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THE WHITE MAN'S GADGET INTRIGUES 



WEST LOOKS EAST AND SEES A TOPSY-TURVY WORLD 

A YakBn Moro on the Island of Basilan employed as a packer 
by a Coagt Survey party, catchen, through a theodolite, his 
first upside down view of a familiar mountain. Pono Cobung. 
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- NOTICE -

Due to a serious reduction in the person

nel of the Coast and Geodetic Survey, with a con

sequent increase in the duties of the regular 

staff, it has been found necessary to issue the 

Geodetic Letter as a quarterly publication in

stead of once a month as heretofore. The March 

issue is the first one for the year 1936. 

-6.-
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March, 1936 

EASTER BONNET - LARGE HEAD SIZE 

Portage on Basswood River along the Canad1an boundary. 
During reconnaissance 1JI!ork, a distance of 125 m11es was cov
ered 1n 5 days with the aid of the IOO-pound canoe shown 
above. 

-6-
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LOCAL CONTROL SURVEYS 

H. W. Hemple 

The Local Control Surveys which were initiated by the 
Coast and Geodetic Survey as a part of the original Civil 
Works Administration program in November, 1933, are being 
recommended to the various State W.P.A. Administrators by 
the Federal Works Progress Administration, as suitable pro
jects to be adopted for the relief of unemployed engineers 
and others of the so-called "white oollar" olass. 

A 'Working Prooedure" pertaining to these surveys has 
been sent to eaoh of the State Administrators. A oOPY of 
.this is given on page 9. At the request of offioia1s of 
the Works Progress Administration, the Coast and Geodetio 
Survey has sent to various interested engineers in eaoh 
state a copy of the 'Working Procedure' and also "Sugges
tions Regarding Organization and Operation" of Local Control 
Survey parties. This latter is given on page 12. If there 
are unemployed engineers in any state, it is believed these 
suggestions will be of assistance should it appear desirable 
to inaugurate suoh a proJeot. The Amerioan Society of Civil 
Engineers reoommended this as a desirable proJeot should 
there be unemployed engineers. See letter of December 2, 
1935, from Mr. George T. Seabury, Seoretary, A.S.C.E., to 
various local sections of the Sooiety, page 34. 

At the present writing this projeot has been approved 
and field work is being oarried on in the following states: 
Massaohusetts, Conneotiout, New Jersey, North Carolina, Ok
lahoma, Alabama, Louisiana, Florida, New York and Georgia. 
The proJeot has been approved for South Carolina and it is 
expeoted that field operations will start in that state in 
the near future. 

The work in these states is under the direction of the 
following engineers:, 

Massachusetts: Mr. E. C. Houdlette, 
100 Nashua St., Boston. 

Conneotiout: Prof. C. J. Tilden (Consultant), 
51 Prospect st., New Haven. 

New Jersey: Prof. Philip Kissam (Consultant), 
31 University Place, Princeton. 



N. Carolina: 

Oklahoma: 

Alabama: 

Louisiana: 

Florida: 

New York: 

Georgia: 

S. Carolina: 
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Mr. O. B. Bestor, 
State Highway and Public Works Commission, 
Raleigh, N. C. 

Prof. N. E. Wolfard, 
University of Oklahoma, 
Norman, Okla. 

Prof. J. A. C. Callan, 
Alabama Polytechnic Institute, 
Auburn, Ala. 

Mr. ,D. G. W. R1cketts, 
Project Supervisor, 
126 Carondelet street, 
New Orleans, La. 

Dr. Blake R. Van Leer, 
University of Florida, 
Gainesville, Fla. 

Mr. L. R. Holden, 
1460 South Avenue, 
Rochester, N. Y. 

Mr. James R. Rundell, 
Westchester County Emergency Work Bureau, 
County Office Building, 
White Plains, N. Y. 

Mr. Frederick H. McDonald, 
Commercial Exchange Building, 
Atlanta, Ga. 

Mr. T. C . Hamby, 
1325 Main Street, 
Columbia, S. C. 

The conditions concerning employment on this project in 
the individual states are quite varied. The State AdmInistra
tor in general~ bas a great deal of leeway concerning inter
pretations of regulations pertaining to the selection of per
sonnel, salaries and hours of work. The original intention 
was that only 10% of the employees on any project could be se
lected from non-relief sources. At the present time if the 
State Administrator feels that more employees from non-relief 
sources are necessary to insure the successful operation of any 
project, he may allow the employment of a greater percentage. 
It was originally specified that 40 hours of work per week would 
be required. At present, the State Administrator can regulate 
the hours of an individual employee so that he need work only 
a sufficient number of hours to total the maximum salary 
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allowable, figured on the basis of the prevailing hourly rate 
of pay for the type of work done. In some of the states the 
surveys are carried on by shifts of two parties working three 
days per week. In such cases, one party will work Monday, 
Tuesday, and Wednesday; the other party will work on the same 
line on Thursday, Friday, and Saturday. 

The maximum salary for the men chosen from relief sources 
varies from $94.00 per'month in the north to $75.00 in the 
southern zone for technical positions. Skilled employees may 
be paid from $g5.00 ln the northern zone to S6g.o0 ln the south
ern zone. The intermediate classification of employees provides 
for wages of $65.00 per month in the northern zone to .~9.00 in 
the south. Unskilled employees are paid $55.00 in the north to 
$30.00 in the southern zone. There are 4 zones; the northern 
reglon being zone 1; the southern region being zone 4. Sala
ries 1n zones 2 and 3 are intermediate to those auoted aboveo 
The men from non-rellef sources are paid from $100.00 to $150.00 
per month, depending upon the pOSition held. All salaries must 
have the approval of the State Reliet Administrator. 

It condittons warrant the consideration of this project, 
the procedure is 'as follows: An estimate is prepared on forms 
of the Works Progress Administration. This must be signed by 
the sponsors of the project. It is then sent to the State of
fice of the W. P. A., where it is analyzed as to man-year cost, 
suitability for relief purposes, conflict with other projects, 
availabili ty of personnel, and whether ln gen~eral the work can 
be carried on under regulations prescrlbed for the conduct of 
projects under the W. P. A. Should it be approved by the 
State Administrator, it 1s sent to the Washington office of the 
W. P. A. for further study. If approved by the Federal W. P. A., 
it must have the approval of the Budget Bureau, the President, 
and the Comptroller General of the United States. An allotment 
is then issued to the State Administrator after which the project 
is ready to be carried out. 

A requisitlon for personnel is prepared and forwarded 
through the State W. P. A. to the United States Employment Ser
vice local offices. Specifications concerning the type of em
ployee desired should accompany this requisition. The Employ
ment Office then assigns men with the proper qualifications to 
report tor work on the project in the localities mentioned on 
the requisition sheet. The employment of men from non-relief 
sources must also be approved by the United States Employment 
Service. This is also handled through the State W. P. A. of
tice. All pay rolls are prepared in the tield and then sent to 
the state W. P. A. office where the checks are drawn and then 
sent to the i~dividual proJects for distribution. Salaries are 
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on a monthly basis, and employees are expected to work the re
quired number of hours per month specified for the rate of pay 
obtained; If any employee's services are unsatisfactory, hie 
services may be dispensed with. If any of the men assigned to 
the project by the United States Employment Service are found 
unon examination to be deficient in the desired qualifications, 
it is not necessary that they be employed. 

Requisitions for materials are handled through local state 
offices of the Procurement Division of the Treasury Department. 
All purchases of materials are made through this organization. 
Arrangements to purchase materials on the site of the work can 
be made through special authority granted by the Procurement 
Division, provided there is danger or the party being delayed 
due to non-arrival of supplies. Such authority is granted only 
in special cages. Allotments for purchases of materials are 
kept as small as possible consistent with obtaining satisfactory 
results. In several states t funds have been advanced by stat~ 
organizattons or from local sources, to supplement the amount 
from federal appropriations. Such funds have been advanced by 
state Highway Departments, State Public Works Commissions, etc. 
The availability of such. supplemental funds is e8pecially de
cirable since the funds for expenditures for materials and sup
plies from federal sources is usually very limited. Such funds 
may be u~ed for the rental of surveying instruments, office 
equlpment, computing machines, etc., which ordinarily may be a 
sizable amount. Insurance on trucks and surveying equipment 
may a1 so be handled through such funds. 

The clerical work in connection with requisitioning nerson
nel and procurement of supplies and matertals is considerable. 
In addition, various reports are required to be submitted -eek
ly and monthly to the Works Progress Administration. The Regu
lations prescribed for Works Relief operations are voluminous 
and one or two employees in the project office should be required 
to make a study of such rules. A good sized office force will 
be required to attend to the various clerical duties in connec
tion with the project. 

The project having been approved for adoption, does not nec
essarily mean that the State Administrator will carry out such 
wcrk~ Generally, more projects are approved than there are funds 
e.v9.ilable to carry them out. If the surveys are started, the 
St~7 tl:~ Aruninlstrator can stop the project at any time he sees fl t. 
If funds are running low, and he feels that other projects are 
more wort~y, he can d1scontinue the survey work, or any other 
project. This may not be a serious consideration at the commence
ment of the project when available funds are ample, but seve~al 
months from now when funds become depleted it may 100m very large. 
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Specifications for traverse, leveling, and triangulation 
are given on pages 17 and 2g of this issue of- the Geodetic Let
ter. 

-A-

SUNSHINE AND RIPPLES 

Unusual picture taken by E. O. Heaton, showing in detall 
the sunlIght caught on the rlppling waters beneath the falls 
with the resulting effect of wet leaves heaped together. 

-6-
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WORKS PROGRESS ADMINISTRArrION WORKING PROCEDURE 

Code No. 1~65 
l?::l=-'7~2:-;::-2 7""T':3=-=5=--

Geodetic Local Control Surv~~ 

DESCRIPTION: 
Triangulation and traverse surveys for horizontal control 
with an accuracy of one part in 10,000 in distances sur
veyed; leveling with an accuracy of .05 of foot times the 
square root of the distance in miles to furnish elevation. 
The work is designed to supplement fundamental horizontal 
and vertical control surveys carried on by Coa~t and Geo
detic Survey. 

SPONSOR: 
state Public Works Commission; Engineering Departments of 
States ana other Dolitical subd1visions end municipalities; 
State Educational InRtltutions; state Highway Department; 
State and City Planning Boards; with the cooperation of Na
tional. and State Engine€ring organizations. 

PLANT AND EQUIP~iENT: 
Space for central office; stor8ge room for supplies and 
tra.nsportatlon facilities; necessary surveying instruments, 
(transportation equipment and instruments in limited quanti
ties may possibly be loaned by the Coast and Geodetic Sur
vey); camping equipment whe.re necessary. 

Y.ATERIALS: 
Necessary books and supplies for office and field work; ce
ment, sand, gra~l, and metal tablets for monuments; food 
stuffs when necessary to establish camps for field work. 

SAFETY: 
The Works Progress Administration Safety Division shou1d be 
notified before project 1~ put in operation. 

PERSONNEL: 
Qualified supervisor, who should be experienced engineer; 
qualified superintendents, engineers, rodmen, chainmen, 
draftsmen, accountants, and clerical assistants. Engineers 
of the Coast and Geodetic Survey will be available upon re
quest to give advice to state supervisors on administrative 
and technical matters. 

SCHEDULE: 
1. Supervisor and superintendents should inspect various 

field units, and instruct them in procedure. 
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SCHEDULE: (Continued)-
2. Superintendents, engineers, field and office forces 

shou1 d conduct work according to instructions given 
by supervisor. 

3. Where practicable, survey should start from existing 
triangulation stations and bench marks of Coast and 
Geodetic Survey, and supplement fundamental horizontal 
and vertical control surveys carried on by that agency. 

4. Routes may follow railroad~ and principal high~ays, 
forming loops approximately five miles acro~s. When 
the work is done within or close to city areas the 
loops may be smaller. Surveys may be done in any part 
of the State, but preferably in most highly developed 
areas in order to produce greatest usefulness. 

5. Monuments should be set in pairs with azimuth or di
rection between the two monuments determined by the 
traverse. The pairs of monuments should be set at in
tervals of from one to two miles along routes surveyed. 
When the lines lie within or close to city areas there 
should be a closer spacing of the monuments.' 

6. Monuments of concrete, into each of Which is set an in
scribed rustproof metal tablet, should be established 
in places least liable to disturbance (on land, engineer
ing structures, or outcroppings of rock); the monuments 
should be of such Size, and be set in such a way as to 
insure permanence. 

7. The same monuments should serve for the traverse and the 
leveling. 

S. A central computing office should be organized in each 
state where the inspect10n of survey records and the de
scriptions of stations may be made, following closely 
the field work. The computation of lines of traverse 
and leveling should be made as soon as possible after 
their completion. The original field records and compu
tations must be forwarded to the Coast and Geodetic Sur
vey at Washington, D. C., as soon as practicable after 
the field and office work has been completed. Duplicates 
may be made and retained in the state offices. 

9. The work contemplated would follow very closely the 
specifications prepared by the Coast and Geodetic Survey 
1n 1933 for the geodetic loeal control surveys carried 
on under the Federal Emergency Relief Administration. 
Copies of these specifications will be furnished upon re
quest by the Direotor of the Coast and Geodetic Survey. 

10. Upon request state administrators of the Works Progress 
Administration will be given information by the Director 
of the Coast and Geodetic Survey as to engineere 1n the 
states who are familiar with geodetio looal oontrol sur
veys. 
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PRODUC": 
1. Will provide base for topographic and other maps and 

~tarting pOinte for surveys for all classes of engineer
ing operations. 

2. Will provide the basis for surveys of boundaries of pri
vate and public land, an.d will be a further step in sur
veying and mapping the country. 

3. Will aid in future utilization ot land and natural re
sources. 

REFERENCE: 
FERA NO. F2 . 7 
This procedure may be approved or modified to meet local con
ditions. Suggested alterations should be sent to: 

-6-

Works Progress Administration 
1734 New York Avenue, N.W. 
WashIngton, D. C. 

RETURN OF THE FORTY-NINERS 

After . the descent from Laramie Peak, Wyo., where a station 
was e~t~bllshed at an elevation of 10,274 feet above sea level. 
Due to the combined roughness, steep slopes and brush-filled dead
fall, with the accompanying disastrous effect on clothing, the 
above picture was the only one passed by the censor. 

- 6 -
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SUGGESTIONS REGARDING ORGANIZATION AND OPERATION 

OF 

LOCAL CONTROL SURVEYS UNDER WORKS PROGRESS ADMINISTRATION 

The Coast and Geodetic Survey long has been and still 
is a crusader for control surveys. It conceives of their 
results as tools necessary to every engineering orojeet 
which require~ accurate knowledge of the configuration of 
an extensive area of the earth's surface. Preexisting con
trol assures the accuracy and reduces the cost of the myriad 
measurements which must be made to acquire that knowledge. 

For many years t~e Survey has been working on a Federal 
control surveys project. It has recognized that the 25-mile 
spacing of the basic nets was too wide to bring its pointe 
within convenient distance of most local projects, and its 
program has contemplated that in connection with other engi
neering work, additional intermediate pOints would be estab
lished, and thus there would gradually develop intensive and 
closely-spaced systems of horizontal and vertical control, 
all based on and tied into the basic Federal nets. 

The need of providing work for the unemployed affords 
an additional incentive for work of this character because 
money spent for surveying normally makes a considerably larg
er direct contribution to labor than do funds spent for con
struction. Unemployment relief has been the principal incen
tive for large Federal programs of control surveys carried on 
during the past two years. 

Under the present set-up it bas not been possible to con
tinue the control surveys as a national proJect. Works Prog
ress activities are decentralized on a state-unit basis. In
formation essential to the effective planning and execution 
of a project is not available in Washington. It ie not known, 
for example, to what extent engineers and other workers of the 
required caliber are available in the various states. It is 
not known to what extent instruments can be borrowed, motor 
transport secured, and supplies and materials obtained to 
keep operating costs within the man-year limit fixed. 

We beI1e~e, however, that alert engineers throughout the 
country know the answers to these questions as pertaining to 
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their respective states. We believe that whereve~ these local 
conditions are sufficiently favorable it is distinctly worth 
while to set up local control survey projects on the basis both 
of the unemployment relief to white-collar workers thereby af
forded· and of the per11l8.nent pub11c value of the re suI ts of the 
work. 

Therefore, we have been working recently with officials of 
Mr. Hopkins' office on a working procedure for local control sur
veys to be accomplished under the var10us ~tate Works Progress 
Administrators. This procedure is being sent to the State Admin
istrators for their guidance in connection with carrying on such 
work as a relief measure. 

It is nrobable in some of the states that the Works Prog
ress Administrator may be unfamiliar with the work done in the 
past on the local control surveys and as a consequence, he may 
select engineers to organize this project who are not well versed 
in control surveying. For this reason, the officials of the 
Works Progress Administration are sending to this Bureau a num
ber of co~ies of the working procedure for control surveys Which 
will be forwarded by this office to a number of key men in each 
State. These men can then take such steps as might be necessary 
to properly organize the project to obtain the best results. The 
first consideration should be the ~election of a competent engi
neer to handle the entire job as the State Director. This man 
should have a capacity for organization and leadership and in 
general, have considerable executive ability. He should have a 
thorough knowledge of control surveys and their uses. 

As you know, ten percent of the persons employed do not 
have to be taken from relief rolls. These men would be the 
chiefs of parties and inspectors. There are possibly enough en
gineers on the relief rolls to fill in as observere. Any bright 
young man could be taught to do chaining, rodding, recording, etc., 
and such work is admirably adapted to the employment of the white
collar class. 

The Coast and C~odetic Survey had quite a number of engi
neers from various parts of the country employed on triangulation 
and leveling parties until recently. This office would be glad 
to .furn1sh the names and addresses of such men who may be avail
able in your state. These men could be employed to assist in 
training chiefs of parties and observers. 

It may be rather difficult to secure a sufficient number of 
instruments to properly conduct surveying operations, but under 
present conditions there should be a surplus of such instruments 
owned by individuals, engi~eering departments of railroads, 
street railways, highway departments of counties and states, civ
il eng1neering departments of universities and technical sohools, 
and engineering departments of cities and towns which are not 
in use and could pOSSibly be obtained on loan. The Coast and 
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Geodetic Survey may have some instruments, other than transits 
and 1 evel s, that might be lOB,ned providing the shipping charge s 
are paid from Works Progress Administration funds or local 
sources. Thl~ Bureau could not pay transportation expenses and 
wou'd have to obtain assurance that the instruments loaned woul' 
be returned in good condition at the expiration of the field work 
and at other than the expense of this office. Such instruments 
which are now available in limited quantities consist of thermom
eters, spring balances, hand levels, level rods and 100-foot steel 
tapes. 

In some of the states where these surveys have been conduct
ed the officials of towns of a few thousand or more inhabitants 
would be contacted regarding the possibility of cooperating. They 
would be told that some ten to twenty men in that community would 
be put to work on the local control surveys if the town or city 
would furnish the instruments, usually a transit, level with the 
necessary rods, and a 100-foot steel tape. These local officials 
in some cases also furnish transportation facilities. In many 
cases men who were on relief but had automobiles or motor trucks 
would be glad to use such equipment on the job because of the em
ployment offered them. Ga.so~_ine and oil were sometimes furnished 
by the local municipplities or the men employed on the parties 
contributed the few cents a day necessary to defray such expenses. 

In this way the work could be started in.a number of places. 
The traversing and leveling need not be cfl.rried beyond certain 
distances, say 20 miles from the center, thus making it possible 
for the members of the surveying parties to return to their homes 
each evening. The surveying should be done, If practicable, near 
existing triangulation stations and bench marks, but if this is 
not possible the work could start in communities where there are 
no monuments and the starting station could be tied into the na
tional scheme of control at a later date. 

It 1s posstble that in many cases rather extensive travers
ing can be done by having two communities, say 40 or 50 miles 
apart, each do the local control surveying and join their work 
half-way between the settlements. Each community could eventual
ly have a sort of spider web of survey lines around its area. 
These llnes could be at intervals of from 5 to 7 miles aoart, at 
a distance of 20 to 25 miles out, but they could be spaced more 
closely as the cIty or town limit~ are approached. Near the mu
nIcipal boundarIes tt might be well for the survey lines to be 
spaced at lnte~vals of two to three miles. The stations along 
the routes should be set at intervals of a mile or two. They 
shou1d usually be established in pairs in order that at each sta
tion an az1muth wou:_d be available for any other surveying that 
might be gtarted from these local control su~vey stations. There 
would be s'.:>me stations where objects such as church spires, water 
tanks, COl4"'thouge cupolas, etc., could be used for this purpose, 
in Which '-~t!~e 1 t wou'd not be necessary to e!ltablish a separate 
azimuth !Tl8.'r. Both traverse and levelIng should be run over each 
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line of stations. The station marks would then serve for both 
the horizontal and vertical control surveys. Specifications 
for the conduct of the surveys may be obtained from this office. 

It is possible, owing to the value of these control sur
veys to the highway department of your state and count1es, that 
such organizations would fur.n1sh sand, cement and gravel for the 
stat10n monuments, or poss1bly the local municipa11ties may de
fray such costs. It would involve only a comparatively small 
amount of materials, but 1t would save a few dollars cost that 
might be rather helpful to the director of the local control sur
veys. 

Monuments may be set in several ways. Until a year or so 
ago the field parties of this Bureau m1xed and poured the con
crete at the stat10n site. Recently, however, the practice has 
developed of using precast marks. Wooden forme were made that 
could be used over and over again, and in some cases the cost 1n 
labor and materials for making the precast marks was only sixty 
cents each. Monuments are in .general about four feet long and 
1n high lat1tudes even more. The cross sect10nal d1mens10n va
ries from 6 x 6 or g x g inches at the top to 12 x 12 or 15 x 15 
inches at the bottom. Precast monuments should be set 1n a bed 
of concrete placed 1n the bottom of the hole. In general, the 
monuments should be suff1c1ently heavy and stable to prevent dis
turbances shou1d they get a slight knock. 

In the top of each monument an inscribed metal tablet shou1.d 
be ~et to mark the station. The advantage of the metal mark 1s 
that the person Jeeing one of them recognizes at once that it is 
e survey mark. TheRe tabl ets should be comparE' tl vely small and 
1nexpensive and should be so des1gned that their removal from the 
concrete monuments would be most difficult. They should be cast 
from a non-corrosive material such as brass or bronze. The 
Coast and Geodetic Surv~y will upon request, furnish specifica
tions for such mark~ which have cost from 13 to IS cents each in 
the past. 

Each surveying party should make such computat1ons as are 
necessary to insure that the loop closure of the traverse or 
leveling is within the desired accuracy. There should be a cen
tral computing office in the state where the work of the individ
uBl parties could be inspected and correlated so that sat1sfac
tory results would be obta1ned. The traverse computat10ns should 
be on the plane-coordinate system. The plane coordinates of tr1-
angulation stations have been determined 1n a number of states 
and these could be furnished by this office. In "those states 
where plane coordinates have not been computed such work could be 
done in the central computing office. 



- 16 -

Under the initial Civil Works Administration set-up, thi8 
Bureau had printed a supply of record books tor traverse and 
leveling and computation forms. Some of this material' 1s 8tIll 
available and ·could be furnished to the State Directors as long 
as the supply lasts. Perhaps later on as this supply is eXhaust
ed, It m1-ght be possible to secure a small allotment of funds 
with which to print additional record books and computation forms 
w~ich could be sent out to the state 'local control survey pro
jects. At least, this Bureau would be willing to make an. effort 
to secure funds for this purpose if necessary. This Bureau would 
not be able to furnish other stationery, such as tracing cloth, 
draft1ng paper, envelopes, typewriter paper, etc. Only such com
putation forme as ar.e peculiar to these surveys, and the use of 
which will lead to uniformity of results, could be furnished by 
·this office. 

The ~ifficulties of organizing and conducting the local con
trol surveys proJec.t under the Works Progress Administration Reg
ulations should not be minimized. For this reason it is impor
tant that a capable man be selected as the State Director of the 
project. If the travel expenses of an officer of this Bureau can 
be paid from state . Works Progress Administration funds or from 
l 'ocal sour'ces, the Coast .and Geodetic Survey Will, upon request 
from a state, arrange to send an engineer experienced in .control 
surveys to act as a consultant on technic~l matters. He. 'would 
assist in planning field operations, help organize a central com
puting office, and assist ' in instructing both field and office 
personnel in the · proper methods of conducting control survey1ng 
operations. Once the state organizatl'on Is func.tlonlng properly 
he would return to .thls offlce Qr go to another state. Hls salary 
would be paid by thls office '· but all other expenses In connectlon 
wlth hie services to the state 'project would have ·to be pald from 
other sources. 

GALLANTRY AMONG THE MOROS 

-0.-
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PRELIMINARY SPECIFICATIONS FOR TRAVERSE AND LEVELING 

FOR 

LOCAL CONTROL SURVEYS UNDER WORKS PROGRESS ADMINISTRATION 

The purpose of the Local Control Survey Projects is to 
till in the unsurveyed areas between the triangulation sta
tions and bench marks established by the U. S. Coast and Geo
detic Survey with supplemental stations that will serve satis
factorily for the control of detail surveys. The positions 
and elevations of these stations will be determined by surveys 
based on the triangulation stations and bench marks of the na
tional control survey. For determining horizontal positions, 
traverse lines or triangulation will be run between triang~la
tion stations, while the elevations above sea level of the 
bench marks will be determined by lines of levels between the 
bench marks of the national level net. The following specifi
cations are intended to apply to the traverse and leveling 
work. Specifications covering triangulation are treated in a 
separate article. 

LOCATION OF STATIONS 

The traverse stations along the route of the survey should 
be placed in loc~tions carefully selected in a reconnaissance 
made in advance of the actual survey operations. In all cases 
permisSion to establish a station in the selected location 
should be procured from the proper authority (public or private) 
controlling the proverty. 

In making the reconnaissance for the location of the trav
erse stations several considerations must be kept continually in 
mind. The stations must be intervisible and so located that the 
distance between them may be measured economically and rapidly. 
Each station should be placed where there is the least chance of 
its being disturbed through changes such as road improvement, 
public utility construction or other structural changes, or 
through natural changes such as soil erosion. The use of the 
stations in local surveys should also be considered. Two sta
tions should be establiehed near each town or village to control 
the local surveys and one station should be established near. each 
crossroad. 

Experience has shown that good locations are found along 
highways, close to and on the highway side of the right of way 
fence line, in similar locations along railroads, in public 
parks, school yards, college grounds, between curbs and property 
lines, etc. In some cases where stations are established in 
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cities, it will be advisable to inquire if local authorities 
can supply manholes and removable covers, so that the marks 
can be placed well below the ground surface and protected and 
made accessible. 

In some cases it may be necessary to use offset stations, 
that is, to make the tape measurements to a point opposite the 
traverse ststion and then measure the offset distance and angle 
so that the distance between the traverse stations can be com
puted. Also it may be necessary sometimes to measure the dis
tance between traverse stations as a broken line with several 
intermediate stations, forming a closed loop ~ith all the 
angles measured, so that the measured distances between the in
termediate stations can be projected on the l1ne between the 
traverse stations. 

Connections should be made with all existing survey marks 
slong the route of the traverse. Most important of such marks 
are state, county and city boundary monuments, land survey marks 
used as starting pOints for local surveys, section and township 
corners. etc. 

CONNECTIONS WITH TRIANGULATION STAT!ONS 

Traverse lines will usually be run between triangulation 
stations or in closed loops starting and ending on a triangula
tion station. The connection with the triangulation station 
should be made in both pos1tion and azimuth if possible. At 
most recently established triangulation stations, azimuth marks 
have been set Which are visible from the ground and can be used 
to connect the traverse in azimuth. At many other stations 
where azimuth marks have not been established, prominent objects 
such as church spires, cupolas, water tanks, etc., are visible 
from the ground and have been observed on from the triangulation 
station and can be used for the azimuth connection. 

Many triangulation stations are located on hills and it 
would be difficult to make the connection in position by measur
ing directly to the station. In this case the connection can 
be made by a triangle, using one of the traverse lines as the 
base and the triangulation station as the third point ot the 
triangle and measuring all of the angles in the triangle. 

MARKING OF STATIONS 

The stations should be marked with standard metal disks 
set in rock or concrete so as to effectively resist extraction, 
change of elevation, or rotation. Each station should be des
ignated by a number stamped upon the mark, preferably before 
it is set 1n place. In addition to these standard marks, in
termediate stations should, where deemed advisable, be marked 
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in a semi-permanent manner with pipes, spikes, or other. marks. 

When the station mark ig set in rock outcrop or a large 
boulder, the disk should be countersunk and well cemented in. 

Where it is neces9ary to establish concrete monuments, 
they should be prepared as follows: The concrete should be 
composed of cement, sand and gravel in the proportion 1:2:~, 
all of the proper quality, and free from dirt or other foreign 
substance that would in any way effect the quality and perma
nence of the monument. They should be precaat in post form of 
the following dimensions: 6 inches square at the top and g in
ches square at the bottom and at least 3 feet long. These di
mensions are to be the minimum and should be exceeded in north
ern states where the frost action is deeper. They should in 
all cases extend below the frost line and 'ehouldbe Bet in a 
footing of wet concrete placed in the bottom of the hole. 

The standard marks of the Local Control Surveys should be 
placed in pairs, B,nd there should be not les9 than one pair of 
monuments for every two miles of trsverse. The two marks of a 
pair shou1.d be main traverse stations, should be interv1sible, 
and should not be less than 1/4- mile apart. Where it is imprac
ticable to place two such stations along the main traverse in 
a de sired 10ca11 ty becs_use of local conditions, one of the pair 
may be set as an azimuth mark in any convenient direction from 
the other, subject to the distance limitation given above, and 
connected with the main station with the same standards of ac
curacy for distance and azimuth as are prescribed for the main 
traverse. 

ORGANIZATION OF PARTY 

It is thought that a party of 10 men, including the chief 
of party, would be the most efficient size. This party should 
select and mark the stations, make the tape measurements and 
angle observations and also do the necessary leveling. It 
should be divided into subpartles for these various operations 
and the men should be shifted from one subparty to t~e other as 
necessary to complete the various operations. 

EQ.uIPMENT 

Distances should be measured with a lOO-foot steel tape. 
A balance and tape stretchers will be required for maintaining 
the tension on the tape-and a thermometer for determining the 
temperature of the tape. Movable tri90ds are also recommended 
for marking the tape ends. A clinometer is needed for deter
mining the inclination of the tape. 
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Angle measures should be made with engineer's trans1ts, 
except where a theodolite of higher order of accuracy is avail
able. SymmetrIcal rods should be used as targets and a tripod 
is recommended for maIntaining the rod in a vertical position. 
For short sights a plumb line suspended over the station permits 
accurate painting. 

Level lines should be run with wye levels. or dumpy levels 
capable of produci:1g resu"tts of the required accuracy. Level 
rods that can be read from the instrument should be used if avail
able. 

MEASUREMENT OF DISTANCES 

The tape should be supported at the 0 and 100-foot pOints, 
except where conditions render" it adv isable to use it supported 
throughout its length, such as measuring along a paved highway 
or street or along a railroad track. A uniform tension of 5 
kilograms (11 lbs.) should be applied to the tape by means of 
the t&.pe stretchers when supported throughout, and 10 kilograms 
(22 Ibs.) when supDorted at the 0 end 100-foot points. A ten
sion of 5 kllograms should also be applied to all lengths less 
than SO feet. The temperature of the air should be read and re
corded once for each tape length. This record of temperatures 
forms a valuable check on the number of tape lengths. Tape ends 
should be marked on movable tripods or on the pavement or rail 
if the tape 1s 8up~orted throughout. The tape should be used on 
grade end the inclination of the ts.pe determined wi th a clinom
eter .. 

To avoid ~ros9 errors, due to the erroneous recording of a 
~et-up as a set-hack, or vice versa, no set-backs should be 
mea~ured. All partiel tape lengths should be measured and record
ed as set-ups, O!' plus corrections to the measured length. 

Each section of the traverse shou'.d be measured twice, once 
in the forward and once in the backward direction. Two such 
measures must agree within 0.01 foot per 100 feet, and they must 
be repeated until the desired agreement is secured. The error 
in cloGure of a loop of traverse, whether it closes on itself or 
on triangulation stations, must not exceed one part in 10,000. 

Each tape used must have a distinct identification stamped 
or tagged on each end, such as Va. 3B, which means that it is 
the second tape (B) used by the third party organ~zed in Virgin
ia. The numbers are to be assigned by the state Director of the 
project. Each state will have a standard tape ~lch has been 
standardized by the Bureau of Standards and the working tapes 
should be compared with the 8t~ndard tape before being used and 
as often as possible while being used. The tapes should be care
ful~y handled while in use, should not be kinked or injured, and 
should be kept on a reel when not in use. 
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INSTRUCTI0NS FOR RECORDING THE MEASUREMENT OF DISTANCE~ 

These specifications call for a uniform tension of 5 
kilograms (11 Ibs.) to be applied to the 100-foot steel tape 
when supported throughout, and 10 kilograms (22 1bs.) when 
supported at the 0 e.nd lOO-foot pOints. This was done to make 
the corrections for sag as small as possible since the tape is 
not to be supported at the 50-foot point. 

Since the master tapes are to be standardized under the 
above conditions for comparative purposes it 1s necessary that 
the proper tensions are given the tapes as called for above, 
and also that the method of supnort and the tension used be 
clearly recorded for each 100-foot tape measurement. This will 
give a check against any possible error. The tension-chainman 
and the recorder should properly cooperate against any mistakes 
being made regarding thi~ question, by calling back and forth 
the correct information to be recorded. The air temperature 
and slope of each tape length are also to be clearly recorded. 

Furthermore, the recorder should bear in mind at all times 
that the final corrections are to be made in the office, and it 
1s very necessary that the method of support for each tape length 
be clearly shown iri the record book, as well as all other data 
called for in the specifications, so there will be rio doubt in 
the minds of the computers as to what methods were followed in 
the field. For brevity, let "T" denote when tape is supported 
throughout, and "2" when supported at both ends only. A sample 
record is shown on page 26. 

The chief of each party should investigate the records of 
all the taping done,' and make any additional entries regarding 
methods of support and tension that might be lacking, while they 
are still fresh in his mind. This necessary data will be of 
much value to the Computing Division in aSSisting in a quick and 
clear interpretation of the field records. 

ANGLE MEASUREMENTS 

At each traverse etation always measure and record the an
gle in a clockwise direction, pointing on the rear station first. 
At least two sets of observations should be made on each angle 
and the angle closing the horizon, ea.ch set consis.ting of six 
repeti tions of the angle with the t~le8cope direct and six reR~ 
etitions of the explement with the telescope reversed. The cir
cle should be read and recorded at the initial and at the first, 
third and sixth repetitions. The initial sett1ngs should be 
about 90" apart. 
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The horizon closure if satisfactory, should be divided 
equally between the angle and the explement. If the two sets 
of observations, before the horizon closures have been applied, 
should not agree within a satisfactory limit, the observations 
should be repeated until the requIred agreement is obtaIned. . . 

Great care must be taken in centering the instrument and 
the targets over the stations. Large errors are caused by 
slight eccentricities of instrument and target, especially 
where the lines of sight are short. 

Angles at intermediate stations should be measured by two 
sets of three repetitions direct and reversed. 

Observations should be made on water tanks and any other 
natural objects that can be seen from the station. One set of 
three repetitions direct and reverse should be taken on such ob
Jects. 

LEVELS 

A single 11ne of levels shall be run over each traverse 
line, and the standard monuments of the traverse shall also.be 
bench marks of the level l1nes. In addition thereto, elevations 
shall be determined of bench marks of engineering organizations 
(public and private) along the line of progress, and edditional 
supplemental bench marks, such as monel-metal rivets, shall be 
established on permanent structures (bridge abutments, public 
bUildings, retaintng walls, etc.), as may seem deSirable. All 
ievel lines shall, if pOSSible, be run between bench marks of 
the national level net, or, where this is impracticable, they 
shall be run in loops. In either caee an error of closure is 
obtained which should not exceed 0.05 foot times the squBre root 
in miles. The level instrument shall be frequently tested for 
collimation and adjusted when necessary. Length of foresight 
and back sight at each instrument station shall be kept as nearly 
equal as may be determined easily by pacing. Rods should pref
erably be of the self reading type, the observer estimating to 
thousandths of a foot. Extended rod is to be avoided as much as 
possible and used with extreme care to avoid any slipping of the 
upper section of rod. Rod length should be checked at stated in
tervals - say, once each week - using the traverse tape or seme 
other tape if available. Temperature readings should be made 
and recorded when such check measures are made and also when 
the line is being run in the field. When leveling run under 
these instructions is tied to the control net, connection should 
be made with at least two bench marks which ha¥e maintained 
their relative difference in elevation as shown by the new lev
e11ng. 



- 23 -

FIELD RECORDS AND COMPUTATIONS 

Sample forms for the recording of the observations of 
the traverse measurements, angles and leveling, are shown 
on pages 25 to 27 . The successful measurement of a trave:rse 
depends to a very great extent upon the accuracy, legibility, 
and clearness of the records. The chief of party should in
spect the records and make sure that all necessary data are 
accurately and legibly recorded. 

The record book should contain a descrlptlon of the in
struments used, giving manner of graduat10n of the translt, 
how closely read, etc. It should aleo give the name of the 
chlef of party, recorder, rodmen and other members of the par
ty, with proper designations. 

The observed angles should be computed to the nearest 
second. Distances should be measured and recorded to hun
dredths of a foot. Inclination corrections to reduce the 
slope measurements to the horizontal should be made by the 
use of Inclination tables furnished by the Coast and Geodetic 
Survey. When the inclinat10n angle is beyond the scope of 
the table, the correct10n should be computed from the formula 
accompanying the tables. Temperatures should be averaged for 
each sect10n of traverse and the temperature correction com
puted and applied as a single correct10n for the section. 
Plane coordinates of the traverse stations should be computed, 
using the plane coordinates of the triangu1at10n stations. 
If these are not available, an origin of coordinates may be 
adopted for temporary use, and the computations carried far 
enough to determine the closure. Detailed instructions for 
computing traverse lines on the plane coordinate systems are 
given in Special Publication Nos. 193, 194, and 195. 

Elevat10ns of the bench marks should be computed on the 
mean sea level datum as determined from the bench"marks of 
the national level net. 

All traverse stations and bench marks whether marked in 
a permanent or temporary manner, should be described in such 
a way that they may be recovered easily. The description 
should include the distance and nirect10n from the nearest 
c1ty or town, milepost, highway crossing, fence line, ra1lroad, 
and any other objects which would be of assistance in recover
ing the stat1on. Distances to nearby obJecte should be meas
ured and not paced or estimated. 

Prel1minary descriptions should be wr1tten in the record 
books. The final description~ should be typewritten on cards, 
Form 525, "Description of triangulation stations', and Form 
63g, "Description of bench mark". 
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Whenever a triangulation station or bench mark estab
lished by the Coast and Geodetic Survey is recovered or 
searched ... for, Form 526, . "Recovery note, Triangulation sta
tion'!, or Form 6g5, "Report ·on condition of Bench Mark" 
should be filled out and transmitted to the Office of the 
Coast and Geodetic Survey. Any deficiency in accuracy in 
the ·original description, any change in the marking of the 
station or in the surroundings, and any additional informa
tion which will make the station more readily recoverable 
in the future should be recorded on the recovery note. If 
the station is looked for but not found, the recovery note 
should describe in some detail the completeness of the search 
1n order that the Office may know whether or not to mark the 
station as "lost" in the records. 

STATION LARAMIE PEAK 

Station established on the top of Laramie Peak, Wyo., 
10,274 feet above sea level. Note ladder made of logs to 
reach top. 
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V:V:~LING 

Date Dec. 21, 1933 Time 

St'3tion B.S.+ 
Feet 

H.I. 

8:05 A.H. 

F.S.
Feet 

Elevf'_tinn 
Feet 
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Record) 

From BM USC&GS Q 17 To BM 101 
VIA -State Ir-re;imay and To',rnship Line Road 

Descriptions of Stations end Notes 

USC&GS -B-M-ij-i7- - -4-.84-f-- -it1;f)".G28--" ------" --7-4-0-.-7-87-- ------B-:1i.--cff7recovered-.-- }<'o-und in p':ood oondition. The old 
T.P.l 3.787 744.414: 5.v01 7/!0.6~7 descriptifm still apclies. T\"ro additional referenoes were 
T.P.2 3.202 740.990:" 6.626 737.788 made •. The benoh mark is 205 feet east of a new semaphore 
T.P.3 5.129 739.005 7.114 733.876 (No. :57). A new hi~hVlay has been built along the north side 
T.P.4 5.777 739.974 4.808 734.197 of the railroad rlp.:ht of way. The BoM. is 121 feet south-
T.P.5 6.021 741.754 4.241 735.733 v:est of the we st And of the south abutment of a large oon-
To P.6 5.943 743.580 4.117 737.637 crete culvert on this hir.:hway. This culvert is 3.4 miles 
T.P.7 70084 746 0 661 4.003 739 0 577 by road (spefldometer distance) west from the west tovm line 
T.PoS 7.217 750.020 3.858 742 0 803 of Vernon. (Above notes to be used in ~aking up Form 685). 
T.P.9 7.444 753.405 4.059 745 .. 9G1 J.J.Johnson - Observer. SarI !';ton - Rodmen 

·EM 101 ****. : ,2.202 751.203 S. V.Jones - Recorder. Dumpy level used. Instrument 
56 0 445", 46.029 ad,iusted Ilt bei!:innin~ of day's work. Temp. at 8:05 A.M. 

,46.029 , 57 De~ree s Fahr. 
: -10 ."4Ts-.--: 

• Elevation ch0.ck on notes 
B.M. 101 is 3.Q miles by road south of the village. 

Neal; 4.2 miles Trest end 1.1 miles north of the to\'ffi hall 
in Vernon in the northwest corner of the intersection of 
section line roads. The mark is 37 feet east of the center 
line of the North-South road nnd :)4 feet south of the cen
ter line of the'<;ast-West road. The mark is in the north-
1'Test corner of James Hilliarcl's farmyard. It is 71 feet 
west of the northwost corner of his house and 49 feet NY{ of 
the center of his well. It is 184 feet east of the NE cor
ner of Plainview M. t';. churoh. The mark is a standard disk 
set in a precast conciete post 8" sauare and 60" long, pro
.iectin~ abont 4" above thp. surface of the I!:round .. 

(Above nntes to be llsed in makinl1: up Form 638)0 
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(Sample Record) 

TRAVERSE MEASUREMENTS 

From Station Caboose to Station Cable 

Date 12-21-30 Time 10:45 Tape No. 316 

· Seotion I s . · . 
I From : 

: 
:Bench 
:Caboose 
· 1 · 
.1 2 

3 : 
4 
4' : 
5 
6 

To a: Temp. I Set up Tape Incli- Remarks: 
Fabr. Feet : Support nation. : 

: . Feet . 
I : Tension: 

1 , 40.::! 2 -2.7 : 22 Ibs. 
2 : 40.4 2 -1.1 : except 
3 40.1 2 -1.8 : noted 
4 : 40.0 2 . -1.3 : below 
4' 20.000 2 -0.1 : 11 Ibs. 
5 40.0 : 2 : -0.7 
6 , 40.1 : 2 , +0.6 : 

Benoh 6.237 2 +0.3 11 Ibs. : 
Cable . . 

40.1 26.237 

N. B. No temperature is recorded for fractional tape 
1enl!';thse 
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TRAVERSE 

Station Cable State Minn. 

Observer J. S. Jones 
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County Re_I};:.i}le 

Instrument Be!.£.e.!_. i~4. 

Reoord) 

ANGLES 

-------- -------------

Date 12 -20-23 

Objects Gb~~rv~d Time : Tel. Heps. : : A , B ~ Mean of : Anl?;le Mean : 
: ., I" Verniers, D &: .R 

Hemarks 
D or H: , 0 

.---- ... -----.- ----:-0---';,---.·- . -.- .,.---- -----~ -----. . 
Cabonse ~:0 Cold 0 0 00 :00 :00 00 

.J. 173 45 :40 

Colc1.-Caboo~Ei R 

3 176 17 :10 :00 : 
6 352 34 :10 :00 05 :178-45-400 8 
6 C 00 :10 :10 10 ;~9.2 

Cold-Caboose R 0 0 00 :10 :00 05 
1 181 14 :30 : 
3 183 43 :00 :00 
6 7 26 :00 :50 55 :181"14-18.~ 

Cf.boose -Cold 10:u5A: D 6 0 00 :00 :'50 55 20.0 
:359-59 

The above c('mpr1 ses one complete set. -N.B. 0-00-50 1s the same as 359-59-50. 
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PRELIMINARY SPECIFICATIONS FOR TRIANGULATION TO BE EXECUTED 

BY LOCAL CONTROL SURVEY PARTIES UNDER 

WORKS PROGRESS ADMINISTRATION 

In some states detailed horizontal control surveys can 
be extended by triangulation with greater facility than by 
traverse. In those cases it would be well if the surveying 
partie~ organized for triangulation WOUld' connect their work 
with existing triangulation stations of .the .. Coast and Geodet~ 
ic Survey. However, there may be cases where an area could 
be covered by detailed triangulation that is rather far re
moved from existing stations. In this case the local net can 
be executed with the assurance that within a few years an arc 
of triangulation of the Coast and Geodetic Survey can be con~ 
neGted with the detailed work. 

Where the work is to be connected with a line of the ex
isting net, consideration shou1d be given to whether the line 
from which the work would start is of such a length as to sat
isfactorily control the lengths of the detailed triangulation. 
If the line is moderate in length it will be satisfactory for 
such length control. If, on the other hand, the length of 
the triangle side of the existing triangulation is twenty or 
more mil.es in length, it would be well ·to start the detailed 
triangulation from a single station, but an azimuth should be 
tra.nsferred from the existing work to the work contemplated. 
Thi~ can readily be done by havi~g an automobile headlight or 
a signal lamp of the Coast and Geodetic Survey placed at the 
distant station and at night an angle involving the existing 
line and a triangle side of the new scheme can be measured. 
If de~ired by the State Director, a signal lamp can be fur
nl~hed him for this purpose. 

Where detailed triangulation cannot have its lengths con
trolled by a long line of the existing net, then a base line 
should be measured for the new scheme. A set of base tapes 
can be sent from the Washington Office of the Coast and Geodet
ic Survey for this purpose. Such a base should be measured 
with an accuracy of at least one part in 150,000. This can be 
done if the engineer in charge will follow the methods outlined 
in the manual of t~e Coast and Geodetic Survey dealing with base 
lines, (Special Publication No.145) a copy of which will be sent 
to each State Director upon request~ 
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Triangulation of a satisfactory degree of accuracy can 
be executed with a surveyor's transit rated only to minutes, 
but this accuracy can be obta1ned with such an instrument only 
by mak1ng many repetitions of the angles. It wou~.d be well 1n 
the triangulation to use h1gher grade instruments, preferably 
those that read to 10 seconds, 20 seconds or 30 seconds. 
Such a number of repetit10ns of the angles should be made as 
will give closing errors that are seldom greater than eight se-c
onds. If eight seconds 1s used as the maximum closing error it 
is reasonably certain that the average clos1ng error w111 be 
somewhere between two and four seconds. With such closing er
rors the accuracy in the determination of the length of a tr1-
angle side should be at least as great as one part in 10,000. 

A set of observations should cons1st of six repetit10ns 
of the angle with the telescope in the direct position, follow
ed immediately by six repetitions of the explement of the angle 
w1th the telescope in the reversed posit1on. 

Measure only the single angles between adjacent lines of 
the main scheme, including the angle necessary to close the hor
izon. With this scheme of observing no local adjustment is nec
essary, except to distribute each horizon closure uniformly 
among the angles measured in that series. 

The procedure used in making a set of observations is given 
on page 27. Two sets will usually. give the necessary accuracy 
with an instrument graduated to 10 seconds, provided the observ
er has had experience in angle measurements. With instruments 
graduated only to 30 seconds or one minute, a correspondingly 
great.er number of sets or repetitions per set should be taken. 

It is very desirable in triangulation to have targets or 
banners that are well centered, large enough to be geen over the 
lengths of lines used, and that are free from phase. In general, 
it ig better to have a board rather than a square pole as the 
target. A foot-wide board painted in black and white squares, 
or with black and white signal cloth wrapped around it should be 
visible at distances of ten miles or more where the atmo~phere 
is clear. The face of the board should be centered over the sta
t10n mark, and should be at right angles to the line jOining the 
station with the observer's station. This will mean perhaps 
that every time the observer goes to a new station the targets 
will have to be turned in azimuth. 

The triangles should be well shaped, especially those through 
which the length is carried from one trIangle to another. In oth
er words, the distance angles of a triangle should not be very 
small or very large. Preferably they should range between 30 and 
140 degrees. It is suggested that the engIneers in charge of the 
laying out of the triangles study the i~structions for raconna1a
sance given 1n Coast and Geodetic Survey Manuals Spec181 Publl':' 
cation Nos. 120 or 145. 
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A line of levels should be run over the base line to de
termine the grades of the individual tape lengths, and the lev
els should be tied in to existing lines of levels in order that 
the base may be referred to sea level. Even elevations deter
mined from railroads wou~.d be satisfactory for this purpose. 

The stations should be marked in a substantial manner with 
a view to their being permanent. A metal tablet set into firm 
outcropping rock is most satisfactory. It would be well at each 
triangulation station to put in a second mark at a distance of 
three or four hundred yards which can be used as an azimuth mark. 
A triangu1ation net 1s of particular value to local engineers and 
surveyors if they can start from a station with both a position 
and an azimuth. In any case, however, where the lengths of tri
angle sides are comparatively short the engineer can sight over 
a line to an adjacent station. In such a case it would not be 
necessary to establish an azimuth mark. 

The triangulation stations should be so well described that 
there would be no difficulty in finding the hill or ridge on 
which the stati~n is located or in identifying the station marks. 

F'rom the triangulation stations occupied with the transit 
or theodolite, observations should be made on any objects such as 
church soiree, water towers, chimneys of houses or other objects 
that would make good stations for the control of topographic maps 
or surveying in general. 

Where it wou'.d be difficult for a local engineer to start 
a traverse from a triangulation station it would be advisable to 
establish a supplementary station along a highway in each of the 
triangles or quadrilaterals of the scheme. If such stations are 
established it wou'.d be well to occupy them with a transit or 
theodolite and establish near each one an azimuth mark if the dis
tances from the supplementary station to the other stations of the 
net run too great. 

It is probably undesirable to determine the trigonometrical 
elevations of h1lls and ridges on which the triangulat10n stat10ns 
are established. Such elevations would only be approximate and 
besides in most communities there would be lines of levels along 
highways or railroads from Which elevations could be obtained. 

If a chain of triangles 1s to be carried from one locality 
to another, it wou~d be well to observe additional lines in order 
to provide checks in the angle work, and also to provide against 
mistakes being made in the computations. Where, ho~ever, the area 
method of triangulation is to be carr1ed on the overlapoing tri
angles are not needed. 
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It is generally known that the Coast and Geodetic Survey 
in extending its arcs across' country, use what is called the 
quadrilateral system. This provides for a double chain of 
tr1angles from one place to another, thus g1ving greater strength 
to the work. 

Even if tr1angulation 1s done 1n an area it will probably 
be desirable to run traverse lines along railroads and princi
pal highways. Such work can be done at a smaller expense per 
station established than the triangulation, but the triangulation 
net furnishes a splendid check on the traverse and provides for 
stations from which a traverse can start and end. 

Where a network of triangulation is to be established that 
is not close to existing triangulation of the Coast and Geodetic 
Survey, it would be desirable to assume a latitude and longitude 
for some one station scaled from the best map available, ' and de
termine by observations on the sun or Polaris an approximate az-. 
lmuth. Then a base line should be measured to control lengths. 
From the assumed geodetic position, the observed azimuth, and the 
measured base computations could be made of the net. Later on 
when an arc of national triangulation net is carried Bcross such 
area, connections would be made with two or more of the local 
triangulation stations in order that a final adjustment of the lo
cal net could ,be made that would give standard azimuths ' and posi
tions. The length of the local ~et would no doubt be controlled 
by the local base 11ne, even when connections between the local 
net and one of the fundamental arcs is made. 

Record books for recording the observations for the triangu
lation and forms for the computations of triangulation and, geo
g~aphic positions will be furnished by the U. S. Coast and Geodet
ic Survey upon request . 

-~-

MORO LOCAL CONSTABULARY 

-6-
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HORIZONTAL ANGLE MEASUREMENTS 

The followlng information i~ given to illustrate the 
mechanics of measuring horizontal angles. 

Refer to the sketch, and also to sample record sheets on 
page 27. The instrument is set up at Station ~B" and the angle 
from "A" to "C" is desired. Set and clamp your upper plate as 
near 0 8 00'00" as possible. Point with the telescope direct on 
"A", using the lower motion tangent screw, and clamp. Loosen 
the upper plate and, using a clockwise motion, pOint and clamp 
the telescope on "C" (using the upper motion). Read and record 
this angle. Loosen the lower motion, and with the upper plate 
remaining clamped, again point on IIAN. Bring on with the lo?'er 
tangent screw and clamp. Then loosen the upper plate and point 
and clamn on "Cu. Loosen the lower motion again and point on 
"A", etc: ReDeat this six times, reading the measurements at 
the etart (D-O), at the first (D-I), third (D-3), and sixth rep
eti tions (D-6). 

Now with th~ upper plate stll1 clamped on the reading of 
the sixth repetition, plunge the telescope Bnd point and clamp 
on "C N with the lower motion. Loosen the upper motion and point 
and clamp on "AM. Loosen the IOT.er motion and point and clamp 
on "C", etc. Repeat six times, ane!" read and record as R-6. 
The reading on R-6 will ordinarily come back very close to the 
reading with which you started as recorded under D-O. 

Now with this reading, recorded as R-O, on your upper 
plate, and your telescope still reversed and your lower motion 
loose, point and clamp on "C"; loosen the upper motion and point 
and clamp on "Alt. Record this reading as R-I. With this read
ing still on your upper plate, loosen the lower motion and pOint 
and clamp on "Cu. Again loosen the uDper motion and point and 
clamp on "A". Repeat this oneration six times, reading and re
cording your values at the start, R-O, at the first repetition, 
B-1, at the third, R-3, and at the sixth repetition, R-6. Then 
with thi~ value still on the upper plate, loosen the lower mo
tion, plun~e the telescope (it will now be in the direct posi
tion) and point and clamp on "A". Loosen the upper motion and 
point end clamp on "C". Loc·=:en the lower motion and ooint and 
clamp on "A", etc. Repeat this operation six times and record 
the last reading as D-6. Thi~ reading ordinarily should be very 
close to that at which you started, R-O. All onerations and 
records so far constitute one set. -

The sum of the two angles measured should, of course, equal 
360 8

• Clo~ing error~ should seldom exceed eight seconds. If 
this value is accepted as the maximum closing error, it can rea
sonably be a~eumed that the average closing error will be be
tween two anC'l four seconds. Such a number of sets of observations 
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should be observed as w1ll g1ve the closing errors mentioned 
above. U~uelly from three to four sets will be found neces
sary. 

With four sets the initial settings should be: for set 
No.1 - OG00100"; for set No.2 - ~5°07t30"; for set No.3 -
90°15 1 00"; and for set No.4 - 135°22'30". With three sets, 
the 1nitial settings would be: for set No.1 - 0·00'00"; for 
set No.2 - 60·10'00"; for set No.3 - ' 120°20'00". With in
itial settings such as these, the observations will be spread 
over the circle and any errors in gradua~lon of the plate cir
cle will be minimized. 

A 

,- 6. -

BELLE OF SAMAR 

"AnI I seed her f\4st a-smokin' of a whackin' white cheroot" 
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AMERICAN SOCIETY OF CIVIL ENGINEERS 

ENDORSES GEODETIC LOCAL CONTROL SURVEYS 
.. .. .. 

TO THE PRESIDENTS AND SECRETARIES 
OF ~HE LOCAL SECTIONS OF THE 
AMERICAN SOCIETY OF CIVIL ENGINEERS 

('~ntlemen: 

December 2, 1935 

Word has just been received from Washington to the effect that 
WPA has given aporoval to Geodetic Local Control Surveys. The 
"Spon~ors" are to be as follows: 

State Public Works Commission; Engineering Departments 
of States and other uolitical subdivisions and munici
palities; State Educational Institutions; State Highway 
Departments; State and City Planning Boards; with the 
cooperation of National and State Engineering organiza
tions. 

Announcements of the "Working Procedure" can be obtained from 
the Works Pro~ress AdministratIon at Washington, D.C. Refer
ence should be made to Code No. 186, 

11/22 35 

The work 1s to be un0er the general guidance of the Coast and 
Geodetic Survey which will provide members of its staff as ad
Visors, will furnish some instruments and forms for field and 
office work and wiTl supply general rules of good practice to 
the end that the work done will be useful and worthwhile. 

The relationship of persons on the relief rol~s and of engineers 
is not fully clear to me but apparently the latter will be super
visory of the former to the extent of 10%. In general this has 
been interpreted that the total of salaries of those in super
Vision may be equal to 10% of the cost of the work including the 
salaries of those on relief. 

There may be engineers on the relief rolls in your neighborhood 
who will wish to engage in this work either in field or office, 
and there may be engineers desirous of acting in the supervisory 
pOSitions. It is urged that you make a definite search not only 
among Society members, but also among those not SOCiety members, 
to the end that as many engineers as possible may thus have re
employment. If there shall be found those to whom this work 
would be of help it 1s also urged that you present the project to 
some of the suggested "Sponsors· for acceptance. 

Cooies to Members of the Board of 
Direction. 

- IJ,. -

Very truly yours, 

George T. Seabury 
Secretary 
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THE GEODETIC SURVEY OF HARTFORD COUNTY, CONNECTICUT 

* * * 

The introduction to a report issued by the Commi~sion on 
Regional Planning of The Metropolitan District of Hartford Coun
ty,Connecticut, and entltled "The Geodetlc Survey of the Metropol
itan District", tells a story that up to a certain point mlght 
well be the ~tory of most American cities. It i~ a story of 
gro~th from a small community to slze and lmportance by process
es which were largely unplenned; a story of early land surveys 
~hi ch were c rudel y made and unrela.ted with nearby surveys; and a 
story of an awakening to the needs for accurate coordlnated sur
veys and maps for reglonal planning. But from this polnt on, the 
story is one of only a few American clties, and in a measure al
mo~t exclusively Hartford's story, for Hartford found a way to se
cure a control survey with which to coordinate and correlate its 
various surveys and maps by utilizing to a large extent lts own 
enginee~ing forces. The specifications for city control surveys 
and the methods for making such surveys have now become so well 
standardized and the quality of surveying instruments so improved, 
that it should not be many years before Hartford's example will 
have found so many followers that the following "Introduction" 
will tell the story of most, if not of all American cities. 

---Editor's note. 

INTRODUCTION 

This report descrlbes the triangulation portion of a control
ling survey of The Metropolltan District in Hartford County, 
called the Geodetic Survey for the reason that the curvature of 
the earth 19 con~lc1ered in its computat10ns. It provldes a frame
work of very preclsely determined and well marked survey positions, 
by means of which accurate base maps may be assembled, and all fu
ture surveying, both by public and prlvate agencies, may be coor
dinated. 

Work on this survey was begun in April, 1931, with The R. H. 
Randall Co. of Toledo, OhiO, as consultants. The Rsndall Co. are 
speclallsts in geodetiC ~urveying and the assistance and advice 
rendered by them was very valuable in assuring that thi~ rather 
unusual type of survey work was started in the prooer manner. The 
orlginal trlangulatlon net was established, computed and adjusted, 
some first-order traverse and flrst-order levels run, and a start 
made on plane-table mapping. Thi~ connection was discontlnued on 
January 1, 1933 and the Department of Engineering has continued the 
work wlth it~ own men and eqUipment. 

Like most American cities, Hartford has grown from a small 
community to its present size and importance by processes Which 
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were largely unpls.nned. In the early days land surveys ir-cident 
to the layout of streets and property boundaries were crude, as 
compared with modern methods, were usually concerned with small 
areas and were entirely unrelated ~ith surveys of adjoining areas. 
With the formation of The Metropolitan. District, which includes 
the City of Hartford and the towns of Windsor, Bloomfield, Newing
ton and Wether~field, the need for an accurate, lasting basi-s for 
the coordination of all various surveys and maps in the different 
divisions of the District was at once apparent. It was recognized 
also that the work of planning for the extension and improvement 
of highways and other public utilities, commonly called city plan
ning, would require first, an accurate and reliable map of the 
District and second, similar accurate large scale topographic maps 
of many portions of the District's area. 

The Geodetic Survey fulfils these two principal functions. 
It provides a framework upon which all surveys may be coordinated 
with corresponding improvement in quality and economy in execution. 
It also establishes, for the first time; a basis upon which the 
topographic maps necessary for the modern planning may be construct
ed. 

The schedule of the Geodetic Survey consists of triangulation, 
first-order traverse, and first-order levels. This reDort describes 
the triangulation established to date.· 

In addition to the control described in this repor~ about 250 
miles of precise traverse have been established. Data on this 
traverse are available at the office of the City Engineer in Hart
ford. It is planned to issue a report at a later date covering 
the traverse data. 

-6-

BROOKLET BEGINNING OF THE MISSISSIPPI 

-6-
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SELECTION OF MARK FOR LAPLACE AZIMUTH .STATION 

C. L. Garner 

Within the last two or three years it has become the cus
tom to have all azimuth ob~ervations made by the astronomical 
parties. The triangulation parties are usually large ones, and 
since they are frequently delayed in obtaining the necessary 
weather to make azimuth observations, the efficiency of their 
entire party would be considerably reduced in those cases where 
delays are occasioned by cloudiness. Therefore, the triangula
tion parties have been authorized to select suitable Laplace 
stations and, where an adjacent triangulation station is not in
tervisible with the Laplace station without the use of towers at 
either of the stations, to establish an azimuth mark at a dis
tance of not less than one mile, preferably more but usually not 
exceeding five miles, and make regular first-order observations 
of sixteen positions on this azimuth mark, which is later used 
as the initial by the astronomical party in making the azimuth 
observations. 

It has been suggested that it would be well to establish 
such azimuth marks, where conditions permit, to the north of the 
Laplace station so that the astronomical party could make the ob
servations with the greatest facility. Obviously it requires a 
little less effort to make azimuth observations when the initial 
is a1most in line with Polaris than when it forms some large an
gle which requires the observer to constantly walk around the in
strument. This procedure would also undoubtedly add to the accu
racy of the work as well. 

At least one of our recent field parties has gone a step 
further in the selection of the azimuth mark. In each case it 
has made a supplemental station of the azimuth mark by locatIng 
a polnt which is visible from at least two of the main scheme sta
tions and closing the triangle with first-order observations. 
Without doubt this is the best method of all and should be follow
ed by all triangulation parties in the future. It is believed 
that only a few cases will be found where it Will not be practi
cable to locate an additional point which will be visible from at 
least two of the main scheme stations without the necessity of a 
tower being built at the supplemehtal station and at one of the 
main scheme stations. In those cases where euch a point cannot 
be located and it becomes necessary to resort to the azimuth mark, 
which is not determined in position, then it would be particular
ly desirable that the azimuth mark be nearly north of the Laplace 
station. Of course, it would expedite the azimuth observations 
always to have this mark nearly north of a Laplace station, but 
where this procedure would require that the azimuth mark be prac
tically at right angles to the scheme of triangulation, it might 
be impracticable to obtain such a pOint on a closed triangle. 
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T11e supplemental station wi th the closed triangle is the 
most acceptable, as the triangle closure gives some measure of 
the accuracy of the observations, concerning which there might 
be same question raised by azimuth9 failing to agree properly. 
In connection with this it is necessary of course, that the par
ties constantly bear in mi!1d the fe.ct that the astronomical par
ty is not prepared to bui'.d signals and, consequently, stations 
selected shou!.d be such that stands in exce'?s of 10 or 12 feet 
in height will not be required. 

Where the Bimpl~ azimuth mark 1s used, without any deter
mination of its positions, at least 2~ directions should be ob
tained to it. That is, a fu!.l set of directi::>ns from 16 pOSi
tions of the circle and an additional set of g oositions so that 
observations may be in uniformity with the requirements for azi
muth determinations. In case of rejections, additional positions 
should be taken. 

-6.-

CONSERVATION OF SURVEY Y~RKS 

The following l.etter shows such a commendable spirit of 
coooeration and appreciation of the value of triangulation sta
tion and level bench marks that it 1s felt that it should re
ceive wide publicity. 

Department of Highways 
Jackson, Minnesota 

Departme:. t of Commerce, 
U. S. Coast and Geodetic Survey, 
Washington, D. C .. · 

Gentlemen: 

November 16, 1935. 

Would you ki!1dly send me data relative to the loca
tion of all yo~r triangulation stations and reference marks lo
cated within Jackson County, Minnesota? I desire this informa
tion because we f1nd that in the construction of new roads and 
also in reconstruct10n, we oftentimes run across reference marks 
which are within the highway right-of-way. Unless we know some
thing of the location ~f these monuments, there is a possibility 
of their being disturbed in construction of the highways, so if 
you could furnish this information for me, we will do our utmost 
to try to conaerve and protect these monuments. 

Thanking you, I am 
Very truly yours, 

J. S. Wagnild 
Assi8tan~ Higbway Engineer. 
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TABLET STATION MARKS IN PAVED ROADS 

(Extracts from letter of J. S. BIlby, Chief Signalman.) 

"You will be interested to know the result of tablet sta
tion marks set in concrete or macadam paved roads on highways 
or c1 ty streets. 

"Dur1ng the season of 1920, I extended first-order traverse 
from the viclnity of North Vernon, to the vicinity of South Bend, 
Ind. The work followed the railroads except through several of 
the larger cities where it was necessary to follow the paved 
streets and set the station marks in the street pavement. 

"The stations were marked with the standard tablet station 
marks. A hole was drilled for the shank about one inch in diam
eter and the disc was countersunk level with the surface of the 
pavement. The hole was filled with a thin paste of pure cement 
and the tablet shank inserted slowly. 

"Indianapolis, Ind., was one of the cities through which we 
followed the naved streets. The t~averse line left the railroad 
about five miie~ south of the center of the city and followed the 
paved streets east and north through the suburbs of the city to 
38th Street, then west on 33th Street to Keystone Avenue, then 
north on Keystone Avenue to the Lake Erie and Western Railroad 
cros~ing about 6.5 ml1e~ north of the center of the city. The 
length of th1~ section measured on the paved streets 1s about 15 
miles. Fifteen station9 were established. Twelve of the station 
marks were set in the street -osvement. Some of the marks were 
near the ed~e of the pavement, others were in the line of the 
travel where hundreds of motor cars, trucks and vehicles of all 
kinds have pas~ed over them daily during the past f1fteen years. 

"One spur of my reconnaissance recently passed through the 
southern suburbs of Indianapol1~, and connections were made with 
the traverse stations. While in the victnity of Indianapolis I 
visited all the traverse stations on that section through Indian
apolis. As s1-9.ted above, 12 of the s_tation marks were set in the 
Atreet pavemerlt, 11 of the 12 station marks were recovered; g of 
the stations I recovered before I got out of my car. All the 
marks were in good condition. The station marks in line of travel 
where hundreds of motor cars pass over them daily, have a high 
polish and reflect the sun like a .141. gold piece.- The triangle, 
letters and name of the station on the tablete were plainly visl-' 
ble. The tablets when set (1920) were flush with the surface of 
the pavement. I expected to find the pavement had worn away from 
around the tablets. However, "believe it or not", all the tab
lets were found flu~h with the surface of the pavement, and the 
face of the tablets had not worn enough to obliterate the letters. 
As stated, one station was not recovered. The station was at the 
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intersection of 3gth Street and Keystone Avenue 1 and was de
stroyed during the past summer when the two streets were torn 
up." 

- 6. -

STATION MARKS IN PHILIPPINE ISLANDS 

* * * 
In the annual report dated September gl 1934-1 by the Chief 

of Party, Charles Shawl who was engaged on combined operations 
in the waters to the north of the island of Luzon, the following 
statement is found:-

"Many former triangulation stations and bench marks 
recovered in all areas this season were found in poor 
condition. These were all improved, rebuilt, or addition
al one9 added. In every case where brass or copper marks 
were used these had been removed, showing it is still poor 
practice to use anything but drill holes in rock or con
crete marks." 

It is quite evident that where metal l especially copperl 
brass or bronze, appeals to the people living in the vicinity of 
a survey monument, the metal is likely to be removed. In such 
places it would be well to use a large steel nail with the head 
imbedded in the concrete and with the point projecting approxi
mately half an inch above the surface of the monument. Even 
though this nail should rust away, the center of the station 
would be 1ndicated by the hole that is left. 

It might be well also l when a mark of this kind is made, to 
scratch a Circle or a triangle around the center of the station 
in order that the nail hole may be positively identified. 

-6.-

PUBLICATION 

A number of copies of an interesting pamphlet "The Massa
chusetts Local Control Survey", a reprint of a paper presented 
by Mr. E. C. Houdlette at the meeting of the Boston Society of 
Civil Eng1neers and printed in the journal of that Society, has 
been received at the office of the Coast and Geodetic Survey. 

Mr. Houdlette wae formerly the State Representative of the 
Coast Survey and now holds the position of Administrator for 
Massachueette of the Local Control Survey ERA Project Xs-F2-U4-. 

- 6 -
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GEODETIC CONFERENCE 

General Report 

Washington, D.C. 
February 2B, 1994. 

"Sir: The Geodetic Conference called by you convened at 
Washington on January 9, 1894. The details of its organization 
are appended as a preface to the report~ of the committees to 
which the duty was asigned of co11ating necessary facts and for
mulating them for the consideration of the Conference. 

"An invitation was extended to members of the office and 
field force not members of the Conference, as well as to others 
interested in the subjects under consideration, to give express-
10n to their v1ews on matters relating to the geodetic operat1ons 
of the Survey. 

"The Conference desires here to make grateful acknowledge
ment to those who responded in wr1ting, as well as to those who, 
by personal attendance and verbal communications, gave their val
uable time. 

• 

II "['he task a.ssigned to the members of the Conference was the 
con81d era tion of the geodetiC method.s as, now practiced, the dis
cussion of the applicat10n of theRe methods to the duties ass1gn
ed by law to the Coast and t}eoGetic Survey, and the compar1son of 
the means employed in foreign countries for similar purposes, with 
the object of suggesting imorovements in rpgard to accuracy and 
economy." 

--(From the Appendix to the Report of the Superintend
ent of the Coast and Geo~etlc Survey for the fiscal year ending 
June 30, 1993.) 

* * * * * * * * * 
With the above Conference in mind, the Chief of the Divi-· 

s10n of Geodesy sent the following type of letter to all chiefs 
of party:-

"Since you have had a long period in the field in charge 
of first- and second-order leveling, you must have devised 
methods and improvements in equipment that have helped you on 
your work. 



- 42 -

"I am writing thl~ to ask that you write me fully on any
thing that you have done that is not in general UAe on leveling 
parties, and tell me also what additional changes in organiza
t.ion, planning, instruments, equipment, operation of trucks, ob
Aerving and setting bench marks, computing, etc., that you think 
would improve the efficiency of our leveling parties. 

"The chiefs of parties are very apt to see hoW improvements 
can be made which would not come to the attention of the offi
cials here in Washington. You are up against the problems daily 
and undoubtedly can help us develop flrst- e.nd second-order level
ing beyond what they now are. 

"Feel perfectly free to write just what is on your mind. 
Anything that you say will not be con8idered as a criticism but 
as helpful suggestions." 

* * * * * 
The respon~e was very gratifying and showed that the chiefs 

of party are continuously striving to improve their methods of 
operation. Due to the lack of space, it was impo9sible to print 
all of the letters. However, it is honed that what is given here 
w1ll serve as a "clearing hou~e" of ideas which may be of use to 
others in the future conduct of field parties. Other replies 
will be printed from time to time. 

* * * * * 
From letter of Maurice A. Hecht:-

'In compliance with your Ie tter there are enumerated below 
reports on a number of changes in triangulation procedure tr~t 
have been put 1nto effect on this party, and a number of recom
mendations and suggestions for further changes. During the period 
of our operation many new things were tried which did not work. 
Only tho~e changes Which were successful are listed. 

NeT. methods or improvements that have been put into effect: 

Additional holes bored: Before using the steel towers fur
nished the party, a number of addit10nal holes were bored in the 
anchor legs in order that the first section could be bolted near
er the anchor plates. This allowed the lower ends of the d1agonals 
of the first section to be lowered to the ground even though the 
digging was such that the anchors could not be set down to the us
ual depth. In such cases the diagonals were then covered with 
earth or rock cribbing. A great deal of additional anchorage 
strength was given the tower in this manner. 
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Dye for straightening steel: The towers that have been pur
chased recently appear to be made of lighter steel than the tow
ers that were furnished the parties a number of years ago. Con
sequently, the members were easily bent and required a great deal 
of straightening. In order to do this work economically, us1ng 
party hands, and to weaken the steel as little as possible, a set 
of special dyes or tools were made. A dye machined to just tit 
inside of the angle of the tower member was held stationary on a 
heavy block. The steel tower member to be straightened was placed 
over this dye, and another dye machined to fit the outside of the 
member, was placed on top and against the inside dye. The 
straightening was produced with a large sledge hammer, the tower 
member being held at the points that were bent out of shape. 

Dual wheels: While the party was operating in Mississippi, 
dual wheels were installed on the tractors of the semi-trailer 
trucks in an effort to determine whether they would be of benefit 
1n traveling the muddy roads which were made almost impassable by 
heavy rains. They proved so satisfactory, under all conditions 
encountered, that dual wheels were also installed on the trailer 
wheels on one truck. It is be11eved that dual wheels should be in
stalled on all steel sem1-trailer trucks for the following reasons: 
Greater tr8cti::m is secured which aids in pulling on muddy or slip
pery roads and also gives more braking power. The greater bearing 
surface diminishes the tendency for the truck to sink in and "bury 
itselfll in a soft spot. It was noted that the trucks were more 
economical in the use of tires than with single wheels. 

Signaled schedules: With a single or double observing unit 
on mountain triangulati~n it has been customary to prepare a writ
ten schedule in advance. It was found that with four regular ob
serving units and an emergency fifth observing oarty that a writ
ten schedule was soon "out of date" and confusing. Therefore, the 
observing party signaled the schedule to all other units at the 
close of each night's work. This system worked so well that this 
party was enabled to complete 413 miles of mountain triangu1at1 0 n 
1n a single month. 

One reobservatlon: It has been field practice to close the 
triangles at the stations by signaling the d1rections to the ob
serving party. If high closures resulted, the observing party 
would then have the observers reobserve those directions that were 
apparently in error. On other parties, I have known the observers 
to reobserve several times during the same night in an effort to 
1mprove the closures. It 1s felt that this produces a tendency on 
the part of the observers to "squeeze" their results in order to 
get good closures, usually with the result that the s1des will then 
not check. Therefore, on this party the obeervers were instructed 
to reobserve only once. This Was done because it was felt that 
quite 'often observations are started at twilight, a time when the 
temperature is changing rapidly, and the atmosphere is apt to be 
the most turbulent and unsettled of the entire day.' A number of 
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times I have personally noted a marked change in a direction 
that was reobeerved later in the evening. If good triangle clo
sures are obtained by reobserving, an extra night on the same 
stations 1~ avoided. However, if no change results at this time, 
jt is best for the parties to come in. In reobserving at a sta
stlon, a different observer was usually sent out with instruc
tions to make a special investigation to find if there Was any
thing which the first observer overlooked and which mi~ht be 
causing the poor re~ults. 

Recommendations for further changes and im?rovement~: 

Leveling arrangement for light plate: '£'he leveling plates 
furnished by the office for use in leveling the l1ghts on the tow
er light plate are difficult to use. With this attachment the 
lightkepper has difficul.ty reaching his top l1ght when he is show
ing four or five lights. The leve11ng ~late is particularly hard 
to manage on windy nights and on shaky towers. I believe that new 
towers could be designed with a leveling arrangement for the light 
plate, and that all the 11~htkeeper WOuld need wou1.d be a small 
pocket level, such as was furniShed, to level the plate. 

U-bolts for floor boards: In a number of cases strong winds 
have blown the noor boards on the observer's platform up against 
the inner tower (in.a vertical position). This undoubtedly makes 
the wind more effective and may be the cause of some tower failures. 
It i~ recommended that the floor boards be eauipped with U-bolts 
which wou1.d permit them to be securely bolted in place. 

Safer towers: Due to the large number of recent tower fail
ures, resulting in the loss of towers, instruments and other prop
erty, it is felt that more effort should be expended to make the 
towers safe. I believe that a set of guy wires shOUld be used 
with each tower. The guys could be anchored in most cases to 
trees, ~ubstantial buildings, or other similar objects. Turn
buck1es could be provided for tightening the wires. Where no nat
ural object was available for anchoring, "dead men" could be set. 
A building party crew supplemented by possibly one extra man cou'_d 
still erect the tower in a day, and the e~tT"a cost woul.~ be negli
gible compared to the loss of an instrument, the tower or the lives 
of some of the men. 

Base camp: Wi th a large steel tower triangulation pB.rty, I 
believe that the base camp, for various reasnns, is the best meth
od or' operation. In working from a base camp', smaller (one-half 
ton) trucks c()uld be used for transporting' the obgerving parties 
and lightkeepers. The use of these trucks wou1.d result in a saving 
in purchase price, use of fuel, tires, repairs, etc. They are aleo 
easier to handle on narrow mountain or woods roads, and are more 
easily towed out of mud holes. At present the one and one-half ton 
trucks used by the observing parties and lightkeepers travel about 
90% of the time with practically no load. They are used in moving 
camp, but this could very easily be done by the extra steel trUCks. 
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Mess and bunk trailers: I believe thet the accomodation of 
a large party 'Pou~_d be factli tated by the use of mess and bunk 
trailers in place of the tents. In a.cdition to facilitating mov
ing day, the men would be much mo~e comfortable than in tents, 
especially in inclement weather. The spirit and energy of the 
party members depends largely on their contentment with the liv
ing conditions. I also believe that ove~ a l~ng period that the 
trailers wou~_d prove more economical than tents. They would last 
much longer, and there is not the danger of fire in a trai1er that 
there is in a tent. The fire hazard 1~ ever present in a tent, 
with the probability of the destruction of valuable records and 
government proDerty. 

New improved standard form of description card: One of the 
most dlfficu'_ t things to teach a new observer is the art of wri ting 
a complete, concise, and accurate descri~tion of the triangulation 
station vistted. In order to asslst the new observer and to keep 
the old one fr-om getting lax, I believe that a new standard form 
could be furnished which would specifically outline the information 
required. The form should be so ar-ranged that no ~ection of the 
descriotion could oosslbly be omitted, and with little notes that 
would prevent the observer from mak~ng some of the errors that have 
been called to 0ur attention in t~e past. Sections might be head
li!led: 

General locality of Rtatlon. 
How to reach. 
Distances and directions from station mark to 

PEm{~NENT objects, etc. 
Space could be provided for the recorder to check the dis

tances ard dir-ections as ' isted. Some of these precautions would 
probably not be necessary if the ob~erving was done by experienced, 
oermanent officers of the Survey. But they would help materially 
for the use of civilian observers who have been rapidly trained, 
and who have done most of the observing during the pa.st two years. 

.. .. .. * .. 

From letter of Curtis Le Fever:-

In replying to your letter I respectfully mention the fol
lowing changes which might increase the efficiency of level ooer
ations. 

Manual of second-order levels needed: I am sure there is an 
urgent need for a manual of ~econd-order levels. In this manual an 
exact procedure in running second-order levels should be out11ned. 
The imoortance of accurate descriotions of bench marks shou1d be 
stressed, a180 careful marking of the bench marks in the field; 
such as, building a circle of loose stones around the mark, when 
the stones are ava1lable~ The use of a sun shade in running 
second-order levels I believe ~hould also be stressed. Some of 
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the observers have the idea that they can run second-order 
levels without a shede over the instrument. I talked to one 
man who' worked on one of our level parties who said the um
brellas were used very little. The importance of havin~ the 
chief of party watch more closely the quality.of the marks 
being set by his different units should be stressed. I have 
encountered some very poor marks during the last three years, 
however, most of them are very good. A chapter in this manual 
on reconnaissance for levels, outlining the different informa
tion which should be obtained for each line, I am sure would 
be helpful and would mS.ke the writing of instructions for such 
lines more accurate and much easier. 

Sugge sted cha.nges in new geodetic level.: - On the new type 
of geodetic level I suggest the following changes: Better ma
terial in the tripoo tension plates, which will not lose its 
tension and will not wea~ so quickly where the screws pass 
through. Harder material in the leveling screws I believe would 
be an improvement. I woulo also suggest that the split legs of 
the new triDods should have a second cross brace near their top. 
It shou1d be so placed that it would rest on the shoulder when 
the instrument is being carried between set-ups. 

Universal bubble level:- The use of the universal bubble 
level for setting all bench marks will make our marks much easi-
er to hold a rod on and in this way, of more value. . 

Precast marks:- For precast marks I am sure there should 
be a standard tyue of square wood form used. The practice of 
casting marks in round metal pipe or tile should be discouraged. 
Such a mark is too smooth on the outside ~urface and the soil 
will not fill around and set to it to make it more solid as it 
will to a concrete surface. There also seems to be a tendency 
to set such marks too shallow. Perhaps it is because it is dif
ficult to get pipe or tile of a proper length. 

On a precasting unit I have found that an open express 
truck with a long wheel base and dual wheels is very practical. 
On such a truck 30 to 40 precast marks can be hauled at one time. 
I believe that a precasting party should consist of three men. 
They can cast q.O marks per day by hand. Forty forms are about all 
that. can be hauled on one truck. If handled carefully they can 
be removed each day and be set up for another casting the next 
day. This party also distributes the cast marks to paints on 
the c1fferent lines where they can be picked ~p by the bench mark 
setters. . 

I have found that for all other purposes on a level party 
the shorter wheel base (around 131 inches) shOUld be used. When 
trucks are purchased I suggest that the lower gear ratio' be in
sisted upon. The higher gear ratio has too much speed and not 
enough power unless in the lower gears. 

* * * * * 
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From letter of E. E. Stohsner:-

In reply to your letter, the follow1ng is a brief discus
s10n of the oractices that may not be conventional on all of 
the leve11ng-parties but which I think have improved the eff1-
ciency and accuracy of our work. 

The descriotlons of the bench marks set is a very imoor
tant part of the work.--They are part of the record of the lev
els that are in the files long after the field work is forgotten; 
they must be concise, accurate, permanent, and complete. They 
must be more permanent than the mark itself or there is no use 
in setting such lasting marks. In the past years, lev.els were 
usually run along railroads or at least on very well traveled 
and known high~ays. Lately, however, level lines of the 7-1/2 
mile spacing and even the last of the 25-mile spacing, must be 
run in many cases along unimproved roads and trails. For this 
reason it is exceedingly difficult to make clear descriptions of 
bench marks. There are cases where lines run over roads and 
trails for a distance of 50 or 75 miles without passing through 
any named settlement or town of any sorto Trails are so numer
ous in many places that several will branch off the level route 
within the distance of one mile. In order to guide the person 
who later recovers the mark, through such a maze of possible 
routes, bench marks have been described differently from the way 
in which they have been in the past. In the first part of the 
description the distance and direction to the nearest town is 
given and also references to any objects, natural or otherWise, 
that may be near. Then instead of trying to give a detailed ac
count of how to reach the mark from the nearest town by a series 
of "thences" and "forks", the mark is described in detail from 
the mark previously set. This second part or paragraph of the 
body of the description really only covers the distance of one 
or two miles, whatever the distance. to the last mark is, but it 
is very complete. In this way, even under the poorest condi
t10ne, a !=lerson having the list of c_e~criptions on the line can 
follow from mark to mark until the desired mark is found. This 
method of describing marks is only used however, in cases where 
the ordinary Method of describing marks is hardly adequate. 

Use of molten lead:- In setting bench mark disks in struc
t.ures during freezing weather, molten lead has been found to be 
much more satisfactory than neat cement for holding the tablet 
shank in place. Molten sulDhur was also tried but is not as suc
cessful as lead. An ordinary gasoline blowtorch and a tinner's 
ladle is all the equipment necessary. A few drops of lubricat
ing oil in the bott0m of the drill hole before the molten lead is 
poured in will prevent sputtering due to mOisture and will make 
a better finished job. Exce~s lead can be trimmed off by point
ing the torch flame at the disk a few seconds and brushing off 
with a wire brush. If it is desired to readjust or reset the mark 
it can be easily accomplished by heating the mark with the torch 
until the lead is again melted. Using this method, disks have 
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been set at temperatures as low as OGF when the setting with 
ordinary neat cement wou1.d have been impossible. 

Precast bench marks:- It is probably more economical to 
have a precast bench mark party casting our own marks than to 
have the marks made on the outside. The price per post may be 
about the same but the time saved in having the marks cast at 
the correct time and at the correct places just when wanted, 
wo~ld often amount to more than the cost of the post themselves. 
The equipment necessary to outfit such a party would amount to 
only a concrete mixer and a truck, or probably two old trucks 
that are no longer serviceable for observing or regular bench 
mark setting work. The truck or trucks are used 1n delivering 
the ready made posts to vantage points along the lines. Th1s 
~ould be a great help in isolated areas and on poor roads and 
trail s. 

Accuracy:- In organizing an observing unIt, about the most 
dIfficult problem after an observer has observed a month or two, 
1s to keep the matter of accuracy in his mind at all times. The 
feeling of competItion for progress between the units usually 
runs high. An observer, in his eagerness to make more miles 
than some other Observer, often lets the accuracy slide a little 
although truly it is not intentional. 

* * * * * * 

From letter of G. R. Fish:-

The following methods of procedure may, or may not be 1n 
use by other level parties but I do not believe that all of the 
field parties use the method~ described below: 

Computing elevations:- Since the field parties have been 
supplied with adding machines which will not subtract, we have 
u~ed the following procedure for subtrecting when running up ele
vations: 

Take the number of digits 1n the meters from four and the 
remainder indicates the number of nines to punch init1ally; then 
take the reciprocal of the mean elevation (secured by subtract
ing all digits except the l&st from n1ne and the last from ten) 
and place it on the machine and crank. 

Tht~ method is fast and accurate, especially when two men 
are engaged and the one reading the figures indicates which fig
ures to place on the adding machine. There will be a few super
fluous figures printed on the left hand edge of the tape but 
usually a Cipher will appear between them and the correct eleva
tion. 



- 49 -

Carrying rod boxes:- Rod boxes are carried in brackets 
fastened to the right hand side of the truck body. The brack
ets are placed about 12 or IS inches from each end of the body 
to prevent the box from sagging in the middle and so that the 
box clears the fender by about 1 1nch. They extend out only 
far enough to make the inner upright cleer the edge of the flare 
board. The brackets are made of 1-1/2 by 3/8 inch strap iron, 
bent to form a rl~ht triangle and welded together, one side of 
the right angle placed against the side of the body and the other 
exte'nding outward, the bottom of the triangle even with the bot
tom of the bed (gives a better angle of supoort than a flatter 
brace) and the uprights welded to the top of the horizontal 
piece. The width between the uprights should be about S-1/2 
inches and the length of the pieces about 8-1/2 inches with at 
least 2 inches of 1/2 inch threads on the end for a wing nut. 
The cross piece to fit on the uprights should be a piece of strap 
iron with about 5/8 inch holes in each end and the piece should 
be cut off about 1/4 inch outside the edge of the holes. The 
brackets are usually fastened to the body with three bolts each, 
and a heavy piece of strap iron, or WOOd, is placed inside the 
body to keep the body from weakening. 

The benefIts of the above are that the rod box 1s prevented 
from joggling around on rough roads (which helps prevent wear on 
the rods and rod box) a_nd when moving camp the truck 18 easier to 
load; also the rod box is farther forward. 

Using truck when leveling along hlghwaX:- A regular five
man level un1 t is opere ted and when working al::mg a railroad, or 
road where it is not practical to use the truck, an extra man is 
hired to drive the truck. When working along the highway the 
recorder drives the truck and the other members of the party ride 
on the truck between set-ups. A small piece of rag is fastened 
underneath a lug bolt on each front wheel and the revolutions of 
the wheel are counted beginning as the truck passes the rear rod
man (each rodman holds his own pOint). One rodman rides on the 
running board and counts the revolutions of the wheel on his side 
and begins to call them::>ut about B or 10 revolutions before the 
correct interval is reached; the recorder being informed before
hand of the interval desired. The recorder drives about 15 miles 
per hour and begins to slow down when the rodman commences to 
count out loud and stops the truck when the correct interval is 
reached. During this time the observer is free to survey the 
slope of the highway and vary the 1nterval if he thinks it feasible. 
When the truck stops, the rodman immediately begins walking forward 
and takes approximately 3 steps for each revolution of the wheel 
and adds or subtracts any steps necessary to correct the interval. 
The observer alights and uses a hand level to determine if the 
rear rodman is visible and approximately whether or not the front 
rodman will be vlsible. He then sets up the instrument opposite 
the truck, or moves backward or forward as necessary, calling 
out twice the change in steps to the front rodman. The umbrella 
man uses a hand level to place the front rodman while the observer 
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reads the rear rodman and as soon as the rear rod reading is 
checked, t~e rear rod~an is called forward and rides on the 
truck to the next set-un. The umbrella man rides on a front 
fender and the observer· on the running board. 

~~ls met~od is applicable to a variety of conditions, but 
on excessively steep or narrow roads or in heavy traffic it is 
expec.ient to hire an extra man to drive the truck. 

The benefits of the above method are that one less man is 
recuired on each level unit and the work is also speeded up. 
Each rodman walks only half the distance leveled and although 
the observer is on his feet all of t~e time he is spared having 
tc walk Rnd thus becomes much less fatigued. 

Carrying geodeti~ levels in the field:- The shioping box
es in which the geodetic levels are received are retained and 
the shredded naper packing is kept in the bottom of the box. 
The level boxes are carried in these boxes which are plaoed near 
the front end of the bed of the truck. 

In this way both the instrument and the box are protected 
and, in my estimation, this is better than having the observer 
carry the level on his lap. I believe that a level receives 
about a9 many jars when being set un as it does in being trans
~orted to and from the working grounds and that it is a waste 
of ener~y for the observer to hold the box on his lap. 

Transporting personnel:- Bucket seats, which may be pur
chased cheaply at a junk yard, are more satisfactory than the 
side seats installed as original equipment in some'screen body 
trucks. The seats are not fastened to the floor and the men 
usually sit with their backs against the front end gate. 

These seats are more comfortable for the men and take less 
room when moving camp. (In my estimation side seats should never 
be i:1stalled in a truck as they are not usa.ble except on very 
smooth roa.ds. ) 

Levels received from office:- It is suggested that each 
level be tested for stability of collimation adjustment before 
being sent to a field party. The inetrument might be tested 
abo\lt as follows: adjust for tIC", Jar by slapping with hand, or 
some other means, and again take "en. A stable instrument will 
require a "C· adjustment only once every two or three months but 
an unstable instrument will not stay within .01 for the value of 
"C" for more than several set-ups, and usually requires adjust
ment every day. It has been noted that this defect may be caused 
by a looseness of the cork wedging at the ends of the level vial, 
or by the improper placing of the metal contacts supporting the 
level vlal~ 
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If the above 19 done in the Instrument Division it will save 
having to remove the level from the instrument in the field with 
the resultant probability of poor adjustment when the level is re
Dlaced in the instrument. So far the only level adjusted in the 
field was fixed by placing a single thickness of cloth over the 
ends of the level and inside the cork wedges. Since that time the 
level has stayed in adjustment for weeks at a time while before it 
would not stay in adjustment from one set-up to the next. 

Cross hairs:- The interval between the hairs sent out for 
reDlacement is now satisfactory but the size of the hairs is vari
abte in a set and between sets, and mainly too large. So~e of the 
hairs aODear douhle when viewed in the i:1~trument. A hair which 
covers ~~veral millimeters at 100 meters make~ reading the rod a 
bit difficult and may tend to introduce errors in the line. If 
feasible it wou~d be advantageous to determine which make of levels 
certain dia'Ohrams will fit as some dlaohrams will not 8110\11." the 
cross hairs~to be moved far enough forward to come within the focus 
of the eye piece. 

* * * * 

From the letter of Fl. S. Ollver:-

In replying to your letter all I can do is briefly outline 
our methods and setup. 

The Dar1lY was operated in 15 uni ts at the time it was dis
banded; 9 single observing partie~, 5 bench mark parties, and the 
office. It has been our experience that single parties operate 
with less confusion, less moves, and consequently more efficiently 
than do larger part1es. Six men have been employed con~lstently on 
each ob~erving pal'ty and on single-run levels six men are almost in
dispensable to effective operation. By keeping a careful analysis 
of cost and output for bench mark parties ou~ experience has been 
that 2 men to a bench mark truck 1s the the most effective ~etup. 
It is believed that such a bench mark party should be supplied for 
each ob~erving unit under the present specifications for spacing 
of bench marks. Cast-in-place marks have proven more satisfactory 
than precast marks. Perhaps the pSJP chologlcal effect of sett1ng a 
larger more permanent mark encourages the men to take more care 
not only with the selection of the location but with finish and 
bui '.ding of the mark in general. It has been our oractice to pur
chase round forms of IC Tin, 12 inches in diameter~ These have 
been purchased in lots of 1000 knocked down and. nested, at 25 
cents each. Complete dl~cussion of these forms .has been furnish
ed you from time to time as the idea developed. 

Several methods have been tried for carrying water but tti.¢.: 
most successful wee a square t&nk built on the side of the truck. 
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The water is drawn out in a bucket and carefully measured to the 
amount of cement. The most effective type of truck for operation 
along good roads has been found to be a steel bed on a 157 inch 
wheel base with dual wheels. In setting marks along mountain 
roads on 7~1/2 mile spacing, 131 inch wheel base, single wheel 
trucks gave the best performance. Each job and type of country 
encountered reauires different treatment, in fact, as hae often 
been sai~ "rule of thumb cannot be substituted for intelligence'. 
Systems that will work on one party will often be a failure on 
another. For this reason it was my practice to allow each party 
to work out 1 ts own nroblems with as 11 tt1e sunervision as pos-r-- • • 

sible. It is/-of course, necessary to point out bad practices 
promptly and make s~ch suggestione for their correction ae seemed 
deslrable~ Under this general plan I was able to keep the men in
terested in their work, and to retain well trained men. During 
the four years I operated a level party only one observer and 
two recorders left the party. 

The office carefully divided u~ an assignment and furnished 
each party complete copies of all the material they would need. 
The work when received from the field parties, was carefully check
ed and an effort was made to forward everything to the office com
plete and without blunders. It 1~ possible that some unnecessary 
rerunning was extended by the party but believing that the ea.siest 
time to pick up a blund.er it) at the time it 1!! made and the party 
is convenient, sections where a reasonable doubt occurred were of
ten rerun rather than to risk an error. 

Some experimenting with an amber eyepiece and colored rods 
was made near the end of AUgllst. Our work indicated that an addi
tional red eyepiece was very effective in eliminating heat waves. 
Our trial with a "red rod" indicated that it was of some assist
ance, especielly to less experienced ob~ervers. Some Observers 
were in favor of havlng different colored stipes for each meter, 
and having both rods colored the same. This was designed for elim
ination of "meter busts" rather than a "crose sight" as in the case 
of the "red rod". 

It is suggested that from the standpoint of a field man, some 
very definite and decided effort should be made to eliminate in
ferior eqUipment. It 1s suggested that state highway departments 
be contacted 1n the same me.nner 1n which railroads are contacted 
before aSSigning level parties to wo»k over highways. 

* * * * ... 
From letter of W. R. Tucker:-

Having had a long period in the field in charge of f1rst- and 
second-order leveling, I can write, in the main, only praise and 
commendation of the methods and eqUipment now in general use on 
this type of work. When I took charge of my first level party 
about three years ago, our first-order leveling had been developed 
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to a high degree of efficiency, especta.lly as applied to the 
small parties that were then employed in the field. The changes 
made flince that date have been made to apply chiefly to the lar
ger units employed and to the increa~e in the amount of second
order leveling. The new type tripods, the new abstract forms, 
the complete weekly and monthly report forms, the precast bench 
mark posts, the use of a second recorder on second-order levels, 
the use on railroads of different types of nails driven in center 
of cross ties as turning points in place of the rail spikes, the 
increase in the number of bench marks, and the greater stre~s given 
to the correct placing and description of locations of bench marks, 
have in my estimation, all been necessary and useful changes or im
provements. 

This party soon after a~signment of second-oroer work, employ
ed the common wire fence staple driven in the center of cross ties 
as turning pOintR on railroad work and found them very satisfacto
ry. We have also found that by hBving the bench mark setters write 
up the description of the location of bench marks when placed, 
there resulted better locations, more accurate and complete descrip
tions, and l~H's loss of time than when the descriptions were writ
ten by the observing units. The increase in the number of extra 
foresights for topographical features, has resulted in the level 
abstracts being practically covered with barred off sections to des
ignate these extra fore~i~hts. T~e inking in of these bars requires 
an unusually large amount of night work foy' the recorders and ob
servers, a part of which time could be more usefully employed in 
checking the work if a satisfactory ink of different color could be 
used to deSignate these sections in place of bars. The "Red Rod 
Method" as an aid to avoid transposit1ons was not put in use by 
this party in time to give it a fa.ir tria.l, but it was the general 
opinion of most observers and recorders that this method would not 
only reduce the number of transpositions but wou1d also be a great 
aid in catching them where they occurred. 

The 1-1/2 ton obgerv1ng trucks are rather heavy and cumbersome 
for transporting units to and from work, but a truck of this capac
ity is reauired to move a unit from camp to camp, so I doubt the 
efficiency of using lighter trucks in the greater number that would 
be required. 

On these large parties, it is believed that the personal element 
or the types of men that make up each observing unit, have more to 
do w1th the amount and accuracy of the work than ever before. It 
has been my practice when an observing unit showed a deficiency in 
either accuracy or amount of work accomplished, to make a study of 
the work and disposition of each member of that unit to determine if 
some method employed or lack of coordination was not causing the 
deficiency. In some ca~es lack of ability of some members of the 
party cau~e0 the trouble, but in most cases one member's inability 
to adapt himself to the practices, methoo.s, and di~pos1 tions of oth
er members of the unit, seemed to be the difficulty. The resulte 
obtained by early transference or shifting of personnel from one 



unlt to another were often surprlslng and proved to. my satlsfac
tlon that a man of abl11ty mlght delay the work of one unlt and 
yet when tran~ferred to another unlt this man would often lncrease 
the efflclency and coordlnation of the new unlt. 

We have trled on thls party, to lnstll ln the men a spirlt of 
cooperation and an element of prlde ln their work. I will say 
here, that it has not been a job but more of a pleasure to work 
with most of the members of this party. The cooperation ana. as
slstance rendered thls party by the Washlngton Offlce has been all 
that could be asked for. 

* * * * * * 
From letter of John Bowie, Jr.:-

Improvements in steel towers:- In my opinlon, the steel tow
ers are in need of lmprovement. Slnce the failure of station 
Tuckerman in June 193~, I have reinforced the vertical legs of the 
outside tower by cutting pieces of steel 5-1/2 feet in length and 
bolting them on the vertical legs from the 64 foot section down, 
when the helghts of the towers exceed 90 feet. Slnce thls proced
ure has been adopted, I have not lost any towers and consequently 
I'recommend that the design of the vertical legs of the outside 
tower be made of a larger size 1n order to increase the bending 
strength by 50%. Another pOint in the future design of towers Which 
should be made permanent practice is a device for boltlng the plat
form boards in place in order to prevent strong winds from lifting 
them up and act1ng as a sail at the top of the tower. My building 
parties have been tying the platform down by rope but it seems to 
me that a few U-bolts provided in the design of the tower, Would 
hold the platform in place. 

Truck driven by one man:- I find that a truck will be best 
taken care of if driven by one man only, who knows·he 1s to drive 
the truck for a long period and consequently will take care of it 
and have a certain amount of pride in its appearance and perform
ance. Also, should anything go wrong with the truck there would 
be no one else on whom to "pass the buck". 

Azim.uth marks: Due to the increasing importance of azimuth 
marks, a bench is built over each mark on which a flash light slg
nal lamp is carefully centered by a plummet. Polnt1ngs are then 
taken on the lamp, which has been hooked up to batterles, thus as
~uring that no errorwlll be caused in the obserVations by not 
having the object ob8erved upon correctly centered over the azimuth 
mark. . 

Pay scale:- One thing that I would like to see chBnged is 
the present group system of pay·scale. At present a man cannot get 
a raise in pay unless advanced to a higher group. I would like to 
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see this changed so that a man can get- a raise after staying in a 
group a certain length of time. I also think the pay for observ
ers should be higher as their work is directly responsible for the 
figures and results which come from the record books. 

(Additional subjects treated by Lieut. Bowie are as follows: 

1. Double observing party. 
2. Building parties. 
3.. Office trailers. 
4 Night driving. 

As the subjects mentioned above were covered in his article 
"Party Organization" printed in Volume 2, No. g, page 15, they are 
omitted in this issue of the Geodetic Letter. ) 

THE MORO VINTA 

Native boat scooped 
out of a solid log and 
equipped with outriggers 
and sail. These little 
vessels are capable of a 
conside!"able a.mount of 
speed. 

-6-

-6-

Same boat all dress
ed up by the groom for 
his w~ddlng on the Isle 
of Jolo. Note the use 
of parasols placed at 
the four corners of t~e 
canopy for decoration. 

J. 

I 
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MERIDIANS OF WASHINGTON 

Frank L. Culley 

On L'Enfant's plan of the Federal city there is plotted 
the letter B on the site of the Emancipation Statue ~n Lincoln 
Park, about one mile east of the Capitol. A marginal note in
dicates that on this site was to be: 

"An historic column; also intended for a mile or 
itinerary column, from whose station (a mile from the 
Federal house) all distances of places through the con
tinent are to be calculated." 

This is the only evidence that it might have been L'En
fant's idea to have the primary meridian of the United States 
pass through this pOint. On the same map, however, the longi
tude of the Capitol is given as OGOO', indicating that the pri
mary meridian should pass through the Congress House which, of 
course, could not also pass through a point one mile east. 

~he task of laying off the streets, avenues and rese~a- ) 
ti ons was performed according to L' Enfant's plan in '!:89-l-/and /7'1 I 

I ?1:2.1~9c by Andrew Ellicott. He began by drawing "a true meridional 
line by celestial observation, through the area intended for the 
Congress House; this line he crossed by another due east and 
west, which passes through the same area. These lines were ac
curately measured and made the bases on which the whole plan was 
executed". Incidentally, these are also the dividing lines for 
the northwest, northeast, southeast and southwest sections of 
the city. 

In 1904, Nicholas King, under the direction of a Mr. Brigg, 
laid out a meridian through the center of the President's house. 
This was also established by celestial observations by setting 
up a transit at the northern door of the President's hou~e and 
pointing to the star "in the tail of the constellation Ursa Mi
nor at its eastern elongation, and, continuing the vertical cir
cle to the ground, he determined the bearing, in line of which 
on very low stand was placed one of Argand's lamps covered by a 
tin cylinder, in which a small sIlt was made for a, sight, and 
the line from the light toward the instrument was drawn unon the 
standN • This stand was located on the northern side of I- Street 
at t~e intersection of Sixteenth Street. Turning back toward 
the west w1 th the transit through the horizontal angle formed 
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b~ the eastern elongation and the upper culmination of Polaris, 
a point was found on top of a hill nearly two miles due north 
of the President's house, on the lands of Mr. Robert Peter. 
This line was temporarily marked with wooden posts and later, 
with Mr. Peter's permis~ion, a small obelisk of freestone was 
placed so that its apex was in the true meridian from the cen
ter of the north door of the President's house. From this sur
vey the name s "Meridian Hill" and "Meridian Park" were derived. 

The line was extended south of the President's hou~e to in
tersect the east and west line through the Capitol. Stnce the 
Capitol could not be seen from this point, an obelisk known as 
the Caoitol stone was established at the intersection of the merid
ian and the east-west line passing along the south edge of the 
"old Capitol". A distance equal to half the length of t~e Cap""" 
itol was then measured northward from the Caoitol Stone to estab
lish the point which is the intersection of the meridian of the 
President's house and the west line from the Capitol. This was 
marked by a small pier covered by a flat freesto~e on which the 
lines were drawn. This pier was on the south bank of Tyber 
Creek. 

It is not known why this meridian was established. Some 
think it might have been President Jefferson's idea to have the 
principal meridian of the United States pass through the Presi
dent's house and that the line was marked at his instigation. 

In his centennial history of Washington, Commissioner Webb 
called the freestone cap on the pier, which marked the intersec
tion of the President's house (or, Sixteenth Street) meridian, 
and the east-west line through the Capitol, the Jefferson Stone. 
The pier wes partly destroyed and covered during the process of 
grading. Part of the pier was recovered later and a new stone 
was ·set in its place. During further grading in 1935, the stone 
was raised so as to be almost flush with the new surface of the 
ground. It is 371 feet west and 1 23 feet north of the center of 
the Washington Monument. 

In 1999 the Office of Public Buildings and GroundA placed 
a 17-inch square of granite stone marked "U. S. Meridian 1990" 
within the "Ellipse ll south of the White House in the meridian of 
the Jefferson pier, and. 1505 feet, 4-1/2 inches north of it. 

On .J:une 4, 1923, with e.ppropriate ceremonies, a zero mile
~tone, the center ofwhlch is the starting point for the measure
ment of distances over all highways radiating from Washington, 
was unveiled. (L'Enfant had in mind the plaCing of such a marker 
in what is now Lincoln Park. See first para~raph.) A descriP
tion of this stone in the "Program of Exercises attending the Un
veiling and Dedication of the Zero Milestone Monument" states: 



"The location of the stone 1s on the Meridian of 
District of Columbia as marked by the IJ'efferson stone' 
placed south of the Ellipse in 1904." 

According to the position of the Zero Milestone as determined 
by the Coast and Geodetic Survey, its center is 0.3 meter 
(1 foot) west of trie meridian ·through the White House. 

More than a century ago various nations reckoned their lon
gitude usually from their own capitals. Congrp.ss by act approv
ed Se9tember 28, 1850, ordered-

"That hereafter the meridian of the observatory at 
Washington shall be adopted and used as the American merid
ian for all astronomic purposes and • • • • • . Greenwich 
for all nautical purposes." 

The longitude of the North American datum of this meridian, which 
passes through the old Naval Observe.tory (now one of the, build
ings on the grounds of the U. S. Naval Hospital), is 77 0 03' 
06~119. 

The boundarie~ of several states and territories were defin
ed with reference to the meridian of Washington. The act was re-
pealed August 22, 1912. . 

In 1882, Congress recognized the adve.nte.ge of having a com
mon initial meridian for all countries and by a Joint resolution, 
authorized the President of the United States to call a confer
ence for this purpose. This conference met in Wash1ngton in Oc
tober, 1994, with 26 nations represented. It recommended the 
adoption of the meridian bf the Royal Observatory, Greenwich, Eng
land. This is now almost universally used. All points in the 
United States are referred to this me~ician. It was adopted by 
France in 1911. 

The "Meridian of Washington" referred to in the "American 
Ephemeris and. Nautical Almanac tl is that one which passes through 
the center of the clock room of the present U. S. Naval Observa
tory. 

(Sketch and legend given on follow1ng page.) 
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1. Site proposed by L'Enfant for an it1nerary column from 
which all distances on the continent were to be measured. 

2. Stake set at the intersect10n of "Sixteenth and north 
I Street". 

3. Merid1an Hitl stone mark1ng the north end,of the White 
House mer1dian a~ established by Nicholas King 1n 19O~. 

~. Capitol Stone on the meridian through the White House 
and the east-west line through the south end of the Capitol as 
it existed 1n 1!04. The mark is now nonex1stent. 
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5. Jefferson pier on the meridian through the White House 
and the east-west line through the center of the Capitol. It is 
now marked w1th a granite post 123 feet north of the Washington 
Monument and 371 feet west of it. 

6. stone marked MU. S. Meridian 1990" set in the merid1an 
of the White House 1505 feet, 4-1/2 inches north of the granite 
post marking the site of the Jefferson pier. 

7. Zero Milestone, the center of which is one foot west of 
the Wh1te House meridian. 

!. Old Naval Observatory (the bu1lding still exists) on the 
grounds of the U. S. Naval Observatory. The merid1an (EF) of the 
center of the dome served as the initial meridian for the bounda
ries of several states and territories. It was intended as the 
prime meridian of the United states. 

9. Center of the clock room of the present U. s. Naval Ob
~erv8tory. 

10. Center of the original District of Columbia - a pOint 
unmarked but at about 19th and C streets northwest. 

AB Meridian of the District of Columbia estab11shed by An
drew Ellicott to serve as a base for laying out the streets of 
the Federal c1ty. 

CD Sixteenth street, or White House, merid1an through the 
center of the north door of the 'President's hou~e" - marked by 
4 and 5. 

EF Init1al meridian of the United States, through the cen
ter of the dome of the old U. S. Naval Observatory. 

GH "Meridian of Washington" through the center of the clock 
room of the U. S. Naval Observatory. 

IJ East-west line through the center of the Capitol 

VALUES OF ASTRONOMICALLY DETERMTNED LONGITUDES WEST OF GREENWICH 

Name of Stat10n 

Old U. S. Naval 
Observatory, center 
of dome. 

U. S. Naval Observatory, 
center of clock room. 

On Meridian Lon~itude 

EF 

GH 
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VALUES OF GEODETICALLY DETERMINED LONGITUDES WEST OF GREENWICH 
ON THE NORTH Al1ERICAN DATUM 

Name of Stat16n 

Capitol, head of 
Statue of Freedom 

Jefferson Pier 

Meridian, Stone of It~90 

Zero Milestone 

Old U. S. Naval 
Observatory, center 
of dome 

U. S. Naval Observa
tory, center of cloek 
room 

On Merid1an 

AB 

CD 

CD 

one foot 
west of CD 

EF 

GH 

'TYPICAL YAKAN MORO FAMILY 

-/:).-

Longi tude 

77
e 00' 33~533 

77
e 02 1 l2!' 4-13 

77° 02' l2~47g 

77° 02' l2~14-92 

77° 03' 06~l19 
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OPERATION OF TRUCKS 

Mr. J. S. Bilby, Chief Signalman, recently reported the 
sale of his truck No. 79. This truck was purchased in July, 1929, 
and has a mileage of 121,006 recorded on its speedometer. Most of 
this mileage was made personally by Mr. Bilby while engaged on re
connai~~ance in various sections of the United States. 

Mr. William Mussetter also submits a summary of operating 
costs for truck No. 60 which he has driven more than 106,000 miles. 
Mr. Mussetter has been the only person to drive this truck during 
its life time which is also practically true of the truck driven by 
Mr. Bilby and shows the advantage to be gained where only one per
son operates a vehicle. Mr. Mussetter also reports that he used 
one automobile tire for 61,300 miles. The tire is ~till in ser
viceable condition although of little value. 

Summary of Operating Costs - Truck No. 60 

Miles Miles per Miles per Cost repairs, Cost Total cost 
Year run. gal. gas. qt. oil. tools, etc. tires incl. dep. 

1925 4030 lS~06 366 '11.14 • 25.00 • 196.26 
1929 15,401 15. 20 261 140.g1(a) 2. 45 S10.09 
1930 11,971 15.S0 240 21.74 SS. S ~99.75 
1931 14,009 13.4 lSI g4. 9 20.3S 63· 70 
1932 16,771 12.S ISO 9.51 16.25 295.17 
193~ 13 ,549 12.5 151 g6~S4 14.25 276.76 
193 15,S 4 1~.52 162 147.7SCc) ---.. - 32g.12 
1935 12,596 1 .04 307 39.S1 31.26 207.54 

Depreciat10n charged Operating cost Total cost per 
Year per mile. per mile. mile. 

1925 .0.03 $O. OlSZ to•04gZ 1929 .03 .0~2 .052 
1930 .03 .0201 .0501 
1931 .03(b) .0161 .0331 (b) 
1932 .00 .0176 .0176 
193~ .00 .0204 .0204 
193 .00 .0207 .0207 
1935 .00 .0165 .0165 

Ca) Includes repainting, new top and side curtains. 
(b) Depreciat10n stopped at 3g,333 miles. 
(c) Includes repainting, new side curtains, and general 

motor overhaul. 

The above are g00d examples of what can be obtained in the way 
of truck mileage by careful driving and proper care of truck. 
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NOTES 

(From "Publications of the American Astronomical Society".) 
- October, 1935 -

Variation of latitude. There has been no interruption of 
the observations for variat10n of latitude at the two internation
al observatories in this country which are being operated by the 
Coast and Geodetic Survey. Mr. H. G. Wrocklage has continued the 
work at Ukiah, California, and Mr. E. L. Williams at Gaithersburg, 
Maryland. About the usual number of observations were made during 
the year. The best observing condition~ occurred in July, August, 
and SeDtember at Ukiah, and June, August, and October at Gaithers
burg. -The poorest observing conditionn were in February at both 
observatories. The original records were sent as usual directly 
to Professor Kimura of Japan, Chairman of the Joint Committee' on 
Variation of Latitude of the International Astronomical Union and 
the International Geodetic and Geophysical Union. 

Geodetic Astronomy. One astronomical party in charge of 
Mr. C. A. Whitten was in continuous operation throughout the fis
cal year, and a· second party in charge of Mr. E. H. Swick was or
ganized in the spring of 1935 and has been in continuous operation 
since that time. All of the geooetic B.stronomy has been done to 
furnish Laplace stations tp be used in the adjustment of the new 
arcs of td.angul ation in this country. Since the work couTd be 
done at very little additional expense, latitude observations were 
made also at most of the stations. These will be useful in the 
future investigations of the figure of the earth. During the fis
cal year, 63 longitudes, 62 azimuth~ and 54 latItudes were deter
ml~ed at triangulation stations in 23 diffe~ent states. Computa~ 
ti~n9 of the final re~ults at the~e stations, including the final 
Laplace a zimuths to be used in the adjustment of the triangu'_a tion, 
have been completed at the Office of the' Coast and Geodetic Survey. 

--R. S. patton, Dtrector. 
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