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THE WHITE MAN'S GADGET INTRIGUES



WEST LCOKS EAST AND SEES A TOPSY-TURVY WORLD

A Yakan Moro on the Island of Basilan employed as a packer
by & Coast Survey perty, catches, through a theodolite, his
first upside down view of a famillar mountain. Pono Cobung.



- NOTICE -

Due to a serious reduction in the person-
nel of the Coast and Geodetic Survey, with a con-
gseqguent increase in the duties of the regular
staff, 1t has been found necessary to 1lssue 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,
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EASTER BONNET - LARGE HEAD SIZE

Portage on Basswood Rlver along the Canadian boundary.
During reconnaissance work, a distance of 125 miles was cov-
ered in 5 days with the aid of the 100-pound canoe shown
above.

= =



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 sultable pro-
Jects to be adopted for the relief of unemployed engineers
and others of the so-called "white collar® class.

A "Working Procedure" pertaining to these surveys has
been sent to each of the State Administrators. A copy of
this i1s given on page 9. At the request of officials of
the Works Progress Administration, the Coast and Geodetic
Survey has sent to various interested engineers in each
state a copy of the "Working Procedure® and also "Sugges-
tions Regarding Organization and Operation® of Local Control
Survey parties. This latter 1s given on page 12, If there
are unemployed engineers in any state, it is bellieved these
suggestions will be of assistance should it appear desirable
to inaugurate such a project. The American Society of Civil
Engineers recommended this as a desirable project should
there be unemployed engineers. See letter of December 2,
1935, from Mr. George T. Seabury, Secretary, A.8.C.E., to
various local sections of the Soclety, page 3.

At the present writing this projlect has been approved
and field work is being carried on in the following states:
Massachusetts, Connecticut, New Jersey, North Carolina, Ok-
lahoma, Alabama, Louisiana, Florida, New York and Georgila.
The project has been approved for South Carolina and it 1is
expected that field operations will start in that state in
the near future.

The work in these states 1s under the direction of the
following engineers:. '

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

Connecticut: Prof. C. J. Tilden (Consultant),
51 Prospect St., New Haven.

New Jersey: Prof. Philip Kissam (Consultant),
21 University Place, Princeton.
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N. Carolina: Mr. O. B. Bestor,
State Highway and Public Works Commission,
Raleigh, N. C.

Oklahoma: Prof. N. E. Wolfarqd,
University of Oklahomsa,
Norman, Okla,

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

Louleiana: Mr. D. G. W. Ricketts,
Project Supervisor,
126 Carondelet Street,
New Orleans, La.

Florida: Dr. Blake R. Van Leer,
University of Florids,
Galnesville, Fla.

New York: 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.

Georgia: Mr. Frederick H. McDonald,
Commercilal Exchange Bullding,
Atlanta, Ga.

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

The conditions concerning employment on this project in
the individual states are qulte varied. The State Administra-
tor in general, has 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-rellef 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 prevalling 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 $85.00 in the northern zone to $68.00 in the south-
ern zone. The intermediate classification of employees provides
for wages of $65.00 per month in the northern zone to $49.00 in
the south. Unskilled employees are paild $55.00 in the north to
830.00 in the southern zone. There are 4 zones; the northern
region being 2one 1l; the southern region being zone 4, Sala-
‘ries in zones 2 and 3 are intermediate to those quoted above.
The men from non-relief sources are pald from $100.00 to $150.00
per month, depending upon the vosition held. All salaries must
have the approval of the State Relief Administrator.

If conditions warrant the consideration of this project,
the procedure 1s as follows: An estimate 18 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 1t is analyzed as to man-year cost,
suitability for relief purposes, conflict with other projects,
avallability of personnel, and whether in general the work can
be carried on under regulations prescribed for the conduct of
projects under the W. P. A. Should it be approved by the
State Administrator, 1t is sent to the Washington office of the
W. P. A. for further study. If aporoved by the Federal W. P. A,,
1t must have the approval of the Budget Bureau, the President,
and the Comptroller General of the United States. An allotment
1s then issued to the State Administrator after which the project
is ready to be carried out.

A requisition 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 for 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-
fice. All pay rolls are prepared in the field and then sent to
the state W. P. A. office where the checks are drawn and then
sent to the individual projects for distribution. Salaries are
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on a monthly basis, and employees are expected to work the re-
guired number of hours per month specified for the rate of pay
obtained, If any employee's services are unsatisfactory, his
gervices may be dispensed with. If any of the men assigned to
the project by the United States Employment Service are found
upon examination to be deficilent in the desired qualificatlons,
1t is not necessary that they be employed.

Requisitions for materials are handled through local state
offices of the Procurement Division of the Treasury Department.
A1l purchasee of materials are made through thls 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 1s granted only
in gpeclal cases. Allotments for purchases of materlals are
kept as small as possible consistent with obtaining satigsfactory
results. In several states, funds have been advanced by state
organizations 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 funde 18 especislly de~
eirable since the funds for expenditures for materials a&nd sup-
plies from federal sources 1s usually very 1imited. Such funds
may be used for the rental of surveying instruments, office
equipment, computing machines, etec., which ordinarily may be a
sizable amount. 1Insurance on trucks and surveying equipment
may also be handled through such funds,

The clerical work 1ln connection with requisitioning verson-
nel and procurement of supplies and materials is considerable.
In addition, various reports are required to be submitted week-
1y and monthly to the Works Progress Administration. The Regu-~
lations prescribed for Works Rellef operations are voluminous
and one or two employees in the project office should be required
to meke a study of such rules. A good sized office force will
be required to &ttend 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
work, Generally, more projects are approved than there are funde
evailable to carry them out. If the surveys are started, the
Stzte Adminigtrator can stop the prolect at any time he sees fit.
If funds are running low, and he feels that other projlects ars
more worthy, he can discontinue the aurvey work, or any other
project. This may not be a serious consideration at the commence=-
ment of the project when avallable funds are ample, but several
months from now when funde become depleted it may loom very large.
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Specifications for traverse, leveling, and trlangulation
are given on pages 17 and 28 of this issue of the Geodetic Let-
ter.

-A-

SUNSHINE AND RIPPLES

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

—A—
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WORKS PROGRESS ADMINISTRATION WORKING PROCEDURE

Code No. 186
1172527—'35 ~

Geodetic Local Control Surveys

DESCRIPTION:

Triangulation and traverse surveys for horizontal control
with an accurecy of one part in 10,000 in distances sur-
veyed; leveling wlith an accuracy of .Ch of foot times the
square root of the distance in miles to furnish elevation.
The work 1s designed to supplement fundamental horizontal
and vertical control surveys carried on by Coeast and Geo-
detic Survey.

SPONSOR:
State Public Works Commission; Engineering Departments of
States and other volitical subdivisione and municipalities;
State Educational Institutions; State Highway Department;
State and City Plenning Boards; with the cooperation of Na-
tional and State Engineering organizations.

PLANT AND EQUIPMENT:
Space for centrel office; storage room for supvlies and
trangsportation facilitles; necessary surveying instruments,
(transportation equioment and instruments in 1imited quanti-
ties may possibly be loaned by the Coast and Geodetic Sur-
vey): camping equioment where necessary.

MATERIALS:
Necessary books and suppnlies for office and field work; ce-
ment, sand, grawl, and metal tablets for monuments; food
stuffs when necessary to estsblish camps for field work.

SAFETY:

The Works Progress Administration Safety Division should be
notified before project 1s 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.

\N

10.

Superintendents, engineers, fleld and office forces
should conduct work according to instructions given

by supervisor.

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.
Routes may follow rasllroads and principal highways,
forming loops approximately five miles across. When

the work 1s done within or close to clty 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.

Monuments should be set in pairs with azimuth or d4i-
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
ghould be a closer spacing of the monuments.

Monuments of concrete, 1lnto each of which 1s set an in-
scribed rustproof metal tablet, should be established

in places least 1iable 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.

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

A central computing office should be organized in each
state where the inspection of survey records and the de-
scriptions of stations may be made, following closely
the fileld 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-
tatlions must be forwarded to the Coast and Geodetic Sur-
vey at Washington, D. C., as soon as practicable after
the fleld and office work has been completed. Duplicates
may be made and retained in the state offices.

The work contemplated would follow very closely the
specifications prepared by the Coast and Geodetic Survey
in 1933 for the geodetic local control surveys carried
on under the Federal Emergency Relief Administration.
Coples of these specifications will be furnished upon re-
quest by the Director of the Coast and Geodetic Survey.
Upon request state administrators of the Works Progress
Administration will be given information by the Director
of the Coast and Geodetic Survey as to engineers in the

states who are familiar with geodetic local control sur-
veys.



PRODUCT:

1. Will provide base for topographic and other maps and
starting 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, and will be a further step in sur-
veying and mapping the country.

3. Will eid in future utilization of 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:

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

-A-

RETURN OF THE FORTY-NINERS

After the descent from Laramie Peak, Wyo., where a station
was established 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,

.‘A—



SUGGESTIONS REGARDING ORGANIZATION AND OPERATION
OF
LOCAL CONTROL SURVEYS UNDER WORKS PROGRESS ADMINISTRATION

The Coast and Geodetlc Survey long has been and still
is a crusader for control surveys. It concelves of their
results as tools necessary to every engineering oroject
which requires accurate knowledge of the configuration of
an extensive area of thne 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 tae 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 points
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-
1ished, and thus there would gradually develop intensive and
closely-spaced systems of horizontal and vertical control,
all based on and tied into the baslc 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 & consliderably larg-
er direct contribution to labor than do funds spent for con-
gstruction. Unemvloyment 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 has 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 essentlal to the effectlve planning and execution
of a vroject is not available in Washington. It is not known,
for example, to what extent engineers and other workers of the
required caliber are avalilable in the various states. It is
not known to what extent instruments can be borrowed, motor
transport secured, and supolies and materials obtained to
keep operating costs within the man-year 1imit fixed.

We belleve, however, that alert engineers throughout the
country know the answers to these questions as pertaining to
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their respective states. We belleve that wherever 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 permenent public value of the results of the
work,

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

It 1s probable 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 thls reason, the officials of the
Works Progress Administration are sending to this Bureau a num-
ber of conieg 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 projlect to obtaln the best results. The
first consideration should be the selection of a competent engi-
neer to handle the entire Job ags the State Director. This man
should have a capacity for organization and leadership and in
general, have considerable executive abllity. 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 Geodetic Survey had qulte 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 furnish the names anéd 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
ingtruments to properly conduct surveylng operations, but under
present conditions there should be a surplus of such instruments
owned by individuals, engineering departments of railroads,
street railways, highway departments of counties and states, civ-
11 englneering departments of universities and technical schools,
and engineering departments of clties and towns which are not

in use and could possibly be obtained on loan. The Coast and
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Geodetic Survey may heve some instruments, other than transits

and levels, that might be loaned providing the shipoing charges
are paid from Works Progress Administration funds or local
sourceae. This Bureau could not pay transportation expenses and
would have to obtaln assurance that the instruments loaned would
be returned in good condition at the expiration of the fleld work
end 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 officilals of towns of a few thousand or more inhabitants
would be contacted regarding the possibility of cooverating. 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 asteel tape. These local officials
in some cases also furnish transportation facilities. 1In many
cases men who were on rellef but had automobliles or motor trucks
would be glad to use such equipment on the Jjob because of the em-
vloyment offered them. Gasoline and oil were sometimes furnished
by the local municipslities 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 carried beyond certain
distances, say 20 miles from the center, thus making 1t possible
for the members of the surveying parties to return to their homes
each evening. The surveying should be done, 1f practicable, near
exlsting triangulation statlions and bench marks, but if this ig
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 18 possible that in many cases rather extensive travers-
ing can be done by having two communities, say 40 or 50 miles
eapart, each do the locel control surveying and join their work
half-way between the settlements. Fach community could eventual-
1y have a sort of spider web of survey lines around its area.
These 1ines could be at intervals of from § to 7 mliles avart, at
a distance of 20 to 25 miles out, but they could be spaced more
closely as the city or town limits are aporoached. Near the mu-
nicipal boundaries it might be well for the survey lines to be
spaced at intervals of two to three miles. The stations along
the routes should be set at intervals of & mile or two, They
should usually be established in pairs in order that at each sta-
tion an azimuth would be avallable for any other surveying that
might be started from these local control survey stations. There
would be ssme stations where objects such as church spires, water
tankg, cou:'thouse cupolas, etc., could be used for this purpose,
in which case it wou’d not be necessary to establish a separate
azimuth me %, 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. Snecifications
for the conduct of the surveys may be obtalned from this office.

It is posgible, owing to the value of these control sur-
veys to the highway department of your state and counties, that
such organizations would furnish sand, cement and gravel for the
station monuments, or possibly the local municipalities may de-
fray such costs. It would involve only & 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 fleld parties of this Bureau mixed and poured the con-
crete at the station site. Recently, however, the practice has
develoved of using precast marks. Wooden forms were made that
could be used over and over agaln, and in some cases the cost in
labor and materials for making the precast marks was only sixty
cents each. Monuments are in general about four feet long and
in high latitudes even more. The cross sectional dimension va-
ries from 6 x 6 or 8 x 8 inches at the top to 12 x 12 or 15 x 15§
inches at the bottom. Precast monuments should be set in a bed
of concrete placed in the bottom of the hole. 1In general, the
monuments should be sufficiently heavy and stable to prevent dis-
turbances should they get a slight knock.

In the top of each monument an inscribed metal tablet should
be get to mark the station. The advantage of the metal mark is
that the person seeing one of them recognizes at once that it 1is
e survey mark. These tablets should be comparestively small and
inexpensive and should be so designed that their removal from the
concrete monumente would be most difficult. They should be cast
from a non-corrosive material such as brass or bronze. The
Coast and Geodetic Survey will upon request, furnish specifica-
tions for such marks which have cost from 13 to 18 cents each in
the past.

Each surveying party should meke such computations as are
necessary to insure that the loop closure of the traverse or
leveling 1s within the desired accuracy. There should be a cen-
tral computing offlce in the state where the work of the indivia-
uvel narties could be inspected and correlated so that satisfac-
tory results would be obtained. The traverse computations should
be on the plane—coordinate system. The plane coordinates of tri-
angulation stations have been determined in a number of states
and these could be furnished by this office. 1In those states
where plane coordinates have not been computed such work could be
done in the central computing office,
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Under the initial Civil Works Administration set-up, this
Bureau had printed & supply of record books for traverse and
leveling and computation forms. Some of this material 1s still
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 might be possible to secure & small allotment of funds
with which to print additional record books and computation forms
which 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 1if necessary. Thies Bureau would
not be able to furnish other stationery, such as tracing cloth,
drafting paper, envelopes, typewriter paper, etc. Only such com-
putation forms ag are peculiar to these surveys and the use of
which will lead to uniformity of results, could be furnished by
this office.

The difficulties of organizing and conducting the local con-
trol surveys project 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 paild from State Worke Progress Administration funds or from
local sources, 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 technical 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 surveying
operations. Once the state organization is functioning properly
he would return to this office or go to another state. His salary
would be paid by this office- but all other expenses in connection
with his services to the state project would have to be paid from
other sources,

-A~

GALLANTRY AMONG THE MOROS
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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 Prolects is to
111 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 detall 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 triangula-
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 netional 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 locations carefully selected in a reconnaissance
made in advence 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 statlions must be intervisible and so located that the
distance between them may be measured economically snd 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 soll erosion. The use of the
stations in local surveys should also be considered, Two sta-
tions should be established 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



cities, 1t 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 1s, to make the tape measurements to a point opposite the
traverse station and then measure the offset dlstance 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 & broken line with several
intermediate stations, forming a closed loop with all the
angles measured, so that the measured distances between the in-
termediate stations can be projected on the line 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 STATIONS

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 position and azimuth 1f 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 objlects
such &s church spires, cupolas, water tanks, etc., are visible
from the ground and have been observed on from the trilangulation
station and can be used for the azimuth connection.

Many triangulation stations are located on hills and 1¢
would be difficult to make the connectlon in position by measur-
ing directly to the station. 1In this case the connectlion can
be made by a triangle, using one of the traverse lines as the
bagse and the triangulation station as the third point of the
triangle and measuring all of the angles in the triangle.

MARKING OF STATIONS

The stations should be marked with standard metal disks
get 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 18 set in 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 1s set in rock outcrop or a large
boulder, the disk should be countersunk and well cemented 1in.

Where it 1s necescary to eztablish concrete monuments,
they should be prepared as follows: The concrete should be
composed of cement, sand and gravel in the proportion 1:2:H,
all of the proper quality, and free from dirt or other foreign
subatance that would in any way effect the quality and perma-
nence of the monument. They should be precest in post form of
the following dimensions: 6 inches square at the top and 8 in-
ches square at the bottom and at least 3 feet long. These d4i-
mensions are to be the minimum and should be exceeded in north-
ern states where the frost action 1s deeper. They should in
211 cases extend below the frost 1line and should be set in &
footing of wet concrete placed in the bottom of the hole.

The standard marks of the Local Control Surveys should be
placed in pairs, and there should be not less than one pair of
monuments for every two miles of trsverse. The two marks of a
pair should be main traverse stations, should be intervisible,
and should not be less than 1/4 mile apart. Where 1t is imprac-
ticable to place two such statlons along the main traverse in
a desired locality because of local conditions, one of the pair
may be set as an azimuth mark in any convenient direction from
the other, subj)ect 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 1s 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 4o the necessary leveling. It
should be divided into subpartles for these various operations
and the men should be shifted from one subparty to the other as
necegsary to complete the various operations.

EQUIPMENT

Distances should be measured with a 100-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 tapve. Movable trioods are also recommended
for marking the tape ends. A clinometer 1s needed for deter-
mining the inclination of the tape.



“ 20 -

Angle measures should be made with engineer's transits,
except where a theodolite of higher order of accuracy 1is 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 & plumb line suspended over the station permits
accurate pointing.

Level lines should be run with wye levels, or dumpy levels
capable of producling results of the required accuracy. Level
rods that can be read from the instrument should be used if avall-
able,

MEASUREMENT OF DISTANCES

The tape should be supvorted at the O and 100-foot points,
except where conditions render it advisable to use 1t supported
throughout 1its length, such as measuring along a paved highway
or street or along a railroad track. A uniform tension of §
kilograms (11 1bs.) should be applied te the tape by means of
the tape stretchers nhen supported throughout, and 1C kilograms
(22 1bs.) when supocrted at the O and 100-foot points. A ten-
sion of 5 kilograems should &lso be a&pplied to all lengths less
than 50 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 is supvorted throughout. The tape should be used on
grade and the inclination of the tape determined with a clinom-
eter.

To avold gross errors, due to the erroneous recording of a
set-up as & set-back, or vice versa, no set-~backs should be
measured, All partisl tape lengths should be measured and record-
ed as set-ups, or plus corrections to the measured length,

Each section of the traverse ¢hould 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 closure of a loop of traverse, whether it closes on itself or
on triangulation statlons, must not exceed one part in 10,000.

Each tape used must have & distinct i1dentification stamped.
or tagged on each end, such as Va. 3B, which means that 1t 1is
the second tape (B) used by the third party organized in Virgin-
ia. The numbers are to be assigned by the State Director of the
project. Each state will have a standard tape which has been
standardized by the Bureau of Standards and the working tapes
should be compared with the stendard tape before being used and
as often as possible while belng used. The tapes should be care-
fully handled while in use, should not be kinked or injured, and
should be kept on & reel when not in use.
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INSTRUCTIONS FOR RECORDING THE MEASUREMENT OF DISTANCES

These specifications call for a uniform tension of §
kilograms (11 1bs.) to be applied to the 100-foot steel tape
when supported throughout, and 10 kilograms (22 1bs.) when
supported at the O end 100-foot points. This was done to make
the corrections for sag as small as possible since the tape 1is
not to be supported at the K0-foot point.

Since the master tapes are to be standardized under the
above conditions for comparative purposes it is necessary that
the proner tensions are given the tapes as called for above,
and also that the method of supoort 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 coopverate against any mistakes
being made regarding this question, by calling back and forth
the correct information to be recorded. The air temperature
and slone 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
is very necessary that the method of support for each tape length
be clearly shown in the record book, as well as all other data
called for in the specifications, so there will be no doubt in
the minds of the computers as to what methods were followed in
the rield. 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 investizate 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. Thils necessary data will be of
much value to the Computing Division in assisting in & quick and
clear interpretation of the field records.

ANGLE MEASUREMENTS

At each traverse estation 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 horlzen, each set consisting of six
repetitions of the angle with the t{elescope direct and six rep-
etlitions of the explement with the telescove reversed. The cir-
cle should be read and recorded at the initlal and at the first,
third and sixth repetitions. The initial settings 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 1imit, the observations
should be repeated until the required agreement is obtalned.

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 repetlitions 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 line of levels shall be run over each traverse
line, and the standard monuments of the traverse shall also be
bench marks of the level lines. 1In 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, retaining walls, etc.), as may seem desirable. All
level 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 elther case an error of closure is
obtalned which should not exceed 0.05 foot times the squsre root
in miles, The level instrument shall be frequently tested for
collimation and adjusted when necessary. Length of foresight
and backsight 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 observcer estimating to
thousandths of a foot. Extended rod 1s to be avoilded as much as
possible and used with extreme care to avoild 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 scme
other tape 1if avallable. Temperature readings should be made
and recorded when such check measures are made and also when
the 1ine 1s being run in the fleld. When leveling run under
these instructions 1s tied to the control net, connection should
be made with at least two bench marks which hawe maintained
their relative difference in elevation as shown by the new lev-
eling.
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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 traverse
depends to a very great extent upon the accuracy, legibility,
and clearness of the records. The chief of party should in-
epect the records and make sure that all necessary data are
accurately and legibly recorded.

The record book should contain & descrivtion of the in-
gtruments used, giving manner of graduation of the transit,
how closely read, etc. It should aleo give the name of the
chief 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 inclinetion tables furnished by the Coast and Geodetic
Survey. When the inclination angle is beyond the scope of
the table, the correction should be computed from the formula
accompanying the tables. Temperatures should be averaged for
each section of traverse and the temperature correction com-
puted and apprlied as a single correction for the section,
Plane coordinates of the traverse stations should be computed,
using the plane coordinates of the triangulation 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. Detalled instructions for
computing traverse lines on the plane coordinate systems are
given in Special Publication Nos. 193, 194, and 195.

Elevations 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 direction from the nearest
city or town, milepoat highway crossing, fence line, reilroad,
and any other objects which would be of assistance in recover-
ing the station. Distances to nearby objecte should be meas-
ured and not paced or estimated.

Preliminary descriotions should be written in the record
books. The final descriptions should be typewritten on cards,
Form 525, "Description of triangulation stations"*, and Form
638, "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 685, "Report on condition of Bench Mark"
should be fillled 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 1s looked for but not found, the recovery note
should describe in some detail the completeness of the search
in order that the Office may know whether or not to mark the
station as "lost" in the records.

-Ah

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.

o A =



* Slevation check on notss

(Sample
L=VILING
Date Dec., 21, 1933 Time 8:05 A.M,
Stetion 1 BeSe.¢ HeIl, : FeSe= ¢ Elevetion
Feet Feet Feet Feet
USC&GS BM Q 17 : 4,841 : 745.828 3 : 740,787
TePel s 3,787 744,414 + 5,001 ¢ 720,627
TePel : 34,202 & 740,990 : 64626 3 737,788
TePe3 1 56129 : 739,005 : 76114 : 733,876
TePod 1 5,777 : 739,974 3 4.808 ¢ 734,197
TePeb 66021 ¢ 741,754 : 4,241 : 735,733
ToPe6 t 54943 3 T43,580 : 4,117 ¢ 737,637
TePe7 t To0B4 : 746,661 2 4,003 s 739,577
ToPo8 t Te2l7 2 750,020 : 3,858 : 742,803
TePe9 3 Ted44 1 753,405 : 4,059 ¢ 745,861
‘BM 101 I $ 2202 1 7514203
$ 360443‘—‘3 130029 H
t 46,029 13
: 10,416%*
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Record)
LEVELING

From _ BM USC&GS Q 17 To _BM 101
VIA State Higihway and Tovmship Line Road

Descriptions of Stations and Notes

BeMe Q17 recovereds Found in good conditions The old
description still apvlies,s Two additional references were
mades The bench mark is 205 feet east of a new semaphore
(Noe 37)s A new highway has been built along the north side
of the railroad right of way. The BoM. is 121 feet south-
west of the west end of the south abutment of a large con-
crete culvert on this highway, This culvert is 3.4 miles
by roed (speedometer distence) west from the west town line
of Vernon. (Above notes to be used in making up Form 685).
JeJeJohnson - Observer, Rarl Uton - Rodmen
S.V.Jones - Recorder, Thmpy level used, Instrument
adjusted 2t beginning of day's worke Tempe. at 8:05 A.M.
57 Degrees Fahr,

BeMs 101 is 3.Q miles by road south of the village,
Neal; 4.2 miles west snd 1.1 miles north of the towm hall
in Vernon in the northwest corner of the intersection of
section line roads. The mark is 37 feet easst of the center
line of the North~South road and 34 feet south of the cen-
ter line of the %ast-West road, The mark is in the north-
west corner of James Hilliard's farmyard. It is 71 feet
west of the northmwest corner of his house and 49 feet NW of
the center of his wells It is 184 feet east of the NE cor-
ner of Plainview M.%s church, The mark is & standard disk
set in a precast concrete post 8" squere and 60" long, pro-
jecting abont 4" above the surface of the ground,

(sbove notes to be used in making up Form 638).
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(Sample Record)
TRAVERSE MEASUREMENTS

From Station Caboose to Station Ceble

Date 12-21-33 Time 10245 Tape No. 316
: Section 3 3 : s : :
t From :r To t: Tempe ¢t Setup : Tape : Incli- : Remarks:
H H s Fahr, 3 Feet s:Support : mnation.: :
2 s ] H H : Feet : =
:Bench : s 3 3 , H ¢ Tonsion
:Caboose 1 H 40,2 s s 2 :  =2,7 22 1bs. ¢
s 1 H 2 H 40,4 ¢ H 2 s =1,1 H except H
s 2 : 3 : 40,1 : s 2 : =1,8 tnoted ¢
s 3 H 4 $ 40,0 H $ 2 2 . =1le3 $ below H
s 4 : 41 : ———— 1 20000 : 2 s 0,1 :11 1bs. ¢
s 4! H 5 H 4060 H H 2 H =0e7 H b
s 5 : 6 s 40,1 3 $ 2 3 +0.6 : 3
s 6 s+ Bench : ———— t 64237 s 2 : 4063 : 11 lbs,e:
s : Cable : : : : : s

4041 26,237

Ne Bs No temperature is recorded for fractional tape
lengths,



(Semple

TRAVERSE
Stetion Cable
Observer Je Se Jones

State Minn,

- 27 -

Record)

ANGLES
County Renville Date 12-20-23

Instrument _lé_e}*_g‘e_r_ 424

—-— ———

Objects Cbserved 3 Time : Tele : Repse: Angle t At B : Mean of : Angle Mean : Remarks
o ot DorR: 3o ' s Mg " Verniers: D & R
: : H ¢ © ! 1
Cebonse *+n Cold : 9e25A: D : 0 :0 00 200 :00 ¢ 00 : :
: : : 1 3178 45 140 : : :
: 3 : 3 ¢ 176 17 :10 :00 s N
: : : 6 : 352 34 t10 :00 ¢ 05  :178-45-40,8 :
Cold~Cahooss ¢ R 6 :0 00 :10 :10 : 10 3042 ¢+ 40,04044240.4
H $ : . . . . .
Cold-Caeboose s : R 3 ¢ :0 00 :10 :00 : 05 : :
: : : 1 13181 14 $30 : : :
: : : 3 :+183 43 $00 :00 : :
: : : 8 ¢+ 7 26 t00 :50 : B§5  :181414-18,% :
Cebooze~Cold ¢+ 10:08BA: D € - 0] 00 :00 B0 55 : 20,0 19¢2¢064=19,6
. s : : : : : $359-69 3 5942404826000

The sbove coemprises

N.B. 0-00-50 is the

one complete set.

same as 359-50-50,
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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 facillty than by
traverse. In those cases it would be well i1f the surveying
parties 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-
nected with the detalled work,

Where the work 1s to be connected with a line of the ex-
isting net, consideration should be given to whether the line
from which the work would start is of such & length as to sat-
isfactorily control the lengths of the detailed triangulation.
If the 1line 1s moderate in length it will be satisfactory for
such length control., 1If, on the other hand, the length of
the triangle side of the existing trlangulation is twenty or
more miles in length, it would be well to start the detailed
triangulation from a single station, but an azimuth should be
transferred from the existing work to the work contemplated.
This can readily be done by having an automobile headlight or
a signal lamp of the Coast and Geodetlc Survey olaced at the
distant station and at nizht an angle involving the existing
line and a triangle side of the new scheme can be measured.

If desired by the State Director, a signal lamp can be fur-
niched him for this purpose.

Where detalled 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 gsent from the Washington Office of the Coast and Geodet-
ic Survey for thils 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 the 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 satlsfactory degree of accuracy can
be executed with a surveyor's transit rated only to minutes,
but this accuracy can be obtained with such an instrument only
by making many repetitions of the angles. It would be well in
the triangulation to use higher grade instruments, preferably
those that read to 10 seconds, 20 seconds or 30 seconds.
Such a number of repetitions of the angles should be made as
will give closing errors that are seldom greater than eight sec-
onds, If eight seconds 1s used as the maximum closing error it
is reasonadbly certaln that the average closing error will be
somewhere between two and four seconds, With such closing er-
rors the accuracy in the determination of the length of a tri-
angle side should be at least as great as one part in 10,000,

A set of observations should consist of six repetitions
of the angle with the telescope in the dlrect position, follow-
ed immediately by six repetitions of the explement of the angle
with the telescove in the reversed position.

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-
esgary, except to distribute each horizon closure uniformly
among the angles measured in that serles.

The procedure used in making a set of observatlions 1s given
on page 27. Two sets will ususlly.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
greater number of sets or repetitions per set should be taken,

It 1s very desirable 1in triangulation to have targets or
banners that are well centered, large enough to be seen over the
lengths of lines used, and that are free from phase. In genersal,
it 12 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 a2tmosphere
is clear. The face of the board should be centered over the sta-
tion 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 trlangles should be well shaped, especially those through
*hich the length is carried from one triangle %o another. 1In oth-
gr 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 instructions for reconnaias-
sence glven in Coast and Geodetic Survey Manuals Specisl Pubii-
cation Nos. 120 or 1is5,
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A line of levels should be run over the base 1line 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 would be satisfactory for thils purpose.

The stations should be marked in a substantial manner with
a view to their being permanent. A metal tablet set into firm
outcropoing rock is most satigfactory. 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 triangulation net is of particular value to local engineers and
gurveyors 1f they can start from a station with both a position
and an azimuth. In any case, however, where the lengths of tri-
angle sldes are comparatively short the engineer can sight over
a 1line to an adjacent station. 1In such & 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 station is located or in identifying the station marks.

From the triangulation stations occupled with the transit
or theodolite, observations should be made on any oblects such as
church spires, water towers, chimneys of houses or other objects
that would make good statlons for the control of topographic maps
or surveying in general,

Where it would be difficult for a local engineer to start
& traverse from a triangulation station it would be advisable to
establish a supolementary station along a highway in each of the
trlangles or quadrilaterals of the scheme. If such stations are
established 1t would be well to occupy them with & transit or
theodolite and establish near each one an azimuth mark 4if the dis-
tances from the suppnlementary station to the other gtations of the
net run too great.

It 1s probably undesirable t5 determine the trigonometrical
elevatlong of hills and ridges on which the triangulation stations
are established. Such elevations would only be approximate and
besides in most communities there would be lines of levels along
highways or raillroads from which elevations could be obtained.

If a chaln of triangles is to be carried from one locality
to another, 1t would 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, however, the area
method of triangulation i1s to be carried 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
triangles from one place to another, thus glving greater strength
to the work,

Even if trilangulation is done in an area 1t 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 & 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 longltude
for some one station scaled from the best map available, and de-
termine by observations on the sun or Polaris an approximate az-.
imuth. Then & base 1line 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 1s carried across 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 net would no doubt be controlled
by the local base line, 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-
grapvhic positions will be furnished by the U. S. Coast and Geodet-
i¢ Survey upon request.

-A.-

MORO LOCAL CONSTABULARY
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HORIZONTAL ANGLE MEASUREMENTS

The following information is given to 1llustrate the
mechanics of measuring horlzontal 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°00'00" as possible. Point with the telescove direct on
*A"  using the lower motion tangent screw, and clemp. 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, agein point on "A¥, Bring on with the lower
tangent screw ané clamp. Then loosen the upper plate and point
and clamp on "C". Loosen the lower motion again and point on
"A" etc. Reveat this six times, reading the measurements at
the start (D-0), at the first (D-1), third (D-3), and sixth rep-
etitions (D-6).

Now with the upper plate still clamped on the reading of
the sixth repetition, plunge the telescope and point and clamp
on "C" with the lower motion. Loosen the upper motion and point
and clamp on "A", Loosen the lower motion and point and clamp
on "C%, etc. Repeat six times, and 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-C.

Now with this reading, recorded as R-C, on your upper
vlate, and your telescope stlll reversed and your lower motion
loose, point and clamp on "C"; loosen the upper motion and point
and clamp on "A". Record this reading as R-1. With this read-
ing still on your upper plate, loosen the lower motion and point
and clamp on "C". Again loosen the upper motion &nd point and
clamp on "A", Repeat this overation six times, reading and re-
cording your values at the start, R-0O, at the first repetition,
R-1, at the third, R-3, and at the sixth repetition, R-6. Then
with thie value still on the upper plate, loosen the lower mo-
tion, plunge the telescope (1t will now be in the direct posi~-
tion) and point and clamp on "A", Loosen the upper motion and
point and clamp con "C", Loc:=en the lower motion and vpoint and
clemp on "A", etc. Repeat this operation six times and record
the last reading as D-6. This reading ordinarily should be very
close to that at which you started, R=-0. All operations and
records so far constitute one set,

The sum of the two angles measured should, of course, equal
360°, Closing errors should seldom exceed eight seconds. If
this velue 1s accepted as the maximum closing error, it can rea-
sonably be ascsumed that the average closing error will be be-
tween two and four seconds. Such a number of sets of observations
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should be observed as will give the closing errors mentioned
above. Usuelly from three to four sets will be found neces-
sary.

With four sets the initial settings should be: for set

No. 1 - 0°00'CO"; for set No. 2 - L45°07'30"; for set No. 3 =
a0®15'00"; and for set No. 4 - 135°22'30", With three sets,
the initial settings would be: for set No. 1 = 0°00'00"; for
set No. 2 = 60°10'00"; for set No. 3 - 120°20'CO", With in-
itial settings such as these, the observations will be spread
over the circle and any errors 1in graduation of the plate cir-
cle will be minimized.

A

BELLE OF SAMAR

"An' T seed her fust a-smokin' of a whackin'! white cheroot"
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AMERICAN SOCIETY OF CIVIL ENGINEERS

ENDORSES GEODETIC LOCAL CONTROL SURVEYS

“« & ®
December 2, 1935

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

Gentlemen:

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

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

Announcements of the "Working Procedure®" can be obtained from
the Works Progress Administration at Washington, D.C. Refer-
ence should be made to Code No.__1865

11/22/35

The work ieg to be under the general guidance of the Coast and
Geodetic Survey which will provide members of 1ts staff ag ad-
vigors, will furnish some instruments and forms for field and
office work and will suoply general rules of good practice to
the end that the work done will be useful and worthwhile.

The relationship of persons on the rellef rol's and of engilneers
1s 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 rellef.

There may be engineers on the relief rolls 1ln 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 Soclety members, but also among those not Soclety 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 is also urged that you present the project to
some of the suggested "Svonsors" for acceptance.

Very truly yours,

George T. Seabury
Secretary
Coples to Members of the Board of
Direction. A
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THE GEODETIC SURVEY OF HARTFORD COUNTY, CONNECTICUT

* & »

The introduction to a report issued by the Commission on
Regional Planning of The Metropolitan District of Hartford Coun-
ty, Connecticut, and entitled "The Geodetic Survey of the Metropol-
itan District", tells a story that up to a certain point might
well be the story of most American cities, It 1a a story of
growth from a small community to size and importance by process-
es which were largely unplenned; a story of early land surveys
which were crudely mede and unrelated with nearby surveys; and a
story of an awakening to the needs for accurate coordinated sur-
veys and maps for regional planning. But from this point on, the
story 1s one of only a few American cities, and in a measure al-
most 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 1ts own
engineering forces, The specificatlions 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 &1l American cities.

--~Fditorts note.

INTRODUCTION

This report describes the trlangulation portion of a control-
1ing survey of The Metropolitan District in Hartford County,
called the Geodetic Survey for the reason that the curveture of
the earth 1s consldered in its computations. It provides a frame-
work of very preclsely determined and well marked survey positilons,
by meens of which accurate base maps may be assembled, and all fu-
ture surveying, both by public and private agencles, 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 Randall Co. are
speclalists in geodetic surveying and the assistance and advice
rendered by them was very valuable in assuring that this rather
unusugl tyove of survey work was started in the prover manner. The
original triangulation net was established, computed and adjusted,
some first-order traverse and firgt-order levels run, and a start
made on plane-table mapping. Thls connection was discontinued on
January 1, 1933 and the Department of Engineering has continued the
work with ites own men and equipment,

Like most American citlies, Hartford has grown from a small
community to ite present size and importance by processes which
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were largely unplsnned. In the early days lané surveys inrncident
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 with surveys of adjoining areeas.
With the formation of The Metropolitan District, which includes
the City of Hartford and the towns of Windsor, Bloomfield, Newing-
ton and Wethersfield, the need for an accurate, lasting basis 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 Geodetlic Survey fulfils these two principel 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 meps 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 report describes
the triangulation established to date.

In addition to the control described in this report, about 250
miles of preclse traverse have been established. Data on this
traverse are avallable at the office of the City Engineer in Hart-
ford. It i1s planned to issue a report at a later date covering
the traverse data.

e

BROOKLET BEGINNING OF THE MISSISSIPPI
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SELECTION OF MARK FOR LAPLACE AZIMUTH STATION
C. L. Garner

Within the last two or three years 1t has become the cus-
tom to have all azimuth observations made by the astronomical
parties. The triangulation parties are usually large ones, and
gince they are frequently delayed in obtaining the necessary
weather to make azimuth obeservations, the efficlency 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 suiltable Laplace
stations and, where an adjacent triangulation station 1s 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 mlle, vreferably more but usually not
exceeding five miles, and make regular first-order observations
of sixteen positions on thls 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 conditlons permlt, to the north of the
Laplace station so that the astronomical party could make the ob-
servations with the greatest facility. Obviously 1t requires a
little less effort to make azimuth observations when the initial
1s almost 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 fleld 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 point which is visible from at least two of the maln scheme sta-
tions and closing the triangle with first-order observations.
Without doubt this 1s the best method of all and should be follow-
ed by all triangulation parties in the future. It is belleved
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 maln scheme stations without the necessity of a
tower being bullt at the supplemental station and at one of the
main scheme stations. In those cases where euch a point cannot
be located and 1t becomes necessary to resort to the azimuth mark,
which 1s not determined 1n position, then it would be particular-
ly desiraeble 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, 1t might
be impracticable to obtain such a point on & closed triangle.



- 38 -

The supplemerital station with 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 some question raised by azimuths falling to agree properly.
In connection with this 1t 1s necessary of course, that the par-
ties constantly bear in mind the fact that the astronomical par-
ty 1s not oprepared to bulld signals and, consequently, stations
gelected should be such that stands in excecss of 10 or 12 feet
in height will not be required.

Where the simple azimuth mark is used, without any deter-
mination of its positions, at least 24 directions should be ob-
tained to it. That 1s, a full set of directions from 16 posi-
tions of the circle and an additional set of & positions so that
observations may be in uniformity with the requirements for azi-
muth determinations. 1In case of rejections, additional positions
should be taken.

-A -

CONSERVATION OF SURVEY MARKS

The following letter shows such a commendable spirit of
coooeration and appreciation of the value of trianguilation sta-
tion and level bench marks that 4t is felt that it should re-
celve wide publicity.

- - - - —-—

Department of Highways
Jackson, Minnesota

November 16, 1935.

Devartment of Commerce,
U. S. Coast and Geodetic Survey,
W¥ashington, D. C.-

Gentlemen:

Would you kindly send me data relative to the loca-
tion of all your trliangulation stations and reference marks lo-
cated within Jackson County, Minnesota? I desire this informa-
tion because we find that in the construction of new roads and
also in reconstruction, we oftentimes run across reference marks
which are within the highway right-of-way. Unless we know some-
thing of the location of 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 conserve and protect these monuments,

Thanking you, I am
Very truly yours,

J. S. Wagnild
Assistant Highway Engineer.



—39-

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 city streets.

"During the season of 1920, I extended first-order traverse
from the vicinity of North Vernon, to the vicinity of South Bend,
Ind. The work followed the rallroads 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 merked 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 & thin paste of pure cement
and the tablet shank inserted slowly,

"Indianapolls, Ind., was one of the cities through which we
followed the paved streets. The traverse line left the railroad
about five miles 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 32th Street to Keystone Avenue, then
north on Keystone Avenue to the Lake Erie and Western Rallroed
crossing about 6.5 miles north of the center of the city. The
length of thie section measured on the paved astreets 1s about 15
miles, Fifteen statlons were established. Twelve of the station
marks were set in the street vavement. Some of the marks were
near the edege of the pavement, others were in the line cf the
travel where hundreds of motor cars, trucks and vehicles of all
kinds have passed over them dally during the past fifteen years.

"One spur of my reconnaissance recently passed through the
southern suburbs of Indianapolis, and connections were made with
the traverse staftions. While in the vicinity of Indlanapolis, I
visited all the traverse stations on that section through Indian-
apolis. As stated above, 12 of the station marks were set in the
street pavemeni, 11 of the 12 station marks were recovered; 8 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 dally, have a high
polish and reflect the sun like a $141. gold plece.. The triangle,
letters and name of the station on the tablets were plainly visi--
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 1t or not", all the tab-
lete were found flush with the surface of the pavement, and the
face of the tablets had not worn enough to obliterate the letters,
As stated, one statlon was not recovered. The station was at the
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intersection of 38th Street and Keystone Avenue, and was de-
stroyed during the past summer when the two streets were torn

up. "

-A -

STATION MARKS IN PHILIPPINE ISLANDS

L » *

In the annual report dated September 8, 1934, by the Chief
of Party, Charles Shaw, who wes engaged on combined operations
in the waters to the north of the 1sland of Luzon, the following
statement 1is found:-

"Many former triangulation stations and bench marks
recovered 1n all areas this season were found in poor
condition. These were all improved, rebuilt, or addition-
al ones added. In every case where brass or copver 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 i1is quite evident that where metal, especially copper,
brass or bronze, appeals to the people living in the vicinity of
a survey monument, the metal 1is 1ikely to be removed. In such
places 1t would be well to use a large steel nail with the head
imbedded in the concrete and with the point projecting aporoxi-
mately half an inch above the surface of the monument. Even
though this nail should rust away, the center of the station
would be indicated by the hole that is left,

It might be well also, 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.

- A -

PUBLICATION

A number of coples 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 Soclety of
Civil Engineers and printed in the Journal of that Soclety, has
been received at the office of the Coast and Geodetic Survey.

Mr. Houdlette was formerly the State Representative of the

Coast Survey and now holds the position of Administrator for
Massachusetts of the Local Control Survey ERA Project Xs-~Fo-Ub,

—A—
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GEODETIC CONFERENCE

Generel Report

Washington, D.C.
February 28, 1&gk,

"34ir: The Geodetlc Conference called by you convened at
Washington on January 9, 1894. The details of its organization
are apvended as a preface to the reports of the committees to
which the duty was asigned of collating 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 consideratlon, to give express-
ion to their views on matters relating to the geodetic operaticns
of the Survey.

"The Conference desires here to make grateful acknowledge-
ment to those who responded 1n writing, as well as to those who,
by personal attendance and verbal communications, gave their val-
uable time.

. . . . [ ° . . . . . . . . . ] 3 . -

"The task assigned to the members of the Conference was the
consideration of the geodetic methods as now practiced, the dis-
cussion of the application of theae methods to the duties assign-
ed by law to the Cuast and (eodetic Survey, and the comparison of
the means employed in foreign countries for similar purposes, with
the object of suggesting improvements in regard to accuracy and
economy, "

~--(From the Appendix to the Report of the Superintend-
ent of the Coast and Geodetic Survey for the fiscal year ending
June 30, 1893.)

* » » * L 4 * * * %

With the above Conference in mind, the Chief of the Divi-
aion 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 levellrng, you must have devised
methods and improvements in equloment that have helped you on
your work,
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"I am writing this to ask that you write me fully on any-
thing that you have done that is not in general use on leveling
parties, and tell me also what additional changes in organiza-
tion, planning, instruments, equipment, operation of trucks, ob-
serving and setting bench marks, computing, etec., that you think
would improve the efficiency of our leveling partles,

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

"Feel perfectly free to write Just what 18 on your mind.
Anything that you say will not be considered as a criticism but
as helpful suggestions,.*

* * L g * »

The response was very gratifying and showed that the chiefs
of party are continuously striving to improve theilr methods of
operation. Due to the lsck of space, it was impossible to print
all of the letters, However, it 1s hoved that what 1s given here
will serve as a "clearing house® of i1deas 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 letter there are enumerated below
repvorts on a number of changes in trlangulation procedure that
have been put into effect on thls party, and a number of recom-
mendations and suggestions for further changes. During the period
of our operation many new things were tried which d4id not work.
Only those changes which were succesesful are listed.

Nev methods or improvements that have been put into effect:

Additional holes bored: Before using the steel towers fur-
nished the party, a number of additional 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 dlagonals
of the first section to be lowered to the ground even though the
dlgging was such that the anchors could not be set down to the us=
uel depth. 1In such cases the dlagonals 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-
gequently, the members were easlly bent and required a great deal
of stralightening. In order to do this work economically, using
party hands, and to weasken the steel as 1ittle as possible, a set
of specilal dyes or tools were made. A dye machined to Just fit
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
menber, 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
in 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 1s believed that dual wheels should be in-
stalled on all steel semi~-trailer trucks for the following reasons:
Greater trection 1s secured which aids in pulling on muddy or slip-
pery roads and also gives more braking power. The greater bearing
surface diminighes the tendency for the truck to sink in and "bury
itself" 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 mountalin triangulation 1t has been customary to prepare a writ-
ten schedule in advance. It was found that with four regular ob-
serving unlits and an emergency fifth observing varty 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 triangulation
in a single month.

One reobservation: It has been field practice to close the
triangles at the statlions by signaling the directions 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 hasve known the observers
to reobserve several times during the same night in an effort to
improve the closures. It is felt that this produces a tendency on
the part of the observers to "squeeze" theilr resulte in order to
get good closures, usually with the result that the sides will then
not check. Therefore, on this party the observers were instructed
to reobserve only once. This was done because it was felt that
quite often observations are started at twllight, 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 & marked change in & direction
that was reobeerved later in the evenlng. If good trilangle clo-
sures are obtalned by reobserving, an extra night on the same
atations is avoilded. However, if no change results at this time,
1t 18 best for the parties to come in. In reobserving at a sta-
stion, 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 might be
causing the poor results,

Recommendations for further changes and imoprovements:

Leveling arrangement for licht plate: The leveling plates
furnished by the office for use in levellng the 1ights on the tow-
er 1ight plate are 4ifficult to use. With this attachment the
lightkeeper has difficulty reaching his top 1ight when he is show-
ing four or five lights, The leveling vplate is particularly hard
to manage on windy nights and on shaky towers. T believe that new
towers could be designed with a leveling arrangement for the light
plate, and that all the lightkeeper would need would be a small
pocket level, such as was furnlished, to level the plate.

U~-boltg for floor boards: In & number of cases strong winds
have blown the floor 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 1s recommended that the floor boards be eculpved with U-bolts
which would 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, 1t 1s felt that more effort should be expended to make the
towers safe. I belleve that a set of guy wires should be used
with each tower. The guys could be anchored in most cases to
trees, substantial buildings, or other similar objects. Turn-
buckles could be provided for tightening the wires. Where no nat-
ural object was avajlable for anchoring, "dead men" could be set.
A bullding party crew supplemented by possibly one extra man could
sti11l erect the tower in a day, and the extra cost would be negli-
gible compared to the loss of an instrument, the tower or the lives
of gome of the men.

Bage camp: With a large steel tower triangulation party, 1
belleve that the base camp, for various reasnsns, is the beet meth-
od of operation. In working from & base camp, smaller (one-half
ton) trucks could be used for tranaporting the obgerving perties
and lightkeepers. The use of these trucks would result in a saving
in purchase price, use of fuel, tires, repairs, etc. They are also
eagler to handle on narrow mountain or woods roads, and are more
eaglly towed out of mud holes. At present the one and one-half ton
trucks used by the observing partles 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 accomodatlon of
a large party would be facilitated by the use of mess and bunk
trailers in place of the tents. In addition to facilitating mov-
ing day, the men would be much more comfortable than 1ln tents,
especially in inclement weather. The spirlit and energy of the
party members depends largely on their contentment with the 1iv-
ing conditions. I also believe that over & long period that the
trailers would prove more economical than tents. They would last
much longer, and there is not the danger of fire 1n a trailler that
there 1g in & tent. The fire hazard 1= ever present in a tent,
with the probability of the destruction of valuable records and
government pronerty.

New improved standard form of description card: One of the
most difficu’t things to teach a new observer 1s the art of writing
a complete, conclse, and accurate descrintion of the triangulation
station visited. 1In order to assist the new observer and to keep
the 014 one from getting lax, I belleve that a new standard form
could be furnished which would specifically outline the information
required. The form should be so arranged that no section of the
descriotion could possibly be omitted, and with little notea that
would prevent the observer from making some of the errors that have
been called to our attention in the past. Sections might be head-
lined:

General locallty of station.

How to reach. ‘

Distances and directions from station mark to
PERMANENT obJjects, etc.

Space could be provided for the recorder to check the dis-
tances ard directions as ligted. Some of these precautions would
probably not be necessary 1if the observing was done by experienced,
vermanent 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 past two years.

* L 4 L ] L 7 *

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 oper-
ations.

Manual of second-order levels needed: I am sure there 1is an
urgent need for a manual of second-order levels, In this manual an
exact procedure in running second-order levels should be outlined.
The importance of accurate descriotions of bench marks should be
stressed, also careful marking of the bench marks in the field:
such as, bullding a circle of loose stones around the mark, when
the stones are avallable. The use of a sun shade in running
second-order levels I belleve should also be atressed. Some of




- 46 -

the observers have the idea that they can run second-order
levels without a shsde over the instrument. I talked to one
man who worked on one of our level partlies who said the um-
brellas were used very little. The importance of having 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 manusl
on reconnalissance for levels, outlining the different informa-
tion which should be obtained for each line, I am sure would
be helpful and would meke the writing of instructions for such
lines more accurate and much easier,

Suggested chenges in new geodetic level:- On the new type
of geodetic level I suggest the following changes: Better ma-
terial in the tripod tension plates, which will not lose 1its
tension and will not wear so quickly where the screws pass
through. Harder material in the leveling screws I believe would
be an improvement. I would also suggest that the split legs of
the new tripods should have a second cross brace near their top.
It should 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 stendard tyve of square wood form used. The practice of
cagsting marks in round metal pipe or tile should be discouraged.
Such & mark is too smooth on the outside surface and the soil
will not fill around and set to 1t to make 1t more solid as it
w11l to a concrete surface. There also seems to be a tendency
to set such marks too shallow. Perhaps it 1s because it 1s dif-
ficult to get pipe or tlle of a proper length.

On a precasting unit I have found that an open express
truck with a long wheel base and dual wheels 1c very practical.
On such a truck 30 to UO precast marks can be hauled at one time.
I belleve that a precasting party should consist of three men.
They can cast 40 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 points on
the different lines where they can be picked up by the bench mark
setters, o

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-
gisted upon. The higher gear ratio has too much speed and not
enough power unless in the lower gears,

* L ] » » »
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From letter of E. E. Stohsner:-

In reply to your letter, the following ls a brlef dilscus-
sion of the practices that may not be conventlonal on &all of
the leveling parties but which I think have improved the effi-
ciency and accuracy of our work.

The descrivtions of the bench marks set le a very imvor-
tant part of the work. They are part of the record of the lev-
els that are in the filles long after the flield work is forgotten;
they muet be conclse, accurate, permanent, and complete, They
must be more permanent than the mark itself or there 1is no use
in setting such lasting marks, In the past years, levels were
usually run along reallrcads or at least on very well traveled
and known highways. 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 ceses along unimproved roads and trails. For this
reason 1t 1s exceedingly difficult to make clear descriptions of
bench marks. There are cases where lines run over roads and
traills for a dlstance of 50 or 75 miles without passing through
eny named settlement or town of any sort., Tralls are so numer-
ocus 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 heve been in the past. In the first part of the
description the distance and direction to the nearest town 1is
given and also references to any objects, naturel 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 seriles
of "thences" and "forks", the mark 1s described in detall from
the mark previously set. This second part or paragraph of the
body of the description really only covers the dlstance of one
or two mlles, whatever the dlstance to the last mark 1s, but it
is very complete, In thls way, even under the poorest condi-
tions, a verson having the list of descriptions on the line can
follow from mark to merk until the desired mark is found. This
method of describing marks 1s only used however, in cases where
the ordinary method of describing marks is hardly adequate,

Use of molten lead:~- 1In setting bench mark disks in struc-
tures during freezing weather, molten lead has been found to be
much more seatisfactory than neat cement for holding the tsblet
shank in place. Molten sulphur was also trled but 1s not as suc-
cessful as lead. An ordinary gasoline blowtorch and a tinner's
ladle 1s all the equipment necessary., A few drovs of lubricat-
ing 011 in the bottom of the drill hole before the molten lead 1is
poured in will prevent sputtering due to moisture and will make
a better finished Job. Excecs 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 1s desired to readjust or reset the mark
it can be eagily accomplished by heating the mark with the torch
until the leed 1s again melted. Using this method, disks have
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been set at temperatures as low as O°F when the setting with
ordinary neat cement would have been impossible.

Precast bench markg:- 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 vost 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,
would 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 in delivering
the ready made posts to vantage points along the lines, Thils
would be a great help in 1solated areas and on poor roads and
trails,

Accuracy:~- In organizing an observing unit, about the most
difficult problem after an observer has observed & 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 usuelly
runs high., An observer, in his eagerness to make more miles
than some other observer, often lets the accuracy slide a 1ittle
although truly it is not intentional,

* % « % * «

From letter of G. R. Figh:~-

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

Computing elevationg:- Since the field parties have been
supplied with adding machines which will not subtract, we have
uced the following procedure for subtracting when running up ele-
vations:

Take the number of digits in the meters from four and the
remainder indicates the number of nines to punch initielly; then
teke the reclprocal of the mean elevation (secured by subtract-
ing all digits except the last from nine and the last from ten)
and place 1t on the machline and crank.

This method 1s fast and accurate, especlally 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,
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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 18 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 inch. They extend out only
far enough to make the inner upright clear the edge of the flare
board. The brackets are made of 1-1/2 by 3/8 inch strap iron,
bent to form a right triangle and welded together, one side of
the right angle placed against the side of the body and the other
extending outward, the bottom of the triangle even with the bot-
tom of the bed (gives a better angle of suprort than a flatter
brace) and the uprights welded to the top of the horizontal
plece. The width between the uprights should be about &-1/2
inches and the length of the pleces about 8~1/2 inches with at
least 2 inches of 1/2 inch threasds on the end for a wing nut.
The cross plece to fit on the uprights should be a plece of strap
iron with about 5/8 inch holes in each end anéd the plece should
be cut off about 1/4 inch outside the edge of the holes. The
brackets are usually fecstened to the body with three bolts each,
snd & heavy plece of strap iron, or wood, 1s placed inside the
bvody to keep the body from weakening.

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

Using truck when leveling along highway:- A regular five-
man level unit 1s opereted and when working along a railroad, or
road where 1t 1s not practical to use the truck, an extra man 1is
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 plece of rag 1s fagtened
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 out about & 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 1oud and stops the truck when the correct interval 1is
reached. During thls time the observer 1s free to survey the
slove of the highway and vary the interval if he thinks it feagible.
When the truck stops, the rodman immediately begins walking forward
and takes avnproximately 3 steps for each revolution of the wheel
and adds or subtracts any steps necessary to correct the interval.
The observer alights and uses & hand level to determine if the
reer rodman is visible and approximately whether or not the front
rodman will be visible. 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
men uses a hand level to place the front rodman while the obgserver
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reads the rear rodman end as soon as the rear rod reading 1s
checked, the rear rodman 1s called forward and rides on the

truck to the next set-up. The umbrella man rides on & front
fender and the observer on the running board.

Tals metnod is applicable to a variety of conditions, but
on excessively steep or narrow roads or in heavy traffic it is
expeflent to hire an extra man to drive the truck.

The benefits of the above method are that one less man 1s
recguired on each level unit and the work 1s also speeded up.
Each rodman walks only half the distance leveled and although
the observer 1s on his feet all of the time he 18 spared having
t: walk and thus becomes much less fatigued.

Carrying geodetic levels in the field:- The shipplng box-
ea in which the geodetic levels are recelved are retalned and
the shredded vaper packing is kept in the bottom of the box.

The level boxes are carried in these boxes which are vlaced near
the front end 5f the bed of the truck,

In this way both the instrument and the box are protected
and, in my estimation, this 1s better than having the observer
carry the level on hils lap. I belleve that a level receives
about as many Jars when being set uo as it does in being trans-
norted to and from the working grounds and that it 1s a waste
of energy for the observer to hold the box on his lap,

Trangsporting 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 thelr 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 installed in a truck as they are not useble except on very
smooth roads. )

Levels received from office:- It 1is suggested that each
level be tested for stability of collimation adjustment before
belng sent to a fleld party. The ingtrument might be tested
about as follows: adjust for "C" Jar by slapping with hand, or
some other means, and again take "C". A stable instrument will
require & "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 placlng of the metsl contacts supporting the
level vial,
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If the above 1g done in the Instrument Divielon 1t will save
having to remove the level from the instrument in the field with
the reeultant probability of poor adjustment when the level is re-
placed in the instrument. So far the only level adjusted in the
field was fixed by plecing & single thickness of cloth over the
ends of the level and 1lnslde the cork wedges. Since that time the
level has stayed in adj)ustment 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 eent out for
replacement is now satlisfactory but the size of the hairs is vari-
eable in a set and between seteg, and mainly too large. Some of the
hairg avpear double when viewed in the inetrument. A hai® which
covers severel millimeters at 100 meters makes reading the rod a
bit difficult and may tend to introduce errors in the line. If
feasible 1t would be &advantazeous to determine which make of levels
certain dlaphrams will fit as some dlaphrame will not allow the
cross helrs to be moved far enough forward tc come within the focus
of the eye plece.

From the letter of H. J. Oliver:-

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

The varvy was operated in 15 units &t the time 1t was dis-
banded; 9 single observing parties, 5 bench mark parties, and the
office. It has been our experlence that single parties operate
with less confuslon, less moves, &and consequently more efficiently
than do larger pertles. B8ix men heve been employed consistently on
each obeerving perty and on single-run levels six men are almost in-
dlspensable to effectlve operatlon., By keeping a careful anslysis
of cost and output for bench mark parties our experience has been
that 2 men to & bench mark truck 1s the the most effective setup.
It 1s belleved that such a bench mark party should be suvplied for
each obeerving unit under the present specifications for—spacing
of bench marks. Cast-ln-place marks have proven more satisfactory
than precast marks. Perhaps the psychological effect of setting a
larger more permanent mark encourages the men to take more care
not only with the selection of the location but with finish send
building of the mark 1ln 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 2§
cents each. Complete dlscussion of these forms .nas been furnish-
ed you from time to time as the idea developed.

Several methods have been tried for carrying water but the.
most successful weg a square ftenk buillt 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 & steel bed on a 157 inch
wheel base with dual wheels. In setting marks along mountaln
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 requires different treatment, in fact, as has often
been said, "rule of thumb cannot be substituted for intelligence®.
Systems that will work on one party will often be a fallure on
another., For this reason it was my practice to allow each party
to work out 1ite own problems with as 1ittle suoervision as pos-
sible. It is, of course, necessary to point out bad practices
promptly and make such suggestions for their correction as seemed
desirable. Under this general plan I was able to keep the men in-
terested in their work, and to retain well tralned men. Durilng
the four years I operated a level party only one observer and
two recorders left the party.

The office carefully divided up an assignment and furnished
each party complete coples 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 i1s possible that some unnecessary
rerunning was extended by the party but believing that the easiest
time to pick up & blunder is at the time it is 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 August. Our work indicated that an addl-
tional red eyeplece was very effective in eliminating heat waves.
Our trial with a "red rod" indicated that it was of some assist-
ance, esgvecielly to less experienced obeservers, Some oObservers
were in favor of having 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 "cross sight® as in the case
of the "red rodh.

It 1s suggested that from the standpoint of a fleld man, some
very definite and decided effort should be made to eliminate in-
fericr equipment. It 1s suggested that state highway departments
be contected in the same menner in which railroads are contacted
before assigning level parties to wopk over highways.

® % 8 # »

From letter of W. R. Tucker:-

Having had a long period in the field in charge of first- and
second-order leveling, I can write, in the main, only praise and
commendation of the methods and equipment now in genersl use on
this tyoe 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 & high degree of efficlency, especlally as applied to the

small parties that were then employed in the fleld. The changes
made since that date have been made to apply chiefly to the lar-
ger units employed and to the increase 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
merk poste, 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
increese in the number of bench marks, and the greater stress gilven
to the correct vlacing and description of locations of bench marks,
have in my estimation, all been necessary and useful changes or im-
provements,

This party soon after assignment of second-order work, employ-
ed the common wire fence staple driven in the center of cross tiles
as turning points on rallroad work and found them very satisfacto-
ry. We have also found that by having the bench mark setters write
up the description of the locetlicn of bench marks when placed,
there resulted better locations, more accurate and complete descrip-
tions, and lees loss of time than when the descriptions were writ-
ten by the observing units, The 1lncreacse in the number of extra
foresights for topographical features, has resulted in the level
abstractes belng practically covered with barred off sections to des-
ignate these extra foreslights., Tre inking in of these bars requires
en unusually large amount of nicght work for 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 sectlons in place of bars. The "Red Rod
Method" as an &ld to avold transpositions was not put in use by
this party in time to give 1t & falr trial, but 1t was the general
opinion of most observers and recorders that this method would not
only reduce the number of trenspositions btut would also be a great
aid in catching them where they occurred.

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

On these large parties, 1t 1s belleved that the personal element
or the types of men that make up each observing unit, have more %o
do with 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 mske 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 cases lack of ability of some members of the
party caused the trouble, but in most cases one member's inability
to adapt himself to the practices, methods, and dispositions of oth-
er members of the unit, seemed to be the difficulty. The results
obtained by early transference or shifting of personnel from one
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unit to another were often surprising and proved to my satisfac-
tion that a man of ability might delay the work of one unit and
yet when trancferred to another unit thie man would often incre&ase
the efficlency and coordination of the new unit.

We have tried on this party, to instil in the men a spirit of
cooperation and an element of pride in their work, I will say
here, that it has not been & Job but more of a pleasure to work
with most of the members of this party. The cooperation and as-
eistance rendered this party by the Washington Office has been all
that could be asked for,

* % &« L 4 * L 4

From letter of John Bowie, Jr.:-

Improvements in steel towers:- 1In my opinion, the steel tow-
ers are in need of improvement. Since the fallure of statlion
Tuckerman in June 1934, I have reinforced the vertical legs of the
outside tower by cutting pleces of steel 5-1/2 feet in length and
bolting them on the vertical legs from the 64 foot section down,
when the heights of the towers exceed 90 feet. Since this 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 & larger size in order to Aincrease the bending
strength by 50%. Another point in the future design of towers which
should be made permanent practice is & device for bolting the plat-
form boards in place in order to prevent strong winds from 1lifting
them up and acting as a saill at the top of the tower. My bullding
parties have been tying the platform down by rope but 1%t seems to
me that a few U-bolts vrovided 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 1t
and have & 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®.

Azimuth marks: Due to the increasing importance of azimuth
marks, a bench 1s bullt over each mark on which a flash light sig-
nal lamp is carefully centered by a plummet. Pointings are then
taken on the lamp, which hes been hooked up to batteries, thus ag-
suring that no error will be caused in the observstions by not
having the object observed upon correctly centered over the azimuth
mark, '

Pay scale:- One thing that I would like to see chsnged 1s
the present group system of pay scale., At present a men cannot get
& 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 & certain length of time. I also think the pay for observ-

ers should be higher as their work 1s directly responsible for the
figures and results which come from the record books.

(Additional sublects treated by Lieut. Bowie are as follows:
1. Double observing party.
2. Building parties.
. Office trailers.
. Night driving.

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

Same boat all dress-
ed up by the groom for
higs wedding on the Isle
of Jolo. Note the use
of parasols placed at
the four corners of the
canopy for decoration.

Native boat scooped
out of a solid log and
equipped with cutriggers
end sall. These 1ittle
vessels are capable of a
considerable amount of
speed,
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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 in 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-
fent'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 0°00', 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.

The task of laying off the streets, avenues and resepya-)
tions was performed according to L'Enfant's plan in 1891~ and 179/

/7121892 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 gsections of
the city.

In 1804, Nicholas King, under the direction of a Mr. Brigg,
lald 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 houce and
pointing to the star "in the tail of the constellation Ursa Mi-
nor at i1ts 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 slit was made for a sight, and
the line from the light toward the instrument was drawn upon the
stand"., This stand was located on the northern side of I Street
at the intersection of Sixteenth Street. Turning back toward
the west with the transit through the horilzontal angle formed
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by 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 1ine was temporarily marked with wooden posts and later,
with Mr. Peter's permisaion, a small obelisk of freestone was
placed so that its apex wag in the true meridlan from the cen-
ter of the north door of the President's house. From this sur-
vey the names "Meridian Hill" and "Meridian Park" were derived.

The line was extended south of the President's house to in-
tersect the east and west line through the Capitol. Since the
Capitol could not be seen from this point, an obelisk known as
the Capitol Stone was established at the intersection of the merid-
lan and the east-west line passing along the south edge of the
"old Capitol". A distance equal to half the length of the Cap-
1tol was then measured northward from the Capitol Stone to estab-
l1ish the point which is the intersection of the meridian of the
President's house and the west 1ine from the Capitol. This was
marked by a small pler covered by a flat freestone on which the
lines were drawn. This pler was on the south bank of Tyber
Creek,

It is not known why this meridilan was established. Some
think it might have been President Jefferson's idea to have the
princioval 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 was partly destroyed and covered during the process of
grading. Part of the pler was recovered later and a new stone
was set in its place. During further grading in 1935, the stone
was ralised so as to be almost flush with the new surface of the
ground. It 1s 371 feet west and 123 feet north of the center of
the Washington Monument.

In 1889 the Office of Public Buildings and Grounds placed
& 17-inch square of granite stone marked "U. S. Meridian 1890%
within the "Ellipse" south of the White House 1in the meridian of
the Jefferson pier, and 1505 feet, 4~1/2 inches north of it.

On June 4, 1923, with eppropriate ceremonies, & zero mile-
stone, the center of which 1s the starting point for the measure-
ment of distances over all highways radiating from Washington,
was unvelled. (L'Enfant had in mind the placing of such a marker
in what is now Lincoln Park, See first paragraph.) A descrip~
tion of this stone in the "Program of Exercises attending the Un-
veiling and Dedication of the Zero Milestone Monument" states:
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"The location of the stone is on the Meridian of
District of Columbie as marked by the !'Jefferson Stone'
placed south of the Ellipse in 1804, "
According to the position of the Zero Milestone as determined
by the Coast and Geodetic Survey, its center i1s 0.3 meter
(1 foot) west of the meridian through the White House.

More than a century ago varioue natlons reckoned thelr lon-
gitude usually from thelr own capltals, Congress by act approv-
ed Seotember 28, 1850, ordered -

"That hereafter the meridian of the observatory at
Washington shall be adopted and used as the American merid-
lan 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 Observetory (now one of the.build-
1253 on the grounds of the U. S. Naval Hospital), is 77° 03!
06%119.

The boundaries of ceveral states and territories were defin-
ed with reference to the meridlan of Washington. The act was re-
pealed August 22, 1912.

In 1882, Congress recognized the adventage 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 Washington 1in Oc-
tober, 188&, with 26 nations represented. It recommended the
adoption of the meridian of the Royal Obseservatory, Greenwich, Eng-
land. This is now almost universally used. All points in the
United States are referred to this meridian. It was adopted by
France in 1911,

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

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

2. Stake set at the intersection of "Sixteenth and north
1 Street®,

3. Meridian Hill stone marking the north end of the White
House meridian as established by Nicholas King in 1804,

4, Capitol Stone on the meridian through the White House
and the east-west line through the south end of the Capitol as
1t existed in 1804, The merk is now nonexistent,
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5. Jefferson pier on the meridian through the White House
and the east-west 1ine through the center of the Capitol. It 1s
now marked with a granite post 123 feet north of the Washington
Monument and 371 feet west of it.

6. Stone marked "U. S. Meridian 1890" set in the meridian
of the White House 1505 feet, 4-1/2 inches north of the grenite
post marking the site of the Jefferson pier.

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

8. 014 Naval Observatory (the building still exists) on the
grounds of the U. S. Naval Observatory, The meridian (EF) of the
center of the dome served as the initial meridian for the bounda-
ries of several states and territories. It was intended &s the
prime meridian of the United States.

9. Center of the clock room of the present U. S. Naval Ob-
eervatory.

10. Center of the original District of Columbia - a point
unmarked but at about 18th and C Streets northwest.

AB Meridian of the District of Columbia established by An-
drew Ellicott to serve as & base for laying out the streets of
the Federal city.

CD Sixteenth Street, or White House, meridian through the
ﬁenter of the north docor of the "President's house® - marked by
and 5.

EF Initial meridilan 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. 8. Naval Observatory.

IJ East-west line through the center of the Capitol
VALUES OF ASTRONOMICALLY DETERMTNED LONGITUDES WEST OF GREENWICH

Name of Station On Meridian Longi tude

014 U. S. Naval
Observatory, center
of dome. EF 77° 03 02%30

U. 8. Naval Observatory,
center of clock room. GH 77° 03 5676




- 61 =

VALUES OF GEODETICALLY DETERMINED LONGITUDES WEST OF GREENWICH
ON THE NORTH AMERICAN DATUM

Name of Station On Meridian _Longitude
Capitol, head of
Statue of Freedom AB 77° 00" 331"533
Jefferson Pler CD 77° o2' 12%48
Meridian Stone of 1890 CD 77° o2' 12"478
Zero Milestone one foot
west of CD 77° 02' 12%492

014 U. 8. Naval
Observatory, center
of dome EF 77° 03' 06%119

U. S. Naval Observa-
tory, center of clock
room GH 77° o4 o272k

= A e

PYPICAL YAKAN MORO FAMILY
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OPERATION OF TRUCKS

Mr. J. S. Bilby, Chief Signalman, recently revorted 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-
connaissance 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 1ife time which is also practically true of the truck drlven 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 1e¢ still in ser-
viceable condition although of 1ittle value.

Summary of Operating Costs = Truck No. 60
Miles Miles per Miles per Cost repairs Cost Total cost

Year run. gal. gas. qt. o1l. tools, etc. tires 1incl.dep.

1928 4030 18,06 366 $ 21.1L $ 25.00 $ 196.26

1929 15,401 15.20 261 140,81 (a) 2.35 810.909

1930 11,971 15. 80 240 21.72 88,48 299.75

1931 14,009 13.4 181 4,9 20.38 63. 70

1932 16,771 12.8 180 9.51 16.25 295.17

1933 13,599 12.5 151 86, 84 1k4.25 276.76

1934 15,844 13.52 162 147, 78(c) --=--- 328.12

1935 12,596 14,04 307 39.81 31.26 207.54
Depreciation charged Operating cost Total cost per

Year per mile. per mile, mile.

1928 $0.03 $0.018 $0.0u48

1929 .03 .022 . 052

1930 .03 .0201 . 0501

1931 .03(Db) .0161 .0331(b)

1932 .00 .0176 .0176

193 .00 .0204 . 0204

193 .00 .0207 .0207

1935 .00 .0165 .0165

(a) Includes repainting, new top and side curtains.

(b) Deprecilation stopped at 38,333 miles.

(¢) 1Includes repainting, new side curtains, and general
motor overhaul.

The above are good examples of what can be obtalned 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 Soclety".)
~ October, 1935 -

Variation of latitude. There has been no interruption of
the observations for variation of latitude at the two internation-
al observatories in thls country which are belng operated by the
Coast and Geodetlc Survey. Mr. H. G. Wrocklage has continued the
work at Ukiah, California, and Mr. E. L., Willlams at Galthersburg,
Meryland. About the usual number of observations were made during
the year., The best observing conditions occurred in July, August,
and Sevrtember at Ukiah, and June, August, and October at Gailthers-
burg. The poorest observing conditions 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 13935 and has been in continuous ovperation
since that time. All of the geodetlic sstronomy has been done to
furnish Laplece stations to be used 1n the adjustment of the new
arcs of triangulation in this country. Since the work could 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 azimuths and 54 latitudes were deter-
mined at trliangulation stations in 23 different states. Computa~
tione of the final reaults at these stations, including the final
Laplace azimuthe to be used in the adjustment of the triangulation,
have been completed at the Office of the Coast and Geodetic Survey,

--~R. S. Patton, Director.



