, nnd a 
thorough sweeping of n doubtful area Is necessary to prove thut 
it Is clear. Experience indicates thut this precaution Is weli war
rnnted In Important urc>us. 
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Tll.e wire drag ls. the only sure nud effective means for this 
imrpose. It ls descrll>ed in the Coast and Geodetic Survey Speclnl 
Publication No. 56, with gen~ral directions for Its use. 

In plotting n large area of drag work the method described 1n 
Special Pub11catlon No. 56 should be followed. For small ureas 
the positions may be plotted on the regular hydrographlc sheet, 
but tho connecting lines should not be drawn, us thls wlll Inter
fere with the legibllity of the soundings when plotted. A piece of 
vellum should be used to show the details. 

A drug made of pipe uud intended .for use with a surveying 
vessel ls described in Appendix No. 6, Coast and Geodetic Survey 
Report. for 1903. For surveying operations this apparatus hni; 
been superseded by the. wire drag. 

Where special apparatus is not avallable .a drag of some sort 
should be improvised to search for an Important reported obstruc
tion which cll'll not be found by the lend. ·Two pulling boats muy 
he used, and the principle of the wli·e drag should be followed Ill 
keeping the dmg taut by means of weights at each l'nd and the 
boats towing on courses somew~at cllvergent, Wire should pref
erably bo used, or, In its absence, rope ~r light chain, or nn Iron 
pipe or bar suspended horizontally may be towed beneath n 
launch oi: between two boata. . 

·244 .• Tlie length of drag will. depend on the nature of the work 
and the amount nnd quantity of mnterlnl nvnllnble. With stand
ard equipment lengths of drag under 3,000 feet are rarely used 
except in cbnunels with less width than this. The following table 
gives lnfor111ot1on relative to drug lengths In ordinary use: 

. J,eogth or drag. 

L85S than 3,00o feet ..... _ ............. .. 

i:~~HEt:::::::::::::::::::::::::::::: 
6,000feet and over ..................... . 

Length ol EtT119tlve 
section. wld~b. 

Fttt. Fut. 
300 
300 2, 700 
400 3,600 
500 4,500 
600 ....... ,,. 

Conditions. 

Narrow channels. 
Very broken bottom. 
Broken bottom. 
Fairly clear bottom. 
Deepwater. 

I:.engths of drag for deep-water work nre commonly 9,000, 12,000, 
nncl 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 
water unless otherwise Instructed. It ls considered that an 
examination to a depth of 50 feet nt mean low wnter IR sufficient 
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·to insure safe navlgntlon for sm·fu<:<' Ye;,-sels, ~;•hile un exurnh1atlou 
to 100 feet ls necessary to snfegi1urd submarine nuv1gnt1011. 
Therefore, unless otherwis<' Instructed, the following wm be 'tin~ 
standard drug depths: Deep-water ureas to 100 feet or ovl·r; l\l'eus 
with depths het\1'!'('11 r.o and '100 feet to within 10 or 20 feet frorn 
th<' hottom ; and areas with depths less tliun 50 feet to within 
about 3 feet from the bottom. 

When thl' drug· ls towed throi1gh the water the bottom wlre 
wlll usually lift slightly. 'l'he an1ount of this lift, which ls rarely 
m·e1· 2 feet, shuU be detPrmined b'y te8ts usually conducted from the 
tPnder. For thls purpose u t~ster should be usecl which 1i1ny consist 
of a Hnch metn l rod about :r feet· long 11 ttnchecl to one end of· u 
small ehain. '!'his rod. und chniu is graduntecl in the same manner 
as u lead lhie, the chain heing used to insure nn im·nriahle length. 
The tender should stop a short distnnce nhen.d of the drng opposite 
the point to be tested ancl lower the tester to n depth abOut equnl 
to the upright length. When the wire sttlkes the rod the tester 
is lifted until it clears . ti1e wire and the dlft'erence between the 
upright length and the 1·eadlng of the testel' when it clears gives 
iliel~ · · · · · 

To obtain the upright setting fo'r a 'certain effective depth adll 
to this depth the lift correction and the height of the tide· above 
menn low water ns shown by predictions. While predicted tides 
ure used for setting the drag, tile final reuuction Is tO be miule 
b~· using obsPrYed VUIUe!J obtained during the Course Of the WOl'k 

on 11 near-by gauge. . 
In channels and in deep wate1· the drag ls usunlly set to oni~ 

depth throughout, and for the latter work It ls customary to nvolll 
1lepth change,; by setting the .drug for the maximum height ot' 
tide that will occur during the do~·. In shoal water fnil'I~· long 
clro.gs can be used by setting the drag nt different depthe to co11-
form to,. the bottom contour us shown by soundings, In this class 
of work frequent depth changes are necessary, In order to 11110.w 
for rise and fall of the tide, to conform to changing bottom contours 
nncl to avoid shoals previously discovered. In this clnRs of worlc 
It is not goo1l practice to have t1!e difference in length betwp1•11 
adjoining up1·ights greater than one-fortieth of the distance 
between them. 

246. In drugging nrPas wlwre souncllngs of previous rrnrveys are 
widely spaced and where nddltlonal Information relative to the 
depths Is rPCJuired soundings taken ut l!tlltP<l Jntervals nt eu<;h 
alternate buoy clm,lng the progress of the drag .wlll . gi:ve u 
staggered 11111' of HOtmdlngs ovl'r the entire path. The soundings 
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are plotted at the position of tile buoy by using the time interval 
on the normal path of the buoy. When the position of the drag 
varies froru its normul curve the position of the buoy nt which 
the sounding ls taken should be fixed In order to plot its position 
on the curve of the llrug. This methou of sounding should be 
llSl~d only when speciully instructed. 

247. All ope1·at1ons und nngles In wire-drag work ure to be re
corded for final preservation aml for later work· on the smootl1 
~beet. A sepul'llte smooth sounding record and u wire-drug record 
ure to he kept for eueh slwct. The end launch officer recorW;, 
for futm·e comparison, euch angle that he signals, together with 
the time. Each tender records all data obtained on shoals; 
lleptll cllani,res, giving the time that the change started uncl ended, 
the new dl)pth und the buoys Involved In the change; drug tests, 
etc. All data in regard to shoals nre to be copied from the tender 
records into the smooth sounding reeord on the .guide launch, 
while other info1·mutlo11 is trnnsferred to the wire-urng record. 
Soundings taken during the progress of wire-drug work shall be 
recorded in a sermrate sounding volume. When cuts or lleariugs 
ure taken from the end or· guiding lnunch to locate the position 
of u. sounding at an intermediate buoy they shnll be recorded tn 
the same volume with the sounding. 

011 the fi1·st page or each record are to ue entered the names 
-0f. objects used for control und Um manner in which their loca
tions nre obtained, together with the shore names nssigned to 
them for convenience in recording. On the second page the party 
organi:mtlon shall be given, with tile name and duties of each 
mem,ber. ltubbe1· stumps Ul'e l>rovlded for insertion of dati1 at 
.the heghmiug and end of each day. A stamp may he obtulned 
for Insertion of Initial lengths of upright ut the beginning of the 
du~· nu<! whenever n depth change Is made during the dny. At 
.each position the time, position angles, buoy angles, distance 
ungie, signaled 11ngle, and distance shall be entereu In the order 
named .. A buoy nngle Is to be considered ns pluR If the buoy ls 
to the right of the object, and minus if to the left. When the 
rlrag catches on a shoal, an excellent check on the Rhoal position 
Is obtnlned by observing and recording n bearing to the indicated 
position, with n note as to the number of the buo:.: nearest tlie 
shoal. · 

Successive days are to be lettered In order und corresponding 
days In the wire-drag und sounding i·eco1·<ls are· to be given the 
1.1ame iette.1-. lllxplnnator;v notes should be entered, when neces· 

18027° -21--7 
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sary, in the wire-drug record, and every cure taken to make it u 
clear and complete record of each day's work. 

For long-drag work positions are to be recorded on the cud 
luuuch 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 officer in charge and added to the . correction. For deep 
drag work a factor of safety may he introduced, at the discretion 
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 us 
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 e1Iective depth, and at the succeeding position if the contrary 
Is true. All distances mus.t be checked by recomputution. 

249. At the end of each day in the record un effective depth 
diugmm wlll be entereq. This diagram, which ls simply a sum
mary of all effective depths obtained dm·lng the day ls to be 
e11tered in the following form: 

Position Remarks 
43 45 

1 N ----- 6----- F B 
34 ~ 

2.tHl.4 2 ------------- F 
44 35 .1. 

8 N ----- 2 ----- F Tide. 

The first entry shows the Initial effective depths, the letter 
B indicating that the Jtne begins. On an inclined section be
tween two different upright lengths, the lesser depth ls to be 
considered as extending horizontally to the first upright set at u 
greater depth. Thus at the beginning of the duy buoy No. 5 is 
set at 43 feet nnd buoy No. 6 nt 45 feet making the path of buoy 
No. 6 the dividing line between <le1)ths. The second entry shows 
a depth change of 34 feet made from buoy 3 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 3 ls changed. 
The fractional position numbers show that the change started 
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between positions 2 und 3 at u time when buoy No. 3 had trnv· 
ersed 0.8 of tht: distance between the two positions, and that it 
ended wlten buoy F hud traversed 0.4 of the distance between 
positions 6 und 7. At position No. 8 an increase of 1 foot in the 
l•ffective depths, due to tidnl decreuse, is indicated. 

250. When the drng parw, care should be tukeu to elimiuute 
uncertainty by the rejection of 11. imllclent number of positions. 

251. For plotting, the smooth shret is protected by ·trachig cloth 
held securely in place, with small holes cut through over euch 
control object position on the sheet. A number of bont positions 

111;e plotted, after which the buoy positions are 11lotted and pricked 
tlil'Ough on the smooth sheet. The successive buoy positions Ul'l' 

connected by straight lines, using a 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 tmci11~ 
change its position with relation to the sheet. The tmcing is then 
removed while the path lines are drawn in pencil on the smooth 
i:;heet. Every fifth position ls indicated by its number nnd the letter 
of the alphabet nssigne<l to the duy, using ink of one certuln color. 
These numbers should be entered only on the guicle-luunch side of 
the strip. The curved line of the tlrng is tlrnwn ut the entl of eucl\ 
strip, using the buoy spacer. The positions of ull shoals tliscovered 
during the day are plotted, either immedlutely before or uftm· 
plotting the dny's work, and numbered as for the dmg positions. 
When n drag strip endc; on a shoal, care must be taken to e..xtend the 
line of the drug back of the shoal. 

After the various strips nre plotted in pencll they are subdivided 
to show eft'ectlve depths. For changes due to tide the line of the 
drug Is drawn with the spacer at the proper point. Depth changes 
ure shown by connecting, with u line, the position of the first buoy 
lnvolved nt the time the change !.'l.llrted nhd the slmllur position 
of the last buoy clumged. If the change affects less thun half the 
drug, the two positions arc connected by a straight line. lf more 
thnn·half tile drug Is changed, it I~ best to locate the middle buo~' 
Involved nt the time it wns changed, assuming a uniform rate of 
change, urn.I to connect the three points with n smocith. curve. 
With n drug set nt different tlepths, the dividing lines are obtnined 
hy plotting the positions of the dividing bm;iys at each drug position 
1111cl connecting 1:1ucceedlng buoy position8 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 ureas nre completely surrounded with a 
line .bf tlie proper color, whlle areas of less depth nre surrounded 
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by the prope1· color, l'Xeept whe1·p the~· ndjoin an areu of greater 
depth: 

19 feet and under-------------------------------------·Brown. 
20 to 29 feet_ _____________ ---·---------------- _________ Yellow. 
80 to 39 feet_ __________________ ------------- _________ Blue. 
40 to 59 feeL------------------------------~-- __________ Jted. 
60 to 79 f(!CL ______ ·----------------------·--- ___________ Purple.-
SO feet nnd over ____________________________________________ Orange. 

Ench area has one 01· more light lines extew..liug across Jt. with 
11 space for a numeral rep1·esenting the dUferE>..nce between the 
effective depth and the color base. Thus an ureu drugged to 94 
feet wlll be surrounded with 1111 ornnge-colore<l line nnd contain 
the numerul 14. When tlle strips nre inked, corresponding posi
tions of N and F nre indicated by short lines drawn from each 
toward the other. Each fifth position ls Indicated by slightly 
longer Unes. 

In shoal localities, where an urea may be covered several times 
by drags set at dlft'erent depths, the subdivision described above 
may be slruplUled by trucing each strip us it Is plotted, subdivid
ing the strip on the trucing and then transferring the Slibdivi
slons to the smooth sheet. 

252. All records of dn1gging operations sbould be :kept In wire
drag record books, und the work clearly explained. 

253. Position anglea.-For locating position of sounding boat the 
two methods generully used are by theodolite 1tngles on the boat 
from two stations ashore, and by sextant angles from the boat 
on three shore signals, or a combination of the two. 'fbe former 
is the most precise, but ls not well adapted to surveys of extended 
areas. 

254. The second method fs employed in nearly ull tile coast 
work, tbe principles involved being the same as In the location 
of 11 plane table ln topograplllc work by the three-point problem. 
The strength of a determination of position depends directly on 
the relative positions of tbe three fixed points ancl the posltlon 
sought. There are usually a number of objects from which to 
select in taking tbe sextant angles, and good judgment ls re
quired ln mnklng this selection; some positions of the objects 
with respect to the observer give strong conditions 11.nd some very 
weak condltlons for the angles. 

255, Strength of position angles.-A single angle between two 
fixed points gives ns n locus of the vertex: part of the circum
ference of a. ch'cle through the two tlxed points in wlllch the 
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given angle muy be inscrib~d. Two nngles 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 position becomes weak, until the llmltlng case ls ·reached, 
when the position ls ou. the circumference of the circle pas8lng 
through the three fixed points. In this case the three .position 
circles coincide and the position Is indeterminate and can be 
plotted only as somewhere on the circle. 

256. Whenever the· distance between any two of the fixed points 
Is small us compared with the distance from them to the observer, 
the corresponding position circle wlll be poorly. determined and 
tqe position will be weak. 

257. Dase<l on . the . two p1'ece<llng paragraphs, the following 
should b~ .observed in selecting objects for angles : 

258. Avoid .any selection in which the boat's position is on or 
near the circle passing through the tlu·eo fixed points. This ls 
commonly called n "revolver " anti IR to b1! constantly gu11.rded 
against. In case there ls 110 choice of slgnnls and 11 "revolver" 
ls expected, as mny sometimes occur Inshore nenr the end of n 
line, a third angle should, if prnctlcuble. he taken to n point of 
land or other defined object. 

!lli9. Av.old a: selection Jn whlcll two of the fixed points nre close 
together us corupnrccl with their distance from the observer. 

· 260. A strong :position will be obtnlned with the three objects 
nearly In line or with the ceutrul object neuret• than the otheN 
nm:J JIO angle less than 30°. 

261. Smull angles should generally be avoided, us they give 
weak positions In most cnses nnd also are apt to be inconvenient. 
to plot. 

282. 'l'hcre is one <:nsr., Jiowcver, In which a small angle wlll 
give u sfrong position, and that is when two of the objects ure 
nearly in line and not close together and the third object ls S<> 
locnted us to glve ll good ungle of intersection with them. The 
limiting cnsr. Is wbei·e the position sought ls In range wJth two of. 
the ob.1ects. Only a single nngle need then be observ.ed, but a 
second nngle on n fourth object may be taken us n checlc. A 
l'nnge should be taken when there is opportunity, but the rangn 
points shoultl not be relatively close togethel'. 

283. As slight e1·rors lu angles affect a lJOSltion more with dis
tant signal!:! than when near objects ure observed, preference 
should always be given to th~ lntt€r, otlwr conditions being favor-
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able. The uncertainties of plotting due to paper unu instruments 
ulso make· it preferable to use near objects. Thus for inshon~ 
hydrography it ls desimble 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 centrul object is very close anu the other two 
objects distant, the whole angle between the latter should be ob
~rved if practicable, or the two separate angles should be taken 
.from the same spot, to avoid the error in position that will other
wise result from angles taken by observe,rs ut votnts slightly 
apart, if the two angles .are not taken at the same Instant. 

265. If practicable, avoltl angles between signals huving con
siderable difference of elevation, when either ls near the observer. 

266. If in running the sounding line both angles chunge slowly, 
the position will be weuk. In plotting it should be noted that the 
position ls strong if a slight movment of the center of the pro
tractor throws the arms away from one or more points, and that 
the position ls weak if 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 charucter of the hydrogruphy, but on large scale 
work should seldom exceed three or four minutes. For con· 
venlence in plotting and spacing soundings, positlons should ordi
narily be taken on the full minute, and when possible at uniform 
intervals. Position ungles should, however, be observed when 
there are sudden changes of depth and at all changes of couri;c 
and of speed. 

268. Where the change of course Is considerable, positions shoulli 
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 truck of the 
sounding boat should be plotted as a curve and not as 11 sharp 
angle. 

269. Iu addition to the position nt the beginning of the Ilm', 
position angles should again be observed when the bout gains 
full headway (to be noted In the record) In order to avoid the 
serious errors Iu spacing soundings on the plotted sheet ns n re· 
sult of the variable speed of the boat. The same holds true when 
the speed Is slowed down on the approach to i;hoal water at th(~ 
end of 11 line; that is, position angles should be taken when th<> 
boat is slowed down as well us at the end of the line. The irregu
lar and Improbable depth curves sometimes seen on plotted sheeti-; 
near the shore nre generally due to 11 fallure to tuke account of the 
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changes in speed of tl!e bout near the beginning and end of sound
ing lines. 

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

4 Bet 70° 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 us to which time ls referred to. It is Important 
that the time recorded should be that at which the position and 
sounding were actually taken ; discrepancies in the hytlrogruphy 
wlll result from lack of care Jn this respect. 

272. A range fa Indicated by zeros with u line. drawn through 
them, thus: 

4 Bet 61° 27' 
Cat 
Dog GQ 

273. Buoys and other aids to navigation within the field of work 
should be determined by specinl sextant angles. If found to be 
out of position or unfavorably located, this should be promptly 
reported, as well as uny 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 nccurncy is demanded, us in harbor 
improvement surveys. Although not often employed in genernl 
const work, it may be convenient In some cases. For !nstnnce, 
the signal at the masthead of a vessel 'may sometime~ be dls
tin~ished nt u greater distance offshore thuu the sho1·e stations 
can be seen from the vessel. The two theodolities are set. up at 
suitably situated triangulatlo~ stntlons. All the dlrcctlous are 
referred to n known direction us zero, which it wlll be conveui<:lnt 
in plotting to have to the left of any position of the vessel, when 
the theodolite Is grudunted clockwise. This zero flhould be veri
:tlecl, say at tlw beglnniug of each page o! the record, by recortllng 
a pointing on the reference object. 

275. A time bull or fing is shown from the vessel each time a 
posltlon is required, und the instunt it is dropped tbe direction 
of the foremust of the vessel will he observed nt ea..:h station, and 
the time recorded at the two stations and on board. Or observa-
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tions mude by n prearranged time schedule, in which case occasional 
signals should be made, if possible, for the compu1·\sou of cloclcs. 
'.rhe clocks should be set to 11gree 1md compared at the encl of tile 
day. 

276. Positions for o1fshore hydrography.-In developing offshorn 
areas along the Atlantic and Gulf coasts, survey bu(\ys are 11lnced 
two or three miles beyond the llmlt of visibility of the tall signals 
ou the coast. The positions of these buoys are determined by 
intersecting cuts taken from the Survey vessels while nt uncj1or 
ut various points within the range of vislblllty. <>f !Joth shore 
signals and the buoys whose positions ure to be determined. Wltll 
this control the fixed positions on sounding llnes are carried ft•om 
5 to 7 miles beyond the limit of vislblllty of the shore stations. 
For the survey of nu Important bunk offshore out of sight of ob
jects on land, a sextnnt triangulation shou~d be canlcu o.i1t froru, 
'the short', to locate several buoys or heucons plu<!ed on the bunk 
to serve us signals !luring the hyc.I1·ogruphlc clevelopment. . For the 
Intermediate stations between shore und hank suilhont!; may prove 
com·enlent, as they cuu be readily shifted from point to point in 
a scherne which requires several figures to uiak1• the conuectlou. 
If, owing to rough seas or other cuuses, this method is found 
lmprncticable, the use of two ship logs null a reco1·ll of the engine 
revolutions, previously stundurdlzed, and the compuss to determine 
n position on the bank by the adjustment of outward runs from 
a' known position coru!Jlned with thnt of return runs to a s.lmilnr 
position In 1>lght of land ls recommended. The relative positions 
of the control signals on the hunlc 1:1111 then be tletermlued by 
courses and log <llstunccs, ns well us sextnnt angles. When the 
signals are sllort distances npurt, a run between any two by 
compass und log should be lmmeclintely repeated in the i·everse 
direction to ellminnte the eft'ect of current nnd other sources 
of error. For long distances the two runs should begin and 
end respectively with the sume phuse of tide. 'l'he record should 
be complete as to the compRss <leviutlons, log corrections, cur
rents, wind, and nppnrent drift. The souucllng lines should be 
plotted and adjusted by the field party. In ull coast hydrogruphy 
where the Ilnes run olTshore out of sight of signals, current ob
servations shall.be made while on the sounding lines, nbout once 
every two hours or at Intervals of not over 10 miles. 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 either side of the 
vesseL When possible, astronomic observations nt the current 
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1:1tut1ons shall be tnken fur sbip's poslUon in addition to all of the 
dead reckoning duta obtained, making ali;o full use of wireless ti.me 
comparisons. Complete adjustment of the positions mu& be 
shown. 

277. A reconnolssnnce of a bank oft'shore, where slgnnls cnn not 
be seen from a boat, may be made by anchoring the ship und 
sounding with a bon t, obtnln!ng tile distance from the ship· by 
measuring the"vertlcal angle from the water line to the ruust
Irearl nnd taking bearings on the boat with the ship's compass. 
'£he height of the mast above the water furnishes u vertical base 
for plotting the d!t:1ta11ce of the boat. 

278. Soundings with lead and line.-The leadsman should be 
trulned to estimate the probable depth for the next sounding in 
01·der that he muy puy out all adequate amount of. spare line; 
too much may be more objectlonnble than ·too ·little. The etrort 

. !lhould be to' have the lead draw the line taut as it reaches the 
hottom; also to hitve the lead reach the bottom as the -leadsman 
.l!ets over it, or just before the line bPcornes plumb. The leadsman 
should then quickly lift the le1td oft: the bottom, and· as it touches 
again read the depth. 'l'hls ls an Important precaution for the pur
J)ose of straightening the Jlne nnd keeping the lead vertical. When 
there Is u swell or the surface of the wnter ls agitated the .1eadR· 
mnn must be careful to make un allowance 'for the height. of 
the waves, so that the reading of the lead llne wlll give the depth 
from the mean surface. 

'(a) The following souudlng leads und hand lines u1-e In gen
eral use: 

For hand lead in depths up to 8 fathoms, 11 6 to B pound lead 
is used. 

For ·haml lead ·In depths over 8 ·fathoms, n 10 to 12 pound lea(\ 
ls used. 

For all hand llnes No. 7 or No. 8 Sliver Lake sash cord or 
Sampson spot cord Is used. 

I•'or trolley soundings in depths up to 20 fathoms, a 20-pound 
lead with No. 9 cord Is used. 

For trolley soundings in depths over 20 fnthoms n 30-pound 
lead with No. 12 cord Ii; used. (See pnrs. 354 nnd 360.) 

For the sounding machine in depths .UP to 500 fathoms leads 
from 80 to 40 pounds are used with strnnded wire. In ~renter 
depths a shot of 30 to 60 pounds ls used with piano wh'e. 

Where subtmrface currents exist an extra heavy lead should 
be used to permit 11 straight stretch of the leadl!ne from bottom 
to anrfncc. 
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279. Soundings with vessel underway.-Wheu working ln mod
erate depths (from 20 to 60 fathoms)·, and yet beyond those in 
which it Is practicable to sound wlth 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 soundlngs 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 
weight up-and-down soundings can thus be obtained rapidly in 
depths up to 50 fathoms, with speeds up to 4l 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 
tlie catch holding the lead and releasing It. The lend drops to 
the bottom, and the traveler Is hauled aft again. Another device 
Is described and Illustrated In Wha.rton's Hydrographlcal Sur
veying. 

281. De11ection soale.-A system of sounding underway with 
sounding machine and wire (piano wire, No. 21 B. & S.) has been 
used 1n moderate depths (under 10 fathoms). An Iron weight of 
-SO to 60 pounds, nttuched 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 lifted only a short distance off the bottom 
and not brought to the surface. The weight dragging near the 
bottom will develop the presence of shoal spots between the sound
ings. An occasional sample of bottom may be brought to the sur
face. The correction for deflection of the wire ls -i(l-cos ci) 
where Z Is the inclined length of wire and a 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 to 30 fathoms) and at moderate speeds (4 to 6 knots). 
In greater depths (over 40 fathoms) the angle of deflection wm 
become too great, und the curvature of the wire w111 lntl'Oduce 
dlfilculties In the correction. 

282. A modification of this method bus been used In depths from 
80 to 50 fnthoms. Soundings were taken when the headway of the 
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vessel was reduced sufficiently to keep the correction for inclina
tion of wire smull. As soon as the angle Is reduced to the desired 
limit it is read, the lead ls dropped, and the instant It strikes bot
tom the registry dial is rend and tl1e reading recorded. The ad
mntage of tills ove1· up-and-down soundings is that less reversing 
<Jf machinery is required, und that tlle vessel, retaining some head
way, ls under better control uud the proposed sounding .lines cuu 
be more easily followed. 

283. In machine sounding In moderate depths where cve1'tkal 
casts are obtained the1·c muy be some saving in simply lifting the 
lead a short distance oil' the bottom and going ahead without reel, 
ing in, except where a sumple of bottom ls desired. In using the 
heavier sounding leads for trolley rig,. a proportionately heavier 
grade of sounding line should be U!:>l.'Cl, as u pendant between 
the lend and 20-fatbom murk, as noted in paragraph 278 (a). 
Over an extended area with depths greater than 20 fathoms 
n section of wire of thnt 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.-Pressure tubes are designed for use in 
1>oundlng when a vessel is under way in depths up to about 00 
faUloms. Pressure tubes with appllances employing the overflow 
device, and others with springs and pistons, are also used. Pres
sure tubes, while sutlsfying the requirements of navigation, should 
not be used Ju depths less than 20 futhqms or when very accurate 
l1ydrographic survey worlc Is required on o.ccouut of errors due to 

· tempc1·ature uud othe1· causes. On off-shore work where sound
ing tubes are used in the course of a sounding line, every fifth 
t?oundlng should be checltell by u vertical measurement of the 
depth with wire and registering sheave. 

285. Sounding maohines.-The Cosmos hand-sounding machine 
muy be used successfully for soundings. to depths of GOO fathoms, 
using No. 24 standard Brown & Sbarpe gnugc and ubont n 35-
pound lead. When sounding in greater depths, steel wire should 
be employed. Other smull souud!ug machines may be used when 
available, such us the Kelvin navigational machine or the 
'.l'anner mnclliues. In all cases it is preferable to use a sepa
rate registering sheave, such as the Tanner, for rending the 
length of wire out, lnsteud of the diul o~ the reeling drum, which 
is subject to correction, depending on the amount of wire on the 
drum. In using the Slgsbee sounding muchlne the scale attached 
to the upright car1·ylng the leading sheave will show the stro.in 
on tbe wire when heavl11g 111. A 00-pound sti·aln ls the approxl
mnte limit In using the 21 Brown & Sharpe ~mtge wire. \Vhen 
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Hounding in depths 01·cr 1000 fathoms the speed in puyiug out 
and reeling 1n should not exceed 100 fathoms per minute. 

(a) In splicing struuded wire, u lay of 10 inches witll neut 
tucks at each end will suffice. 

·For piano wire, n splice 3 inches long will suffice. In waking 
the .splice, caution should be observed not to give the luy ut 
the cross or middle of the spllce so short u nip thut it w111 
ufterw1mls be strulghteneu out uuller strong tension. The splice 
to be wiped with solder, giving n long taper to each end. 

To cover the splice completely with solder, which must be 
done, several layers of 1lelt, ticking, or moleskin cloth with 
tullow coating in the pulm of the band will serve to wipe the 
splice us 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 wfre. 

In preparing the splice for soldering a flux of. muriatic acid 
with zinc dissolved in it till it will take no more should be used 
before the solder is tlropped or pom·eu on. 

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

An electrician's soldering torch· with soldering wire facllitates 
the operation. Strandell wire No. 24 B. & S. gauge is·furnished 
in sealed tins containing 300 fathom lengths. Plano steel wire 
No. 21 B. & S. guuge is furnished in sealed tins containing 2000 
fn thorn lengths. 

(l>) The ordlnnry sounding-record books muy be used for work 
with these runcb.lnes; the time required to reach bottom should 
be recorded for the deeper soundings ns il. useful check. For de
scription of the Sigshee deep-sen sounding runchlne nnd explnnn
tlon of Its use, reference should be mnde to Tanner's Deep-Seu 
Exi)loratlon (U. S. Commission of Fish nnd Flsher_ies, 1897) and 
to Slgsbee's Deep-Sea Sounding und · Dredging (Const nnd neo
detlc Sur,·ey, 1880). 

286. Sounding records.-All sounding 1·ecords ·must be complete 
and lntelllglble, and the chief of party must personally see that 
the record Is being- kept In n systematic nnd cnret'ul munner. 
Give description of sounulng. uppnratus (whether hand or mii.
chine), und state sfae and kind of line or wire, whether register
ing sheavp is used, etc. Muny things which ure perfectly cleur 
to un observer, having the work f1·esh In his memory, muy not 
be so to n stranger; hence the necessity of making complete notes 
with ench <luy's work nn<l rPcorclln!! e1·Pr)•thlng essential tci a 
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complete understundlng of the record. All uncertainties and 
doubtful places should be carefully investigated before leaving 
the field. 

(a) S<>uuding-reeord i-olumcs must, ns fur us pructicuble, be 
kept separate for euch hydrogruphk sheet nnd uumberecl in sepu
rnte series. It Is inconvenient in plotting and tiling records to have 
ln one volume soundings thut go 011 dl1Im·ent sheets; to avoid 
thll!, whe1·e i1rojectlo11s ure not furnished,. the scheme of sheets 
should be planned in advance us fnr us circumstances will permit. 
Boat sheets should conform to the limits or the smooth sheets. 

A special form of i·ecord, " Soundiugs with wire," is now avnil· 
nhle nnd should be used for deep-sen i;ounding. 

287. Identification letters and numbers.-In 01·dcr to uld in the 
Identification of sounding records, hydrographlc projections sent 
from the otfice wm be designated by n h•mporary number, and 
those made in the .field should bo assigned a letter, und these 
field numbers or letters, murke<l plainly iu pencil, i;hould form 11 

part of nil sounding records, descl1ptlve reports, etc., pertnlnlng 
to each sheet, respectively. At Mnnila, Philippine sheet numbers 
will be assigned to each field party at tile beginning of the season, 
und the records un<l reports must be i;ystemntlcally marked in 
Ink with the conespondlng sheet numbers. __ 

288. Information notes.-At the beginning of each clay's work 
enter 111 the sounding book the tlme the pnrty left the vessel, or 
the ves~l left the anchoruge ; the clb;tnuce to the field; the fuct 
that the sextants, clock, nnd lead lines have been examined and 
were co1·rect, or the corrections, ff nuy; describe sounding appara
tus used-if machine give weight und form of sinker and kind and 
size of wire used, also nny departure from ordinary methods; the 
names of the ob!-ler\·ers, recorder, nnd leadsmen, und should any 
of these be relieved <luring the dny n. note should be made in tlle 
column of remurks ut the time lt occurs. If there are two ob
se1•yers, stute "hlch takes the right and which the left angle, also 
the one In charge. Should there be any correction or fact recorded 
later, which should be known before commencing the plotting of 
the day's work, n note culling attention to it should be inserted ut 
the beginning of the day's record, nlso the name an<l locntlou of 
the tide guuge or stuff to be used In reducing tlw soundings. 

289 • .At the close of the day's work note ngaiu the exmnlnntlon 
of sextants, clock, und lead lines, un<l their corrections, tr any, tho 
time of returning to the vessel, and the distance from the working 
ground. 
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290. In the divislou 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 
nnd the recorder. 

291. Standard time is to be used in all recor<ls and so noted Jn 
the column "Time" at the beginning of each dny. 

292. Any information thnt 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 und direction of the wind, the 
state of the sea whether i·vugh or smooth, the force and direction 
of the current, the bearing and c;stlmated distance of any object 
passed by the bout and which ls 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 notetl, 
us well as eddies, tide rips and their trend, whirlpools, etc. 
\Vhen, owing to surf or other dangers, u sounding line can not be 
1·un to the shore, explanation should be given in the record, with 
estimate of distance to the shore or danger. 

293. Special cure !!hould be tuken that sounding record!! are 
complete in tl.ie following respects: 

(a) In remark column the relutlon of beginning and end of line 
to some object should be given approximately, as "line begin1:1 
about 300 meters 30° from A Tree; " "line ends 25 meters from 
reef, 0° O nun." Also, for ev~1·y line beginning or ending near 
the shore, the estimated distunce In meters to the shore, reef, or 
breakers must be stated, und for every important object passed on 
a sounding line, ns rock awash, breakers, buoy, etc., the estimated 
distance and bearing must be noted, or when not otherwise deter
mined an udditlonul sextant angle should be taken to It from two 
or more positions. 

( b) The course should be noted u t beginning of each line, and 
when changed the time of change nnd direction of the cours1~ 
should be Indlcuted, us O. C .. to 56°. 

In the new form of sounding record the ship's or boat's head as 
read by compass should be entered In the first column on the rlght
lland page, and the course intended to be made good ·should be 
written in the remark column us un lndlcntlon of leeway. 

Ju offshore work, the course, corrected for variation lllld 
deviation, should be entered in the remark column. and the ship',.; 
ueviatlon card should be entered on page 1. 

(o) A reference mark should be made against every sounding 
or time to which any note i·efers, 
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(d) When stops are made, the "ahead" 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 360°) 
and not in points, and degrees shoultl be usetl insteatl 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 in reduction 
should be enteretl at the heading of each day's work. 

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

297. Duplication.-Soundlug records should not be dupllcute1l, 
except when specially directed, or when there is consideretl 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 mull. 

298. Soundings will In general be recorded In fathoms 11.nd in
tegral feet ; only in such cuses us in developments less than 40 
feet at crltlcal or controlling points, in channels, across burs, 
11.nd in fairways, need f;:uctlons of feet be recordetl, or, in other 
words, this will depend uvon the locality and depth of water. 

299, "No .bottom" soundings are not satisfactory, and where 
practicable the depth should be obtained. They are quite 'objec
tionable In ha1·bor surveys. 

300. Character of bottom.-The sounding record should show the 
character of the bottom at the top of each page and at each 
change reported by the leadsmnn, by the ui:iual abbreviation used 
on the cllnrts, which are as follows: M, ~ud; S, sand; G gravel; 
Sh, shells; P, pebbles; Sp, specks; Cl, clay; St, stones; Co, coral; 
Oz, ooze; bk, black; wh, white; rd, red; yl, yellow; gy, gmy; bu, 
blue; dk, dark; It, light; gn, green; br, brown; hrd, hard; sft, 
soft; fne, fine; crs, coarse; rli:y, rocky; stk, sticky; brk, broken; 
lrg, large; sml, small; stf, stl:fT. The occurrence of grass, kelp, 
hyacinth, or other growth should be noted ; ulso where kelp i:,l 
towed under, and 11.t what stage of the tide It ls covered. 

301. It ls particularly important that Information as to the bot
tom be given for harbors and anchorages. The information given 
by the ~oundlng lead may be somewhat superficial, 11.nd when con· 
venlent a useful check ls furnished by the actual experience ln 
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anchoring unll tile 1unH'l'inl brought up b)' the unchor, which 
i;hould be noted. 

302. In Uw record of soundings, one line should be omltte1l after 
the sounding on which a position was taken, and ubout four lines 
betwoon the end of one line of soundings nnd the heglnnlng of the 
next line. 

303. The tluw:,1 of >101111tllni::s mu! positions should be carefully 
J'(•corded, as they are used in spnclni:: t lw sountllngs. The time the 
hoat sturts or stops is required, although the nngles may he tnken 
curlier or later. \Vlwn under wny, l 1' nu sounding Is tuk1m on tht• 
position, leave thnt part of the 1!111~ hhwk In the record. 

304. Corrections.-Era1mres 8houltl not he 1mHIP In n><,orlls. 
!\Iistakes discovered may lm crnssed out umr corrected by writing 
above or to 01w side, with explnnatlon, If any. l•'ull explanation 
must be writtPn In the record If nny work Is rejecte1l, using bhw 
or red pencil. 

305. The r1!Cordm· should 1H'om11tly <·nil nUenUon to llll)' Ull· 

usual sounding; if it is confirm<-'<i it should be mnrked O. K. 
306. The sm·cess of the hy1lt·ogrn11hk work 1le11emlR <llrectly on 

the correctnet:1l:! and clearness of the rcco1·d ; the recorder must 
make sure that he hears and records evl'ry fnct properly nnd that 
the record ll:! com11lete, nnd must not lleslt11te to milt for repetition 
when nec.-cssnry. Ifo shoulcl rail buck the figures 1u1 entered. 

307. To snve flpne<' 111 plottln:.t upon the slmet, ench tiny'"' worl> 
II'! kuown hr a letter. The vessel nn<l ench hont should have n 
separnto serl<'S, dlHtlnguiRhlng thPm b~' uf!lng capltnls of one color 
for the vei-;sel and lower-case letters of 1mother colm· for each 
boat, these distinctions to hA preRerved In the books, on the sheets, 
and tn the table of flt1ttlfltles. Jt"or convenience of reference the 
letters used in t'nch hook shou\11 l)e given on th!' outside of thr. 
covers in the proper colors. 

308. "'hen thP nl11h:ihet hns been exhnrn4Nl for day letters, mie 
double letters 01· prim~. ns AA or A'. Il('(l, blue, and green are 
the best colors to use; hlnek should not ht> used, as tblfl would ob
scure the soundings. 

309. \Vhen n 80llll!llng 111ad1lne of nur kind Is used the i·ecorcl 
should clearly state the kind of nmchlne. manner of making sound
ing, and correction to mnchlne or registering dhll, and how: cor
rection wus ohtalnell. (See alRo par. 288.) 

310. Reduction of sounding.-'l'he 11Jmw of reference having 
been established and relatetl to the graduation of the staff, the 
reducers, or tide corrections, to be applle<l to the soundings are 
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derived by taking the difference between the tide-gauge reading 
ut the time of sounding and the tide-gauge reading of the plane 
of reference. If the tide-gauge rending at the time of sounding is 
greater than the reading of the plnne of reference the cO!'rectlon 
to be applied to the sounding will he minus. If less the correction 
will be plus. 

311. The reduce1·s, or tlcle col'l'ections, for open ocean ureas or 
for depths over 7 1'athoms, will be entered Ju the sounding record 
in Integral feet. Ou b111·s nt entl'D.nces and over inside wate1· 
nrens for depths less than 7 fnthoms und more than 8 fathoms 
the reducers will be ente1•ed to the nearest hnlf foot, nnd for depths 
of 3 fnthoms 01· !PSS to the nenrest tenth of n foot. The correc
tion for the lend line, also to tenths of feet, must be applied at 
the snme time ns the tide reduction, but the lead-line correction 
may be omitted if not exceeding one-hnlf of l per cent of the 
depth. The reduced soundings will be entered In integral feet in 
the column llended "Reduced soundings field" (see pars. 335-387) 
except In developments In less Lhnn 40 feet depth, at clitlcul points 
(see pnr. 298) the reduction shull he made so ns to take account 
of the fraction of a foot. In verifying the retluctlon of soundings 
nlsc1·epuncles of· two or tbree tentlls of a foot may be disregarded. 

J,ead-Unc correctio11.-The correction for lend line or sounding 
apparatus, when necessary, wm IJe e11tet'ed In the sounding record 
ln feet and tenths for 1lepths of 7 fathoms .end less, nnd in integral 
feet for depths over 7 fnthoms, using the minus sign for correc
tions to be subtracte<l uud the pin~ sign for corrections to be added 
to the soundings. When lntegrul feet u1·e used, a fraction of 0.8 
foot or more In u posltlYe <'01•rectlon, unll n fraction of 0.3 foot 
or more in a negative correetlon will he counted as an extra foot, 
but the smaller frnctlom1 will be neglected in each cnse. Tlle 
correction for lead llue or sounding appnmtus muy be omitted if 
not exceeding one-half of 1 per cent of the depth. 

312. The record must show, b)• inltlnls at the end, by whom 
1·educers were entered and Roundlngs reduced, and by whom ench 
of these operations was checked. It can not be too strongly im
pressed upon the commanding offi<'el' nnd chief of pnrty nnd their 
1mborrllnntes as well that good i·e);ults In hydrogrnphlc surYeylng 
can not be expected unleB!'l attention Is puld to det1tlls. It 111, 
therefore, the duty of the officers engaged upon Survey work to 
see that the records conform In all respects to these Instructions. 

18027°-21-8 
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313. Planes of referenoe.-The planes of reference uuopted for 
the reduction of soundings und the publication of the charts of 
the Coast and Geouetic Survey ure as follows: 

314. For the Atlantic anu Gulf coasts of the Uniteu States and 
Porto Rico, the meun of the low waters. 

315. For the Pacific coast of the Uuite<l States, Alaska, the Ha
waiian Islands, and the PhlliJiplne Islands, the mean of the 
lower low waters (except for Wrangell Strait, Alaska, 3 feet lower 
than the mean of the lower low waters). 

316. For the uerlvatlon of the above planes, see under "Tidal 
observations." 

317. Plotting hydrographic sheets.-On bout sheet, smooth sheet, 
or tracing of either, positions should be plotted, and sufficient 
soundings should be plotted 111 pencil to keep truck of the work 
and to make sure that the ureu If; properly covereu. All sound
ings showlng unusual or climgerous uepths ut critical places should 
be plotted so that immediate exuminutlon can be made, before 
leaving the locullty, of clon)Jtful polnts and spots that give indica
tion of I.lunger to navigation. Approximate plane for tidal 
reduction should be used where tide observntlons are uvullable, 
getting the plane by compurlson with predictions. Where ob
sermtlons are not avnllable use predictions in U1e form of 
tide curve prepared nt the office on the tide-predicting machine 
in the form of u tide roll or marlgrnm. This is recommended for 
preliminary hydrogruphlc plotting nnd for wire-drug worlc. Ap
proximate depths should he plotted on the bo11t sheet only. 

318. Flelll parties 1m1st plot nll sounding lines on the smooth 
hydrogrnphlc sheets, plotting the positions in ink und indicating 
them by pen dots Instead of small circles. See paragraph 327 and 
the following pnrngr11ph fo1· instructions. The protractor, par
ticularly if it is 11 metal one, Hhoulrl seldom be permitted to 
touch the fuce of the smooth sheet. Before beginning the pro
tracting, stretch u piece 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 tracing. 
In prlcklng tlw plotted poRltlons apply sufficlent pressure to 
murk through the vellum onto the smooth sheet. After plotting 
u few positions lift up the vellum euoug-h to expose the area 
just protracted, nncl number tlm positions nnd connect them 
with hard-pencil lint>s. After the sounding Unes are fixed on 
the sheet and there Is opportunity for further office work, due 
to unfavorable weather for field worlt or other causes, the sound
ings should be entered In pencil 11fter they huv~ been reduced 
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for tl<le us note<l in the preceding parngruph. It is important 
that in so far as practicable tile bydrogruphlc sheets should be 
completed in the field. In no calle should the soundings be inked 
In by the field party, 

819. Necessary details on completed sheet.-Every orlginul hy
drographic sheet when sent in from the field must contuln the 
following: 

(a) Projection in blacl> ink, fine full lines, the Iii.tltudes un<I 
longitudes on each end of each parullel and meridian; a note ut 
bottom giving the latitude uncl longitude, with seconds in meters. 
of some one triungulatlon station. 

( b) Triungulatlon, plane table, and such other points ms muy 
have been dett•rminetl or estubllshe1l by the hydrogruphic party 
must be plotted, each with its distinctive symbol and name. The 
standard symbol of trlnngulatlon point ls u black circle 2 milli
meters in diameter with red circumscribt->d triangle, the name of 
the point lettereu in black. The symbol of plane-table posltlon 
Is a red circle 3 milllmeters In diameter with nnme lettered in 
re<l. The symbol of hydrogruphic signal is the same as for plane
tuble symbol except that blue ink is used. The positions of all 
signals slloul<l be accentuated by fine black dots in the needle 
holes to nssist plotting. Large buildings and prominent land
marks determined in connection with the hydrogrnphy should be 
indicated on the hydrogruphlc sheet und designated by upproprlate 
legend; If necessary, n reference letter mny be used nnd the legenu 
plnce<l where there is more room. (See also par. 196.) 

(c) The shore line must be o:lrnwn on the slieet in u continuous 
black llne if It has been surveyed by u plane table; if sketched 
in by a liydrogrupl!fc party, it ls to be indlcntecl by 11 broken lJne. 
The high-water line nnd all informutlon outside of it should be 
transferred· from the topographic sheet; the low-water llne and 
other features outside of hlgh-wuter line should, however, be left 
tn pencil until the h~·drogrnphy ls plottetl, when the information 
should be combined, in general giving greater weight to low-water 
line as developed by the soundings. 'l'he low-water line should 
be indicated by dotted line, us fnr as determined. The area be
tween high and low water should not be sanded. 

(fl) The soundings on the finished sh~et should be plotte<l in 
pencil by the field party with the positions, letters, and numbers 
fn colored ink. Minus soundings, which represent the heights 
above the plane of reference of arena bure 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 banks, sunken or awash, 
must be marked with the proper symbols. Where the least depth 
over a submerged rock ls obtained, the depth should be shown, 
with the word "Hock" 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 prover symbols, and depths at same determined. 

(g) Bottom characteristics should be noted on the sheet at 
moderate intervals, to give information contained in the record. 
'!'he standard abbreviations are to be used. (See par. 300.) 

( h) The limits of grass, kelp, etc., and the conditions of tide 
or current when these show must be lndlcatea. If the bottom Is 
grassy, It must be so written. Kelp must be marked with its 
proper sign. 

(i) 'l'he names of Islands, points, rocks, reefs, shoals, bunks, 
channels, creek!>, etc., must be given on the sheet. Care must be 
taken to obtain these names correctly. Names should, as far as 
prncticable, be placed on the land area, leaving the water area 
clear. Lettering should not be nllowell to obRcnre soundings. 

(J) All ranges, bearings for dangers, etc., and salling lines on 
courses or ranges should be given and drawn as follows: The 
ruuge in black lines broken with long dashes; the bearings in 
black clotted lines; an<l tl1e sailing Unes in black lines broken 
with short dashes, with the positions of the objects for moges 
nn<l bearings determined, marked, and named, und the names of 
tlw objects uncl the purpose of the runge or beurlng written along 
its line. 

( k) Current stations nncl tidal stations must be plotted In posi
tion. 

(l) Titles should not be inked on original sheets by the field 
party, but must be furnished on l•'orm 537 und pinned to the sheet. 
The information for the title must Include the general locality, 
special locality, names of personR actuully In charge of sounding, 
and of chief of party, vessel, dates of beglnnln~ nnd ending, nnd 
scale, together with a list of all data forwnrde(J with the sheet. 
The title of 11 bydrograpblc sheet must clearly incllcate 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 und 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. ------· . 
-==o--===========·------· 

J --1 Vol• J'os~~ -T Soun~~·1· Mllll!I, Vessels. 
Date, 1900. i I.ntter · ume. lions. I !ngs. statute. 

J_an_u_ary_2S-.-.-•................. : n --! 1-,----;;, -1,300 ,.. 24:-; -r:~unc; 

I I 1:-1 
Tot..! ••......•........ · -i- · ..... +~ -~~~:- _1:~~ I_ -~·~~J __ o_oo_. _s _____ _ 

'fhere must be u note stating the unit for soundings (fathoms 
or fEK't) u111.l the plane of referen<'e. Also n tidnl note giving 
the locntlon of the gauge, and If there was ·more than one thlt~ 

gauge, fo1• what p11rts of tlw sheet ench was used; also the follow
ing Information : 

Plane of reference, rending ou ~auge. 
Lowest tide observed, reading on gauge. 
Highest tide observed, reading on gauge. 

321. Depth cm·ves.-'l'he depth curve1:1 mu::1t he drawn on Uw 
!:!beet, and ench- cur.ve should include the outer soundings of the 
depth represented by tbe curve. When curves run so close to
getlwr us -.to confuse the sheet, the less lrnpo1tnnt, or those i·ep
resentlng gre11te1· depths, may be dropped. Curves must not be 
completely drawn where the information is insufficient, but p11rti'I 
()f curves or curves with broken line. may be ptit In. 

Tho 1leill p111·ty should leuve·the curves ·in penell. When the 
sheet ls verlflell ut tlie ollice the curveR will be Inked with <full 
eol.ored lines, In genernl nccordlng. to the following scheme: 

Zei·o or mean sea-level curve--~------~-----·-· ________ _; __ Yello\V. 
<J·foot or 1-futhom curvp ____________ . . .. ___ Gr<'('ll. 

12-foot or 2-fnthom cm·ve _____ _: __________ _: ________ ..'.Red. 
·18-foot or 3-fnthom curve __________________ -··-···. __ Blue. 
24-foot or 4-fnthom curve _________________________ Yellow. 
30-foot or 5-futhom cm·v<·---------·-----------_: _____ Red. 
30-foot or 0-fb.thom curve _____ . _ _::_ _____________ .:_ ___ Qr€(~n. 

· 60-foot or 10-fnthom curve __________ .:. __________ _:_: __ Yellow. 
120-foot ·or 20-fntllom curve------~-------------..:: __ ..:_Blue. 
300-foot or 50-futhom curve ___________ _: ____ ... ·---~--Reu. 
000-foot or 100.:fnthom cm.Ye ___ .:. ________ _; ____________ Green. 

1,200-foot or 200-fathom · curve _________________________ Yellow. 

6,0UO-foot or 1,000·futhom <·1irve_ .. .:. .. ____ --~--- ----------Blue. 
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· (Tbe 24 and RG foot curve will bn ~mitte<I ~xcept iH spedul 
cases.) 

Depth curves nre of much value in interpreting an<l examining 
the results of the field work. The depth curves will often indi
cate a1·eas of shoaler <lepths requiring further examination. Also 
abnormal uud improbable curves are n strong evidence of prob
able uncertainties or iuaccurncles in the hydrographic survey. 
Depth curves correspond to contours on land, and in nature ure 
therefore generally uf grnceful sweeping form, free from sudden 
changes 111 direction and from corners; ordinarily they can not 
cross or nbruptly run into ench other; on approaching they tend 
toward purullellsm; any departure from probable natural condi
tions is an Indication of error either in field work or in plotting, 
or it may be an lnclicntlon of shoaling that will require further 
exnminatlon. A study of the characteristic bottom fo1-ms in any 
region ls of value in the interpretation of hydrogrnphy, as such 
forms are apt to repeat themsc!lYes under similar conditions. 

In relluqulsliiug charge of hydrographlc sheets and accompany
ing records the chief of pnrty will inspect each record and sheet 
and approve each sheet before It Is transferred to the office or 
to another officer for completion. When circumstances are such 
that a departure from this rule ls unavoiclnblc or when any part 
of the provisions of the Instructions for completing these records 
and sheets are omitted, an explanation shall be torwarde<l 
promptly to the office for approval and so noted in the <lescrlp
tlon report accompanying each sheet. 

322. Comparison with previous surveys.-In plotting comparison 
should be made with the results of all previous surveys and with 
.chnrts covering the same region, if nvnilnble, especially as to all 
dangers or les.~ 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 

· Yerified by checking tlde reduction, etc.; bout sheets ancl descrip
tive reports should be examined and compared to see that all 
essential information Is on the smooth sheet. 

324. Character of drafting.-The drafting work on the finished 
hydrogrnphic sheet requires accuracy, neatness, and legibility, 
und of course good judgment and knowledge of the work, but It 
does not require expert penmanship. 

325. Marking positions.-As each position is plotted on the 
sll.eet a point should be pricked through to show Its exact posl· 
tion, nnd this point shoulrl he marked with 11 light dot of colored 
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ink (small circles should not be mnde). The successive positions 
on the lines will be connectetl by lines drawn with a ha.rd pencil 

328. Ench position must be numbered uncl the number placed 
just below and to the right or left of the position; .the position 
numbers must be sruull and so placed as not to Interfere with tlH: 
soundings. 

327. The letter of the day's work must be placed at the begin
ning and end of each line, at ubout every fifth po'sltion on the 
line, and at the point· of nny decided change of direction in lilw. 

328. '!'he color ot the· position, day letter, and position num
her must be the same as the color given the vessel or boat In the 
sounding record. 

329. Style of numeral11.-Vertical block numeruls (uo hair 
lines) bnve been adopted for soundings on hydrograpblc sheets. 
'£he penciling, as well as the inking, should follow this style, using 
a pencil hard enough to 111·01<.1 smudging, but not so hard th11t It 
will unduly cut into the })D.per. 

330. Distinctness of important features.-It ls Important In plot
ting hydrogra1)blc sheets that the more Important features, such 
as rocks and least depths on shoals, shall be perfectly clear and 
distinct, and great cure 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 su<'h n feature. If for any reason 
nn important feature ls not elem· on the finished sheet, or ls ao 
Rhown thnt there Is a llkellhoo<l of its being overlooked, a note 
should be added calllng attention to it. 

331. Selection of aoundings.-Where the number of soundings 
taken ls greater than can be plotted on the sheet, as many sound
ings should be plotted ns ls consistent with clenruess; those show
ing the least depths on shonls, g1·entest nn!l lenst depths in chan
nels, und changes of slope must be shown; the selection being such 
that a cross section C'ould he drawn from It showlug all important 
features; in no case should u mere mechunical selection be made, 
as, for Instance, every third or every fourth sounding. 

332. Enlarged scale for complicated areas . ......:.It is sometimes diftl· 
cu.lt to properly plot the· soundings to show the development of 
11 complicated area on the scale of the general hydrographtc sheet. 
In such cases un enlargement of the P.lotted positions should be 
me.de and the soundings plotted on the enlargement, which may 
appear on the sheet as u subplan. The enlargement sbould be to 
some· even decimal scale, and the scale should be stated on the 
plan. The curves 11t the n1nrgln of the subplan should be reduced 
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and transferred to the main sheet to make sure that the work I~ 
consistent. 

333. Overlap of sheets.-For adjacent hydrographlc sheett! the 
curves and soundings should be common for a narrow strip, und 
this overlap should be in accord on the two sheets. 

334. Dangers and stage of tide.-Deftnite 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. 235.) 

335. Tide rips should be indicated on the sheet by words, quall
tiecl as heavy, modero.te, or light. 

336. Depth units.-The unit to be used in plotting the soundings 
will depend upon the locullty, the character of the body of water, 
and the closeness of detail to be shown. Extensive inclosed waters 
and inside routes frequently have but f1·om 2 to 5 feet of water 
or .even less, and of course should be plotted in feet and frac
tions (see pnr. 337) at critical points. Sheets In generally deep 
water will be plotted in fathoms and sixths of fathoms to a depth 
of 6& fathoms, i being plotted as ; ; in fathoms and quarter 
fathoms from 7 to 8t fathoms, t being plotted as i; and for 
greater depthlil frnctlons will be omitted. But one depth unit 
must be used for the whole area of uny sheet. 

337. On sheets plotted In feet no fraction of feet wlll be shown 
(fr11.ctions of.less than 0.8 being omitted, and those of 0.8 or more 
being written as the next whole foot), except that in crltical 
places (under 40 feet in depth) on navigable bars, in channels. 
and shallow inclosed waters and inside routes fractions ( l, i. and 
i) shall be shown where important; but on outlying dangers all 
fractions shall be omitted and the next lower foot shall be given. 

338. In converting fractions the following wlll in general be ob-
8erved: When plotting ln 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 quarterll take 0.1=0, 0.2=i, 0.3=i, 0.4=i, 0.5=;, 
0.6=i, Q.7=i, 0.8=i, 0.9=1; when plotting in. ho.Ives, take 0.1 
to 0.3. as 0, 0.4 to 0.7 as ;, and 0.8 to 1 as 1; when conve1-tlng 
from feet to fathoms and. quarters, take ,less than 1 foot as 0, l 
foot and leas than 2.5 feet as i fathom, 2.5 feet and less than 4 
feet as i fathom, 4 feet and less than ,5.5 feet as f fat.born, .and 
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5.6 feet and over as 1 fathom; when converting from feet to 
fathoms, for less thnn 4.9 feet drop the fmctlon, for (), feet and 
over take. the next whole fathom. 

339. Defining reef limits.-The limits of re<~fe 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 detail, should be indicated by 
the sunken rock symbol. The coral-reef symbol shoula be used to 
indicate the extent of cornl reefs either bare or awash ut ,low 
water. 

·340. Errou and omissions.-Where f!·om any reason but u single 
·angle fs available (as when a mistake has been mo.de In readLng 
one angle) u line of position may be plotted by setting the angle 
on a protrnctor 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 locution 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 bave been observed, 
but without a common object, the two lines of positions may be 
plotted separately ·and their intersection will be the position of the 
boat. 
· Mistakes fn angles or record may sometimes be detected by 

estimating the position from time and course and testing the 
angles with the protractor. No arbitrary deviation from the 
record should be made, however, unless it ls 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 therefor; and this statement must be signed and all defecti1 
corrected before leaving the working ground. 

341. North .the top of sheet.-In plotting nntl Inking orlglnnl 
sheets, north ~all 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 ft is desirable 
that names be lettered to conform to geogrnphlc features. In such 
cases the names shall be inked so us to be read· when looking north. 
Na.mes should by their· direction and proximity clearly Indicate 
the object designated. 

342. Very large sheets should be nvoldetl In plotting hydrogra
phy, being inconvenient to bundle both In office anrl field. The 
standard size of topographic sheet !s 80 by l'i2 inches. Somewhat 
Jarger sheets may sometimes be necessnry tor h~·drogro.phy, but 
.they should not exceed 42 by 60 inches. 
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343. For smooth hydrogruphic sheets, 'Vhutmnn's paper is fur
nished mounted, of size 30 by 52 inches. When lnrger sheets 
are required backed drawing paper of the best available quality 
should be usecl. 

344. A multiplicity of sheets should be avoided ns far ns practi
cable by completing each sheet In its entirety. Fragmentary sheets 
for small pieces of work should be avoided; such information can 
often be placed ns a subplan on anothe1· sheet covering the vicinity, 
separated by a border and with subtitle. 

345. For boat shePt.; a good quality of mounted pnper should be 
used, and a paper with brownish tint has ·been found very satis
factory. 

346. Thin transparent celluloi<l haH been usecl advantageously 
for boat sheets; one side of this material should have a dull finish 
!;O that 1t may be written upon with a pencil. The·cellulold ls laid 
over the smooth sheet and the signals marked. In the boat the 
celluloid ls used over n sheet of paper. 

347. The boat sheet, If one is use<l, should always be forwarded 
to the office, to assist in the final verification .. 

348. The dlstnnces that will be included on n 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 scale. For instance, a sheet 42 Inches 
by 60 inches on scale nhif will Include an area 11.15 by l6.5 nautical 
miles. 

I 
Beale. 

-- ··-- --
n'.• 

nrA1J1J 
nA•• .,.A..,, 
• ..! .. ...... 
....t.. 
....! •• 
... 1 .. 

rdrsn 
-~ ~ 

..... 1 .... 

Nautlc1\l mile. 

Inche.•. Centi-
meters. 

----- -·----
14.593 37.06 
7.296 18.63 
4.864 12.36 
3.648 0.27 
2.432 6.18 
1.824 4.63 
1.4511 3.71 
1.216 3.09 
0.012 2.32 
0. 730 1.85 
0.36.5 0.93 
0.182 0.46 
0.073 0.18 

fltntute mile. 

·Inches. Centi
meters. ____ , ____ , 

12. 672 82. 19 
6.336 16.09 
4.224 10. 73 
3.168 8.05 
2.112 6.36 
1.684 4.00 
1.267 3.22 
1.056 2.68 
0. 702 2.01 
0.634 1.61 
0.317 0.80 
0.151! 0. 40 
0.063 0.16 

849. llanipulation of protractor.-In plotting positions It Is well 
for the sake of rapidity to hnve a uniform practice In placing the 
protractor. It is usually preferable to pince the centra~ 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 untll nll three arms nre on. Hnndled In this manner 
the clamped nrms of the protractor are not to.uched by Uie hands. 
The protractor should be examined occasionally to see that it 
is In good adjustment and has no lost motioi;i in any of its parts. 
A. protractor may be tested by measuring with it se,•eral angles 
which have been accurately constructed geometrically on drawing 
paper. 

850. For plotting angles where the three-arm protractor can not 
advantageously be used, either becnnse the angles can not be set 
ofr or the positions fall under the fmme, the Court celluloid pro
tractor sh~uld be used. This ls more convenient than using 
tracing paper. 

351. 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 ls any distinction tl1e more rellable system of lines should 
be plotted tl.rst. The center of a numeral, or group of numerals, 
representing a sounding Is the position of the sounding. 

852. In starting a sounding Une from n position determined 
when the bont le 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 wlth the vessel or boat under way, 
allowance must be made In plotting for the curve made ln tum
Ing and the fact that there is an appreciable lntervnl before the 
vessel ls 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 ls on her new course. 

8153. Sheets sbould be carefully examined for differences in 
depth!< when sounding UneR cross one another. 

Dlscrepancles at crossings 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 likely to produce large discrepancies and which are 
most readily detected by such a study. Careless protractlng or 
spacing of sounding!!: errors tn applying lead-line correction: 
contusion of numbers, such as 7 for 11; miscalled sounding; 
reversed angles, left for right or right for left: mlsrendlng sex-
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tant 5 or 10°; con!uslou of signuls; sextant budly out of adjust
ment; elToneous tide i·eductlon. 

The following are typical of errors which wlll requh·e u more 
careful analysis of all available data: Spacing of soundings when 
affecteu by wirecorded variations of speed und course; uu1-ecordetl 
errors in length of lead line ; large clock errors ; plane of refer
ence, when the soundings of one line at a crossing depend on a 
tide gauge blocked by shoals from the free nccesss of the tide; 
Ude gauge too distant, or otbewise not well located ln relation 
to the hydrography ; abrupt changes of slope, especially those due 
to the existence of ridges .formed by wu ve action on bars; dif
ference in state of the sea, when the soundings of one line 
nre mol·e affected by rough water than those of another; sound
ings aft'.ected by the exlsteuce of a bight in the lead line when 
running with or against wind, sen, or curl'eut; very soft or ooze 
bottom; n condition which. permits of a considerable latitude of 
judgment as to what ls the bottom . 

.M:ost of the en·ors iu the first list will hnve the eftect of 
displacing the sounding line from its true location, and a study 
of the dnta ::>hould bring out the fact that the divergence wns 
inconsistent with the record, nnd lend to the discovery of the 
error. 

Unrecorded variations of speed most frequently occur at the 
start or finish of a Jlne-n comparison ot time lntervnls nnd dls
tllnces between positions should fncllcnte the trouble. A fllulty 
plane uf reference will produce dl!~crepancles wb'ere llnes of sound
ings reduced by It ct'08S other llne8 of souncllngR reduced from 
a .d!1ferent gauge . 

. Curves of equal depth tlfford useful evidence of the source 
of several discrepancies, among which Is that of a tide gauge 
poorly located with reference to the hydrogi·nplly. Under thir-; 
condition curves located by means of adjoining pnrnllel sounding 
lines, run ut dlft'erent stageR of the tide, will have n · jagged 
unnatural appearance. 

The e:rlsb:!nce of sand ridges on a bnr should be apparent from 
nn Inspection of the whole nrea of the bar. A slight ditference· 1n 
the position of the vessel at n crossing might result In a sounding 
being taken on the crest of a r1dge nnd one on the. s1de or bottom 
of the steep Inward slope. The posslbtnty of nn underwater bight 
tn the lead line should be cnpable·-0f Inference from the notes 
In the record. And 'here ft ls pertinent to once· more stress the 
Importance of t'nH notes fn the record. It should be obvious from· 
the foregoing how necessnsry they nre tn clearing up dlscrepnn<ief.I: 
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Sulfident note8 may su ve from rejection un apparently unrellnule 
~heel. 

·If the study does not result in an uctual <.'Orrection of one of 
the lines, yet it muy plainly show good renson.s for the rejection 
of one of the lines and, in consequence, wun-ant the adoption 
of the other. When the data do not afford u reasonable explunu
tlon of the ditrerence, and the latter amounts to us much us 5 
per cent of the depth 1n critlcal pm'ts of tbe wnter ill'eu, the 
work should be revised in the field. 

354. Lead-line correctiona.-'.ro avoid large corrections to sound
ings it is desirable nnd convenient to have the Ieud line as nearly 
correct us pr11ctic11ble. The following method has been found to 
give n fairly constant lead line: First, each lead llne sl.J.oul<l have 
its own sized lead and not be subject to dltrerent tensions from 
leads of different weights ; secon<.I, before murldng, let the line, 
with lead attached, drug after the vessel for several hours a day 
for two or three days, und afterwards keep the line sonked in 
salt water; third, runrk the fathoms with llne under a tension 
equal to the weight of the lend, laying oft'. the murks with a i;teel 
tape; the lntermedlnte nmrks cnn be put In with Une extcndecl 
on the deck, uveruging the spnces. 

355. VerUl.cation.-The lead line must be verified by the officer 
In charge at the beginning uncl encl of each day's work, and the 
eorrectlons in feet and tenths recorded in the sounding recorrl or 'n 
statement entered that lead line is correct. In verifying the line 
cnre should be taken to apply n pull equal to that of the lea.cl in 
water. 

356. Permanent marks may be placed on a deck or n wharf with 
copper tacks, and the verification of lend line can then be qnickly 
accomplished. 

Sli7. Tile record in the sounding book of the comparison of lead 
Un~ should be so explicit as to avoid any posslblllty of error In 
applying the correction to iioundlngs, nnd the following form ls 
recommended : 

-·----- ..------- --- ·-

Mark on Truclongth Corroctlon to 
loRdllno on tape or soundings 

-M. standard- J,, -L-M. 

lfm. 5.8 lt. . -0. 2 ft. 
2fm. 11. g ft. -O.lft. 
atm. 18.1 (t. +0.1 ft. 
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358. The minus slgu imlkutes that tlle lead line ls too short, so 
that the depths obtained with it uppeur too large o.nd the correc
tion to the soundings is subtrucUve. The plus sign indicates thnt 
the lend llne is too long, so tllut the depths obtnined with it 
o.ppeur too smnll and the correction to the soundlugs ls additive. 

359. The leud-Une correction muy be neglected if not exceeding 
one-J:tulf of 1 per cent. 

860. Lead lines are marked us follows: 
1 fathom.-A piece of leathe1· with one strip. 
2 fathom.s.-A piece of leather with two strips. 
8 fatlwms.-.A. piece of leather with three strips. 
4 fathom.s.-A piece of leather with four strips. 
5 fathoms.-Whlte rug. 
6 fatlwms.-A piece of leather with one stl'ip. 
7 fathmn.s.-Red rug. 
8 fathoms.-A piece of leather with three strips. 
9 fathoms.-A piece of leather with four strip&. 

10 (athoms.-A. piece of leather with o. hole in it. 
11 fathonUJ.-A piece of leather with one strip. 
12 fathoms.-A piece of leather with two strips. 
13 fat.lwms.-Blue rug. 
14 fa.t/wnz,s.-A iilece Of leuthe1· with four strips. 
15 fathoms.-Same us 5. 
16 fathoin.~.-A piece of leather with one strip. 
11 futhoms.-Sume us 7. 
18 fathoms.-A piece of leather \vith three strips. 
19 fa.thonUJ.-A piece of leathet· with fom strips. 
20 fathoms.-Two knots. 

361. Up to 5 fathoms the line should be m1u·lte<l with small 
white cord for every foot, the half-fathom murk being distin
guished by a cord with u knot, und this deslbrnution for half 
fathoms should continue to 10 fathoms. 

362. Sounding poles instead of lines muy be used ln shoal 
depths. 

363. Sextant glasses.-A sufficient supply of spa1·e sextant glasses 
should be kept on hand. When the glasses become unservlceabl!' 
they should be returned to the office. Sextant glasses ure ex
pensive, und precaution should be talcen against thel1· being lost, 
broken, or scratched. 

364. In cnse of emergency sextant glasses muy be resllven."<1 in 
the field by tlw following method : The necessary requisites are 
tin foll and mercury. Luy the tin foil, which should exceed the 
surface of the glass by a quarter of un Inch on each Aide, on n 
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smooth pad of paper; rub it smooth with the finger; ndd 11 drop 
of mercury 11bout the size of n smnll shot, which rub ·gently over 
the tin foil until it spre11ds itself and shows 11 slivered surface; 
gently add sufficient mercury to cover the lenf, so tbut its surf11ce 
ie tluid. Prepare 11 slip of cle11n tissue paper the size of the tln 
foil. Brush the surfnce of the mercury gently to free it ft·om 
dross. T11ke the gl11ss, previously well cleaned, in the left h11nd 
nnd the p11per in the right. Lay the paper on the mercury 11nd 
the glass on It. Pressing gently on the glass withdraw the pnpe1·. 
Turn the glass on its face and leave it on un inclined plane. to 
allow the mercury to flow off, which is 11ccelerated by laying u 
strip of tin foll as a conductor to its lower edge. The edges may 
be removed after 12 hours, und tn 24 hours give It u coat of var
nish made from 11lcohol and red seallng wnx. Spare sextant 
glasses u1·e now furnished with each sextant. 

365. The mercury-tin amalgam, while less reud!ly affected chemi
cally, ts more liable to mechanical injury than silver, and caution 
Is therefore necessary in bundling the sext11nt gl11sses. 

366. Dangers previously reported.-Jilxlstlng charts 11nd publlcn
tlons must be carefully comp11red with the development of the 
field work. Should 11 rock or shoul previously lndlc11ted on o. chart 
Ol' mentioned In 11 publication not be found during the progress 
of the work, the loculit~' must be so carefully se11rched 11nd the 
records must be so complete us to show beyond doubt that the 
rock or shoal does not exist. It must be speclully mentioned In 
the descrlptlye report, und In this report must be given, if pos
sible, the evidence of anyone who may be deemed an uuthorlty 
in the matter. No rock or shonl which bus found a place on 
the publications ls remoYetl unless it Is proved beyond 11ny doubt 
tb11t such rock or shoal no longer exists. 

367. Information must be obtnlned from all nvallable sources. 
Pllots, tlshermen, shlpmnsters, bo11tmen, and others llving In the 
vicinity or ncquninted witll the loc111lty, must be consulted, nnd 
every place credited with n rock or sho11l, even If only by rumor, 
must be examined. (See par. 374.) 

368. :Blank areas on charts.-Surveylng vessels when proceeding 
to or from the field of worlc should take opportunity, when it will 
not materially deluy more Important duties or interfere with tbell' 
lnstnictlous, to obtain occasional soundlngs In areas on the charts 
where no lnfornmtlon is nt present given, particul11rly in the 
ordinary tracks of vessels. 

369. Ranges for compass deviations.-Report should be mude of 
run.ges of prominent 11nd e11sll~' !llstlnimlsbed objects th11t would 
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be suitable and useful for the purposes of determining the com
pass deviations of vessels in the vlclnit,y 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 
Const 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 recommendations as may seem desirable: 
rocks, reefs, shoals, or sunl,en 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; chan~s in depths 01· di
rections of channels, changes in coast line, cul'l'ents, ete. (See 
also par. 401.) 

371. Determination ot aids to navigation.-All al<ls to nnvfga
tlon ·In the uren of the field of work, not already l<>Cated, should 
he determined. Even outside of the limits of proposed work, when 
practicable, lights and buoys establlshed by proper authority 
should be determined in position and . described when they nre 
not shown on the charts or have not previously been determined by 
this Survey. 

372. Vessels en route from one 1>01·t to auotller, when weuther 
and other clrcumstnnces will permit, should verify the positions 
of llghtships nnrl seacoast buoys. The positions of nil buoys und 
lightships on the field of work shoulfl be accurately determined. 

373. Care of property.-Reasonnble urn] p1·oper care should nt all 
times be to.ken of property, bouts, 11rnl vessels employed In the sur
vey work. 

COAST PILOT. 

374. The following outlines b1·ieflr the topics on which informa
tion shnll be sought for publication in the Const Pilot. It is 
a general ~Ide for those whose s1~clal usslgnment ls coast-pilot 
work. All officers, when in a position to do so, shall collect such 
Information nnd forward coast-pilot notes ns herein directed, 
which shall include nil the data obtained on any or nll of the 
1mbjects mentioned. 

(a) The Const Pilot aims to supply ull information not fur
nished on charts or In other readily available forms, whtcb may 
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be of use to the nuvlgutor of an~· cruft whutsoeve1', regurdles>: 
of draft, size, or servlC('. 

( b) Inquiries shall be matle of local authorities, commerclnl 
orgnnlzatlo1;1s, yacht clubs, nnd others Interested, 'for the purpose 
of nscertnlnlng the!J· needs s9 fur ns they can be supplied by this 
R('l"Vice, or through reference to other bureaus. 

( c) Relations shall be estnbllshe<1, when possible, whereby th!' 
Survey will be advised at ull times of any matters 'vhlch should 
r!'celn~ consideration in the oflice or attention In the field. 

( d) Preparation for this work shull be made by collecting nil 
1luta in the office or elsewhere avnllnble bearing upon the region 
which is the subject of lnvestlgutlon, such as reports of aills 1uHl 
llnngers uncharted or incorrectly churte<1; examine previous puh
lkutlons rind note omitted, Incomplete, or erroneous informutlon; 
make· study of United States A1·my 11.lnglneers' blue prints of 
surveys of improved ureas in order to determine necessity for 
l'Xtension of their surveys to coYer lndlcnte1l chnnges beyond 
the limits of their work; note locnlltles requiring examination 
on account of the incompletenes~ of survey8 or lncrensed Im
portance of Iocullty; nscertuln from the ofllce in whnt loculltles 
our data on tides and currents nre incomplete an<1 should be 
impplemented In the field ; consult Senate and House documents 
on exnmlnatlons, surveys, reports. und Improvements in reglom; 
unaer consideration. 

Broml<les of orlginul sheets nrn~' be required wlie1·e a chart 18 
inndequnte by reason of scnle cir luck of cletnll for purposes of 
tlelcl exumlnatlon. 

( c) In the field, data wlll he collectetl from ull 11vallable 
i-ources; offices of the United States Arm~' Engineers !'lhould be 
Y!slted to obtuln results of their surveys nnd exumlnatlons, pro
gram of proposed operations, nnd lnformn'tlon on subjects useful 
to the Survey. 

( f) Application for similar lnformatlon shull be maue, per
son1tlly if possible, to municipal engineers In charge of water 
fronts, engineer departments of rallw1tys controlling deep-water 
termlnals, Stute authorities or others engaged In the development 
or bperution of watenvays, mariners and other Individuals in
terested in shipping. 

(O) Truvel to and from the field of work and movements by 
members of the party while on the working ground shall be by 
steamer ns far as possible In order to collect d1ttu from local 
masters 1tncl pllots making the runs. On the working ground, 
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visits should be mu<le to lightships, ten<lers, un<l stations of the 
Bureau of Lighthouses, und officers and employees interviewed. 
No general rules can be laid down, but the following points will 
be suggestive so far as uppllcuble to uny particular region. The 
amount of detail to be given requkes much judgment, us over
minute details tend to obscure the most useful facts. Obviously 
certain classes of information muy he useful us in u new country 
previously unsnrveyed which muy not be necessary to give in con
nection with a well-known coast. 

375. General description of the coast, following the geographic 
sequence of the published Coast Pilots, and lnclu<ling the aspect 
or appearance of the coast 011 making the land; describing promi-
11ent objects, as, on a bold coast, the headlands, peaks, .etc., with 
their form, color, and height; or, on a fiat coast, the water tanks, 
~pires, beacons, etc. Especially dcscl'ibe the first landfall and 
objects useful us guides to navigation. 

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

377. Landmarks.-Descrlptlon of all prominent landmarks likely 
to be useful to navigation or to future surveying operations. If 
mountains, state 'vhcther summits are often clouded. Give 
measured or estimnte<l heights of mountains, hills, cliff.s, islets, or 
rocks referred to. Describe ranges in use by pilots and means of 
Identifying them. Suggestions should be made us to other ranges 
that would be useful or us to urtlficiul murks that it would be de
sirable to erect. (See par. 104, ·~Topogrnphy.") 

878. Directions for passing the outlying dangers. 
379. Refuge.-In case of sh'ess of weather the best anchorage 

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. Pllots.-Informatlon us to thell' station or cruising groun<l, 
any special regulations or signals, ·their charges, the posaiblllty 
of obtaining tugs, etc.; anchorage whlle awaiting 111lot or tug. 

381. Appr,oaches.--Generul remarks, usual course from along
shore or from sea, dependence . on lend, approaching in thick 
weather. 

382. Bars.-Describe principal murks and ul<ls. Give directions 
for approach, with description of outlying and other dangers and 
how to avoid them. Least depth and wi<lth at best place for crossing 
bur; most favorable time to enter. Does bar break In ordinary 
or only iD heavy weather? How fur out do breakers extend? 
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Give velocity and direction of wind and stage of tide producing 
these conditions. Cun entrance be made while bar ls breaking; 
and, if so, for what draft? Give churncter of bottom, and usuat 
allowance made for squat, pitch, und tides under different condi• 
tlons on the bur. To what change in depth und position is the 
bur channel or approaches subject; if uny, give magnitude and 
direction of change. (See Currents.) 

383. Channels.-Gfre minimum available depth throughout and 
where necessary the minimum width. Give character of bottom 
and describe all aids und 11aturul objects. Are channel banks 
defined by gruss or other growth, color of shoals, or in any other 
readily recognizable manner? 

State maximum draft possible an!l greatest uraft entering or 
leaving. Where maximum draft ditl'ers from minimum depth in 
channel state reasons for same, as swell, squat, title, and rocky 
or soft bottom. Note .depth and character of appronches to 
wharves, piers, dry docks, marine railways, and coal stations. 
Manner of approaching them and why. Are channels permnnent, 
subject to consilh~rnble or frequent chnnge, under Improvement, 
or maintained 1 

884. Description of the shore, wlth duu·acterlstlcs (as height, 
color, wooped, cultivated, bold, sandy) of each importnnt head
land, point, island, and rock. 

385. Inshore dangers.-gxtent and nn tlll'e, Jen st depth over 
them; whether vlslble; Jf breaklug, at wlmt stage of tide; bow 
much, If any, ls bare at low water; murlts or rnnges for r.le.uring 
them by day or night. In regions where 1langerous shoal ureas 
01· pinnacles are nmrked by kelp or other g1·owth state the ordi
nary slgultlcunce of such g1·owths, nt what stage of tide they 
i;ihow ut surface, and when, If ever, they are towed under. 

In regions where bowlders, ledge, corn! heads, or simHar 
dnng(~rH probably e..xist it Is very desirable to examine the sus· 
pected areas at extreme low wuter, nt which time lmportunt fea
tures muy show above or near the surface. 

In the ex.nmlnntlon of entrances and npproacbes for olf-lying 
dangers, adyunmge should be taken of heavy weather to locate 
auy shoals murl;:e<l hy hreakerR. The existence of rocks or other 
shoals Jn locnlltles of considerable cm·rent is often lndlcatecl by 
rips uud swirls; Ruch disturbances should be noted ot strength 
of cJ1rrent aml lnvC'.stignted. 

386. Ports.-Corn1nercl11l hnportnuce, ·character, nnd magnitude 
of tnule, ~hief. exports und. imports, fncllltles for conllng and 
wat~1·h.1g vel'iseh•, snppl.les and prnvl:-ilous obtninable, facllltles for 
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repairs to hulls und machinery, murlne ruilwuys 01· d1·y docks 
(length, druft forward und aft, and tonnage hauled), wharves, 
piers, and docks, and depth of water und churucter of bottom 
alongside nnd in approaches, whether public or private, and rules 
for use, harbor regulations, rueuns of communication. 

Locate anu uescribe customary anchorage, customhom;e nnd 
landing, time bull, station for reporting vessels, storm wurntu~ 
nnd small craft warning display stations, quarantine stations, 
hospitals fo1· mariners; and obtain copies of all published pilot, 
harbor, and anchorage rules and regulations where possible. Note 
J1urbor Jrupl'Ornments Jn progress or projected. 

387. Sailing directions for approaching, entel"lng, nnu leaving 
channels und harbors ; such directions should be actually tried 
under uttrerent conditions und verltied before the~· are 11dopted or 
recommended for use. 

Verify ranges uml determine und describe uny natural ranges or 
lending marks, defining suillng lines, points of elrnuge of course., 
dangers, and other features. 

Check bearings or obtuin azimuth of (h0edged channel axes. 
'Vherever possible locute aids by means of mnges, bearings, oz· 
angles for use as checke on theil' Position. Add nny useful detalls 
not given in light list, rellablllty of lights und buoya, visibility of 
lights und nudiblllty of fog signals. Note localities of unusual 
sound reflection. Locate and describe mnrks nnd aids, whether 
natural objects 01· others, used In connection with works of im
provement which muy sel've n.s navigational guides. Locate and 
describe fish wefrs, oystel' stakes, und similar constructions, also 
<lny marks nnu lights maintained on them. Give rules nnd regu
lations relating to them. 

388. Aids.-1..ights, lighthouses, buoys, benconi,;, nnd other nids 
shall be verified on the ground for location, description, depth 
alongside, and hi relation to the features they are intended to 
mark. Note buoys wlllcb tow under or do not watch properly. 
Where the dlstinctlve characteristic of un uld ls its color state 
whether it ls generally clearly distinguishable. 

389. Currents, tidal or nontidal.--Genernl conclusions from ob
!'lervatlons or other lnformut!on. Give velocity, direction, dura
tion, and relation of tlme of slacl;: to that of high water or low 
water. Note set with reference. to axis of channel and openings 
through bridges and at other contractions of the fairway, across 
bars and In entrances; approaching docks and piers ; occurrence 
of rips, swirls, and eddies. Effect of wind and freshets on cur
rents, ancl If flood current Is ever eutlrely overcome. Describe 
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fully all abnormalities in currents or ma1·ked variations from 
usual phenomena. The rwtes shall cover the entire field of oper
ations, both Inshore and offshore, and Include nil horizontal moye
ments of surface waters, whether tidal or noutidal, or both. 
Where tl!e currents are due to winds or other meteorologiC' cause 
or are greatly modlfled 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 duta bearing upon tides, ex
cessive or abnormal rise und full, duration of stand, and time ot' 
high and low water. Where gauges ure in operation make special 
etl'ort to obtain records of such conditions ; whether due to wino, 
flood, or other causes. Note rute of progress of the tidal waY•~ 
and the variation of amplitude ulong Its course. 

In shoal areas, especiully inclosed waters, give variation of 
imrface level due to storms and, If possible, develop relation of 
velocity and tlirection of wind to locality and magnitude of result
ing changes in surface elevation. 

391. Bridges, contraotions, and obstructions.-Note kind of 
bridge; horl~ontul and vertical clearance at high water of open
ings_ t~rough fixed spans, uruws when closed, and nt other con
tractions; ulso depth in openings. Length, beam, and draft ac
commodated by locks nncl simll11r structures. Vertlc11l clearance 
of aerial cables and trolley wires. Which side of draw or open
ing of bridge should be useu, and If only one, stnte for what 
reason. Obtain copies of rules and regulutlons gowrnlng the 
<1pernt1on of bridges and locks and signals In use. 

392. Ioe.-Seasou <luring wl1ich It ls encountered. Its form of 
occurrence; movements under lnlluence of winds unu currents; 
e."teut to which It affects navigation. Season of unvigutlon as 
affected by ice, flood, fog, low water, storms, uml in addition in 
tl1e case of canals and other artificial waterw1t~·s give period of 
uavigution fixed by law or regulation. 

393. Rivers.-Glve draft and class of vessels which can enter; 
point to which title reaches; depth on burs and permmrency of 
<'hunnel; strength of current; effect of freshets; distance to head 
of navlgatl.on for steamers and other craft. 

394. Canals.-Descrlbe location 11m1 · approaches, give total 
h~ngth of each lock, capacity of locks, controlling vertical clear
ance under overheuu structures, r111s1>ing points, tie-up points, local 
contractions, varlnUons of surfnce elerntion, period open to navi
gation, rules, signals, and regulntlons goYernlng O\)eratlon. 
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396. Anchorages, with descrJptlons relative to their capacity, 
holding ground, !!mount of protection, und circumstances of 
weather under which tested. Chnruct<>r of bottom, mnrks, and 
rules and regulations for use, if any. 

386. Landing places, especially on n coast exposed to swell. 
397. Watering places for vessels--Rivers, streams, or springs.

At ports state whether water ls piped to whurves or supplied by 
water boats, and charges; convenience for watering shlps. Give 
uistancc upstream that salt water extends nt different seasons 
or under other varying conditions; state nlso when overboard 
wnte1· ls sufficiently fresh for drinking or boiler purposes. 

398. Weather.-Uncler this head state briefly only new and im
portant facts, as preva11ing winds and their seasons, directions 
from which galrs come and bow they nfl'ect anchorage, land and 
sett breezes, rainy seasons, fogs, and freshets, and seasons or 
cond1tions when prevalent. 

399. Wrecks, where usually occurring; tendency of wrecks to 
break up or remain In position. Information bearing upon the 
occurrence of wrecks ls exceedingly deslrnble. It ls of first lm
portunce that inquiries be made and investlgutlons instituted 
for the purpose of developing the various causes contributing In 
any way to marine disasters, such as little known currents, uddl
tlonal aids required, misleading or deceptive bottom relief in 
approaches, shifting shoals and channels, imperfect or inadequate 
charts. 

400. Change of coast line or depths.-:Mentlon nn;v rellable evi
dence ns to recession or growth of shore line or change of depths. 
Note any Important facts regarding changes observed. G~''e evi
dence, if nny, of.subsidence or emergence of shores. Locate and 
outline limits of clumping ground for dredgec1 or other materials. 
Gh·e locntion of submarine cables and water mains. Define 
limits and give regulations for forbidden anchorages. Report all 
obstructions nncl tempornrll~· obstructive operations. Note espe
cially locnlltles when• ehnnge11 of any sort affecting navigation 
ure lllcely to occur and report those which should receive frequent 
nttent!on In order to lceep publlcatlons up to date'. 

401. Information of lmport1uwe ul'fectlng navigation, such as 
rocks, reefs, shoals, sunken wrc>cks, aids omitted or -incorrectly 
chnrtecl, errors or omissions on charts or in Const Pilots, changes 
In depth, channels, cou;;t line, and currents shall be forwarded 
to the Dlrecto1· without delay for insertion In the Notice to Mar
iners or other immediate publlcutlon. Where aids are involved 
11 report shall be forwarded, without ree<>rnmendutlon, to the 
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llghthouse inspector and u copy sent to the Director. Sugges
tions or recommendations In regnrd to aids shall be sent only to 
the Director. 

(a) To a void delay, Inspectors and chiefs of parties on tlle 
Paeftic coast and Alaska are authorJzecl, whenever the Survey 
develops rocks or other important Information tbut should reach 
the public promptly, to Issue u notice furnishing such Information. 
A copy of such notice, with full details, wm be .malled to the 
Washington office at once. 

402. Inside route pilot.-( a) Speclnl effort shall be made to col~ 
lect Information which will contribute toward the completeness 
of om· publications covering the Inside routes through inland 
waters and all entrances and inlets ufforcllng access to such 
routes and with special reference to the needs of motor bouts. 

( b) Note extent of routes and period of nu vigntion ; draft that 
cun be acco1umoduted at low wntel' and nt high water; width of 
opening and vertical clearance under both fixed. spans and draw
bridges; rules and regulations for operation of tlrnwbrldges; draft 
in ca1ials: length und width of loclts; obstructions; tolls ; Ilerlod 
of navigation; uttended or unattended bridges; rules, regulations, 
nnd signals. 

(c) Navigability of tributary rlYers, creeks, and other water
ways, and dlstnuce from mouth to fulls, rup!ds, dams, or other 
head of navigation, including depths and distances to various 
points. 

(d) At points whe1't! bouts mu~t wnlt for the tide the time of 
local. high water referred to some known point sboultl be given. 
Character of bottom shnll he determined genai·ully, especially at 
local shoulings such ns cross-overs; burs, oyster reefs, etc. Outline 
und describe snug infested and stump Infested areas. 

( e) The extent to which the tide uft'~cts tbe inland waters and· 
variation of surface due to winds and fioods should be noted. 
Locu'lltle~ of strong currents sl1ould be mentioned· with ut least 
approximate velocities nnd relation of time of occurrence to that 
of local or othe• high or low waters. Note points where naviga
tion depends upon freshet conditlons or high water due to rain. 

( f) Locate and describe, tn relation to the channels or other 
features they ure lntencled to murk, all aids to nuvlgatlon, Includ
ing private aids such as pointers, Doles, bush stakes, ·beacons, 
buoys, etc. Note buo~'S which tow under or do not watch properly. 
WJiere the cllstlnctlve clmr11cterlRt!c of nu uld Is its color, s~ate 
whether it ls generally clearly dh•tlnimlsbnble. 
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(U) Give points where services of pilots are uecessnry, where 
they can be obtained and rates, extent of trnffic, development or 
settlement of region, and mention places where supplies, provi~ 
idons, gasolln.e, oil, water, ice, and llotel uccomruodntlons can bl' 
obtained; also fucl.lities for watering Yessels anu coaling, where 
small craft can be repaired, hullB, machinery, or both; give locu
tion of marine railways and the length, beam, draft forwurd and 
uft and tonnage they can haul. 

( h) In remote districts telegraph, telephone, rallroad, steam
boat, or other lines of communlcntlon nnd postal facilities should 
be described. 

( i) Occurrence of obstructive g11owths such as hyacinth, grass. 
kelp, etc., nnd season In which they ure found, occurrence of ice 
nnd to wbnt extent and for what period navigation is nft'ected. 

(J) Note especially loculltles where changes of any sort affect
ing navigation nre likely to occm· 11nd which should receive fre
quent atteutlon in order to keep publications up to <late. 

( k) Entrances and inlets.-Descrlbe principal marks and aids; 
directions for approaching entrance with description of outlying 
01: other dnnge1·s and Jww avoided; least tlepth nncl width ii} 
entrance, across bur in channel, nnd locate same. To what change 
In depth and position Is entrance subject; if any, give rate and 
direction. 

(Z) Does har hreal• Jn ordinary or only heavy weather? Give 
direction anu velocity of wind producing this et'l'ect. How fo.r 
out do breakers extend? Can entrance be mo.de while bar Is break
ing a_nd, If so, for what druft7 

TIDES. 

403. Purpose.-Tide observations are made in connection with 
bydrographic 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 tidul lnfornintlon for 
tl1e Tide Tables, Const Pilots, and Charts. Tide observations also 
furnish determinations of mean sea level for u·se In connection 
wlth preclse levellng, and glve Information valuable for other en
gineering and scientific purposes. One or more tide gauges must 
be maintained In connection wlth all hydrographic work, and the 
tide observations should be made o.s complete as circumstances wm 
permit. 

4-04. Location of gauge.-The corrections necessary to refer 
soundings to the adopted plane of referencC' slinll be> In error not 
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wore than one-fifth of the allowable error in the determination of 
depth ; where the nllowable error in depth ls one-half foot or less 
the correction shall not l>e In error more than one-tenth foot. 
Gauges shall be located so us to 11pproximate the conditions on the 
working ground within the limits stated. Should doubt uttuch to 
any gauge hi use, a temporary stutI shull be estul>llshed In the im
mediate vicinity of the work und the results ut the gauge in ques
tion verified. In connection with hydrogruphlc work, It will in 
general be desirable to set up an automatic tide gauge at some cen
tral point, und continue it there throughout the season; subsidiar~· 
tide staffs ure ulso to be established in the immediate vicinity of 
the work, us may be necessary. In selecting a site for a tide 
gauge, existing fucilltles and the uccessibil1ty of the location to the 
observer must generally be taken into account. It will be conven
ient to place an nutomatic tide gauge on a wharf if a substantial 
one exists. It is important, however, thut the locution shall be 
such that there ls free communication with the sen, shelter from 
storm waves, nnd deep water close to the position at low tides. 
U'or use in connection with the hy<lrogruphy on the outer coast it 
Is ·advisable to avoid a location for a guuge well inside of a river 
mouth or s11allow estuary, or in auy body of wnter·having only a 
narrow connection with the seu. l~or surveys of o:lfshore bill's and 
exposed channel upprouches, where especially accurate soundings 
will be required for which the record of an inshore tide stair will 
not be sufficient, u tempo1·tu·y tide staff should be establlshecl by 
pumping down a scantling, or otherwise. 

405. Abnormal tides due to configuration of shore;-'-In straits 
connecting two areus having tides of different ranges and .epochs 
of occurrence, it will usually l>e found that there ls a portion of the 
strait In which the Ude varies rapidly from pl11ce to pince. For 
!nstnnce,_ within a single mile at Hell Gate. East River, N. Y., the 
time of tide changes about un hour, and the mean range varies 
about 1 foot. Similarly, In the channel north of Vancouver Island, 
British Colmnblu, there ls a difference of nl>out 2 hours in the 
time of tide, und of about 5 feet in the mean runge, within a few 
miles. There may be an appreciable difference In both time and 
height of tide on tlle different sides of the snme Island In an nrchl
pelngo, for it often huppens thut rnpicl changes occur in the tides 
und currents of such groups. Sometimes· the occurrence of n shoal 
near one end of a rather small detached f!;Jand will cause the tides 
to differ consl<lerably on opposite sides of the island, depending 
upon the location of the.shoal with reference to the upproach of 
the tide wave. 
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406. Abnormal tides due to wind and shallow water.-ln !urge 
:;hallow bays, in broad stretches of rivers or along shores where 
the water is shoal, the wind ·sometimes has considerable effect 
upon the level of the water surface, and two tlcle stations dif
ferently expose<l to the wind muy be affected unequally. 

Failure to cleteet the con<litlons that cause ubnormul tides, aud 
to adopt measures thut will permit the elimination of these ub
normalitles, has cuusetl sounding lines to fall to cross by several 
feet, and, In some instances, has sel'iously vitiated the survey. 

Where the conllltlons described prevail, au additional staff 
sl.lould be established in. the immedlnte location of the work, and 
comparison of ti.le tide obserrntions made with those of ti.le stand
nr<l guuge. The observations ut ti.le au:s:illury gauge shouhl in
clulle one complete runge of the tide on each day that the gauge 
Is used, unless its bench mul'k is connected with the bench murk 
of the automatic ticle gauge by a line of levels. In that case 
the observations at the auxilla1·y gauge muy cover only those hours 
during which sounding dependent upon the gauge ls being done. 

407. Tide gauges.-'fhel'e ure foul' types of ticle gauges, known 
us tide staffs, box gauges, pressure gauges, and automatic gauges. 
The plain tide stall' is tile simplest and most common form of tide 
gauge, and whenever possible should be used In connection with 
the other kinds of tide gauges in order to refer the tidal results 
to permanent bench marks. The box gauge is sometimes emplored 
when the water is too rough to obtain satisfactory readings from 
a plain staff. '.rhe pressure gauge may be used from a vessel ut 
anchor where the water fs too deep to erect a tide ~tntt · The 
automatic gauge is used when a continuous record of the th.le for 
a long period ls (}esired. · . 

408. Tide sta1l'.-The simplest form of the gauge is n 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 locallty In 
which it is to be used. It should be graduated to feet and tenthR 
(not inches) with numbers increasing upward, the lowest gradua
tion being zero ( 0). It must be securely fastened in a Yertlcul 
position to a pile or other suitable support. The zero should be 
placed lowe~· than ti.le lowest known tide, ancl n tempornry bench 
mark established as close to It us practicable, in order thut the> 
staff may be rendlly returned to its orlglnnl position if displaced 
by accident. For reference to permanent bench marks .see pam
graphs 514-520. It ls desirable that t:l,le tide staff be painted, espe
cially if it is to be used for 11 conslderlttlle length of time. In the 
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latter case the graduation should be cut into the wood on the 
edge of the stuff. 

409. Glass tube.-Wheu the water is rough it is u great advan
tage to have u glass tube, partially closed at the submerged end 
by u notched cork or otherwise, secured to the face of the stuff. 
Some flouting object should be introduced into the tube in order 
to give detinitlon to the wnter line within, such us a ball cut 
out of cork and scorched to blacken it, or a llttle colored oil. This 
bail should be somewlwt smnller thnn the bore of the tube, as it 
otherwise tends to increase the cap!llnrlty in the tuhe un(l indl· 
cute 11elghts a little above the true. 

410. Portable sta1r.-It will soiuetlmes be preferable to use n 
movable tide stuff, which mny be taken out and cleaned or re
painted or removed for use in another locality. A gul<leboard ls 
secured in u vertical position to a pile or other suitable support, 
und pieces nailed to it so as to form g1•ooves in which to sllde the 
tide staff, exposing only its gruduatloun. 'l'hls guideboard need 
not extend lower than mean tide leYel. A metal plate ls screwed 
to the top of the guidebounl, forming n stnble support for 11. metal 
shoulder which ls fastened upon the back of the movable stuff. 
This metal plate serves as u temporury bench mark, whose rela
tion to the zero of the graduation must be i;;tnted. 

411. Portable staffs nrc recommended for use especlully In con· 
ncctlon with uutonmtic tide gnnges &t stations where the observu
tlona ure to be continued for severul ~·ears. Au ordinary fixed 
stuff left ln the water soon becomes discolored and the gradua
tions lllegible, necessltnting frequent removals· for pnlntlng. A 
portable staff thnt is tilncecl In the water only when it is tO' be 
read and Is kept in the Ude house at other tinws remuius in 11 

goocl condition much longer. For convenience in storing in the 
tide house the stnff may be In sectlont; .fastened together with u. 
hinge, which should usually be plnced on the face of the statf ao 
ns not to Interfere when the latter ls lowered in Its gullles. All 
it may sometimes be convenient to use the same portable stul.t 
ut different stations 11 stundarcl size is desirable. It is recom
mended that such stuffs be mnde 5 inches wide and 1 inch thick 
or sliglltly less when dressed. The guides should be constructed 
with the sliding space ubout 5~ inches by li Inches to provide 
sufficient margin for the stnlf to be lowered without binding. 

412. Multiple staffs.-When the range of tide Is too great to be 
men:;;m·ed· by a single staff, n succession of staft's may sometime~ 
be used along shores with gentle Hlopes. A field glass will usuully 
en.,bll' the ohserver to rend th<• outer stnlf. When possible, 
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these should be urrungeu so that the graduations wlll be con
tinuous from one stair to the other, so that the readings on ull 
the staffs will be referred to the same zero. 

413. Box gauge.-Thls 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 fioat that rises and falls in a vertical box to which the tide 
has access; and to the float ls attached either an index that 
moves over a fixed scale or a graduated rod that moves over an 
Index. Tbe flout is usually n copper cyllnder about 8~ inch(!S in 
diameter and 3 inches high, the bottom being weighted to give 
it steadiness In the water. The top may lw provided with a 
socket for a graduated rod or with a ring for an Index wire or 
cord. The float bo:x: is similar to that used for au automatic 
gauge (see pars. 441 and 442 for desp·iption), but the opening In 
the bottom may be somewhat larger. A hole H Inches In diameter 
In u float box that is 12 Inches in diameter will permit the 
water to enter freely enougl1 to give a perceptible slow motion 
to the float when the wnte1· outside is rough. Such n motion ls 
desirable in order that the observer may be assured that tho box 
ls not clogged with sediment or other oustrnction. 

414. A convenient form of box ~uuge, where the range of tide 
is not too gi.-eat, is to have a light woollen rod fixed in a socket 
on top of flont nml steadied by cross pieces at the upper end of 
the tloat box, so us to rise tmd fall in a vertical line. 'rhe roll 
should be numbere<l from aboye downward, zero being at the 
upper end. The top of the box, or of a board or u piece of sheer 
metal placed ut.u convenient helght for the eye, is used us the 
i·eo.ding point. 

415. In o.nother fo1·m of box go.uge one encl of n small flex:lble 
wire is attached to n ring in the top of the float, while the wire 
passes over one or more pulleys und termlnntes with a counter
poise. An Index on the wire passes over a ftxecl scale, which 
may for com·enience be either \'erticnl or horizontnl. 'l'he scnle 
ls usually thnt of nature, but sometimes it is desil'llble to either 
increase or diminish tbe scale, which can be <lone by passing wires 
o\·er drums of different sizes or b~· menus of movable pulleys. 

416. A form of box gauge nuupte<I especially for use 111 the rougu· 
waters on shoals o1l'shore consists. of n white-pine pole statf, cross 
section 1 l>y 1 inch, with rounded edges, grauunted on ench of 
the four sides !n feet and two-tenths with the zero (0) ut the 
top, null set In n hollow cyllndrlcnl white-pine float H inches 
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outside diameter and seven-eighths inch Inside diameter. The 
tloat should be thoroughly covered with shellac arid liquid par
affin. 'l'he length of the rod wlll depend upon the range ot tide 
in the locality where 1t is to be used, and the length of the tlout 
should be about four-tenths tlwt of the rod. The tlout well con
sists of a 2-inch iron pipe, the bottom of which is set in u 
1000-pound concrete block to serve us un 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 aboye the concrete anchor. A cup with a square bole for the 
staff ls to be :;crewed on top of pipe after the flout stuff has been 
placed inside. .Just below the cap, u. 2-inch tlange for the at
tachment of guy wires may be screwed on the pipe, and four 
small sheaves, one for each guy ·wire, secured to this flange by 
wire loops. The top of the pipe ls to be secured by four guy 
wires of No. 6 wire with leads making an angle of 60° ol." more 
with the vertical. The end of each guy wire ls to be anchored 
with concrete bl<X!ks, i.:lvlni.: 11 total weight of about 2000 pounds 
to each anchor. l!'or convenience in handling, each concrete 
block ruay be Cl\St with wire-rope loops projecting. After the 
anchors hnve bceu set the guy wires are led through the sheaves 
at the top of the !lout pipe und drnwn taut, a 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 us to indicate 
clearly the elevation of the murk above the 'vater surface when the 
gauge 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 oj)talned by erecting a 
plain fixed staff near by, the zero of which Is referred to the bench 
marks by spirit level!. Simultaneous t·eacllngs of the water on 
both g1mges are taken when the water Is reasonably smooth. A. 
(·omparisou of these readings wlll give the cllfference between the 
datums of the two gauges, which dift'erence applied to the eleva
tion of the bench mark above the zero of the fixed stuff will give 
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 f1·equently checked, as a small leak in the tloat 
<>f the box gauge might change the line of flotation and conse
quently modify the datum. 

418. The i-elatlon of a bench murk to the box-gauge datum may 
also be obtnined directly as follows: (a) When a graduated rod, 
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witl1 scale inverted, is attuched to the fl.oat and moves over an. 
lnuex 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 ns measured from the zero (0) graduation 
to the water line on the float. In case the bench marlc Is below 
the reading point, this distance should of course be subtracted 
from the length of the fl.oat rod. (b) When an ungraduated rod 
with an Index is attached to the float and moves over a fixed 
Yertlcal scale, the graduations Increasing upwm'd, the elevatlon 
of the bench mark above the zero of the scale should be added to 
the length of the float rod ns meAsured from the Index to the 
water line on the float. (c) When a cor<l or wire connects the 
float wlth an index, u direct measurement ls usually impracticable. 
In this case the elevation of the bench mark above the water sm·
face s:hould be obtained when the 'ivater is smooth, and to this 
should be adtled 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 aml 
rerltled. 

419. Pressure gauge.-Th!s is nu instl"l1ment for determining the 
title by measuring the variation In pressure at the bottom, due 
to the rise nntl fall of the water. Although the results are very 
rough as compared with those obtained by a plain Ude stair, the 
gauge ls servJceable Jn obtnlnlng the approximate titles on shoal:;:; 
where the water is too deep to erect an ordinary tide gauge but ii< 
imfficlently shonl to anchor n 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 nn inside bore about one-fourth Inch, and· made tn sections 
like gnrden hose. The upper end of the tube has n i::topcock and n 
steam gauge. The bng ls lncased In an Iron box, which ls rienrlr 
water-tight, so as to exclude the Influence of sho1t-period waves, 
the same as for a box gauge. The iron box containing the inflated 
bag ls lowered to the bottom, the gauge on hoard the vessel being 
rend at intervals, the rise nnd full of tl<le being Indicated b~· 

change of pressure. 
420. The 1wro-mercurlnl gauge and manometer, two other forms 

of pressure tide gaugeR, have nlflo been US<'d nnd description of 
them can be furnished when desired. 

421. Automatic tide gauge.-Thls machine, which is known also 
as a self-registering gauge, traces a curve that graphically repre
sents the rf.se and fall of the tide, the nbsclssre Indicating time 
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und 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 tl111t is free to rise and fall with the 
tide, and Is so connected with a tracing pencil that the latter 
moves perpenillcularly to the motion of the paper ru1d propor
tional t•> the rise and full of the tlcle. The combined motion of 
the paper and the pencil produces a tide curve, sometimes culled 
u marlgram, from which the height of the tide fo1· any ,}eslred 
time can be read by means of n scale. The automatic Ude gauge 
uow in use by this Survey is illu~trated in figures 18 and 19 null is 
describecl in the following paragmphs : 

422. Clocks.-Tllere 1ll'e two clocks, as mustmted in figure 18. 
'l'he one on the right-hand slcle, No. 1 in the figure, is the moto1· 
clock, and the other one, No. 2, is the time cloclr.. The motor clock 
turns the main cylinder which regulates the motion of the paper. 
The cylinder, wlllch ls 12 Inches In clrcun1fercnce, tums once in 
12 hours, moving the pape1· forward ut the rate of 1 inch per hour. 
The motor clock has two mainsprings, both being connected with 
the driving upparutus, and ln case of one of these breaking by 
1.occldent it It; sometimes possible to operate the muchhw with the 
remaining, one until there is un opportunity for repulrs. The 
purpose of the time clock Is to marlc the hours on the record. It is 
similar to an ordinary stl"iking clock; one spring runs the clock 
und the other operates a device thut tt·ips the recording pencil, 
making a short horizontal murk on the record each hour. 

423. Each of the clol'ks will run eight dars with one wlu<liug, 
but it Is recommended that they be wound twice a week. The 
clocks muy be rei,'llluted und corrected us similar clocks in ordi
nary use. 'l'he minute hund of the time clock must not lJe tum~ll 
backward when it is between 10 minutes before and 5 minutes 
ufter the hour murk "XII," in order to ,avoid injury to the hour
murking device. 

424. Rollers.-Tbere are three rollers; the IJUJJpTy roller (fig. 19, 
No. 3), 11 round brass rod with flanges at each end, one of wllicb 
is removable for putting in the paper; the inain cylinder (figs. 
18 and 19, No. 4) ; a hollow drum made of brnss tubbig ubont l 
foot in circumference, with 12 sharpened steel pins set at equal 
intervals u1·ound the cylinder near each end, designecl to prevent 
the paper from sl~pping over the smoeth surface of the cylln<le1· 
us It ls revolved by '.lie motor clock; and tile i·eceivh1u roller (Ilg. 
18, No. 5), u hollow tube of sheet bruss, with a small silt running 
its entire length, unll two flanges, on() of which is removable, so 
that the completed tide roll may be 1·emoved. 
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425. Connection between clock and gauge.-Tlle axle of the hour 
hand of the motor clock extends through the back of tbe case nnd 
has u 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 muklng 
or breaking: the connection between the motor clock und the gauge. 

426. Paper.-The paper used on tbe machine Is about 13 inches 
wide and is furnished In rolls 11bout 6U feet long, which Is sufficient 
for one month of record. This roll ls placed on the supply roller, 
fed over the main cyllmler, where it receives the tldal rerord, aud 
is then mechanicnlly wound upon the receiving roller. 

427. Tension weight.-'l'hls ls the smaller of the two weights 
furnished with tl!e muchlne. It ls uttacl1ed to 11 cord (fig. 18, No. 
22), which Is wound nround the tension 1ccight pulley (figs. 18 
and 19, No. 13). This pulley is pro,•ided with a pawl and rntchet 
for winding up the tension weight from time to time. The action 
of the tension weight winds the 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 muin cylinder. 

428. Tension spring (fig. 19, No. 21).-This spring JH'esses 
against the supply roll of paper und keep!! the paper on thnt side 
of the machine taut. As the pa.pet· Is prevented from slipping 
over the mnin cylinder by a set of shm1)ened pin!! (par. 424), nn 
excel!s of tension on either side of this cylinder Is Ukely to cause 
the paper to tear, especially If it ls dump. 

429. Float.-The float furnished with the title gauge ls a coppel' 
cylinder, 8~ inches In diameter, 3 inches high, and weighted so 
ns to flout with about one-third of its height above the water 
surface. It ls connectecl with the float pulley of the muchlne hy 
phosphor-bronze wire, No. 23 American wire gauge. When in use 
the float rises und fulls witll the tide in u float box to which the 
wuter has access through u small opening. (See par. 441.) 

430. Ploat pulley (figs. 18 nnd 19, No. 11).-A set of foul' lnter
chungeable pulleys with circumferences of 6 inches, 9 inches, 12 
inches, and 16 inches Is provided with each machine in order to 
udnpt it to different mnges of tide. Speclul pulleys of other slzPs 
are also sometlmes used. These pulleys ure nhout 1 inch wide 
and hnve threads cut in their faces to prevent the float wlt·e, one 
end of which ls nttached nenr the edge of the pulley, from wlndh1~ 
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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are two clamp nuts (fig. 19, No. 23), which are set by means of a 
special wrench (fig. 19, No. 24). Th ls pulley together with the 
counterpoise pulley Is clnmped to the pencil screw (fig. 19, No. 8). 
nnd causes the !utter to turn as the tide rises and fulls. 

431. Counterpoise pulley (fig. 19, No. 10) .-This pulley, whl<:h 
is threaded llke the ftoat pulley to which it is cl.umped,- CIU'l'les u 
wire or cor<l to which Is attuchcu a counterpoise weight. 

432. Counterpoise weight.-Thls is the !urger of the two weights 
provided with the tide guuge. Attached by a wire or cord to the 
c:ouuterpolse pulley It serves to take up all slack in the Hout wire, 
nncl rewinds the !utter us the tide rises. 

433. Sliding grooved pulley (tlg. 19, No. 12) .-'l'his is free to 
i;llcle on a long axle nem· the couuterpoise pulley. It Is designed 
to curry the counterpoise cord uwny from the fiont wire, nnd at 
the same time I;:eep the wire as it winds or unwlmls nlways oppo· 
site its prope1· thread on the counterpoise puUey. When the coun· 
terpolse cord ls curried dll"ectly to u fixed pulley In the celling 
of the tide house, this sliding pulley ls unnecessary. 

434. Pencil screw (fig. rn, No. 8).-Thls Is made of phosphor 
bronze about five-eighths incb in diameter, and has u square 
thread with a 1-iuch pitch. For stations having 11 !urge runge of 
tide, a pencil screw with a one-hnlf Inch pitch Is frequently used. 
The threads at each end of the pencil screw ure turned down to 
prevent the pencil arm ftom jan11ning. 

435. Pencil arm (figs. 18 1111d 19, No. 9).-Thls nrm carries tl1e 
recording pencll. In its hearing Is n nut thut fits in the thread 
of the pencll screw so that af! the Intter Is turned the arm moves 
ulong the screw, toward the clocks for a rising tide and In the 
reverse direction for n. fulling tlcli'. If 11 very high or 11. very low 
tide moves the nrm to either end of the pencil screw, the nut 
hecomes disengaged from the screw thread and jummlng Is pre
vented. Springs are provided on each side of the pencil urm to 
for<:e the nut back into the thread of the screw when the tide 
liegins to reverse. 

436. Datum pencil holder (fig. 19, No. 15).-Thls holds the pen
<!il that trac!'s the datum line. It may be clumped in uny position 
on the datmn pe11cll rod (fig. 18, No. 14), but It ls deslruble to have 
it. clamped n!'nr the middle of the' rod. 

437. Scale.-The height scale of the guuge depends upon the 
eircumference of the float pulley nnd the pitch of the pencil screw. 
Tlwse should be chosC'n nccordlnl?' to the probnble range of tide at 

13027° -21--10 
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the station. The following table will in!llcntc tlw proper pulleys 
und pencil screw to be used : 

F.xtremo range. 

Los.• than 6 lcct ...............................•.. 
From 6 to 9 feet. ................................ . 
From 9 to J2!cet ............................... .. 
From 12 to lGfeet. ............................. .. 
From 16 to 18 feet. ............................. .. 
From 18 to 24 foot .............................. .. 
From 24 to 32 foot .............................. .. 

Scale. 
Float pul
ley clrcwn

fcrenco. 

Pencil 
screw 
pitch. 

1--------·· 
Inches. 

1:6 6 
1:9 0 
1: 12 12 
1:16 16 
1:18 9 
1:24 12 
1:32 16 

Inch. 
1 
I 
I 
I 

I. 

! 
438. A metal scale (fig. 1!), No. Hl) ls uttuched to the gauge by 

a clumping screw at each end. Both sides and both edges arc 
graduated, making four different scales of 1: 6, 1: 9, 1: 12, and 

FIG. 20. 

1 : 16. Any of these edges may !Je turned toward the main cyl
!Jl(}er. To refer a point on the tide curve to the scale, there ls 
a broad, two-prongell fork (fig. 19, No. 17), which may be slid 
nlong the scale. 

439. Hour-marking device.-The time clock ls like nn ortllnur~· 

8trllclng clock, but lnsteud of striking a bell It moves a lever (figs. 
19 und 20, No. 18), connected with a tripping rod (figs. 18 aml 
20, No. 19), which Is supported on rocker arms nbout 2 lnchel' 
above the metal scale. The pencil arm Is jointed and provided 
with a book which passes under or over the tripping rod. On the 
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hour the striking rnechunism of the clock moves the lever outside, 
which in turn rocks the tripping rod. '.rhe lntter engages the 
pencil book and pulls the pencil arm, causing the pencil to make 
u short stroke parallel to the edges of the paper. The pencil, 
which is tracing the tide curve, Is returned to position by u 
spring. 

440. Installation of an automatic tide gauge.-,Vhen an auto
matic tide gauge ls to be estnbllshed nt n station, u fixed or port
able tide staff should be set up first in order that a rough est1-· 
mnte of the meun range of the tide nnd of the rending for mean 
sea level may be obtained from a few observntlons. The haH 
sum of menn hJgh and mean low water for any four consecutive 
tides lilay be taken ns mean tlrle level for the purpose of setting 
the automatic gauge. (See also par. 408.) 

441. Float box.-This should be located where the water ls not 
less than several feet deep at the time of the lowest tides. Tl.le 
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 foet 
below the Iow,,<:t tides. It must be set and maintained in n ve1·
tical posltlon to prevent the fiont from scraping against the side~ 
as the· tide rises and fulls, and should be well bruced. A single 
opening from three-fourtlls to 1 Inch near the bottom of the box 
has been found to be most· satlsfnctory. This opening should be 
below the lowest tides and should be so located thut it can readily 
l>e cleared out 1f 1t becomes clogged. An opening In the bottom 
rather than in the side of the box hus the allmutage of being 
eo.slly cleared by means of a stiff wire or slender gas pipe lowered 
down 1uto the lnslde of the box. Tl1l.s enublPs the tide observer 
to do in a few minutes thnt which would often require the services 
of nn extra man and n boat when the opening is In the side of the 
box. When necessary to remove the fiont, attnch a smull clamp to 
the wire just beneath the table to pre1•ent unwinding on the drum. 

442. For u station thut ls to be occupied for only u short time a 
plain square wooden box made of boards or plnnk from 1 to 2 
inches tMck Is sufficient. For Htutlons that are to be occupied 
for several years n cylindrical 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 nn inverted 
conical-shaped cnstlng with n three-fourth-inch opening In the 
upex. The chief disadvantage that has been experienced with 
this kind of pipe ls the formation of rust scales, which clog the 
opening in the bottom nnd 1u·e often difficult to remove. Prob
n bly the most satisfactory form of flout box thnt ls used by tlw 
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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 ls 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. !•'or u longer series of observations a heavier 
tube would be more economical in the end. An inverted conical
:;Jiaped 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 came 
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 height, it Is 
believed, would suffice for stations in Alaska. For n 12-lnch tube 
It will require about 6 gallons of oil 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 or the small opening In the pipe below the 
lowest tides, for when u greater amount Is used the1·e will be n 
loss through the opening nt extreme low tides. As the specific 
gravity of kerosene Is less thun that of water, the sm·fucc of the 
oil Inside the tube will be higher than the water surface outside. 
This f1eight w111 be equal to about one-eighth of the whole colunm 
of oil. _If a gauge lms been working with ordinary sen 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 llne. But this wlll not cuuse any Inaccuracy of rec
ord if the observer furnishes readings of the stnfl', to which the 
curve can be referred. In locutions where there Is nn extensive 
land drainage, such as near the mouth of 11 large river, the 
difference between specific gravity of the water nt the Pnd of 
the flood and at the end of the ebb may be sufficient to cause u 
sensible periodic oscillation In the height of the surface of the 
petroleum with reference to thut of the sen outside the tube, 
tltus introducing a periodic variation which Is not tidal and which 
it would be difficult to g<'t rid of. 'I'herefore petroleum cun not 
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he employed where there ls much change in the specific gravity 
of the water. 

444. The tide house (fig. 21) .-A rough house is usually con
structed to protect the gauge from the weather and from being 
interfered with. This structure may be ubont 6 by 6 feet at 

-·· - - - - - - ----y~~ 
F'lll. 21. 

the buse and 7 feet 
high nt the e11vP1'!, 
wltb 11 door 11nrt wln
llows. It should bP 
well bolted down to 
the wharf. Sometime:; 
It muy be C"onveu!ent 
to have the tlont box 
outside the house, es
pecially at permanenL 
stations, ll!'I It permits 
of easy renewnls of 
the box without huv
lng to remove the roof 
t'rom the house; in 
this case a sloping 
cover 11rnst be pro
vided for the box, 
which mn~· be hinged 
nnd pudloekecl to 1~r
m!t of l'U8Y ucccss to 
the flont, while pro
tecting it from })(~f 11:,: 
intPrfered with. A 
flout-tulw opening In
side of the t\<le · ho11s1~ 
should nlso he provi<.lf'd 
With H CO\'Cl' to lll'e\'ent 
1111~·t1Jln:..r from being 
clroppe<l 1low11 t.he tube. 
Such n cover muy be 
mncle of two ph .. >ceR 

with n narrow sllt in the center for th~ flon.t wire. For the sup
port of the tide ~auge, n strong table iir shelf about 2~ feet high 
should be nrovided. If rensonnbly protected from molestutlo11, un 
nntomut!c tide gauge may be opernted for n limited time without 
t1 house, but protected by n box with a hinged lid with pn.<llock 
and ri canvas cover. 
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445. Setting up gauge.-When the tor> of the flout box .opeus 
Inside of the Ude house, the gauge ls usually set upon the table 
or shelf so thnt the flo:tt pulley is directly over the float box. 
Otherwise a series of pulleys must be provlded to leatl the float 
wire to the float box. The gauge Is to be adjusted so thut at ap
proxlmntely mean tide level the pencil arm will be near tlw 
middle of the mnln c~·llnder, the float pulley nnd counterpoise 
pulley ench about half filled with wire or cord, and the counter
poise weight arranged so that It can move freely between the 
limits of extt·eme high and extreme low water. The dntum-llne 
pencil is to be set near the middle of the mnln cylinder in order 
to re1luce to u minimum the error resulting from hygrometric 
changes In the title-roll paper. These adjust111Pnts ure referr('(1 
to In the following purngraphs. 

446. Attaching counterpoise weight.-One or more fixed pulleys 
nre placed o\·erhead 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
\'ided with the gauge, is attached to n movable pulley and placed 
upon a block of wood or other substance to mise it 1111 inch or two 
above the floor. Puss the end of the varnished fish line, fumlshed 
for tile purpose (the bronze float wire may be usetl If desired), 
through the small driII hole near the Inner edge of the counterpoise 
pulley und tie n knot ut the end. The other enc.I of the line is then 
passed over the fixed pnlley overhead, down thron~h the movable 
pulley on the weight and up ngaln to the celling where the end Is 
fnstened. After removing the block from under th<' weight it 
should hung just n little ubove the floor. The line wlll be wound 
upon the counterpoise pulley by the descent of the flout to the 
water. 

447. Attaching ftoat.-'fo put on the float wire. The length of 
wire required for the flout, in feet, may be obtained hy the formula: 

L=BO+D 
where L=number of feet of wire required for float. 

B=one:Jmlf the number of threads on float pulley. 
O=circumference of flout pulley used, expressed In feet. 
D=dlstance from flout pulley to mean sen level ln feet, meas-

ured by the route the wire must take to the float. 
448. Unclnmp the float pulley by turning the nuts a Ve'l'1/ little, 

as too much slack will cause lt to jam. Undo the end of the wire 
on the spool, holding a finger on the coils to prevent its spring
ing oft' the spool, pass the wire through the small d11ll hole near 
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the oute1· edge of the float pulley, twlstlng it a few tlmes around 
lti;elf to muke it fast. Now revolve the float pulley, holding the 
spool of wire with the other hund and keeping sufficient tension to 
wind the wire smoothly in the threads cut In the pulley. The 
number of feet of wfre wl1lch may be wound upon the float pulley 
ls 2BO, and If this I;; less than J, wind the pulley entirely full, 
clump it tightly to the counterpoise pulley, and measuring oft'. 
L-2BC feet of addltfo1111I wire, cut it oft' and fasten the cud to the 
11ont. Some one must kee1> tenslon on the wire or hold n !lnger 
on the flout pulley :\Yblle this Is being done, or the wire will spring 

otr the pulley. If L Is less thun '2BC, find 28~-J,, which Is the 

number of tllrends of the fioat pulley to be left unwound when the 
wire ls cut nml attached to the flont. Place the ftoat In the float 
box, letting It down gently until ull the slack wire Is used, nnd then 
hold the fioat pulley wlth trictlon enough to prevellt nnY hast;\' 
descent of the flout to the water. At the be~lnnlng of unwinding 
the wire from the tlo11t pulley by the descent of the ft.out, take 
care that the counterpoise line enters the thread of its pulley, ufte1· 
which lt wlll t11ke care of itself. After t.be Jlont l.!I attached the 
position of the gauge sllould be adjusted so thut the float hangs 
In the center of the float tube, und this position mnde secure by 
fastening the gauge to the tnble un<l the lntter to the tloor. 

449. Adjustment ot pencil arzn.-The pencil 111·m should now be 
adjusted so os to bring the pencil ubout the middle of the poper at 
inean tide level. It ls not neceE;satry to wult until the tide Is uctu
nlly ut its meun level, tor knowing Ule dl1l'erence between that 
lel'el and the nctunJ stnge of tide the pencil muy be set nccordlngly 
by the metal scale provided with the gnuge. If the arm Is very fa1· 
out of posltion, u first approxlmute otljustment should be made by 
running the arm to the end of the pencq screw neu1·est the clocks, 
thus disengaging Jt from tl1e screw thread. 'l'his ls done by turn
ing the ftont pulley, so that the float will rise an<l the counterpoise 
weight fall. The pencil arm should be held nt this end und the 
tlout pulie~· turned either buckwurd or forward until ft lacks three 
turus of belng tllled with the ftont wlre. The pencil urm shoulO 
be then released and the fioat permltte<l to <lescend until It i-ests 
upon the wutP.r. This should bring the pencil arm within 1 Inch 
of its proper position. To bring h closer to the posltlon desired, 
p1·ess on the eounterpolse pulley wltl1 one finger, to prevent the 
weight frnm turning it, u finger of the same hand t·estlng upon 
the last coll of wire on the flout pulley to prevent the wire from 
springing out of the grooves; then with the other hund slightly 
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unclamp the two set screws within the flout pulley. Next revolve 
the counter1>olse pulley until the pencil Is In the desired place, 
when the flout pulley is firmly reclamped. 

450. Attaching tension weight.-Thls weight is attached by n 
cord to tlle pulley at one end of the receiving roller. This pulley 
has 11 small hole in one flange, through which the end of the cord 
may be passed and knotted. .As with the counteri>oise cord, it 
is desirable that this cord also be led over a pulley in the ceiling 
of the tide house )n order to proYide as much space us possible for 
the falling of the weight. By suspending the weight by menus of 
a momble pulley its motion is diminished one-half. 

451. Starting the gauge.-The roll of pnper provided for the 
record should be. placed on the gnuge, as described in paragraph 
454, the tension weight woun<l up, and both clocks wound anu 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 cure und operation of the 
gauge. 

452. Report on establishment of tide station.-WJwn nn auto
matic tide-gauge station is estltbllsbed; 11. sepnrate report describ
ing the same should be sent to the office. Such a report should 
include the following informn tion : . 

(a) Name of towu or pla<'e, with lntit\1!1e ant! longitude. 
(b) Name und location of wharf. A sketch showing location Is 

desirnble. 
(c) Name of ow11e1· of wborf nncl n statement of nrrangements 

mad~ with him. 
(d) 
(e) 

(f) 

(g) 
(h) 

Give position of tide staff nnd automatic gnuge on wharf. 
Describe tide staff, giving dimensions, limits of grndua

tlons, und a statement whether It L<:i portable or fixed. 
If a portable tide stuff ls used, state how It Is supported 

and. give the reading of the tide staff that corresponds 
to tbe fixed point of support. 

Give number and scale of the automatic gauge. 
Describe the float box, giving dimensions, method of se

curing it Jn position, exnct position and size of openinp; 
in the bottom and the depth of the water below this 
opening. Give also the depth of thi1:1 opening below the 
zero of the tide stufl'. A knowledge of the exact position 
of this opening ls especially Important when the float box 
becomes clogged nnd It. Is nece~sary to clear it. 
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( i) State what precuution was taken lo prevent freezing in the 
float box. If kerosene is used, give the quantity. 

(f) Give u l>rlef statement relative to the recovery of old !Jenell 
marks aud the establishment of new ones. Complete de
scriptions of the l>ench murks ure to l>e g!Yen sepnrntely 
in connection with the leveling record. 

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

(l) Give tlle name and occupation of the tide observer Jet't in 
charge of the station. 

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

453. Operation of automatic tide gauge.-'.rhe ol>ser\•er in charge 
of a station shall visit the gauge at least once each duy 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 und necessary repairs ut permanent stations are pos
sil>le, tlley must be made ut once and the bill sent to the office fo1· 
payment or paid for by tlle observer and an account rendered. 
Details in such cases must be reported to the office without dela;v. 
When n self-registering gauge Is maiutuined In connection with 
hydrogruphic operutions in the field, n continuous record shuJI l>e 
secured l>y making stuft' readings every hour whenever the gauge 
is out of commission, and the conditions must be reported lmme
diutely to the chief of party. 

Ench day the guuge Is visited the tide staff should be read and 
un entry made on the tide roll. A statement concerning the cor
rectness of the time clock should also be entered, und If this clock 
Is in error it should be i:;ct correct. (See pa1'. 461.) The condition 
of the wind nnd u11r other mntter thnt may nlTect the record 
should l>e noled nlso. All notes should l>e, inltlnled l>y the ol>sen·er. 
The tension weight should be wound up ench day the gnuge is 
-..isited. Tiu~ clocks nre to be wound twice u week. The tide roll 
should l>e chuuged once n month. If the obsel'\'Utions m·c to be 
continued for n year or more, thP clmnge in rolls should tuke 
place on the first or second dny of ench calendnt· month, exceptlrig 
the February roll for common yeurs, which sbonld be removed on 
Mureil 2 or 3. These duties nre described In detail in the following 
paragraphs. 

454. !'lacing pape1· on gauge.-The supply roller, which Is the 
one wltll the solid roll, ls removed from the gauge and tbe 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 pu!Jer. Tlte roller Is 
then placed in tlle gauge, turning it in such u way that the loose 
end of the paper may pass from below inward toward the muln 
cylinder. It makes no difference which end of the roller has the 
movable flange. The main cylinder is then disconnected from the 
motor clocli: by throwing out the currier lewr from the toothed 
carrier wheel, using a slender stick or lead pencil to reach it, if 
necessarj•. Pui,is the paper O\'er the main cylinder and Insert the 
PIHi about three-fourths inch into the slit In the receiving roller. 
Several tums of the pupe1· should then be wound arountl thi8 
roller, the paper 1mssl11g from the muln cylinder over the top of 
the receiving roller. The muin cylinder must be aguin connectetl 
with the motor clock, the tension weight wound up, and the pencils 
adjusted. Before placing puper on the gauge, It should huve 
written on the inside, at the beginning of the record, the name of 
&tatlon, date, scale of guuge, kind of time used, nume of observer, 
and, in hydrogruphlc worli:, the chief of party. 

455. Removing paper from gauge.-Pluee the tension weight on 
the guuge table or some other support, unwrapping by hand from 
the pulley us mucl1 cord ns may be necessary. Disconnect thP 
muln cylinder from the motor clock. 'Vind up the remalnin~ 
pr.per on the receiving roller, mid tukc It from the gauge. Re
move one of the flange.s, revolve the other flange so us to force :i 

little more paper into the central groove, when the puper can bl' 
removed from the roller. One roll of pnper Is 1o;ufficlent for n 
month of record. 

456. After the roll bus been removed it should be rewound ou u 
wooden core to bring the record on the Inside nncl to prevent Injury 
in transit to the office. 

4117. Label.-The lube!, Form 489, should then be pasted on tlw 
uutH!de of the roll. First, fold u few Inches of the beginning of tlw 
paper down on the side containing the record, thus making 11 

squure, smooth edge of double thickness. Then, on the side of the 
paper which hus no record, paste the lnbel parallel to this ed~P 
and nbout 2 inches from It, the bottom of the li1b<!l being towar1l 
the edge. Never paste the label as u seal to keep the roll f1·on1 
unwinding, as It must not be broken to open the record. The 
label should be filled out us com11Ietely as 1wsslhle. '.L'he first 
marlgrnm or tide roll of the series should be numbered 1 and tlw 
others numbered consecutively throughout the series. The gauge 
number will generally be found on the face of the clock upon tlw 
tide gnuge. On this lube! the beginning and ending of the record 
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refers to the particular tide roll and not to the entire series of 
observations ut tlie stutlou, as on Form 138. 

458. Reading tide stnft'.-Every time the gauge ls visited the 
tide staff should be read to the nearest 0.05 foot, and recorded on 
the marigram. If the water ls too l"Qugh to obtain directly a 
reliable mean rendlng, record both tlw bighf.'Rt and lowest oscllla-

FIG. 22. 

tlons of the waves. The tabulator wlll take the menu of these 
two readings for comparison of staff and scale on Form 455. The 
exact position of the recordJug pencil of the gauge at the time each 
staff rending ls made must be indicated by an arrowhead with n 
llne connecting lt with the note of the 'staff reading. The manner 
of connecting the note unrl tide curve is lilhown tu figure 22. 
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The note may be place!l 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 tile comparli;ons are made. 

At the time the above note was made the recording pencil 'yns 
at the point in the curve !J,dicated by the arrowhead, nnd only thut 
part of the curve to the left of this point was completed. The pol'
tion of the curve to the right of the arrowhead was made after the 
note had been entered. 

459. Time comparison and clocks.-The observe1· should have 
some means of obtaining correct standard time. There ure two 
clocks on the nutou1atlc gauge now in general use; one, designated 
the motor clocl\, which merely controls the mo\·ement of the main 
cylinder and paper; the othe1-, which is on the left hand wher; 
facing the clocks, Is cleslgnated the time clock, and makes the 
hour murks on the curve. The time incllcnted by the motor clock 
Is of no consequence; it ls sufficient If this clock moYes with ap
proximately uniform speed. The time Indicated by the time clock 
11nd also tlw correct time and date should be recorded on the 
marlgrurn 1war the staff reading, 011 each .visit to the guuge. 

460. A rul1h('l' stamp of the pl·oper f<Wm f01· these notes is fur-
11lshed to euc:h regular observer. After this note hus been mucle 
on the umrigrnm, the time clock, lf wrong, should be corrected. 
'l'he' fitct-·of tills'"correctlon is in<lfollted ln the "note 'oil memlii:l
gram by the word "corrected." If no correction Is necessary, the 
word "correct" may bP used instead. Flgurn 22 shows tile proper 
form for these notes. 

461. The clocks ou the gauge mny be corrected as ordinary 
docks, by turning the hands forward or backward; but tlle hands 
of the time clock must. not be turne<l backwurd when the minute 
hand ls between 10 minutes before the hour nn<l fi minutes after 
the hour, us lt would probably injure the hour-marking device. The 
regulating <levice ls similar to that on ordinary clocks. Both 
clocks should be wound regularly twice a week, care being taken 
not to wind them too tightly. 

462. Tension weight.-Thls weight, which wl~1f]s the puper_. o.n 
1 he receiving roll, should be wound up every day that the gauge 
is vl&ited. - It is c:onnecte<l 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. 

463. PenQils.:--These should he examined frequently. The datum 
pencil points furnished for the gauge are usually too long aml 
should be broken to the proper length. The point should be care
fully adjusted so 11s to make a distinct Une and stUJ not tear 
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the paper under unfavoruble conditlons. It should pl'oject about 
<>De-sixth inch from the holder, and this adjustment can be kept 
by screwing down the cap n little from time to time as may be 
necessary. When the holder is lifted to remove or put In paper, 
care must be taken not to lose tlw lea cl from the brass bolder. For 
tlie recording pencil thut makes the tide curve, CL good quality of 
No. 2 pencil is best. This should be kept carefully sharpen~! 
and !l.'djusted in its ho!Ller. Upon this adjustment _depends the 
·efficiency of the bour-ruaklJJg tle~·Jce. It should be such that the 
book attached to the pencil holde1· wlll just clear the tripping 
rod. 

464. Lost record.-Jf uny portion of the t•ecord ls lost from auy 
cause, move the paper forward n few inches before starting the 
gnuge again. To do this the muln cylinder must be disconnected 
f-rom the motor clock in the uuumer dl:!scribed in paragraph 454, 
but the cylfnder must lie held i,;teady wlth one hand when dis
connected, a!J otherwise the pnpel' would be jerked forward by the 
tension weight. Thi~ muy. be done by placing the hand on the 
paper over the muin cylinder. 

485, Changes in adjustment.-After an automatic tide gauge has 
IJeen pro11erly set up, changes in the adjustment of the float pulley 
or in the position of tb!l dutmu Uue should be avoided unlt>Ss 
actually necessary ; and when any <.:hnnge is mude, a note of tho 
fact und the renson for the challgo s;liould be 1mmedintely entel'ecl 
on the marlgram. 

466. Cleaning the pencil screw.-The pencil screw must be 
cleaned from time to time, otherwise the pencil arm runy be raised 
from the paper on n fnlllng tide, or pressed so firmly _against the 
muiu cylinder on a riKiug tide us to tenr the paper, either accident 
ca.using a loss of record. A small l'llg moistened with gusollne 
passed around the pencil screw nnd drnw.n I.Jack nnd forth seYeral 
times will keep it clean. Never put oil on the ~ncil screw, ns it 
soon catches dh-t and makes 1t worse than it wns before. 

467. Operating troubles.-Some of the dilliculties likely to be 
met in the operation of an automatic guuge nre: 

Failure to keep tlie :float box in n vert1cnl position, cuuslng the 
flout to scrape on side of pipe. 

Breaking the float wire, wllich ls nearly always dm~ to sharp 
bends or lclnks In the wire when it la. slacl{; a new wlre should 
be put fn, rather than to splice the old one. 

Vibration of pencil on record; this Is due to too large openingR 
in the tide box and If serious may require rcpull· of box. 



158 GENERAL IN8'1'1WC7l'ION8 l•'OH FIEI,D WORK. 

l~uilure of guuge to reeonl full ruuge uf tide, us shown by com
parison wltb stuff readings; this is due to dogging of openings 
in flout box, uml is likely to render the rccoru worthless, uud ealls 
for lmmedlute exumluatiou of box and clearing of openings. 

Jamming of paper rolls, <luc to paper not running true; rolls 
should be exuruiued to see tbut they are iu their right position, 
and paper rewounu If necessary. Often tbe paper can be slipped 
away from the Jlange b~· hand. 

Fullure of hour-marking device. This is usually uue to luck of 
proper adjustment of the recortling pencil, causing too much space 
lletween the tripping rod ll!HI the hook attache<l to the pencil 
holder, or causing the hook to lle jammed too tight against the 
rod. The adjustment should be such that the hook just dears 
tbe rod. If the trouble ls due to the time clock itself It may be 
necessary to remove the clock and have it re1u1ire<I lly u clock 
mulrnr. 

468. Tabulation of tide rcoords.-In order to estahlh:h uniformity 
iu tlw 1·ecords to be filed in the oflice, the tabulations sllould be 
ueutly wade in black ink und in accorclunce with the forms as 
outlinetl in the following paragruphs. F'or interpohttetl values to 
Iii! in gap::i cuuse<l by lost record, r(~d ink is generull~· usctl. Iu 
all forms in which both sidl's ure to be m;etl and in wllich Uwre is 
n difference in the width oJ' the left-hand margin on the two si<les, 
the side having the wlder left-h1111t1 murgln should be taken us 
the front or fir;;t page of tlH' sheet and be used in beginning the 
tu bulutlons on that sheet. In all the forms the henlfiug on the front 
;;!<le of each sheet shoul<l !J(! Jil lecl out us completely us vosslble. On 
the buclc of. the sheet the name of the station aml the year and 
month of the observntlon should be repeated. The words "Party 
of" or "Cblef of party" mny be taken as eqnlvulent to "Ob
server" when tlw latter bus ehurge of the ti<le station. Ou the 
label of a tl<le roll, the dotes of the bogiuning nnd c1Hl of observu
tlons refer to tlle purticulur tide roll only, but in the headings of 
tlle forms for tlie tabull\tlon of these rolls these dates rl.!fer to the 
tmtlrc serit•s of the observations nt tho station. If 1 he observa
tions nre stlll being ronti11ue<l nt tbe time the tubnlutlons are 
made, the spaee after " Obsenutlons end " should lle left blank. 
In the tabulations, the hours of the clay are to be dt•slg11nted con
:<ecutlwly from oh (midnight) to 23h (11 :00 p. Ill.), thus nrnlding 
the term;; 11. m. antl p. m. Bcforn tabulating a murlgram or tide 
roll the following preliminary work is usually necessary: 

469. Marking the hou1·s.-The time notes Rhoul<l lw examl!wcl 
aud if it h; found that the time clock never varies more than 
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three minutes from the correct time, the small horizontal hour 
murks nutomatlcnlly made by this clock may l>e accepted as cor
rect and murked uccordlugly. The hour itself beb'1ns at the In
stant the murk leaves the curve, and no account need be taken 
of the length of the stroke. 'l'J1ese murks should be numbered 
consecutively from ·o (midnight) to 23 (11 :00 p. m.), und the 
numbering should be checked ut each time note on the marlgram. 

470. In cases where the hour-marking device hus falled to work, 
or when the hour marks a1·e unrelluble on uccount of the tlme 
clock being mo1•e the.n three minutes in error, the following 
method may be used : First: From the time notes ascertain the 
position on the curve of the nl:'arest exact hour. This may usually 
be best accomplished by laying off 1 Inch on u piece of puper nnd 
subdividing it in 12 equal 1mrts. The inch, measu1·ed parallel to 
the datum line, will represent one hour on the tide curve, uud ench 
of the subdivisions will represent five minutes. This is !mown as 
u time scale. 'l'lle correct time of the point on the curve Indi
cated by the time note being known, the nearest exuct hour muy 
be readily 111i1l off hy this little senle. Second: Druw llnes tlll"Ouih 
the points indicating the exact hours perpcmdicular to the datum 
line und extending across the p11per. Tblrd: Prepare a strip of 
puper somewhat longer than the greutest distance between the 
time notes on the murigrum,· pasting successive pieces together 
If one is not long enough. On one edge luy otr equnl· divlsions u 
little greater tlrnn 1 Inch long, and it' made about h11i Inches long 
they will generally be ubout right. '.rhese division!'! should be 
numbered consecutively f1·om 6b to 23\ and then from <fl to 231', 

repeated us oftPn us may be necessury, the 111!,;t d!Yislon ending 
with any hour. In general 1t wlll be convenient to start the num
bering with 6h at the iert-lumd end of the scale, us tlic lime notes 

·will seldom be made ut an earlier hour In the morning. This 
strip Is known as u dividinu scale. This scale Is then adjusted 
obliquely between two consecutive cross line.'! passing through the 
correct hour points, so that the numbers on the scule will ugree 
with the hours represented by the cross lines. With the scule 
In this position, held fast from slipping l>y paper weights, encli 
division may be marked on the murlgram or tide roll by u dot. 
Fourth: lly means of n square nnd n straightedge placed near tlle 
hottom of the paper nnd parallel to the dutum line, these hour 
!.lot!'! mny be readily referred to the tide curve and lndlcutell by 
vertlcul lines cI"OssJng the curve. Tlle . .:;e hour lines "lwuld he num
beretl in the sume mn1111er a-< the hour 1Ha1·k:,; that nre mude nnto
niuti<'ally hy the machine. 
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471. Comparative readings (Form 455, fig. 2:.l).-'.l.'llli; form ls 
U!led to obtain the relation between the scale Of an automatic tide
gauge record and the fixed tide stntr. It is fm1dnme11tal und of tile 
greateHt importtrnce, for upon it chiefly <lepen<ls the uccurucy of 
the reference of all tide plaues to fixed bench mu1·kro, 80 that they 
may be recovered nt uny future time. 'fbe work nmrot bl· 
thoroughly checked by the observer so as to remove all acci
dent.al errors, for any mistake rua<le here wlll n!Iect all tabula
tions for the month. 

472. The scale reading of the datum line for the compal"ison ruuy 
be taken at any urbitrury number, but for convenience uud to 
avoid negative differences It ls desirable to have it 1:mch that thP 
scale readings of the curve will be from ! to 1~ feet less than the 
corresponding staff readlu1,rs. The realllng scales a re usually 
made of glass or celluloid and are graduated to rc..>p1·ese11t feei 
and tenths. The foot divisions may be numbered with ink us 
desired. '.ro choose an original scale setting fo1• the <iutum line, 
place the scale with one of the foot divisions on tlie datum line 
at a point where a stuff comparison is noted, and tlwn number 
the foot diY!l;ions of the scale RO thut the point on the cm·ve will 
read by the scale about a foot less than the stnIT reading. lt 
would be well to test this snme setting with several notes. The 
number of the foot division on the datum line will be allopted us 
the original scale setting a111.l entered in the heucllng of the fo1111. 

In using a glass or celluloid scale the side on which the division 
lines are cut should be ke1,t down next to the paper. '.rlle num
berlng*of the divisions should be written with India ink on the 
upper surface. On the undersllle of scale dmw au India-ink line 
across the scale through the foot division that Is to be used us 
the datum line. 

473. Prepare table of comparath'f) staff and scale readin;,rs on 
Form 455 as in the accompanying sample. Stuff and scule read
ings should both be given to two decimals of n foot, but It will 
be sufficient to give merely the neu1°(•st 0.05 foot. 'l'he scnle read
ing ls subtracted from the staff rending for tile difference. It' 
the scale reading is larger than the stuff rending, the difference 
will be negative. 

474. If tile gauge has ruu without any ucci<leut, the dltl'e1·ences 
"A-B" for the marlgram ought to be appt·oximutely equnl; but 
if there hlls been uny chnnge In the machine, such as mo\·lng tl11• 

datum pt•ncil, brenknge or flout wire, or Increase of kerosene In 
flout tube, etc., the dlITerence>1 will form distinct groups, one set 
of dlffercrJ<·es for ent•h ndjustment of the gauge. 
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475. In case there has been no change of adjustment <lul'ing the 
month, .examine the differences ca1·efully to see that they ugree 
fairly well with one another. Small vnriutions in the dift'e1-ences 
are to be expected, but if uny one of them varies by half u foot 
(0.50) or more from the apparent average, revise the dift'erencr 
and also the scale reading. Ir hoth are found to be correct, un 
error must Jrnvc been made In the staff rending, and as this can 
not then be corrected, the difference must be rejected, which Is 
done by making a peucll line arOUJI(] It, and that difference is 
then om!Uecl from the computation of tbe mean dlfferen<'e. 

478. In cnfie there has been one or mot·(~ changes In the adjust
ment of the gauge during the month, consider ench set of dlf
fPrenees hy Itself, aml procee<l ns In the preceding paragrnph, 
omitting accidental l1isc1·ppanci1~,.:. 

477. Sum all those 1lltrerenccs wl!ich are upp1·oxlm11tely similar 
and obtain their mean by <lh·llllng the sum b~· the numher of 
differences m;;ed, carr~·ing the quotient to two decimal places. In 
case a change was made in the adjustment of the gauge there 
mny be two or more sepnrnte menns requlre<l .fo1· the month. In 
<>lther case, the mc>an cllfference plus the scnle rrartlng of the 
datum line for this comparison is the true S(~ttlng of the scale on 
the clatum line for tabulating high nnd low waters and hourly 
readings for the perlod covered by the uniform llltrerences. Erase> 
1 he temporary mark on the scale which was used for Form 455, 
nml mark the true scale SPtting with lnnlu Ink on the lower side 
of the scull', if ti·n11i;pnrent; or on its up1w1· side, if opttque. Be
fore using this mark It should be tested by seeing that when this 
murk is set on the dntum line the scale rending of the curve 'vill 
hc> nearly the same as any staff reading. 

478. Tabulation of high and low waters ( l•'orm 188, Jigs. ~4 ancl 
:!:i).--'.l'hls form Is used for the tabulation of high and low waters, 
whi<'h may be either rend from the tide cune made by an auto
mnt!c gauge or taken from plnin stnft' rendlngs as recorded in 
n tllle boolc. Tbe times nre to be expressed In hours nnd tenths 
instead of hours and minutes. This ls the ~enernl practice 111 
the office work, nnd hns been found to i;;ave conEtldernble time 
In the computation of the lunltldul lnter,·nls. One-tenth of an 
hour is ('qulvulent to six minutes, which is us close ns nn olJ
>:erw~<l high 01· low wnter can usually be determined. The fol-
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lowing tables give the equivalents of the minutes in tenths of 
an hour: 

Minutes. Tenths I Mlnutoo. I Tenths I Minutes. Tenths Examples. ofhour.

1 

of hour. of hour. 

I h. m. hra. 
Oto 3 o.o 21 to 27 0.4 45 to 61 0.8 4 02~4.0 
Ho 8 .1 28 lo 32 .s li2 to60 .D 4 31-4.li 
9to15 .2 33 to39 .6 57 to50 1.0 4 50-4.8 

16 to 20 .3 40 to 44 .1 4 58-5.0 

479. The heights should usually be referred to the zero of the 
tide stuff, and sliould be given in feet and tenths of R foot. If 
the position of the Ude stun: hus been chunged dmfog the observa
tions, the heights should all be rPferred to the zero of one of the 
staff's, nnd a full explanation given In the column of "Remarks." 
Any point of an automatic tlde-gauge curve is readily referred to 
the zero of staff by using the true or corrected sc11le setting, as 
calculated from the comparative readings (pnr. 477) on the datum 
line. 

480. ·when the series of obserYations ls less than 6 months the 
high and low waters should be tabulated In groups of 2D days 
each, beginning each group on the first line of the front side of 
a sheet. Allow two Jines for ench day, which will ennble 17 days 
of record to be tabulated on the front puge, uud the remaining 
12 days of the group wlll lw tulmlated on the buck of the form. 
If nny pnrt of tlle rernrd l.<; Jost, leave vnc1wt !lnes for missing 
tides. If the series J<; lon~er Utan 6 montlls. the high nnd low 
waters shoul<l be tnbuluted hy culendur months. Begin euch i;;heet 
with the fh·st of the month, and after 29 days have been tabulated, 
place the remaining days of the month be\ow the long black. hori
zontal line nenr the !Jottom of the back of the forru. l!'or February 
of common years, insert Murch 1 after Febru11ry 28 in order to 
complete the 29-uuy group. The high and low waters for Murch 
1 should be repeated ut the beginning of the sheet for March. 

481. The method of representing the year, month, and days Is 
shown in the specimen .forms thut follow. The repetition of the 
name of the month In the date column on the same side of the 
!<heet ls not desired; and although two Jines are allowed for each 
duy, the day of tlie montli ls written only ou tl1e .first of these 
Jines. Generallly, the morning tides are entered on the first line 
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und the afternoon tides on the second line for each tluy. A tide 
occurring at midnight (O") ls tuken as belonging to the morning 
of the clay just beginning. While tubulntlng the- times and heights 
of the high und low waters, the columns of "Moon's transits" and 
" Lunltldul intervnls" are left blank. 'l.'hese al'e to be filled in 
afterwards in case the reductions described in pal'agrnph 493 are 
made. 

482. Aftel' 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 
made by calendar months, shoultl 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 abnormal 
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, fig. 26).-The 
heights 1n this form should generally be referred to the zero of 
the tide staff, nnd should be expressed in feet and tenths of a 
foot. When heights are taken from u tide roll they are readily 
referred to staff by using the corrected scale setting on datum 
ilne (par. 477). The month nnd day of month are to be lndl
cnted In the spaces p1·ovldec1. The name or abbreviation for tbe 
month should be written only once on a page, except tliat the 
month should nlwuys be glveu for its first day. '.rhe series mny 
begin at any time nnd the <lays are to be entered consecutively 
without regarcl to calenclar months or to time of changing tide 
rolls, seven days to the pnge, and using both sides of the form. 
Airer a year of observations has been completed a new series 
should be started. If any part of the record ls lost, unless 1t ls 
great enough to break the series into separate part.s, blank spaces 
should be left for the missing tides. In the space after the " Day 
of series," the days nre to be numbered consecutively, 1', 2, 3, 
etc., throughout the series, without regard to the month or day 
of month. 

'84. As stencils are to be used in connection with this form, 1t is 
Important thnt the heights be written In their proper spaces ln the 
columns headed "Feet " 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 point~ are to 
be left vacant. 
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485. When the record is to be contiuuetl for many years it ls 
generally divided into series of 369 days each, commencing on the 
1st duy of January of euch yeur, the lui;t three or four days of 
one series being repeated as the first days of the following series. 
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 cnleudur month, when the series commences 
with January 1. This table ls not applicable to a series beginning 
on uny other date than the 1st of Januu1•y, 

r------------·-----------------
1' 

Month. 

Common year. 'I Lea11 year. 

P_nge. ~~-1 ~!f~r I Month. I Page. u~. ~e~r~r 
1----1-----__ 1 ___ ------

Jan. 1 
Feb. 1 
Mar. 1 
Apr. 1 
Y-ay 1 
June 1 
July l 
Aug. J 
Sept. 1 
Oct. 1 
Nov. 1 
Dec. 1 
Dec. 31 
Jan. 4 

1 
5 
!) 

13 
18 
22 
26 
31 
35 
40 
44 
48 
63 
63 

1 1 
4 32 
4 60 
7 91 
2 121 
5 152 
7 182 
3 213 
6 244 
1 274 
4 305 
6 335 
1 365 
5 369 

Jan. 1 
Feb. l 
Mar. l 
Apr. 1 
May 1 
June 1 
July 1 
Aug. 1 
Sept. 1 
Oct. 1 
Nov. 1 
Dec. 11 Doc. 31 
Jnn. 3 

1 
5 
!) 

14 
18 
22 
27 
31 
35 
40 
44 
48 
53 
53 

1 1 
4 32 
5 61 
1 92 
3 122 
6 163 
1 183 
4 214 
7 245 
2 275 
5 306 
7 336 
2 366 
5 369 

486. If the series of observations is to be less than four years 
long It i!-1 mmnlly best to begin on the first complete day of rec
ord us the first dny of Reries. After 369 days huve been tabu
lated, n new series should be commenced on the sumc month 
and clnr of month ns the first serles, the Inst three or four days 
of one series being repented as the first dny of the following 
series. 

487. At permanent tidal stations the tnbulatecl hourly readings 
when complete are to be summed both vertically and horizontally 
und the results written in the spaces proYlded on tbe form. Tbe 
total of the horizontal sums on nny pugc must Pqual the total of 
the vertical S\JlllS, and this tot11l page sum slwulcl be written In 
the proper space near the lowe>1· right-hand corner of the fom1. 
If nny of the columns are Incomplete because of lost record, the 
missing !'cuulngs mur he estimated by Interpolation, un<l entered 
in the form with red ink to distinguish them from the uctnnl 
observed readings. Genernll~· If the tide obsern>r does not under
stand the method of tnterpolutlon, be mu~· leave this pnrt of the 
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work to be done in the office. In this case he Mhould enter the 
sums of all incomplete lines, columns, or pages, with lead pencil, 
in order that they muy be modified ufter the Interpolations huve 
been made. '.rhe 11nal sums are to Include both observed uud 
interpolated readi11gs. A tide obsern~r who tabulates his owu 
r<>cords should send to the ofllce only thm;e pages of Form 362 
which h1n·e been entirely complett'd so far as his gauge reco1·<l 
w1ll permit, retaining uny llal'tlally tilled form to complete when 
the record for tlie following month is remo,·ed from the gau~e. 

488. Interpolations.-Before beginning the reductions, if an~· 

Jlortion of the record is lost, it Is dei;irable that the mis8lng tlde8 
be supplied by- interpolr.tlon. Interpolated tides should be written 
in red ink or else lnclosed in parenthesis to distinguish them from 
ohservatlons. If only a few tides are lost, plot time uud height 
upon profile puper for a number of days before and after the 
break, leaving space for the misi:;lng tides; connect the alternate 
tides with cut'\'ed llne, w11lch must be extended across the gap 
on the plotting as nearly ns mny be in accordance with the up
nnrent luw of change in time uud height. There wlll usually be 
eight dililtlnct cur,·es-four fo1· height and four for tirne, including 
both high and low wnters. In order to prevent the curves from 
becoming confused by intersecting too much, they may be plotted 
uPQn scales which are dropped one below the other. 

489. If there ls a simultuncons series In tile vicinity the missing 
tides may be supplied by comparison with It. 

490, If the series ls long enough tuke the menus of the times 
and heights occurring 2l> clays before and 29 days after each 
missing tide, smoothing out the results by plotting. 

491. In some cusei,; u dit·ect linear interpolation will suffice, espe
cially wlu~n only a few tides ure missing. In this mode of inter
polation divide the dllterence betwoon the times of alternate tides 
and also thnt of the corresPQndlng heights by one more than the 
m1mller of missing tides nncl arld tho quotient to the preceding 
time und llelgllts. If it huppens that: one of the tides occurs near 
uoon or midnight, it muy chance that only one Ude of thut phuse 
m:curs in the c!Yll clny, und care~ must be taken to allow for this 
in counting up tile number of mlsslng tldes, 

492. Reduction of tide reoords.-To obtain tidal constants und 
tidal datums for any station, the tabulated tides, together with 
intervals un<l ranges depending upon them, must be reduced to 
their mean n1lues. 'l'lle me1m of n sel'ies of items ls obtained 
by dividing the sum by the number of items Included in that 
surn. In orll<'r to secure m1lformlty. the ~puces for the sums ure 
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gencrully Indicated in the forn1;;, unll tllc nmu~er of items i.n
cludeu in ench sum should usually be written iu i;ruall figure;; 
Just above the sum, os indicated In the specimens of Form 138 
(pp. 163-164). In the tabulutlollS, the indlviduul times uuu 
heights ure given to one decimul pince, but in obtaining the 
means the results shoultl be carried to two decimal places. Tile 
lust decimal figure should be tukeu to the nearest hundredth, 
but if the remainder should be exactly one-half of the tlivisor, 
the second decimal i;houid be made even, If not already even, by 
adding one. The means tlirectly obtained require certain cor
rections, which nre explained In the following pamg1·nphs. 

493. Lunitidal intervals (Form 188).-This computation ls mude 
directly on t11e form on which the high and low waters hnve been 
tabulated. 

l!'lrst: The moon's transits for the meridian of Greenwich are 
copied in the column provided for the purpose. If the transits 
are obtained from nu almanac, cure must be taken to refer them 
to civil time and to convert the minutes into teuths of un hour. 
Photostat copies of u table of transits expressed in hours and 
tenths, Greenwich mean ciYil time, muy be obtained from the 
office. The times inclosed by pnrentheses nre fo1· the lower 
transits of the moon, the unmurlted ones being for the upper 
transits. They should be slmilul'ly indlcuted in the copy. 

Second: Subtract from the time of ench high um! low wuter 
tlle time of the ftrst prececling moon's transit, nncl write the dif
ference in the uppropl'late column 011 the snme line us the title 
from which it wns obtained. Iu case the time of high or low 
water ls nearly the same as that of the moon's transit, tuke the 
transit which precedes the tide by ubout 12 hours, but In no cusc 
must the same transit be used for two consecutive high waters 
or for two consecutive low waters. The lower trnnsit of Ute 
moon applies to both high and low waters, just tlie same us the 
upper transit lloeR. When the time of the moon's transit ls on 
one day and the following high or low water Is on the next duy. 
the time of this tide must be lncrensed by uddlng 24 hours before 
nttempting to subtract the time of the trnnslt. '!'he high-water 
intervals will usually be npproxhnutely six hours greater or less 
thun the low-watPr lnterwls, but the intervals for each ph11se of 
tide will rurely vury among themselves more than severul hours. 
Intervals from the lower trnnslts of the moon nre to !JP indlcutetl 
by parentheses. 

Third: Sum both columns of the Intervals for 29 days, placing 
the results In the spa<"es 11rovlcled on the hn<'k of thl' form. 
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Fourth: Obtuin the means by dividing each sum by the uumber 
ot intervals combined to obtain it, carrying the -results to two 
decimal places, unrl 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 bC'low tbe second hol'lzontnl black line near the bottom of 
the fo1·m. 'l'he corrected high-water interval tllU$ obtained Is 
known also as the corrected estubUshmellt of the part. 

494. Corrections for lunitidal intervals.-The true lunitldal in
terval ls the dU?erence between the mean local time of the tide 
nnd the mean loc1tl time or the moon's tl'anslt over the local 
merfdfan. But on account of the use of stnnum•d time instead of 
local tlme and the Inconvenience of changing the moon's transits 
to the local meridian, it is customary to compute ftctltioufi 
lunitldal intervals, which al'e tbe difference between the standard 
time ot tile Ude and the Greenwlch time of the moon's transit 
over the mel'idian of Greenwich, and then correct the meun once 
for all, 'thus saving eonslderable work. 
Let L =west longitude of stntion in degrees and decimals. 

S =west longitude of tlrue merldlnn useu for tides. 
S'=west longitude of time meridian used for transits. 
X =correction to htnltldal intervals In homs and dectmals. 

Then the correction for Ing of the moon ls-

( 1) X,=24.8412-24.0000 (S'-L)=0.0<1.tJ3667 (S'-L) 
860 

The conectlon for reduction of standnl'd time to local 
time ls-

(2) X.=~(S-L)=0.00666607 (S-L) 
360 

Combining (1) and (2) glves-
(3) X=0.06606667 (S- L) + 0.00233667 (Sc - L) 

When Greenwich transits are used S'=0°, and
(4) X=0.06666667 S-0.00000334 L 

When Greenwich trnnslts and mean locitl time al'e 
used 

L=S, nnd ( 4) hecomes
(5) X= -0.00238667 L. 

485. The following table hue been.computed from formula (4) 
for west longitude. For east longitude reverse the signs in this 
table. 
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496. It ls directly applicable wheu 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 s, 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 f1·om the table : 

X= ±0.06667 (S,-S), + fo1· 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 civil time and Greenwich tl'llnsf ts are 
used, it is probably more convenient to use formula (5) inde
pendently of the table. 
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Correction for l1mi.t-idal intervals (in It.ours and decimals). 

[For west longitude use sign given; for east longitude reverse algn,] 

Time meridian, 
o•. 

Time meridian, 
16°. 

Time meridian, 
so•. 

Tlmo meridian, 
45°. 

Long!- Correo- Long!- ! Correc- Long!- Correo- Long!· Corroo-

1-i-u_d_e._1_t_1o_n_. _ ~~~~ ~~ 

0 
1 
2 
8 
4 
/j 
6 
7 
8 
g 

10 

Hour. 

0.000 
- .069 
- .138 
- .207 
- .276 
- .345 
- .414 
- .483 
- .652 
- .621 
- .600 

Time merldlnn, 
60'. 

!; 
6 
7 
8 
11 

10 
ll 
12 
13 
H 
16 
rn 
17 
18 
19 
20 
21 
22 
23 
24 
25 

llour. 
+0.655 
+ .586 
+ .617 
+.HS 
+ .379 
+ .310 
+ .241 
+ .172 
+ .103 
+ .034 
- .035 
- .104 
- .173 
- .24:J 
- .311 
- .380 
- .449 
- .618 
- .587 
- .066 
- • 725 

Time meridian, 
76°. 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
81 
32 
33 
34 
35 
36 
37 
38 
39 
40 

Jlo11r. 
+0.620 
+ .051 
+ .482 
+ ,413 
+ .344 
+ .275 
+ .200 
+ .137 
+.QM 
- .001 
- .070 
- .189 
- .208 
- .zn 
- .$46 
- ,415 
- ,4g4 
- .553 
- .022 
- .091 
- .700 

Tlmo meridian, 
oo•. 

Hour. 
35 +0.585 
36 + .li16 
87 + . 447 
SS + .378 
39 + .309 
40 + .240 
41 + .171 
42 + .102 
43 + .033 
44 - .030 
45 - .105 
46 - .Ji4 
47 - .213 
48 - .312 
49 - .381 
50 - .450 
61 - .619 
52 - ,58H 
63 - .057 
54 - • 72ll 
55 - .795 

Tlmo merldlnn, 
105°. 

Langi- Correo- Long\- Corroo- Longl- Corroo- Longl- Correo-
tude. tlon. tude. tlon. tuil&. lion. tudo. tlon. 

--------------------------
50 
51 
62 
53 
M 
55 
ro 
67 
511 
&11 
60 
61 
02 
63 
64 
05 
66 
67 
68 
69 
70 

!lour. 
+o. 550 
+ .481 
+ .412 
+ .343 
+ .274 
+ .2Q•i 
+ .13G 
+ .007 
- .002 
- .071 
- .140 
- ,209 
- .278 
- .347 
- .416 
- .485 
- .Ml 
- .623 
- .692 
- • 7fol 
- .830 

65 
00 
07 
fl8 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 

Hour, 
+0.515 
+ .446 
+ .377 
+.ROS 
+ .239 
+ .170 
+ .101 
+ .032 
- .0.~7 
- . \00 
- .176 
- .244 
- .313 
- .382 
- .461 
- .520 
- ,/)89 
- .651\ 
- . 727 
- .700 
- .865 

80 

~~· 
Kl 
84 
86 
80 
87 
88 
89 
90 
91 
02 
113 
JM 
95 
00 
117 
98 
99 

100 

Hour. 
+0.480 
+ .411 
+ .342 
+ .273 
+ .204 
+ .135 
+ .006 
- .003 
- .072 
- .141 
- .210 
- .2i9 
- .348 
- .417 
- • 48/J 
- .555 
- .62~ 
- .093 
- .762 
- .831 
- .000 

95 
00 
117 
118 
99 

100 
10\ 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 

Jfo11r. 
+o. 445 
+ .376 
+ .307 
+ .238 
+ .169 
+ .100 
+ .031 
- .03R 
- .107 
- .lW 
- . 245 
- .314 
- .3R3 
- .462 
- .ll21 
- .500 
- .659 
- .728 
- .797 
- .866 
- .ll3G 
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Oorrectwn for lu11itida.l inte1·vals-Uo11t1nued. 

Time meridian, 120°. Time meridian, 135°. i Time meridian, 150°. I 
Longitude. <'..orrectlon. Longitude. Correction. Longitude. C'.orrection. 

110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 mi 
1231 

ml 126 
127 
128 
1291 1~0 

Ilour. 
+o. 410 
+ .341 
+ .272 
+ .203 
+ .134 
+ .005 
- .OOI 
- .Oi3 
- .142 
- .211 
- .280 
- .349 
- .418 
- .487 
- .556 
- .625 
- .61).1 
- .76a 
- .832 
- • 001 
- .970 

Time mendian, 157° l!O'. 

Longitude. Correction. 

125 
126 
127 
128 
129 
130 
131 
132 
133 
13l 
135 
136 
137 
138 
139 
140 
141 
142 
143 
141 
145 

lfour. 
+o. 375 
+ .306 
+ .237 
+ .168 
+ .099 
+ .030 
- .039 
- .108 
- .177 
- .246 
:- • 315 
- .384 
- .453 
- .522 
- .591 
- .660 
- • 720 
- .798 
- .867 
- .936 
-1.005 

• Hour. 
140 +o. 340 
141 + .271 
142 + .20'l 
143 + .133 
144 + .064 
145 - .005 
14~ - .074 
147 - .143 
148 - .212 
140 - .281 
150 - • 351 
161 - .420 
152 - • 489 
163 - .558 
154 - .627 
155 - .696 ! 
166 - .765 I 
167 - .834 

~~ =:~I 
160 ·-1.0H I 

Ttmo meridian. 11J5°. 'rllnc meridian, 180°. , 

Longliuck., Corroctlon. Longitude. Correotlon.' 
1-~~~-1-~~~-1-~~~--~~~-1-~~~-1-~~~-

• J liour. 
148 
149 
150 
151 
152 
16:! 
164 
165 
166 
157 
168 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 

Hour. 
+0.281! 
+ .219 
+ .149 
+ .080 
+ .on 
- .058 
- .127 
- .196 
- .265 
- .334 
- • 40'6 
- .472 
- .641 
- .6111 
- .679 
- • 748 
- .817 
- .886 
- .955 
-1.024 
-1.093 

15s +o. 30-1 
lM + .235 
157 + .166 
158 + .O!l7 
1~9 + .O'l!l 
160 - .041 
161 - .110 
162 -.17P 
163 - .248 
164 - .317 
165 - .386 
166 - • 455 
167 - .li24 
l&.l - .593 
169 - .002 
170 - . 731 
171' - .800 
172 - .869 
173 - .938 
174 -1. 007 
175 -1. 076 

0 flour. ! 
170 +0.269 ! 

171 +. • :IOO 
172 + .181 
17:1 + .002 
174 - .007 
175 - .076 
176 - .145 
177 - .214 
178 - .283 
179 - .352 
180 - • 421 
181 - .400 
182 - • 559 
183 - .628 
18-\ - • 697 
185 - . 766 
186 - . 835 
187 - .904 
188 - .073 
189 -1. 042 
100 -1.111 
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Con·ccNon for minutes of lo11gitudc. 

Long!- Carree- Long I- I Corrcc- Long{· l Correo-
tudo. tlon. tude. 

1 
t.l!lTl. tudo. tlon. 

------ ·-··------·-
..•• ___ 1 ____ 

. Hour . 
;1 I llour. ' Hour. 

1 -0.001 -0. 024 ·U -0.047 
2 - .002 ~1 - :020 42 - .048 
3 - .000 - .026 43 '-.049 
4 - .005 24 - .028 44 - .051 
5 - .006 25 - .029 45 - . 052 
6 - .007 20 - .030 46 ' - .OM 
7 - .008 27 -.031 

471 
- .054 

Sr - .009 28 - .032 48 - . 055 

2& I - .010 29 - .033 49 - .056 
- .012 30 - . 004 50 - .058 

11 - .013 31 - .030 gl - .059 
12 I -.OH 32 - .037 - .060 
13 I - .015 33 - .038 53 I - • 061 

~~ l - .016 34 - .039 54 I - .llfi2 
- .017 35 -- .040 55 ! - .063 

16 - .018 36 - .041 
561 

- .064 

f~ I - .020 37 - .043 57 - .066 
- .021 88 - .044 58 - .067 

19 - .022 39 - .045 59 - .068 
20 -.02.>\ 40 - .046 GO I - .069 

' I 

600. Mean high water (HW), mean low water (LW), mean range 
(Mn), and mean tide level (MTL), (Form 138).-Flrst: Add the 
high and low wutcr heights for 29 days. Second : Obtain tlle 
means by dividing euch sum by the nwnbl'r of high or low waters 
included. Third: Obtuln the mean range (Mn) by subtracting 
the mean of the low waters from the mcun of the high wnters, 
and enter the result in the spnce before the symbol "Mn." 
Fourth: Obtain the mean tide level (MTL) by taking one half of 
the sum of the meuu 11igh water und the mean low water, and 
enter In the space before tlle symbol '' l\lTL." Fiftll: The mean 
range should lie correctcO. for longitude of moon's node in uc
corclunce with paragruph 503. 

601. Mean h1gher hfgh water (lnlw), ·mean lower low water 
(LLW), and diurnal inequalities (DHQ and DLQ) (Form 138).
First: Check off the hlghe.r of the two high waters und the lower 
of the two low waters of cn(']1 clny for 27 days, omitting the first 
und Inst cla~·s of the 29-cla:r group. When only one high or one 
low wuter occnrs on a culenclnr dny, by rl!nson of one of the tides 
having occurred after midnight and thN·efore on the next calendar 
clay, the single tld!! sllould be checked if the tide just above it is 
unchecked, otherwifie It should not be checlced. If, however, the 
tld"e hns become diurnal and only one high and one low water 
()('cur during the tidal day, these should both be checked. Second: 
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The lligher hlgll waters and lower low wuters thus checked shoultl 
b<· snmmed und the results entered in the spaces provided In th<" 
column of "Remarks " on the back of the form. Third: Obtain 
the means and enter the results 111 the line below the sums. Fourth: 
Subtmct the mean of all the high waters from the mean of the 
higher high waters and enter the difference after the symbol 
DHQ on the back of the form. Flftll: Subtmct the mean of the 
lower low waters from the mean of the low waters and enter tht• 
ditforencc nfter thc s~·mhol DLQ. Sixth: Correct the DHQ and 
DLQ In accordance with paragraph 506. 

502. Correction for the longitude of the moon's node.-The moon',; 
node Is the place where the hmar orbit intersects the ecliptic or 
earth's orbit, and the posltlo11 of the node is continually changing. 
The effect of this rhange In the longltmle of the noile Is to vary 
the muxlnmm decllnntlon of the moon by more tllun 10 degrees. 
there being periods of years <luring which this maximum Is lesR 
thun thot of the ecliptic, and other periods of years when the 
maximum clecllnatlon of the moon ls greater than that of the 
ecliptic. A C'.hange In the moon's declination affects both the 
mean mnge nnd the cllurnal lnequulltles of the tide, so that these 
quuntltles ns founcl from observations for uny year must he 
<'Orrected to obtuln a tnie mean value. 

503. To correct the mean runge for the longitude of the moon'H 
node, apply the factor "F(l\fn)," or "Fuctor for mean range," 
which muy be obtalnecl from the following table for the years 1915 
to 1934. The factors hnve been computed for the middle of each 
year, but us they change very slowly, the same value may be 
taken for nny month of the year. The line In the table from 
which the value Is to be taken Is determined by the argument 
2 (DHQ+DLQ) which may be computed to one decimal place from ---Mn __ , 
the uncorrected values of DHQ, DLQ, and Mn as obtained from 
Form 138.· 
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504. Factor l'' ( M11) .-Por red teeing tlt<J> observed t'aiige of tide to 
its mean iia l11e. 

- I 

192311024 
2(DHQ+DLQ) 

1915 i 1916 1917 1918 1919 1920 1921 1922 Mn 
I -------------------/·-· I O.Oto0.2 ............. 1. 02 ! 1. 02 1. 01 1.00 0.09 0.08 0.97 0.07 o. 07 i o. 98 

o. 3to0. 4 ............. l. 0211. 02 J.(Jl 1. 00 .911 .98 .111 .. 97 • 97 \ .98 
O. 5to0. 6 ............. 1. 02 1. 02 1. 01 1. 00 ,99 .08 .118 .U7 .97 .98 
o. 7to0.8 ............. l. 02 1. 01 1.00 1.00 • 99 .98 .08 .98 • 98, . 9R 
O. Oto 1. 0 ............. 1. 02 1. 01 1. 00 1. 00 • 99 .99 .98 .98 .OR I .98 
1.1 to l. 2 ............. l. OJ J. 01 1. 00 l. 00 .oo .09 .oo .98 :m :: 1. 3to1.1 ....••....•.. 1. 01 1. 01 1. 00 1. 00 1.00 .99 ,99 .~9 
1. 5to 1.6 .....••••...• 1. 01 1. 00 1.00 1. 00 1. 00 .99 .99 • 9 .90 I .911 1. 7to1.8 ............. 1.00 1.00 1.00 1.00 1.00 1.00 l.OO 1.00 l. ()() l.00 
.. 

2{1JH'finDLQ) .J 1925 ! 1026 

I I I I 

~~~tl928 1(129 19.'l-O 11931 1932 1003 1934 

--· --···--------
o.otoo.2 ••••....•.••• 0.98 O.Q.9 l. 00 1. 01 1. 02 1. 03 1.03 1.03 1.03 1.02 
0.3to0. 4 ............. .98 ,99 1. 00 1. 01 1.02 1. 03 1. 03 1.03 1. 03 J.02 
o. 5to0. 6 ............. .98 .09 1. ()() 1. 01 1. 02 1. 02 1. 03 1. 03 1. 02 1.02 
o.1too. s ............. .98 .911 l.00 l. 01 1. 02 1.02 l. 02 l.02 l. 02 J.02 
o. 9to 1. o ............. .99 ,99 l. 00 1. 01 l. 01 1. 02 l. 02 l. 02 1. 02 1.01 
l. ltol.2 ............. .99 J. 00 l. 00 1. 01 1. 01 l. 02 l. 02 l. 02 1. 02 1. 01 
1.3to 1. 4 ............. .90 1.QO l. 00 1. 01 l. 01 1. Ol 1. 01 1. 01 J. 01 l.Ol 
L5to1. 6 ............. l. 00 I. 00 l.00 1. 00 l. 00 l. 01 1. 01 1. 01 l. 01 1.00 
l. 7to 1.8 ............. 1.00 1. 00 1.00 1. ()() 1.00 1. 00 1.()() 1.00 l.oo J.00 

-
505. ll'or stntiOus ou tl1e .Atluutic coast of tile r;u!ted Stutes 

frou1 Muine to Florida, 2 (DHQ+DLQ) is usuully !lIDull, 1md If 
.llln 

the \'nlues of DHQ und DLQ huve not been obtnined, the top line 01' 
the table may genernlly be tnke11 wltlwut mnterlal error. For stu
tlons on the coust of the Gulf of Mexico from Key West to the Rio 
Grun<le, the meun runge of the tl<le is very small und the fncto1· 
p (Mn) need not be apvlle<l. For other locnlltles, whe1·e DHQ uu<l 
DLQ are usuully computed, as 011 <rnr Pacific coast, Alaska, etc., the 

value of 2 (DHQ+DLQ) ~hould be ohtnlne<l and entered in the 
Mn 

spttce provided in the bending on the buck of Form 188. If it 11:1 
larger thnu 1.8, no correction need be applied to the meun runge. 

508. '.l'he <llurn11l ineqn11lltles DIIQ, DLQ, should be correctecl b~· 
the fllctor 1.02 F'., which muy he obtained from the following table 
tor the years 1915 to 1934. These factors buve been computed for 
calendar months and runy be· used wltliout modltlcntlon for series 
of 29 days beglnnJng on the 1st dny of the 1rionth. ·If n 29-day 

13027°-21--12 
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series begins on any other day of the month, the factor ruuy he 
obtnined from the table by interpolation. 

507. Factor 1.02 F •. -For correcting DHQ and DLQ. 

MonLh. 1915 1916 191711918 1919 1020 1921 1922 1923 1924 

-- ____ ! __ ------------
Jan ••••••••••••••••••. 0.81 0.83 0.86 o. 89 0.92 0.07 1.01 1. 03 1.03 1. 02 
Feb •....•.•.•......... .94 .97 1. OJ 1. 05 1.11 1.16 1. 22 1. 26 1. 26 I. 23 
Mar •.•••••••.•.••••••. 1. 08 1.11 1.16 1. 21 1. 211 1. 37 I. 45 ]. 49 1. 49 ). 46 

~~:::::::::::::::::: I. 01 I.03 I. 08 1.13 1. 21 ). 27 1.33 1. 37 1.36 ]. 33 
.86 -.88 . 91 .96 .99 1. 04 1.08 1.10 1.10 I. 07 

June •.•••.•••••.•••••. .78 .81 .83 .86 • 91 .94 .07 .98 .08 .96 
July •.•••••••••••••••. .82 • 84 .86 .90 • 05 .98 1. 01 1.03 1.02 1.00 
Aul( ..••••••• :-•••••••• .95 .08 1. 01 1.06 1.13 1.18 1. 22 1. 24 1.23 1.19 
SepL •••••••••••••••••. 1.10 1.13 1.19 1.26 1. 3' 1. 42 1. 48 I. 51 1. 48 1. 43 
Oct ...........•....... ]. 02 1. 05 1.11 1.17 1. 23 1. 31 1. 35 1. 37 1. 35 1. 30 
Nov ....•••.••••..•... .86 .88 .92 • \l6 I. 01 1.06 1.09 }. Oil 1. 08 1. ().I 
Dec .......•...•..•.... . 81 .82 • 85 .89 .92 .96 .98 .YB .97 .94 

Month. / 1925119~6 ;927 1928 ;~ 
--

193211933 , 1934 1930 1931 

--------- ------------- ----\--
Jan •••••.•.••••...•... 0.98 0. 94 0.90 0.86 0.!13 O.R2 o.ro 0. RO 0,80 I 0.82 
Feb .................. 1.17 1.12 1.06 I. 01 .98 .95 .93 .03 .93 .95 
Mar ................... I. 37 1.29 1. 22 1.16 1.11 1. 08 1. 00 1.-06 1. 06 1.08 

~~:::::::::::::::::: 1. 26 1.19 1.12 1.07 1.03 1.00 .99 .99 1.00 1.02 
1. O'l .98 .93 .90 .'irl .85 .84 • 81 .85 .86 

Jnnc .............•.... .92 . 88 . 85 . 81 • 79 .78 . 77 • 77 • 78 . 70 
July ..•..•............ .1!6 .91 • 8(i .M .82 • 81 .80 . so . 81 .82 
Aug .................. 1.13 1. 07 1. 02 .98 .U5 • 9:J • 92 .92 .93 .95 

~6!t~:::::::::::::::::: 1. 43 1. 26 1.19 1.13 l. 09 1. 07 1. 06 1. 00 1.07 1.10 
I. 22 1.15 1.10 I. Ol 1.01 1. 00 • 09 .09 1.00 1.03 

Nov .................. 1. 00 .95 . 01 • 88 .85 .84 .83 .83 .84 .87 
Dec •••••••••••••••.••. .90 .86 .83 . 80 • 79 • 78 • 77 • 77 • 78 .80 

508. Annual inequality in mean sea level.-At most stations 
there is u va1fatlon in the reading of menn seu level upon the 
stall'. ut different times of the yenr, depending In general upon 
the i;;easonal changes in the direction und strength of the wind, 
and In river stntlons ulso upon the mlnfull or melting snow. 
There ls a rough periodicity In these vnrlatlons of meun sea level, 
but they can not accurately be foretold. The inequality rnny to 
some extent be eliminated from a short series of obRervatlons by 
a ~omparlson with slmultunevus observation at a ueur-by station 
where the tidal planes huve already been determined from u long 
series of observations. 

509. c·om:parison of simultaneous Observations (li'Ol'lll 24~, fig. 
27) .-If tidal du ta buve been well determined for one station, 
satisfactory datu for another station ncnr by may geuerully be 
obtained by observing the tides simultuneously for several days 
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at the two stations an<l corn1mring the results. For this purpose 
there should be at leust two days of both day an<l night tides 
observed, and if the stations are very far apart u longer serlei-; 
should be observed. It is generally most satisfactory, especially 
when there ls u large diurnal Inequality, to have the tides <:ou1-
pured consist of n whole number of tidal days so that the num
ber of higher high waters, lower high waters, higher low wnters, 
und lower low waters will be the same. 

510. Explanation of Form 248. (See page 170).-This form Is 
designed for the comparison of tides at n subordinate station for 
which tidal results are sought, with the tides observed simulta
neously at a staudard station for which tidal constants are known. 
For short series of observations the high and low waters obsen-ed 
ut 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 dHYerenccs are to be obtained 
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, nnd height difference. For stations on 
the Pacific coust, where the plane of reference Is mean lower low 
water, the 11elghts of the higher high, lower high, higher low, and 
lower low wnters are to be summed separately, the higher higlrn 
und lower lows b<>lng indicated by pencil check marks. I•'or Btn
tlons on the Atlantic coast, where the plnne of reference Is mean 
low water, the heights of the high waters may be all combined 
Into a single sum, untl similarly the low water heights; tlie head
ings of their sums being made to rend HW and L,V, respectively, 
hy striking out the extra letters. All mean results should be given 
to two lleclmals of its unit, whether hom· or foot. If uny !nlll
vidual difference varies greatly from the upparent average, and 
an examination of the original record fulls to show an error, that 
dlff'erence should not be included in the sum ; and such a value 
should be encircled to show that It has been rejected. 

li'or stations on the Atlantic coast omit (4) to (9), (14) to (19), 
(25), (26), and the computation of DHQ and DLQ at the bottom 
of the form. Take (10) =mean high water height nt the suborcll
nnte station, (11) = mean low water height at subordinate sta
tion, (20) = mean high water difference, and (21) = mean low 
water llill'erence. 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 dlfferimce in longitude (2) may be obtnlned 
from the following table. Find the dilTPrence In longitude by sub· 
trncting tlle longitude of the suborclinate station from the longi
tude of the standard stut!ou, considering west o.s positive and east 
us negative. The correction has the same sign as the resulting 
difference of longltutles. If the kind of time used ut the two stu· 
tions is different, apply this difference, expressed In hours, to the 
difference In the time of tide us directly obtained, adding If the 
time meridian of the subordinate station Is west of the time 
mei·ldlan of the standard station, and subtracting If the time 
meridian of the suhordinute stntlon Is l.'ust of that of the standard 
stutlou. 

511. Correction for difference in longitude.-

DU· Correo-ii Dlf· lcorrec-1 Dlf· Corroc-J Dlf· 1corroc-\ Dll· Correc-1 Dlf· 1 Corrt'O-
~ ·~ ,~ ~ ~ ~ 

. ~· ~'.:J:noe. ' tlon. ence. tlon. I ~ tlon. I once. tlon. j ence. ;~ 

• Ilour, i I • Hour. ,II • I /lour. i • Hour. • Hour. • llnur. 
l 0. 0-39 .1

1 

31 2. 139 61 4. 209 
1
. 91 6, 279 121 8. 349 I lo! 10. 420 

2 0. 138 I 32 2. 20.'l . 62 4. 278 92 6. 348 122 8. 41R · 152 JO. 489 
3 0.201 I 33 2.211 .; G3 4.347 g3 o.417 123 s.487 • .153 10.658 
4 0 27G I 31 2, 34G ! 04 4. 416 94 0. 486 124 8. 556 I 154 10. ()27 
5 0. :Hs. , 35 2. 415 ! fili 4. 485 95 6. 555 125 8. 625 · 155 10. 096 
6 o.4U :in 2 .. 1s1, G6 4.554 96 6.624 120 8.6~4 · 155 10. 755 
7 0, 4R.1 37 2. 553 ; 67 I 4. 023 97 0, 693 127 8, 7fl3 157 10, 834 

: g:g~i 1 ~ l ~:m 1 ~~ f ::m ~~ u~: m ~:~i m rn:~ 
10 o. ooo 40 2. 7M ' 10 : 4. 830 100 o. goo 130 8. 970 100 11. 041 

11 0. 759 41 2. 829 71 i 4. 8119 101 0. 909 131 9. 039 101 11.110 
12 0.828 42 2.8!18 72 I 4.008 102 7.0.1~ 132 9.108 162 11.179 
13 0. 897 43 2. 967 73 ! 5. 037 103 7.107 133 9. 177 103 ll. 248 
14 0. 900 44 3. 030 74 i 5. 106 104 7. 176 134 9. 246 164 11. 317 
15 1.035 45 :1.105 75 I 5.175 j 105 1.24s 11:is 9.315 rns 11.386 
16 1.104 46 3.174 76 5.2H 100 7.314 130 9.384 166 11.41iS 
17 1.173 47 3.243 77 i 5.313 I 107 7.383 137 9.453 167 11.624 
18 !. 242 48 3. ~12 71l : 5. 382 108 7. 452 . 138 9. 522 • 168 11..193 
19 1. 311 40 3 . . 1R! 70 i 6. 451 100 7. 521 I 1.19 0. 591 I 169 11. 6112 
20 1. 380 I 50 3,.150 80 ! 5. 520 no 7. 5go 140 9. ooo J 170 11. 731 

21 1. 449 51 3. 510 81 5. 589 ln 1. 650 I 141 9. 120 , 171 : u,soo 
22 l. r.1~ r,2 3. !jRg 82 5. C.58 112 7. 728 142 o. 708 . 172 11. 869 
23 I 1. ;,~7 53 3. 057 I 83 6. 727 113 7. 707 143 ll. 867 173 11. 038 
21 1.or,a 54 a. no 84 5. 796 114 7.8no 144 o.9:l6 174 12.007 
25 I ·1. 725 55 3. 7!15 85 5. SM 115 7. 935 1-15 10. 005 175 12. 076 
20 . 1. iUt 56 3. 864 86 5. o:l4 116 8. ()(H 146 10. 074 170 12.145 
27 / 1. M1 r.1 3. 933 87 o. nm 117 ll. 073 111 iu. 143 111 12. 214 
28 I 1. 932 [18 4. 002 I 88 0. Oi211!8 8 14211148 ,10. 212 II 178 12. 2~ 
20 2. 001 59 4. 071 I 89 6. 141 119 s: 211 HU 10. 281 179 12. 352 
30 I 2. 070 (l() 4.140 llO (), 210 120 8. 280 150 10. 361 180 12. 421 

I 
-~-~~~;;_~.:-~-"~--'~~.:.:...~...:.....,___::..._~~~~~~~~ 
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D!f- Correc-il D~- -~orrec_il D!f- ~orrnc-1 Dlf- :C~~~i1·Dif-1correJ Dlf--,~~~~c-
rer- ti ror- tf I fer- ti ' for- I ti I fer- ti I fer- tlon. 

1111eo. on. 
1 
ence. on. enoo. on. i, enco.1

1
, on. ·.· enco. on. , enoo. 

1_1 ___ _ 
--, -I ~our. !-,- Hour. 1,-,- llour. 1 - ' - i Hot:r-. !'--, -- \ Hnur. i ' I Hour. 

1 0. 001 l 11 o. 013 21 0. 024 , I 31 I 0. 036 I 41 0. 047 I 51 0. 059 
2 0. 002 ' 12 o. 014 22 0. 025 'I 32 ' 0. 037 I 42 0. 018 52 0. 060 
a o. 003 I 13 o. 015 23 0. 026 i. 33 I o. 038 ; 43 o. 049 1 53 0. 061 
4 o. 005 . 11 o. 016 21 o. 0'28 34 I o. 039 • 44 o. 051 . 54 o. 002 
5 o. ooo ' 15 o. 011 25 o. 0:.'9 : 35 o. 010 1 45 o. 052 I &5 o. ooa 
6 0.001 16 0.018 2u o 030 I 36 0.041 1 411 o.053 1

1 

.. , 511
57 

0
0 

.. 00
006

4 
1 o. oos ! 11 o. 0'20 21 o'. 031 . 37 o. 013 ; 47 o. 054 
8 0. 009 I 18 0. 021 28 0. 032 \ 38 l 0. 044 I 48 0. Oli5 58 0. 007 
g 0. OJO ; 19 o. 022 29 o. 03.3 I 39 o. 0451 49 0. 0;~1 q 5600 00 .. ~ 

10 0. 012 ! 20 0. 0'23 30 0. 035 I 40 0. 046 50 0. 0fi8 VW 

, I II ,\ -----
512. Planes of reference.-Upon the Atlantic and Gulf coai>ts of 

the United States, including Porto Rico and the Atlantic coast of 
the Panama Canal :lone, all soundings are reduced to mean low 
water. Corrected meuu low water ls obtained by subtracting 
one-half of the corrected mean range from the correcttld mean tide 
level. In localities where the mean rise anrt fall of tbc tide ls 
less thnn 1 foot, as in the greater part of Albemarle and Pamlico 
Sounds, a plane oue-hulf foot below the mean wate1· level should 
be taken as the equivalent of tile datum of mean low water. 

Upon tbe P:JcUic coast of the United States, Alaska, Hawaii, and 
the Phillppines, all soundings are reduced tu the plane of mean 
lower low water, except that for Wrangell Strait the datum is 
3 feet below mean low<!l' low water. Corrected mean lower low 
water is obtained by subtracting the corrected diurnal low-water 
Inequality (DLQ) from the corrected mean low water. 

Upon the Puclflc coast of tlie Panama Cuna! Zune the sound
ings are reduced to the plane of mean low wuter springs. For 
this datum the spring range of tide Is ilrst obtained from tht• 
high und low waters observed ut the time of new and full moon. 
One-half of the spriug range Is then subt1·acted frnm the mean 
tide level to obtain meau low water springs. 

513. Difference in time of tide.-When there is much dl1Tc1·ence 
in the time or height of the tide at the place of sounding and at 
the tlrte gauge, allowance shonl<l be made in the reduction of the 
S(/Undlngs. Tl1e difference 111ay generally be Pstlmated from ob
t1ervatio11s made ut severul stutlomi in the vicinity of the work, 
but when it has been impossible to estnbllsh more than one tide 
station In the locrrllty, the following fornrnln may be useful 111 
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estlmaUng the velocity of a p1·ogresslve tidal wave, and enable 
one to obtain the approximate dlfference in the time of the Ude: 

v=..fiJ.=5.67../ii feet per second, 
when u=32.17 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 ~~~=0.592, a.nd we have 

v=3.3&./d nautical miles per hour. 
The time required for the tide wave ls 

6080 17 .87 . . l mil t=6ox5.672-.jct= ../d mmutes per na.ut1ca e. 

6280 15.51 . ·1 
t 60X5.672,,jd ../d nunutcs per statute mi e. 

For convenience the following brief table ls given: 

Time required for the tide wave to travel. 

Depths. 1 nautlcnl 1 statute Depths. 1 nautical 1 statute 
mile. ml!o. mile. mile. 

FaOwma. Minulu. Minulu. Fathom•. Mintltta. Min!Uea. 
1 7.3 6.3 9 2.4 2.1 
2 5.2 4.6 10 2.3 2.0 
3 4.2 3.7 lli l.9 1.6 
4 3.6 3.2 20 1.0 l.4 
6 3.3 2.8 30 1.3 1. ll 
0 3.0 2.0 40 l. 2 1.0 
7 2.8 2.4 50 1.0 0.9 
8 2.6 2.2 60 0.0 0.8 

514. Bench marks.-A bench mnrk is a definite point on n per· 
manent object used as a reference for elevations. No matter how 
temporary the occupation of a ti<le station ls, If any plane of ref
~rence ls computed or assumed, the Ude staff should be referre1l 
to nt least three permanent bench marks. This is of great Im· 
portnnce to mnlce the results of the tidal observations available 
for future use. These murks should be sufficiently scattered so 
that they are not likely to be all destroyed by a common cause. 

515. Qualities of a good benoh mark.-The princ!pnl qualities ot 
a good bench mark are thnt It ls not likely to be destroyed or itR 
elevation changed, and that it may be easily found and identified. 
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It should be so pluced that a levellng rod can be helll vertically 
over· it. A mark set horizontally ls generally more convenient1 to 
use than one set in a vertical wall. In a settled community perma
nent and substantial buildings atrord the best locution. In u 
rocky country, 11 ledge of rocks will serve. If the ground is 
sandy, a muss of concrete containing not less tllan a cubic yard 
of material and burlell so that Its top projects a few inches above 
the surface of the ground, will generally constitute o. suitable 
foundation for the bench. For u concrete bench murk, 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 llable to settle. Wate1· hydrants, curbstones, and growing 
trees are very unsatisfactory as bench marks except for tempo
rary use. 

516. An identification mark is required, for no mutter how well 
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 pructlco.ble 
to do so, ls the standard dlsl[ 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 l<'INE OR IMPIUSONMENT l•'OR DISTURBING THIS 
MARK." The disk beneh mark has o. shank about 3 inches long 
for insertion in n building or other substantiul support. It should 
usually be set with its face flush with the wall nud secured with 
cement. On the face is a short llne, which should be p:aced hori
zontal and which sen·es us the reference point. The disk bench 
mark may with adrnntage be set with Its stem vertical in rock 
or cement, In which position it ls more convenient to place a rod 
on than when set in a wall. The cup 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 n muss of concrete, the top of the 
pipe projecting a few inches above the ground. This cap bench 
murk may be set directly In the top of a concrete base, when no 
suitable pipe ls available. In the center of the top of cap is 11 

space inclosed by a circle which is tlle point of reference. When 
u 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 u number 
thnt hus previously been assigned to another bench mark tn 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 
nnd 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 1n some 
cases a drill bole, will serve to indicate the point on which the 
leveling rod was held. The addition of lettering, especially ln 
rock, wlll make the identification more certain. In a rocky ledge 
subject to weathering, a copper bolt ls desirable, us u cross or 
inscription may become too indistinct to identify with certainty. 

518. Permission from the Treasury Department to place stand
ard disk bench marks on anN Federal building bas been obtained, 
as Indicated. by tlle following letter: 

TREABUUY DEPAR'rHENT, 
WMMngton, Nov~mber 11, 191.f. 

'rhe honorable the SECRETARY OF COMMERCE, 
Wt18M11gto11, D. o. 

Sm: By direction of the Secretury I hnve the honor to acknowledge 
the receipt of your communlcatlon of the 7th Instant, t·equestlllg that 
permission be granted to the officers of the Coast and Geodetic Survey 
to place on the Federal buildings under the control of this department 
~mall Jnscrlbed metnl tablets, which n1·e to be used as bench marks in 
connection with the system of leveling, the custodians ot the buildings 
to designate where the tablets are to be plnced. 

In reply, you are advised that no objection will be interposed by this 
department to the placing of tile tablets on tbe VBl'lous publlc buildings, 
us desired, and tbls letter, or a copy thereof, upon !ts presentation to the 
custodian of a Federal building, Is to be considered by him as his author
ity tor permitting the placing ot one ot the tablets on the building in his 
custody. 

Respectfully, 
B. ·R. NEWTON, 

ABBlBta11t Secretary. 

Gl9. Leveling.-The bench marks aud ,tide staff should he cure· 
fully conne.cted with each other by forward and backwa1·d llnes 
of spirit levels. Great care should be taken to ~eep 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), 01· for dlstnnces under 500 feet by more tbnn 0.015 
foot, both the forward and backward measures ure to be repeated 
until the difference between two such ·measures falls within the 
llmit. 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 ben<'h marl;:s that can be recovered 
Rhould be connected with the tide stuff by sp!r\t levels. It is 
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desirable that bench murks established by other organizations, 
and also city and railroad datums, should be connected with the 
Survey bench marks. 

1520. :Record of bench marks and leveling.-Before leaving the 
general locality where bench marks ham been established, a de
scription of each one must be written and sent to the omce, 
together with the leveling record, and must also be written in tbe 
Tide Book, Form 277, when this Is used for recording staff read
ings at the station, or in the Leveling Record, Form 258. Care 
should be taken to make the descriptions of the bench marks as 
clear and distinct as possible, and sufilclently complete to enable 
another person to rencllly find and identify the marks. 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 
he 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 Inclined to enter the scale read
ing rather than the actual staff reading on the marigrum. The 
value of many of our tidal records hus 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 ls some 
special reason for leaving the scale on the gauge, It may be r(~

moved and returned to the offlce. 
1522. 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-lfne pencil should ·be set nenr 
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 
weight, it Is generally desirable to carry each supporting cord over 
a pulley In the ce11lng of the tide house. After these adjustments 
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have been made, there will be no occasion for the tide observer 
to change them unless the flout wire breaks or other accidents oc
cur: When this happens the observer should enter a clear explana
tion of the fact on the tide roll. Such changes are very undesir
able except when actually neceSsary, and the observer should be 
so informed. 

523. The position of the float in the well should be examined to 
. ascertain lf it ls free to move within the limits of the tide without 
scraping on the sides of the flout 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 box being clogged 
with mud, barnacles, or other matter, the opening should be 
cleared. 

524. The tide stat? should be examined to see if it is in goOd 
condition. If there is more than one stair 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 u 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, us it may happen that some obstl'Uc
tlon Jn the guide will prevent the staff from being lowered to the 
position indicnted by the shoulder or angles attached to the staff. 
If there appears to have been a change in the position of the stal'f, 
ascertain, if possible, from the tide observer or other source, the 
time when such change took pince, us this Jnformatlon Is very 
important ln the interpretation of our records. The fixed guide 
for the portable tide stat! should be examined to see that it is in 
good concUtlon. 

525. As many bench marks as practicable should be connected 
with the Ude !'ltnff by spirit levels. If there is more tlwn one 
stal'I' at the station, all should be conneoted with the bench murks 
by levels. If u portable staff is used, it should be placed in posl
tlon to determine Its true relntion to its support. At permanent 
tide stations not less than five permanent bench marks should 
he mninto.lned. One of these should be as rienr the tide stntr as 
practicable to n:lrord n ready means of checking the elen1Uo11 
of the stn1f. It is also desirable that a temporary murk be pluced 
directly alongside of the stn:lr, which would enable the staff to. 
be replaced without the use of n lever should lt be removed from 
nny cause. The present condition of the bench mnrks should be 
noted, clefideucles In the descriptions supplied, and new marks 
el'ltnbllshecl when necessary. 
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526. A separate report shoultl be nmde for each tlcle station in
spected. This report should inclucle recommendations concerning 
repairs to the station, with an ei;tlmute of the cost whenever It ls 
possible to do so. 

627. Estimates for the inspection of tide stations should be sub
mlt~ed as soon as possible after the receipt of Instructions. A 
small amount should be Included to cove1· small Inclclental repairs 
which may be required, and these rC'pulrs should be made If pos
sible while the inspecting officer ls at the station. At remote 
stations, when repairs are urgently requh'ed which exceed ln 
amount the sum allotted for repairs, and when It ls desh·able tllat 
these repairs be made while the inspecting oflicer Is ll t the stutiou, 
to avoid the expense incidental to senrllng some one else to super
intend the work, telegraphic approval of the estimates for this 
work should be requested from this oflice In case circumstances 
will not permit the delay of obtaining authority by mail. 

CURRENTS. 

528. General remarks.-Cnrrents are of two types, tlclal nnd non
tidal. Tidal currents are due to the tides and nontl<lal current~ 
are due to winds, land-water dlRcharge, differences of density, and 
other such causes. What chiefly distinguishes these two klnds of 
currents from ench other ls the fact that tidal currents are 
periodic .while nontldnl currents are not periodic. 

In passages from one bocly of water to another, In narrow en
trances to bays and In constl'lctcd parts of rivers, currents fre· 
quently attain conslclerable velocity. In such plnces, as well a~ 
off capes and wherever strong currents or countercurrents are be
lieved to exist, current ohserYatlons are desired. 

529. Location of stations.-'fhe location of each current station 
i;houl!l be determined by angles between three or more objects 
plotted on charts or hydrogrnphic sheets, and anglC's should be 
taken during both flood and ebb. When obsen·lng currents off
shore out of sight of. land the position of the station should be 
given by latitude and longitude with as much preclRlon as the 

· meunR at hand will permit. In all cases sonndlngs should be fre
quently made, ns these aid In Identifying the station. 

1530. Length of observations.-Contlnnous observntlons covering 
a period of at least 2 tidal days 01· 50 hours are desirable. In 
every case the nlm should be to secure nt least 2!3 homs of con
tinuous obsermtlons. In places where daylight observations only 
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are feasible two sets of observations should be made, each covering 
a period or 2 days and separated by an interval of 1 or ·2 weeks. 

1531. Frequency of observations.-Observntlons should be made 
as frequently as practicable and prefernbly at definite intervals 
-0f time, as quarter-hourly, half-hourly, or hourly. Near the time of 
strength of current It ls of advantage to make observations every 
10 minutes or even oftener. 

532. Measuring current velooity.-For measuring- the velocity of 
the current either a log line and current pole or a current mete1· 
Is generally used. Where dangerously swift currents prevent the 
anchoring of a boat the velocity of the current may be determined 
by noting the time taken by a free float to pnss 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. 

1533. Log line.-The log line should have a sufficient length of 
stray Une to permit the current pole to attain a position beyond 
the effect of the disturbed waters Jn the wake of the vessel. One 
hundred feet of stray line ls generally satisfactory. Part of tWs 
stray line sboul<l be much heavier and stronger than the log line, 
because lt ls· used to lift the heavy-curl'ent pole out of water; 
A one-hnlf inch rope is often used for the ft1·st 25 feet of stray line, 
to which is attached n log Une three-sixteenths of an inch ln 
dlnmeter. 

When the log line has been thornughly wet, It ls marked by 
tags or otherwise into principal divisions representing knots, 
-0r nautical miles per hour, and secondary divisions for the tenths 
Qf n knot. The length of these divisions wlll vary according to 
the period of time that the 1loat ls allowed to run, and may be 
conveniently found from the following equation: 

6080 ' 
K=Tx3600=1.6889X T. 

Where K=the length In feet of the graduation representing one 
knot, 

T=munber of seconds during which the pole runs out. 
The log line should preferubly be marked for an observation 

Interval of 60 seconds for use with a stop watch into principal 
divisions representing knots, each 100 feet 4 lnc11es fn length. 
Tenths of knots wlll then be shown by lengths of 10.18 feet, 
which should be marked In a suitable mnnner. · 

Occnslonally, as with very strong or very weak currents; it le 
more convenient to use n shorter or n longer time Interval. ln 
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that cwse the following fol'mulu will give the velocity. If L= 
length of llue in feet run out durlng an interval of T seconds, the 
''eloclty 1n knots ls 

L 3600 L 
V=TX 6080 =0.592 ·:!" 

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 u note to that effect entered 
into the record book. 

Velocities expressed in feet per second may be converted into 
knots, or nautical miles per hour, by the following equattm;i.: 

V=Fx 3600 =0 5921XF. 
6080 . 

Where F=tthe velocity in feet per second. 
534. Current pole.-This is generally n pole or other eyUndrical 

body 2 or more inches in diameter and from 6 to 20 or more feet 
in length, according to the depth of cmTent to be measured. The 
pole may be made of wood or of sheet metal, and In either case 
is to be wei~hted nt oue end so us to float yertlcally with nbout 
1 foot out of wnter. The weight of lead or other material required 
may be estimated from the following equation: 

W=64 r'?t ( lr-1 )-w, in pounds. 
Where 64=pounds In 1 cu. ft. of sen water. 

r=rndlus of pole, in feet. 
'11"=3.1416. 
L=length of pole, in feet, which is diminishe<l by t 

because 1 foot ls out of wnter. 
w=welght of pole, in poun!ls. 

When a wooden. pole Is used, while most of the lead wny be 
a solid casting, some of It should be fn the form of sheet lead 
wrapped around the lower part of the pole and secured by 11 

nail; for the pole wlll absorb water after it has been ln use 
some time, us wlll be indicated by u gradual decrense in th1• 
length of pole above wnter, nnd then by unwrapping n portion 
of the sheet lend, and cutting It oil', the . former line of flotntlon 
may be restore<.1. 

595. Observing with log line and pole.-The r<>el carrying the 
log line should be mounted 11pon n stand or other support. About 
five mlntites before the time for observations lower the pole into 
the water and allow lt to run out the length of the stray line. 
On the exact time for observing, release tbe line and press the 
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stem of the stop watch. If necL'S.SW'Y assist the liJle by hand, but 
do not pay out faster than the pole cau take it away. When 
the stop watch hus completed one minute, stop the reel and at the 
sume instant press down the stem of the stop watch. Theu count 
the number of knots and tenths thtlt have run off the log line. 

538. Direction of eurren.t.-For determluiug the direction of the 
current one of the two1'.ollowing methods may be used, either.alone 
or preferably together: (a) Measuring with a sextant the angles 
·between the pole and fixed objects on the shore; ( b) noting the 
nngle the. cu1·rent line makes with a graduated circle called a 
pelorus. 

637. Vie of the aextant.-Wheu measuring the angle betweeu 
the tloat and some fixed object on shore, the angle should be 
marked "R" if the fioat is to the right of the object of reference 
and " L" if it ls to the left. 'l'his rule should be invariably fol· 
lowed. In using fixed objects on shore for ·azlumth, It Is ot ad· 
mntage to choose objects rather remote and few ln number. 

538. Use of the pelorus.-A simple form of the pelorus consists 
of a circular brass disk about S inches in diameter graduated 
every 10 degrees, from 0° to 860°, clockwise. It Is fastened to. the 
boat so that the 0° and 180° marks fix 11 for.e-und-after Une parallrl 
to the keel of the ship with the 0° forward. 

After the cu1·1·ent pole hall run out the observation interval for 
determining the velocity of the current, the log llne ls st1·etcbe1l 
across the center of the pelorus and the angle made by the line 
to the nearest. 5 degrees I.a recorded. The hendlng of the ship 
by the ship's compass nt the same time ls noted, which, with the 
pelo1'lls reading, gives the dlrection of the current. . 

When the log line ls stretchccl across the pelorus, two .IUlgle:s. 
dii?ering from each other by 180°, are determined. In order 
that no confusion may nrlse, that arc Js rend which is farthest 
away from the pole. This will Ile the forward semicircle of the 
pelorus, unless the pole happens to be drifting forward of the 
beam, when the ofter semicircle ls rea11. 

639. Current meters.-All meters whose ·measurements depend 
upon the 1mpnct of water against u rotatblg wheel or p1·opeller 
should be rnted at frequent intervals. Thlt< may be done nt tlw 
Bureau of Standards or may be accomplll:lhed by attaching the 
meter, well submerged, to the bow of the boat and drawing 1t 
nt uniform rntes through still water. The bout ls d1·iven at vari
ous speeds over u measured course nnd the number of revolutions 
of the meter per second is noted. A rating curve may .then be 
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drawn by plotting on c1·oss-section puper the speed in feet per 
second as abscissas und the revolutions per second as ordinates. 
With all meters sent out from the office rating tables will be fur
nished. 

540. Use of current meters.-In smooth water measurement8 
with a meter may be successfully made within a foot of the sur
face. If waves exist, the measurements should be taken at such· n 
1lepth tbat the fiow appeurs 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 
11 considerable depth, It must be suspendt>d 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 
position. 

When using a meter which meusures velocity only, a current 
pole should be used for determining the direction of the current. 
Cure should be taken to make the average depth of the resisting 
surface of the pole about equal to the depth at whlch the meter ls 
suspended. Another method for ascertaining the direction of the 
current at the depth of the meter Is to suspend a heavy body of 
suitable speciflc gravity to that depth, the position taken by the 
snspendlng wire Indicating the direction of the stream. 

Photostat copies of instmctlons covering the cure of current 
meters may be secured from the office. 

541. Xind of time used.-Slnce it Is desired to determine not 
only the velocity and dh'.ection of the current, but also the time 
of maximum and minimum velocities, correct time ls essential. 
The record should clearly state the kind of time used, whether 
standard time, mean local time, or apparent local time. If stnml
nrd time Is used, as ls generally the case In coastal waters, the 
standard meridian should be spc~clfled. 

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 euch dny; A note In the column 
of remarks of the l'ecord boolc should state the observer's time 
when the comparison was mude, the correct time, and whetlwr or 
not the observer's time wus corrected. 

lf the time Is obtainefl from a noon mark or from sextant ob· 
serYntions upon the sun It can be reduced to local mean time by 
applying the equation of time. Local mean time l.<J reduced to 

, standnrcl time by adding a number of minutes equal to four times 
the number of degrees which the standard meridian ls to the east
ward of the loc1tl merlcllnn. 
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In localities having a water ho1·lzon, the time of sunrise or 
sunset (using the upper limb of the sun) should occasionally be 
noted in the column of remarks. 

543. Record of observations.-The form of record book now 
available for current observations is numbered 270, and all Items 
called for should be filled in as completely as possible. Particular 
attention is directed to the items at the beginnlng of the record 
calling for the deviation table and information regarding the _kind 
of time used, location of stations, and description of current 
npparatus used. 

544. Reduction of observations.-Tbe method used in reducing 
any given series of current observation, other tha_n by the hB.l'
monlc 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 o,: 
reversing type. Olrshore, on both coasts, the currents are· of the 
rotary type. But where&s on the Atlantic coast the currents show 
practically no diurnal Inequality, the Pacific coast currents, both 
of the recti11near and rotary types, show considerable diurnal 
inequality. The method of reduction of each of these types of 
currents is outlined below. 

546. Atlantic coast rectillnear ourrents.-Where the cunent has 
a distinct period 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 hou1·s of the day ns abscissas. Two 
curves will then result for ench dny, one the curve of velocities 
and the other the curve of directions (azimuths). From the 
smoothed. curves there is then entered 011 Form 451 the times of 
slack and strength of flood and ebb, together with the velocities 
and directions pertaining to them. On the same form, under the 
heading "Moon's Tmnslt or H. W., L. )V.," there ls entered the 
times of tide, predicted or observed, at some nenr-by station. If 
no satisfactory tides be nvnllable, the times of tlw moon's upper 
11nd lower transit may be used. The tidal-current or luni-cnrrent 
Interval for ench element of the current Is then entered In the 
proper column, and a mean value fi:om the whole series .of obser
Yntlons derived. 

548. Atlantic coast rotary ourrents.-01l'shore the currents do 
not flow in one general dh·ectlon during the flood and in an oppo
site direction during the ebb. Instead, the direction of the cur
rent changes continually at nn average rnte of about so• per.hour. 
In reducing a series of observations of thls type of curre~t, the 

rno21° -21--13 
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observations ure plotted on cross-section paper, as indicated for 
the rect111near 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 GOT, and the mean 
for nil the hourly values found. Where no suitable tide is nvnll
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. Paci1lc coast reotilinear ourrents.-Because of the consider
able diurnal inequality found In the Paclflc coast currents, some 
modification of the procedure outlined for the reduction of the 
corresponding current on the Atlllntlc coast is necessary. Tl1e ob
servations are plotted on cross-section paper and the times of slack 
and ebb referred to some suitable tide. But It will be necessary 
to distinguish the two high waters and the two lbw 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 distinct, and the means of euch group found 
separately. 

548. Pacific coast rotary ourrents.-Offshore the currents on the 
Pacific coast become rotary. In the reduction of this type of cur
rent the method followed ls that outllned 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 
high and lowe:c 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 efrect of wind or river dis
charge will frequently completely mask the tldul 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 summing for the mean. This 
may easily be done by means of a traverse table, but ts best left 
for computation at the office. 

1550. Winds.-In the open sea the et'fect of u continued wind is 
to cause a nontldal 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 nbOve 
rule. It ls therefore essential that the direction and velocity of 
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the wind be recorded every hOUl' In the record of cm·1·ent obser
vations, so that the local etY.ect of the wind on the curent may b~ 
ascertained. 

MAGNETIC OBSERVATIONS. 

1161, General remarks.-li'or detailed info1·me.tlon in regard to iu
struments and methods of observing reference should be made to 
" Directions for Magnetic Measurements" published In 1911. 
New edition in preparation (1920). 

To secure the best results, particular attention should be pnl•I 
to the following points: 

Be sun~ that all articles of il'on a-na steel. at·e rmnoved to a safe 
distance beforn beginning magnetic observatioM. This applies 
particularly to articles ubout the person of the observer, such us 
knives, keys, belt und suspender buckles, eyeglasses, watch, steel 
in brim of stiff hat, etc . 

. Be s1we that. tllc instrument is level and the level-Yin adjustment 
before beginning observations, especmzi11 in latitucle and azimuth 
o't)servatiolM. 

Be careful. to lceep the magnets a11d di.p needles dry and ctca.n, 
e11pecially the pivots of the dip needles. 

Handle the c7mmometer 10i.th care at all times. 
5112. Equipment.-:--Obse1'Vers engaged exclusively in magnetic 

work are supplied with a complete magnetic outfit, consisting <>f 
theodolite-magnetometer, dip circle, half-secon(] packet chronome
ter, and nonmagnetic observing tent. When magnetic obse1·va
tions are to bC made only, as opportunity ol!ers in connection with 
other branches of the field work of the Survey, tlle L>quipment is 
often less complete, either n dl1> circle with special needles for 
total intensity observations and a. compuss uttachment for deter
mination of the magnetic declinatlon, or simply u compass dec
llnometer for decllnntion alone. In such cases the true meridian 
is usually known from triangulation, or else tlH~ instrumental 
equipment Includes a theodolite and timepiece with wblch the 
necessary astronomic observations cnn be made. 

1153. General aurvey parties working in remote regions, such as 
Alaska 01· the Pbllipplnes, wlll Jn general be furnished with 11 

compass decllnomete1· for measuring the magnetic declination. In 
connection with triangulation where the true u:r.lmuths are known, 
the magnetic declination can readily be obtained, and this should 
be done at intervals of about 20 mlles along the progress of the 
tr1angulation, 01· ut shorter intervals where there is Indication of 
local disturbance. In the regions mentioned thls should be con-
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sidered u regulur purt of ·the work of general survey parties. The 
muklng of complete magnetic observations, including dip and in
tensity, wlll be required only when there are special ·instructions. 
The decllnometer may be set up. directly ut the t."l'iangulatlon sta
tion; or if this Is impructlcuble because of tlrn presence of Iron, .... 
height of. tripod, or other cause, a magnetic station may be estab
lished by alignment between the triangulation station and the 
mark. 

554. Selection of stntions.-The conilitions tu be satisfied In 
choosing ll magnetic station are freedom from present and prob
able future local disturbance, combined with convenience of access. 
A station on suitably situated public proi>ert~;, or property be
longing to an educational institution, is to be preferred, as it is 
less likely to be disturbed. l'roxlruity of electric railwnys, masses 
of iron or steel, gas or water pipes, buildings of stone or brick, 
should be avoided. A quurter of u mile from the first, 500 feet 
from the second, 200 feet from the third and fourth nmy be con
sidered safe distances. The station should be ut least 50 feet 
from any kind of building. If any doubt arises In the ilelection 
of a station on account of tbe possible existence of locnl dis
turbances, two lntervislble polntR u bundred yards or more apart 
should be selected and the magnetic bearing of the line joining 
them observed at both. A lack of agreement between the two 
results Is evlde11ce of local disturbance .. ~· 

5115. Description ot station.-Euch point occuplerl should be de
scribed ''-ith sufficient detail to render possible its recovery. The 
description should begin with the·· general location-enough to 
indicate the park or field in which the station Is situated-this to 
be followed by measured distances to fences or other near-by J:lxerl 
objeets,· und the manner In which the station is marked. It should 
Include the approximate dlstnnce nnd direction from the center of 
town or from some point which can be definitely located on a map, 
so that a rough clieck on the latitude und longitude may be made. 
In case n new stntion ls established ln n locality where observa
tions have been made before, the distance ancl direction from the 
old station should he given if possible. It Is <lPslrnble to give u 
rough sketch showing the relation of the station to surrounding 
objects, lndlcntlng on it the <llrection of north (which should 
always be toward the top of the sketch) and the direction of the 
murks of which the true bearings are determined. 

558. Azimuth marks.-These marks should be well-defined ob
jects us neui·ly in the horlzon as practicable and likely to be 
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available for future use. Where an observing tent is useu, it is 
preferable to have the mark to be used in nzlnmth and declination 
observutlons in a southet·ly direction, so that 1t muy be sighted 
upon through the opening in the south side of the observing tent. 
It should be one-quarter of a mlle or ruore from the station if 
possible, so that a small erro1· in recovering the Rtutlon or a small 
change in the posltlon of the marking stone would not materlally 
atrect the azimuth of the mark. As un angle of 1' subtends nn 
arc o.f approximately 1 inch ut a distunce of 300 feet, the etrect 
at any given distance may be readlly computed. 

557. Marking of stations.-Every stutlon intended for future use 
should be marked in as permanent u manner as conditions will 
wai;l'llnt, to assist in its subsequent recovery, ·using the bronze 
rnagnetlc station marking disk wheneve1· possible. To avoid being 
disturbed the station mark should project little, .ff any, above the 
surface . .of the· ground and should extend 2 feet or more Into the. 
ground. · · -.i 

558. Meridian lines.-When a meridinn line is to lrn estnhllshed 
the'magnetlc 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 tlle description. The llne should, be not., Jess than 
800 feet .long, and extra precaution should be tttken to secure the 
marking stones ugalust future disturbance. The uzlmuth obser
vations must be made with special cure and the computntlons 
revised before. the second stone is set. 

559. :Repeat stations.-:Where observations are to ·he mude at an 
old station for the purpose of determining the srculnr change, 
especlul etrort should be malle to occupy the precise point. ut 
which the earlier. observutlons were ru11de. Any change in the 
humediute surrou.udings should be noted in the clesc1·Jptlon of 
station. : If local condltlous have chuugell to such nn <'XtMt thut 
a reoccuputlon of the· old station ls clearly \lll(leslrntilt\, then a 
new statlor1 must be estulJtlshed. There mny he cnRl'S, howeYer, 
in .which it will be best to reoccupy the okl station nncl nlso estnb· 
llsh a new one, us fo1· example when the olcl station, while not 
Ratlsfylng therequlrementsof future nvullabllity,_mny still suffice 
to determine the secular change since the formet· observations. 
Wheu, owing to chnnge In the lmmedlu.te surroundings m· defect 
of the original description, it Is Impossible to locate the exact 
spot fro1~ the tneasUl'ed distances, the desired result may some
times be accomplished with the aid or the bearings of prominent 
objectii. H11vl11g tllrec well~defined objects .. wbicb were. connected 

.,, . .. . ~ ' . 
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by angular measures at the time of the former occupation, suc
cessive trials with the theodolite wlll serve to locate the spot at 
which those angular measures are 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 chamois or soft tissue paper il.t 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. 
'l'lle dipping needles should be wiped with tissue paper both before 
and after observations nnd the pivots and agate edge.!:! 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 as possible. The bar magnets should be wiped 
after using to prevent rusting and should not b~ allowed to touch 
except at ends of opposite polarity. 

561. Order of observations.-,Vhen a complete Instrumental outfit 
is supplied the observations at a station comprlse morning and 
afternoon ailmutl!, l111Hu<le at noon, one set of dip with each of 
two needles, two sets of decllnation, deflections, and osclllatlons, 
und angles between prominent objects. It Is desirable that the 
azimuth observations should be made at nearly eqnal times not 
less thun two hours before and after apparent noon. Latltud(' 
ohse1·vatlons shouhl begin about 10 minutes before muxhnum alti
tude of the sun (apparent noon) and 'continue until about 10 
minutes after. They need not be made when a reliable latitude 
Is available. As the decllnutlon and horlzontnl Intensity u1·e 
usually changing more rapidly In the morning tbun In the after
noon, It Is preferable to make the magnetometer observations In 
tlm afternoon. They should be made In the following order: 
Declination, oscillations, deflections, deflections, oscillations, dec
llnntion. At stutlons far removed fro~ a magnetic observatory, 
rJnrtlcularly where the diurnal variation Is large, as In western 
.Alaska, It Is desirable to make addltlonnl declluatlon 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 decllnation Is usually a close approximation of the mean 
value for the day. 

··502. Thermometer.-'l.'he snme thermometer must be used through
out a set of Intensity observnt1ons and placed as near the lonu 
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magnet as possible. Before beginning observations the thermom
eter should be examined to see that the mercury column ls not 
broken and that none of the· mercury ls ln the upper recess. A 
broken ~lumn can usually be joined by holding the thermometer 
In the hand and striking the wrist sharply against the knee or by 
attaching ft securely to 11 string and swinging it rapidly in a cil'C'Je. 

588. Discrepancy llmits.-Before leaving the station the compu
tation should be carried fnr enough to show thut there ls nothin~ 
rndlcnlly wrong with the observations. Thus, in good work, the 
two consecutive sets of azimuth should 11gree within one minute, 
:md the morning nnd afternoon sets within two minutes. A 
~renter difference ts usually due to 111ck of 11djustment or level of 
the theodolite or to a mlstnke in pointing on a wrong limb of the 
imn. The effect of changes In level of theodolite should be elimi
nated by the method of observing described under "Elevations by 
vertical angles" (p. 60). In case the ditrerence between morning 
and afternoon azimuth amounts to more than five minutes, the 
observations should be repeated. The two sets of decl1nnt1011 
should not differ more thnn two or three minutes when allow1111ce 
is made for diurnal vn1•lutlon. The avernge time of 70 oscillations, 
or whatever number is used, should not 1llffer more than n half 
second in the two sets, and In the deflections the two vnlues or 
log sin u should not <lliTer more than 0.00100 for either distance, 
when allownnce ls made for the dltrcrence of temperntu1·e of the 
two sets. When the dip resultfl f<ll' the two needles differ by more 
than five minutes in c:r:ceRs of the nol'llwl di(feretwe, the observa
tions should be repeated. Thus. if previous observations show 
tbnt needle No. 1 gives on the nveroge n <lip three minutes greater 
thun needle No. 2, the observations should be repeated when No. 
1 gives a result more than elght minutes greater 01• two mlnntes 
less thnn No. 2. 

IS64. '.rhe record should be kept with 11 hard pencil (or·fountnln 
pen) and entered at once on the propel' form (not reconied on 
blank pa.per and afterwards copied on the· form). All computn
tlons should be mnde in lnk. The different sheets should be 
punched 11Ud fastene<l together In the cove1•s provided (Form 867), 
arranged in the following order: (1) Description of stntlon, (2) 
nngles connecting the azimuth mark with other prominent objects 
and chronometer correction on stnndard time (Form 441), (B) 
latitude (Form 287), (4) azimuth observatfons (Form 200), (5) 
uzlmuth computations (Form 269), (6) declfnntfon (Form 87), 
(7) dip (Form 42), (8) oscillations (Fo1•m 41)1· (9) deflections 
(Form 89). 
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665. Abstract.-Before the record is sent to the office the compu
tations should be completed and a COl)Y made (on Form 442) of 
the results and also such quantities us would be needed to repluce 
the com1mtations In case the record Is lost. No duplicate of the 
i·ecords is to be mude. All records must be turned in promptly, 
especially nt the end of the calendar.year, in order that the results 
may be included in the annual pulJllcatlou of results, whlch covers 
the calendar year. 

566; Observations with compass deolinometer or with the com
pass attachment of u dip circle are recorded ou Form 38a. Stuml
nrdizatlon observations should be mude ut tile beginning and end 
of the season at some place where the decllnatlou is known from 
magnetometer observations. 

567. Total intenslty.-The totul intensity muy be determined 
wltll a dip circle by Lloyu's method (Form 389) when suitable 
stnndurdizution observations have been made ut a station where 
llie dip .and Intensity are known. As ti,le <1eterminatio11 of total 
inte11sity by this metllotl ls relative, it Is necessary to guard, as fur 
us possible, ag1tinst uny change in the magnetism -of the two 
neeules and to use the snme weight in the field as during the stand
ardization ohsen·utlons. Their polarities 11i.u11t nei;cr be re,versed., 
therefore, and they must not be allowed lu close proximity to the 
bur magnets when these nre being used to reverse the polarity of 
the regular dip necdl<~s. 8tunclardlzatlon observations should: be 
made at the beginning and end of the season's work to <letermfne 
the Intensity constant. 

568. Observations on board ship.-On shipboard declination ii! 
determined with the stanclnrd compass, dip and intensity with u 
Lloyd-Creuk dip clrcle·mounted on u suitable gimbal stand. The 
l::!Uccessful determination of declination, uip, IUlU intensity at sea 
requires, first, that observations should be ruaclc with the Lloyd
Creak dip circle at a base station on shore at the beginning aml 
end of tbe cruise to determine the intensity constant for the vur
Uculur weight used at sea uud the correction to the <lip a:0 ue· 
rived from the deflection ohservutions; nnd, l'leconu, that the ship 
be swung at the beglnn.ing and end of the cruise (o.nd if possible in 
the hlgheErt anu lowest latitude reached) nt a place near shore 
where the declination, dip, and Intensity ure known from sho1·e 
observations, In order to determine the devJatlons of the standard 
compass and the deviations of dip and inte11slty at the dip-circle 
position. 

669. 'l'he accura<.'Y of the results depends principally upon the 
succe~sfnl determination 11nd ellmlnatlon of the effect of the ehlp's 
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magnetism. · For this reuson observutlous are usuully mulle 011 8 
or 24 (preferably 24) equidistant headings, steaming In a circle 
forward und bal.!k (with port and starboard helins), holding tbe 
ehip long enough on each heudlng to secure good results, and tak
ing usually i1ot over two hours for both swings.· Since a complete 
determination of dip aud total lutenslty on each of 24 headings o'f 
the forward and back swings would consume too much tlnre, the 
practice bas been adopted of observing detleetlons alone while 
swinging ship ln ·one dfrection and ·loaded dip alone while swing
ing in the opposite direction. Besides the total Intensity derfred 

·from the combination of these obserYatlons, a value of dip on each 
heading results from the deftection observations, since the sus
pended needle Is detlected by approximately equal amounts in· 
opposite dlrectlons from its normal position. On ·each heading, 

· observations with dip clrcle are made In only one position of circle 
nnd needle, ue follows : 

0° to 75°, Circle East, Needle ·Face East; 90° to 165°, Clrcie 
·West, Needle Face"West; ·180° to 255°, Circle West, Needle Face 
.East: 270° to 845°, Circle East, ·Needle Face West. In this way 
the observations with the ·dip circle can be made In about the 
same time as required for the compass observations, whlcli ·are 
being carried on at the same time. 

570. When instructed to muke magnetic observations at 'seu the 
ship should be .swung ut least once a day if possible. When cir
cumstances would not permit a complete swing, results hn,•e some
times been obtnlneu from observutions on lllld near the course; 
e. g., on course one 01• two points to starboard, one or two· points 
to port, and baclc on course. This requires a knowledge of the 
deviations ·on those particular hen dings, which may be derived 
from the complete swings preceding and following, · (See Appen-. 
dlx 3, Report for 1904, pp. 192 to 197; urid Forms. 854, 355, 356, 
compass, ond 890, 391, 892, dip circle.) 

DESCRIPTIVE REPORTS. 

571. Descrlptlvc report.'! must be submltted to cover all 11,rdro
graphlc and topogmphlc surveys. It Is preferable to haYe n sept\-
1·ate report for each sheet, but in some cases ft mny be niore con
venient to have a single report cover the consecutive sheets of a 
season's work In one locality where mueh of the lnformatlo1} ts 
common to the dfft'erent sheets .. 

(a) The descriptive report should not be in the.form of a letter, 
it should not be 11 journal of the work, and It need not contain any-
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thiug about the movements of the pnrty ; it should be enth'ely 
distinct from the senson's report and should give the date of tlw 
instructions under which the work was done. 

( b) It should be bended " Descriptive report to accompany sJieet 
(insert number and title of sheet or sheets)." Writing must not 
be nearer thnn 1 inch to left edge of paper. 

(c) The descriptive report is for the purpose of supplementing 
original sheQts, either bydrographlc 01· topogl'llpblc, by infm·ma
tlon not readily shown thereon, and which w111 be useful in the 
interpretation of the sheets, in the compilation of snlllng direc
tions, and in chart construction. Preferrnce should, however, be 
given to showing information on original sheets themselves wben 
practicable to do so, 

( d) Tbe descriptive report should be written concisely, omittlµg 
nll unimportant detnll, and should be arranged In a systematic 
manner with each class of Information ·In scparnt<> por111trnphs 
under suitable underscored headings. 

(e) B.enrinos glveu in connection with saUlng <llrectlons au<l 
bydrograpbk Information should in geneml be expressed ns from 
seaward and In degrees, and It must be clearly stated whether the 
henrings nre true or magnetic. 

572. Subject heads.-No ~eneral r\lles cun be lnlll down, hut the 
. following points wlll be suggestive in preparing descriptive reports 
so far as applicable to any pnrtlculur region nnd according to the 
chnrncter of the survey made. The amount of detall to be given 
requires much judgment; overmluute details tend to obscure the 
most useful fucts._ . ObvfQusly certnln classelil of informnton q10.y 
be useful as to. a 11ew country previously unsurveyed whlch may 
not be necessa.r~· to give In connection with t\11! resurvey of' a 
well-known const. 

(a.) GencraJ descr-ipti<m or the coast, following the geogrnpbk 
sequence of the publlsherl Coast Pilots or Sa1ling Directions, o.nd 
Including the aspect m· nppenrnnce of the coast on muklng the 
land; describing prominent objects, as, on a bold coast, the beud
Iands, penks, etc., with their form. color, nnd height; or, on n 
fiat const, the spires, beacons, etc. Especlnll~' describe the first 
lnndfall ancl objects usefnl ns irulrle~ to nnvl~ntlon. (See pnrR. 
194 to 196.) 

( b) Out111ino dcinoers and islands, the limits of tlde rips an<l 
brenkers, nnd theh' relation to wtnd and tide. 

( <J) currents, tidal or not tidal.-General conclusions from 
ob1iervntlon or other information. How long do{'S flood run nfter 
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high watei· nnd ebb nfter low wuter'/ Doei,: <'llrrent set f1tlr with 
<'hannel? 

(d) La11dmarkH.-Descrlptio11 of all prominent landmarks llkeI~· 
to be useful to nnvlgntlon or to future f;Ul'veylng operntlons shoulcl 
be submitted ns directed In pnragruphR 1!)4 und 212. If mountnlnR. 
state whether summits are often clou<le<l. Give meusurerl 01· est!· 
mated heights of mountains, hllls, cliffs, Islets, 01· rocks referred 
to. De~crlbe rungf\S In use hy pilots nnd means of ldentlfylni;: 
them. 

(e) ln8hore dangen1.-Extent 111111 nnture, lenst dopth over 
them; whether vlslhle; if breaking, nt whnt stage of tlde; how 
much, If any, Is bnre at low ,\·ater; marl•!! or rnnges for clearing 
them by dRy or night. 

(f) Bara and channe!B.~Leust dPptl1, best time or plMe for 
crossing or entering, permanency of bars nll\l of channels; bren.kers 
on bars and their extent und with what winds or tldei; they occur. 

(g) Anohomge8, with deRcrlptlons relative to their capacity, 
holding ground, amount of protL~tlon, nnd r.ircumstunces of 
weather under which te::ited. 

( h) Change of coast line nr <lepths.-Mention any r<>llnble eYi· 
<lcmce ns to recession or growth of shore line or change of depth!!. 
If a resurvey, note any important fncts regarding changes ob
served. Gl"e evidence, 1f nny, of imbslcknce or emergence of 
shores. 

( i) Dangers rcvortcd or shown on pre\·ious charts or sur"eys; 
If not found, or if more wntm· found, gl\'e in each cnse detailed 
statement of e!Tort made to find former i;hoal water, and any 
Important evldc>uce as to the rellnhllity of the previous i·eport. 

(j) S111·i•tif methods.-F,xplnln any unusual timtures of survey 
methods used; mention If any pnrt of the work Is lucoropletc oi: 
requires further examination, and the·reason; also if any portion 
iA less reliable; stnte the systf'm of control of the work; mention 
any dlscrepnncles and adjustments mnde. 

( ,,) Ne10 place names.-When an original sheet contains new 
place nnmes, I. e., pince names which hnve not hitherto appeared 
on the charts, chiefs of parties wll\ list them In the clescrlptlve 
reports of the sh<~ets an'ected und<>r two heads: (1) Wcll-estab· 
llshed locnl names; (2) numes usslgned by ftelrl officers. In 
other respects the Instructions under the headln~ "Geographic 
names" will be followed. Ueports t<hould be supplemented with 
photographs which will Illustrate the apparatus used or add to 
thl' kno\\·le!ll!(> of tlrn locRiity, (Ree ·pnr. l'i92.) 
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PROGRESS SKETCHES. 

573. A lJrogress sketch faithfully representing the extent of 
the entire season's work should b'e preparetl and forwardetl at 
the entl of euch season. Each progress sketch must have a 
projection. 

In order that the. office progress cha1·ts muy be kept closely 
correctet.l, a progress sketch 011 tracing vellum showing the hydrog-. 
rnphy nnd topography accomplished, shull be forwurdet.l to the 
office at the end of each month. The Information thereon wlll be 
transfel'l'ed to the progress chu.rt 1111tl the sketch returned to Um 
chief of party for each succeeding· month'i; work. If not other
wise designated, the :>cule of the progress sketch will correspont\ 
to thut of the publlshed chart showing the entire area outline1\ 
for the season's work. 

(a) Progres:; 1:1ketches ishouhl be rnalle on tracing vellum, usiug. 
black iuk only. '.rhey must uot be of exce:>sive dimensions, usu
ally not ove1· 18 by 24 Inches. Scales of nrn'01J1J, n-o'-omrr or ·'I:~ 
are reconuuendetl uccorcllng to the extent urn.I cletull. '.l'he scalt\ 
of tile sketch wust be stated in the title.· '.rhey should be,draw11 
:mfficlently st1'01.1g to IJe suitable fo1· blue printing. 

( b) In the l'll!lipplues progress slcetclles of geueml coast work 
shoulcl, if pructlcable, be ou u scale of ~ (the scale of the 
PhlliJ)piue com:;t chttl'ts) ; for hnrbol' :,;urveys a !urger scale mny 
be used if 11ecessa1·y to show the trlangulatlou cleu1·ly. Tl.le 
stamped tltle form lz:; to be uset.l .on such sketches, giving the fol
lowing informutlon: Chtf!B of work, !slum!, locullty, scale, dates, 
chief of· party, vessel. 

(c) 'l'he prog1·ess sketch shoulu. give the upproximute llmits of 
the topogrupl.ly by parallel rulecl llne:,o, not .closely spacet.l, the 
approximate limits of the hy1\rogrnphy oy widely spuc1..'<.l dots, und, 
the triiwgulution us indicated below, iucluding the various oper
ations of u single party for oue seusou on one !lketch. 

(d) Principal triangulation 1>chemes should be in heavy Jines, 
and baf·~ lines shoulll be of double width. A line obscrvecl at both 
ends should be full throughout. A line observed at one end should. 
be full ut tile ob8e1·ved end untl l11·oken ut the other. Hecon
nolssance. lines shoulu IJe dotted if shown ou the !!ketch with 
trlangulntlon. Wheu the i;J;:etch contains reconnol1>sunc1~ only, the 
lines shoulcl be full if they are to be observet.l nt both ends. A 
line· should i!Je broken ut tile. end: from ·which it. is not to be ob-. 
i;erve1l. Old stations· recovered, l11cln!liug s))lr~s. stacks, etc., 
should nppenr thus: @ New stations should nppenr thus: IA 
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(e) All important polnl8 ueterminecl, including mountain peaks, 
:o-hould be shown as far us practicable. !,Ines ~ Intersection sta
tions should he druwn lighter than those of the mnin scheme. 
A confusion of lines lllllY often be avoideu by tndlcntlng with short 
lines rudlating from intersection points, the stations from which 
they were observed. All lines, letters, figures; etc., shown on the 
sketch should be sufficiently bolcl to make u good blue print. 

GEOGRAPHIC NAMES. 

574. Distinct nmnes of pointl", islnncls, shonls, rocks, towns, 
111ountulns, etc., nre nece.<isnry to the intelllgent use of charts and 
sailing directions, and the surveyor should ascerttun the accepted 
or native names, and use such names in nil possible cases. Atten
tion should be cnlled to nil new n1Unt>s of geographic features; that 
is, names not previously used in the publications of the" Survey, 
with a statement whether th<> nnme is In local use, and if not, what 
name is in use, with the i·cusons which prevented its adoption. 

(a) The origin of each new name should be stated. Geogro.phle 
features must not be given the numes of living persons as the rules 
of the United States Ge0gruphlc Hoard only permit the retention 
of such names in rare cases. 

( b) All new names are submitted to the Geographic Board by 
the office before publication ancl the decisions and rules of the 
board In regard to names are to be followed in all cases. In the 
Philippines the decisions· of the Phillpplnes Committee on ~eo
graphlc Names govern In the same manner. 

(c) Names a.lr~ady fn tt.~e on charts alld maps and in the Coast 
Pilots should be> verified; If well established and appropriate they 
Rhould be ndhezwl to, even though found to differ from tlie native 
or original name, especlully if the feature is of more Importance
to navigation than It is to the Inhabitants, and if the native name 
is nn uwkward or difficult one. 

(<l) Dual names for the smne object lead to confusion and 
lnronvenlence, nnd speclnl cnre should be taken to avoid giving 
11 new name to nn object alremly named, or changing a mu111• 
ull'eady established. Where two names are in use it should be 
usc<'rtnlne<l which Is the more appropriate and the more ac
ceptuhle to the people of the locnlity; and report should be made 
giving the authorities. 

( c) For such objects as require them, and for which ac
knowledgell no.mes cnn not be found, names should be recom
mtmded, selecting ui:; far as Pl'l\C'tlcnble deslgnatloni;; t.lmt convey 



206 GEXEIL\L IJSSTHUCTIONS FOR FIELD WOHJC 

some idea of the fom1, drnractt•l', productions, or truuitions of the 
pince, 01· some characteristic of its lnlmbitants; convenience of 
length of word and pronounclatlon Hhould also be considered. 
Heport should be made of nnwes so recommended. 

({) In new uppllcnt1011s of tl1e terms "shoal," "bnuk," anti 
" reef" to forms of secondary size and limited extent, but clearly 
sepn mted from the surrounding bottom by u steeper slope, the 
following distinctions should be mtHle, but these terms nlreatly 
in use should not be changed: 

Shoal should be applied only to ureus on whlch the1·c I::; a depth 
of 6 fut.lloms or less. 

Ban.Tc should be employed for nreus of greater depth. 
A reef is always rocky, 1md the term should not be used wht!re 

there Is more than 6 fathoms nt low wuter. 
(U) Where the nntlve names uRcert.ulned have not 1u1 estab

lished "'rlttcu form, tl1ey should be spelled according to the system 
of the Geograplllc Board, as follows: 

(h) '1'he true Bound of the word UR locally r>ronunnced Is taken 
tts the bn11ls of the spelling. 

(i) An npproxlrunt1on only to the sound Is nimetl at. An 
attempt to represent dt>llcnte Inflections of sound and ncc('nt won\11 
often result In forms of wonls too compllcuted for use. 

(j) 'l'he vowelH are to be pronounced us in Itnllnn und on tl1t~ 

continent of Europe generally, uud the consonnnts 11s Jn Eugllllb. 
it htts the sound of a In fnther. Exnmr>lc:s: .TnYa, Bananu, 

Somali, Burl. 
c hm; the sound of c In men. E:x:nmples: Tel el Keblr, Medlnu, 

Peru. 
£ has the sound of i. in ravine, or the sound of ee In beet. Ex-

umplcs: Fiji, l11ndl. 
o bas the sound of o In mote. 
u bas the sound of oo In boot. Exnmples: : Umnuk, Ung. 
11i has the sound of i In ice. Example: Shnnf.{hnl. 
au has the sound of ow tu how. E:mmple: Fuchnu. 
ao ls slightly different from above. Exnmple: Nanno. 
ei has the sound of the two Itnllnn Yowels, but Is fre(1uent1~· 

slurred over, whim It iR scarcely <llstlngulsllnble from from ey !n 
the English they. Examples: Beirut, Beilul. 

c Is always soft un<l hns nearly thP sound of 8; hlll'tl c Is given 
by 7;. Example: Celebes. 

ch Is nlwn)•s Roft, us in church. rnxnmple: Ch!ngchl11. 
f as In English; ph should not be used for this sound. 'l'bus, 

not Rulplwng, !mt Hnifong. 
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g is always hard (soft (] ls given b~· j). Bxumple: Galllpngo1-<. 
h is alwnys pronounced when inserted. 
j us in English; llj shoul!l never be Us()(} for this Round. Ex

nmples: .Tnpun, .Ttnchuen. 
k us in English. It should ulwuys he ni:;c<l -J'or the bard t'. 

Thus, not Coren, but Koren. 
kh has the sound or tbe oriental guttural. rnxample: Khuu. 
nh Is another gutturnl, 111:1 in the Turldsh: Dugh, -Ghazi. 
nu hos two slightly different sounds, ns In finger, singer. 
<J should never be employed; qu Is giYen by l.'w. l<Jxnmph~: 

Kwangtung. 
Ii, d, l, m, n, p, r, s, t, ·v, 1c, w, and z as In Illngllsh. 
v is ulwnys 11. consonant, as In yard and should not be used for 

the vowel i. Thus, not Mlklndany, but Miklndani. 
All Towels are shortened In sound by <louhling the following 

consonant. Exumplea: Yarra, Tanna, .Tldda, Bonni. 
Doubling a vowel !;; only neci>Rsnry whe1·n tllern Is n distinct 

repetition of the Ringle sound. Exnmph~: Nuulun. 
Accents shonld not, gerwrull~" be us<'d; but where there Is o 

Yery decided em11hntic syllabi!.' or st1·esfl which utl'ects the sound 
of the WOl'd it should be marlH•d lly 1111 acute accent. Examples: 
Tongnt!ibu, Gullipngos, Palftwnn, Sttrf'twnk. 

(7,,) In the l'hillpphw IHlnnds, In tmnslatlng from Spnnlsll Into 
Engllsh nouns whfrh 111'<' comhh1P<l wilh i:rcogrn11hlc names, the 
following system shonlll he followed, PXcept 111 specific instnnceF< 
where a different usngc hns uh·<:>n<ly heen established: 

River, islanrl, ba11, point, nn<I yul f n re to follow t11c prope1· nanw. 
Mount, JIOl'I, uud cave arc to Jll'C'CPdl' fhP proper name. 
Ri-0 Grande is to he trunslat1•d i<lmply ri1'CI', unless these words 

form the K11ecific name of n stream. 

ADDITIONAL INSTRUCTIONS. 

6711. Completion of field 1·esults.-It f!houl<l he the uim of a chief 
of party to turn In field records, cowpututlons, 1tnd sheet..:; In 11 

completed condition, ns far us dr<•1m1stun<'es may permit. .<\.11 
records ntHl rPsults must: he trurnm1!tted a~ earl~· as praclicuhle, 
nnd In nn~· event befor(• tile commencement of 11nother senson'i:; 
worlt. 

578. Records in generaL-All rPcords shoul<I he kept In a sys
temntlc mnnner on the stnn<lnr1l forrnK a.- l'ur ns 1wovlde<l. They 
must be sufllclently cllRtlnd 1111<1 t'lea1· t.o avoid nil ch111we of mls
nnclerst nnd!ni;:. pnrflculnrl~· uumhprs mu!':t he wr!tt1~11 plnluly. Ex-
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plunatlon must be given wherevPr uecessary so that the record 
muy be lntelllgil!le to one not familiar with the field work. 

577. Original rl'col'(ls should uot be matle on loose sheets of 
paper to be copied afterwards Into the regu\111· form of recoru \>ook, 
but should h1 a\1 cmies be made at once in the hook which Is to be 
t rnnsmltte<l to the office, and must he consec·utlve nn<l continuous 
ln the order of time Jn which the observation~ are made. 

578. Ermrnr!'s· should not be mmle lu origlual records. \Vhere 
1111 error Is dh;covered, draw a !in!' tbrougll it aud w1·lte the c01·
rected ttgurcs above or to olle side. 

579. Original recor<ls in pe>ncil must not h1~ ink1~11. Pencils softer 
than No. 3 shoulcl not be user! in making records. ,It Is prefer
nh1e, but not essential, to mnke orlglnnl records In Ink. 

580. Tile duplication of records Is usually to be a,•oltled, except 
In eases where called for in the geneml or specltk lnstl'Uctlons. 
The requirements are specified under each head. The functlou of 
flupllcat!on is the Insurance against loss in transmission, und this 
should be kept In view ln deciding special cases. 

581. Rccor<ls or co1111)1itatlo11;; :,ient by mull ure to be well 
wrapped nnd registered. When there Is dupllcute Information (in 
whatever form) It should not be forwarded hy the same mull us 
the origlnnl, and In general should not be kept In the possesslon 
of the observer any longer thnn necessary after the completion of 
the work. 

582. Computations in general.-(Jomputatlons should be kept up 
clurlng the field work as far as pmctlcuble, and at least far enough 
to show that the observatlonii are su!flclent un!l the record com
plete. 

583. Computation!? should be trnnsmitt('cl to the otll<:e prom11t1y, 
as soon ns reasonably complete. In no e.use should compututlomi 
lw held with the Iden of making them perfect In the field, afl the 
final rM'islon of the computations is the function of the office. 

584. All compututlon1' must be In a neut 1111<1 orderly form, und 
complete, so 11s to hP. rl'lldlly !ntelllglble to others. Every Impor
tant operation must he shown. 

585. Rtanclar<l formR for computations shoulfl he followed wher. 
ever practfcahle. 

IS86. Evel'y C'omputn Hon must show h~· whom m11de und b~· whorn 
<'lwcked. 

587. 1'1·on<>r titles ;:hon](\ he wrlttPn or pasted on ench culller of 
C'omputat!ons, glvlnir all essential infommt!on, as kind of work, 
locality, dat(', ohs('rYcr's nmnf>, C'ompnter's nnme, etc. Pl'lnte<l 
labels nre avnllahl£> to C'O\'<'l' ol'dhrnry requirements. 
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588. No writing shoui<l he plnced within 1 inch of tlw binding 
margin of the sheets. 

589. Information a:ffecting navigation, reports of dangers, and 
changes in aids to navigation.-( Sl'P imrs. 374-402.) 

590. Suggestions and recommendations of a <leflnlte charn<'ler 1u·e
Invited as to survpy methods 01· histrumPnts, ll<'P<l of sm·n•ys oi
<'hurts in any particular locality, economies In work, jmprovement 
or correction of charts or other 1rnbllcntlon~. and concerning aids 
to nuvlgutlon. 

591. Maps, charts, and sketches (or copil•s of 41em) 1·011tai11ini.: 
information UR to geogrnphy, topography, or hyjlrogruphy likely 
to be of Yulue to the Survey i;:houl<I lw obtulned'wh<'u pmctienble 
and forwarded to the office. 

592. Photographs.-Photogrnphs illustrutlve of the geographic 
ft>utures of new regions visited are deslruble--more esppclally 
views from seaward of important fentures of the coast, harbor en
tranl'es, and prominent landmarks. Vl<>ws lllnstratlvp of snn·er
ing operations, or of the peovle of the region, may also be of valm~ 
when unusunl. The following information Rhoul<l uccompany 
eve1·y photograph: Subject, locality, position from which tulwn 
(1111 exact locution for views of Important const fPuturPs ls tlPsir
ahle), date, and b~· whom to.ken. 

593. All negatives worth 11reser\'ation tulwn with supplies urnl 
outfits furnished by the Survey ure to be trunsmlttcll to the offict>. 

594. In the Tropics, owing to climatic comlltious, plate;i un1l 
films should be especially cured for, used us fresh us prncticuble, 
und developed soon uftc>r e:x"})osurP. If m•cess11rr, thPy shoulil hP 
forwarded for development. 

595. Specl!1l effort should be m11de to vrott•1·t plutes 1111d filws 
from being fogged or light struck.. Orthochro1J1atlc plnt<•s ure rec
ommended. 

596. Care of instruments.-l'roper care of i11st.ru111e11ts is im1>or
tunt In nil classes of surveying work. 'l'he officer using the Instru
ment should personnllr see tlmt lt is lwvt 111 goou ordei· 1rnd JJOt 

h~uve this to anyone else. lnstrnments In good condition and ud
juetment are essential to goo<l work. 

597. '!'he 11rc of n sl'xtant may be cleuned by wiping lightly with 
1·harnols skin or u soft rag dipped in weak u111monla. Never polish 
the arc with paper or cloth, us this ls llnhle to deface the grudu
ntlon. 

598. Sounding wire, <!Ven when gulvan!zed, ls subject to rust if 
not well cure<l for. The reel should he wrapped around with oiled 

rno21°--21--l4 



210 GEXERAL INSTRUCTIONS FOR FIELD WOHK. 

clotlls and well covered f1·oru rain. Wilen the sounding maclllne is 
idle for a short period the wire should be dried by running through 
cloths, and oiled, and this should he repeated once u month wlwn 
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 tin~ should be moistened slightly with oil or tnllow 
after cleansing and before assembling; this upp!les to the cells 
holding object glasses. 

600. Particular care should he taken ·.if invur and st<~el tapes, 
steel purls of drawing Instruments, etc., us all steel Instruments 
are subjcet to rapid dcterlorutlon, particularly on hoard ship or 
in u tropical climate. Invur nncl steel tapes !;hould he cleaneu and 
olled after use, and the chief of party should make l>"Ure that they 
ure carefully handled at all times; special care Is required In reel
ing tapes. 

601. A lens may be dusted with a camel's-huh· brush, and when 
necessary may be cleaned by rubbing gently with soft tissue paper, 
first moistening the glm.;!; slightly by breathing on It. A lens 
should be examined occasionally to see that it ls tight in its cell. 
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Use of, sooondary triangulation. 20 Caro of.......................... 000 

Reports roquirod, aids to navlga- Use of. ......................... 47-55 
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Results o! tertiary triangulation, ac- Suggestion.•......................... 600 
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Daso nets ....................... 14,45 Marking hours on Udo roll...... 469 
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Frequoney o!lin.•c.,.. ........... 13 Care oL......................... 000 
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Record otobscrvatlons.......... 62 Tompornry objoet.s, oboorvatlons on. 72 
Results ol, accuracy required... 17 Tertiary triangulation: 
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Strength olfiguros ........... 11,25-42 Anglos, accuracy required....... 59 

Seeing, poor........................ 99 Base moasuroment .............. 4<>-65 
Sextant glassos ................... 363-3fl5 Base nets....................... .a 



216 INDEX. 

Paragraph. 
'l'ert inry trlangulation-ConUnued. 

nose si tcS.. • • • • • • • • • • • . • • . • • • . . . 45 
Character o!flgures. .. . . . . . . . . . . 23 
Frequency ofbasos.. .... .... ... 44 
InstrnctJonsior .............. G,23-111 
Length oflinos. ... . . . • . . . . . . . . . . 43 
Results, accuracy rcquirod...... 59 
Soloction of instruments........ GO 
Strength offigures ...••......... 2'>-42 

Thruo-polnt problem................ 108 
'ride gnugo (see Gauges, tide). 
Tldo station, inspection •••..•••.. 521-527 
Tide station, rcpon. . . . . . . . . . . . . . . . 452 
Topographic survey: 

Approximate locatlollB.......... 171 
Contour intcrvnl................ 151 
Control......................... 146 
Descriptive report.............. H38 
Elevations: 

Beyond limit of sheet....... 153 
How obtained.............. 155 
How shown................. 152 
Plane ofrefcrenco for........ 154 

Foaturos to be included ....... lSS-166 
Inking of shoots ...••.••..•.... 183-191 
List of plo.nc-1.llblo po.•itlons ... 194-1116 
Magnollc meridians required.... 148 
Marking old triangulation sta-

tions ....••••••••••.•.......•.•. 7G-96 
Photographs and tracings of 

sheets .......•••••.••••...•.. 192, 193 
Plano table, use of.............. 145 
Plans o.nd local maps........... li4 
Revision. ....••••••..•....•..• 172, li3 
Rivers, mapping of............. 167 
Scale........................... 150 
Sextnnt, USC oL.. . . . . . . . . . . . . . . . 167 
Shoots: 

Dimensions................. 157 
llow laid out. . . . . . . . • . . • • • • 156 
Inking ..••••••...•.•••.•.• 183-191 
List of positions. . . • • • • • • • • • 194 

Objects to bo located .•••. 194-196 
Photographs oL. ••••••... 192, 193 

Stadia errors.................... 169 
Stadia rods . . . • • • • • • • • . • • . • • . . . . 170 

l'arngrnph. 
'l'opographio survey-Continued. 

Symbols and lettering ..•..... 175-182 
Thco<lollto, use of.. • • . • • . . • • • • • . 167 
Tmvc.rse lino.•, nllowable closing 

error.......................... H7 
Trnverso.. •.• .• .. •••. .. .. . .••.••.... 140 
Triangulation: 

Accurncy or.. ••....•..•••.••.• 4,5,6, 7 
Boundary marks to be located •• W, 98 
Classification. . . . . • . • • • . • . . . . . . . 3 
Computation .••....•...•...•. 100-I<» 
Corrections to directions. . . • • . . . 19 
Descriptions of stations .••••.•.. 84-96 
Diroctlon instrument, use of ...• 111,61 
Dupllmtion of records ..... 87,100,580 
Eccentric signals ........•.•.••.• oo, 70 
Eccentric stntions .....•.•......•. 00, 70 
Jlorizontnl angles, example of 

record ........................ 65, 68 
Horizontal directions, example 

of record. . . . • • • . . • . . .. • • • .. • • • 62 
Indetlnito objects, observations 

on............................ 72 
Land sun·cy marks to l>e lo-

cnted ......................... 97,llll 
Large objects, o\Jsorvntions on. . 7l 
Llghtkcopers.... ............... 58 
Marking stations ................ 76-96 
Primary........................ 4 
Records. . . . . . . . . . . . . 62, 65, 68, 109-Ul 
Reduction to center............. lOS 
Reference mnrks ................ 80,81 
Ropontlng instrument, use ot .•• 20,63 
Secondary...................... 5 
Scolng, poor. . . . . . . . . . . . . . . . . . . • 99 
Signal lamps.................... 81 
Signals......................... 56 
Sphcrirol excess................. 106 
Btatlonmurks .................. 77,78 
Survey murks to be located ..... 97, 118 
Tertiary........................ 6, 23 
United Stntcs Engineer stations 

marking...................... 84 
Witness marks.................. 82 

WJrc drag. (See Rydrogmphy.) 

0 


