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G E 0 D E TIC LET T E R 

November 1935 

VARIETY OF DIET 

Strips of fresh mule meat drying in the sun. Owing to a 
serious shortage of food experienced at one time by J. P. Lushene, 
observer on the Guatemala-Honduras Boundary assignment, it was 
necessary to slaughter one of the pack animals. 
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SAFEGUARDING SURVEY MARKS IN CALIFORNIA 

The state Highway Engineer, State of California, has noti
fied his district engineers that all maintenance crews should be 
informed of the value of bench marks established by the United 
States Coast and Geodetic Survey and other federal bureaus, and 
that steps should be taken to prevent their disturbance. The 
following is quoted from his instructions: 

"It is desired that the value of these marks be brought 
to the attention of all maintenance employees, and it is 
suggested that, where such action seems advisable, a 3 inch 
by S incb marker post be installed near (not closer than 
IS inches) each bench mark or other permanent survey 
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mark set by Government crews in ord.er that their locs.tion 
will be evident to the men handling equipment, and that in
structions be given that under no circumstances are such 
marks to be disturbed." 

If this procedure were followed by all state highway engi
neers, they would render a very valuable service to the engineer
ing profession. 
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MAPPING FOR NATIONAL PLANNING 

(The two articles which follow are reprinted from "Civil 
Engineering" for August, 1935.) 

In order to emphasize the value of present and proposed 
mapping activities tnroughout the country, a pamphlet entitled, 
"Mapping for National Planning" has recently been issued by the 
Society. This Sg-page publication, based on a program presented 
before the Surveying and Mapping Division of the SOCiety last 
January, at which time a paper by Frederick H. McDonald, M. Am. 
Soc. C.E., was read and discussed, dwells upon the important re
lations of mapping to other national projects. It presents a 
forceful argument for the beneficial u~e of mapping in developing 
national and community planning, in utilizing natural resources, 
and in everyday commercial progress. In addition, the helpful 
effects on employment in engineering and planning work are empha
sir.ed. 

How important this phase of employment may become will be 
evident to any engineer who can see the possibilities of putting 
to work untrained men in minor pos1t1ons, such as rodmen, record
ers, and chainmen. Already the government has had unusual suc
cess in this type of work, as reported by William Bowie, M. Am. 
Soc. C.E., chairman of the Surveying and Mapping Division, which 
has sponsored this report. In h1s own department of the Coast 
Survey Major Bowie has employed, in addition to his regular ~taff 
as many as 350 eng1neers with degrees and over 400 who are grad
uates in some other field or who have taken college work. In fact, 
more than half of the 1,560 emergency men employed were engineers 
or college men. There is also a large group in the U. S. Geolog
lcal Survey, which has likewise provided a great deal of worth 
wh1le emergency employment. Because such a large proportion of 
the work requires the employment of wh1te collar personnel it is 
apparent that this field presents an unusual opportunity. The 
pamphlet discusses the possibility of such work and the extent of 
the planning and mapping that may reasonably be undertaken. 
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While the pamphlet is intended primarily for the use of gov
ernmental officials - federal, state, county, and municipal - it 
w11l also make 1nterest1ng rea.d1ng for business and professional 
men. The edition is llmited and not for general distribution, but 
a number of copies have been set aside for the use of those members 
who may especially desire to study this important topic. Requests 
for complimentary copies will be filled at Headquarters as long as 
the supply lasts. 

- ~ ... 

VALUE OF MAP PROJECTS STRESSED IN RESOLUTION 
BY LOS ANGELES CONVENTION 

Whereas, effective planning for the conservation and devel
opment of the nation's resources must be based on fundamental data 
secured through physical surveys and recorded on m~ps; and 

Wherea~, at the present time there is, unemployed, the neces
sary technical personnel to gather and record such data; therefore, 

Be it resolves by the American Society of Civil Engineers in 
Convention assembled at Los Angeles, California, July 3, 1935, 
that those organi%stions of the Federal Government charged with 
the allotment of funds, appropriated under the Emergency Relief Ap
propriation Act of 1935, be requested to support liberally in a 
financial way the Federal, State, and Local Agencies (including 
planning commissions) concerned with the gathering, assembling, 
and correlation of all data relating to topographic and geodetic 
surveys and maps; and 

Be it further resolved and recommended that the requests for 
funds which have been presented by the U. S. Geological Survey and 
the U. S. Coast and Geodetic Survey be approved and prompt allot
ments ma.de, and; 

~t further resolved, that the pu~pose of this resolut1on 
be urgently presented to the proper Federal authorities. 

- 6 -

NAMES OF TRIANGULATION STATIONS 

G. C. Mattison 

The June issue of the Geodetic Letter contains an article re~ 
garding the naming of triangulation stations, and mentioned the 
possibilities of title disputes in case the stations are named af
te~ the owners of the property. Most of our triangulation surveyS 
have been over valuable land, and we have noted several incidents, ~ 
which combined with the possibilities mentioned in the GeodetiC Let 
ter, would 1ndicate ths.t it is inadVisable to name a station after' 
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the land owner or tenant. 

Case # 1. A station was established on a rock ledge in back 
of a home after first obtaining permission from the house owner 
who stated the property included the ledge. Her name wa~ stamped 
on the marks. A few days later, the observing party had a diffi
cult time of it when another claimant to the rock ledge put in an 
appearance and objected to the name on the disks. The lady was 
highly elated that the Government had marked the property as hers, 
as she said there always had been a dispute regarding the boundary. 
Needless to say, the name of the station was changed. 

Case # 2. A recovered station, named after the owner (lg75) 
was remarked. The present owner objected strenuously to baving 
the name of the former owner stamped on the disks, and it was nec
essary to explain the reason why the former name should be retain
ed. The explanation was accepted without enthusiasm. 

Case # 3. Special incidents have occurred where it was nec
essary to place azimuth marks, and occasionally reference marks 
on adjoining property. Invariably there is objection to having 
the neighbors name stamped on them. 

It is very evident that property owners consider the marking 
of these stations as of considerable importance. Connecticut 
property and property rights at the present date, represent to us 
a picture of future conditions in other localities. Our experience 
has been such that we now deem it advisable to name a station with 
a non-controversial name. 

SUFFICIENCY OF TITLE 

N. E. Wolfard 

Conveyance of real property is, or should be, conditioned 
on clear title which is attested by abstract. Abstract ie a sum
mary of records financial, legal and descriptive. Descriptive 
record is established by position, fixed or relative. 

Today we are much concerned with reestablishment or bound
ary lines and reference points. The ~elative position of two or 
more reference pOints controlling the boundaries of adjacent prop
erties not infrequently causes enmity, strife, or oral combat 
between neighbors. A venerable old pioneer engineer and survey
or remarked to me not so long ago that he had made his last land 
survey. He said that a survey Which he had made some twenty 
years before occasioned fatal altercation between the contesting 
parties. I dare say, the reader can recall similar cases in hie 
own experience, possibly not so extremely tragiC. 
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It is somewhat difficult for some property holders to under
stand why a surveyor wi th his compass or ti'ansi t cannot readIly 
reestablish with exactness old boundaries from de~d description. 
Equally puzzling to them i9 the fact that two competent surveyors 
may not establish a given bo~ndary in t~e same pOSition. To under~ 
stand tne former difficulty it is only necessary to investigate 
the equipment and methods used in establi~hing early bo~ndaries. 
The latter condition frequently arises from the fact t~at descrip
tions of adjacent tracts are often tied to different reference 
points, the record relative position of which iA in error. Conse
quently there may be an overlapping of boundary or else a "devills 
lane" or "no man's land" between nominally abutting properties. 

In these days of intensive commercialism and con~equent soar
ing prooerty values pioneering methods of survey and monumenting 
are no longer adequate. Exact pOSition, horizontal and vertical, 
is desirable and often essential. There is but one way t::> secure 
exact posit1on ---- that 1s to "tie your property to a star". 
Were the earth a perfect sphere astronomic observat10n at any 
point would give at once the £lC1!:.Q! and relative position of the ob~ 
server as referred to other points so determined. 

Geodetic control of position on the earth's surface, however, 
is not so Simple. The spheroidal form of the earth necessitates 
certain adjustment of observed pOsition by latitude and longitude 
to establish truly relative positions. It 1s also necessary for 
the purpose of mapping and charting to reduce all distances to arcs 
of a common surface of equal elevation. Mean sea level has been 
chosen by the U. S. Coast and Geodetic Survey for this common sur
face, as well as datum for vertical control. 

A certain def1nite spheroid which fits the North American con~ 
tinent very closely was computed by A. R. Clarke, an eminent Brit
ish geodesist, about the middle of the nineteenth century. A sin
gle point of reference, referred to this spheroid, located in west 
central Kansas, has been adopted by the United States, Canada, and 
Mexico as initial control for position and mapping. This point, 
called t f eade l s Ranch, is known as North American datum. 

Triangulation arcs girt most of our coast line and articulate 
with transcontlnental arcs. Position and azimuth of the stations 
are computed with reference to the above datum in high degree of 
precision. It is contemplated that these preCision, or "first
order" arcs, shall eventually form about a fifty mile mesh grid 
over the ent ire nation. By way of inforrna tion "fi rst-orc.er" survel' 
ing implies angular closure of triangles or of the horizon with a nO 
mE.ximum error of 3 seconds, while the average error will be 1 seco 
or less' linear closure swll be 1 in 25,000 or better. "Second
order" ~ork implies angular closure of 3 seconds to 6 seconds and ~f 
linear closure of 1 in 10,00C. "Third-order" work calls for ang1.l10 
closure of 6 seconds to 10 seconds and linear closure of 1 in 5,00 ' 
"Fourth-order" work comprises stadia survey~ and filling in of map 
details. 
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The rigid control scheme proposed by the U. S. Coast and Geo
detic Survey early in the nineteenth century has been slowly but 
consistently expanded. The precise triangulati~n arc grid mentioned 
above constitutes the basic control scheme. This grid is to be 
supplemented with "second-order" triangulation and traverse which, 
1n turn, will be expanded by "third-order" traverge, furnishing 
control for detail mapping. Now we are, nominally at least, back 
to the point where we started; that of position. However, the 
reader will agree, I am sure, that a polnt of reference determined 
or established by the rigorous procedure of Coast Survey methods 
will be more exact in posItion, more permanent, and more readily 
reestablished in case it becomes disturbed, than is the ordinary 
point of reference used in deed description. 

The surveys set up as C.W.A. projects throughout the several 
states in December, were mostly concerned with "second-order" 
traverse and leveling. The general procedure was to execute trav
erse from previously established and computed arc triangulation 
stations. The traverse was to be run from one station to another 
along highway or railway and monuments carrying a standard bronze 
marker set from one-fourth mile to two miles apart, dependIng on 
topography and cultural demands. Thus were formed closed loops 
affording accuracy check. Levels were run along the traverse es
tablishing elevation of each marker, together with intermediate 
bench marks on bridge heads, etc. These monuments afford conven
ient and accurate horizontal and vertical control reference pOints 
for future surveys and "check in" pOints for surveys already made. 

A system of coordInates has been set up for Oklahoma and com
puters are now busy computing the coordinates of all triangulation 
stations within the state as well as the coordInates of each of 
the monuments set in the local control survey now in progress under 
C.W.A. The advantage of a state coordinate system of reference 
points is evident on a moment's reflection. With publI0 and private 
survey.s throughout the state referred to common position coordinates 
and elevation datum, relative position, either vertical or horizon
tal, of control or objective points in a projected enterprise, 
great or small, could be readily determined without preliminary sur-
~eys. 

In order to facIlitate the usefulness of data resulting from 
the numerous surveys constantly being carried on by various govern
~ental units, corporations, and individuals, a clearing house in 
the form of a state survey bureau should be set up. The funotions 
Of this bureau would be variOUS and tar-reaching, and must needs 
be a subJeot of separate discussion in a future issue. Modifioa
tion of prooedure in legal surveys and public responsibility and 
license of surveyors should oome up for study and analysis. 

It ie hoped that engineers and surveyors, as .e1l as induatrl
~l and political leaders, will consider and analyze the coordinate 
aSis for surveys in its various aspects of eoonomy, utility, ac
~uracy, and permanenoe. 

- 6 -
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CHANGE IN SETTING OF BENCH MARKS 

From time to time there has been considerable discussion re
garding the change in elevation of bench marks caused by frost 
action. It is very rare that, except in marshy land or where there 
is quicksand, any question has been raised with regard to the set
tling or rising of monuments from any other action but that of 
freezing, thawing and earthquakes. 

However, the following is quoted from a letter received from 
Mr. William MU9setter, under date of July 15, 1935, concerning 
disturbance to station marks in certain black soil which shrinks 
and cracks open during dry weather and consequently goes through 
the opposite process during wet weather: 

"Some time ago I remarked that station marks in 
Texas black lands should be especially deep, and you 
asked for the reasons. The explanation is that this 
land has a peculiarity of shrinking and cracking open 
during the hot dry summers. The cracks are often large 
enough to lose a fence rail in, and probably go 10 feet 
or more deep. They partially fill with dust and debris, 
and When rain falls, the soil expands and has a tendency 
to heave and creep, similar to frost action. Some of the 
9gth Meridian marks were so disturbed, one reference mark 
I remember, having been forced about half way out of the 
ground. My attention was called to this in 1930 by some 
State engineers who reported that several of our bench 
marks between Vanderbilt and Kingsland had been disturbed. 
Apparently, a deep, well-rooted mark resists the action. 
The 9gth Meridian marks were unsuited, as they had a wide 
rim at the surface, with minimum diameter at the bottom. 
Borne old Hydrographic and Topographic marks found were 
about the size and shape of a boarding house wash bowl. 
Wi thout exception, tt .. ·sy had been disturbed. This action 
does not occur 1n sandy, gravelly SOil, or the red clay 
of East Texas. It seems to be less in cultivated or wood
ed lands than in bare pasture, although the reference 
mark mentioned was in a mesquite thicket, (station Kaleta}." 

- 6. -

Ig76 DESCRIPTION OF STATION 

The following description of a triangulation station was foUn~ 
recently in the Coast and Geodetic Survey records. It is not of~ 
fered as model description but as a sidelight showing how a humer' 
orous moment influenced this one. 
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"New Lump (Plaqueimlnes Parish, La., H. L. Marindin, lS76). -
On a convulsi~n of nature, toward the point (from that great triumph 
of the 19th century of art over nature knnwn as the West Jetty) 
Where tne great luminary retires 
after completing his fiery course 
through the etheral arches, stands 
a structure designed to assist in 
the scientific researches of the 
Coast Survey. To preserve it to 
fame and the future a hollow iron 
cylinder will be forced into the 
bosom of Nature by repeated blow! 
from a lusty Celt. Extensive 
ravages by old Ocean have reduced 
the size and glory of this little 
isle and now it rears its head on
ly about 2 feet above the fullness 
of the waters. To an observer gaz
ing N. 3/~ W. will appear !1B2; 
while if he turns his vision NE. 
by N. 1/2 N. Parmele~ will meet 
his averted eye. Gentle reader, 
contemplate a sketch of the sub
ject." 

-6-

PATHE N~NS--TOPIC NO. 1 

A 3-mlnute sound reel titled "The Invisible Roadways to the 
Sea", prepared by Pathe News with the cooperati~n of Lieut. Comdr. 
George D. Cowie of this Service, known as Topic No.1, will be re
leased throughout the country this month. An accompanying talk 
described an observing party on one of Lieut.(J.g.) McCarthy's 
triangulation towers in the Navesink Highlands; a topographic par
ty working along the beach (with a closeup of a plane table sheet); 
a launch hydrographic party of Lieut. I. E. Rittenburg; a view of 
the Surveyor in Alaska (copied from a film loaned by this office to 
Thomas Chalmers, Editor of Pathe News); and a comnosite animated 
section showing the operation of echo sounding, i.e., the sound 
travel by means of dashed lines from the oscillator to the ocean 
bed and thence to the hydrophone, with a closeup of a fathometer 
and the flashes of its dial. 

A copy of this film was furnished the Bureau and a preview 
Showing, attended by all interested members of the Washington of
tlce, was held in the Commerce Building auditorium on the afternoon 
Ot October 29, through the courtesy of the Chief Clerk of the De
Pa.rtment. 

- 6-
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PLACING STATION AND BENCH MARKS 

A recent letter from Mr. Harold N. Carey, formerly of the 
Coast and Geodetic Survey but now employed by the South Dakota 
state Highway Commission, offers a valuable suggestion for the 
placing of future sta.tion marks and bench marks. Extracts from 
the letter are given below:-

"Since the Coast Survey work closed down in August, I have 
been working with the South Dakota State Highway Commission. 

"The Commi~sion seems to have standardi~ed on 100-feot 
rights of way for state highways. That means, when a road is re
graded, on a stretch where there is not a great deal of cut or 
fill, that the ditches are cut back to a point 4g teet from the 
center line. 

"I would suggest then, that on reconnaissance for triangula
tion, or for levels, the pOints selected for marks be kept at 
least 50 feet back from the center lines of main roeds. It would 
also be a good idea to keep them away from intersections of main 
roads, for one can never tell how much right of way may be used 
at the intersections. Quite often there may be curves put in to 
cut off the sharp corners, and these vary as to the amount of 
land taken in. 

"The above would apply to the main county highways as well 
as to the state highways." 

Other states will undoubtedly adopt similar sts.ndards of 
width for new construction and chiefs of party should bear this 
in mind when instructing their mark setters so that our stations 
may survive. 

SIX-YAN COMBINED LEVEL UNIT 

w. W. Studdert 

I cannot be too entbusiastic over the operation of the eix
man combined level unit, with the sixth man setting bench marks 
for the unit. Having worked with both methods, the other method 
being where the bench mark setter is in another truck, operating 
many miles and weeks ahead, I find that greater cooperation, econ; 
omy and speed can be had Where all functions are close together 
in a compact group. 

The benoh mark setter, when operating in the same truck as 
the level party, should at all times keep one full day's work 
ahead of the level party. This can always be done with ease. 



- 11 -

On second-order levels along railroads, thi~ means that the bench 
mark setter should be about 10 miles in advance with his work. 
As this 10 miles has to be travelled in excess of the observing 
party, it means that the bench mark setter will travel 20 miles 
farther in the truck each day than the level party. Therefore, 
his hours of actual work will be only ~O minutes less than the lev
el party. 

On arriving at the scene of work in the morning, the observer 
in charge of the unit instructs the bench mark setter to contact 
the level party at a certain point at a certain hour, usually ~:OO 
P.M. At 3:30 P.M. the bench mark setter starts back along the 11ne 
and picks up the observing party. An hour's trip is about the max
imum ride that the units are allowed to work away trom camp. Ex
cess speed is not allowed as our trucks are old, and in mountain
ous country, high speeds might prove disastrous. 

The truck's mileage on second-order levels along railroad 
tracks, for a unit of six men in a combined party, working 25 miles 
from camp would be: 

With complete party out. 25·0 miles. 
Full day's work previously bench marked. 10.0 " Day's work to be bench marked. 10.0 If 

Total trip out. 45.0 miles. 
Total trip in. ~5·0 " Total distance for truck wi th work now 

35 miles from camp. 90.0 miles. 

It this same day's work were done by separate bench ma.rk and 
observing units, the truck mileage would be: 

Qbserving party. 

Trip out with all members of observing party. 25·0 miles. 
Truck moved ahead to pick up observing party. 10.0 " Return trip to camp. 35·0 " Total for observing party truck. 70.0 miles. 

B,ench mark party. 

Morning trip out and day's work. 45·0 miles. 
Return to camp. 45·0 " Total for bench mark party truck. 90.0 miles. 

The above figures show that only 20 extra miles of truck trav
el were used by the combined party over a straight observing party, 
Whereas 70 miles of truck travel were saved by the combined party 
Over the separate bench mark and observing party. Another feature 
that must be considered is that a 5-man observing party is at a dis
advantage in moving ahead their truck when running second-order 
levels. 
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From the viewpoint of a bench mark setter, I have found that 
they would prefer a truck of their own in order tnat they might be 
more free of supervision. I know from actual bench mark setting 
experience that they have plenty of time in six hours to set eight 
bench marks of varied types, therefore, it is not time that they 
need. 

From an observer's viewpoint, I find that the extra conven
ience of having a man along who already knows the roads is of great 
aid in promptly reaching the scene of work. The additional respon
sibility of bench mark supervision and coordination of the work 
sobers most young observers. Not being hindered in his actual leV
eling by having to send one of hi~ men ahead for the truck is of 
assistance, as his truck will call at 4:00 P.M. 

The party chief finds his party expenses falling into more de
sirable limits. He has also a more compact and mobile party. 

There is no need for the one-truck-six-man combined unit to 
cause long hours. Both groups have ample time to'do their work, 
bcth having the same working hours in an eight hour period. The 
level party assists the bench mark setter in loading his precast 
concrete monuments and the bench mark setter helps the level party 
by being prom~t at ~:OO P.M. Nothing is more discouraging to a 
five-man level un1t than, after a hard day's work to have to match 
to see who goes back on a long 10 mile stretch, by walking or hitcD' 
hiking, to bring up the truck in order that all may ride back to 
camp. 

It 1s my belief th8.t all parties could quickly reform their 
units to t~e one-truck-six-man combined unit. I have used the 
above unit organization since November 1934, and greatly prefer it 
to having separate observing and bench mark parties. Were addition' 
al trucks made available for this party, it would be my desire to 
use the additional trucks only as supply trucks in hauling precast 
bench mark posts to more strategic points. 

Disregarding the economy in the combined unit, it is my bellef 
that better bench mark monuments can be had where th~ monument set~ 
ter is closely associated with the observer. The observer is U8Ua~ 
ly a technically trained man whereas the monument setter is rarelY 
so. An exchange of ideas at all times will greatly improve our mon; 
uments. 

SPECIFICATIONS FOR HOISTING BAG 

C. I. Aslakson 

I am submitting herewith, the spec1fications for the hOiatingt~ 
bag whioh has been u~ed on this party with most satisfactory resu1 
ever since its organization. 
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I strongly advise" that the pigtail be run through all. fogr 
rings and securely tied instead of using snap rings. My exper
ience with snap rings shows them to be unsafe as they may become 
twi9ted and fail. 

Specification~ for Canvas Hoisting Bag 

MATERIAL: 
-- Good grade #4 white duck. 

DESCRIPTION: 
------ Bag to be 2 ft. wide, 2 ft. long and 2 ft. 10 in. 
deep with a 1 inch double hem at the top. Edge of this hem 
to have small cord hemmed in. 

Bag to have double bottom, this double bottom to 
extend 6 inches up side . 

.§1.PAP...§: 
Bag to have two 2-l/~ inch straps, 7 ft. 6 in. long 

doubled and stitched onto the bag as follows: Straps are to 
be crossed at bottom on outside and in center of bag and 
stitched. up sides to a potnt 12 inches from upper edge of bag 
where they will be firmly reinforced. The loose ends of each 
strap shall have a heavy 2 in. harness ring sewed into the 
loop. The web straps shall be reinforced with leather on in
ner side at the front where this ring i9 fastened. 

WORKMANSHIP: 
Workmanship must be of the best. Seam to be sewed 

with good strong thread. 

-6.-

,~ - - STRETCHED END TO END 

1. If all the walking incident to the extensi':)n of this lev
eling were put together, it would be the equivalent of two round 
trips between New York and San Francisco or, roughly the distance 
from New York to Singapore. 

2. If all recorded observations and computations were type
written on a standard typewriter, without spaCing, and in a single 
line, the line would extend about 31.7 miles, or would completely 
cover a four-foot strip on one side of the Washington Monument from 
the base to the tip. 

3. If all the numbers and letters on the abstracts and in the 
record books were printed on a single-spaced eight-column calcula
tor, they would require a strip of paper 57.2 miles long. 

--(From Season's Report of W. M. Gibson.) 

-0.-
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TRIANGULATION IN THE ATCHAFALAYA BASIN 

The topography of the areas surveyed varied from rolling 
farm land in Iowa and Misso~ri to mountainous regions in Arkansas 
and Oklahoma, to rolling pastures and woodlands in Texas, to ~ense~ 
ly wooded swamps in tne Atchafalaya Basin. 

The greater part of this project was just another routine as
signment of triangulation using steel towers. The survey of the 
Atchafalaya Basin was unusual in that the only possible means of 
transportation for this area were boats. This survey was made at 
a time of very high water. Inasmuch as nearly every station in the 
scheme was located between the protection levees of the Atchafalaya 
River it ~as very difficult to find ground of sufficient height 
above the prevailing water level to permit the location of a station 
and the erection of a tower. Several stations called for in the 
reconnaissance had to be omitted due to the flooded condltion of 
the proposed station site. Several towers were built where it was 
necessary to throw up dams to prevent water from running into the 
anchor holes. Some stations were located on isolated knolls just 
large enough for a tower. In such cases azimuth and reference mark6 
were wedged into drill holes in firm cypress trees that were crooked 
enough to more or less eliminate the possibility of their being cut 
down for lumber. 

--- (From Season's Report of Charles A. Schanck.) 

-6-

ROAD METHOD FOR TRAVERSE USED ON THE TAMIAMI TRAIL 

H. Edward Breen 

This method is a cross between the rail and stake method. 
The measurements are made with the tape supported at 0, 12-1/2, 
37-1/2, and 50 meters. Along a road, however, each tape end, and 
the intermediate supports must be lined in, thus including part of 
the stake method. Where the road work would continue along a true 
tangent, and an offset from the edge of the road could be used, 
the lining in might be eliminated. This could not be done on the 
Tamiami Trail. 

Kilo points were made by a spike similar to the turning pin 
driven into the road bed flush with the surface of the road. The 
kilo pOints were held by 3 nails driven into the road. 

Over the tar road, mixed with small gravel, the friction tape 
would not stick. This necessitated finding a substance that would 
stick and also keep the mark. Artist's model clay, called, "Plas
teline" or "Permaplast" was used. The putty-like substance seemed 
to work satisfactorily. 
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A few slight changes were necessary on the rail equipment. 
The flange on the rail stretchers would have held the spring bal
ance a trifle high. A new set was made at a tinner's shOp of 
heavy sheet metal without the flange. Tne handles were interchange
able. The intermediate supports I guards had to be smoothed level 
with the base of the support in order to have the tape six inches 
above the road. 

The method is much slower than the rail method and not as sat
isfactory as the stake method. The maximum kilometers run in one 
day were seven and one-half. Traffic along the highway slowed the 
work to some extent. 

- I:::. -

EXCERPT FROM "MAPPING AUSTRALIA" 

In a young country, the first necessity is to place the set
tler on the land, but as land becomes valuable, and the density of 
populat1on greater, the responsible authorities must give con~lder
at10n to surveys and maps of an accurate character which will show 
the exact locations of topographical features, private and politi
cal boundaries, as well as the configuration of the earth's sur
face. There is scarcely any human activity of an extensive nature 
whose successful operation is not dependent to a greater or less 
extent, on an accurate knowledge of the c~nflguration of the sur
face of the earth, and of what is upon the surface. This kno~ledge 
can only be obtained by what is called topographic 9u!'veyirrg and 
mapping, which, over a large area, can only be successfully carried 
out with the aid of a geodetic survey. To accurately map our coun
try, therefore, is not only the goal of the eurveying profession, 
but is a state to be achieved and highly desired by the many pro
fessions who require and use maps as a basis of their operations. 

- -( From "The Australia.n Surveyor", June 1, 1935.) 

- ~ -
This excerpt from an article appearing in the Australian Sur

veyor of June 1, 1935, is interesting in that it points out the 
value and importance of topographic mapping in Australia, but which 
can eas11y be applied xo any country which has not been thoroughly 
mapped. It is truly remarkable that practically every activity 
engaged in by man which is related to land, requires maps of some 
form. Engineers are well aware of the advantages to be gained by 
obtaining accurate maps of the country as a means of conserv1ng 
natural resources, eliminating duplication and waste,and furnishing 
much desired information for all major construction projects. It 
Beems strange that work of this character should not have been ap
preciated in the past, but now that people are becoming map con
scious and actually find use for maps in nearly all of their daily 
activities, their great value is becoming more and more known. The 
Situation in this country in many ways is quite comparable to that 
in Austra.lia. 

-1:::.-
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GUATEMALA-HONDu~S BOUNDARY 

Joseph P. Lushene 

In September, 1~21, the Spanish colony now known as Central 
America, declared its independence from Spain and formed the Repub
lics of Guatema.la, Salvador, Honduras, Nicaragua and Costa Rica. 
Since this area was largely an unexplored jungle and consisted of 
only a few isolated settlements the descriptions of boundaries were 
indefinite and vague. No special stress was placed upon the exact 
limits of the various Republics. In later years as the countries 
developed and more settlements were made, boundary disputes arose 
between the adjacent countries. 

Many attempts have been made to settle the dispute between 
Guatemala a.nd Honduras with no results other than the stirring up 
of additional hard feelings. However, in JulY, 1930, a treaty was 
signed and a Special Boundary Tribunal set up which consisted of 
the Chief Ju~tice of the United States Supreme Court, an arb1trator 
from Costa Rica and one from. Chile. An aerial map of the territory 
in dispute was made and the Tribunal made the award. After the 
award, it was necessary to mark the boundary line and a Technical 
Commission was formed for the demarcation. The U. S. Coast and 
Geodetic Survey was requested to carry first-order triangulation 
along the boundary since this method. 1s considered the most satis
factory one for surveying a boundary. The writer was very fortu
nate in being detailed to undertake the control surveys. 

Plane chartered to carry astronomical equipment into 
Honduras for the establishment of + ti a sva on. 

The boundary line is about 161 mi1es long. It follows water 
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courses, water divides, and in some sections, straight lines from 
one topographic feature to another. In general the line passes 
through highly mountainous country. The northern part of the line 
extends through sparsely inhabited country timbered heavily with 
tropical growth. There are practically no traile in this area and 
the few trails that do exist are very poor and impassible over the 
long rainy season. There are numerous areas that are absolutely 
uninhabited. Most of the traveling was done afoot and the equip
ment, foo~ and supplies were carried by natives. Trails had to be 
cut through the Jungle growth to all stations and members of the 
party had to be armed against the wild animals. In the lowlands 
enroute to the stations, the temperature wae hot and uncomfortable 
but at the stations it was very cold due to the high altitude of 
the mountains. The southern part of the line passes through fairly 
well settled country having numerous trails and in many cases, di
rect access to the boundary was possible. Most of the traveling 
was done by muleback and supplies were transported by pack mules. 

Triangulation station in distance. Notch shows the height 
of trees, also amount of cutting for visibility. 

A base wae measured at the southern end of the boundary in a 
valley and the triangulation ran northward from this line. The firet 
few weeks the work progressed rather slowly due to the inexperience 
of the lightkeepers. None of the lightkeepers spoke the English 
language and it was necessary to arrange special codes for signaling 
at night. A double observing party was used on this wqrk. Mr. Phil
ip Welker, a computer from the U. S. Coast and Geodetic Survey, was 
in charge of the observing party which operated on the Guatemala 
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side and the writer was 1n charge of the other observing party in 
Honduras. Four-foot stands were used at nearly all the stations 
since the reconnaissance party had cut the heavy growth on all high 
mountain points Which WEre to be used as stations. The greatest de
lay to the work was caused by cloudy weather which kept most of the 
stations in the clouds for long periods of time. Directions were 
taken to all boundary points wherever possible. Large tripods paint
ed white were set up over the boundary points and directions taken 
during the day. Six to eight directions were taken on each boundary 
point and the positions computed so as to control the work of the 
stadia traverse parties running the boundary line. Thirty first-ordef 
points were occupied, and some thirty-three secondary points were es
tabli~hed along the actual boundary. Very difficult field conditionS 
were encountered throughout the work. At the majority of stations 
10 or more days were required to complete the observations due to bad 
weather. A base was este.bliehed at the northern end of the boundary 
as a distance Check. 

The actuel boundary line was measured with transit and stadia. 
A vista was opened along the sections of the line that were not 
marked by water courses. On the boundary line, two engineers,one 
from each country, were assigned to each transit party. Each engineer 
made a record of his own measurements and was required to compare hiS 
results with his colleague. Certain limits of error were allowed and 
when the results failed to come within the limits, the observations 
were repeated. When the measurement·s compared favorably, the average 
of the two measurements were accepted as the final value of the meas
urement. At frequent intervals, points were located by intersection 
from first-order stations 90 as to control the measurements of the 
local engineers. 

Astronomical Station 

upan completion of the triangulation work, astronomical obser
vations were made at each end of the arc. At the northern end a 
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railroad passed very close to the station and the transportation of 
equipment was an easy matter. Latitude, longitude, and azimuth 
were observed. Since this astronomical station was in Guatemala the 
Commissioners ~rom Honduras requested that astronomical observations 
be made also in Honduras. This problem became serious as no trans
portation facilities were available. The equipment for astronomical 
work is not only heavy but very bulky and could not be carried by 
mules over the poor trails. The problem was solved by chartering 
an aeroplane. The Rlane picked up the equipment at Chiquimula, Guat
emala and landed in a cow pasture in Honduras at the southern end of 
the boundary line where the observations were made. The trip by 
plane was made in 30 minutes whereas it would have taken at least 
4 days by mule travel. Having astronomioal determinations at each 
end of the line made , it possible to compute a temporary datum for the 
triangulation. 

Guatemala-Honduras Boundary Monument 

The forty-eight triangles along the arc had an average closure 
or 0.90 seconds and a maximum of 2.73 seconds. No difficulty was 
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experienced in closing the triangles. The work was carried on with 
a high degree of accuracy as it is the only system of precise trian~ 
gulation in Central America and it was a means of training the eng!'" 
neers of the locality. Since the arc extends mOre than two-thirds 
of the distance from the Atlantic to the Pacific Oceans, it affords 
an ideal base for future extension of first-order control in this 
area. Various countries sent engineers to view the work in progress. 
When the computations are completed on this project, El Salvador 
will unoertake to measure its boundary line with Guatemala. It is 
believed that this arc of triangulation will be connected with the 
precise net of Mexico, within the very near future, and also ex
tended southward to Panama, thus giving all of Central America the 
North American Datum for control. A gratifying result of this short 
arc of triangulation is that Central America has become geodetic
minded. It is believed that much geodetic activity will soon be seen 
in this section. 

-6-

COMMENTS UPON RECOVERED BENCH MARKS 

A. G. Bowers 

Having recovered and stamped the bench marks on approximate
ly 2,200 miles of levels in the northern part of California, it is 
thought that perhaps certain comments and suggestions may be in or
der a~ a result of the experience gained in the work. There is no 
intention, of course, to criticize adversely or destructively; my 
sole aim is to venture such constructive suggestions as I think 
might be of value to the Department in future work, and it is with 
that end in view that I respectfully make the following observa
ti~ns. 

Bench marks along a railroad right-of-way should be tied in 
to some natural feature of the country in addition to the culvert 
designation and mileage. Both culvert designations and mile poete 
are changed sometimes owing to realignment of track, etc., and un
less the mark is tied in to some distinctive natural object, re
covery of the mark is rendered most difficult. It might be Wise, 
too, in this connection, to have a standard way of designating the 
mile markers, as, for example: If the mile board is on a telegraph 
pole, call it a "mile pole", if it is on a post set especially 
for that purpose, call it a "mile post". 

Listing of such elevations as "top of west rail opposite the 
station at - - _I should be discontinued, I believe. On practi
cally all railroads the track crews are constantly going over the 
lines tamping the ballast, making ballast raises, etc., and the 
rail elevations may vary as much as half a foot. In such cases 
the elevations are worse than useless; they are mislead1ng. If, 
however, it is decided to retain these elevations it is suggested 
that they be spotted very accurately and be tied in to some natural 
feature. Many of the small stations are on skids to facilitate 
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their removal from one spot to another, -- and a difference of 50 
feet in distance on a 1.5 percent grade makes quite a difference 
in elevation. 

Along public roads the monuments should be set well out of the 
way of tractors and showplows. I came across a number of poste that 
had been tilted and even torn out. They should be in sheltered lo
cations, yet free from likelihood of being covered by caving banks 
or slides. These precautions are especially advisable in mountain
ous country where the snowfall is heavy and snowplows operate reg
ularly through the winter. 

, 
In setting the disks in culvert headwalls, would it not be wise 

to adopt a standard location, such as the center of the wall? Head
walls are frequently covered with earth or ballast, and if the cen
ter of the headwall is standard location the work of recovering the 
disk is reduced by one-half. 

In setting the disks in the tops of concrete monuments it is 
suggested that they be n21 set in a depression as now seems to be 
the practice, as follow~: 

This, it seems to me, is the worst possible way to set them. 
Water can seep in under the disk, and when it freezes, can exert 
a disruptive force that is bound in time to heave the disk. Ir the 
top of the monument were chamfered this condition would be done a
way with, and in addition would make the disk more "get-at-Elble". 
In a number of marks examined difficulty would be experienced in 
getting a wide stadia rod on the disk because of its being sunk in 
a depression. The following sketch shows what I mean: 

In nearly all instances the disks of the Geological Survey 
seemed more solidly set than did those of the Coast and Geodetic Sur
vey. This, however, I think is i.nherently a matter of the shape of 
the Geological Survey disk which is flat and therefore bears on the 
concrete at all points of its under surface. In setting Coast and 
Geodetic Survey disks care should be exercised. They should be 
forced down into the mortar so that every part of the concave under 
surface is in contact wi th it. 'TIhia will prevent wate.r from seeping 
into what otherwise would be a cavity, in addition to making a much 
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more solidly set disk. 

Some of the designating numbers ane letters on disks are very 
lightly stamped, as can be seen in some of the rubbings. It is 
suggested that they should be deeply stamped. 

In the mimeographed list of descriptions there is great diffi
culty in distinguishing a "3" from a "5" if there is any blurring. 
Of course, the elevation in feet can be worked out from the meter 
elevation and vice versa, but if both· are blurred, inconvenience re
sults. It is suggested that a different type, one that has the "3" 
and the "5" easily distinguishable and different from each other, 
be employed. It is a small matter but it usually is the most impor
tent figure that is blurred and hard to make out. 

Beyond the small and relatively unimportant matters referred to 
above, I have no criticism of any kind to offer. My work convinces 
me that the Coa.st and Geodetic Survey well deserves its fine reputa
tion for skill, care, precision, and foresight, and to say that I 
have enjoyed working in such an organization is putting it very mild' 
ly, indeed. 

- 6. -

COMMENTS ON ABOVE 

H. W. Hemple 

I think that you are misinformed as to the type of mark which 
is in use by this Bureau for bench marks and triangulation stations. 
While the surface of the mark is convex, the underside is flat, and 
there should be no reason why these marks should not be set as 
solidly as those of the Geological Survey. Our experience has been 
that it is advisable to countersink the mark slightly, but not to 
the extent, however, that the top of the mark will be below the sur
face of the concrete. If this 1s done, there 1~ no question about 
the adherence of the other side of the mark to the concrete and no 
possibility of seepage underneath. I have had no complaints regard
ing our marks being uprooted in the concrete by freezing due to 
seepage underneath. 

Regarding the light stamping of the numerals, the bronze alloY 
we use ls very resistent to corrosion and abrasion. It ls, thereforel 
quite hard, and unless the man setting the marks takes sufficient 
trouble to strike the die quite hard, it Will result in a very shal~ 
low number. It is the opinion of this office that it would be inad~ 
visable to use a softer alloy because such would be more susceptible 
to corrosion. There is no reason why the man establishing the mar~ 
ehould not strike the steel die SUfficiently hard so that the number 
w1l1 be quite legible. There may be isolated cases where this cr1t1' 
cism holds, but I do not think that throughout the country there is 
much difficulty on the score mentioned by you. 
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Regarding the location of monuments along public highways and 
railros.ds, the instructions for level,ing specify that the location 
should be such that it will not be disturbed by highway or railroad 
activity. We realize, of course, that marks may occasionally be 
set along unimproved highways, and as the road 1s rebuilt it may pos
sibly be widened, with the consequence of the destruction of the 
marks. This 1s something which cannot "be adequately foreseen at the 
time the marks are esta.blished. 

Marks set 1n culverts or bridge heeds should be so located by 
distances from the corners of the structure that it will be possible 
to locate the marks w~thout much difficulty. 

In the more recent typewriter purchases made in this office the 
machines have what is known as billing numerals. In this the lower 
part of the figure is open and the 3 and the 5 are easily distin
guishable. Of course, ultimately the data furnished to you on the 
mimeographed list will be published in printed form and the difficul
ty mentioned by you will not appertain. 

This office is always glad to receive constructive critioism 
such as advanced by you, and if at any time in the future any sug
gestions occur to you which might improve our work, I shall be glad 
to hear from you. 

-~-

FURTHER COMMENTS UPON DESCRIPTIONS OF BENCH MARKS 

Howard S. Rappleye 

I believe the comments concerning descriptions of bench marks 
located along railways, as mentioned in the second paragraph of 
Mr. Bowers' letter, are good though I am not so sure that we are 
Justified in making the fine distinction between "mile poles" and 
"mile posts". This has been discussed considerably in the past and 
I am a little doubtful as to the value of this rather fine distinc
tion. 

With special reference to the third paragraph of Mr. Bowers' 
letter, the elevations of the top of the rail opposite rairroad sta
tions are not and never were intended to be used as bench mark ele
vations. We know that the top of rail is constantly being changed 
in elevation and anyone using a rail elevation as a bench mark for 
accurate leveling would be simply asking for trouble. There are, 
however, a number of uses for these rail elevations Which perhaps 
have not occurred to Mr. Bowers. A great many people are interest
ed in the eleva ti ::>n of places throughout the county fr::>m a casual 
Or non-technical viewpoint. Rail elevations serve their purpose 
better perhaps than our standard bench marks, unless the standard 
benCh mark happens to be located near some statiDn or public build
ing with which they are thoroughly familiar. There is also a use 
tor rail elevations Which perhaps has not occurred to Mr. Bowers, 
and that is in connection with mapping by means of air photographs. 
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Elevatl~n9 at road crossings, opposite railroad stations and at 
important bridges can be used in making maps from air photographs 
with~ut t11e necessity of putting a signal on the ground at the bench 
mark while the photograph is being taken as would be necessary with 
most bench marks. These rail elevations are practically gr~und ele
vations and are What the persons using air photographs need. There 
are other uses for rail elevations and, in spite of the fact that 
rail elevations are not accurate, except perhaps to the nearest fo~ 
or so, nevertheless, they do serve a useful purpose and form a val
uable by-product resulting from our leveling. 

Mr. Bowers' comment concerning the necessity of using care in 
locating bench mark posts so as to be out of the way of tractors and 
snowplJws and also keeping them in locations where they will not be 
covered by caving banks is a good one. These paints have been stress~ 
ed in the past in writing various Circulars concerning the desirable 
locations for bench marks. 

With regard to the adoption of a standard location for the disks 
in headwalls, this might be advisable but very frequently it will be 
found that it is inconvenient or imo09sible to place a disk in a par~ 
ticu~ar location adopted as standard and there would, undoubtedly, 
be numerous variation~ from this standard practice should it be adopt~ 
ed. It is certainly undesirable to place all bench marks which oc
cur in culvert headwalls on the same side of the track. If they are 
staggered alternately first on one side of the track and then on the 
other, a double tracking operation cannot bury more than half of 
them, where it is possible that a double tracking operation might 
cover them all if they were on the same side of the track. 

With special reference to the matter of countersinking the diskS, 
it is true that disks are occasionally loosened as a result of water 
seeping under the disk and then freezing, but the loss of bench mark 
disks in the past from this cause has been nothing like as great as 
the loss resulting from vandals knocking them out if they are not 
countersunk. A disk which is not countersunk is rather easy to remo"e, 
provided one goes about it with a cold chisel or pick. 

Mr. Bowers' comment concerning the Geological Survey disk being 
flat on the underside and ours being hollow underneath may apply to 
some of the marks Which he recovered or found dislodged on the 
older lines, but the standard disk in use by this Bureau for a con
siderable number of years past is flat on the underside. Mr. Bowers' 
comments in thi~ connection are undoubtedly correct insofar as hiB 
experience is concerned, but he is not in possession of all of the 
facts in this particular case. 

Concerning Mr. Bowers' comment regarding the light or shallow 
stamping of the disks, I see no reason why the designation and the 
year of establishment could not be stamped deeply in the disk, but 
it is not too fantastic an idea to assume that the elevat10ns may 
have to be changed in the future as a result of movement from natur~l 
causes or the necessity for some readjustment, either local or gen
eral, and in this case a lightly stamped e1evat1on would be much 
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easier to cut out preparatory to restamping than an elevation 
stamped deeply as he suggests. 

His comments concerning the quality of the mimeographed lists, 
especially as regards the distinction between the numerals three and 
five, is probably Justified. We cannot, however, always choose the 
particular typewriter that we have to use and it is not always pos
sible to get the very best mimeographing done on every sing:e job. 
I believe that the number of cases wnere trouble has been caused 
through faulty mimeographing is relatively slight considering the mass 
of information which has been sent out in that form ln the past two 
or three years. 

Mr BO'.'lers' 9uggestionR, made as he says as a result of his 
experience in recovering bench m&rks along approximately 2,200 miles 
'Jf li:1e8, certainly deserve careful consideration, and where I have, 
in the above paragraphs, taken exception to his sug~estions, it has 
been either because hi~ experience has been limlted to one particular 
section: he has not been in possession of all pertinent facts or we 
have found from experience t11a t certain ideas which are theoretlcally 
sound from a certain viewpoint do not work 0ut to the best advantage 
in actual practice. 

- 1\ -

UNUSUAL LOCATI8N OF BENCH WARKS 

John Laskowski 

(Two bench marks were established for the U. S. Weather Bureau 
at San Francisco, California, one on the top floor and the other on 
the roof of the New Federal Office Building.) 

In view of the unusual location~ of these bench marks, it was 
necessary to follow an out of the ordinary procedure for the neces
sary leveling. After encountering several delays in locating sult
abJe turning pol~ts: t~e leveling was carried to a poi~t at one of 
the wi~ding stairways of t~e building. A standardized steel tape 
~as then used in carrying the elevation to the top floor by having 
the divisions of the tape coincide with the respective divisions on 
the invar tape of a rod which was held plumb by one of the ps,rty 
~embers, and then reading the tape on t~e top floor as it was stretch
ed taut by other members of the party. Through this means a differ
~nce in elevation of approximately twenty-one meters was obtained 
With one setti~g of the instrument. Thig orocess was repeated in 
two steps to determine the elevation of the mark located on the roof 
or the building. As checks were obtained between the first forward 
and backward runnings of the section, the procedure is recommended 
for use in future similar instances. 

- ~ -
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FLICKERING LIGHTS MYSTERY SOLVED 

There i~ quoted below a brief article that appeared in the 
Oregonian of Portland,Oregon, on July 3, 1935. -

Geodetic Survey Under Way Here; 
Lights from Hilltops Explained. 

The mystery of the strange lights flickering recently from 
the hilltops 1n the vicinity of Portland has been solved. A sur
vey party of the United States Coast and Geodetic Survey is re
sponsible. 

For many years the United States Coast and Geodetic Survey 
has been carrying out a program of precise trlangulatiJn. 

Due to better atmospher1c conditions, the work is done at 
night with lamps resemb11ng automobile headlights. These lamps 
are centered accurately over bronze disks set in concrete, which 
const1tute the survey monuments and from which latitudes and lon
gitudes are determined. 

This is the cause of the flashing lights that have aroused 
local curiosity. Geodetic survey light tenders are flashing 
messages to the engineers operating the delicate measuring in
struments, which are known as theodolites. 

A theodolite is something like the surveyor's transit, ex
cept that it is more elaborate. It is an ordinary instrument 
with a college education. 

In measuring angles in triangulation it is necessary to use 
a theodolite that will measure accurately to one second of arc. 

The survey party which is extending triangulation through 
northwest Oregon is working under Norman Sylar and includes 
about 20 young engineers. Permanent stations have been reoccu
pied or established on Barnes Heights, Mount Scott, RJcky Butte, 
Vancouver, Chehalem Mountains, Mount Sylvania, Portland postof
fice, Hillvilla and other pOints. 

A great many secondary stations, including tips of smoke
stacks, water tanks and flagpOles, also have been observed on. 

At a later date exact latitudes and longitudes will be 
available for all these pOints. These are necessary for map 
production and a wide variety of surveys. 
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The U. S. Coast and Geodetic Survey has another party in 
Oregon under Lieutenant Robert W. Knox at Astorta and is making 
a new series of charts of the Columbia River. It is also car
rying on triangulation work close to the borders of the river. 
Work of the two parties 1s closely coordinated. 

-/:).-

SOME PROBLEMS IN ESTABLISHING TRIANGULATION STATION MARKS 

Some time ago a series of questions were submitted to this 
office by a chief of party with the request tnat they be answered 
in the Geodetic Letter. The questions and an~wers follow: 

1. In the case of a new station, shouId the azimuth mark be 
marked "Azi" or R.M. No. 31 

Answer: New marks have been designed and purchased for use 
as azimuth marks. In the future tnese will be used for all azimuth 
marks. 

2. In the case of occupation of statl~n9 marked by other or
gani za tl ans; 

(a) Should tne station be remarked if not in good condition 
or should a new mark be established and a tie made to the other sta
tion? 

(b) If the stat10n 1s sufficiently well marked what stamp, 
if any, should be placed upon it? 

(c) If additional reference marks are established, how 
Should they be stamped? 

Answer: (a) Station marks that are not in good condition 
should be-remarked regardless of What organIzation established 
them. It is preferable to occupy the old station rather than 
to establish a new station and make a tie to the old one as con
nections by distance and direction often cause confusion. 

(b) Stations of other organizations t~at are suf
ficiently well marked should not be stamped at all. 

(c) Additional reference marks should be stamped 
witn the name of the station followed by the initials (in paren
thesis) of the organi%ation Which established the station and 
each reference mark should be given a number as in marking ref
erence marks for our own stations. 
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3. Where old U. S. Coast and Geodetic Survey stations have 
only two reference marks marked respectively R.M. # 1 and R.M.# 2, 
one of Which was used as an azimuth mark; 

(a) What should be stamped on new reference marks plaoed? 

(b) Sh~uld the azimuth mark be stamped "Azi"? 

Answer: (a) New reference marks should be stamDed with the 
name of t:le station followed by the Rext consecutive number as # 3 
and # 4 and dated with the year the station wa9 established, fol
lowed by the year the reference ma~k is established. 

(b) The azimuth mark should be stamped "Azi". 

~. Where old stations with # 1 and # 2 reference marks are 
recovered with one of the reference marks established, what numberS 
Should be given the new reference marks? 

Answe~: They should be numbered # 3, # ~, etc., followed by 
tbe year in which the station was established B.nd the year the new 
reference marks are established. 
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REACTIONS TO GEODETIC LETTER NO.5, MAY, 1935 

(~he full letters from which these extracts are taken will 
probably appear in a future issue of this publication. ) 

"I appreciate receiving a copy of the Geodetic Letter for 
May, 1935, on tne use of geodetic control for boundary surveys. 

"The twelve land banks under the supervision of the Farm 
Credit Administration are vitally interested in private boundary 
surveys in connection ~'ith loans on farm lands in all-parts of the 
United States and it oocurred to me that you might wish to send 
copies of your Geod.etic Letter to the banks for their information 
in this matter. Accordingly, I am attaching a list of land banks 
with the names of the heads of the engineering departments for all 
except Districts Nos. I and 2 which have no engineers attached to 
the banks •••• " (Mr. Thomas Hawthorne, Senior Hydraulic Engi
neer{ Land Bank Division, Farm Credit Administration, Washington, 
D. C. ) 

- 6. -
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"The Geodetic Letter received and hope its contents will take 
legal place of beginning in our Texas survey matters. 

"In early Texas history when surveying methods were under die
cU8sion, it was proposed to adopt the U. S. Land survey method, but 
when it W&S not done, onR man said then, "Gentlemen, WE will have 
to educate all our boys as attorneys to take care of the Ii tigatIons" 
and so those of us who have made any degree of success as land sur
veyors, first had thorou~h legal training. 

"I have put in several hundred miles of County Boundary lines 
durin~ the past two years and have referenced to triangulatIon sta
tions where I knew about them •.... " (~~. A. L. Harris, County, 
District and State Surveyor, Lubbock, Texas.) 

- 6 -

"I was greatly interested in your recent Geodetic Letter con
taining a symposium on the use of plane coordinates and the legis
lation in the State of New Jersey. It is very well written and the 
matter convincingly presented, and I hope that you will be able to 
give it a wide circulation. 

lilt is most important in getting thie method of describing 
property generally adopted to make it at fir~t legally permissible 
without being mandatory. Most of the smaller property surveys and 
descriptions are made by surveyors whose knowledge of geodesy and 
geodetic surveying is very limited, and they will not study the sub
ject or change their methods except as they see by actual demonstra
tion that the old system is being superseded by a better one. They 
will have to see the new system in use to be convinced of its ad
vantages, and the sooner its use is allowed the sooner will its su
perior1ty be recognized; but to make it mandatory before they are 
thorough~y familiar with it would result in much confusion and in 
many errors ••••• " (Mr. Gordon Macleish, Civil Engineer, Santa 
Barbara, California.) 

-6-

J'We wi sh to thank you for the copy of the .11 Geodetic Le tter, 
No.5, Volume 2, of May 1935". The subject matter presented has 
been read thoroughly and we wl!ih to place ourse1.vee on record as 
desirous of receiving any further letters that may be written along 
these lines. 

"The matter of u~ing the national trianguJation system for 
control of local and private surveys and descriptions, iA of great 
importance to the Rancho, and we on1y regret that such control was 
not made compulsory by California legislation years ago. 

"Within the rambling boundaries of thi~ old Spanlsh Grant, 
comprising some 203,000 acres, no sectionizing was done by the 
Uni ted States. Consequently I we have had nothing in the way of 
~onumentation ugon which to hang numerous map~, surveys and lease 
e~criptions ot er than the exterior boundaries and corners of the 
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Grant. Some of these maps are quite ext~nsive, the comDilations of 
thousands of dollars worth of survey works, accurate within them
selves no doubt, but uncorrelated, tied to l.ittle or nothing, and 
floating in space. Triangular control with rectangular coordinates 
tied into the national sy~tem, applied to these surveys in the fir~t 
place, would have made of each m~p a piece of complete mosaic fitted 
accurateJ.y to its place. 

"Having of late come into possession of the geodetic data of 
the U. S. C. & G. S. Stations strung along the coasta] boundary of 
the ~ncho for some twenty-five miles, we ere now endeavoring belat
edly to achieve such correIa tion with the old maps and ins~ sting 
that all future surveys shall be properly tied to the nationa1 sys
tem unless too remote to be practical. II OIr. Harry L. Heffner, Man'" 
ager, Rancho Santa Margarita, San Diego County, California.) 

-6-

IIYour Geodetic Letter No.5 Vol. 2, of May,' 1935, received and 
read with great interest. 

III am glad something in this line has been done, and hope it 
will awake the Engineering p~ofession as a whole to the many advan
tages we would gain by having most of our work tied in to the U. S. 
Coast and Geodetic Survey, and thereby it would "pave the way" for 
us in getting a bill passed, in establishing a system of plane co
ordinates for our State, and to start with, have our system of 
State Highways and all new resurveys by the General Land Office, 
tied in to the U. S. Coast and Geodetic Survey. Thus we would grad'" 
ually work up to having most of our important work tied in to the 
above eyetem. 

"If we only could get started in the right direction, so that 
people woul.d have a chance to become educated to the permanence of 
this work, they wouJd begin to demand it, and by thRt time the Geo'" 
detic markers wouJd be closer together, and it would become compar
atively easy to make the required ties ••• 11 (Mr. J. A. Gjelhaug, 
C.E., Chippewa National Forest, Cass Lake, Minnesota.) 

- A -

A FEW TRICKS IN RECONNAISSANCE 

L. G. Simmons 

In profiling a line or determining the relative position and 
elevation of a proposed triangulation station or prominent object, 
particularly in fairly open country, there are some short cuts a
vailable to the reconnaissance engineer which not only reduce the 
time but also increase the accuracy in obtaining thiS data. Fol-
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lowing is a description of some methods used in the field to this 
end. Instruments required are a hand azimuth-compass, transit with 
vertical circle (reading to one minute is sufficient), a tape at 
least 100 feet in length, and a slide rule. The last mentioned is 
not necessary, but is of great convenience. 

Many times each day, during the course of triangulation recon
naissance, the knowledge of the distance and relative elevation of 
a water tank, hill, tree, house or some other object, becomes high
ly desirable, either in determining the position and elevation of 
the object itself, or the reverse; i.e., the determining of the po
sition ana elevation of the observation 'point from a known object. 

The distance and relative elevation of an object not more than 
12 miles or so away can be determined in 5 or 10 minutes with an 
accuracy of about 0.2 mile and 5 to 10 feet of height. No mathemat
ical tables are needed. All that must be known i9 that the earth's 
curvature in feet equals 0.57~ times the distance squared (in miles) 
and that an arc of one minute is subtended by 1. 53l feet at th.e 
distance of one mile. 

p 
p --.-

Figure 1. d 
Figure 2. d 

Q 

M 

Consider Figure 1. Required the distance Cd) from the in
strument position at "M" to an object at "PH. (The angle in this 
figure is greatly exaggerated.) Select a point "N" at a distance 
of "SW feet from "M" and at about a right angle from UP". Measure 
angle A; then set over point "NI' and measure angle B. Angle P 
then is equal to B minus A. In other worde a distance of MS" at 
the observation point subtends an angle ot "PM at the distance 
"d n of the object concerned. The distance "d" then becomes 
s/1.5* P; ltd" being in miles, "sIt in feet and lip" in minutes. 
The prfnciple involved here is, of course. very eimple. Difficul
ties arise, however, in actually accomplishing this measurement in 
the field in a reasonable time and with an accuracy sufficient to 
~ake the result of any value. It will readily be seen that the in
strument must be very accurately centered over M and N, which, in 
~indy weather would take considerable time. This diffioulty is 
oVercome by first selecting a second distant object "Q" anywhere 
from about 1/4 mile on up - the further, the better. And this 
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object does not necessarily ha ve to make a right angle with "p" 
but any angle - say from 35 degrees to 1~5 degrees. The nearer 
this angle i~ to 90 degrees, however, the more effective will be 
the base. 

The instrument is now set up over M and sighted toward Q 
(see Figure 2) and the point N lined up with Q at a distance of, 
say, an even 100 feet. Angle A is now measured using Q and P as 
si~hts, and, leaving the plates still reading angle A, the instru· 
ment is set over N and the angle B i~ "unwound" from P to Q, and 
what remains on t~e plates (negative in this case) is angle P. 
In case angle B is measured fIrst, then the value P on the plates 
will be positive after t~e meChanical subtraction. If a minute 
translt is used and the distance ttd" is very great, angle A should 
be "wound up" three times at M and "Jnwound" three times at N, 
leaving a value of 3P (negative) on the plates. The 100 foot bare 
(MN) is reduced to the effectlve base "s" by multiplying by sin A 
(slide rule). If "d" is about 10 miles, an error in the base of 
one foot will affect the result only about 0.1 mile; and an error 
of several inches in the alignment of point N, if Q is at a con
siderable distance, will have no appreciable effect in the result. 
Point M need not be marked on the ground at all, and N only with 
a rock or stick until the instrument can be placed over it. No 
plumb bob is needed. The instrument can be placed over N by eye 
closely enough. If one man is working alone, the point N can be 
occupied with the instrument first and M then lined up with Nand 
Q by eye, hooking the tape to the instrument over N and backing 
up, say 100 feet, end dropping a rock in line at this distance. 

For distances lid" up to about 5 miles, an accuracy of better 
than l/~ mile can be determined merely by setting up at M, meas
uring A, picking up the instrument and pacing 100 feet toward Q 
and "unwinding" angle B at N. Points P and Q may be the top of 
a water tank, gable of a house, branch of a tree, rock on a hill 
or any object on Which a fine pointing can be made. A greater 
accuracy can be obtained by increasing the length of the base, but 
100 feet is sufficient for distances up to about 12 miles, and is 
convenient when a 100 foot tape is used. The relative elevation 
of P can easily be determined, of course, from the vertical angle 
to it, after the distance is known. Many times during the profil~ 
ing of a line the elevation and distance of an intervening possi
ble obstruction are desired. These can be determined with suf
ficient accuracy by the "pacing" method mentioned above, in about 
two minutes of time. 

In open country, relative elevation of all stations can easilY 
be determined from prominent objects such as water tanks, grain 
elevators, hillS, etc., and in sectionized co~ntry where all pointg 
can be plotted accurately, there is no need for the measurement of 
distances, merely of vertical angles. This reconnaissance party 
has been supolylng elevations of all stations after making ties to 
known sea-level elevations. At times it has been as much as 200 
miles between ties, but the elevations have never ~ailed t~ check 
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better than 25 feet except once when the error was ~O feet. 

Once the relative elevations and distances between stations 
of the reconnaissance are known, there is a very rapid method (in 
open or fairly open country) in determining the height of signal 
that will be certain to clear the line. The field work consists 
only of taking the maximum verti~al angle to anything on line from 
each end of the line; i.e., set up at one station, point the teles
cope to the other by means of a compass, and tilt the telescope up
ward until the center horizontal hair just clears everything on 
line, allowing, of course, for small errors in horizontal pointing, 
and read the vertical angle. This process is repeated at the other 
end of the line. The point where these two verticals meet repre
sents tne worst possib:e obstruction in the line, and if signals 
are computed and erected to clear this pOint, an obstructed line 
cannot result. However, if the objects to which these vertical 
pointings were made from each station are at a considerable dis
tance along the line, the computed signal heignt will be too great. 
The nearer these two objects are, the more closely the computed sig
nal heights will represent those necessary to just clear the line. 
It very often happens that the two verticals are taken to the same 
intervening ridge, line of trees, buildings or other obstacles; or, 
if not the same, to obstacles fairly close together. When this is 
true, no better determination of the necessary signal height can 
be made. It also happens very often that the signal heights com
puted in this way are equal to or lower than those needed over other 
lines, and further investigation of the line in question is auto
matically eliminated. 

jr-~~ ___________________ n~ ________________ ~ 

h 

~~~~~d~~T. 
Figure 3. 

The eolutlon of this problem 1s indicated below. Consider 
Figure 3: 

E and F are the stations at each end of the line in question. 
d is the length of the line in miles. 
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VI and V2 are the maximum verticals in minutes taken from E 
and F respectively. 

Sl and S2 are the actual slopes of the lines EF and FE com-
puted at E and F respectively, taking into consideration the dif
ference of elevation between E and F and the curvature over the 
line EF. It will be seen that these slopes (expressed in minutes 
in this problem) are different, as the curvature will have a neg
ative effect in one case and positive in the other. 

P is the point at Which the two maximum verticals meet. 
H is the vertical distance between P and the line EF, in feet, 

and i8 the signal height necessary at both E and F to clear P. 
m is the distance, in miles, from E to the point P. 
n is the distance, in miles, from F to the Point P. 
A is equal to VI minus 51 and B is equal to V2 minus 52. 

Both A and B are in minutes. 

The curvature over the line EF is 
Aesuming "h" to be the difference 

F, (F the higher station) expressed in 

2 
• 574d • 
in e1evetion between E and 
feet, then 

1+ 
2 

S :: -1:L~5.JH2._ 
1 1 1;3 1:. d 

."" 2 

and S 
2 

= 
2 

:-h - • .514d_ 
1.53id 

A and B then can be readily computed from the Rbove formulae. 

Now, as A and B are relatively very small angles, we have 

!! :: !!., and m -+ n :: d. 
B m 

m and n can quickly be solved on the slide rule, by setting 

up the ratio A and running the glass along the rule until two qU&n~ 
tities are B found which add up to d. 

H then eau.l~ 1. 53~ rnA or, for a Check, also equals 1. 53! B. 
The heignt of signal needed to clear P then is H feet at both 

E and F. Incase equal s~gnals are not desired (8 higher signal , 
may be needed at one station for some other line, thus making it poS 
cible to reduce the signal at the other station) then, for example'a 
if the signal at E is reised 26 feet, the signal at F may be reduCe 
n x 26 with safety. 
m 

The above solution may appear a bit too formidable for fleld 
use, but a very smell amount of practice has oroven that it can be 
done easily in three minutes of time. This method of computing gig' 
nal heights makes it unnecessary to get on the intermediate point 
for instrument work, and as the maximum verticals taken are to the 
top of the obstruction, no separate measurement or guessing of tree 
heights or building heights need be made. 
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Of course, there are types of country where these methods 

will be of little use, but it will very rarely occur where at 
least a modified form of one or all of these methods cannot be em
ployed to advantage. 

- t::,. -

MONTANA EARTHQUAKE OF OCTOBER 19, 1935 

In Japan and the western part of the United States, surface 
movement i~ a not uncommon accompaniment of severe earthquakes. In 
Japan geodetiC work almost automatically follows such an earthquake. 
In the Idu shock of 1930, precise levels were in progress in the epi
central region and rerunning of the lines was almost immediate and 
waR carried on while strong aftershocks were still in progress. 

The geodetic parties of the Coast and Geodetic Survey have dur
ing the past ten years, made geodetiC surveys in regions of seismic 
activity to determine the movement of the ground when an earthquake 
occurs anc to secure data that could be used in making studies of 
earth movements of future earthquakes. Levels were repeated after 
the Long Beach earthquake of March, 1933. In addition, levels were 
rerun in the central region of the northern Utah earthquake of July, 
1934, and levels were run in the region of the Cedar Mountain earth
quake of December, 1932, though there were no previous levels for 
comparison. 

From October 12 to lB, 1935, there were more than 200 shocks of 
varying intensity which were felt most strongly in the vicinity of 
Helena, Montana. The one on October 12, was particularly strong but 
the main shock W8.S on October 18 and resul ted in the loss of several 
lives and $3,000,000 damage to property. Cracks in the ground were 
reported to the northwest of Helena. Mr. F.P. Ulrich, in charge of 
the strong motion work of the bureau in California, proceeded with 
his assistant, Mr. D. S. Carder, on the day following the principal 
shock and by the night of October 21, he had two instruments for re
cording strong motion set up in the Federal Buildi~g at Helena. He 
recorded a considerable number of aftershocks. He also made other 
investigations in connection with the earthquake, among them, an at
tempt to outline the area over Which geodetic work might be called 
for. The first epicenter as determined from telegraphic reports was 
about 40 miles northeast of Helena but with more reports it became 
evident that it was within ten miles of the city. This was confirmed 
by the distribution of the damage and by the records of the aftershocks 
which indicated that the point of origin could not be far away. 

Immed1ately after the earthquake, Mr. Francis A. Thompson of the 
Montana Bureau of Mines and Geology, requested the bureau to repeat 
geodetic work in the vicinity. While no such work has been done in 
the vicinity of Helena for the main purpose of laying a foundation f~ 
earthquake studies, there are many lines of levels in the region and 
also triangulation. There is, therefore, ample opportunity to obtain 
Useful results by repetition of either class of work. However, it is 
not likely that the work can be done in the near future unless addi
tional funds are prOVided. 

- 6. -
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REPORT OF PROGRESS 

Triangulation: 

Lineal miles of triangulation through axis of 
schemes completed during August, 1935: 

First-o~der - - - -
Second-o~der - - - - - - - - - - - - - - -

·Completed during September, 1935: 

First-order -
Second-order 

Total miles of triangulation completed to 
September 30, 1935: 

Levels: 

Flrst-o~der - - - - - - - - - - - - - --- -
Second-order - - - - - - - - - - - - - - -
• Most field work ceesed in August -due to 

lack of funds. 

Lineal miles of levels completed during August, 
1935: 

First-order -
Second-order 

• Lineal miles of levels completed during septem
ber, 1935: 

First-order -
Second-order 

Total m11es of levels completed to September, 
30, 1935: 

First-order -
Second-order 

- - -
• All progress for September is releve1ing. 
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.JUST ONE OF THOSE THINGS 

Failure of private bridge 26 miles from nearest M.bita
tion in Encinal, Tex. Truck driver he.d to walk back for as
sistance. Bridge was torn down, truck ea.sed into the strea.m 
then pulled out with winch truck. The bridge was then re
buil t. 

- 3 -
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COOPERATION BETWEEN RECONNAISSANCE AND TRIANGULATION 
PARTIES WITH ESPECIAL REFERENCE TO CONTACTS 

WITH THE PUBLIC 

C. L. Garner 

Chiefs of reconnaissance and triangulation parties fre
quently make recommendations to this office with regard to 
the necessary details of work which they say should be accom
pll~hed by the other organization so as to facilitate their 
own part of the field work. 

Because of this it seems important to contrast the char
acter of the work of the reconnaissance and triangulation par
ties for the purpose of brInging out the essential features 
which should be performed cooperatively by each of the parties 
in order to avoid duplication and to accomplish the completed 
field work with the least effort and cost. It must be borne 
in mind constantly that once the survey wo~k is completed, the 
station marks are the only tangible results remaining from it, 
and in order that the greatest use may be obtained from these 
marks it i~ necessary that they be of service to the greatest 
number of people for the greatest possible length of time. 

Triangulation parties sometimes complain that their build
ing parties and lightkeepers have been delayed in reaching the 
station~ for want of accurate descriptions of the routes to the 
station; lack of information as to the avaIlability of pack an
imals a.nd supplies; whether boulders or outcropping bedrock 
will make it possible to install the marks in them or if con
crete marks will be required; whether the stations may be reach
ed by pack animals the entire way or only partially so; lack of 
spectfic estimates of the heights of signals required or, if 
clearing is decided to be preferable, lack of information as to 
the amount of clearing actually involved. In general, it is be
lieved that the reconnaissance parties do obtain most of the es
sential information of this nature and while occa.aionally there 
may be some omiss1on, it may be due not sO much to the negli
gence of the person who did the reconnaissance as to something 
over which he had absolutely no control at the time he visited 
the station; such, for instance, as being unable to contact the 
property owner because of his absence at that time. 

For a reconnaissance party to obtain all conceivable in
formation which might be of value at each station selected, it 
Would be necessary to examine the country minutely to determine 
every route of approach by trucks, pack animals and otherwise, 
and to interview the property owners and obtain their permiS
sion not only for establishing the stat10n but for crossing the 
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land in getting to the station. Many times people are not 
at home and for the reconnaissance party actually to inter
view and obtain the necessary permts~ion for every possible 
operation might requlre as much as several days for a. sta
tion. The triangulation party rarely needs all of such in
formation because, in the majority of cases, the approach 
to the station described by the reconnaissance party is the 
onl_y one that is practical and the remainder of the work 
would be uReless. 

Report~ from triangu"!.ation parties Indica1:.e that there 
were a few stations which apparently were not visited by re
conn8.issance partles. The reports came from parties working 
in the west where most of the stations were on mountains or 
hills which did not require the use of towers. No station 
can be properly described unless it has been visited, and a 
poor deQcrlption may easily result in the loss of a day's 
ti~e to the building party and perhaps to the observing par-
ty as well. The average triangulat10n party, as compared to 
the reconnaissance unit, is composed of a large number of men 
who are working on a definite schedul.e and any interruption 
in their program cause~ delays which are expensive. All 
points therefore, regardless of how conspicuous or obviouo 
their select10n may be, should be visited by the reconnais
sance mnn and an adequate descript1~n written covering the ap
proach.and other conditions so that there will be no possibil
ity of the trlangulation party being delayed. It seems par
ticularly important that those in charge of' both the reconnais
sance and triangulat1:)n parties shoul.d have as their objective 
t~e completion of the entire project in the most effic1ent man
ner and with the lowest unit costs. 

The matter of interviewing property owners for the pur
;:>oge of obtalnl~g perm~sgi~n for establishing the stations, 
entering or driving across their property, etc., is something 
which the reconnaissance party will never be able to do so 
thoroughly that the tr1angulat1on party will be relieved of 
responsibility in connect1~n therewith. Even though the recon
naissance party ha~ made arrangements with the property owner 
for the establishment of the stat10n it will never be able to 
matte sLlch a complete explanat10n of What is to be done that 
the owner will be w1lling to have the triangulation party pro
~eed through hig premises and start work without some add1tion
al word of explanation. Ordlnary courtesy demands that the 
foreman of the building party or the chief of the triangula
tion party, where practicable, 1nterview the property owner 
before proceeding to the station. In such matters as these, 
p'!"'operty rights must be observed because it ig only by contact 
With property owners and courteous treatment of them that we 
Can obtain their cooperation in the establishment and protection 
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of our stations. Fences must be left in as good condition 
as when our parties entered the property. Gates should be 
closed and trucks should not be driven over the land any 
more than is absolutely essential. Ruts formed by driving 
trucks in soft land should be filled in on completion of the 
work since if they are left unfilled they become the begin
ning of washes at the first heavy rain. 

Some of those engaged on triangulation recommend that 
the reconnaissance parties should select and temporarily 
mark the exact location of the station marks, reference marks 
and azimuth marks. Perhaps the reason behind this suggestion 
is the fact that frequently the station and azimuth marks are 
on land which is not owned by the same person. In such case, 
naturally, separate permission for the establishment of the 
azimuth mark is required and, since the reconnaisRance party 
is smaller, the cost of the extra time required to obtain this 
permiRsion wc>uld be con~iderably less if this particular part 
of the work were done by the reconnaissance unit. This dif
ference in the cost of operation between reconnais~ance and 
triangulation parties should never be forgotten by the recon
naissance man. However, it does not seem necessary or reason
able that the reconnaissance man should be required to defintte
ly ~elect the positions for all of the marks. Temporary marks 
are frequently disturbed or moved and this might easily lead 
to confusion or cause the building party to misplace the per
manent marks. 

It is always well for the foreman of the building party 
to proceed to the station slightly in adv~nce of the building 
party in order to interview the property owner and explain 
that he is prepared to establish the station, build the tower, 
etc., and to initiate the triangulation for which the recon
naissance man previously obtained his permission. Such a con
tact is appreciated by the owner of the property because his 
rights are respected and he is impressed by an organization 
which proceeds systematically and explains reasons for and ben
ef1ts of the work. 

This question of contact with property owners is a very 
important one as it involves the protection and therefore the 
permanency of our stations. Chiefs of party who approach the 
owner in a courteous businesslike manner impress him with the 
valuable nature of the work and create in him a de~ire to co
operate heartlly in maintaining the station. Where the trian
gulation party does not follow the reconnaissance party within 
a period of two or three months, it become~ necessary for the 
property owner to be interviewed allover again s.nd be given 
a further explanation of the necessity of the work for many 
of them may have changed their minds or at least may need to 
be reminded of the previouS contact by the reconnaissance man. 
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Some parties have a system of interviewing all p~oper
ty owners in advance of the building party and also Uge a 
form for reporting this interview. Thi~ same form passes 
through the hands of the building party, observing party and 
tearing down party and is initialed by each foreman or ob
server in turn. The use of thts form by one party was very 
successful and no damage claims have been received. 

Repeated contacts with property owners or other inter
ested parties must not be con~idered as duplication of effort 
but as something essential in educating the public to the val
ue ~f our work. In fact, the little extra time spent in ex
plaining the purposes of our work and the value of our sta
tions often gains a friend f~r the Survey. 

The relations of our field parties with local people in 
these matters may be the deciding factor as to whether the 
Coast and Geodetic Survey W\ll be regarded in a friendly or 
hostile way in that community. A single dissatisfied person 
can influence many people to his point of view, par·ticularly 
when our parties have moved elsewhere and there is no one to 
come to our defense. 

The same thing is true of correspondence between the 
chiefs of party and outside people, particularly property own
ers. Letters should be courteous, and should be written with 
the view to securing cooperation with the public through friend
ly dealings rather than by any brusque attempt to show the au
thority of the Government. 

Many citizens undoubtedly feel that the Federal Govern
ment has the right of eminent domain and therefore they are 
hesitant to refuse our employees entry on their land or per
mission to establish stations on their property. But it-iS 
much to be preferred that permlB~ion for the station be grant
ed bec8use of a desire to cooperate with the Government rather 
than from a feeling of compulsion. 

We know that eventually every property owner on whose 
land one of our stations or bench marks ~s located, will be 
benefited by it, and the work of our parties should be such 
as to educate them to this fact. When they see this, the in
formation will be passed on to their neighbors and, from then 
on, our field officers will have very little difficulty in ob
taining entrance onto private property for the purpose of ex
tending our control work. 

These sidelights on the relation between the reconnais
sance and triangulation parties and the defilire f~r more thor
ough cooperation between them in the accomplishment of the fi
nal task, is published with the hope that it will be read and 
studied by all of our field personnel. Comments are invited 
in order to obtain all viewpoints on the subject. Construc
tive critiCisms will be printed in the Geodetic Letter. 

- l'\ -



00 the right 1s shown 
a Bilby steel tower 
giving a view of the 
intricate, detailed 
structure of the inner 
and outer portions of 
the tower as it nears 
completion. 
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UP IN THE AIR 

steel tower, 123 feet high 
erected to see over obstruct
ing tree tops at South Base, 
Palo Alto, California. 
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THE COAST SURVEY 

Unoer the general heading of "The Coast Survey" there 
apgeared in the Princeton Review for April, Ig~5, a splen
did article describing in some detail the purposes and meth
ods of such a survey. While that article is too long to per
mit its being reproduced here in its entirety, the following 
excerpts should prove of interest to the readers of the Geo
detic Letter. They form an excellent commentary on the firm 
foundations upon which our first Superintendent, Ferdinand 
Hassler, built this great organization. We are indebted to 
Prof. Philip Kissam of Princeton University, for calling at
tention to this article. ---Editor. 

IIOur readers who are in the habit of perusing the pro
ceedtn~s of congress, must have seen frequent notices of the 
important work now in progress in our country, called the 
coast survey. Yet from the tenor of the frequent inquir1es 
we hHve heard in reference to this work, we are led to believe 
that there exists in tl1e public mind generally no very defi
nite idea of its nature and importance. We have therefore 
thought that a few pages of our review devoted to a popular 
exposition of the obj~cts, the method of operation, and the 
history of the survey, would not be uninteresting to our read
ers; and perhaps be of some service in the way of enlisting 
public opinion more generally in favor of the work, and of a 
liberal appropr1ation of means for its proper and speedy com
pletion. 

'II 'I::~ principal obj ect of the COB.st survey, is the forma
tion of an accurate map of the outlir.e of our extended sea
board, from its northern extremity in the state of Maine, to 
the limits of our possessions on the Gulph of Mexico; giving 
the latitude and longitude of the principal points, a minute 
delineation of the line of the shore, a sketch of the topog
raphy of a strip of the country pars.llel to the coast, an ex
act determination of the form of the bottom of the sea, with
in the space limited by the depth accessible to the ordinary 
sounding-line, the nature of the bot tom, whe ther of c18.y, s'and, 
or gravel, the posItion of bars, channels, and harbours, the 
direction and velOCity of currents, the depth and temperature 
of the water, the bearings of the magnetic needle, and all 
other particulars immediately connected with the wants and 
improvement of navigation. In the accurate determination of 
these points of immediate practical utility, a number of re
sults in the highest degree interesting to science will also 
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be obtained. Such as the data for a new determination of 
the form and magnitude of the earth; the variation of ter
re~trial gravity; additions to our knowledge of the phenom
ena of terrestrial magnetism, and other determinations of 
a purely scientific nature, which are regarded with the 
highest interest by the learned in every part of the world. 

liThe importance of such a survey must be evident to 
everyone who reflects on the nature of the art of naviga
tion, end its connexion with the commerce, and consequently 
with the prosperity of our nation. It is not, however, a 
work in which this country is alone interested, but one which 
affects the Whole civilized world. It is a duty which every 
nation owes to every other, and to humanity in general, to 
furni~h the mariner with 8n authentic delineation of its 
coast. The dangers which threaten the sailor in the miost 
of the wide ocean, are nothing in comparison with those 
which beset him as he approaches the land. With la sea
worthy' vensel, and a wide space for unobstructed motion,he 
can laugh at the ordinary force of the winds and the waves. 
The~e, however,formidable they may appear to the inexper
ienced ls.nel.sman, are formed of yielding materials, and usu
ally spend their force in merely changing the direction of 
the vessel, or in urging it more rapidly on its way; but the 
mere suspicion of a sunken rock, the pOSition of which is 
not precisely known; or the unexpected appearance of a break
€r, is sufficient to strike with terror the mariner who would 
brave unflinchingly the lightning and the tempest. The alter
natives of life and death, of wealth and poverty, are almost 
every day unavoidably staked by some one on the accurate de
termination of the position of a head-land, a sand-bank, or 
the true direction of the needle; and culpable must that na
tion be in the eyes of the world, who boasts of civilization, 
a.nd yet does not furnish the data for these determinations ••• 

"The ordinary method.s of land surveying, are entirely 
inapplicable to a work of this kind. It is impossible to 
combine together the partial determinations of small districts 
so as to produce an uniform and con~i8tent whole. The length 
of a line of forty or fifty miles, extending from one jutting 
point to another, across the water, is often required within 
a limit of error which does not exceed a few feet, or perhaps 
inches; ann the position of points must be determined at the 
distance of ma.ny miles from land, to serve as the bases of 
!=;ounding operations. The only method which can be employed 
to obtain accurate results of this kind, is one in which 
lines and angles are measured by means of trigonometry, com
bined with astronomical observat1ons at the more important 
points. This method consti tutes a bra.nch of phYSico-mathe
matical ~clence, to which the name of geodesy has been applied. 
Its origin is to be referred to the various labours which have 
been instituted since the time of the astronomers of Alexandria, 
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to determine the form and dimensions of the earth; but it 
has only been brought to any degree of perfection since 
the middle of the last century, by the labours principally 
of the English and French surveyors . . • . 0 

"It might appear, at first sight, that the process 
here described, is one of no great difficulty of execution, 
and that it could be safely intrusted to men of ordinary 
scientific acquirements. Indeed, such an opinion has been 
expressed in congress: but nothing can be further from the 
truth; and any line of policy in reference to the coast sur
vey, founded on thin opinion, would be attended with the 
mo'st disastrous consequences to the success of the work. 
Every error of measurement or of observation, every fault 
of calculation or omission of circumstances, is increased 
and multiplied as the survey is extended, until they amount 
to discrepancies utterly inadmissible in an operation of this 
kind. To insure, therefore, the requisite degree of accura
cy, a.ll the resources of phYSical SCience, and all the appli-
8.nces of the mechanic arts, must be brought into requisition 
to meet the difficulties which nresent themselves from time 
to time, under the constantly varying circumstances. The 
truth of these remarks will be evident from a more minute ex
amination of some of the processes of the operation •..• " 

6 -

AFTER THE STORM 
--- - - ~~ .;rr- --=--

~~===~=iid~ 
Ca.rnp at Columbus, Nebr., after a tornado. 
No towers in this vicinity were wrecked. 

6 -
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NEW JERSEY ADOPTS ~JANE-COORDINA~E SYSTEM 

Philip Kissam 

(Reprinted from Civil Engineering for November, 1935.) . 

On March 25, 1935, Governor Hoffman signed a bill that 
had just been passed by both houses of the New Jersey state 
legislature. This bill defines and adopts the plane coordi
nate system which has been devised for the state by the U.S. 
Coast and Geodetic Survey. Its enactment is one of the most 
important forVl1ard steps that has been taken in many years in 
the very old art of describing boundaries. 

The idea of describing property by metes and bounds in
stead of relying entirely upon boundary markers like fences 
and streams, is believed to have developed in ancient times 
in Egypt, where the fertile lands bordering the Nile were cul
tivated after the annual flood had subsided and after all 
marks showing the boundaries of individual properties had been 
destroyed by the inundation. A crude form of surveying was 
deve10Ded which made it possible to re-run these boundary 
lines annually. l'I'hen the compass becBl!le an instrument of 
some preCision, the use of metes and bounds became an accept
able aid in the description of property. Owing to the vari
ous inaccuracies of the compass, its chief use was to aid in 
the recovery of old points marking the boundary, B,nd for the. t 
reason it never became an acceptable primary method of find
ing the land. 

With the development of the tran~it and the steel tape, 
a peculiar condition arose in regard to property descriptions. 
Over small areas an ordinary transit survey will locate 
the property as accurately as will markers. Thus descrip
tions by taped distances and tr'ansi t angles were more and 
more relied upon by surveyors required to stake out property 
corners. However, the ol~ custom persisted of describing the 
location of a property by reference to a point of beginning 
difficult or impossible to find, with resulting disagreements 
in the actual 10cati6n of the land. Persons tr'ansferrlng prop
~rty were aavtsed to include in the description references 
to adjOining properties. Moreover, legal advice often indi
cated to the person selling the property that he would be 
more certain in his guaranty of title if he sold the property 
according to the description of it given in the deed by which 
he originally acquired it. Thus, partly owing to poor points 
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of beginning and partly to old recopied descr1pt10ns which 
were not accurate enough for the type of real estate involved, 
there hps grown up 1n this country a peculiar 8ituation -
there is no lack of the surveying skill needed to accurately 
locate property but the results are vitiated by improper 
methods of application. 

Problem of Flnding the Point of Beginning 

Another factor that has had an unfortunate effect on the 
accuracy with which property is located is the importance at
tached to long and careful search of title. This factor ac
counts for the fact that descriptions of property have been 
worded so as to facilitate following the chain of title back 
to the original grant. This has also encouraged the tendency 
to use, not a modern descri~tion of property, but the original 
de~cr1ption as provided to the buyer of that particular div1-
sl~~ of land. 

The land surveyor has thus been confronted with the prob
lem of locating property by an old description and, without prop
er points of beginning. Where the land is in a town, the polnt 
of beginning is usually described as being at a given distance 
and in a given direction from a street intersection. Usually 
no worse point could be chosen. Street intersectlons, being 
on public land and not subject to adverse possession, are not 
carefully watched, are poorly described, and are seldom offi
cially marked. The determ1nation of a street line becomes al
most an impossible feat. Thus land surveyors have been forced 
to locate property by means of descriptions which do not agree 
w.ith ground conditions. 

A special technic has been developed, and it has become 
necessary to have especial i~formation for each particular lo
cality. Surveyors have often been obliged to do a large amount 
of research merely to layout one piece of property. In order 
to get returns on this research, they found it necessary to re
sort to private marks to make it impossible for other survey
ors to reap the rewards of their expenditures. More confusion 
develo~ed. Title companies were obliged to employ staffs of 
surveyors 90 that it would be possible to locate property con
slstently over large areas. 

With modern surveying skill, this sort of confusion, re
sulting in expensive boundary litigation as well as costly er
rors in the location of buildings and other structures, can be 
eliminated. If the confusion is to be entirely e11minated, 
however, one important principle must be followed. Throughout 
large areas pOints must be establighed and carefully marked by 
permanently set and thoroughly described monuments, completely 
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interconnected by surveys, so that the monuments can be re
placed, when lost, by surveys from other monuments in the 
system. The lines and distances coordinating such monuments 
must be measured by surveying methoQs of the highest type. 
Rigid, accurate control for these surveys is essential. 

Work of the U. S. Coast and Geodetic Survey 

Starting well over a hundred years ago, the U.S. Coast 
and Geodetic Survey established a nationwide network of tri
angulation. To this system Canada and Mexico also tied in 
their trIangulation, thus rigidly connecting all pOints 
throughout North America. In 1927 the geographic positions 
of all stations in the vast network were adjusted and estab
lished on a final datum. The positions of the stations re
aulting from this adjustment are referred to as being on the 
North American datum of 1927. 

The arcs of first-order triangulation of Which this net
work is composed average 10 miles in width and are generally 
spaced in the form of a grid system at intervals of 50 miles 
in each direction. Between these primary arcs are arcs of 
second-order triangulation reducing the distance between tri
angulation control stations to about 25 miles. Other work of 
the Coast and Geodetic Survey has further enlarged the areas 
controlled by triangulation. The State of New Jersey is par
ticularly fortunate in having several thousand triangulation 
points within her boundaries, and within the next year the 
entire state will be property controlled by this net. 

Employing men temporarily out of work, and initially 
through the use of Clvil Works Administration funds, the Coast 
and Geodetic Survey established local control survey projects 
under its direction in every state of the Union, thus increas
ing the number of control pOints available. With the discon
tinuance of the Civil Works AdministratIon program, these sur
veys were continued in a number of states under the Emergency 
Relief Administration. The Coast and Geodetic Survey does not 
now have control of these projects but acts in an advisory cap
acity to ensure that the results obtained are in accordance with 
the hIgh standards of accuracy necessary for such work. 

The gr~ater part of the8e local control surveys have been 
made by transit traverses, with results having a ratio of er
ror of less than one part in 10,000. The traverses are run 
from one triangulation point to the next, azimuth control be
ing determined by special azimuth points set by the Coast and 
Geodetic Survey at every triangulation station. The field re
sults are adjusted first for proper angular closure and second 
for traverse closure. In this way very accurate pos1t1ons are 
determined for all points in the traverse. Monuments to mark 
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the traverse points are set in palrs, the monuments in each 
pair being spaced approximately a quarter of a mlle apart, 
so that surveys starting from them will have adequate azl
muth control. The pairs of monuments are set at two-mile 
intervals or less along important highways and important 
streets in towns. 

Thus there is gradually developing throughout many 
states a complete control net of monumented points cohven
iently and accurately located. The u~e of geographic co
ordinates for these pOints Is too complicated to appeal to 
the local engineer. Since such coord1nates are employed 
mostly for surveys of large areas, few engineers are famil
iar with their use. The necessity of developing some sim
pler system therefore became apparent. As plane rectangu
lar coordinates are well understood and are easy to use, it 
was felt desirable to develop an adequate system of such co
ordinates. 

The Coast and Gsodetlc Survey has adopted systems of 
coordinates for every state In the Union. The Lambert pro
jection was used for states having the longest dimension 
east and west. Where the area was very large, two or more 
of these projections were used. 

Transverse Mercator Projection for New Jersey 

For states having the longest dimension north and south, 
the Coast and Geodet1c Survey developed a novel and Ingenious 
projection having many advantages. This has been called the 
"transvetse Mercator projection". For New Jersey the meridi
an of 74 40' west longitude has been used as the great cir
cle which corresponds to the equator in the ordinary Merca
tor projection. Distances along this line have been computed 
from a point just south of the southernmost land in Qape May, 
actually the point where the parallel of latitude 38 50' 
north intersects this meridian. 

As the scale of a Mercator projection increases with the 
distance from the great circle assumed as the orlgin, it was 
arbltrarily made one part in ~O,OOO too small at the central 
meridian of 74

0 
40', 1n order to reduce the scale correction 

to a negligible factor. Thus, as the scale increases, the 
error becomes zero at lines drawn parallel to this meridIan 
approximately 28 miles east and west of it. Beyond these 
lines l the scale of error runs up to approximately one in 
~O,OOO too great at the easternmost point of the state on the 
Hudson River} and to approximately one part 1n 20,000 too 
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great at the wes~ernmost point in Salem County on the Dela
~are River. The meridian of 74G 40' west has been given an 
ea~t or x coordinate of 2,000,000 ft, and the intersection 
of this line with latitude 38 0 50' north has been given a 
north or y coordinate of zero feet, thus placing all point~ 
1n the northeast quadrant, where all coordinates are plus. 
The x and y coordinates can be dlstingulshea by the number 
·of digi t~. 

Having arranged such a project10n for the state of New 
Jersey, the Coast and Geodetic Survey computed the plane co
ord1nates of nearly all triangulat10n p01nts within the state 
boundaries for which the geograph1c positions had been deter
mined on the North American datum of 1927. The geographic po
~i t i':>n<;1 were not determined for the traverse monuments of the 
local control ~urvey, plane coordInates being used instead. 

In the greater pa.rt of the !=Itate, that is, between the 
28-mile lines previoLlsly described, an accurate mes.surement 
in the field will give a distance slightly greater than that 
given by the coordinates of the triangulation pOints, whereas 
east or west of these l1nes it will give one slightly less 
than that given by the coordinates. For all but a few square 
mileR tn Salem County, the measured and computed distances 
agree within one part in 40,000 or better. As the accuracy 
of surveying work is seldom required to be better than that 
rep~e~ented by an error of one in 40,000, this projectIon is 
a very happy one. The projectIon, or grid bearing of a 
straIght 11ne on this projectIon, is the same throughout the 
line, but the true bearings of such a line vary approximately 
one minute per mile for every m1le traversed in an easterly 
or westerly direction. 

Advantages to be Secured 

The advantages of such a system are immedietely appar
ent. Throughout the entire state, a surveyor making a con
nection with pOints on this system, and computing the coor
dinates of his stations by the usual method of latitudes and 
departures, will arrive at the correct coordinates, based 
on the New Jersey system. Given a pair of coordinates at 
eech end of a l1ne, the length of the l1ne can be computed 
by taktng the square root of the sum of the squares of the 
dlfference~ of the coordinates. The tangent of the bearing 
of the llnA can be computed by dividing the difference be
tween the east coordinates by the dIfference between the 
north coordinates. 
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Thus there now exists in New Jersey a system of mon
umented points interconnected by surveys with their posi
tions given on a plane-coordinate system extending through
out the state. When a property corner is described by coor
dinates based on this system, not only 1s the pos1tion of 
that particular corner capable of precise relocation but 
its Dosition can never be lost. It is inconceivable that 
~o many points in the system would be destroyed that no 
method would remain for accurately locating a particular cor
ner. 

France had a system of plane coordinates in the war zone, 
based on her triangulation net and computed by means of the 
Lambert projection. The 18.ndmarks destroyed during the war 
were reestablished after the cessation of hostilities by 
lines precisely locat~d in their original positions as con
trolled by the remaining triangulat10n points. 

The desirability of this arrangement is apparent to the 
mORt casual observer. The mechanics of its use for property 
descriptions involves certain considerations. The first es
sential is that it should be unnecessary for the surveyor 
to describe in detail in each deed the method by which the 
coordi!lB.te system was established. It was to satisfy this 
condit10n that the New Jersey legislature passed the act de
fining the basic system and giving it a name. 

Because of considerations involved in search of title 
Rnd the unfamiliarity of the system in general, it was 
thought unwise at first to describe property solely by coor
dinates. Until title examiners become familiar with the sys
tem and can compute lengths of Rides and grid beer1ngs from 
the coordina te s of the ends of a particular boundal'y line, 
and until they become familiar with the coordinates of well
known le.ndmsrks, like streets in towns and old lines in the 
country, so that they can easily find a particular property 
and adjoining plots from the coordinates alone, it is recom
mended that the old form of description be continued with 
the addition only of the coordinates of each corner of the 
land described, and the following note included in the de
scription: "Coordinates based on the New Jersey system of 
plane coord1nates". 

Besides the great advB.ntage of permanency of location 
of property, several other major advantages of this system 
are apparent. With ordinary instruments magnetic bear1ngs 
can be measured only very roughly, and variationR in the 
direction of magnetic meridians are not charted with the de
gree of accuracy necessary for this type of work. True bear
ings based on astronomical observat1ons are like~tse not a 
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solution. The necessity of giving bearings more accurately 
than to the nearest minute of arc has long been realized. 
Unfortunately, because of the convergence of meridians, an 
ea~t-and-west line 1,000 ft long in New Jersey would have a 
bearing at one end differing by as much as 12 seconds from 
that at the other end. The use of two bearings for the same 
line would require intricate computations and unnecessary de
tall in the work. Nevertheless, in order to reestabli~h a 
line of true bearings and observations on the North Star, 
just such computations would be required. 

Grid bearings computed from the plane-coordinate system, 
however, are con~tant throughout the entire length of any 
line contained within the boundarie~ of the state. For the 
first time, bearings will have a definite meaning as well as 
being merely an adjunct to the description of angles. Deeds 
for adjOining properties having a common line will now give 
the same bearing for tr~t particu1ar line. 

There are many reasons why the compilation of deed de
scriptions is necessary in certain areas. Tax maps, title 
examination, the acquisition of property by public agencies, 
all necessitate the preparation of a mosaic of ls.nds made up 
from recorded descriptions. Because of different and inaccu
rate points of beginning and a lack of consistency in bear
ings, these descriptions seldom fit each other. The mosaic 
requires a degree of guesswork that often seriously vitiates 
its accuracy. Should old properties in such an area be de
scribed by plane coordlnates, the compilation of such a mosa
ic would be a simple matter, and in many cases would be un
neceSSB ry. 

A simple illustration will be given. When lots in the 
same block are supposed to abut along their back lines it 
1s difficult to determine, by the use of present deed descrip
tions, whether the back lines do actually coincide. As a 
rule, the lots are described 88 fronting on their partlcula.r 
street, while the distance between the streets is usually a 
matter of question. Often a survey encircling the entire 
block 1s necessary, and even then gue~swork enters into the fi
nal location of the common back line. When coordinates are 
used, this difficulty will be obviated. 

Again, when rights of way are to be secured for the de
velopment of state highways, the vast cost of property sur
veys prevents proper study of the parcels of land to be ac
quired. Mistakes of a serious nature sometimes result. The 
state may actually acquire land that is never used and may 
fail to acquire some through which the highway passes. If 
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the propert1es along the route are described by plane coor
dinates, it will be necessary only for the center l1ne vf the 
highway to be properly tied to points on the coordinate sys
tem. The exact size and shape of the parcels to be acquir~d 
ce.n then be obta ined with facil1 ty. Modern planning call s 
for the acquisit10n of land by pub11c bodtes to a greater ex
tent than ever before. Forest reservations, parks, rioarian 
lands, highways, and public institutions are instances· of the 
need for publicly owned areas. As this method of describing 
land 1s more w1dely adopted, the taxpayers of New Jersey will 
be saved large sums of money each year. 

Full Use of System to be Atta'ned Gradually 

It 1s generally conceded that the full use a.nd develop
ment of the plane-coordinate system mu~t be attained by de
grees. The advantages gained by the owner of progerty thus 
described 9hould be po~nted out by every thoughtful land sur
veyor. If a property 1s within a quarter of a. mile of con
trol points, it i8 believed that the necessary survey connec
tions can be made without undue cost to the land owner. Areas 
of property described by coordinates will thus develop around 
the control points. Undoubtedly, in making these surveys, the 
surveyors will establish points that can be uged as a basis 
for extension of the system. 

When the public becomes aware of this system, there will 
be a demand for the use of coordinates in describing proper
ties acquired. Th1s will force private and public surveys to 
be run, extending the system even further. Many towns in New 
Jersey are already considering municipal ordina.nces requir1ng 
that the plane coorolne.tes of property corners in new subdi
Visions be stated on the approved plans. Modern ordinances 
are being developed with the general id.ea that all subdivi
sions within a quarter of a mile of control points will be 
required to show coordinates of corners on the filed plan. 
Those subdivisions lying more than a quarter of a mile from 
these points will be prohibited from using standard coordinates, 
according to the present plan. 

The law described provides a method for establishing of
ficial control pOints by any surveyor if he uses the method 
adopted by the U. S. Coast and Geodetic Survey for second-or
der traverse or triangula.tion Work. Thus, subd1visions which 
wish such coordinates and which lie within a quarter of a mile 
of the present monuments can make use of them by establishing 
~ traverse according to these requirements. In thi~ way the 
u~e of the plane-coordinate system will be extended. 
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It is unnecessary to point out that the control points 
form a basis for all types of engineering surveys, not only 
providlng a convenient and accurate method of checking and 
controlling these surveys, but also providing a horizontal 
datum which will automatically interconnect all surveys and 
maps based on this system. The engineering advantages of 
such a control system are sufficient to require its estab
lishment. New Jersey has had the foresight to facilitate 
its use in property descriptions. 

CONTRAST IN CAMPS 
BEFORE AND AFTER TRAILERS CAME INTO USE 

1935 

4-unit camp , April , 1934 , Alexandria, La. 
Below , ~-unit camp , May, 1935, Benjamin, Tex. 
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TESTING PRECISION INSTRUMENTS 

Among the duties of the engineers of the Coast and 
Geodetic Survey 1s the testing of the extremely delicate 
precision instruments used in the ve.rious types of work of 
the Bureau. 

The actual work of testing the instruments and stan
dardizing them is comylicated by the difficulty of finding 
a place stable enough for the work. Even a building as 
firm as the Department of Commerce Build1ng, Washington, D.C., 
is not sufficiently rigid for the nicety of the results re
quired. The ideal place for testing a theodolite or a gravi
meter wou1d be a large cave such as the Mammoth Cave or the 
Luray Cave. In a cave there would be no tremors from passing 
vehicles to disturb the instruments nor would there be any 
distortions of the form of the cave as the sun moved across 
the heavens, as is the case under present conditione. 

In order to overcome the effect of any shaking of the 
buil.ding caused by pass1ng trucks, or heavy machinery in the 
building, special piers thet are entirely separate from the 
concre te basement of the Commerce Bu11 ding, have been set 
deep into the ground. They are separated from the ground 
floor of the buildIng by means of plastic material. With 
this arrangement the effpct of the vibrations of the build
ing are e11minated. 

One especially difficult piece of work is the stan
dardization of the gra~imeter. With this apparatus the 
value of gravity is determined at hundreds 0f points in the 
United States for use in chemical and physical laboratories 
and in the search for buried geological structures - a matter 
of greet importance in the location of petroleum, minerals, 
ores and undergpound water. The pendulum makes one osci1-· 
lation in about one-half second of t1me, but the observa
tions must be made so accurately that the actual time the 
pendulum takes to make an oscIllation may be calculated to 
the ten m1llionth part of a second. One can readily see 
that the smallest tremors in the pendulum support would se
riously affect such observat10ns. 

The other operation that requires great stability or 
rigidity of form is the testing of the theodolites used 1n 
triangulation. A special pier, somewhat similar to the one 
used for the graVimeter, has been erected in a room in the 
basement near the west wall of the building as a support 
for the theodolite. This pier is also entirely 1ndependent 
of the concrete floor. Instruments known as collImators, 
Which are telescopes with cross Wires and an electrical 11-
lumination to make the wires Visible to the observer, are· 
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arranged on brackets fastened to the walls of the build-
ing to serve as fixed pOints for the theodolite observa
tions. Three of these brackets are fastened to the inside 
of the west wall. In spite of the fact that this wall is 
37 inches in thickness, it actually change3 its shape as 
the sun shines on it in the afternoon. The observations 
made in the forenoon of a cloudy day, or at night, are very 
consistent with each other and seem to show that the colli
mators remain fixed in position. On the other hand, the ob
servation~ made in the afternoon of a sunny day have a pro
gressive change in value and differ mater1ally from those 
made under the ideal conditions described above. Therefore, 
the engineers of the Coast Survey have abandoned their ef
forts to test theodolites in the afternoon of sunshiny days. 

The theodolite is an instrument similar to the ordinary 
surveyor's transit except that it is of more refined work
manship with superior optics and has a circle ordinarily 9 
inches in diameter instead of 5. The posItion of any pOint
ing of the telescope with reference to the graduati~ns of 
the circle, is determined by micrometer microscopes which 
are read to single seconds of arc. One can realize what ac
curacy is obtained with this instrument when he considers 
that the two sides of an angle of 1 second diverge on1y 12 
inches at a distance of 40 miles. In making the field tri
angulation observations which involve great chains of tri
angles extending in many directions over our country, the 
sum of the errors in the three angles of each triangle aver
age about 1 second of arc. Usually, anyone angle is accu
rate to one-half second which is equivalent to a relative 
error in the two sides of an angle of 6 inches at a distance 
of 40 miles. 

The distance from the theodolite to the collimators 
fastened to the wall of the Department of Commerce Building 
is about 20 feet. Therefore, an error of 1 second of arc 
would be caused by a movement of the wall of approximately 
1/1000 of an inch. The actual maximum movement in the De
partment of Commerce Building is approximately 6/1000 of an 
inch - an amount which would not disturb anyone except some 
of the engineers in the Coast and Geodetic Survey. 

- 6-
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THE MODERN TOUCH 

The addition of Model T tires to his ox cart enables this 
traveling storekeeper, near Wrens, Ga., to make his rounds 
in comparative comfort. 

-b.-

ONE HUNDRED YEARS AGO 

(Editor's note: The following letter written more than 
a century ago by Ferdinand R. Hassler, Superintendent of the 
Coast Survey, (U. S. Coast Survey, Reports lS16-lg4S), indi
cB.tes that then, as now, a need for topographic surveys and 
maps was felt by the various states; that the value of geodet
ic control for such surveys was recognized; ana. that it was 
felt that the major control surveys should be made by the Fed
eral bureau, while the detailed surveys should be a state re
sponsibl1i ty. When one considers that less than half the area 
of this country has been mapped to date, and that many of our 
maps are hopelessly out of date, one realizes that our first 
superintendent was just about a century ahead of his time When 
he wrote : 

Washington Ci ty, January 9th. H~34 

MOST HONORED SIR:--In the course of last summer, Professor 
Duca:tel, of Baltimore, informed me that he and Mr. Alexand~r 
had been appointed by the legislature of Maryland to make a 
topographical map of that state, and inquired of me for a 
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plan of execut10n of the topograph1cal part and 1ts junction 
with the Coast Survey. 

t~ Alexander Visited me upon one of my stations, to Wit
ness my mode of operating. 

When in ISl6 I first began the Coast Survey, a similar de
sire was in the legislature of New Jersey, and Governor Dicker
son offered cooperation by the interest he took in it; having, 
however, been elected a member of the Senate of the United 
States before I received the (too long delayed) authorization 
from the Treesury Department to treat upon the ~ubJect, and his 
successor, Governor Williamson, not entering into the same view, 
the whole was lost. 

If you should find proper, in the present instance, to au
thorize such a mutual co-operation, the plan I then had would 
be equally applicable in this case as in the Jersey; a consider
able pert of tne state lies equally in the necessary limits of 
the Coast Survey. This plan w~s - that I should 'be allowed, at 
the proper time in my work, to extend my main triangulation, at 
the expense of the Coast Survey, over the other parts of the 
state equAlly, and that, in compensatlon, the detail surveys 
shoul d be made at the expense of the state, (as it would have to 
do at all events,) 8.nd dependent on my main triangles, 1n the man
ner that I would direct, and therefore communicated for the use 
in the Coast Survey. 

Such a proposition on the part of the state, so nearly im
bedded in the work of the Coast Su~vey, would evidently be of con
siderable economy for both parties, and could be made use of ad
vantageously for the acceleration of the works; I shall therefore 
be glad if you 'will please to communicate to me your wish and di
rection in respect to it. 

The state of Maryland having to provide instruments for 
their works, I also Offered, if it should meet your approbation, 
to cede for their work, against cost price, two nine-inch theodo
lites from the Coast Survey collection, which 1n the present 
state of the work, are not needed, having been originally intend
ed for the reconnoitering work, Which is now carried on in a dif
ferent manner, the amount to be received for them would be more 
advantageously applied for some other instrument actually needed 
for my work in the oourse of next summer. 

The favor of your decision upon both these polnts, for my di
rection in respect to them, will oblige me. 

I have the honor &c. 
F. R. HASSLER. 

Hon. R.B.Taney, Secretary of the Treasury of the U.S. 

-6-
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GEOPHYSICAL EXPLORATION 

Although the Coast and Geodetic Survey hag never done any 
direct geophysical prospecttng, some of its gravimetric and 
magnetic measurements have proved very useful in studies of un
derground geological structure, and the results have therefore 
frequently been of con~iderable economic importance. Because 
of this fact it was tho~ght that readers of the Geodetic Letter 
would be interested in the following brief article which apoears 
under the above heading in a pamphlet iRsued by the Gulf Research 
and Development Corporation. 

It will be noted that the art~.cle states that the gravity 
apparatus "is essentially an exceedingly accurate clock". We 
believe that thlR statement should be qualified by stating that 
it differs from a clock in one important respect, namely, it has
no driving mechanism. In the next paragraph it is stated that 
the torsion balance 1s an older field instrument than the .gravi
ty pendulum apparatus. Although it ceme into use leter for geo
physlcal exploratlon the gravi ty pendu1.um i9 certainly an older 
field instrument than 1s the torsion balance. ~xceot for these 
minor criticisms the article is an excellent one in" showing very 
briefly why the three method8 discussed have been found useful 
for underground exploration. 

"Geophysical prospecting is 8 relatively new but important 
activity of a large oil corporation. Geophysics seeks, by the 
ap9licatlon of scientific principles, to accomplish the dreams 
and claims of the dou'3er who used a forked stick to locate water, 
oil, gOld, buried treasure or anything else of value hidden be
low the surface of the iSI'ound. 'The diviner walke6. across the 
ground, made certain mysterious motions, was secretive about Ju~t 
what caused his choice when he satd "this is the spot", end told 
his client with perfect confidence that the desired material was 
directly underneeth. Geophysical prospecting uses a crew of from 
B few to as many as fifty men with thousands of d01lars worth of 
sctentific eqUipment to make elabol"ate surveys and then says 
"conditions under this area appear to be favorable for an 011 
field't. In general, one may be SUY'e the. t the value of a scheme 
for findl~g things below the surface is inversely proportional 
to the secretiveness as to method and the certainty of success 
which is claimed by its proponent. 

"011 uRed to be found where it seeped out of the ground 
(the orlginal Drake well of 1859 was drilled on Oil Creek, so 
named from many 011 seeps). Later, geologists learned the prin-
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ciples of oil accumulation and that a dome or anticline forms 
a trap or "structure" in the rocks within which the oil is im
prisoned. Greet ar,eas were mapped to find the structures which 
made themselves evident by deformation of the surface rocks. 
But many good structures are buried beneath hundreds to thousands 
of feet of undisturbed rock laid down since the earth movements 
causing the structure were completed. Surface geological work 
gives no hint of their presence. It is the success in finding 
these buried structures that has made geophysics so imports.nt to 
the oil industry. 

"Any conceivable physical property of the rocks of the 
earth's c~ust that could be measured at the surface through a 
cover of from hundreds to thousands of feet of sediments might 
be made the ba~is for a method of geophysical prospecting. Many 
schemes have been suggested and tried, but practically all pres
ent day methods of geophysical prospecting for oil are based on 
three fundamentally different physical properties of the rocks of 
the er.~thts crust. These'are the magnetic, depending on differ
ences in their state of magnetization, the graVitational, depend
ing on differences in their density or specific weight, and the 
seismic,depending on differences in their rate of propagation of 
artificial earthquake waves. 

"The gravitational method requires the measurement of very 
small differences in g~avitetional attraction. These differences 
are caused by irregularities in mass distribution which in turn 
are caused by warping or folding or rock layers of different den
sity. By mapping the gravitational field to high preCision, we 
may infer certain things about the nature and configuration of 
the rocks below the surface. 

"One 'instrument used for mee.suring the gravi ta tional field 
is a pendulum, which is essentialJ-y an exceedingly a.ccurate clock, 
capable of measuring time to about one ten-thousandth of a sec
ond. The period of vibration of the pendulum is affected by the 
gravitational attraction of the earth including masses near the 
surface. By measuring very carefully the changes in the period 
of Vibration from one locality to another, a map of the gravita
tional field can be constructed and from it the distribution of 
mass beneath the surface of the earth can be determined. 

"An older a.nd more common field instrument is the torsion 
balance. This very sensitive instrument measures the gradient or 
rate of change of the force of gravity. Knowing the rates of 
cha.nge at numerous places, one can calculate the mass distribu
tion beneath the surface and thus infer the presence of oil struc
tures as in the case of the pendulum. Thi~ instrument is so sen
sitive that the gravitational attraction of a man standing near
by is easily recorded and yet the instrument is so well built 
that it can withstand transportation over the worst roads in ex
istence. 
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"The magnetic method uses a "magnetometer" which measures 
small differences in the intensity of the earth's magnetic 
field. This field is influenced by rocks that are slightly mag
netiC, which include nearly all of the 19neou~ or basement rocks 
lying below the sedimentary rocks within which oil is found. 
Careful magnetic measurements when properly interpreted will re
veal the depth and configuration of the basement rocks to give a 
measure of the sedimentary thickness available for the accumula
tion of oil, and to give indlcation~ of basement topography which 
may cau~e fS.vorable folding or "structure II in the overlying sed
iments.ry rocks. 

!lThe seismic method depp.nds upon the propagation through 
the earth of artificially induced sma.ll earthquake wave~. Care
ful measurement of the time of travel of these waves can be in
terpreted to reves.l the depth and nature of the underlying rocks. 
In the "reflection" method the time for an echo from a deeply 
bur1ed rock layer i~ measured and the depth of the reflecting 
layer calculated. 

"A seismic field outfit is a veritable traveling le.boratory .. 
A truck contains intricate electrical apparatus, connected by 
long cables to a series of very sensitive seismic detectors dis
tributed at verious distances from the truck. Another connection, 
either by wire or radio 1s made with the point at which the ex
plosion is set off. A photographic la.boratory in the same truck 
enables the development of the record of each shot immediately af
ter it is mad.e. 

II By careful reflection seismic exploration, it is often pos
sible to make a map of the configuration of a rock layer many 
thousands of feet below the surface on which differences of ele
vation can be shown accurately to within B few feet. At the pres
ent time the reflection seismic method is the most actively used, 
there being well over 100 such parties in the field in this coun
try." 

-6.-

CHECK MARKS ON LISTS OF DIRECTIONS 

Repeated efforts have been made to induce computers to 
prepare lists of directions carefully and neatly. The response 
to these pleas has been gratifying. An example of what may hap
pen through cerelessne!=lS is illustrated here. This mistake 
would have gone into the final publication of triangulation data 
had not the typesetter made another mistake which attracted the 
att.ention of the proof-reading mathematicians. 
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The distance in meters from station Green to station San 
Luis as g1ven in Figure 1 is apparently 75,Og3.bB meters. ~e 
typesetter copied lt as 7,50g.6g meters (see Flgure 2) as he also 
copled the dlstance 22,261.05 above as 2,226.051 whlch mistake 
attracted attention to these two numbers. 

Figure 2 
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Looking up the antilog of 4.l7g5074 it was found that the 
dlstance from Green to ~n Luis should be 15,083 meters. The hor
lzontal bar of the apparent 7 was a check mark for the preceding 
logarithm, whlch, when photographed seemed to combine with the 
diglt Hone ll to form the dlglt "seven". The polnt should be obvi
ous. 

It is again requested that all check marks be made with blue 
pencil for the reason that blue will not photograph and there is 
therefore, less danger of confused figures such as shown above, 
when the table is photostated or otherwise photographed. 

-6-

USE OF AERIAL PHOTOGRAPHS ON BOUNDARY SURVEYS 

The Chlef, Technical Commission for the demarcation of the 
bounaary line between Guatemala and Honduras, Mr. Sidney H. Birds
eye, states that the aerlal photographs and maps from which the 
boundary line was selected and described, have saved one or more 
years of work and have permitted the accurate mappl~g of the 
frontier zone at a very nominal cost. 

-6-



- 29 -

ANOTHER ONE OF THOSE THINGS 

Near Cadiz, Ky. - The result of a sudden freshet (10 foot 
wall of water) racing down a. dry creek bed where three Coast 
Survey trucks were stuck. While one of the drivers went in 
search of mules the other members of the party heard the rush
ing of the water and succeeded in anchoring two of the trucks 
to trees on the bank before the water reached them. The third 
truck was overturned by the force of the water and floated 200 
ye.rds down the creek where it lodBed against a tree. 

- 6 -



- 30 -

REPLACEMENT OF SURVEYING MONUMENTS 

H. W. Hemple 

(This article amplifies the discussion in regard to Question 
2a - "In the case of occupation of stations marked by other or
ganizations; should the station be remarked if not in good con
dition or should a new mark be established and a tie made to the 
other station?1I which was given on Page 27 of the Geodetic Let
ter for November, 1935. The procedure indicated herein, should 
be considered authoritative practice. --Editor.) 

Several years ago a local surveying organization, without 
receiving prior authority from this Bureau, remarked a number of 
Coast and Geodetic Survey first-order triangulatio n stations Bnd 
placed their own type of discs on the monuments'. Many of these 
marks had been established in the early days of the Coast Survey, 
but they were all in good condition and there was no excuse for 
their being remarkeo at that time. This Bureau protested very 
strongly against this remarking, and legitimately so. 

During the past few years it has come to the attention of 
this office that some of our own triangulation parties are replac
ing monuments of other organizations with new monuments in which 
our standard discs are placed. Even though the new mark may be 
placed in the exact position of the original monument there will 
always be a question in the minds of subsequent URers as to the 
exactness of the replacements. Should a local engineer or sur
veyor have only the description of the original mark, he may not 
know that it has been replaced with our monument and may conclude 
that the original station is lost. This is apt to be particular
ly confusing if an attempt 1s to be made to rerun surveys based 
on the or1ginal station mark. ConRiderable embarrassment may be 
caused this Bureau as a consequence. 

In 1929, the Federal Board of Surveys and Maps adoptea a re
port of which the followipg excerpt is pertinent to this discus
sion: 

"Where a station of third-order or higher accuracy, orl
ginally established by another organization, is definitely 
recovered, but is found to be inadequately marked, it should 
be remarked in a permanent manner, and the character of the 
new mark described in the recovery note. If the station was 
originally marked by a tablet, the tablet should be reset 
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in the new mark. If the station was not marked by a tab
let, then a tablet ~uch as is now used by the organization 
which established the station should be secured by the 
field party from its own ..headquarters and used as the new 
station mark. If there is not time to secure the tablet, 
a copper bolt may be stamped with the initials of the or
ganization which first established the mark, and this bolt 
should re used as the station mark. If the original sta
tion cannot be exactly recovered or if, for any reason, it 
is not desirable to re-occupy it, a new station may be es
tablished near by and marked, and the old station should be 
connected with the new one and used as a reference mark for 
it. In general, no su'!'vey monument established by one or
ganization of the Government should be changed or replaced 
by another organization unless there is an agreement be
tween the two organtzations regarding such replacement. 

"However, a station established by another organiza
tion should never be remarked unle~s it had a subsurface 
mark and this was definitely recovered or unless the tab1..et 
was established in rock and its original location can be 
definitely and accurately determined. The recovery note 
should describe the present condition of the ~urface, sub
Aurface, and reference marks in sufficient detail to make 
the record clear as to the certainty of recovery of the sta
tion. " 

Where it is impossible to remark a station in accordance 
with the above recommendations,a new station marked with our 
standard diRCS should be established in close proximity and a 
direction and distance measured to the mark of the other organ
ization. The original mark should not lose its identity, unless 
there i~ a prIor agreement between the two organizations concern
ed. 

- 6 -

CONCERNING "CONSTRUCTIVE CRITICISM" 

Charles J. Clifford 

The Seotember-October issue of Geodetic Letter has an ar
ticle entitled "Constructive Criticism" by Andrew L. Breckenridge 
who recovered and stamped bench marks in Connecticut and Rhode 
Island for the Coast and Geodetic Survey during the winter of 
1934-35. This Bureau always appreciates suggestions looking to
ward the improvement of its service to the public. At the same 
time, it should be pOinted out that the standardized procedure 
which has been adopted must appear at times to overlook certain 
local conditions. 
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In this article Mr. Breckenridge summarized criticisms 
and suggestions which he received from engineers with whom he 
came in contact. Some of the c~iticisms are justified and 
some are not, but in many cases both the criticisms and sug
gested remedies are viewed wholly from a local standpoint, 
and the fact is overlooked that, in planning a program of 
field work and of publication, the country must be considered 
as a whole, end this may result sometimes in a conflict with 
local conditions. 

"A bench mark is useful only as long as it is re
coverable. When changes occur, as they often do, in 
the surrounding natural and cultural features with re
lation to which the mark is described, it becomes in
creasingly difficult to find the mark by means of the 
published description. Engineers and others who have 
occasion to visit any bench marks established by this 
Bureau, or other Government organizations will be do
ing a public service if they will report t~e condition 
of the marks and make suggestions as to needed changes 
in the descript1ons." 

All recent leveling publicat1~ns of this Bureau contain 
the three sentences quoted above. They serve to emphasize the 
dependence which must be placed upon the cooperation of the 
public in keeping description files up to date. It is imprac
tical to make n complete field check of the descriptions of 
bench marks in a state before preparing them for publication. 
Not only are time and funds lacking, but there is the added 
drawback that in large states having from 4,000 to 6,000 marks, 
the field check itself might be partially obsolete before it 
was completed. Such being the case, the most satisfactory meth
od of securing reports ha.s been found to be the one now in use. 
Descript10ns and elevations of bench marks' on each line of level
ing are published in small editions of "ditto" or mimeographed 
lists. When requests for information are received, these lists 
are sent out together w1th a supply of the form, "Report on Con
dition of Bench Marks". Results have been very gratifying, al
though a very considerable number of the forms are never return
ed. 

With especial T'eference to Connecticut and Rhode Island, 
it was stated in the above article that some of the information 
in Special publication No. lSI was obsolete before it was pub
lished. This is perfectly true, and it was realized at the 
time of preparing the manuscript that many of the descrIptions 
wo~l.d not fit present conditions, but since up-to-date informa
tion was lacking it was necessary to use the descriptions we had 
on file. A glance at the publication will show that the great
er part of the leveling in Connecticut end Rhode Island was 
done in 1922 and 1923, although in Connecticut one short line 
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was run in 1916 and various others were run between 1925 and 
1932 by the Columbia Summer School of Surveying. Prior to the 
i~9uance of the publication early in 1934, engineers not in the 
government service had sent in only 63 reports on condition of 
bench marks for Connecticut and 16 for Rhode Island. Reports 
hed been received from the U. S. Geological Survey in 1924 for 
a part of the lines in Connecticut and they were used in the re
vision of the descriptions, but changes during the following ten 
years could easily have rendered the descriptions untrustworthy. 

Reports stating that marks are destroyed would not be ig
nored in the preparation of publications if the persons making 
the reports would give some defini te r~ason for making the sta.te
ment. Merely saying that a mark could not be found and that it 
is recommended that it be marked "Destroyed" is not sufficient 
evidence to designate it as "Destroyed" in the records of this 
Bureau. The suggestion that engineers be notified when a mark 
reported by them as destroyed is later recovered, is not quite 
practical. Although it would be a friendly gesture, it would 
involve a ls.rge amount of correspondence which coul d possibly 
become unduly burdensome. 

With regard to the complaint that "published elevations of 
many of the old bench marks marked with the U.S.C. & G.S. and 
U.S.G.S. disks have never been republished in agreement with the 
1929 General Adjustment", this Bureau has never published the re
sults of the Geological Survey leveling in e1ther Connecticut or 
Rhode Island. The only Coast and Geodetic Survey marks in those 
states which were omitted from Special Publication No. lSI were 
tidal bench marks which were not connected to the geodetic level 
lines. Tidal bench marks are made the subject of separate pub
lications. 

Special marking of bench marks by states or otherwise, while 
commendable, has never been undertaken by this Bureau, although 
a few state organizations have so marked our bench marks within 
t~eir particular jurisdiction. 

In the office revision of descriptions, the reports of the 
United States Geographic Board are used with regard to the choice 
of names and their spelling. Also a standardized list of de
scriptive terms is used, but it is sometimes difficult to deter
mine what is meant by the original description. The word "pier" 
for example, sometimes means pier in the description but very of
ten means abutment. 

The use of township names instead of counties is again a 
purely local problem. Outside of New England only a few states 
con~ider the township of more importance than the county. Fer 
this reason, the county has been adopted as the smallest division 
used in descriptions. 

-1:::.-
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TRIANGULATION GOING NATIVE 

Above is shown the beginning of a 60 foot tower on Pine 
Mountain, Near Logan, W.Va., where a standing tree trunk was 
used for the tripod. Until the tower was completed, the light 
was shown from the board nailed across the top, the lightkeep
er perching on the limb about 10 feet below. 

The completed tower built 
. entirely of native poles. As 
the poles were short and crook
ed, it was necessary to splice 
them 3 and 4 times in order to 
get the required 60 feet of 
height. The tripod (a standing 
tree trunk) was braced with split 
rails which were bowed to give 
greater rigidity. 

This station was occupied 
with a 9-inch direction theodolite 
and in spite of a strong wind, 16 
positions were taken on 7 lights 
without a rejection, the usual 5-
second run of this particular in
strument being maintained. 
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GEODETIC CONTROL FOR CADASTRAL SURVEYS 

Hugh C. Mitchell 

The May, 1935 number of Geodetic Letter was devoted whol
ly to a symposium on the use of geodetic control for cadastral 
surveys. From the correspondence which resulted from the wide 
distribution of that number, the following pertinent excerpts 
have been selected for publication. As each of these statements 
is complete in itself, it is believed that not the slightest 
misinterpretation can result from not publishing the letter~ in 
their entirety. It is hoped, however, that the letters as a 
whole may be published in a future number of the Geodetic Letter 
which will be devoted largely, if not entirely, to this impor
tant subject. 

- .. - - - - ... -
From a letter received from Mr. E. H. Owens, of Kansas City, 

Missouri, an engineer with wide experience in surveying in and 
around a large City, the following has been taken: 

"In your letter of July 6, 1935, you ask; 'If you have a di
rect tie from one of your tri~ngu18tion stations to a recognized 
section corner ..• corner becomes lo~t ••• who do you believe 
would come nearer to reproducing original position .•• you ••• 
or another surveyor of equal ability working according to .• 0 

rules ••• General Land Office ••• and which of you wou1d win in 
a Court decision?' 

"This is of course problematical. It might be said thl::l.t I 
a1 so know the rules of the Gener'al Land Office and the Triangula
tion Int':Jrrnation 1s additional and exclusive information. If it 
was given preference over a relocation accordIng to General Land 
Office rules, it would be because the court cla~sed it as local 
evid.ence, which takes precedence over admeasurement. I would 
like to amplify this by a concrete illustration. 

"A corner of the public land survey becomes more or less 
lost. That is, the marker is gone. It was known to be about 
in the center of the crossroads and witnesses will testify to 
that fact. The original Land Office survey, as usufll, was inac
curate. A proportional remeasurernent to nearest corners would 
place the corner entirely outside the crossroads or at least ten 
feet from known position according to all witnesses. I believe 
the triangulatiDn tie, which substantially agrees with testimony 
would satisfy the owners in 999 cases out of 1000 without suit 
and would win in the suit in the other case. It should properly 
be put in the class of measurements to witne~s trees, which were 
sometimes erroneous, but which will prevail over admeasurement 
from distant corners if confirmed approximately by testimony. 
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"With reference to use of streets for survey work, I have 
never met with any objection; in fact, the public seems over
generous to surveyors where proper warning is given. Even with 
legal authority it would be pecessary to give reasonable warn
ing to fast traffic. I have never hesitated to temporarily 
halt traffic to measure across streets in a reasonable length of 
time and frequently use a car as a barrier in traffic to protect 
an instrument and have never been arrested for blocking traffic. 
If legal authority were asked, a bond would probably be required 
as the city, having granted permission, would be Jointly liable." 

... - .. - ..... -

Acknowledging receipt of the special number of the Geodetic 
Letter to which reference is made above, Mr. W. D. Jones, of Chi
cago, well-known in Illinois and neighboring states as an author
ity on land $u~veying and particula~ly on the practices of the 
General Land Olfice, writes as follows: 

"I have no doubt that in the original 13 states and in Ken
tucky, Tennessee and Texas where tne descriptions of boundary 
lines are by metes and bounds, your suggestion for new descrip
tions based upon coordinates of the·U. S. Coast and Geodetic Sur
vey would be of material benefit in descriptions of private prop
erty and of boundary lines in general. It may be a serious legal 
question as to whether the laws you suggest will be enforceable 
for, as I understand the law, a description of any boundary line 
which would change the location thereof, as the same was created 
by the original monuments, would not be a good law as neither the 
State nor the United States can take any man's land without due 
compensation and to change his boundary line might have the ef
fect of taking some of his land. Of course, adjoining owners can 
in fact change the location of their boundary by agreeing that 
the same is located 1n a certain place, whether or not they know 
they have changed the said boundary from 1ts orIginal location. 
Therefore, I suppose that if the owners acquiesce in the location 
of the boundaries as fixed by this system of coordinate descrip
tions, they will 1n time be bound by them. 

"Just how s1mple your proposed o.escriptlons would be I do 
not know, but I feel very certain that they cannot be any more 
s1mple than are our descr1pt1Jns of land 1n the U. S. where the 
sectional survey system is in use, which is pra.ctically all of 
the U. S. except the or1ginal 13 states, Kentucky, Tennessee and 
Texas; and even parts of some of these states have the sectional 
survey system or something that amounts to the same thing. It 
seems to me that our sectlonal survey system 1s itself a system 
of coord1nates. There are no overlaps or gaps unless byerror 
and/or lack of knowledge as to the locat~an of the section lines. 
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"In Niles Weekly Register published at Baltimore July 24, 
1~19, I find an article, signed J. Meigs, general land office, 
June 29, 1~19, telling about the absolute perfections of our 
Sectional Survey System, in which he states 'This wise system 
takes away all temptation to incur the curse pronounced by Moses 
on him "who removeth his neighbor's landmark". The landmark is 
indeed immovable; for, thoQgp the marked trees at anyone corner 
may be burnt or destroyed yet at the distance of half a mile east, 
west, north or south, there are other marked trees by which the 
true corner may be found l

• Experience hAS shown that Mr. Meigs 
was grossly in error in making this statement, however, that 
was not on account of any fault in the system (if there had been 
trees to mark at every half mile) but because the original sur
veys were not accurately executed. However, the system with all 
its imperfections is so much better than any existing elsewhere 
in the world, and there are so many advantages to the simple and 
few words that we need to use, to describe any fractional part 
of,a section any place in the U. S, that it seems to me it would 
be a crime to abandon the system. 

"This does not mean that we could not gain help in preserv
ing the location of our section corners, by tying ~n the location 
to any monuments made available by the U. S. Coast and Geodetic 
Survey Department. This I think is an objective toward which we 
ghould direct our efforts; that i9, preserving the locations of 
the section co~ners by tying to any monuments made ~vailable or 
to any system of surveys made with the care taken by the U. S. 
Coast and Geodetic Survey Department. While many of our acts 
help us in preserving the location of our monuments we are at the 
same time very certain that many of our acts carelessly destroy 
the actual physical monuments which are so very important to us; 
especially so in connection with the construction of our compara
tively ne~ system of concretp. highways. 

liAs to the suggested act to give the right to any qualified 
or licensed surveyor in the practice of his profession to enter 
private property for the purpose of finding monuments subject to 
the paying of any damage s he may cause, I think that would be a 
wonderful law but I see no reason why it should be confined to 
the finding of the monument placed by the U. S. Coast and Geodetic 
Survey; and as to the destruction of monuments there is already 
an Il1in01s and a U. S. Statute providing for a fine and imprison
ment for 6 months to one year for anyone who wilfQlly and mali
ciously injures or removes any such monument." 

To Mr. Jones' letter the following reply (in part) was made: 

"I would use it (your letter) to illustrate the fact that 
you and I are in complete agreement 1n the matter recognizing the 
simplicity and permanent value of the General Land Office method 
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of describing property. It has never been in my mind that it 
should be discarded; nor has it ever occurred to me that any 
engineer could, by geodetic methods, recover or re-establish 
a corner of a public land survey unles~ that corner had previ
ously been tied into a geodetic control net, and its coordi
nates on that system known. 

liThe General Land Office itself recognized this value of 
geodetic control surveys, and for several years triangulation 
parties of this Bureau operating in public land states were ac
companied by cadastral engineers from the General Land Office, 
whose mission it was to recover and identify marks of the land 
Burvey so that the geodetic engineer could tie them into his 
triangulation. 

"What I have seen and read of Land Office surveys thorough
ly convinces me that it takes an exceptionally well trained man -
a ~pecialist in his field - to recover or restore the marks of . 
those surveys. This makes it all the more desi~ab1e, so it seems 
to me, to give complete protection to such marks, often recover
ed as they are at a considerable expenditure of time and effort 
(both of which cost money), and such'protection can be given by 
connecting those marks to the national control survey, and de
termining their positions on the datum thereof. 

"However, it is no longer necessary for the engineer to use 
geodetic formulas and make geodetic computations in utilizing 
the national control survey for referencing and controlling his 
local property surveys. This is now a fairly simple operation, 
provided stations of the national control survey are at hand 
(as they eventually will be), since in a very little while there 
will be available coordinates of all triangulation stations on 
state-wide plane rectangular coordinate systems, and the engine~r 
may continue to use the methods of plane surveying, yet secure 
the advantages of accuracy and permanency which come from baSing 
his surveys on the national triangulation net ..• " 

If asked to single out from the foregoing a paragraph to re
ceive special emphasis, I would unhesitatingly select the one in 
which it is stated that no engineer could, by geodetic methods, 
recover or re-establish a corner of a public land survey, unless 
that corner had previously been tied into a geodetic control net 
and its coordinates on that system were known. This statement 
may be made even stronger by saying that when such connection 
has been made and the position of the corner is known on a geodet
ic datum, then its position on the ground can be reproduced by a 
competent surveyor by reference to recoverable stations of the 
control net. And it may be quite evident that if the geodetic 
datum used is the one on which the national triangulation survey 
is based, then the land corner can never be truly lost, as it 
1s inconceivable that more than a very small percentage of the 
stations of that net will ever be completely destroyed. 
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Furthermore, (and this 1s most important from a practical stand
point), since the positions of stations of the national triangu
lation net are now being made available in the form of coordinates 
on state-wide plane coordinate systems, any surveyor who desires 
to make use of this very valuable feature of the national triangu
lation may do so without having any training or experience as a 
geodetic engineer1since he may carryon a.ll desired operations 
and secure satisfactory results through the use of the methods 
and formulas of plane surveying. 

-.6-
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STATION UNDER WATER 

Triangulation station 
Middle Shoal - Key West Arc. 
Station mark under water at 
all times. 

To collimate, it was 
necessary to make form to put 
over mark and pump water out 
in order to get plumb bob over 
center of disc. 
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KNOWLEDGE OF TOPOGRAPHY 

A knowledge of topography 1s essential in the modern 
conduct of war, according to Prof. Roberto Muller of Argen
tina, in his recent article "Importancia de la Tecnica To
pografica en la Moderna Conduccion de la Guerra", which ap
peared in the Revista Militar for July, 1935. The topograph
ic branch is an extremely important part of the Geographic 
Service of War of his country. In the artillery where accu
rate firing is essential, the map is called the vertebra of 
the artillery. 

An outline of the daily work of the Service includes in
creasing the density of trigonometric points, especially in 
zones of intense artillery activity; triangulation in regions 
of fundamental public works; determination of positions of the 
various pieces of artillery; leveling for hydraulic studies 
and for elevations of posit1ons; sketches and reconnaissance 
for accurate tactics; aerial maps; revising and checking po
sitions of existing maps; publishing results of reconnaissance 
end aerial surveys; making charts for artillery; and printing 
of charts and. maps. 

The value of accurate elevations in warfare is well known. 
Many a battle has been decided by the lead~r's knowledge of 
the terrain. The topographic map is essential for this purpos~ 
Not only is it an aid in warfare, but also in the development 
of natural resources of all kinds, in the extension of public 
works, in the building of htghways and railroads, in the con
struction works of various kinds involved in irrigation, drain
age, flood control, etc. 

In the perpetuation of boundary lines, the topographic 
map plays a leading role. Good boundaries make for good neigh
bors and peace is the result. 

With good maps it is easy to arrange campaigns, expedi
tions and exploration work. Accurate artillery fire can be 
planned and executed with greeter precision with a knowledge of 
the terrain. In reconna.issance work and determination of posi
tions for certain types of combat, aerial photography is inval
uable, and the topographic map is the basis for the photo-topo
graphiC map. 

The principal classes of work necessary for artillery 
work in the Geographlc Service of War are triangulation of 
first and second order, additional determinations of important 
pOints, elevations for civil and military works, and magnetic 
determinations for correction of azimuth compasses and magnet
ic surveys. 
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The map is constantly being changed and revised as new 
public works, railroads, highways, farm areas and river 
c~~nges are added to it. Maps are not only indispensable in 
war but also in peace. The Geographic Service of War is an 
~ld to both civil and military engineers - it is invaluable 
~ 1 training personnel for defense of the nation during war 
and for developing natural resources during peace. 

Looking northwest towards the Smokies from the end of 
the Appalachian Trail on Mount Oglethorpe, near Atlanta, Ga. 

GEODETIC CONTROL FOR TEXAS HIGHWAY SURVEYS 

(From the Milita~y Engineer for November-December, 1935.) 

A very interesting test of the use of geQdetic control in 
highway surveys has been made during the past summer in the 
southern part of Texas. Fully convinced of the economic advan
tages of controlling highway traverses and maps by reference to 
the national control survey, the Senior United States Highway 
Engineer and the Division Engineer of the Texas Highway Depart
ment arranged to connect the survey of a highway across Kenedy 
County to stations of the 9Sth meridian triangulation. 
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In many ways this was pioneer work. It was executed 
under considerable difficulty. In the computation of grid 
positions on the plane coordinate system recently devised 
for that portion of the state by the Coast and Geodetic Sur
vey, considerable difficulty was encountered in securing the 
proper logar~thmic tables for the work. Even in making stud
ies of computational methods and formulas involved, the man
uel for such purposes which had been prepared by the Coast 
end Geodetic Survey was so new that an advance copy in the 
form of a page proof had to be sent for guidance. 

In spite of these handicaps, the survey of a selected 
section of a highway traverse was very satisfactorily refer
enced to stations of the ne..tional triangulation. 

If further evidence were needed of the interest of the 
Texas Highway Department in plane coordinates, it would be 
obtained from an inauiry received at the Coast and Geodetic 
Survey telling of the work done in preparing a map covering 
some ten counties and a desire dictated by experience to trans
fer the data sec~~ed from a projection with geographic coordi
nates to a Lambert projection and plane coordinates. The coun
ties covered by the map extended into two zones of the plane 
coordinate system developed by Dr. O. S. Adams of the Coast 
and Geodetic Survey, but the difficulties ordinarily involved 
in passing from one zone or system to another in map projec
tions will prove no obstacle in such cases as this, since the 
transposition is easily made on the Lambert projection, even 
where an adjustment is made involving control stations in dif
ferent zones. 

A further and conclusive evidence of the appreCiation in 
Texas of the value of well-controlled highway surveys is had 
from a request for information as to the standard way used ~y 
the Coast and Geodetic Survey in monumenting its survey sta
tions. Such a request is but a corollary to the others, for 
a full appreCiation of the val~e end uses of an accurate and 
well-controlled survey surely involves having such surveys 
monumented in as permanent a manner as is possible with a 
reasonable expenditure for concrete monuments and metal tab-
1 ets. 

The Texas Highway Department is doing a splendid piece 
of engineer1ng in its st~dies looking to the establishment of 
well-controlled and permanently-monumented highway surveys, and 
there is every reason to hope that other states will follow 
this example. Such surveys will have many uses and pay for 
themselves many times over. 

-t::.-
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Colorado River - showing the appearance of 
the country before impounding the waters. 
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BOULDER DAM'S WATERS 

(Reprinted from the New York Times, August 4, 1935.) 

Eventually ~1,500,OOO,OOO tons of water will be impound
ed to form a hugh lake behind Boulder Dam. The weight may 
bend the earth's crust. By how much? 

Already the Unites States Coast and Geodetic Survey is 
preparing itself to answer the question. Bench marks are to 
be carefully placed over the area which is to settle. Measure
ments will be made. When the reservoir is filled new leveling 
will be established. By comparing the results of the two de
terminations the amount of settling will become known. 

The surface of the earth as we know it consists of gran
ite layers that float on heavy, sticky material below, much as 
an iceberg floats in water. This view has made it necessary 
to create a special branch of geology called isostasy. 

According to the theory of isostasy, wherever equilibrium 
exists on the earth's surface equal masses underlie equal sur
face areas. Thus a huge granitic mass with an average surface 
elevation three miles above the mean deoth of the oceans must 
be lighter than the material of the ocean floors. Moreover, in 
order- to compensate for its greater mean height this lighter 
material must extend downward to some distance under the conti
nent and below the ocean floor so that unit areas beneath oceans 
and continents may remain in stable equilibrium. The same rea-
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90n1ng app11es to mountain cha1ns. The extra amount of 11ghter 
material piled up in a great chain must be balanced by a propor
tionate amount penetrating down into the denser maS8 beneath. 

It is easy to see the effect of the billions of tons of wa
ter in Boulder Reservoir. If more weight is added to that which 
nature placed at Boulder Dam the crust must yield until equilib
rium is restored. 

No ordinary weight can have any effect on a crust supposed 
to be from twelve to seventy-five miles thick. But this is an 
extraordinary weight - a weight which makes it possible to test 
the theory of isostasy directly for the first time. 

NOTES 

In the October number of the Publications of the Astronom
ical SOCiety of the Pacific is an interesting note by Dr. Ham
ilton M. Jeffers, on some latitude observations made at the 
Lick Observatory with a Bamberg transit which was loaned by the 
Coast and Geodet1c Survey to the Observatory in 1933 for use in 
the International Longitude Campaign of that year. Latitude ob
oervations were made on six different nights with probable errors 
ranging from Z .O~ to Z .09. The number of paire obAerved on 
each night varied from 7 to 14. 

It is interesting to note that the computations of the lat
itudes were based on the new Albany General Catalogue. Thjg 
catalogue has not yet been published but Dr. Jeffers was able to 
obta1n the positions of the stars he used by correspondence with 
the Albany Observatory. The small probable errors obtained by 
Dr. Jeffers not only showed very accurate observing but they al
so indicate that the star places are excellent. As soon as this 
new catalo~~e has been published the Coast and Geodetic Survey 
intends to use it for its latitude work. In the meantime we are 
still using the Boss Catalogue al~hough better star places un
doubtedly are available in some of the modern catalogues. 

It has been thought advisable to keep all of the latitude 
~esults on the same baSis until the change could be made to the 
new Albany Catalogue. It is hoped that at that time, the pre
Vious results can be corrected to correspond with the better 
star places. 
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The November 9, 1935, issue of "NaturE''' published in London, 
England, carried a very complimentary write up on a recent radio 
talk given by Prof. S. S. Steinberg, of the Univers1ty of Mary
land, on the subject of highways in the United states. Prof. 
Steinberg was formerly the State Representative of the U. S. Coast 
and Geodetic Survey in the State of Maryland. 

-6-

The Pan American Institute of Geography and History held its 
second assembly in Washington, D.C., the week of October 14-19, 
1935. 

Captain William Bowie, who is the Honorary President of the 
Institute, was appointed by the Secretary of State as one of the 
National Committee of the United States to cooperate with the In
stitute. One of the papers presented was entitled, "Importance 
of Geographical Maps" by Mr. Octavio Bustamante of Tacubaya, Me~" 
Assistant Director of the Pen American Institute, in which he 
stressed the need and importance of having good maps in the devel
opment B,nd extension of the activities of a nation. The bulletiIl 
which published this paper, also contained an article by Captain 
Bowie entitled, "Working with Maps", a copy of the address given 
by 'him at the meeting of the South Carolina Society of Engineers 
on June 15, 1934. 
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The Division of Surveying and Mapping of the American Society 
of Clvil Engineers held two sessions in connection with the fall 
meeting of the Society at Birmingham, Ala., October 16-lS, 1935. 

In the absence of Dr. William Bowie, who has been chairman 
of the Division since its organization in 1926, Prof. Philip Kis~ 
sam of Princeton University, presided at both sessions. The fol~ 
lowing paragraph about the meeting appears in Civil Engineering 
for November:-

"Morning and afternoon sessions on Thursday provided oppor'" 
tunity for some excellent engineering programs developed by the 
Division, six separate sessions in all. Notable among these were 
the double sessions of the Surveying and Mapping Divis1on. An ~ 
enthusiastic group utilized both morning and afternoon to the li~ 
it of time in discussing surveying in its practical application ~~ 
in the Tennessee Valley and 1n Alabama, M1ssissippi, and Louisi8Il 

The program in part 1s given below: 

"Surveying and Mapping in the Tennessee Valley" - N. H. 98Y' 
ford, Director, Engineering Service, Tenneqsee Valley AuthoritY, 
Knoxville, Tenn. 1" 

"Permanent Value for Highway Surveys Through Geodetic contr~c 
- J. C. Carpenter, Senior Highway Engineer, U. S. Bureau of publ 
Roads, Fort Worth, Tex. 
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IILocal Control Surveys of the U. S. Coast and Geodetic Survey 
in Alabama" - J. A. C. Callan, Head Professor, Civil Engineering, 
Alabama Polytechnic Institute, Auburn, Ala. 

"Locating the Southern Natural Gas Pipe Line by Aerial Maps" -
N. R. McKay, Esq., Southern Natural Gas Corporation, Monroe, La. 

-A-

At the recent meeting of the National Academy of Sciences 
held at Charlottesville, Va., November 1e-20, Captain William Bowie 
spoke on "The National Mapping Plan of the National Resources 
Board". He also gave an address at the Engineers Club of Baltimore 
on November 13, on "United States Coast and Geodetic Survey Helps 
to Map Nation". 

- A -

At the regular monthly meeting of the American Institute of 
Consulting Engineers held in New York City on November 6, 1935, 
the Secretary of the Council presented a letter from Dr. William 
Bowie dated October 1, 1935, in regard to surveying and mapping 
as a means for relieving unemployment. After due considerat10n 
it ~as decided to send the following resolution to the American 
Engineering Council:-

"WHEREAS, American Institute of Consulting Engineers 
has four objects, one of which is 'to increase the 
usefulness of the profeSSion to the public at large, 

WHEREAS, membership in the Institute is limited to 
Engineers who are engaged in Consulting Engineering 
work, it is 

RESOLVED, that the Council of the Institute reiterates 
its endorsement of the purposes of The Temple Act, Pub
lic Law No. 49g of the 6gth Congress which provides for 
the completion of a standard topographic map of the 
United States. 

RESOLVED, that the expend;1tures of public funds for 
this work would be in the nature of an investment in 
durable goods because standard maps of the United 
State~ could be used for decades and probably for cen
turies in the public interest. 

RESOLVED, The Council of the Institute requests Amer
ican Engineering CounCil to bring this matter to the 
attention of appropriate governmental agencies." 

-6-
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REPORT OF PROGRESS 

TrIangulatIon: 

Lineal miles of triangulat10n through axis of 
schemes completed during October, 1935: 

First-order - - - - - - - - - - - - - - - - 65 
Second-order - - - - - - - - - - - - - - - 0 

* LIneal m1les of triangulation c~mpleted during 
November, 1935: 

F1ret-order - - - - - - - - - - - - - - 0 
Second-order - - - - - - - - - - - - - - - 0 

Total miles of tr1angulation completed to Novem
ber 30, 1935: 

First-order - - - - - - - - - - - - - - - - 61,422 
Second-order - - - - - - - 5,527 

• Most f1eld work oeased in August due to lack 
of funds. 

Levels: 

Lineal miles of levels completed during October, 
1935: . 

First-order - - - - - - - - - - - - - - - - 294 
Second-order - - - - - - - - - - - - - 11S 

Total miles of levels oompleted to October 31, 
1935: 

First-ordet' -
Second-order 

- - - - - - - - lo6,g95 
- - - - - - - - 154,923 


