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INTRODUCTION 

Leveling, in general, may be defined as the operation of determining 
differences of elevation between points on or relatively near the sui-face 
of the earth. I t  miy :~lso be considered to be the determination of 
the elevations of such poitits relative to some arbitrary or 1intura1 level 
surface called a datum. Tliere are few surveying or civil engineering 
operations which do not require the use of leveling in some form. 

In order to define completely the location of any point on the earth, 
it is necessary to deteririiiie not only its geographic coordi1\i\tes h l t  

ic coordinates are expressed in ternis 
of latitude :tiid longitude. Geogr%h eographic latitudes are measured, i n  
its elevation as well. 

degrees, minutes, and seconds, north or south from the Equator, while 
geographic longitudes are nieasured, i n  the sanle units, east or west 
from the meridian of Greenwich. The United States Coast and Geo- 

1 



2 U. S. COAST A N D  GEODETIC SURVEY 

cletic Survey measures elevations in meters above the mean-sea-level 
SUrfiice. Afterward, when the leveling d:itiL have been computed and 
adjiisted, the metric elevations are converted to feet for general use. 

The horizorltiil-coritrol surveys of the United States Coast and Geo- 
detic Survey (triangulation and traverse) result in the establishment 
of numeroils miirked points throughout the country and for each of 
these the latitude and longitude are known. The vertical-control sur- 
veys (leveling) result in the establishment of numerous other marked 
points and for each of these the eleviition is known. I t  is seldom that 
the latitude iind longitude nnd the elevation of a single point are 
known. This is the result of the entirely different methods used in de- 
termining geographic positions and elevations. Triangulation and, 
to some extent at  least, traverse stations are located on the highest and 
most commanding points in order that they may be visible from other 
similar points often located many miles away. The bench marks are 
usually found to be adjacent to wel1-estiit)lishetl transportation routes 
anti are seldom loc.ated on summits, because the lines of levels run to 
determine their elevations follow the easiest grades for reasons of 
economy. 

I n  order to initiate a survey, the surveyor may obtain a start by 
connecting with the nearest triangulation or traverse stations, and the 
nearest bench marks. 

Barometric leveling will serve to determine approximate differences 
of elevation. Verticnl-angle or trigonometric leveling will yield re- 
sults of greater accuracy. The ordinary engineer’s level and rod, when 
properly wed, are capable of considerable precision in the determina- 
tion of differences of elevation. On the other hand, the use of geoderic 
equipment and methods in spirit leveling will permit the determination 
of differences of elevation between widely separated points with a 

For the guidance of the various governmental agencies in the classi- 
fication of their work, the Federal 12oard of Surveys and Maps adopted 
standard specifications for leveling of various rades of accuracy. 
These specifications will be found on page 20 of t f i s  publication. 

Until 1922 the control leveling run by the United States Coast and 
Geodetic Survey was all first-order leveling. I n  1923 and in 1927 a 
liited amount of second-order leveling was done. Since 1!)32 it has 
been standard practice in this Bureau to subdivide the areas within the 
loops of first-order leveling with leveling of second-order accuracy. 

INSTRUMENTAL EQUIPMENT AND METHODS 
The principal instrumental equipment used by this Bureau for first- 

order ilnd second-order leveling consists of the leveling instrumrlnt a ~ ~ d  
the levelin rods. The instriinient consists essentially of a telescope 

tripod t at  it  may be quickly and readily placed in a horizontal posi- 
tion. Various types of instruments hiLVe been used for first-oi-tler 
leveling, sonie of them being nearly like the “wye” level used exten- 
sively by engineers on construction work, and others differing widely 
from it. 

The second-order leveling and practically all of the first-order level- 
ing run since 1900 has been done with the instrument illustratetl in fig- 
ure 1. The principal characteristics of this form of first-or&r level 

. remarkable precision. 

caTryi r y ,  3 elicate spirit level mountetl i n  such a niaiiiier on a portable 



l ~ ~ l ~ r l ~ l ~ E  l . - I~ - I s~ :EI I~ I :  I.'IRs'I'-ORr)ER LEVEL 

This instrument has an extremely sensitive bubble and is EO constructed that the ohserrer may see the hubhle n-it11 one eye nnrl read the 
rod v i t h  the other without moving about the instrument. 
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CONTROL LEVELING 5 
difference of elevation of widely separated points may be deter- 
mined. 

Fo r  a complete description of the instrument, the rods, and the 
method of graduating the rods, see Coast iind Geodetic Survey Special 
Publication No. 129, Geodetic Level and Rod, revised (1935) edition. 
This publication gives a very detailed technical description of the 
instrument ils originally designed by E. G. Fischer a i d  :is M e r  modi- 
fied by D. L. Parkhurst. 

The first- and second-order leveling of the Coast and Geodetic 
Survey is run, almost without exception, d o n g  railroads, hi crliwilys, 
or roads. Automobile trucks are used for trmsporting the %\yeling 
party to and from the working grounds, for transporting the sub- 
party setting bench marks, and for other miscel1:ineous tluties. Gen- 
erally during the actual leveling the party walks. When leveling 
along a railroad, the top of a spike, which serves to hold the rid in 
place, is used as the rod support: off the railroad the rod is supported 
011 the top of a steel pin driven in the ground. 

I n  leveling of first-order accuracy tlie line is divided by temporary 
or permnneiit bench marks into sectioiis, and the levels ;ire run formrd 
and back until two runnings in opposite directions agree within the 
specified limit. (See p. 20.) Second-order leveling is run contin- 
uously in one direction, though 011 most of the second-order lines ill- 
ready rim the leveling on alternate days was run in opposite directions 
with regard to the general direction of progress. 

The accuracy of first- and second-order leveling executed by the 
Coast and Geodetic Survey is well within the specifications for first- 
and second-order leveling as :idopted by the Feder:il Board of Yur- 
veys and Ma s, except in the case of an occasional line here and there 
in the net. t b i e n  an excessive rate of correction is applied to  a line 
in adjusting it to the net, the fact  is noted in the introductor para- 
graphs of the published list of descriptions and elevations o f  bench 
marks, with a caution tliat later leveling niay reqiiire changes iii  the 
published elevations. 

The first-order leveling of the Coast and Geodetic Survey comes 
within the specifications of the 1nternation:il TTnion of Geodesy and 
Geophysics for “leveling of high precision,” the most rigid clnssifi- 
cation yet recognized for spirit le17eling : while the second-order level- 
ing is equivalent to thnt cliissified RS “leveling of precision.” 

COMPUTATIONS AND ADJUSTMENTS 

The records forwarded to the o f k e  by tlie field parties engaged in 
rontrol leveling consist of the original notebooks i n  which tlie observa- 
tions are r ~ c o i d d  tlie field corriputtit i o i i h ,  :ind tlie origin:il desci*ipt ions 
of the k~eiicli nuirks. 

The ofice computations include the checking of the field computa- 
tions to see th:it the tli tfereiires of elevntion have been correctly c:irried 
from the record books to the cornpiittit ion sheets. The v:irioiis cor- 
rections are tlicn computed and :idtletl to the tield-computiitioii sheets. 
With modern equipment iiI1d nictliods these corrections are iisiially 
quite small. 

An office abstract is iii:ide, using the corrected differences of eleva- 
tion, ant1 the preliiiiiiitiry elevations of the marks become avai1:ible. 
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Tlic next step is the testing of the circuit closures and, if serious dis- 
vi.cyxtncies :LIP not nncovered at this stage of the work, the leveling is 
i w d y  for :&(I j u st men 1. 

When the adjiistment consists simply of fitting a new line between 
kiiown elevations :it e:ich end of the line the discrepancy or closiirc is 
simply distributed in propoi-tion to  the distances of the marks from 
the stitrting point of the line. When the new leveling consists of three 
or more lines radiating frorri one new junction point to fixed eleva- 
tions at the ends of the radiating lines, :t weighted mean is i ised for 
tlt.tei*iniiiing the elevation of tlie new jnnction point and the adjnst- 
nieiit of each line is t l ien Iiantlled :IS in the case of a single linp. Whcn 

1 ~ ' 1 ~ . i  I U  3 -.\ 1~'IKS'I' 0 l ~ I ) b : l ~  LICVIC1,ING I'AIWY IN ACTION. 

comfort of tlw ohsrrver. 
Tiit. 1iii111r(~11~1 is to Iwotwt tlw i i i ~ t i w ~ i i r n t  froin tlir Iirnt of the win rnthcv thnn for tlir 

Onr of tlir two rodmen does not npprnr in tlir pirtilre. 

tlie sirpplenient:iry net to  he fitted to the fiint1anient:~l net becomes more 
compl iciLtec1 than either of tlie two cases outlined above, it is necessary 
to IISP tlie mctliotl of least sqnares, or some otlier niethod of adjust- 
niciit which pi-otliwes tlie s m i e  rwiilts, in :Ldjusting the new leveling 
to tlie fixed e1ev:itions involved. 

After tlie ;itljristetl elevations are determined by distxibnting the 
c.1osnr.e coriwt ions tlirotlgh the various links being :idjnsted, the 
s t:indard elevations becomci known, bnt tlicss(3 e1ev:itioris :mi i n  meters 
:inti the litst step in the coniput:ttions is the convcrsion of the metric 
elev:~tions to  feet. This i s  accomplished by multiplying each nietric 
rhlcwit ion by the conversion factor :S.2XOXR:%3. 

The origiiiitl descriptions which are forwarded to the oflice 011 
pi-iiitetl forms are prepitred for pnb1ic:it ion, tht. :itlj:istect elevations 
: ~ I V  :ttltle.d to tlich tlrscriptions, :ili(l tlic niiit(~l'i:il is 1 * ~ ~ i i t l ~  fo r   pro- 
c1iic.t i o i i  : i i i ( l  (li\ti*it)iit ion. 
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HISTORY OF THE LEVEL NET 

First-order leveling was first undertaken by the linited States Coast 
atid Geodetic Survey in 1878 when field work was begun on the line of 
precise levels whicli was to follow the Transcontiiieiit H1 Arc of Trian- 

This t ~ r c  of ti-iangulatioii extended  cross the United States 
from Chesapeake B:iy to tlie Golden ( h t e  :Ll)proximately alolig the 
thirty-ninth parallel of htitude. The primary purpose of this first 
line of levels WLY to furnish accurate spirit-level control for the verti- 
cal-angle leveling done i n  connection with the triangu1:hon for use in  
reducing the observed horizontal directions to sea level. However, 
(luring the course of the lcvrliiig along the ‘ ~ r i ~ ~ i ~ c o ~ i t i l l ~ ~ l i ~ ~ ~ l  Line 
marks were establislied at intervals of several miles and a t  most of the 
important towns along the roiite for tlie iise of engineers aiid surveyors 
in  iiiitiatiny :idditional leveling on a sea-level tlatuni. 

Bey 1800 t le net hat1 developed a total of dB circuits, either all spirit 
leveling or spirit leveliiig between sea-level coiiiiections at tide sttitioils. 
Closing errors were becoining troublesome to the extent that an adjust- 
ment of the net was decided upon. The atljustinent was ni:ide m i t i  the 
results were ublished in ap endix 8, Report for 1898-99, under the 

tion to the details of the varioiis studies and tlie ndjustniriit, tlie 
descriptions arid resulting metric elevations of all bench marks estab- 
lished along the lines in the net. 

ulation. 

title “Precise E eveling in the biiitetl States,” which cotitained, in :itI(Ii- 

FISCHER LEVEL 

About 1000 a new type of leveling instrument was designed by E. G. 
Fisclier, then chief of the Instrurnent Division of tlie Coast and Geo- 
detic Survey. This level, with conipai’ative1.y slight changes, has 
continued to be the staritiard instrument used by this Bureau for 
geodetic leveling since that tinie. 

The introduction of the new type of leveling instrument, which per- 
mitted levels of even gre:iter :wciircwy to be run at niucli greater speed 
:mtl consequently less cost, stimrilated the leveling work of the Bureau. 
’i’lie network of lines of levels w i s  extended more and more rapidly and 
tleve1ope.d titi  inc8re:ised xpprwiatioii o i l  t lie part of the engineerin pro- 
fession of tlie value of :i coniiiioii t1:itinii for levels, readily access1 B le a t  
imny places througliout the country. 

(!+e 1). :L) 

1903 ADJUSTMENT 

The anionnt of leveling tdded to the net by 1003 had been so great 
that it bec;iiiie nec*csswy to make a second adjustment of the net 
in order to absorb tlie leveling added since 18!)9. 

The details of the adjustment nnd the resulting metric eleva- 
t ions were piiblislic~ti in appendix 3, Report for 1903, iiittler tlie title 
“Pi*ecise Levt~li~ig in the Uitited St:rtes, 1!)00-1003, with a Read- 
justment of the Level Net and Resulting Elevations.” The descrip- 
tions of all bench marks added to the net since the publication of 
the results of the first adjustmelit were given in this publication, 
but for the desci-iptiotis of  thr bench marks incliided i n  the net at  
1 lie t inw of thp first :itljustnieiit reference was macle to appendix 8, 
Report for 1898-09. 

790372”-48-2 
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1907 ADJUSTMENT 

Progress in first-order leveling continued to be quite rapid during 
the period from 1903 to 1907. this period that the 
first spirit-level connection across the United &,ates between the At- 
lantic and the Pacific Oceans was completed. Although by 1907 nine 
tide stations on the Atlantic and Gulf coasts had been connected to 
the level net, the one at  Seattle, Wash., was the first on the Pacific 
coast to be connected by spirit leveling to the first-order level net. 

The additional leveling and the connection to mean sea level on 
the Pacific coast made it desirable to readjust the net in order to 
absorb the new leveling and to take full advantage of the greater 
strength realized from the Pacific coast connection to sea level. 

After the rigid adjustment had been completed certain areas showed 
such small changes from the results of the 1903 adjustment that it 
was decided to hold fixed a considerable portion of the net as ad- 
justed in 1903 in order to avoid a large number of very small cor- 
rections to the elevations of the bench marks. For this reason the 
adjustment as finally published cannot be considered a strictly general 
adjustment. 

The results of the 1907 adjustment were published in Precise 
Leveling in the United States, 1908 to 1907, with a Rcatljustment of 
the Level Net and Resultin Elevations. I n  this publication may be 
found the descriptions an% elevations of all bench marks brought 
into the net after the publication of the results of the 1903 adjustment. 
Elevations determined in 1903 but changed by the 1907 :djnstment 
were also included. For elevations not changed by the 1907 adjnst- 
ment, it was necessar to refer to appendix 3, Report for 1903. For 

1899 and 1903 reference was made to appendix 8, Report for 1898-99, 
and appendix 3, Report for 1903. 

It was durin 

the descriptions of t x e bench marks included i i i  the adjustments of 

1912 ADJUSTMENT 

By 1912 the net was greatly strengthened by another connection 
to sea level on the Pacific coast a t  San Diego. Calif., nntl b j  numeroils 
additional lines, particnlarly in the West. 

Like the 1907 adjustment, the adjustment of 1912 was not a strictly 
general adjustment because, after the rigid adjustment had been com- 
pleted, the elevations of certain junction bench ma;.ks that showed 
only slight changes from the results of the last two previous adjust- 
ments were held fixed as previously adjusted. 

The results of the 1912 adjustment were published in Coast and 
Geodetic Survey Special Publication No. 18, Fourth General Adjnst- 
ment of the Precise Level Net in the United States and Resulting 
Standard Elevations. In this ublicntion may be found the eleva- 

time of the adjustment. The descriptions for all bench marks brouaht 
into the net since the 1907 adjustment were also inclnded. At tRat 
time it  was necessary to refer to the three previous publications for the 
descriptions of the marks hrought into the net np to 1007. An index 
by States in Special Publication No. 18 shows where a11 descriptions 
and elevntionb of bench marks in the net in  1912 are to be fonnd. 

tions, in both meters and feet, P or a11 bench marks in the net a t  the 
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FURTHER DEVELOPMENT OF NET 

Additionnl leveling was added to the net a t  a fairly steady rate 
in the decade and a half following the tidjiistment of 1912, but niost 
of the new leveling fitked into the net :is adjusted without p w t  tlif- 
ficulty and i t  was not until 1‘327 that  the need of an  additional adjust- 
ment was felt. 

NEW DESIGN FOR LEVELING RODS 

During this period of about 15 years tlie only m;irketl chiripe in 
instrumental equipment w:is the inti-ocliic.tion in 1!)1G of a new :ind im- 
proved type of rod in wliicli the line gi*adu:itioiis were plncetl o i l  :I strip 
of invar. ‘I’his reatly reduced the clifiicult ies exl)erieiicrti :is a i ~ s i i l t  

of the work. 
of temperature c P ianges and permitted further iiiciwse in the accuiwy 

ORTHOMETRIC CORRECTION 

Because the earth is an oblate splwroitl, level surfaces :it different 
elevations :tre not parallel hut teiid to c.oiivc.i.ge SI iglitly towa tad tlie 
poles of the earth. This  necessitates the applic*atioii of an ortlio- 
metric correction to the observed differeiices in elevation so that the 
resulting elevations of the bench marks niay represent their true 
heights above mean sea level. This correction reaches ;I niaxiniiiiii 
on iiortli-:LiiC1-south lines run a t  high elevations, and i t  is zero oii 
east-and-,west lines. It is small on lines run in direction a t  low 
elevations. Fo r  a more complete explanation nl’r o the orthornetric 
correction, see Coast and Geodetic Survey Special Publictttion KO. 
140, Manual of First-Order Leveling, pages 47 to  53,  inclusire, or 
Special Publication No. 240, Manual of Leveling Computation and 
Adjustment, Appendix C. 

The orthometric correction was not applied prior to  about 19 10. 
and in the 1912 adjustnieiit it was applied only to the leveling along 
lines west of tlie Mississippi River. It is now applied to all first- aiid 
second-order leveling included in the net. 

1927 SPECIAL ADJUSTMENT 

I n  1027 a special study of the level net was undertaken. This  re- 
sulted in an adjustment ( for  theoretical purposes) which is known 
as the 1927 Special A(ijustnieiit. I n  that adjustment on1 the c-losed 
circuits of spirit leveling, iiicluding water leveling in the &eat Iliikes 
region, were adjusted, no sea-level connections being held fixed. 
After the net 1i:icl becw niatle entirely consistent within itself by the 
ndjnstment, the unadjnsted difierence of elevation between mean 
sea level a t  Galveston, ‘rex., :Lnd the junction bench mark :it Ilouston, 
Tex., was used to  tleterniiiie the elevation of the junction hencli iriark 
a t  Hoaston. From that starting point the elevations of all other jimc- 
tion points in tlie net were computed. 

Using unadjusted differences of elevation between the mean-sea- 
level planes at the various tide stations and the nearest junction points 
in the net, e1rv:itions were computed for the mean-sea-level planes :it 
the other tide stations. These elevthons were independent of the local 
tide observations but were based on the mean-sea-level surface a t  Gal- 
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veston as carried to the other tide stations through the adjusted net- 
work. 

The results seemed to indicate that the actual mean-sea-level surface 
as defined by the tide observations tends to slope upward to the north 
along the coasts of the Atlantic and P:wific Oceans and upward to the 
west along the Gulf coast. The actual mean-sea-level surface on the 
Pacific coast appears to stand appreciably higher than the similar sur- 
face on the Atlantic coast. The results of the study may be found 
in Coast and Geodetic Survey Special Publication No. 134, Geodetic 
Operations in the United States, January 1,1924, to December 31,1926 
(now out of print). 

1929 SPECIAL AND GENERAL ADJUSTMENTS 

By 1929 the level net had been extended until it included ap roxi- 

tions had been connected to the net and a riiiniber of connections had 
been made to the leveling net of the Geodetic Survey of Canada. It 
was decided that a general adjustment mas needed in order to produce 
the best available elevations for all bench marks and to permit the 
adjustment of a large amount of leveling added since 1912 without 
the excessive rates of correction which were sometimes necessary in 
fitting the new work to that already adjusted. 

It was believed that greater strength and theoretically better results 
could be obtained if the first-order level net of the United States and 
thAt of the Dominion of Cmada could be combined arid adjusted as a 
unit. Noel J. Ogilvie, director of the Geodetic Survey of Canada, 
placed at  our disposal the results of the first-order leveling by that 
organization and in 1920 an adjustment of the combined level nets of 
the United States and Cantida was made. 

To make a further test of the variation of mean sea level from a 
level surface, all closed land circuits in the combined nets and the 
water leveling in the Great Lakes region were adjusted without hold- 
ing any sea-level connections. Then, as in the 1927 Specinl Adjust- 
ment, elevations based on Galveston, Tex., were computed for the 
menn-sea-level planes at  the other tide stations. This adjustment was 
called the 1920 Special Adjustment. 

Then the equations for all circuits involving connections to tide 
stations were added, and a new solution resulted i n  tlie 1929 General 
Adjustment in which sea level was held fixed as observed at 26 tide 
stations, 5 in Can:ida and 21 in tlie United States. 

The total length of the lines of levels actually used in the adjustment 
was about 60,000 miles ; 50,000 miles in  tlie Uiii td States and 20,000 
miles in Canada. 

The results of the 1929 Special Adjustment verified and extended 
the findings of the 192’7 Special Adjustmeiit and were published in 
United States Coast arid Geodetic Survey Special Publication No. 166. 
Geodetic Operations in the United Stutes, Ji1i11:ir.y 1, 1927, to Decern- 
ber 31,1929 (now out of print). 

The results of the 1929 General Adjustment have not been and 
probably never will be published in a single publication. 

Descriptions of bench rriarks with their elevations based on the 

mately 45,000 miles of first-order leveling. Many additional ti x e sta- 
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1929 General Adjustment have been published in a variety of forms; 
as ditto, mimeographed, and litliographed copies of manuscript lists, 
and in some cases as State publications. For a list of these State 
publications see page 21. 

RAPID EXPANSION OF THE NET 

I n  the years 1034 and 1035 extremely rapid progress was made. 
This resulted from the use of emergency funds for the relief of unem- 
ployment and permitted prompt completion of field work which, in 
the normal course of events, would have taken many years to complete. 

The total mileage of leveling on July 1, 1947, was approxiniately 
134,000 miles of first-order leveling and 216,000 miles of second-order 
leveling, or a total of :360,000 miles. These figures include all relevel- 
ing whether for the purpose of detecting mistakes in tlie original 
leveling or for measuring earth movement. 

The present pro ram for the development of the fundamental verti- 
cal-control net cti F 1s for first-order lines a t  approximately 100-mile 
intervals and the subdivision of the areas bounded by first-order lines 
by the w e  of second-order levels with lines spaced at  approximately 
50- and 25-mile intervnls. In certain sections additional development 
has been carrietl out by using second-order levels to subdivide tlie 
snmller aretLs, with lines from 5 to 10 miles apart. 

After the lOB9 (ieneral Adjustment was completed the elevations of 
the marks were mblishetl in one form or another as rapidly :is possible 
and they were c 1’ iuriicterized as “Standard elevt~tioiis based on the 1929 
General Adjustment.” 

As a result of the ra id expansjon of the net and the resulting mass 
of new leveling whicli P lad to be fitted to tlie net, many snpplenicntary 
adjustments became necessary. Also, in certain places, hitherto inisus- 
pccted errors in the original leveling were discovered. In addition, 
the new leveling, and sonie releveling also, disclosed areas where move- 
ments of riiarks had taken place either RS ti  result of eartliquakes or as B 
result of slow natural movements of the earth’s surface. These condi- 
tions nlade further supplementary adjustments necessary. The con- 
f iision caused by characterizing tlie elevations resulting from the sup- 
plenientary adjustmeiits as “Sttmtlard e1ev:itions based on the l!)d!I 
h i e r a 1  Acl’ustinent through the nitdiuni of the - Supplementary 

elevations and the defiiiite establishment of a olicy with regard to tlie 
readjustment of the net, the essentials of whic R tire given in the follow- 
ing quotation from a nlernorandum approved by the Director of tlie 
United States Coast and Geodetic Survey in November, 1937 :’ 

It is therefore rwommentlrd that elevations bawd on the lW9 Grneral Adjust- 
Itlent be held flxed with the possible exceptions outlirietl below, and that the tlntuni 
be offic~ially drsignatd as “Sea Level Datunl of 1!)29.” 
1. The case where new leveling discloses bluntlers in the old work and rrrc’cssi- 

tates re~djnstmerlt of R limited portion of tlir nt.t, in order to absorb the bln~ltier. 
2. The readjustment of limited portions of the net, as B result of eurthqualtes, or 

other earth movements which are proven to have taken 1 ~ l t 1 c ~ .  
3. The question of the introduction of new tidal stations nntl connections irlto 

the net shoultl be handled by fltting the new work to the net in the tlsual manner, 
but not necessarily holding the tidal datum planes in deterinining the geotletic 
elevations. * * * 

Adjustment 3, resulted in a chang? of cliitracterization for tlie st:nid;ii.d 

~9n27z0--4s--3 
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BENCH MARKS 
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spot on which the rod was held and represented the portion of the disk 
to which the elevation of the mark referred. These marks were not 
used very long as it was soon found that they filled up with dirt, were 
hard to recover, and required a thorough cleaning out before they 
could be used. 

Since that time the type of bench-mark tablet has been gradually 
improved until now the standard type of bench-mark disk for use on 
first- and second-order leveling is 21s showi in figure 4. This tablet 
has a diameter of 3y8 inches and a 3-inch shiink, aiid the surface of 
the disk is slightly rounded so as to give a definite high point in the 
center to which the elevation is referred. When these marks are set 
vertically in walls the elevation refers to the center of the horizontal 
line in the center of the disk. 

At  one time this Bureau used bronze caps screwed on the tops of 
iron pipes set in the round, but the use of these marks was soon dis- 
continued owiiitr to t B e tlifficulty encountered from rusting a t  or near 
the surface of t i e  ground. 

During the eriod 1933 to  1935, inclusive, separate organizations 
were develope in each State to carry on eodetic surveys of second- 
and third-order accuracy, using funds a1 otted by the Civil Works 
Administration and later by the Works Progress Administrat ion, 
under the technical supervision of the United States Coast and Geo- 
detic Survey, through State Representatives appointed in each State. 
The points establislied by these State organizations were 1lsually 
marked b a specially designed bronze tablet, siniilar in style to the 
shndard B ench-murk disk but bearing the legend shown in figure 6, 
No. (i, on p g e  14. These disks were only 2v8 inches in diameter and 
had 21/,-inch shnnks. Some of the State organizations used special 
disks of the smie general type but of different appearance and size 
and with legends cast in them which differed considerably from that 
cast in the stand:trd “State Survey” disks. Another type of mark 
sometimes used by these State orgaiiiz:itions W:IS a comniercial, rouncl- 
headed, rrionel-metal rivet, y8 inch by 2 inches, set with only the 
round head exposed. 

During the years just before, during, and for a short time after 
the exp:tnded pi’ograiri of leveling, a cooper:i t ive propam w:is in 
operat ion whereby the engineering organizations of various railroads 
established extra bench nmrks ahead of our leveling parties to  i i i -  

crease the number of permanent marks along the lines of levels 
following the railroads. On this work the monel-metal rivets de- 
scribed above were used. Many mnrks nlready established by the 
milroads were tied in. The chwacter of these marks varies widely 
from chiseled squ:ires to much more elaborate niarks of many different 
kinds. 

The Division of Tides and Currents of the Coast and Geodt.tic* 
Survey uses a tablet quite siniilrir in size and shape to the one usetl 
on the geodetjc leveling hiit with R tlitferent legend cast iii i t ,  iiii(1 
a distinguishing mark in the center which consists of .an outlinetl 
circle, about 1 inch in diameter, with a horizontal line through tho 
center of the circle. (See fig. 5,  No. 8. 

At Boston, Mass., New York, N. rt ., Atlantic City, N. J., Norfolk, 
Va., Charleston, S. C., San Francisco, Cnlif., Baltimore, Md.. Key 
West, Fla., L a  Jolla, Calif., and Seattle, Wtisli., the Division of Tides 

Y 2 
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1. Tritinpiiliition station 5. Gravity stntion mark. 10. Topographic N t a t i o n  

2. Rt.fermre mark. 7. Gravity rcfcrtww miirk. 1 1 .  hliigtietic stiitioii Inark. 
3. Aziiiintli niiirk. 8. ‘I’idnl bcwch niwk. 
4. Trflvcwe stntion mark. 9. Geodetic bcndi innrk. 

inark. 8. StntP Survey ~iinrk. iiiiwk. 
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and Currents has established what are known as Basic Bench Marks. 
These marks consist of an attractive concrete block weighing about 
800 pounds, 2v2 feet high, 1y2 feet square at the base and tapering 
sli htly toward the top. A standard tidal bench-mark disk is firmly 

the elevation of the basic bench mark. This concrete block is set on 
an enlar ed concrete base extending well below the frost line or to 

Several different types of disks with slightly varying legends cast 
in them have been used by the Coast and Geodetic Survey since early 
in the first decade of this century. However, most of them are of the 
same general size and shape as the present standard tablet and bear 
legends which are self-explanatory. They should be readily recog- 
nized by persons at all familiar with surveying operations. 

During World War 11, owing to a shortage of bronze, the Coast 
and Geodetic Survey was forced to use a considerable nuniber of 
bench-mark tablets made of cast iron. These tablets were of the same 
size and shape as the standard bench-mark tablet shown in figure 4, 
but manufacturing difficulties required that a greatly simplified leg- 
end be used. The center device is the same as shown in fi ure 4, but 
the lettering is 0.7 inch high and reads simply “U Y C & 8 Y I3 M.” 
The use of these cast-iron tablets was an emergency measure and was 
abandoned as soon as bronze could again be obtained. 

im % edded in the top and it is the elevation of this disk which defines 

solid roc E . 

DESIGNATIONS OF BENCH MARKS 

The bench marks of the metal-tablet type have their designations 
stamped 011 them with dies. Theoretically there are no two bench 
marks stamped with the same designation in any one State. Prac- 
tically, however, owing to the fact that mistakes have been made in 
the assignment of designations and in the use of assigned designations 
in the field, there are a few States in which one or more series of 
du licate designations have been used. 

$he system in use by this Bureau for numberin bench marks is as 
follows : The first mark established in a State is Xesignated “A,” the 
next “B,” the next “C,” and so on through the dphnbet, to and includ- 
ing “2.” The next marks :ire “A 1,” “B 1,” “C 1,” etc., to and including 
“Z 1.” The next marks are stamped “A ‘2,” “B 2,” etc., to and in- 
cluding “Z 2.” The niiniber is increased by one each time the alphabet 
is used. At  first the letters “I” and “0” were used but they were so 
often confused with the numerals one and zero that later these letters 
were skipped in st amping the bench marks. 

The State Survey disks (fig. 5, No. 6) are not ordinarily numbered 
in accordance with the above system but have various types of desig- 
nations depending 011 the practice of the State organization which 
established them. 

REQUESTS FOR LEVELING DATA 

It will readily be seen that it is necessary to be quite specific in stating 
character, designation, and location when asking for the elevation of 
a mark that has been found, because of the various types of marks that 
have been used by this Bureau and ot.her organizations. 

I n  order to  avoid delay and confusion, a request for the elev a t’ 1011s 



16 U. S. COAST A N D  GEODETIC SURVEY 

of bench marks should give the letter, number, and year which is 
stamped on each disk; the State in which each disk is located ; and, to 
guard against duplicate designations, the distance arid direction from 
the nearest town. Any other brief description of the character and 
location of the mark that may aid in its identification in the records 
on file a t  this office should be given. It is well to include rubbings of 
the marks with the request. A rubbing may be made by placing a piece 
of light- or medium-weight aper over the disk and then rubbing over 

cast in the disk and any letters or numbers stamped on the disk with 
dies. Other organizations sometimes use systems that correspond so 
closely to the system used by this Bureau in designating bench marks 
that confusion results unless we are sure of the name of the organiza- 
tion which is cast in the disk. 

The procedure outlined above is of interest chiefly to one who may 
have found one or more of our bench marks and who desires the data 
concerning the mark or marks which have been found. On the other 
hand, an engineer or  surveyor who is about to undert:tke field work in 
w given locality may wish to obtain data concerniiig all existing bench 
marks in the territory in which he is to work. For use in such cases 
the Coast and Geodetic Survey ublishc~s, by States, index maps show- 

arid numbers of the various lines lying i~hol ly  or in part within each 
State. These may be obtained on request to the Director, U. S. Coast 
and Geodetic Surve ,Washington 25, D. C. 

Index Maps have not actually been placed on the lists of descrip- 
tions and elevations of bench marks published by this Bureau. The 

.indexes of line titles and numbers are published for the convenience 
of persons making use of our vertical-control data in correlating the 
unnumbered lists with the index map. 

On the Control Leveling Index Mtips the line nrirnbers are assigned 
arbitrarily without regard to numbers assigned to lines in adjoin- 
ing States. An interstate line usually has a different number in each 
State. For this reason in ordering leveling data, it is necessary to 
give both the name of the State and the number of the line shown on 
the index map or list from which the number was obtained. 

Because the editions of the various lithographed lists of descrip- 
tions and elevations of bench marks are small, requests for leveling 
data should be kept to a minimixm consistent with the immediate 
needs of the user. Furthermore, this will serve the hest interests of 
the user, since these lists are revised at rather frequent intervals in 
order to keep them as nearly up to date as possible. 

the paper with a pencil, pre r erably a hard one, to bring out the legend 

ing its control leveling and in 2 exes, also by States, showing the title 

Until recently t K e line numbers shown on the Control Leveling 

ELEVATIONS OF CITIES AND TOWNS 

This Bureau often receives requests for the elevations or altitudes 
of towns, cities, or other relatively large areas. Usually no informa- 
tion is given as to whether the maximum, the mininium, or the aver- 
age elevation is desired. Ordin:~rily, no reference is a i d e  to the use 
to which the information is to be put. Without some additional in- 
formation of this sort, we are unable to comply with such requests in 
a manner which is at all satisfactory to us or to the person seeking 
the information. 
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Many inquirers seem to overlook the fact that the elevation of the 
ground surface, even in a small city, may vary as much as several 
hundred feet from point to point. Take, for example, the city of 
Washington, D. C. The Potomac River is a tidal stream to a point 
somewhat above the city. This means that the rise and fall of the 
tide is noticeable in the river opposite the cit of Washington. The 

mean sea level. The adjoining land will, of course, have varying 
elevations, depending on the steepness of the bank and the distance 
back from the river. Much of the flat part of the cit around the 
Mall and the portion of the city known as the Federal ‘$riangle is a t  
an elevation of approximately 10 feet above sea level. The Wash- 
ington Monument stands on a small hill having a summit elevation 
of about 40 feet. I n  the higher portions of the city there are eleva- 
tions between 200 and 300 feet, while the maximum elevation of the 
District of Columbia is about 420 feet. 

Obviously, if an inquirer asks for the altitude of Washington, w0 
might truthfully say that it varies from a miriimum of a fraction 
of a foot to a maximum of about 420 feet. This statement might or 
mi rht not be useful to the person seeking the information. 

8f ten approximite e1ev:ations are requested for use in deciding 
which of several places is best suited to some sort of recreation, to 
the search for health, rtc. Sometimes e1ev:itions of a fairly high 
degree of accuracy are desired at particular locations in a city for 
the purpose of adjiisting aneroid bnrometers. In many cases eleva- 
tions of bench marks can be given with grest accuracy. From these 
other elevations may be determined locally, with as high a precision 
as may be required or possible with the available equipment. 

for information as 

the use to be made of the information should be stnted in order that 
our reply may include all available information suited to the needs 
of the inquirer. 

COOPERATION IN PRESERVING BENCH MARKS 

REPORTS ON CONDITION OF MARKS 

average level of the surface of the river is a P raction of a foot above 

I n  writing to the Coast and Geodetic Surve 
to elevations of towns, cities, or other places o P considerable extent, 

Obvious1 the final results of all the field and office work in con- 

and the lists of the descriptions and elevations of them. A bench 
mark is useful only as long .as i t  is recoverable. When changes occur, 
as they often do, in the surrounding natural and cultural features, 
with relation to which the mark is described, it becomes increasingly 
difficult to find the mark by means of the published description. 
Engineers and others who have occnsion to visit any bench marks, 
e~t~ablished by this Bureau or other Government organizations, will 
be doing a public seisvice if they will report the condition of the 
marks arid make snggestions as to needed changes in the descriptions. 

Forin 685, Report on Condition of Bench Mark (see fig. 6 )  is a 
5- by %inch card with blanks to be filled in when reporting the con- 
dition of a mark. Copies of this form will be furnished on reqiiwl 
to anyone who may have occasion to search for or recover benc.11 

nection wit E control leveling are represented by the marks themselves 
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marks ,and who is willing to report their condition. Envelopes ad- 
dressed to the Dirwtor, IJnited St:ites Coast :inti (feotletic Survey, 
Washington 26, D. (:., antl requiring no post:ige will also be fur- 
nished for  returning these reports. 

STAMPING ELEVATIONS ON BENCH MARKS 

It is impossible for the field parties of this 13ure:iii to stamp the 
elevations on the bench niarks at the time tlie field work is done, beciiuse 
the final elevations are not known until after the coniplrtioii of the 
ofice computations antl adjustments. A t  times this Bureau has had 
recovery-and-stamping parties i n  the field for  the pui*l)ose of revisiiig 
descriptions and stamping e1ev:ltions on the beiirh niarks. However, 
this feature of the work has not kept pace with the adjustment of the 
leveling. As a result, many bench murks exist for  which standard 
elevations are available hiit which have not been staniped. 

R O R P U I I a n  w SOY”- 
“ . , . w T ~ - ~ ~  

mrm wa 
Cd APdl ,R4 

REPORT ON CONDITION OF BENCH MARK 

Designation of mark !‘!..a(! _. State P!.!!!!.q&!!!&.!L County .?%?.5?!... 
Nearest town .T.$Q#l*.r%a .. Distance and direction from nearest town O.B..ml. .E. O f . .  ~- 
Mark seanhed for or recovered by-(Name) .B .... P, ........... 

 ate ..&w~..A~J&!+ (Occupation) E.M&s.w ......... ................................ 

(Address) .,..~~-~~~~...DI.E, ..... 

. . . . . . . . . . .  Present condition of the mark 

Letters or numbers found stamped on (not cast in) the mark .. ...U ...aa.....g......... .................. .......- 
QOOd.. . 

Urn the fellorInz.p.ee for rcmrtinp upon the thomughnca. of thcacarrh in uu mark wasnot recovered. 
OI for auggalins meeded changa In lhc pvbiishad desrriptlon, if the mark was recorered 

State H i g h w a y  66 ha0 been relocated. 
CrOrk, which l a  the etream referred t o  i n  the deeorlptlon, about 
1/4 mile m e t  of the mark, and rune eouth and eoutheaet up the hlll. 
Mark l r  about 1.0 mile routheaet of the courthouse. 

I t  now croeeee Tioneeta 

1 ~ ‘ I b ~  ! ( I .  (i. b“\CSIBIIIA 014’ 1*01LJl Wj5, 11IC1’0ILT ON C!ONI)ITI(IN Ob’ I;k~NC!lI JIAKK. 

Of course, owiiig to  tlie difficulty of riitikiiig the necessary changes 
when the final or stiiiidtiid e1ev:itions beconrr~ av:ii lahle, pwliminury 
elevcitiorix rri t r x f  Tiof stonzpcd on  tho di.9E.x. However, when tlie 
standard elevations htive been drtcrmined, it is 1)erniissible to s t w i p  the 
elevations on the marks. l’ersoiis who for  :illy reiisoii >ire aiixious to  
st:imp the elevation on any pirticiiI:ir nitirk should coiiiinunicate with 
the I)irector, United States Coast sntl Gcwlrtic Survey, W:Lshington 95, 
D. C. A rubbing (see 1). l( ;)  of tlie disk 4 i o r i l t l  :ic(*oiiip:~iiy the iwliiest 
for perniissiori to stamp the elev:ition. Upon receipt of the request, if 
the standard elevation is available, instructioiis as to the pi’opr pro- 
cedure in stamping the mark will he forwarded and tlie necessai’y (lies 
will be lent for  the purpose. This  Bureau has no furids available from 
wliic*h to pay anyolie other i11ii11 niernbers of its owii field Ixirties f o ~ .  
stamping elevations on its beiicli marks, but will tipprec-iate tlie cooper- 
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tltioll of responsible persons in stamping final elevations on bench 
marks. However, 110 mark should be stam led without first receiving 

instructions and materials. 
permission from the Director and then on \ y after receipt of proper 

tates t B e destruction of bench mar P s, in spite of the fact that every 

possible. This Bureau g as no funds from which to p ~ y  field parties to 

RELOCATION OF BENCH MARKS 

Fre uently new construction or re airs to existing structures necessi- 

effort has been made to lace them where they will be as permanent as 

relocate beiicli marks when they must be moved. I f  these marks are to 
be preserved for the use of all engineers and surveyors who may have 
occasion to use them, we must depend on the cooperation of engineers 
and others throughout the country for assistance in their reservation. 
Obviously it is to the best interests of all concerned that \ ench niarks 
be relocated rather than destroyed. 

There has been developed a routine method of handling such rases. 
If engineers who encounter our marks in the course of construction, 
repair, or maintenance operations will cooperate as outlined below, the 
destruction of useful bench marks will be very much reduced. 

As soon as it becomes known that a mark must be lnoved, a letter 
should be sent to the Director, United States Coast and Geodetic 
Survey, Washington 85, D. C., attention Section of Leveling, stating 
the necessity for moving the mark and giving its desi nation. The 
designation consists of the letters and numbers stampet ri with dies on 
the disk. It is desirable t o  furnish a rubbing of the disk as well. 

Upon receipt of this information, this ofice will send 

roper procedure, in most cases, is to establish the new mark 

by means of an engineer’s level and rod. The leveling should be 
run in du licate to avoid the possibility of large errors, and all read- 

accuracy of the original surveys. I t  is not neceasary that the new 
mark be establixhed at the Satthe elevation anp the old mark. 

The old mark should not be disturbed until the observations ill- 
volved in the leveling have been checked by the observer or the 
recorder. An iissunied elevation for the old mark iniiy be used i i i  
the leveling since we are rincipally concerned with the difetwnne of 

After the new mark has been established and leveled to, the old 
disk should be broken out and returned in a franked mailing sack 
which will be supplied for the purpose. 

A complete report on the action taken, including a description of 
the location in which the new murk is established und a copy of the 
tield notes involved in the transfer of elevation, should also be for- 
warded to this office in a franked eiivelo e which will be furnished. 

The cooperation which individuals an$ oqyiiizat ions may extend 
to  this Bureau in preserving bench marks w1 1 be a sewice, not only 
to this Bureau and other Government surre ing organizations, but 

out (see a p* new isk, properly stamped to show that i t  has been reset. 

in a sa i! e place nearby and level from the old mark to the new one 

ings shou P d be made to three decinid places in order to preserve the 

The 

eleuation between the 01 x mark and the new one set to replace it. 

to all who niay have occasion to use the niar l s in the future. 
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SPECIFICATIONS FOR VERTICAL CONTROL 
[Approved by Board of Surveys and Maps of the Federal Government, May 9, 19331 

CLASSIFICATION 

Firat-order leveling.-First-order leveling should be used in de- 
veloping the main level net of the United States. The lines should 
be so placed that eventually no point in the country will be more 
t h m  about 50 miles from a bench mark eshblished by leveling of 
this order. All the lines should be divided into sections 1 to 2 kilo- 
meters in length, and each section should be run forward and back- 
ward, the two runnings of a section not to differ more than 4 mm. 
JK or 0.017 footJM, where K is the length of the section in kilometers 
airtl M its length in miles. 

,Sword-order Ir.vclin!/.-Second-order leveling should be used in 
wbtlividing loops of first-order leveling until no point within the 
area is much more than 12% miles from a first- or second-order 
tmich mark. Second-order leveling will include lines run by first- 
order methods, but in only one direction, between bench marks pre- 
viously established by first-order leveling and all double lines of lev- 
eling whose sections, run in a backward and forward direction, check 
,within the limits of 8.4 mm. &-or 0.035 foot a, where K is the 
length of the section in kilometers and M its length in miles. 

T?t ird order Ipi,plinq.-Third-order leveling may be used in sub- 
dividing loops of first- or second-order leveling, where addition. <L 1 con- 
trol may be required. Third-order lines should not be extended mor(’ 
than 30 miles from lines of the first or second order; they ma be 
single-run lines I)ut must always be loops or circuits closed upon Enes 
bf equal or higher order. Closing checks are not to exceed 12 mm. 
,/kilometers in circiiit or 0.05 foot Smiles in circuit. 

Leveling of loiiier ordcr.--L~~el iiig that allows closure checks 
greater than the limit stated for third-order work, such as trigono- 
metric leveling. or “flying” levels, shall be considered as belonging to 
the lower order of work. 

PUBLICATIONS 

The following publications containing leveling data are now out 
of print, but may be consulted at the larger public libraries, and a t  the 
libraries of some eclucntion:~l institutions. These publications are 
listed here only for their historical vxlue in showing the development 
of the level net. The data contained in them have been superseded 
and should not b~ u s 4  for control purposes. 
bp(Jrt  for 1x79, Al)ptwdix 15, pp. 202 to 211, “On Instruments and Methods TJsed 

for Pret4se Lwelirrg in the (bast :ind Geotlecic. Survey.” 
Report tor lX!)R, App+wlix X, [jp. 3x1 to RX2, “L)twri])tion of Leveling Hods, De- 

signet1 :iiii1 (‘oiistrnctrd for  1Tw in Creotlrtic-leveling ()perations.” 
Iirport for l X 9 9 ,  Appnclix 8, pp. 347 to 8x6, “I’recise 1,tw~ling i n  the United Rtntes.” 

(Contains descriptions of instruments and rnethods ; tlettiils of the level net  
:tdjiistment with the resulting elrvations ; (lcw*riptioiis of bench mnrks.) 

Report for 1900, Appentlix 6, PI). F21 to 534, “Description of Precise Levels Nos. 7 
: ind H, Cmst a r i d  Ocwletic Si i iwy ,  11)OO.” 

&port for 1tW.3. Appendix 3, pp. 1x3) to 809, “Pre(.isr Lereling in the United States, 
1!uNHC~, with II Ile.:itljustrrwrit trf the Lrvel W t  :[rid litwilting Elc~vatioris.” ( In  
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adtlition to  the details of the reatljustment of the level net, this appendix con- 
tains elevations of all bench marks then in the net. and descriptions of bench 
marks not incaludetl in Appendix 8, Report for  1899.) 

“Precise Leveling in the United States:, 1903-1907, with a Readjustment of the 
Level Net and Resulting Elevations. (Contains also descriptions of bench 
marks not included in Appendix 8, Report for 1899, and Appendix 3, Report for 
1‘m. ) 

Special Publication No. 18, “Fourth General Adjustment of the Precise k v e l  Net 
in the United States and the Resulting Standard Elevations.” (Also contains 
descriptions of bench ni.ii.ks not included in Appendix 8, Report for 1899; 
Arqjentlix 3 ,  lieport for 1‘,)03 ; arid Precise Leveling in the United States, 1 W -  
1907. ) 

Special Publication No. 22, “Precise Leveling from Brigham, Utah, t o  San Fran- 
cisco, California.” 

Special Publication No. 39, “Precise Leveling from Reno to Las Vegas, Nev., ant1 
from Tonnpah Junction, Nev., to Laws, Calif.” 

Special Publication No. 77, “Precise Leveling in Texas.” (Originally published in 
1922 arid revisrd in 1!)29.) 

Special Publication No. X6, “Pre(4se Traverse, Rac*iiie, Wis.. to Vantl:ilin, Ill.” 
((‘ontrrins also results of leveling over the route of the travcrse from Hockton 
to Vandalia, Ill. ) 

Special Publication No. 95, “Precise Leveling in Georgia.” 
Special I’ublic+ation KO. 1 0 1 ,  “I’rwise ‘l’rinngulation, Traverse, and Leveling 111 

North Carolin:i.” The portion concerning leveling has 
been superseded by Special Publication No. 210, “Leveling in North Carolina.”) 

Specinl Public.:ition No. 122, “First-order Leveliiig in Oregon.” (Publishe(l in 
1926, :>[Id lias been suiwrsrtletl by Sgecitil Publication No. 177, “Leveling in 
Oregon.” ) 

Seri:il 502, “First-order LweIinq, l!M ” 
Special Publication No. 1H5, “Lrveling in Florida.” 

( Piiblished in 1!)24. 

The following is a list of current leveling publications, which may 
be purclinsed from the Superintendent of Documents, Goverririient 
Printing Ofice, Washington 25, D. C., at prices which will be fur- 
nished on app1ic:ttion. However, in each case except Speci:d Publi- 
cations Nos. 129, 140, arid 161, these publications have been superseded, 
either wholly or i i i  part, by 1ithogr:iphed lists of descriptions and 
elevations of bench marks, which are obtainable on request from tIie 
Director, U. S. Coast and Grotletic Survey, Washington $25) I). C. 
Also, in all cases except for the three publications noted above, addi- 
tional material is available in lithographed form and covering level- 
i n g  done since the issuance of these publications. Further, with speci:tl 
reference to Special Publication No. 140, see the note at the end of 
the following list. 

Rpedal 
IWl iciition 

No. 
120 Geodetic. Level and Rod. 
140 Mtliiuiil of kYrst-order IRvrIing. 
161 First-order Leveling in Hiiwaii. 
169 First-order Leveling in Alaska. 
172 
176 First-Order Leveling in Michignn. 
177 Leveling i n  Oregon. 
181 
183 
184 h v r l i n g  in blnine. 
188 Lrvrling in Arkriiis:is. 
210 Leveling in North Carolina. 

NoTE.-SpwiHI I’uhliration No. 140, “Mmual of First-order Leveling,” is in 
the process of revision nntl is  being issued 31s two separate publications, ns follows : 

Spec-it11 I’iihlictiti&i No. 23!), “Mf~niii~l of Geodetic Leveling.” 
Spwial 1’uhlic:ition No. 240, “Mii  nnril of Lrwling (’omputfition and Adjustmelit.” 

First-order Lwrling in New Jersey. 

Ltveling i i i  ;2l:iss,rc.liiist~tts, Rlioile Ihlantl, and Connecticut. 
Levrling in New Hampshire and Vermont. 



Blank page r e t a i n e d  for p a g i n a t i o n  
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PUBLICATION NOTICES 
To make immediately available the results of its various activities to those 

interested, the Coast and Oendetic Survey maintains mailing lists of persons and 
firms desiring to receive notice of the issutince of charts, Coast Pilots, maps, and 
other publications. 

Should you desire to revrive such notic*rs, you may use the form given below, 
(.lieeking the lists covering the subjects i n  which you are interested. 

(nnte)________________---- 
T)IHE(.TOR, u. s. mAST AND ~FODlCTlC. SUKVkY. 

Wtrshington 25, I ) .  C. 
DEAR SIR: I desire tiitit my nnmr br placed on the mailing lists indicated by 

check below, to receive notiflcatioiis of the iwsnnnce of publications referring to 
the subjects indicated : 

0 109. Astronomical work. 
0 109-A. Base lines. 
0 109-B. (’onst l’ilots. 
0 I@&(’. Currents. 
0 1Mj-r). (ieodesy. 
0 1WE. Gravity. 
0 1094’. Hydrography. 
0 1o l tG .  Leveling. 

7 W H .  Nauti(*til ditirts. 
0 1WI. Oceanography. 
0 109-J. Traverse. 

1OSK. Seismology. 
0 109-L. ‘1‘errrstrial n i n g t i ~ t i ~ ~ n .  
0 10SM. Tides. 
0 109-N. Topography. 
0 10S-O. Triangu1:ition. 
0 109-P. Cartography. 
0 1094%. Aeronautical (.hnt’ts. 

(Name) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -  _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _  _.____ _ _ _ _ _ _ _ _  
(Address) _ _ _ _ _ _ _ _  - _ _ _ _ - _ - _ _ _  _ -  _ -  _ _ _  _ _ _ _ _ _ _ ~  _ _ _ _ _ _  

- ._ _~ 

A cbatalogue of publications issued by the C’oast and Geodetic Survey in litho- 
graphed form is available for distribution and may be obttiined on request by 
writing to the Director, U. S. Const and Uwdetic Survey, Washington 25, D. C .  
This publication bears the title “List of Pnblic*ations of the Coast and Grotletic 
Siirvey” and was published in July, 1947. 

0 


