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Fleld Mansger June 10, 1953
Eniwetok Fleld 0Office

P, 0. Box 5400

Albuquercue, Kew Mexico

Subject: Etandard furveying Methods of Holmes & Narver
Dear Sir:

As per request by UCHL letter COL-439 dated June 1 1953, we
are forwarding the following information relative %o surveying
technicues used by us in the Pacifiec Proving Grounds,

(1) Horigontal Control

The horisonteal control establishaed for esch of the atolls ine
cludes a triangulatien network by which the interrelation of
the various islands, or groups of islands can be determined,
traverses of the 1néividua1 areas which are comnscted to the
triangulation network and gpecizl gurveys to deteramine the
precise relation Betwsen particular structures.

The origin of all horizontal control &t esch atoll i{s a point
2  of known latitude and longitude, or geographic position, and

the geodatic agimuth of 2 line originating at this pcini. At
both atolls the stations accepted for position and agimuth had
been previously established by the U,8. Navy, A8 the sccuraey
of these positions is consietant with project requirements,
reobserving for thie purvose is unnecessary.
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A trienguletion petwork hae been estsblighed at each atoll

whieh consists of = net of trisngles expanding from a measured
beseline on one of the islands, Triangulation is generally
referred to ag being of first, second or third order or thst
the allowable discrepancy 1n;£he length of any line of the
scheme shall not exceed 1:25,000 for first order, 1:10,000 for
second ordser and 1:500C for ird order sgurveys., &ll %est

sites and isliande where it {g anticipated that important instel-
& lations will be ecstabliched are included in the orimary network
g which i¢ executed tc second order sccuraey, Locations of legser
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importancs are connected tc this net by third order surveys.

Specifications and procesdures of the T, 8§, Coast and Geodetic
Survey are followed in executing the surveys and the results
are well within the specified tolerances, The control points
are monuvmented and referenced and hscome the origin of hori-
zontal eontrol for the aress in which they are located, The
geometry of the networke is such thsat {f a station is destroyed
it ean genarally bs re-established hy observing a triangile
using & line between two of the existing stations ss s dasge,

gaca% on! on the individusl islends consists of monumented
points ¢h are located convenient to the work sreas and cone-
nected to the primary control station in the ares by traversing
through these points, This contrel is generally of third order
but may be of & higher degree of accuracy vhen jJustified by
scientific requirements, Design surveys such as topography and
hydrography sre sccomplished from these controle and they are
the basls of gonstruction layout.

Selentific struetures sre located to aceuracy specifications
furnished by the Users, Gensrally, the local contrel is suf-
fielent but vhers precise lecstion and orientation is required
this 15 accomplished directly from the primary comtrol statlions,

Precise sligmaent or preciss interrelation of gstractures reguir-
ing a high degree of accuracy is sccomplished by establishing
direct controls between the structures and may requires gpecial-
ized methode and eculpment,

A plsne coordinste grid hes been established for each atoll,
ifter completion of the triangulation survey an adjustment is
applied in order that the values of s gtation will remsin the
same independent of the direction of computation through the nst.
Local traverses are sdjusted for the same purpese, An assumed
origin of Rorth 100,00C and fast 100,000 has been adopted for
each atoll, so located that the conrdinstes of all locations
vithin the atoll will be designsted Sorth snd Bast, Coordinates
are couputed for sll contrel stations and the relation of any
noint to these stetiors can be converted to coordinstes,

Wnere it is necessarv to sat ur 5 temvorary coaordinate gystem
before the primary control net can be completed a preliminary
coordinate gystem 1rs used., Thies vreliminsry systen is later con-
verted to the master gsricd coordinates or a conversicn factor is
determined,



Remog“u:cg‘?'&»9‘."“;,1}1,9 loldings of the Naticaal Archives
gl (i IS dud ke s ¢ Region

B e o e

B

Field Maneger -3~ June 10, 1953

(2) Vertical Control

The records of the earlier U, S, Navy surveye do not ineclude data
on vertical control., To meet the project reculrements a datum or
reference plane i&z established at each ares by applying correct-
lons to & series of tidal cbservations, This is a datum approxi-
matihy "mean low wetsr springs® which may be better understood by
g&a fcligwing definition of tidsl datum planes in use throughout
he world,

A tida]l tum ig & plane or surfsce st a reference station
whieh may be defined by the tides z2nd which is used ag 3 ref-
erence Tor heights or depthe,

%ean §eg %ava; may be defined s the aversge height of the sas
or all stages of the tide.

Mean low watey may be defined zs the mean of all low waters
over & considersble period of time,

esn lowver ter may be defined ag the mean of the lower
%?ﬁfﬁe %%a %%% vatere of each day over a considerable period
of time,

.Egan,;gg_gpggr may be defined as the mean of the low
waters of the spring tides vhich oeccur within s day or two
after the moon is new or full, 4it this time the maximum range
ocoure bhetween high and low tide and the resulting datum ie
slightly lower than mean lower lov water.

Lovwest low water may be defined zg the lovest low water wvhich
nay ﬁe expected in a loeality and ie based on the lovwest of the
spring tides, &g thetheoretical tide level mey be affected by
indeterminates such as wind end current this datum is generally
defined as approximate, The soundinge recorded on hydrographie
charts of the Harshall Ieglande «ve reduced to this datunm,

Tide tsbles are published yearly in sdvance,by the U, &, Coast and
Geodetic Survey, These tanbles provids the tidsl relation to vari-
ous reference staticne throughout te world, Correction factors
gre included which give the relaticr nf -ther zreas to these ref-
erence statione., The closesgt reforence station in the Mershall
Isiands to the project aress {5 ot Zwsialein and the datum used

ie mean low weter grrings. The time =nd height of tide at the
varicue atells ir the areag 1s determined by spplying corrections
to the date for tre Fuclslialn refererce station,
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The recuirements for vertieel control to date have been limited

to the individual islends or group of islends snd to the verti-
e¢al relation of structures within an srea., The verticsl relation
of all lsnd sreas within zn atell has not been recuired te a high
degree of accuracy. Therefore, local datums have been established
a8 required, based on corrected tidal observations.

The procedure is to erect a tide staff a2t a suiteble location on
the lagoon slde of an island and take psriocdical resdings of the
wvater level., From the U, §, Cosst and Oeodetic Survey tide tsbles
the theoretical height of the tide st the time of the reading is
determined and the water level reading subtracted, or in the case
of a minus tide zdded, to establish the zerc elevation. The mean
of these corrected readings is accepted gs the datum for the ares
and is transferred to ¢ permanent monument in the vieinity which
becomes the origin of all vertiesl control for the sres,

It basg bean deteramined that the mean of a dozen corrected read-
inges will generslly be within a2 range of two tenths of s foot from
the individusl resdings. This method provides s dstum well within
the requirements for relation of construction to the surfag2 of the
ges or lagoon., A check was obtained of the dstum established by
the method gt Eniwetok Teland when an sutomstic tids gage was
operated at this location for several months by the U, 8, Coast
end Geodetic Burvey, A differentisl of 0,1% foot was determined
which would be of little consequence in the tidsl relation to
project structures,

From the contrelling reference merks in an area additional benech
marke are established by differentisl leveling. The location end
number of thess marke is determined by the use of the srea, They
ere generelly of second order accuracy or & tolerance inwclosure of
0.035 times the gcusre root of the distance in miles. Frecisge
leveling is required for some stations and is accomplished to first
order gpecifications by use of precise methods and equipment.

For mapping purpcses elevations 5.0 «t Eniwetok #toll sznd 6.0 at
Bikinl Atell have been z2dopted for the high tide lines, Ags these
are gpproximetely the hipghest normal tides to be exnected these
nlanes are used to detersine the extent of the lend sreas.

The terminclogy used for the various surveying and msnping func-
tione is too externsive to be defined completely herein, Your
attention ig celled to thie following publicstionsg whiceh should
define any termino’nryused ot thisg Jnlsite,
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Special Publicstion Ko, 242 of the U, £, Coast and Geodetic
Survey, Definitions of terms useéd in gecdetic and other
surveys,

Special Publication No., 228 of the U, &, Coazst and Jeodetic
gurvey., Tide ard current glossary.

Manual of Engineering Practiece Vo, 1%, published by the

imeriean Soclety of Clvil BEngineers, Definitions of Surveying
erms,

Very truly yours,
HCLMES & KARVER, IKC,

Driginatl Signad By
RAVID L NARVER, IR

Bavid L, Nsrver, Jr,
DLNTr: LS4 : de Chief Project Engineer

cer Paul W, Bpaln, ALC
Rodbert H, C&aybali J-Div,, L
C. M. Bacigalupi, JeRL

Project Manage~

L. S. Hammoni

Constr.-0Oper, D . v. (2)
Project Engineeriry #ile ... -
Engineering =i.e«
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