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UTAH-WASHINGTON ARC OF PRECISE TRIANGULATION. 

By 0. V. HODQBON, Asdstant Chi& Division of Geodq, U. S. Coast and Geodetic 
Survey. 

PART I.  
GENERAL STATEXENT. 

This publication gives the results for tho arc of recise trim ula- 

northward into Idaho, and then westward and northwestward , to 
the Columbia River and to a junction near Portland, Oreg. with 
the California-Washin ton arc of adjusted recise triangufation. 

tion of the control points in the scheme can be most readily seen 
by referring to the mdox sketch a t  the back of this publication. 

The tabulated arrap ement of data follows the general plan 
adopted by the U. S. doast and Geodetic Survey some years 
No attempt has been made to secure originality m language in t e 
explanation of the tables. 
the language is identical with that found in previous pub ications of 
this Bureau, and it was not considered necessary to indicate such 
paragraphs as quotations. 

The writer made all of the observations for’ the triangulation and 
azimuth don this arc, the latitude and longitude observations were 
made by J. %. McGrath and W. B. Fairfield, h drographic and 
geodetic en ineers, and the office computations a n i  adjustments of 

eodesy a t  tho Washington office of the U. S. Coast and Geodetic 
gurvey. The compilation of the tabulated data and tho discus- 
sion of methods of adjustment were made by W. I?. Reynolds, 
chief computer. 

tion which extends from the vicinity of Great 8 alt Lake, d a h ,  

The region through w a ich this arc runs and t ?I e approximate loca- 

”$”‘ 
faragraphs On the contrary, in some 

the triangu 7 ation were made by the members of the division of 

CLASSES OF TRIANGULATION. 

9 to 
Triangulation is divided into different classes accordin 

curacy. The tcrms ap lied to these classes have reocnt y been 
changed by agreement o r  representatives of the various Fedoral map- 
making bureaus. Four classes of triangulation are now .prescribed 
and dohod-viz, precise, primary, secondary, and tertiary. The 
fiFt three of these are, respectively, equal in accuracy to tmhe classes 
primary, secondary, and tertiary as previously designated by the 
U. S. Coast and Geodotic Survey. 

The ultimate criterion ap lied in classif ing the different grades 
of triangulation is the a c t u s  error in the ength of m y  lme. This 

6 
9 



6 U. S. COAST A N D  GEODETIC SURVEY. 

is indicated by the discrepancy between the measured length of a 
base line and its length as computed through fhe trlangulation from 
the last preceding base. In  precise triangulation such discrepancies 
must not exceed one part in 25000, in primary trlangulation one 

art in 10000, and in secondary triangulation one part in 5000. 
gefore makin the comparison between the computed and meas- 

to the point where the side and angle equations have bcen satisfied. 
It is also necessary to take into consideration the maxmum actual 
error in the measurement of the base. 

To secure the accuracy indicated above, certain standards are 
adopted for the field work the most important one of which relates 
to the closin error of the triangles or tho discropancl between 
the measurecfsum of the angles in a triangle and 180 lus the 

a e closing error of the triangles must not be greatly in excess of 

shape of the figures in the triangulation scheme, the frequency of 
bases, the size of the instrument, and the number and kind of ob- 
servations are all selected with due regard to the accuracy desired. 

Under certain condilions the proportionate error in tho len th of 

triangulation. Whore two points are comparatively close together as 
compared with the size of the triangulation scheme the distance be- 
tween those points may be in error in excess of that indicated by the 
class of tr im ulation of the scheme. The accuracy of tho cornputod 

and Geodetic Survey Special f’ublicatlon No. 26. In  any class of 
triangulation the subsidiary stations will bo located with a less degree 
of accuracy than the main scheme stations. 

ured lengths t % e adjustment of the triangulation should be carried 

spherical excess of the triangle. In  precise triangulation t R e aver- 
1 Ft , in primary not more than 3,’, and in secondary about 5”. Tho 

a line as specified above may be found to be exceeded in any c p” ass of 

len th of any 7 ine can bo estimated by computing the Z R1 in accordance 
wit ?l the formula for the stren th of figures as given in U. S. Coast 

ARRA,NGEMENT O F  SUBJEOT MATTER. 

geographic positions 
point of the trian 
rithm of the 
meters and feet. 

Geographic positions, with descriptions and elovations of tho 
stations, are arranged in tabulated form in Part I of this publica- 
tion. Here the engineer and surveyor will find the data which 
will give him control points for his local surve?;.. On page 12, 
under the heading “How to find the data desired, is a descrlption 
of the use of the tables. The tabulation of thp various kinds of 

is arranged in the following order: (1) The 
of the triangulation. points are found in the 

Points of preclse accuracy are found in a 
those of lower grades. . (2) Following the 
21. 

geographic positions is a table, page. 22, giving the trigono- 
metric elevations of all points, referred to mean sea level. A note 
on page 22 indicates the de roe of accurac to be expected in the 
three different classes of e 9 evations. Suet elevations, intended 
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elevations of the stations in 

of different 

THE NORTH AMERICAN DATUM. 
Concerning the actual use of the table of geogra liic positions, 

it is necessary to explain the “North American &turn,” which 
serves as tho basis for all the geodetic values in this report. 

Early in the yoar 1913 the Superintendent of the U. S. Coast 
and Geodetic Survey was notified by the director of the Comisi6n 
GeodBsica Mexicana and by the chiof astronomer of the Domihion 
of Canada Astronomical Observator that the so-called United 

triangulation of those organizations. $he also reported that the 
Clarke spheroid of 1866, now used in t h o h i t o d  States, would be 
used by them. 

Owing to the international character of the datum adopted by 
the three countries, the Superintendent of the U. S. Coast and 
Geodetic Survey changed its designation from the “ United States 
standard datum” to the “North American datum.” 

States standard datum had been a B o ted as the datum for the 

EXPLANATION OF POSITIONS, LENQTIIS, AND AZI&fUTHS, AND 01“ THE 
NORTH AMEltICAN DATUM. 

All of the positions and azimuths have been computed u on the 
Clarke spheroid of 1866, as expressed in meters, which has i een in 
us0 in tho U. S. Coast and Geodetic 

After a sphoroid has boon ado 
in a 

ftnd a standard 
icnce the adopted standard position (latitude and longitude) of a fF ’n station, together with the adopted standard azimuth of a 
ine from that station, is called the eodetic datum. 

The. precise triangulation in thesn i t ed  States was commenced 
at V ~ ; ~ O U S  oints and existed a t  first as a number of detached or- 

only, upon the astronomic stations connected with that particular 
portion. As oxamples of such detached portions of triangulation 

tlons in eac R of which tho geodetic datum was necessarily depen B ent 
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there may be mentioned the early triangulation in New England and 
along the Atlantic coast, a detached portion of the transcontinental 
triangulation centering on St. Louis and another portion of the same 
triangulation in the Rock Mountain re ion, and three separate per- 
in the vicinit of Santa Barbara Channel, and in the vicinity of 
San Diego. 6 i t h  the lapse of time those separate pieces expanded 
until they touched. 

the office .computation of 
which was completed in 1899, joined ail he detached portions men- 
tioned and mtldo them one continuous triangulation. As soon as 
this took place the logical necessity existed of discarding the old 
geodetic data used in these various pieces and substituting one for 
the whole country, or at  least for as much pf the country as is cov- 
ered by continuous triangulation. To do this was a ver tedious 
piece of work and involved much prcliminary study to B etermine 
the best datum to be adopted. On March 13, 1901, the superin- 
tendent adopted what was known from that time until 1913 as the 
United States standard datum, but is now known as the North 
American datum, and i t  was decided to reduce the positions to that 
datum as rapid1 as possible. The datum adopted was that formerly 
in use in New I& land, and therefore its adoption did not affect the 

ositions which [ad been used for geo raphic pur oses in New 

The adopted datum does not agree, however, with that used in the 
Transcontinental Triangulation and in the Eastern Oblique Arc of 
the United States, publications which deal rimarily with the pure1 
scientific problem of the determination o P the figure of the eart 
and which were prepared for publication before the adoption of the 
new datum. 

As the adoption of such a standard datum was a matter of con- 
siderable importance, it  is in order here to explain the desirability of 
this step more fully. 

The main objects to be attained by the geodetic operations of the 
U. S. Coast and Geodetic Survey are, first, the control of the charts 
published by the Survey; second, the furnishing of the geo 
positions (latitudes and longitudes), of accurately determine Crphic eleva- 
tions, and of distances and azimuths, to officers connected with the 
Survey and to other or anizations; third, the determination of 
the figure of the earth. $or the first and second objects it is not 
necessary that the reference spheroid should be accurately that which 
most closely fits the geoid within the area covered, nor that the 
adopted eodetic datum should be absolutely the best that can be 

desirable that the reference spheroid and the geodetic datum adopted 
shall be, if possible, such a close approximation to tho truth that 
any correction which may hereafter be derived from the obsorva- 
.tions which are now, or may become, available shall not greatly 
exceed the probable errors of such corrections. I t  1s however, very 
desirable that one spheroid and one geodetic datum b e  used for tho 
whole country. I n  fact, this is absolutely necossary if a geodetic 
survey is to perform fully the function of accurately coordinating all 
surveys within the area which it covers. This is the most important 

tions of triangulation in Zalifornia, in t f! o latitude of San Francisco, 

The transcontinental triangulation 

En land and along the Atlantic coast to%orth Car0 ?? ma, nor those 
in t % e States of New York, Pennsylvania, New Jersey, and Delaware. 

t 

derived B rom the astronomic observations at hand. It is simply 
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function o$ a eodetic survey. To perform this function, it is also 

have been adopted for a country they be ri id!y adhered to, without 

In  striving to attain the third object, tho determination of the 
figure of the earth, the conditions are decidedly different. This 
pr?blem concerns itself primarily with astronomic observations of 
atltude, longitude, and azimuth and with the geodetic positions of 

the points a t  which the astronomic observations were made, but is 
not concorned with the geodetic positions of other points fixed by 
the triangulations. The geodetic ositions (latitudes and longitudes) 
of comparatively few points are t K erefore concerned in this problem. 
However, in marked contrast to tho statements made in precedin 

each new im ortant accession of data, a new spheroid fittin tho 

geodetic latitudes longitudes, and azimutts of the highest degree of 
should 60 derived. accurac?? The 

orth American datum was adoptod with reference to posi- 
tions furnished €or geographic purposes but has no rcfcrence to the 
problem of the determination of the fi ure of the oarth. I t  is adopted 

tions and does not affect the scientist’s problem of the determination 
of the figure of the oarth. 

The rinciples which guided in the.selection of tho datum to be 

from the ideal datum for which the sum of the station errors in 
latitude, longitude, and azimuth should each be zero.; second, i t  was 
dosirable that the adopted datum should roduce minimum changes 
in the publications of the U. S. Coast and geodetic Survoy, including 
its charts; and, third, it  was desirable, other things being equal, to 
adopt that datum which allowod the maximum number of positions 
ahead in the ofico files to remain unchanged, and therefore neces- 

tions led to the adoption, as the standard, of that datum which had 
beon in use for many yoars in tho northeastorn group of States and 
along the Atlantic coast as far south as North Carolina. 

An examination of the station errors of the astronomical stations 
SO far reduced, scattored widely over the United States from Maine 
to Louisiana and to California, indicated that this datum approachos 
closely the ideal for which the algebraic sum of the station errors of 
each class would be zero. 

The North American datum, upon which the positions and azimuths 
given in this publication de end, may be defined in terms of the posl- 
tlon of the station Meades 

highly dcsirab P e that when a certain spheroid and geodotic datum 

change f o ~  all time unless shown to be large B y in error. 

paragraphs, it is desirable in dealing with this problem that wit f 
geoid with t i e  greatest possible accurac and now valuos o f the 

with reference to the engineer’s prob B em of furnishing standard posi- 

adopte x were: First, that the adopted datum should not difler widely 

sitate L9 R minimum amount of new computation. These considera- 

anch as follows: 
0 I / I  

+=39 13 26.G86 
X=Y8 32 30.5OG 

cut0 Waldo=75 28 14.82 
Points are then said to be upon the North American datum when 

they are connected with tho station Meades Ranch by. a continuous 
triangulation, througll which tllo corres ondin latitudes, longi- 
tudes, and azimuths have beon compute x f :  on t i o  Clarke spheroid 
of 1866, as expressed in meters, starting from the above data. 
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USE OF HORIZONTAL COFTROL DATA. 

splendid foresight has extended its triangulation control over the 
entire State for the purpose of defining property boundaries in terms 
of latitude and longitude. The advantage of such a system is well 
stated in the following extracts from the Report on the Maryland 
Oyster Survey: 

The dificuhies of accurately locating and permanently defining the boundaries of a 
farmer’s plantation on land, even with the aid of monuments, public roads! streams of 
water, and other points of reference are often great, judging from the dlsputes fre- 
quently arising in connection with boundaries. * * *. 

There is on1 one point on the earth’s surface a t  the intersection of an one parallel 
o€ latitude a n i  any one meridian of longitude, and therefore there can ge no dispute 
as to the meaning of such a geographic definition of the location of a point, even though 
all the original triangulation station marks used in its determination, together with 
the chart on which its position was originally plotted, have been total1 destroyed. 

In the case of the destruction of an original triangulation station ma& or any other 
point defined by a geographic osition, a competent geodetjc engineer can reestablish 
its exact location by means o f a  new system of triangulation connecting with other 
distant triangulation marks which have not been destroyed. 

I n  a section of the country coyered by adequate eodetic control 

tions, in addition to its possible future use as a basis for cadas$ral 
surveys : 

needs as initial data 

the data are available to the engineer for any of the f ollowing opera- 

triangulation, based on this. control, will prevent the accumulation of 
excessive errors as he carries on his mapping operations. In  the 
event that the available precise triangulation in that region has lines 
of too great length to join to conveniently he can measure a base 
and azimuth a t  some place visible from a precise or a primary trim- 
gulation station and connect his base to the station by triangulation, 
thus obtaining roper geographic positions for his local surveys. . 

suitable for the control of local surveys, may be found in U.%. Coast 
and Geodetic Survey Special Publication No. 26, which can be had at  
a nominal cost from the Superintendent of Documents, Government 
Printing Office, Washington, D. C. 

(2) Boundary lines.-If it is desired to locate or to delimit 
accurately and permanently the boundaries of political subdivisions, 

Instructions P or secondary (formerly called tertiary) trim ulation, 
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such as States, counties, or cities, the methods indicated in the 
preceding para raph may be followed. Whenever possible, a line 
of the adjustefi triangulation should be used as a basis for local 
surveys rather than a oint, since a line gives the threo essentials of 
position, length, and 3 uection. 

(3) Local intensive surveys.-The necessity for such surveys 
arises most fre uently in connection with extensive improvements 
over a considera le area, or as a basis for the modern " cit planning," 
where the needs of a city are bein antici ated for a num er of years. 
Here the requirements are somew 5 8  a t  di erent from those in the two 
preceding operations, for it is often necessary to extond precise or 
primary control in considerable detail over the entire area affected, 
secondary triangulation or traverse then bein used to furnish addi- 
tional points for the survey. I n  such a contro n" survey the triangula- 
tion should invariably be started from a line of adjusted triangulation 
on tho North American datum. ' 

In  local surveys where the area is of limited extent it is usually 
desirable to use a system of plane coordinates, the origin being 
connected to some point of the precise or primary triangulation 
scheme. Tables for computing plane coordinates are found in U. S. 
Coast and Geodetic Survey Special Publication No. 71. 

The U. S. Coast and Geodetic Surve will be glad to give advice 

proposed extension of triangulation from them. 

1 I) 

on any problem arising out of the use o 9 its control points or on any 

EXPLANATION OF TABLES. 
ARRANGEMENT OF TABULATED DATA. 

In the tables of ositions the latitude and longitude of each point 
are' given on the i o r t h  American datum (see p. 7) ; also the length 
and azimuth of each line observed over, whether in one way or both 
ways, to other points of the triangulation. No LENGTHS OR AZI- 
MUTHS ARE REPEATED, AND FOR A QIVEN LINE THE LENGTH AND 
AZIMUTH WILL BE FOUND OPPOSITE THE POSITION OF ONE OR "HE 
CI"I'IEIt OF THE TWO STATIONS INVOLVRD. 

The distnnces between stations are iven in both metors and feet. 
To facilitate further the use of the taflos, a column is given of the 
logarithms of the lenwths in meters. It must be remembered that 
it IS tho logarithm of 810 length in meters which is derived first in the 
computation, tho lengths in meters given in this table boing derived 
from the corresponding logarithm and the len ths in feet in turn 

on pages 33-40. &ere further work of considerable oxtent is con- 
templated, an accumulation of error in tho last two operations can be 
avoided by using the logarithm. 

derived from the len ths in meters by the aid of t 7 i o  conversion.tables 

EXPLANATION OF LENQTIIS. 

The longths, as explained in the discussion of the adjustments 
(see p. 111, depexd upon the adjusted lengths of the lines Ogden- 
Pdot of the thuty-ninth parallel triangulation, and Larch-Red of the 
California-Washin ton arc and upon the measured length of the 
Stanfiold base. T%e 1ongtLs as given in the tables are all reduced 
to sea level. If the actual length of a line simply reduced to the 
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horizontal is desired-that is, its length in its actual elevation on 
the surface of the earth--it may be obtained by adding to the sea 
level length as given a correction = (length of line as given) times 

mean elevation of the two ends of the line in meters 
6 370 000 * Of the 

introduced by the use of the a E ove approximate formula does not 

The maximum value of this correction does not exceed 
length of any line of the trian ulation here published. 

exceed & of the length of any portion of this triangulation. 

he error 

AZIMUTH AND BACK AZIMUTH. 

Because of the convergence of the meridians the azimuth and back 
azimuth of a line do not differ by exactly 180°, %he amount of the 
divergence varying with the latitude and the difference of longitude 
of the two points. To illustrate from the tables, pa e 14, the azimuth 

or the azimuth from Putnam to Oxford, is 357’ 52’ llYO8. 
The azimuths of the triangulation lines offer a very convenient and 

accurate means of testing the error of the magnetic needle on a 
surveyor’s transit, and even the azimuth over such short distances 
as those between a station mark and its reference mark may be used 
for this purpose with fair accuracy, provided the distance IS greater 
than 100 feet. 

from Oxford to Putnam is 177’ 53’ 291’64, while t % e back azimuth, 

AUUUR.AUY OF DATA INDIOATED IN TABLES. 

The rule followed in recent publications of this office has been to 
give latitudes and longitudes to thousandths of seconds for all oihts, 
the positions of which are fixed by fully adjusted triangu7ation. 
Points, the positions of which are given to hundredths of seconds 
only, are marked by footnotes as being without check (observed from 
onl two stations) or checked by verticals only. 2 the columns giving azimuths, distances, and logarithms of 
distances, the accuracy is indic.ated to a certain extent by thenumber 
of decimal places given, it being understood that in each case two 
doubtful figures are given. In some cases there is very little doubt 
of the correctness of the sccond fi ure from the right, while in a few 
cases some doubt may be cast on t a e third figure from the right. 

HOW TO FIND THE DATA DEBIRED. 

Following the index a t  the back of this publication ftre four maps. 
The first is an index map showing all areas in the United States 
covered by published triangulation rigidly computed on the North 
American datum. Following that is an index ma showing the 

other two are detailed maps showing the scheme of triangulation 
plotted by latitudes and longitudes on a polyconic projection. 

The second index map shows all the territory covered b this arc 

and approximate location of all points determined. From this can 
be obtained the names of all points in any portion of the area. 

triangulation stations in the area covered by this pu E lication. The 

of triangulation, together with county boundaries and t IT e names 
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Having thus found the names of the points desired, the tables 
may then be conveniently consulted by using tlie index at  the end 
of this publication. In the appropriately headed columns op osite 

its geographic position, doscription, and elevation above sea level, 
and the. number of the detailed sketch showing the scheme of ob- 
served lines from that station. 

the name of each station are given the pages on which may be f ound 

RELATED PUBLICATION& 

Engineers and others using the data given in this report for the 
control of ma s and surveys will find it of he1 to hitve Special 

They may be obtained at a nominal cost from the Superintendent 
of Documents, Government Printing Ofice, Washington, D. C. 

Special Publication No. 5 is entitled “Tables for a polyconic 
rojection of maps based on Clarke’s reference spheroid of 1866.” 

!his publication contains the necessdry explanation oi the method 
employed in constructing a polyconic projection, and also gives the 
values in meters of the degrees, minutes, and seconds of latitude and 
longitude for all latitudes. 

Special Publication No. 8 is entitled “Formula and tables for the 
corn utation of geodetic positions.” As the title of this publication 
imp I? ies, the data contained in it will enable one to compute the 
spherical coordinates for triangulation where the distances and angles 
are known. 

Special Publication No. 71 is entitled “Relation between lane 
rectangular coordinates and geographic positions.” This f o o k  
contains tables which will facilitate the use by engineers of plane 
coordinates for local surveys. 

The principal lists of geographic positions published on the North 
American datum throughout the United States, together with 
descriptions of stations, are contained in tho iollowing publication: 
of the U. S. Coast and Geodetic Survey and o€ other organizationss 

Appendix 8 of the Report for 1888, positions in Connccticut,. 
Ap endix 8 of the Report for 1893, positions in Pcnnsylvania, Deiaivare, and 

Maryrand. 
A pendix 6 of the Report for 1901, positions and descriptions in ICEUNELE and Ne- 

bras!&. 
Ap endix 4 of the Report for 1903, positions and descriptions in Kansas, Oklahoma, 

and ?exas. 
Appendix 9 of tho Report for 1904, positions and descriptions in California. 
Appendix 6 of the Report for 1905, positions and desrnptjonn in Texas. 
Appendix 3 of the Iteport for 1907, positions and doscriptions 111 (’alifornia. 
Appendix 5 of tho Report for 1910, positions and descriptions in California. 
Ap endix 4 of the Report for 1911, poRitions and doscriplions in Nebraska, Minne- 

Appendix 5 of the Report for 1911, positions and descriptions in Tcxas. 
Appendix 6 of the Re ort for 1911, positions and descriptiontl in I’lorida. 
SPecld Publication 80. 11, positions and descriptions in Texas, New Mexico, 

SPQClal Publication No. 13, positions and descriptions in California, Oregon, and 

Special Publication NO. 16, positions and descriptions in Florida. 
Specjal Publication No. 17, positions and descriptions in Texas. 
Special Publication No. 19, ositions and descriptions in Colorado, Utah, Nevada, 

ipeciaf Publication No. 24, positions and descriptions in Alabama and Mississi pi. 

Publications ds. 6 ,  8, and 71 of tlie U. S. Coast an st Geodetic Survey. 

Bot&, Rorth Dakota, and South Dakota. 

Arizona, and California. 

Washlngton. 

w omin , Montana, South Dalota, and North Dakota. 

Kentucky, Indiana, Illinois, and Missouri. 
Special Publjcation NO. 30, positions md doscriptions in West Virginia, 0 L 0, 



Latitude 

longitude. 
Station. and  

PrfnCfPalPofnts. / ,, 
Cache, 1897.. . . . . . 42 11 09.402 

113 39 37.644 

Oxford, 1897 ...... 42 16 11.766 
112 06 40.972 

Big Butte, 1916 ... 43 23 47.288 
113 01 18.680 

Big Butte refer- 43 23 47.202 
enoemark, 1016.1 113 01 18.464 

Putnam,  1915.. ... 42 64 49.648 
112 07 46.050 

MiddleButte,l915. 43 20 27. 969 
112 44 15.303 

Middle B u t t e  43 29 27.950 
referonce mark, 112 44 16.489 
1916.1 

Caribou, 1915. _. . . 43 05 37.440 
111 18 39.407 

Caribou referonce 43 06 37.142 
mark, 1916.1 111 18 39.498 

Kimama, 1915.. . . 42 60 40. 583 
113 67 20.307 

Kimamareferenco 42 60 40.207 
113 67 20. 367 

Picabo, 1916.. . ... 43 16 GO. 908 
114 09 14.916 

Picabo reference 43 16 50.783 
mark, 1916.1 114 09 14.863 

Plat, 1916 ......... 42 43 48.702 
114 24 62.624 

Flat reference 42 43 48.783 
mark, 1916.1 114 24 52.7h  
1 Noah& on thb posltlon. 

mark, 1016.1 

GEOGRAPHIC POSITIONS. 
- .- ____ 

Distance. 

Log (metors). Motors. Foot. 
heim\th. To station. 

--- 
/ ,, . , ,, 

305 62 42.13 127 03 42.35 0 den Peak ... 6.2662168 184168.69 604228.8 
15 00 35.68 194 63 00.41 d o t  Pcak.. . . 6. 1288w6 133808.02 439328.0 

351 20 05 13 171 28 42.32 0 don Prak ... 5.0797671 120169.22 394222.4 
60 30 14: 43 229 17 18.29 Plot  Peak.. . . 6.3333520 215452.72 708534.4 
wi 23 27. 08 266 20 24.74 Cache ....._... 6.1118964 129388.72 424602.8 

328 32 55.09 149 10 38.23 Oxford ........ 6.1048606 146204.41 479672.3 
21 27 03.05 201 01 01.81 Cache ......... 6.1691658 144200.61 473314.7 

107 06 04 287 06 04 Big Butte.. .._ 0.43467 2.72 8.9 

357 62 11.08 177 63 20.64 Oxford.. ..... . 4.8547348 71570.62 234811. a 
67 46 47.58 230 44 40.34 Cache.. .... .. . 6.1746207 140492.96 480401.6 

120 46 38.50 300 00 01.23 Big Butto.. ... 4.9564074 90241.73 296088.1 

322 10 21.84 142 36 20.67 Putnam .... .._ 4.0083280 80070.89 28@62.0 
05 32 29.72 246 20 46.07 Big Butte.. ... 4.4030990 25298.78 83001.1 

201 63 66 81 53 65 MiddloButto.  0.02428 4.21 13.8 

34 25 16.52 214 63 17.64 Oxford. __._ _._ 6.0489276 111925.10 367aO7.6 
73 30 10.32 253 02 40.65 Putnam ... ... . 4.8430413 60060.27 228573.3 

111 21 35.7" 290 22 63.81 Mlddlo Butte. 5.0931008 123908.40 408622.8 

192 37 09 12 a7 09 Caribou.. . . . . . 0.97451 9.43 30.9 

230 67 51.23 61 36 13.36 Big Bulto.. . . . 4.9893370 97674. BA 320128.1 
341 31 18.81 161 43 21.16 Caoho ... . .... . 4.8888841 77389.88 253803.3 

174 30 364 39 IUmama.. ... . 0.90078 9.79 32.1 

201 38 48. 04 82 25 26.71 Big Butto.. ... 4.8871628 92717.74 304101.6 
341 26 36.62 161 46 42.79 Cache.. . . . . .. . 6.1077858 128169.82 420503.8 
341 31 43.80 161 39 47.69 Kimama. .. ..- 4.7050934 60780.08 100801. o 
166 13 346 13 Picabo.. . . ._. . 0.76938 6.66 10.3 

199 03 28.86 19 14 08.44 Picabo .... . ... 4.8112646 64762.19 212441.1 
260 42 00.32 71 00 47.6 IUmama. - -. . . 4.6077003 36606.94 128840.6 
314 00 10. E0 134 30 62.48 Cache.. . . .... . 4.9376267 53021.70 284191.4 

316 33 136 sa Flat ........... 0.64631 a.61 11.6 



I I I I Distanco . 

Shafer. 1916 ....... ........ .......... ......... 

Prinefpal pow.9- 
Continued* 

arcon. 1915 ....... 

mark, 1916.1 
Qwon roferenco 

Camas, 1916 ....... 

Camas roformco 
mark, 1916.1 

Bluo. 1915 ........ 

Bluo roferonoo 
mark, 1916.1 

Mountain Homo, 
1916 . 

Mountain Home 
roferenco mark, 
1016.1 

Sllvor. 1916 ....... 

Silver reference 
mark, 1915.1 

-~ ___._ . 

0 , I ,  . I II  D . I 1  

43 12 61.263 202 63 06.37 83 24 15.00 Pirnbo ........ 4.7921968 01972.19 203320.4 
114 54 42.307 322 48 22.69 143 08 42.53 Flat ........... 4.82(33508 07352.05 220870.8 

43 12 51.280 288 05 118 06 Grocn ......... 0.18762 1.64 5.1 
114 64 42.307 

43 14 57.954 267 38 19.00 88 30 65.68 Picabo ........ 6.0107434 103930.00 340979 . 0 
116 28 00.691 276 06 29.47 96 26 60.00 Qrom ......... 4.0200400 425434.41 139040.7 

304 26 07.81 125 06 48.93 Flat ........... 6.0049810 101153.60 331S8.3 
43 14 68.181 327 IO 147 10 Camas ........ 0.92117 8.34 27.4 
116 26 00.791 
42 41 16.461 176 12 11.16 350 10 00.01 Camas ........ 4.7962250 62549.75 ?05215.3 
115 22 66.985 213 07 64.47 33 27 00.18 Qroon ......... 4.8450189 0W87.24 228616.6 

266 16 33.18 80 54 50.65 Flat ........... 4 . Mxx)108 70435.89 260616.9 

42 41 16.301 216 16 26 35 16 20 Bluo .......... 0.78032 0.03 19.8 
116 22 67.138 

43 07 44.382 237 33 38.76 57 44 18.09 Camas ........ 4.3980220 25004.77 82030.5 
116 41 30.050 332 31 17.89 162 43 59.79 Blue .......... 4.7420413 66213.00 181144.7 

43 07 43.962 244 02 63 64 02 64 M o u n t E i n 1.48130 30.20 00 . 4 
115 41 37.266 Homo . 
42 68 61.394 252 64 20.34 73 44 30.34 Camas ........ 5.0107872 103930.20 340887 . 6 
110 39 24.486 267 60 12.71 78 29 40.05 M o u n t a i  n 4.8041598 80197.31 203114.0 

288 56 56.00 107 47 55.70 Blue ........ J . 6.0380822 109104.70 358161.2 
42 68 61.046 167 13 56 337 13 56 Silvor ......... 1.00558 11.03 38.2 
110 39 24.280 

Homo . 

Nyssa. 1916 ....... ........ 
......... 

Shafor roforence 
mark, 1016.1 

Squaw, 1016 ...... 
Squaw roforonco 

mark, 1915.1 

43 40 19.104 244 02 32 64 02 32 Shaf or ......... 0.96142 9.15 30.0 

38928.70 127718.8 
0 43 36.70 189 33 27 . W Silver ......... 6.0740070 118578.80 388037.3 

44 01 59.575 336 39 23 160 30 23 Squaw ........ 0.74507 6.56 18.2 

116 05 17.766 

110 24 40.335 

110 24 40.434 

44 01 69.410 318 04 38.08 138 18 02.52 Shafs  ......... 4.h02705 

1g16** ....... 44 10 G9.309 229 45 00 . 82 60 11 41.41 Iron ............ 4.8192526 65985.73 216389.8 
117 39 40.846 278 09 16.85 90 01 27.90 Squaw ........ 6.0053347 101236.94 332138.2 / I l l  300 46 22.79 121 13 47.66 Nyssa ......... I l l  4.8043779 63734 . 99 209103.9 

NYsSa reforenco 
mart, 1916.1 

Iron reforonce 

Iron. 1016 ......... 

mark. 1816.1 

43 62 26.212 320 63 60 1413 63 69 Nyssa ......... 0.98408 9.00 31.7 
110 68 47.983 

44 33 03.014 319 14 30.28 139 40 26.44 Squaw ........ 4.8791878 76716.02 248411.6 
117 01 40.174 357 04 14.68 177 00 14. 03 Nyssa ......... 4.8770006 76336.70 247167.2 

44 33 03.093 47 32 11 227 32 11 Iron ........... 1.23830 17. 31 56.8 
117 01 39.696 



16 U. S. COAST AND GEODETIC SURVEY. 

GEOGRAPHIC POSITIONS-Continued. - 
Station. 

Principal poi&- 
Continued. 

Maxwell, 1010 ..... 

Maxwellreferonce 

Medical, 1010.. .. . 
mark, 1010.1 

Medical reference 
mark, 1010.1 

Fanny, 1018.. ..._ 

Fanny roferenco 
mark, 1010.1 

Powder, 1010.. .._ 
Powder reference 

mark, 1910.1 

Emily, 1010 ..... .. 

Emily reference 
mark, 1010.1 

La Orande, 1010.. 

La Grando refer- 
ence mark No. 
1.1010.1 

La Orsndo refer- 
ence mark No. 

La Urande rcfor- 
enco mark No. 
3,1916.1 

Birch, 1010.. . .... 
Birch reforonce 

mark, 1010.1 

Big Hill, 1010 ... ._ 

2,1010.1 

Big JKillrofororico 
mark, 1010.1 

Alkali (U.S.G.S.), 
1016. 

Alkali reference 
mark, 1010.1 

Laurila, 1010 _.... . 

Job, 1010 ..... . ._ .. 
1 No check on this 

Latitude 

longitude. 
and Azimuth. a&%i. To station. 

0 .r I ,  0 , ,, 0 , ,, 
44 M 43.033 291 68 41.00 112 43 28.78 Iron ...._. . ._. 
118 05 10.632 320 11 60.04 140 24 53.27 Beaver ..... . . 

330 02 01.22 160 20 00.02 Dry.. . . . . .. . . 
44 51 43.690 320 37 15 140 37 15 Maxwell ...... 
118 05 10.778 

45 04 48.027 320 31 20.13 140 52 05 00 Iron .... . .. . . . 
117 30 58.000 21 40 43.64 201 20 26:48 Beaver ..... . . 

01 68 33.60 241 34 17.05 Maxwell.... . . 
45 04 47.087 242 11 00 02 11 07 Medical.. . . . . 
117 31 01.206 

46 18 30.000 320 29 10.68 140 38 20.58 Medical. ... . . 
117 43 46.420 3 07 27.00 183 06 10.22 Beaver .... ._. 

29 50 32.37 200 36 16.03 Maxwell.. . .. 
46 18 28.833 229 12 01 49 12 01 Fanny ....... 
117 43 45.711 

44 55 47.740 218 30 10.04 38 57 26.08 Fanny. ... ... 
118 00 32.651 323 36 01.81 143 38 00.47 Maxwell ...... 
44 55 47.827 200 56 10 110 60 10 Powder ...... 
118 09 32.841 

45 20 00.888 208 08 32.42 110 24 00.93 Fanny. _.. . .. 
118 05 38.527 360 37 29.46 170 37 42.03 Maxwell.. . .. 

6 13 20.09 185 10 40.01 Powder .... . . 
46 20 07.422 54 32 10 234 32 161 Emily .... _ _  .. 
118 05 37.462 

46 10 40.407 180 05 16.10 0 06 16.08 Emily ...-_. . . 
118 06 30.340 274 46 10.60 06 01 44.74 Fanny -__. .-_ 
46 10 40.100 00 63 24 270 63 23 La Grand&.- 
118 06 37.094 

45 10 51.007 320 68 16 148 68 17 LaGrande ... 
118 05 41.346 

45 10 40.430 04 40 11 274 40 11 Laarande... 
118 05 38.804 

45 24 13.230 284 50 51.25 86 10 21.73 Emll 
118 87 14.646 325 16 20.13 146 34 68.70 Pow&:::::: 

46 24 13.452 350 31 20 170 31 20 Blrch ........ 
118 37 14.507 

45 35 69.885 298 08 04.40 118 20 42.53 Emil 
118 31 46.000 338 32 66.12 168 48 42.00 POW&;:::::: 

18 69 13.06 108 05 18.40 Birch ..... .. . 
46 36 01.784 10 24 13 100 24 13 Big JW...... 
118 ai 86.202 

45 32 04.100 200 17 00.07 80 40 40.08 Big Hill... . .. 
110 06 07.743 201 37 67.04 111 67 60.42 Birch........ 
45 32 04.007 01 43 271 43 Alkali ........ 
llD 05 07.607 
45 40 14.580 306 54 06.70 120 12 41.04 Big Hill .... .. 
118 67 43.700 328 60 40.06 160 14 25.03 Birch.. . . . . . . 

16 61 08.21 100 45 ho.63 Alkali ..... . . . 
45 38 46.096 233 67 25.12 64 12 13.09 Laurila ...... . 

n o  18 24.643 ao6.a 09.a 1% 42 38.4~ ~llrai i  .... .... 
positlon. 

- 
Distance. 

4. ossom 
4.5783373 
4.025” 

I- 

ooooo. 17 
37873.66 
84158.00 

0.00211 

4.8473044 
4.7580018 
4.7007376 

1.78386 

4.4826000 
4.6907801 
4.7500127 

0.01355 

0.82 

70371.11 
67410.68 
51255.16 

02.21 

30374.32 
78a47.69 
67080.02 

8.10. 

4.7321040 
3.0713318 

0.08216 

4:m3172 31805.24 
4.8041057 l13805.00 
4.7512030 60300.23 

63003.09 
0361.21 

I 4.81 

1.45347 

4.0663876 
4.4662284 

1.00714 

1.83952 

1.02283 

4.0107118 
4.8068181 

0.83050 

4.6869068 
4.0027383 
4. W8076 

1.77530 

4.0436508 
4.6020862 

0.40000 

4.0100826 
4.7280138 
4.5215800 

4.6202003 
4.32730BB 

Foot. 

28.41 

11651.06 
28722.77 

40.79 

87.00 

10:631 

41372.51 
03040. 00 

U.77 

38628.32 
70035.43 
22964.48 

68. 02 

44020.00 
30140.07 

3.10 

41085.20 
63458.14 
33234.53 

33128.30 
21260.38 

188257.8 
124257.2 
170110.3 

32.2 

Z30875.0 
188364.6 
108160.0 

204.1 

00053.1 
258080.8 
187326.6 

20. 69 

177040.0 
30712.0 

15.8 

104544.6 
308072.0 
185008.0 

03.2 

38227.1 
04234.0 

183.4 

2811.4 

34.66 

135730.3 
i00708.4 

22.2 

120733.1 
162264.8 
76309. 8 

105.0 

.444!?,5.6 
128431.7 

10.4 

.30702.4 ’ 
,76387.2 
,00037.0 

.08688.7 
09710.0 



UTAH-WASHINGTON PRECISE TRIANGULATION. 17 
GEOGRAPHIC POSITIONS-Continued. 

Statlon. 

J'rfncipal points- 
Coniinuod. 

Job r e f o r e l l c o  
mark, 1910.1 

a n s i o n 
ash.), 1010. "3 

+I ansion refer- 
C c ~ a o  m a r k  

(Wash.), 1010.1 

Stanfleld west 
base, 1910. 

Stanflold west 
baso referenco 
mark, 1910.1 

Stanfleld east 
base, 1010. 

Btanfldd osst 
mark No. 1, 
1010.' 

Stanfield Bast 
basc relorence 
mark  No. 2, 
1010.1 

Echo, 1016. .. . . . . . 

bas0 CQferQIlCQ 

Echo reference 
mark, 1010.1 

Alder (U.S.G.S.) 
(Wash.), 1010. 

Alder reference 
mark  (Wash.), 
19lO.l 

Ella, 1910.. . . . . . . . 

Ella rcforonce 
mark, 1010.1 

Tob (U. 9. 0. 

Toby roforonco 

MontRomrr U. 
S . Q . S J ( $ ~ ~ ~ ) ,  
1010. 

MontgomcrY COf- 
ew~lco mark 
(Wwh.), 1910.1 

John* lolo- .. . . . . - 
John roforel~m 

mark No. 1,1010.1 
1 No chock on this 

6.3: 1916. 

mark, 101W 

63906°-21-2 

Latitude 

longitude. 
and AEimuth. a&:&. To station. 

0 I I1 * I 11 * I #I 

45 38 40.294 10 23 41 100 23 41 Job ......... 
110 18 24.512 

46 67 36.480 208 60 39.13 110 12 06.44 Laurlla ..... . 
119 10 13.808 338 40 00.22 168 50 12.23 Alkali.. .. . . . 

368 14 60.06 178 16 31.97 Job ........ . . 
46 67 95 607 273 38 10 03 38 10 Expansion.. 

110 10 14:428 

45 40 38.672 216 64 12.46 30 02 22.30 Expansion.. 
110 30 30.200 312 30 10.68 132 47 54.38 Job.. . . .. . . . 
45 40 30.300 366 10 54 176 10 64 Stanfleldwes 

110 30 30.357 base. 

46 40 18.066 3 10 43.00 1&9 10 17.28 Job.. . ... . ._ 
110 17 48.808 02 10 03.08 272 00 63.87 Stanfield ww 

174 68 49.10 364 67 47,06 Expankon . . 
46 46 18.306 187 60 64 7 60 64 Stanfleld 089 

base 

base. 118 17 48s 727 

46 46 18.703 120 03 22 800 03 22 
110 17 48.134 

Stanfleld oasl 
base. 

46 44 36.385 40 07 46.30 220 02 42 70 Job.. . . .. . . . , 
110 11 20.222 110 20 10.90 290 16 41175 StanfIeld wsi 

45 44 38.074 20 28 14 200 28 14 Echo ......... 
110 11 20,068 

76 68 47 77 Expamion ... 
310 60 22.229 294 31 68.83 114 60 10: 30 Job.. . ... . . . . 
46 61 00.763 73 48 64 263 48 63 Aidor.. _.. ... 

110 60 21.380 

48 34 17.818 167 68 37,33 337 61 41.68 Alder. . .. . .. . 
110 40 41.429 219 21 10.90 30 41 00.49 Expansion ... 

257 10 11.07 77 30 23.04 Job.. . .... .. I 
45 34 17.810 1 01 01 181 01 01 Ella .... . . ... . 

base. 

46 61 00.683 256 37, 07.33 

110 40 41.421 

46 31 20.oa8 208 2~ 13.64 a3 30 68.76 Aldor ......., 
120 08 36.102 268 50 38.61 70 16 17.00 Ella .......... 
46 31 20.276 32x 13 io8 13 Toby ......-.. 

46 48 21 792 NO 02 os as 80 17 46.14 Aldor.. ...... 
120 18 12:430 302 18 34:lO 122 41 07.30 Ella .......... 

338 21 47.43 168 28 30.66 Toby .... . .. . . 
46 48 21 682 132 312 Montgomery , n o  18 12: 067 

46 24 W. 000 207 10 34.70 27 32 23.84 Montgomery . 

46 24 11.200 369 67 42 170 67 42 John. .. .. . . . ~ 

120 30 06. 474 
positlou. 

120 08 30.174 

120 30 08.470 249 23 62.64 00 43 30.33 Toby.. . . . . . . . 

Distanw. 
----- 

4. ~0027703 
4.7040511 
4.543UZ4 

1.12487 

1.67670 I 37.06 1 123.6 

318%. 58 104414.4 
60093.30 160310.6 
34016.S3 114663.0 

13.325 43.72 

4.3980860 
4.3333427 

1.36070 

4.1471768 
4.2200209 

4:3216678 

1.26369 

25000.46 82310.2 
21544.81 70084.0 

22.740 74.01 

14033.62 46042.6 
16690.0O8 64460.90 

20908.04 08792.0 

18.305 00.25 

1.07372 I 11.8501 38.88 

4.1540102 
3.0518055 

14256.71 
6940.04 

40773.0 
20362.3 

4.6239880 
4.7477008 
4.6701013 

3.00846 

1.6004144 

1.88262 

~moia 

4.0051027 49660.74 102687.4 
4.7341416 b4217.76 177878.4 

1.27000 1 18.88 1 01.0 

33410.36 1O9043.3 
55949.90 183502.6 
370R(I,07 123044,7 

0.300 30.61 

30767.07 130430, Y 

7.03 26.0 

20041.06 orma8 

1.04407 

&. 7042787 
1.6893204 

1.14373 

11.001 30.30 

60014.04 100069.2 
38310.73 126001.1 

130.23 466.8 



18 U. S. COAST AND GEODETIC SURVEY. 

UEOURAPHIICI POISITIONB-Continued. 

Station. 
Latitude 

longitude. 
and Azimuth. 

FYfnelpal pot&-- 
Continued. I 0 , ,; I . , ,, 

Huckle (Wash.),, 
1916. 

346 i o  an. 4: 

46 63 08.624 291 64 19. b 
121 42 13.761 346 47 46.7 

14 07 18.6 
37 26 34.2 

121 28 43.6 

ieia.1 

Supplemrntar?i 
points. 

Oxford n o r t h  

Oxford 8 o u t h 

bast?, 1916. 

base, 1016. 

Stacker (Wash.), 45 42 MI 050 253 69 28 $ 
1121 06 00: 3971 311 34 63: 3. 1916. 

421607.40  906023.0 
111 68 6% 296 

42 16 12 163 101 06 01.2 
111 68 694931 180 56 14.0 

Stacker reference I 46 42 50.906' 322 49 
mark (Wash.), 121 06 00.673 
1916.1 

Oxford railroad 
station south 
gable, 1916. 

264 29 16.91 

42 16 07.395 90 51 38.2 
111 68 69.873 266 20 39.7 

369 42 26.0 

266 26 12.0 
320 11 46.2 

Pre.ciw level 8. 
M. E,, 1916.' 

Henry, 1915 .... __. 

Henry (U. 8. Q. 
S.), 1916.1 

woodnli, 1016. .. . . 

Chinidere refer- 46 36 11.W 164 10 32 
ence mark, 1916.11121 48 39.062/ 

42 16 07.646 347 42 16 
111 68 68.312 

42 66 16.033 

42 56 16.16R 330 61 37 
111 24 12.034 

111 31 06. 002 201 00 42.2 
206 a6 62.2 

89 27 36. E 
111 24 12.640 201 20 46. a 

42 45 n9.778 109 54 N. 3 

Bonida iron ele- 42 13 41.38u 116 18 64.8 
vator,northga- 111 69 00.035 180 16 14.3 

hle, 1916. I 1 1 8 0 3 o n . i  

Back 
azimuth. 

0 I I ,  

I30 13 27 

77 48 26. 31 
I18 11 24.93 
I66 16 67.71 

I79 18 46 

84 16 23.72 
I31 56 12.6f 

142 49 

3R 61 49.Z 
64 46 69.8t 
85 08 35.4: 

189 46 44 

264 28 11.71 
3.58 60 3L!X 
76 65 41.01 

140 24 03.3t 

334 10 32 

112 20 17.7t 
166 66 30.2( 
194 02 42.4: 
217 On 06.91 
301 23 42.M 

312 30 46 

270 46 40.1 

281 01 26.1 
0 66 14.8 

270 47 02.4 
86 20 40. 8 

179 42 26.3 

296 14 19,l  
0 16 14,7 

0 30 24.3 

167 42 16 

268 67 57.1' 
21 30 32.6 

160 51 37 

289 20 40.0 
24 09 10.6 
26 41 33.3 

T; station. 

John.. . . . . . -. . 
Montgomery.. 
Toby .... . . . . . . 
John.. . . . . . . . . 
Maryhill . . . . . . 

Maryhill . . . . . . 
John.. . . . . . . . . 
Stacker. . . . . . . 

Stackcr. . . . . . . 
Maryhlll . . . . . , 
John.. . . . . . . . 
Lookout. . . . -. 

&arch.. . . . . . . 
Red.. . . . . . . . . 
Stacker ...... 
Lookout. . . . . 
Chinidere. . . . 
Btacker. . . . . . 
Lookout. . . . . 
Chinidere.. . . 
Larch.. . . . . . . 
Rod.. . . . . . . . . 
Huckle. .. . . . . 

Oxford.. . -. . . 
Oxford.. . . . . . 
Oxford north 

Oxford.. . . . . . 
Oxford north 

Oxford south 

Oxford.. . . . . . 
Oxford south 
Oxford north 

Oxford north 

Putnam ...... 
Caribou.. . . . . 
Henry. . . . . . . 
Pulnnm .... .. 
Caribou.. . . . . 
Henry. . . . . . . 

base. 

haso. 

base. 

base. 

haqe. 

base. 

2.30509 

4.63300624 
4.71407110 
4.6906801 

1.08565 

4.462249E 
4.716X479 

0.99476 

4.723120~ 
4.881694G 
4.869872E 

1.08388 

4.3494123 
4.5S828R 
4.767303G 
4. ~ a 7 4 9 ~  

i.iai37 

4.792niof 

4. ewzaon~ 

4.7047041 

4.534783f 

4.024288( 

1.49872 

3.974704 

3.981065 
3.232301 

3.973088 
1.669646 

3.231691 

4.020383 
3.447266 

3. a ~ o o o  

0.23806 

4.772930 
4.314008 

o. ~ 4 6  

e 724888 
4.617998 
4 320812 

Distance. 

Motora. 

201.85 

3835.36 
1769. OR 
80.56.61 

12.180 

FIBDO. 11 
a101.22 

9.88 

12358.23 
'0136.84 
'2438.03 

12.13 

!23m. 93 
18761.51 
17187.87 
16216.77 

14.60 

i0004.62 

14259.72 
19244. R6 
,0573.99 

31.83 

11946. 90 

9435. 5 

9686.4 
1707.611 

Qa99.4 
30.3 

1704.6 

10480.8 
2800.0 

4508.2 

1.73 

69283.08 w. 74 

4.40 

63074.82 
41496.29 
20932.08 

- 
Feet. 
- 

662.3 

11336.i 
i9848.7 
17809.8 

39.80 

35111.7 
70936.4 

32.4 

73422.3 
19792.3 
37880.4 

39.8 

73349.4 
27137.2 
87623.9 
16640.4 

47.6 

06m. 2 
03237.6 
12400.4 
61564.1 

103.4 

a469i. 5 

30956.3 

31461.4 
6002.4 

30837.9 
119. 1 

5692.2 

34385.8 
01% 3 

14790.7 

6.7 

94479.9 
67607.3 

14.4 

74129.6 
36139.1 
68374.7 
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b'u p plemsniaru 
poants-con. 

Woodnll (U. S. Q. 
8.),1916.1 

Latltudo 

longltudo. 
Station. 

0 , I ,  0 I ,, 
42 46 09.004 192 49 13 

111 31 00.037 
3.61 11.8 woodall _...... 

Honrv. . . ..... 
Carlb'ou.. . .. . . 
Carlbou _...... 

Cnribou .___... 
PUtrlfUU ....... 
Putnftm ... ... . 

1 NO ohock In thls posltion. * Chwked by vorticnl aqles only, 

0.66751 

4.21622: 
4.371358 

0.40654 

4.9192d 
6.16134i 

0.74036 

40 30 
36 '00 

st,mP, 1915. ...__ 
Caribou (U. 6. Q. 

S.),1916.1 

Toton Pcnk, 1916 2 

Putnam (U. S. 0. 
S.), 1916.1 

Blackfoot 8. M. 
Qs, 1916. 

Precis0 levcl 8. 
M. C&,1916.1 

Mlddle Butte (U. 
S. Q. S.), cairn, 
1916.1 

Little Butto (U. 
E .  0. S.), cairn, 
1016.2 

Jacob Gohl'srnnch 
house, 1916.8 

Ui Butto (U 8. b. s.), cnLn, 
1815.1 

Baok 
azimuth. 

0 #I 

12 49 13 

270 54 16.1 
334 69 11.1 

187 37 05 

209 38 09 
229 02 11 

326 46 69 

260 34 45.t 
321 32 43.: 

240 48 06 

183 41 

248 38 64 
202 64 03 

253 64 05 
54 10 o)! 
70 41 01 

210 47 66 
12 29 29 

195 G3 

78 36 08 

164 14 21 

64 31 31.8 
84 58 42.4 
90 17 30.3 

123 03 17 

203 18 43.7 
12 29 00.3 

101 03 30.9 
232 21 13.3 

180 07 39 

2 39 10 

228 08 17 

230 40 39 
43 38 19 

42 54 W. 036 97 03 01.; 
111 11 21.129 166 04 10.c 

43  05 37.622 7 37 05 
111 18 39.392 

110 48 04.41 
43 44 32.13 29 59 i o  

42 54 49.499 140 46 69 

43 09 31.276 117 01 10,t 
112 22 39.390 141 47 32.4 

43 OD 31.303 60 48 06 
112 22 39.326 

43 29 28.038 3 41 
112 44 16.297 

43 29 61.91 68 68 40 
112 39 50.30 82 67 OB 

43 25 68.32 74 01 15 
112 50 63.33 234 06 34 

43 23 47.263 260 41 01 
115 01 1p.725 

49 66 52 

112 07 46.923 

I Dlstmoo. 

17628. 78 
23616.72 

2 . b ~  

83039 
141091 

6.60 

68557.93 

1.09 

2.12 

4707872 

31077.0 
59w.9 

To station. 

(meters: 

57977.1 
77181.2 

8.4  

272437 
404865 

18.0 

192217.2 
154457.4 

6.6 

7.0 

101968.6 
10684.7 

Blg Butto.. . . . 
Mlddlo Butto. 

Blackfoot B. 

Mddlo Butte. 
M. QS 

Bi Butto.. . . . 
Mi%dlo Butto. 

4.707801 
4.072824 

0.22789 

0.32634 

4.402490 
3.778143 

Bl Butto.. . . . 
Ml%dlo Butte. 

Big Rutto.. . . . 

Flat .... .. ..... 4.370832 
Picabo ......._ 4.018645 

4.10rut38 
4.043046 

0.62604 

14636.5 
11042.0 

3.36 

48019.9 
30227.0 

11.0 

, Dlotrich s t a n d -  
plpo, 1915.1 

cairn, 1016.1 

cairn, 1915.1 

MI, 1015.1 

Qroon(U. 8.0. @.), 

Camas (U.B.Q.S.), 

Proclsoiovcl D.M. 

Mltclioll, 1915 .__. . 

Mtohoilroferonco 
mark, 1916.1 

Idaho-Orogon 
boundary mon- 
umont, 1915. 

B*M* (31 1016 ..... . 
P ~ O ~ ~ ~ o ~ O V O ~  u. M. a, 1916.1 

B. M. 0 roforonco 
mark, 1916.1 

M i t c h o l l W . 8 .  
0. SJ1 cairn, 
1915.1 

Mltclloll ....... 4.123409 
Nyssa .... ... . . 3.814021 

42 64 65.99 
114 15 51.19 

43 12 51.338 16 G3 
114 64 42.278 

43 14 57.838 258 36 07 
116 26 01.876 

43 07 64.161 334 14 16 
I16 41 42.4M 

43 46 15.043 234 23 15.3 
117 10 44.709 244 26 46.6 

209 32 13.4 

30 64 03 
192 24 68 

43 40 16.215 303 03 17 
117 io 46.113 

43 43 22.433 113 25 04.8 
117 01 as. 061 192 27 06.6 

43 52 31.742 261 03 02.h 
110 59 28.724 62 29 01.4 

49 62 42.M2 0 07 39 
116 69 28. 0LK) 

43 62 31.118 182 39 19 
116 69 2% 784 

43 46 16.302 48 08 17 
117 io 44.309 

___ .. . 

Motors. Feot. 

23984.6 
41657.1 

2.40 

1806 

335.08 

78888.5 
136341.9 

7.9 

69.2 

I 1 m . 4  

Orcon ......... 
Camas.. . ..... 
M o u n t  a I n  

Homo. 

0.38021 

1.26048 

2.525102 

Mitoholl.. ... .. 
Mitcholl.. ..... 
Nyssn ......... 

0.96237 

4.131601 
4.235016 

13432.50 
17179.73 

W2.18 
10082.78 

44070.1 
66363.8 

3068.3 
62541.8 

N 898 .... ..... 
Mftcholl.. ..... 
B. M. a .._.... 
B.M.Q ....... 
Mitohall.. .. .. . 

2.0804W 
4.280188: 

2 . ~ 2 0 ~ 1 0  

1.28511 

1.07018 

330.41 

19.28 

1 2 0  

1103.7 

63.3 

39.4 
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Tostation . 

GEOGRAPHIC POSITI0NS.Continued . 

- 
Log 

(motors) . 

I I 

B . M . Q ....... 
N ssa ...... 
dtchoil. ...... 

Btation . 1 La~!$de 1 Azimuth . 
1 ongitudo . 

2.821141 
3 067060 
4: 276613 

Nyssa standpipe. 48 62 32.220 274 02 67.8 
116 j9  38.082 279 46 68.6 I 1 62 03 38.7 

1916 . 
C a s t l c  Ro,ck 

Dry (U.S. Q . S.), 
Iron (U . 8.0. S.), 
Qranite. 1916 ..... 

Butte. 1916 . 
cairn. 1916.1 

1916.' 

Bennet. 1916 1 .... 

Rock Creek Moun- 
tain.cairn. 1916 . 

440116.94 2061269 
118 10 67.19. 248 19 49 

44 10 09.200 210 47 10 
117 39 40.930 

44 33 04.741 82 36 31 
117 01 39.166 
45 08 08.179 329 68 30.8 

117 29 68.267 12 07 34.3 
20 44 67.4 

46 02 19.07 331 42 09 
117 23 40.74 116 43 24 

44 48 37.100 168 26 20.0 
118 04 26.804 235 31 06.6 

316 21 10.4 

1916 . 301 39 01.6 

71737.0 
14856.1 

3.70 

41.30 

14808.6 
6291.2 

53623.0 

31489.2 
Lo8324 

Tower. 1910 ....... 
246 27 01 . B 
293 26 09.0 

236367.1 
147106.4 

12.1 

136.6 

246762.3 
20640.4 

208736.6 

201736.8 
34883.1 

Beaver ........ 
Dry ........... 
Dry ........... 
Iron ........... 

44 L (U . 8 . E.), 46 66 66.174 27 00 66.2 
1916 . 119 18 46.133 MI 44 47.3 I 11044636.2  

4.856743 
4.661821 

0.66820 

1.61696 

Iron ........... 
Medical ....... 
Beaver ........ 
Iron ........... 
Medical ....... 

Back 
azimuth . 

0 I I t  

94.03 04.3 
99 46 33.4 

231 66 67.1 

26 29' 43 
68 41 36 

30 47 10 

212 36 30 

150 18 28.2 
192 06 61.6 
200 32 66.3 

161 67 39 
296 38 14 

348 24 42.1 
66 64 44.6 

136 33 26.9 

61 02 64.8 
81 30 66.7 

122 01 40.3 

2 30 27.21 
41 13 46 .8  
67 02 31 . M 

113 42 18.U 

238 28 17 

16 00 146 

261 40 33 

80702 

19 01 28 
61 40 12 

218 12 38.0 
296 03 11.7 

66 61 21.2 

21 49 62.4 

267 64 01.7 
3 62 07.8 

178 22 68.6 
214 41 16.0 

207 00 23.4 
280 43 16.2 
284 46 01.4 

316 07 

02 cn a2 

4.874631 
3.708734 
4.803614 

4.768789 
4.026633 

I Distanco . 

Maxwell ...... 
Beaver ........ 
Powder ....... 
Maxwell ...... 
Beaver ........ 

Medical ....... 3.769198 

4.616035 

4.213333 
4.268wo 
4.699216 

4.726367 

I 

6877.6 
53266.8 
32812.2 

19253.4 
174723.4 
107661.4 

16343.0 
18471.4 
9028.2 

30630.10 
56066.39 
71826.34 
34764.02 

63618.7 
60801.6 

1641a4.2 

198917.3 
183008.4 
234008.8 
114022.1 

Big Hill ....... 
Emily ........ 
Fanny ........ 
Powder ....... 

4.782088: 
4.748617' 
4.863260l 
4.641005: 

Fanny(U.B.G.S.), 
cairn. 1916.' 

Precise1cvelB.M. 
2782h cor . Foloy 
~ o t ' o i  ~a 
Qrande. h W . 1  

La Qrande Astre 
nomlc. 1916.1 

S t a t e  Forestry 
Service lookout 
t ow e r. north- 
west corncr. l9l@ 

Arbuckle. 1916 1 ... 
Echo C a t h o l i c  

Church spire. 

Gate. 1916 ........ 
Gravel. 1816 ...... 

(Wash.), 1916 . 

1916 . 

43 R (U . S . E.) 

46 18 30.116 66 28 17 
117 43 46.194 
46 19 47.305 196 00 08.8 
118 05 48. I36 

46 19 61.942 71 40 38 
118 06 41.196 

118 06 37.2434 
462008.217 12702 

46 11 38.50 198 64 23 
119 16 06.19 231 09 21 

46 44 26.314 38 17 11.8 
119 12 01.861 116 07 20.1 

246 60 61.3 

46 64 42.020 201 48 40.9 
119 20 63.346 
46 64 64 . 674 77 66 02.0 

119 19 29.397 183 61 60.6 

46 66 03.824 368 22 66.6 
119 19 32.199 34 42 13.3 

6.07 

m.4a 
I 

a.4 

34.4 

lOOO8.2 
72334.2 

13374.9 
0274.8 

986.6 
6788.9 

1860.3 
4979.3 

2139.0 
3071.9 

Meters . I Feet . 

19.9 

227.8 

l t 2  

119.9 

131260.2 
237316.6 

43880.8 
27148.2 

3230.6 

18926.8 

6070.6 
16336.3 

7017.7 
10078.4 

-I- 

Fanny ........ 
La Qrande .... 

La Qrandoref- 
erenoemark 
No . 2 . 

Emily ........ 

Alkali.- ....... 
Big Hill ....... 
Job ........... 
Stanfleld wit 
Echo .......... 
Expansion .... 
Qate .......... 
E xpanslon .... 
Qravel ........ 
Gate .......... 

base . 

0.78319 

L W M  

0.63446 

1 . W  

4. oO2148 
4.869344 

4.128290 
3.917766 

2.694082 

3.76lW3 

8.267244 
3.697169 

3.330201 
3.487407 

Qravel ........ 
Gate .......... ad R (U.S.E.). 

3.322246 
3.662491 
9.020696 

Concrete gate -  
h o u s e  north- 
w e 8 t 'corner. 
1916.1 

u . s . Q . 8 . B . M., 

2100.1 6880.1 
3668.6 11707.7 
1048.6 3440.3 

46 54 41.987 136 07 
119 20 63.299 

46 48 3 t w a  272 01 a2 

1.46 I 4.8 

Gate .......... 

Stenaddwest 
base . 

0.16137 

0.81680 
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To station . 
LOK 

(motors) . 
-___ 

I .. 

..... 

Meters- longitude . Station . 

Umatilla h i  h 
school flagpo&. 
1810 . 

46 66 01.08 
118 20 11.64 

Gate .......... 
Ex amion .... 
4 3 8  (U.S.E.). 
Qravel ........ 
Staoker ....... 
Mnryhill ...... 
North ......... 
Maryhill ...... 
North ......... 
South ......,.. 
South ......... 
Wfflt .......... 
North ......... 
WWt .......... 
EMt .......... 
West .......... 
148L(U.S.E.). 

148 L OM) . (U . 
148'L (?J.S.E). 

.......... 

B E  

3.030030 1080.5 
3.68084'1 4808.5 
3.321677 2087.4 
2.970543 834.4 

4.118017 13162.8 
4.240129 17383.2 

3.730332 5374.4 
4.289284 18818.8 

3.W2000 3888.6 
3.741647 5610.3 

9.582328 3811.4 
3.027887 4240.2 
9.184946 15W.0 

3.548842 3494.2 
3.384417 2423.4 

3.470048 3013.3 
3.648434 3635.4 
3.0QSlW 1244.8 

0.8DO20 4.81 

3.095010 1240.3 

N o r t h  (Wash.), 

south. 1810 ....... 
W o 8 t (Wash.), 

E a s t  (Wash.), 

1810 . 

I810 . 
1810 . 

148 L (U . 8 . E.)l 

148 L eo0 . (U . S . 
1810 . 
E.), 1810 . 

Azimuth . 

. I I  

205 29 50 . 
225 54 67 . 
242 28 59 . 
282 53 45 . 
368 11 05 . 
60 01 27 . 
194 40 18 . 
203 50 07 . 
283 36 32 . 
106 16 15 . 
248 10 03 . 
178 62 02 . 
239 38 !24 . 
248 11 22 . 
316 45 65 . 

5 62 22 . 
80 61 50 . 

101 OD 04 . 
126 38 10 . 
215 28 38 . 
140 01 26 . 
220 26 07 . 
248 10 36 . 
320 66 02 . 
248 23 30 . 
134 50 40 . 
242 28 16 . 
348 40 65 . 
120 08 65 . 
159 04 18 . 
230 38 51 . 
80 44 32 . 

182 40 22 . 
221 25 08 . 
158 46 55 
213 12 08 
168 

218 18 09 

235 34 07 
252 48 25 

103 28 18 
236 20 11 

208 38 67 
334 38 56 

4 48 53 
27 OO 18 

1 04 08 
18 20 34 

330 44 20 . 
1 3a 12 . 
a0 04 03 . 

244 27 oa 

45 40 68.881 
120 50 13.711 

46 38 04.83 
120 60 08.80 

46 40 12 . 88 
120 69 00.401 

46 40 1O.W 
120 55 60.82 

46 38 07.W 
120 60 56.36 

45 38 62 06' 
120 67 48.071 

Back 
azlmuth . 

0 I I 1  

25 31 03 . . 
46 56 60.1 
02 31 32.1 

I02 54 47 .I 
178 11 00.1 

230 00 57.! 
14 40 58.1 
23 50 30 . : 

103 30 02.1 

286 08 16.1 
08 24 68 .. 

368 51 68.1 
53 47 14 . ! 
OD 13 20.! 

136 48 02.' 

186 62 09 . . 
270 48 30 . 
341 08 47.1 

306 37 30.d 
36 28 W.! 

326 00 30.1 
40 27 32 .. 
08 11 13.1 

140 65 02.1 

08 24 W.! 
314 48 50.1 
02 29 45.1 

108 41 01.a 

298 62 0Q.l 
338 58 21 . . 
51 04 2Osa 

200 31 26 . 
12 51 20.1 
41 46 58.1 

338 38 17 
33 38 23 

348 

38 20 04 
64 38 57 

55 40 18 
73 00 37 

55 32 35 

88 43 40 
I64 50 M) 

184 40 38 
2w 57 40 

181 03 09 
1W 13 12 

151 01 11.1 
181 30 47 . 
108 50 16.1 

343 a7 42 

148 L (U . S . E.), 
1810 . 

Pallbrid o stand- 
?Wash.), 

46 38 52.18 
120 57 48.81, 

45 38 24.64 
120 57 57.12 

Wost .......... 
East .......... 
148 L oao . (U . 

8 . E*) .. 
Laroh ......... 
Chinidoro ..... 
Staokor ....... 

3.325715 2117.0 
3.4BMi83 30Q5.2 
3.009049 1022.5 

4.648125 35409.8 
4.403751 26330.8 
4.777410 58888.5 

Lookout ...... 
Staoker ........ 
Morvhill ...... 

Mount Hood.1810 . 

Tygh. 1818 ........ 

Bald Potor. 1816 1 . 
chinidere (U . S . s.), c3irn: 

1910.1 
Eodum P o i n t  

(wash.), 1910.1 

L i t t l e  (waeh.), 
1810.1 

h a s h . ) ,  lQlO?r  

(Wash.), 1810.1 

Di Huoklebor 

Observation 

L c m o i  R o c k  
(Wash.), 1910.4 

Mount ~khu. 
northwoat oak 

Mount Adams. 
southeast oak 

(Wash.), 1tl0.1 

(Wash.), It10 . 

46 22 %.9& 
121 41 41.801 

46 21 20.52' 
121 12 57.82 

45 03 30.47 
121 22 02.64 
45 35 12.201 

121 48 38.31' 

464730.08 
121 58 50.73 

45 48 W.60 
122 00 12.43 

45 50 62.02 
121 40 68.41 

45 60 04.58 
122 02 43.14 

400108.00 
121 46 32.72 

40 12 10.78 
121 30 01.77 

40 12 10.01 
121 29 20.06 

Staokor ....... 
Lookout ...... 
Ohinidore., ... 

Lookout ...... 
Maryhill ...... 
Chinidero ..... 
Red ........... 
Huokle ........ 
Rod ........... 
Huakle ........ 
Rod ........... 
Huoklo ........ 
Rod ........... 
Chinidwe ..... 
Chinidore ..... 
ltod ........... 
Lookout ...... 
Chinidero ..... 

I .. 8 

4.628009 33734.1 
4.857318 W S . 0  
0.63502 3.3 

4.3O3112 2oo80.1 
4.377070 23827.4 

4.425Boo 28044.0 
4.511477 32468 . U 
4.000550 10152.0 
3.872107 7448.2 

4.2422B 17407.4 
4.090907 42747.1 

4.083041 48188.8 
4.O178uo 1M1Q . 8 
4.~381326 86781.3 
4 . 8 0 m  7271.0 

. 
Feet . 
. 

1G631.1 
8101.7 

10311.7 
0175.6 
2062.2 

3664.0 
101w.o 
8881 . 2 
3005.0 

43152.1 
57031.4 

17633.5 
05353.6 

13121.7 
18098.1 

12832.7 
13831.1 
6138.8 

11403.8 
7850.8 

8880. 1 
116w . 1 
4084.0 

la . 1 
4083.8 

0946.5 
10164.8 
3354.7 

110174.0 
83126.8 

100617.0 

4%;: 8 
187743.1 
110070.0 
287913.4 

11.0 

Gc832.0 
78173.7 

87414.6 

33307.0 
24438.0 

57307.0 
14024% 1 

168133 .8 

314275.3 
238788 . 8  

204070.6 
313708.4 
23W8 . 7 

100527.3 

341s .a  
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TABLE OF ELEVATIONS . 

I 
9674.9 
0703.0 
8280.9 
3134.8 
2286.0 

2177.1 
0340.3 
8930.6 

7808.6 
0787 .a 

I refers . I 

Maryhill ....... .....I.. . do ....... 955.44 
John ................... do ....... 725.16 
Btaoker ................ do ....... 084.17 
Lookout ............... do ....... 1088.71 
Huckle ............ d .... do ....... 1468.14 
Chinidere .............. do ....... 1424.64 
North .................. do ....... 855.20 
South .................. do ....... 240.01 
West ................... do ....... 366.66 
140 & eccentric ......... do ....... 69.21 

Class 3 . 

~ ' 8 8  1.1 I I Meters . 
PreciselevelB.M.&o. S t  a t i o n  1306.W 

B.M. G ................ 
Cache ................. 
Putnam ......... .., 
Caribou ............... 
Wood all ................ 
Henry ................. 
Btum ................. 
Big Butte .............. 
Kimama .............. 
Midd? eButte .......... 

Alkali do ....... 827.17 
Job do ....... 613.78 
Stanfield wost base .. ..'.do ....... 188.94 
3tanfleld east base do ....... 231.11 

do ....... 603.67 
.do ....... 3161.73 .... do ....... 2724 . 78 
.do ....... 2883.27 
do ....... 2379.43 
do ....... 2630.11 
do ....... 2615.82 
do ....... 1948.97 
do ....... 2309.26 

.do ....... 1448.45 

! Cla8V.e. 1 

8300.9 
8682.1 
0394.2 
7670.3 
4752.1 

0 den Peak do ....... 2918.46 
ot Peak do ....... 3262.47 

Oxford do ....... 2828.81 
Mountain Homo do ....... 955.50 

P i  

Bonida. iron eleva- 

Little Butte cairn .. 
Jacob Gohl'; ranch 

tor? 

house . 

Nyssa ................ ..do.. ..... I 697.04 I 

N o r t h  
gable . 

B&sc ...... 
Southwest 

1485.6 

2013.3 
1530.4 

8581.0 
4286.0 
6798.8 
4203.2 
7439.6 

' ' -  

Dietrich standpipe .. 
Nyssastandpipe .... 
E a t  ................ 
Benneta ........... I Rock Creek Moun- 

Feet . 
4481.9 

2713.8 
1685.6 
619.0 
768.2 

Picabo ................. 
Flat .................... 
Green .................. 
Blue ................... 
Camas ................. 
Silver ................. 
Shnfer .................. 
Mitchell ................ 
Oregon-Idaho bound- 

ar monument . 
La &ando ............ 
Echo ................... 
Larch .................. 
Red .................... 
Squaw ................. 
Iron ................... 
Dry .................... 
Beaver ................. 
Medical ................ 
Maxwell ............... 
Fanny ................. 
Powder ................ 
Emily ................. 
Birch ................ 
Laurila ................ Big HI11 ................ 

Claaa %-Continued . 
Expansion .......... S t a t  i on  

do ....... 1999.70 
do ....... 1306.08 
do ....... 2072.27 
do ....... 1281.13 
do ....... 2267.61 

.do ....... 2582.06 
do ....... 2313.87 
do ....... 1087.52 . ..do. ...... 700.89 

.do ....... 849.72 

do ....... 217.04 
do ....... 1234.89 
do ....... 1617.31 
do ....... 1800.16 

.do ....... 1078.76 
do ....... 1878.10 
do ....... 1953.02 
do ....... 1988.13 
do.. ..... 2066.61 
do ....... 2182.57 
do ....... 2714.11 

.do ....... 1848.36 
..do.. ..... 1398.79 

do ....... 1168.98 
.do ....... 422.93 

Alder .do ....... 
Ella do ....... 
Montgomery ........ ...d o ....... I1 . 

Gravel s ............... 
Umatilla standpipe . 
148 L 8 .............. 
T gh ................... 
B$ Huckleberry ....... 
Bunker Hill 2 ......... 
Obvorvation 1 .......... 
Littler ................. 
Teton Peak ............ 
Nyssa pressure 

s t a n d p i  e o n  
aqueduct . 

Mount Hood ........ 

11 Toby ................ ... UO .... 

.do ....... 
Top ....... 
Ground ... 

do ....... 
do ....... 

.do ....... 
do ....... 
do ....... 
do ....... 

Top ....... 
Ground ... 

...I 

Meters . 
309.91 

386.60 
492.21 
746.71 
449.23 

8405.7 
7591.4 
3502.4 
2299.6 

2787.8 

712.1 
4051.6 
do78 n ...... 
5808.0 
6492.0 

6489.8 
6410.5 
6622 . 7 
8712.0 
7100.6 

8904.6 
0004.2 
4589.2 
3835.2 
1387.6 (1 

gable . 
.Topa,. ...... 1 1291.2 ....... 702.0 

around ... 369.1 .. .do ....... 2169.0 
Ton ....... 2726 . 9 

E c h ;  C a t h o l i c  ... do ....... taln cairn.2 

Church. cross . 
Qate 1 ............... Ground ... 

209.4 

122.8 

126.7 
125.7 
80.8 

831.8 
1281.2 

1013.7 
1252.3 
1290.0 

4201 
o m  4 

3430 

. 

Feet . lola 8 

1301.4 
161 4. 9 
2449.8 
1473.8 

3134.0 
2379.1 

6624.6 
4783.9 

4674 0 
2806.8 
787.4 
1188.3 
194.3 

322a 9 

4808 

0005 
6050 

4230 
2303 

1211 
7083 
8943 

087 

403 

412 
-412 
318 
2720 
4203 
3326 
4141 
4235 

13783 
2291 

11za3 

1 Bee note rcgnrding accuracy below . 9 No chock on this olovation . 
NoTE.-The datum for all the elevations is mean sea level . The stations are in 

three classes-first, those fixed by direct connection with sea level. the elevations of 
which are subject to a probable error of k0.04 meter second, the stations in the main 
scheme fixed by reciprocal measures of vertical an&s and subject to probable errom 
varying from f O . l  to f1.2 meters; and. third. the intorsection stations the elevations 
of which are fixed by measurement of vertical angles which are not reciprocal. tho 
stations not being occupied. and subject to probable errors which may be as great &B 
f3 meters . 
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FIG. 1.-STANDARD MARKS OF T H E  U. S. COAST AND GEODETIC SURVEY. 

1 .  Reference mark. 
2. Bench murk. 
3.  Mugnet ic stntion mark. 
4. Triungulnt ion station murk. 
5. Hydrographic stntlon mark.  
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FIG. 2-5TANDARD TRIANGULATION S T A l  ION M A R K .  
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DESCRIPTION OF STATIONS. 

This list may be conveniently consulted by reference to the illustra- 
tions Ft the end of this publication or to the index. All azimuths 
gven 111 the descriptions are reckoned continuously from true south 
around by west to 360°, south bein O”,  west 90” north 180°, and 
east 270’. Where magnetic azimut fl s are given t b y  are indicated 
as such. 

The distance and direction between station mark and reference 
mark will be found under ( (  Geographic positions ” in connection wlth 
the reference mark. 

In  general, except where the contrary is specifically stated, the 
surface and underground mark are not in contact, so that a disturb- 
ance of the surface mark will not necessarily affect the underground 
mark. The underground mark should be resorted to only in cases 
where there is evidence that the surface mark has been disturbed. 

The name and dates given in each description immediately after 
the count refer to the chief of arty by whom the station was 
establishd, the date of the estabEshment of the station, and the 
date when the station was last recovered. 

Any person who finds that one of the stations herein described 
,has been disturbed or that the description no longer fits the facts is 
requested to send such information to the Director, Coast and 
Geodetic Survey, Washington, D. C. 

MARKING OF STATIONB. 

The standard disk station and reference marks referred to in the 
following descriptions and notes consist of a disk and shank of brass 
cast in one piece, as shown in figure No. 2. The disk of the station 
mark is 90 mm. in diameter, with a hole at the center surrounded 
by a 20-mm. equilateral triangle, and has the following inscribed 
legend: “U. S. Coast and Geodetic Surve Triangulation Station. 

$250 fine or imprisonmont for disturbing this mark.” ‘J!!e shank is 
25 mm. in diameter and 80 mm. long, with a slit at  the lower end 
into which a wedge is inserted, so that when it is drivcn into a drill 
hole in the rock it will bulge a t  the bottom and hold the mark firmly 
in lace. 

%e standard disk reference mark, shown in figuro‘No. 1, is the 
same size and shape as the station mark, with an arrow on the top in 

lace of the triangle, which, when properly set, points to tbp station. 
!he  legend is the same, except the words “reference mark take the 
Place of the words ‘[ triangulation station.” 

The following notes on the marking of stations are made as enerd 
as possible in order that it may not be necessary in the aeld to 
describe small and unimportant variations : 

DESCRIBING SURFACE AND ~ U B ~ U R B A C E  STATION MARKS, REFERENCE, AND 

For information write to the Superinten cry ent, Washin ton, D. C. 

WITNESS MARKS. 

Surface marks. 
note 1a-A standard disk station mark Bet in the top of (a )  a square block or post 
Note 1a-A standard disk etation mark wed ed in a drill hole in outcroppin bed- 

of concrete, (a) a concrete cylinder, (c) an irregular maw of concrete. 

circle rhseled in the rock, (c) at &e i.ntersection of two lines &Beled in the rock. 
q c k  (a) and surrounded by a triangle &is&f in the rock, (b) and EU:IQU~~Q 8 by 8 
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Note %-A standard disk station mark set in concrete in a depmion in outcropping 

Note .&-A standard disk station mark wedged in a drill hole in a bowlder. 
Note $.-A standard disk statiop mark set in concrete in a depression in a bowlder. 
Note 6.-A standard disk station mark set in concrete at the center of the top of a 

tile (a) which is embedded in the ground, ( b )  which is surrounded by a mass of con- 
crete, ( c )  which is fastened by means of concrete to the upper end of a long wooden 
pile dnven into the marsh, (d) which is set in a block of concrete and projects from 
12 to 20 inches above the block. 

Underground marks. 

Note 7.-A block of concrete 3 feet below the ground containing a t  the center of 
its upper surface (a)  a standard disk station mark, ( b )  a copper bolt projecting slightly 
above the concrete, (c) an iron nail with the oint projecting above the concrete, 
( d )  a Glass bottle with the neck projecting a lit& above the concrete, ( e )  an earthen- 
ware jug with the mouth projecting a little above the concrete. 

Note S.-ln bedrock (a )  a standard disk station mark wedged in a drill hole, (b) 
a standard disk station mark set i n  concrete in a depreeaion, (c) copper bolt set i n  
cement i n  a drill hole or depression, (d) an iron spike set point up in cement in a drill 
hole or depression. 

Note9.-In a bowlder 3 feet below the ground (a) a standard disk station mark 
wedged in a drill hole, ( b )  a standard disk station mark set in concrete in a depres- 
sion, (c) a copper bolt set with cement in  a drill hole or depression, (d) an iron spike 
set with cement in a drill hole or depression. 

Note ZO.-Embedded in earth 3 feet below the surface of the ground (a) a bottle in 
an upright position, ( b )  an earthenware jug in an upright poation, (c) a brick in a 
horizontal position with a drill hole in its upper surface. 

Reference marks. 
Note 11.-A standard disk reference mark with the arrow pointing toward the 

station set a t  the center of the top of (a) a square block or post of concrete, ( b )  a con- 
crete cylinder, ( c )  an irre ular mam of concrete. 

Note 12.-A standard fisk reference mark with the arrow pointing toward the 
station (a) wedged in a drill hole in  outcrop ing bedrock ( b )  set in concrete in a 
depression in outcropping bedrock, (c) wedgelin a drill hoie in a bowlder, ( d )  set in 
concrete in a depression in a bowlder. 

Note 13.-A standard disk reference mark with .the arrow pointing toward the 
station, set in concrete a t  the center of the top of a tile (a) which is embedded in the 
ground, ( b )  which is surrounded b a mass of concrete,.(c) which 18 fastened b m e w  

is set in a block of concrete and projects from 12 to 20 inches above tho biock. 

bedrock. 

of concreto to the upper end of a 9 ong wooden pile d n y  into the marsh (4 which 

Witness marks. 

Note 14.-A conical mound of earth surrounded by a circular trench, 
Note 15.-A tree marked with (a) a triangular blaze with a nail at the center and 

each apex of the triangle, ( b )  a square blaze with a nail at the center and each corner 
of the square, (e )  a blaze with a standard disk reference mark set at its center into 
the tree. 

Cache (Cmia.County Idaho, P. A. Welker, 1807; 1915).-On Inde endence 
Peak, about 12 milos southwest of Elba, Idaho. The station is best reachefby pack 
animals from Elba by p g  u i  the canyon pasttho uppermost lake. The station 
is marked b a cop er olt em edded in the rock. Four referenco marks consisting 
of holes drilzd in tl?e roclc 3 feet from the center mark are approximately north, east, 
south, and west of the station. 

Oxford (Oneida County, Idaho P. A .  Wolker, 1897. 1915).-0n. the peak of the 
aame name about 6 miles west of the town of Oxford and about 15 miles east of Malad 
City, Idaho. Tho station is best reached from the town of Oxford by means of a 
log road leadin about two-thirds of the distance to the summi!. It is marked b a 
cop er bolt emfedded in the rock, Four reference marks consisting of holes d r d d  
in t i e  rock 2.5 feet from the centor mark are approximately north, east, south, and 
west of tho station. 

Big Butte (Bingham-Blaine Counties, Idaho, C .  V. Hod on, 1916).-On the hi h- 
est point of the mountain of the same name, 23 miles sou8kxjt of Arco and 7 m8es 

PRINQIPAL POINTS. 
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southwest of Cerro Grande. The station is on or near the boundary line between 
Bingham m d  Blaine Counties and is marked by a bronze tablet in a bowlder a8 de- 
scribed in note 4.1 . The reference mark is a l-inch hole 3 inches deep in the to of 
a large bowlder which projects G inches above the surface of tho ground. A 2 8. 
Geological Survey cairn is near b . 

Putnam (Bannock County, I&O, C. v. Hodgson, 1915).-About 14 miles east of 
Pocatello, 18 miles southeast of Rossfork, and 12 miles north of west from Chesterfield 
on the southernmost of the two highest peaks of the Putnam Mountruns. Another 
peak of about the B&me height is about 8 miles to the northward and 18 locally known 
as PUtnam Mountain. The station is marked by a bronze tablet in concrete a8 de- 
scribed in note la.’ A u. S. Geological Survey cairn is near by. (See “Geographic 
positions.”) 

Idaho, C. V. Hodgaon, 1915).-Nine miles north 
Of Taber on the highest point of &Idle Butte Mountain near ita western end. The 
station is marked by a bronze tablet in a bowlder as described in note 4,: with a ref- 
Wmce mark, a bronze tablet in a bowlder, note 12c.1 A U. s. Geolopcal Survey 
cairn is near by. (See “Geographic positions.”) 

c&bou (Bonnevllle County, Idaho, C. V. I-Iodgaon, 1915).-0n the,highest, point 
of Canbou Mountain, a bare round-topped peak easily reached by ack ~ ~ ~ m a l s  
from all directions. The station is about 35 miles, air line, N. 25’ E. ofsoda Springs 
and 7 miles by trail northeast of Gray post office. It is marked by a bronze tablet 
in a bowlder aa described in note 5,’ with a reference mark, a bronze tablet in a 
bowlder, note 12d,1 on the south slope of tho peak, 0.75 meter (2.8 feet) below the 
station. A U. S. Geological Survey cairn 5 feet high is near by. (See ‘Geographic 
positions.”) 

Kimama Lincoln County, Idaho, C. V. Hod on, 1915 -On a low but prominent’ 
ridge covere 6 with sa ebrush about 5 milas, airqne, soutkeast by east from Owinza, 
9 miles, air line, wes t ty  north from Kimama, and 3 miles south of the railroad. The 
station is a t  the east end of the ridge on a rock knob about 10 feet hi her than the 
remainder of the rid e, which identifies the d g e  from dl others in &at vicinity. 
The station is markef b a bronze tablot in rock as described in note 2,’ with a refer- 
ence mark, a bronze ta&et in rock, note 12b,’ near the southeast edge of the knob 
1.5 meters 4.9 feet) below the station. 

Picabo {Blaine County, Idaho, C. V. Hodgson, 1915).-About 6 milea, air line, 
W. 20’ S. from Picabo on the highest and moat westerly of a group of hills and about 
one-half mile south of the old Ilaile mine, which is on the sumo ridge. The station 
is marked by a bronze tablet in rocz, as described in note 3,’ with a reference mark, 
a bronze tablet in rock, note 12b,l 0.20 meter (0.7 foot) below the station mark. 

Flat (Lincoln Count3 , Idaho! C .  V. Ifodgson, 1915).-About G miles north of east 
of Jerome, three-ei hts of a mile north of the automobile rohd leading east from 
Jerome toward Burfey and 1% miles south of Joromo rcsorvoir on the highest part 
and near the center of Flattop Butte and about 8 paces from the southeast odgo of a 
cup-like depression near its middle. The station is markod by a bronzo tablot in a 
bowlder as described in note 5,’ the bowlder being about 0.1 meter (0.3 loot) above 
the surface of tho ground. Tho reference mark, a bronze tablet in a bowlder, note 
12d,’ is 0.2 meter (0.7 foot) above the station mark. 

Green (Camas County, Idaho, C. V. lIodgson, 1915).-About 7 miles east and 7 
miles south of Will City, 2 miles south and 1 milo west of Henry Baqscher’s ranch,.on 
fL rock knob on a flqt-to The station 
1s m a r i d  by a bronze t a & ,  in afmvlder aa described in note 5,’ the bowlder being 
about 0.1 meter (0.3 foot) above the surIace of the ground. The reference mark, a 
bronze tablet in a bowlder, note 12d 1 is 0.35 meter (1.2 feet) above thp sta>ion mark. 
An S-foot cairn markine; tho u. 8. (?oological Survey station Greenspmngs 1s near by. 
(See “ G Q O ~ + ~ C  positions.”) 

c~~ E more County, Idaho, C. V. Hod son, 1916).-About 16 miles northeaat 
Of Mountain Home, 011 the highost point of fennet Mountain, about % mile south- 
we$ of the dug road leadin from tho Mountain Home-Rocky Dar road near Char108 
Pmn’B ranch to  the Tex t i l ey  ranch. The station is marked by a bronze tablet 

a bowlder a8 described in noto 5,’ tho bowlder being about 1 meter (3 feet) above 
the 8W’face of the ground. The reference mark, a bronze tablet in a bowlder, noto 
12d,’ is 0.36 .meter (1.2 feet) below the &$ion mark. A G-foot cairn marking the u. 8. Geoloe;lCal station is near by. (See Geographic positions.”) 

Blue. ow he0 Count Idaho, c. V. Eodgson, 1915).--0n tho highest 
Blue R16ge %Ill, 18 mi& south and 3 miles west of Glenns Ferry, 13 mi 08 weat 
of south of the D. B. Warren ranch and 4 miles west of the Glenns Ferry-Garber 

(See “Geographic positions.”) 

Middle Butte (Bingham Count 

ed rid e, the highest point in the ncinity. 

Pt Of 

1 Seep. 23. 
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wagon road. The station is best reached by goin 16% miles from the Warren ranch 
south along the Garber road to the crest of B l u e k d g e ,  when the hill on which the 
station is located will be seen about 4 miles along the ridge to the northwest. The 
station is marked by  a bronze tablet in  a bowlder as described i n  note 5,l the bowlder 
being about 0.1 meter (0.3 foot) above the surface of the ground. The reference 
mark, a bronze tablet in a bowlder, note 12d,’ is on about the same level as the station 
mark. 

Mountain Home Elmore County, Idaho, C. V. Hod son, 1915).-In the town of 

Short Line Railroad, about 20 paces southwest of the track. The station is marked 
by  a bronze tablet in  concrete as described in  notes l a  and 78,’ with the reference 
mark, a bronze tablet i n  concrete, note lla,‘ i n  the fence lino on the o posite side of 
the street from the station and a t  the same elevation. Precise levei bench mark 
M, is near by. (See “Geographic positions.”) 

Silver Owyhee County, Idaho, C. V. Hod son, 1915).-About 5 miles southeast 
of Silver 6 i ty  and 2% miles southeast of War $agle Mountain, on the highest point 
of what is known locally as Cinnabar or Quicksilver Mountain. The station is marked 
by  a bronze tablpt in .a  bowlder as described in  note 5,’ the bowlder extending 6 
inches above the surface of the ground. The reference mark, a bronze tablet i n  a 
bowlder, note 12d,’ is 0.2 meter (0.7 foot below the station. 

Boise on the highest point of Shafer Butte, which.is t, e highest in  this group of hills. 
It is about 6 miles by  trail north of where the divlde 18 crossed by  a wagon road which 
leads up Stuarts Gulch around the head of Dry Creek and over to an old sawmill 
on Daggett Creek. The station is marked by a bronze tablet in  a bowlder a8 described 
in note 5,’ the bowlder extending about 0.1 meter (0.3 foot) above the ground. The 
reference mark, a bronze tablet in  a bowlder, note 12d,1 is on the south side of the 
remains of a large cairn and is 1.06 meters (3.5 feet) above the station mark. 

Squaw (Canyon-Boise Counties, C. V. IIodgson, 1915; 1920).-On or near the line 
between Canyon and Boise Counties, about 11 miles north and 6 miles east of Emmett, 
about 5 miles east of the Van Dousen ranch, 2% miles E. 10’ N. of H. M. Shearer’s 
house, on the hi hest and most northerly butte of Squaw Mountain, about M mile 
south of the C o l t  Springs, well known to the ranchers, of that vicinity. The station 
is marked by  a bronze tablet in  a bowlder as described in note 5,’ the bowlder extend- 
ing 4 inches above the surface of the ground. The reference mark, a bronze tablet 
in a bowlder, note 1 2 4 ’  is of the same elevation as the station and is 18 inches above 
the ground. 

Nyesa (Canyon County, Idaho, C. V: Hodgson, 1915; 1920).-Three-fourths mile 
east of Nyssa Oreg., on a small sand hill covered wth sagebrush on the east bluff 
of the Snake hiver and about t.g mile south of the east end of the wa on bridge across 
the Snake River a t  Nyssa. The station is marked b a bronze ta t le t  i n  concrete 
as described in  notes l a  and 7a1 with the reference ma&, a bronze tablet in concrete, 
note lla,’ 0.3 meter (1 foot) lower than the station. 
Iron (Washington County, Idaho, C. V. I;Iodgson, 1916).-About 1 mile south of 

Mineral, Idaho 6 miles east of the Snake River 22 miles, air line, and 27 miles by  
road north of J$eiser, on a bald peak known as iron Mountain, the northeastern and 
higher of two peaks whose tops are near1 level. An old freight road leading from 
Weiser to Mineral passes around the pea% about 250 meters 820 feet) south of the 

Creek road. The station is marked by  a bronze tablet in a bowlder a8 described i n  
note 5,’ with a reference mark, a bronze tablet in  a bowlder, note 12d.’ 

Dry (Malheur County, Oreg., C. V. IlQd son, 1916; 1920).-About 22 miles, air 
line, northwest of Vale, 8 miles, air lino, sout&vest of Brogan 6 miles, air line, south- 
east of Juniper Mountain, and 6 miles southwest of Charles &itchard’s ranch, on the 
hi hest point of the west end of a bald ridge. The station is marked by a bronze 
taglet i n  a bowlder .as described i n  note 5,’ with a reference mark, a brome tablet 
in a bowlder, note 12d.1 The cairn marking the U. S. Geological S w p y  station 
Dru Ridoe near bv. is about 7 feet i n  diameter a t  the base and 10 feet h g h .  (See 

Mountain Home, sout h eaat of the railroad water tank on t i e  right of way of the Oregon 

. 
1, Shafer (Boise City, Idaho, C. V. 130 d gson, 1915 .-About 12 miles northeast of 

station and 300 feet below it. This road is known a8 the Jon 6 ins Creek and Sheep 

“Geogriphic positions. ”) 
Beaver (Baker Countp O r e 9  C. V. Hodgson, 1916).-About 12 miles south and 

3 miles east of Baker, on t e nort ern and.higher of the two bald grassy knobs on I3eaver 
Mountain or Bald Ridge, which lies U E t  south and east of the head of Beaver 
Creek, and about 1% miles south of Echam & Sons’ sawmill on Beaver Creek. The 
station is marked b a nail in a block of concrete and covered by  a cairn. The 
reference mark is a to le  in rock flush With the surface of the ground. 

- 

1 Seep. 23. 
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M w ~ e l l  (Baker County, Oreg., C. v. Hodgson, 19lf) .-About 13 miles, air line, 

Power Plant and mile north of the trail leading over the ridge from the Maxwell 
mine to the hlkhprn mine, on the highest point of the mountam to the north of the 
trail. The station is about 1% milos northeast of the Maxwell mine and is marked 
by a bronze tablet in a bowlder 88 described in note 5,’ with a reference mark, a bronze 
tablet in a bowlder note 12d.l 

B X d i C a l  Baker dounty, €)reg., C. V. Hodpon, 191G).-On the line between Union 

on the highest point, at the south end of a bald ridge lcnown as Flagstaff h t t e ,  
at the head of Big Creek. The trail from Medical S p r h R  to Sand Pass goes around 
the butte on its west side near the to . The station is marked by a bronze tablet in 
a bowlder as described in  note 5,’ witg a reference mark, a bronze tablet i n  a bowlder, 
note 12d.1 Small cairns were left over the station and reference marks. 

Fanny (Union County, Oreg., C. V. Hodgson, 1916).-About 18 mlles east of La 
Grande and 5 miles east of Cove post office and about 1 miles west of Mount Fanny 

mark, a bronze tablet i n  a bowlder, note 12d.1 A U. S. Geological Survey cairn is 
near by. (See “ Geographic ositiona.”) 

Powder (Baker County, Beg., C. V. Hodgson, 1916 .-About 10 miles, air line, 

easternmost and highest of the three peaks on the highest ridge north of the North 
Powder River, on what is known as. North Powder Mountain and also RE the Three 
Sisters Peak. The station is very difficult to rewh by  pack animals. It is marked 
by  a bronze tablet in a bowlder as described in note 5,’ with a reference mark, a bronze 
tablet in a bowlder, note 12d.l 

Emily (Union CJounty, Oreg., C. V. Hodgson, lDlG).-About 7 miles direct and 12 
miles b road and trail north of La Grande, on the h i  hest bald point at the edge of 
the t imter  at the south and of the long ridge known Focally as Mount Emily. The 
stotion i s  easily located by the Forest Service lookout tower, which is used as a witness 
mark. The station is markqd by a bronze tablet in rock as described i n  note 2a,1 
with a reference mark, a bronze tablet in  a bowlder, note 12d.I This station is about 
10 miles west of tho U. S. Geolo ical Surve station of the same name: 

La Cfrande (Union County, &reg., C. I? Hodgson, 1916).--0pposite the freight 
depot, southwest of the intersection of Chester Street with the street running south 
of the railroad trackR, on a lot €ormerly occupied by a building which had been burned. 
The station was not marked. Reference mark No. 1, a bronze tablet 111 concsrete, 
note 11a,1 is in the southwest corner of the small sodded ark between the passenger 
and freight de  ots. Reference mark No. 2, a bronze ta!let i n  concrete, note l la , l  
wm buried w i g  the top.1 inch below the surface because of the traffic and is just 
west of the lon ‘tude station and about 10 feet north of the north edge of the sidewalk. 
Reference ma% No. 3 is a small crow chiseled in the concrete avement about 15 
inches back from the corner of the curb and on the line to station k m n y  a t  the south- 
west corner of the intersection of Chestor Street with the street along the south side 
of the  railroad. 

Birch (Umatilla County, Oreg., C. V. IIod son, 19lG).-About 9 miles east p d  
miles south of Pilot Rock and 5 mdes east of Cfarles Manning’s,ra1l(*h. The statlon 18 
b g t  located by oing east 1% mlhs from Pilot Ilock and taklng !he road known.as 
Ridge Road, leaiing south and southeast over the rid e p d  followin that to st Point 
about 16 miles from Pilat Rock, when the station w d  be about one%alf mile to the 
north on a bald knob, with trees on the north and east slopes, which makos out to ?e 
north from the main ridge. The station is on the hlghest pint of the knob and 18 
marked by  a bronze tablet in rock as described in  note 2,’ with a reference mark, a 
bronze tablet in rock, note 12a.1 

(Umatilla County, Oreg., C. V. Hodgson, 1916).-About 17 miles South of 

Of the W%pn road &ween the two towns, on aabald hill the north slope of which 1s 
covered with pine timber. About one-thkd mile to the eastward 011 the South. side 
Of the wagon road and on the same ridge is another bald knob about 10 feet higher 
than the one on which the station is located. The station is marked by  a bronze 
tablet in a bowlder as described i n  notes 4 and Sa,’ with a reference mark, a bronze 
tablet in a. bowlder, lloto 12c.~ T~~ witness marks, triangular blazes on trees, note 
16a,‘ are distant, respwtivel 21.8 meters (71.5 feet) i n  aximuth 181’08’ 42”and 20.7 
meters (67.9 feet) in pzimug 1 9 4 O  26/ 5 ~ 1 .  

northwest of Baker, 7 miles southwest of names, 4 m 1 es southwest of Rock Creek 

and Baker (s ounties, about 7 milea, air line, and 10 miles by  trail fromMedlca1 S r lnp,  

ran er station. The station is on the easternmost and h‘ 1 hest peak on Mount Fanny 
an r f  is marked by a bronze tablet i n  a bowlder as describe8 in note 5,’ with a reference 

north of west from Haines and 1% miles north of the k orth Powder River on the 

. 

B1 B rom Pendleton Oreg., 10 miles northwest from Meacham, and 100 meters Forth 

1 €300 p. 23. 
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Alkali (U. 8. G. 8.)  (Umatilla County, Oreg., C. V. Hodgson 1916).-Seventeen 
miles southeast of Echo, 12 miles west and 5 miles north of Piiot Rock, 134 miles 
north and N mile west of the Reeder ranch in the SW. sec. 29, T. 1 N., R. 30 E., 
on the uncultivated to of asrounded knoll of land owned by the Slusher brothers. 
The station is identicarwith the U. S. Geological Survey station of the same name 
and is marked by a U. S. G. S. marker. The reference mark is a bronze tablet in 
concrete as described in note llc.1 

Oreg., C .  V. Hodgson, 1916).-About 2 miles north 
and 12 miles east of S tanf id ,  Oreg., 9 miles north and 7 miles west of Pendleton, 
87 paces east of the center of sec. 20, T. 4 N., R. 31 E. 2 feet south of the oast-and- 
west section-line fence, on land owned by John Lauriia, who lives 1 mile south on 
the Missouri Gulch wagon road. The station is marked by a bronze tablet in concrete 

Laurila (Umatilla Count 

as described in notes 1b and 7a.l 
Job  (Umatilla County, Oreg., C .  V. Hodgson, 1916).-About 9 .miles southwest 

of Echo and 3 miles southwest o€ the Snike ranch on the highest Dart of a dome- 
shaped hill locally known as Service Butte. The station is idGntica1 with the U. s. 
Geological Survey station of the same name and is marked by a U. S. G. 8. tablet 
cemented into the top of a large bowlder about 4 inches aboye the surface of the 
ground. The reference mark is a bronze tablet in rock as described in note 12a.I 

Expansion (Benton County, Wash., C. V. Hodgson, 19;6).-On the hi best point 
of the grou of hills just north of the Columbia River, 3 mles northeast ohmatilla, 
Oreg., 2 mzes northeast of the Umatilla ferry landing on the Washington side of the 
Columbia River, and one-third mile north of the wagon trail leadin from the ferry 
landing northeast over the hills. The station is identical with the 8. S. Geological 
Survey station of the same name and is marked by a U. S. G. S. metal station mark 
cemented into the top of a bowlder about flush with the surface of the ground. The 
reference mark is a bronze tablet in rock as described in note 12a.I 

Stanfield west base (Morrow County, Oreg., C .  V. Hodgson, NlB).-Thirteen 
miles west of Stanfield, 7 miles south of Irrigon, 5 miles west and one-half mile north 
of the Stapish ranch on the east side of an abandoned wagon trail leading from Irrigon 
to Sand Hollow. The stamped elevation on the U. S. Geological Survey bench mark .. 
is 620 feet. The 20-foot swath cleared through the sagebrush along the base line 
will locate the station for some years to come. The station is marked by a bronze 
tablet in concrete as described in notes l a  and 7a,1 with a reierence mark, a bronze 
tablet in concrete, note 11a.l 

Btanfield east base (Umatilla County, Oreg., C. V. Hodgson,. 1916).-Three and 
one-half miles west and one-half mile south of Stanfield, a station on tho Oreeon- 
Washington Railroad and Navi ation Co. The station i incar  the west face of-the 
middle mound of a prominent fow hill called Emigrant Butte. A smaller hill lies 
about one-half mile to  the southward with a wagon trail between. The station is 
marked by a bronze tablet in concrete tu describpd in.notes l a  and 8b.1 Reference 
mark No. 1 is a bronze tablet i n  concrete as descnbed in note 11a.l Reference mark 
No. 2 is similar to No. I, except that in place of the standard reference mark is a 
wooden plug with a nail i n  the center. 

Echo (Umatilla County, Oreg., C. V. Hodgson, 191G).-In the town of Echo, about 
225 metors northeast of the railroad depot 25 meters emt of tho upper irrigation canal, 
on a point of ridge nearest the town. $he station is marked by a bronze tablet i n  
concrete as described in  notes l a  and 7a,’ exce t that the underground mark bears 
an iron bolt i n  place of the mual metal mark. $he reference mark is 8 bronze tablet 
in concrete a~ described in note 11a.l The center chimney of the concrete school- 
house a t  Echo is in azimuth 0’ 38/ 26’’ and the center of the red wooden water tank 
at Echo is in azimuth 42’ 03/ OS’/. 

Alder (U. S. G. S.) (Klickitat County, Wash., C. V. Hod son, 191G).-On the 
highest point of a ridge about 2 miles north of the Columbia %iver and about the 
same distance west of north of Alderdale, Wash. The station is identical with the 
U. S. Goolo ‘cal Survey station of the same name and is marked by a U. S. G .  6. 
marker in al%owlder as described in  note 5,’ with a reference mark, brpnzo tablet 
in rock note 12b.I The east gable of the Alderdale schoolhouse i s  in azimuth 
324’ 06j 30N. 

Ella Morrow Count , Oreg., C. V. Hod mn, 191G).-About 6 milos north and about 

Ella post office, 1 mile south and one-half mile wcst oi U. S. Geological Survey 
station Ella, on a flabtopped ridge in a cultivated fiold in tho NE. sec. 14, T. 1 N., 
R. 24 E., on the highest point i n  the vicinity. The fenco line to the west is about 
136 meters distant. The station is marked by a bronze tablet ia concrete &8 d e  

one-ha1 ! mile east of Tone, 3% miles sou& and 1% miles east of what was formerly 

lSoop.23. 
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scribed in notes la  and ?a,’ with a reference mark, a bromo tablet i n  concrete, 
note 11a.l 

Toby (u. 8. G. S.) (Gilliam Count , Oreg., C. V. Hodgson 291G).-About 15 miles 
south ayd 2 miles east of Arlington, &reg., mile south and 1 mile east of the Toby 
ranch, 14 a cultivated field on the highest point of a ridge and just east of three large 
cisterns which are used for storing water for the Toby ranch. The station is identical 
+th the U. 8. Geological Survey station of the same name and is marked by  an iron 
PlPQ and cal) extending 8 inches above the surface. with a bronze tablet h concrete a8 
reference mark, note i L . 1  

Montgomery (u. S. (3. 6.) (Klickitat County, Wash., C. V. Hodgson, 191G).-On 
the highest art of a ridge about 8 miles northwest of Arlin ton, Oreg., and 7 miles 
northwest o?Roosevelt. Wmh.. on land formerlv owned bv  a%r. Montjiomery. Fred 
Emily’s ranch is about1 milo to the east and a kons icuous rocky kno6near-the edge 
of the bluff is 135 paces to the southwest. The hi71 is covered with large bowlders. 
The station is identical with the U. S. Geological Survey station of the same name and 
is marked by a U. S. G. S. marker in  a bowlder a8 described i n  note 5, with a bronze 
tablet in rock a8 a reference mark, note 12b.l 

John  (Sherman County, Oreg., C. V. Hodpon, 1916).-In the northwest corner of 
the NW. ~ Q C .  17, T. 2 S., It. 18 E., on the highest part of a knoll in  a cultivated field 
now lease~f by Joseph Eddy. Moro, Oreg., is about 7 milea north and 7 miles west of 
the station. The station is marked by  a bronze tablet in con ete a8 described in 
notes l a  and 7a,l with a bronze tablet in  concrete as arQference ma& note 1la.I Refer- 
ence mark No. 2, a bronze tablet in a bowlder, note 12d,1 is at the northwest corner of 
section 17. Permission was ‘ven to remove the surface mark but the underground 
mark can be recovered from 8 e  reference marks. 

Wash., C. V..Hodgson, l?lG).-About 8 
miles southeast of Goldendale, 5 miles nortgeast of Maryhill, and 5 miles east of the 
Maryhill-Goldendale road, on the highest oint of the hills overlooking the Columbia 
River. The station is identical with the 8. s. GQO~O ‘cal Survey station of the same 
name and is marked by  a U. S. G. S. marker in a bow8er according to note 5,’ with a 
reference mark, a bronze tablet in rock, note 12b.1 

Stacker (Klickitat County, Wash., C. V. Hodgson, 191G).-About 9 miles northeast 
of The Dallos, Ore$. and 10 miles southwest of Centerville, Wash., on a high bald hill 
on the first high ridge north of the Columbia River, 1 mile south of the Lyle-High 
Prairie-Centerville road and 1 mile east of the  stee road which leads north from Grand 
Dalles over the ridge to the Lyle-High Prairie-8enterville road. The station is on 
land belonging to Leo P. Urun and is marked by a bronze tablet in a bowlder as de- 
scribed in notes 6 and 9a,’ with a bronze tablet in a bowlder as a reference mark, note 
12d.I The under ound mark is about 2 feet below the surface. 

Lookout (HoorRiver County, Oreg., C. V. Hodgson, 19lG).-On the highest part 
of Lookout Mountain near the U. S. Geological Survey station of the same name 
marked by  8 cairn which was not removed. A Forest Service ranger cabin and look- 
out station is near b a little to the south and west. Dufur is about 24 miles by road 
and trail to the nor&east. The station is  marked b a bronze tablet in a bowlder as 
dascribed in note 5,’ with a bronze tablet i n  a bowlc&r as a reference mark, note 12d.1 

Chinidere Hood River County, Ore ,, C. V. Hod son, 191G).-On the highest 

west of Wahtum Lake, and l O j /  miles by trail south of Ilerlnan rangeratation, on the 
Columbia River Highway. Ti, station is marked by  a bronze tablet in  a bowlder na 
described in  note 5, with a reference mark, a bronze tablet in a bqwlder, note 12d.1 
A U. S. Geological Survey cairn is near b , 

Huckle Skamania County, Wash., C. vs[ Hodgson, 191G).--0n the highest p o h t  of 
Little Huc k leberr Mountam, about 14 miles south of Guler oat office and 8 miles 
South of Peterson %mi& ranger station. The station is marke! by a bronze tablet in 
rock a8 described in  note 2,’ with a bronze tablet in  rock a8 a reference mark, note12 8.’ 

Maryhill (U. S. G. 6.) (Klickitat Count 

point of Chini 6 ere Mountain, about 10 m&s southeast ofCascade Locks, Oreg., 1 mile 

(See "Geographic positions.”) 

SUPPLEMENTARY POINTS. 
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and 11.195 meters (36.73 feet) east of the east rail of the track. The station is not 
marked. 

Precise level B. M. E (Bannock County, Idaho, C. V. Hodgaon, 1915).-Near 
Oxford, Idaho, in the yard of an abandoned creamery, 12 feet south of the gate and 
30 paces east of the main track of the Oregon Short Line Railroad. The station is 
marked b a stone or cement oat projecting about 6 inches from the ground with the 
letters S. B. M.” cut in tKe top. 

Idaho, C .  V. Hodgaon, 1915).-About 6% miles east of 
Henry post office on a baldltopped hill with pine trees on the north slope. The sta- 
tion was marked by a wooden stake. It may be recovered b reference to the U. S. 
Geological Survey station of the same name which is marked z y  a U. S. G. S. marker 
and cairn. See “Geographic ositiom.”) 

of Soda Springs and three-fourths mile east of &e Woodall ranch in sec. 2, T. 8 S., 
R. 42 E. The station is not marked, but y-i be recovered by reference to a U. S. 
Geological Survey marker and cairn. (See Jeographic positions.”) 

Stump (Bannock County, Idaho, C. V. I-Iodgaon, 1915).-About 8 miles northeast 
of Williamsburg ost office and 5 miles east of the “Upper Dairy” ranch owned by Mr. 
Kuntz, on a balfpeak at the head of Stump and Lane Creeks, the former flowin into 
Salt River and the latter into Black River. The station is identical with the%. S. 
Geological Survey station of the same name and is marked by a U. S. G. S. marker, 

Henry (Bannock Count 

Woodall ( Li annock County, fdaho, C. V. Hod son, 1915).-About 9 miles northeast 

8 inches below the surface, and a cairn. 
Blackfoot B. M. Q0 (Bingham Count Idaho, C .  V. Hod son, 1915)-This station 

may be best located by comparison wi&precise level B. 2 Q,,. (See “Geographic 
positions.”) 

Precise level B. M. Q0 (Bingham County, Idaho, C. V. Hodgaon, 1915).-About 
2% miles south of Blackfoot, Idaho, at  the road crossing, 12 telegraph oles north of 
mile pole 155, one.half meter (1.6 feet) west of the Oregon Short Line Railroad ri h t  
of wa in the southeast corner of the public road junction. The station is markediy 
a U. g. Coast and Geodetic Survey metal bench mark disk. 

Precise level B. M. M, (Elmore County, Idaho, C .  V. Hodgaon, 1915).-At Moun- 
tain Home, Idaho, on the foundation of the Oregon Short Line Railroad water tank 
in the southeast corner of the southeast ca stone 5 inches from the south and 5 inches 
from the,west side. The station ia markeg by a hole in a horizontal surface with the 
letters “U. S. B. M.” 

Mitchell (Malheur County, Oreg., (3. V. Hod son, 1915; 1920).-About 12 miles 
southwest of Nyssa, Oreg., on the hi hest part o fk tche l l  Butte near ita north edge. 
The station is marked by a bronze tatlet in a bowlder w described in note 51, with a, 
bronze tablet in a bowlder as a reference mark, note 12d.l A U. S. Geological Survey 
cairn is near by. 

Idaho-Oregon boundary monument (Canyon-Malheur Counties, Idaho am1 
Oreg., C. V. llodgson, 1915).-1n the big bend of the Snake River about 2% miles 
east and about one-half mile south of river View Ferry, 2 miles south and 3 milos 
west of Roswell, Idaho, at  the intersectlon of the State line with the east and west 
section line between sections 19 and 30, T. 21 S., R. 47 E., Statto of Oregon, and one- 
fourth mile south of Lee Baldridge’s farmhouse. The station is 6 feet east of the east 
wagon track of the boundary road and is marked by a standard disk station mark set 
in the top of a stone 14 inches s( uare and 2G inches long which projects 2 inches above 
the surface and marks the soutieast. corner of section 19 and the northeast corner of 
section 30 State of Oregon. A standard disk reference mark was set in the top of a 
stone in the middle of the road. The stone rojccts 2 inches above the surface and 
marks the southwest corner of sec. 35, T. 5 8, R. 6 W., and the northwest corner of 
sec. 2, T. 4 N., R. G W., State of Idaho, at the intersection of the township and State 
lines. 
B. 1\6. G (Malheur County, Oreg., C: V. I-Iodgson, 1915).-In the town of Nyssa, 

on the east side of the Oregon Short Line Railroad, about 1.5 meters (4.9 feet) west - 
of the east fence dong the railroad right of way and 190 meters (623 feet) south of 
the wagon road leading east to the bridge across the Snake River. The nearest rail 
of the railroad track is 23.5 meters 77.1 feet) west of the station, which is marked 

is a one-half inch iron pi e 8 inches lon the top of which is 10 inches below the 
surface of the ground. L’? reference mart, a bronze tablet in concrete. note l la, l  
is in the fence line along the east side of the right of wa 

Precise level B. M. Gi. Malheur (:ounty, Oreg., (1. V. godgson, 1915).-At Nyssa, 

(See “Geographic positions.”) 

by a bronze tablet in concrete as 6 escribed in note la.’ The underground mark 

Oreg., in the capstone o f t  6 e Oregon Short Line Railroad water tank, 0.1 meter (0.3 
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foot from the north ed e and 6.1 meter (0.3 foot) from the emt edge. The station is 

Gramte (Wallowa County Oreg. C. V. Hodgaon, 19N).-On the summit of the 
Wallows hfountains along the) dividi south of Minam River, in the northeast corner 
of the unsurve ed set. 13 T. 5 s. R. 42 E. The peak is flat-top ed and covered 
with large bowyders, in the top of’one of which near the south si& of the synmit 
the station was placed. The peak has an elevation of about 8700. feet and 18 best 
reached from Medical Springs over Foreat Service trails. The station is marked by 
a bronze tablet in rock, as described in note 3. 

B e m e t  Wallowa County, Oreg., C. V. IIodgaon, 191G).-The cu ola on the Forest 
sec. 13, T. 6 

8.2 a. 43 E.,  W. M. The station is most easily reached over Forest Service trails 
from Medical Springs. 

Ireland Mountain lookout cupola (Baker-Grant Counties, Oreg., C. v. IIodgson, 
191G).-The station is the center of the to of the Forest Service lookout house on 
Ireland Mountain in see. 29, T. 8 s., R. 36 E., W. M. The lookout house is situated 
on the hi heat point of the mountain on the divide between Grant and Baker Counties, 
near the lead  of Powder River. 

Tower (Umatilla County, Oreg., C. V. Hod on, 1916b-About 14 miles by road 
8outheastof Lehman Springs in sec. 13, T. 6 S:,%. 34 E., . M. on a bare rocky polnt 
about one-fourth mile east of the Forest Service lookout tower on Lookout Mountain. 
The station is best reached by a wagon road which leads to the ranger station on 
to 

grecise levelB. M. 2782 A (Unlon County, Oreg., C. V. Hodgson, 1916).-At La 
Grande, Oreg., in the north face of the brick building of the Fole Hotel in the third 
course of laster facing of the wall on the Chestnut Street side. TKe station is marked 
by a U. 8. Geological Survey bench mark. 

Oreg., C. V. Hodgaon, 1916).-About 100 yards east 
of the  highest point of ArbucBe Mountain in sec. 29, T. 4 S. R. 29 E., W. M., directly 
beneath the top of a large tree. The station is best reached by wagon road from 
Heppner or Ukiah. It is marked by a bronze tablet in a bowlder as described in 
note 6.’ 

Gate (Umatilla.County, Oreg., C. V. Hodgson, 191G)-On the north tank o€ the 
Reclamation Service irrigation canal about one-half mile south of Umatilla, Oreg., 
near the concrete house at the top of the small spillway leading down to the river. 
The station was used only in making connection with tho U. S. Engineers’ triangula- 
tion and waa not marked. 

C. V. Hodgaon, 191G).-At the top of a ginvel 
bank which was being excavated%y the railroad €or ballast. The station was used 
only in making connection with the U. S. Engineers’ triangulation aud was not 
marked. 
43 R (U. S. E.) (Benton County, Oreg., C. V. Hodgson, 191G).-About one-half 

mile emt of the ferry landing, where the rocky ridge from the oup of hills on which 
station Expunsion is located meets the river. The station is %scribed by tho U. 8. 
Engineers ne “marked by tt small cement patch on tho first bond of rock near tho 
ferry landing,” and is on the Wnshington side of the Columbia River, acrom from 
Umatilla, Oreg. 

44 L U. S. E.) (Umatilla County, Oreg., C. V. Hodgson, 191G).--About 14 miles 

Columbia River on the Oregon side. The station is marked by a cedar hub With a 
nail in the top. 
Tsgh (Wasco County, Oreg., C. V. Hodgson, 191G).-About 2 miles east of Friend, 

Ore&., in the NW. M sec. 32, T. 2 S . ,  R. 13 E., in R bowlder pile near the top of a 
cultivated knoll on land belonging to Michael Glavvay. The station is marked by 
a bronze tablet in a bowlder as described in note 5.’ 

Bald Pe te r  (Wasco County, ()reg., c. v. IIodgson, 1916).-1n tho extremo southeast 
comer of the Oregon forest in Bet. 1, T. 6 S., R. 11 E., W. M., on the northwest corner 
Of the top of a bald rocky knob. The siation is beat reached by a wagon road from 
Wapinitia. It is marked by a bronze bblet  in concrete as described in note la.’ 

sedum point (Skamania County Wnsh., C. V. Hodpon, 19lG).--On a rock 
outcrop On. tho crest of Rock Creek hid e ,  about 3% miles southwest Of IISmlOC 
ranger sh+-!on In see. 31, T. 4 N ., R. 7 E., $y. M. The top is reached b trail iron1 tho 
ranger station. Sedum Point is about 4 miles southwest of Bunker $If. The station 
is marked by 8 bronze tablet in rock described in note 3.’ Two FVitnea+3 marks, tri- 

mar k ed.by a hole in a5orizontal surface. 

Servlco loo lc out house on the summit of Bennet Peak, in the S J .  

It is marked by a bronze tablet in rock described in note 3.’ 

Arbuckle (Morrow Count 

Gravel (Umatilla County, Ore 

east of s matilla, Oreg., and about 10 meters (33 feet) back from tho bank O! the  

3: 
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angular blazes on trees, note 15,' are located, respectively, 15 feet southeast and 15 feet 
northwest of the station. 

Little (Skamania County Wash., C. V. Hodgson, 1916).-On the highest point of 
Lookout Mountain on the divide between Washougal River and the south fork of 
Lewis River and reached by Forest Service trails from Hemlock ranger station. The 
station is marked by a bronze tablet in rock B L ~  described in note 3.' 

Big Huckleberr (Skamania County, Wash., C. V. Hodgson, 1916).-On the divide 
between Panther &eek and the Little White Salmon River about 4 miles south- 
easterly from station liuckk, on the highest point of the moat southerly of the threo 
summits forming Big I-Iuckleberr Mountain. The station is best reached over tho 
Forest Service trails from Wind Aver. It is marked by a bronze tablet in concrete 
aa described in note la.' 

Observation (Skamania Count Wash., C. V. Hodgson, 1916).-On the highest 
oint of Sister Rocks about 21 miyis northeast of Carson. A Forest Service lookout 

gouse is on the summit. The station is marked by a bronze tablet in rock as described 
in note 3 the tablet bein cemented in the rock floor beneath the tower. It is best 
reached kom Carson via Cfovernment Mineral Sprin over the Forest Service trails. 

mile east of Celilo, Lreg., and 190 feet aboye the river level, o posite, and 200 feet 

The station is marked by a small pipe cemented in rock. 
140 L (U. 8. E.) (Wasco County, Oreg., C. V. Hodgson, 19L6).-0n the southem 

edge of the village of Celilo, at  the southeast corner of the land reserved €or the lock, 
keeper's quarters. The station is marked by brass monument NO. 15. 

148 L (U. 8. E.) Wasco County, Oreg., C. V. Ho r gson, 1916).-About eight-tenths 

above mile post No. 101 of the Oregon-Washington Rallroad & i? avigation Co. tracks. 

d 
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CONVERSION TABLES. 

Lengths-Feat to meters (jrom 1 to 1000 unils). 

[Roduotion factor: 1 Coot -0.304800009(3 moter.] 

30.4~000 

31.30440 

30,78480 
31.09006 

31.09926 

32.00400 
32.30RS0 
32.131367 
32.91947 
33.22327 

33.52807 
33.H3287 
34.13707 
34.44217 
34.74727 

35.05207 
35.35057 
35.06167 
35.98047 
30.27127 

36.57007 
36.88087 
37.18607 
37.49047 
37.79528 

38.10008 
38.40488 
38.70008 
39.01448 
89.31928 

39.62408 
39.02ssq 
40.23308 
40.63845 
40.84328 

41.14808 
41.45288 
41.75768 
42.00248 
42.30728 

42.07200 
42.97liXD 
43.2SlG9 
13.58049 
43.80120 

44.10000 
44.60089 
44.8(A509 
45.11040 
45.416220 

33 

150 

3 

1 
2 

4 

5 
6 
7 
8 
9 

160 
1 
2 
3 
4 

5 
6 
7 
8 
9 

170 
1 
2 
3 
4 

5 
6 
7 
8 
9 

180 
1 
2 
3 
4 

5 
6 
7 
8 
9 

190 
1 
2 
3 
4 

5 
6 
7 
8 
9 

- L 

1bOt - 
0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
1 
2 
3 
4 

5 
6 
7 
8 
9 

20 
1 
2 
3 
4 

5 
6 
7 
8 
9 

30 
1 
2 
3 
4 

5 
6 
7 
8 
9 

40 
1 
2 
3 
4 

5 
6 
7 
; 

4 5 . 7 2 0 ~  
40.02389 
40.3369 
40.03449 
40.93920 

0.0 
0.30480 
0. Gmoo 
0.91440 
1.21920 

1.52400 
1.82880 
2.1&360 
2.43840 
2.74321 

8.04R01 
3.35281 
3.65761 
3.90241 
4.20721 

4.57201 
4.87081 
5.18161 
5.48041 
6.79121 

0.09601 
0.40081 
0.70601 
7.01041 
7.31521 

7.02002 
7.92482 
8.22902 
8.53442 
8.83022 

8.14402 
0.44882 
9.75302 

10.05842 
10.38322 

10.80802 
10.07282 
11.27702 
11.58242 
11.88722 

12.10202 
12.40882 
12. MI03 

13.41123 

14.02083 
14.326fQ 
14. tX043 
14.93623 

i3.10(143 

13.71003 

ZOE 
I 

f 
4 

5[ 
I 
2 
? 
4 

5 
c 
7 
e 
9 

6C 
1 
2 
3 
4 

5 
6 
7 
8 
9 

70 
1 
2 
3 
4 

5 
6 
7 
8 
9 

80 
1 
2 
3 
4 

5 
6 
7 
8 
9 

90 
1 
2 
3 
4 

5 
6 
7 
8 
9 

10.76403 
17.068&3 
17.37303 
17.07844 
17.98324 

Motors. /I Fmt 

: 

t < 

15.24003 11 10; 
15.54443 
15.849fi3 i 
10.15443 : 
10.45923 1 

47.24409 

47.8b170 
48.15850 
48.40330 

47.51~90 
5 

1 
E 
s 

z 

60.29210 
60.59090 
60.90170 
61.20&50 
61.51130 

I 5 
6 
7 
8 
9 

19.81204 
20.11084 
20.42184 
20.721344 
21.03124 

21.33004 

21.94604 
22.25044 
22.65625 

21.040~4 

22.80005 
23.16485 
23.411905 
29.77445 
24.07925 

E 
t 
7 
e 
9 

120 

2 
3 
4 

, 1 

5 
6 
7 
8 
9 

61.81G10 

62.42570 
62.73051 
63.03631 

&?.34011 
63.04491 
63.94071 
64.25461 
64.G931 

54.86411 
65.10891 
65.47371 
65.77851 
60.08331 

66.88811 
fi0.89291 
50.99771 
57.30251 
67.00732 

57.91212 
68.21002 
68.52172 
88.82rh52 
69.13132 

62.12090 
220 

2 
3 
4 

5 
6 
7 
8 
9 

230 
1 
2 
3 
4 

5 
6 
7 
8 
9 

240 
1 
2 
3 
4 

I 

45.70810 21C 
49.07290 
49.37770 11 
49.08xi0 3 
49.08730 4 

24.38405 
24.08885 
24.993G5 
25.29845 
25.00325 

25.00805 

20.82246 

26.21285 
26.517li5 

27.12725 

130 
1 
2 
3 
4 

5 

B 

6 
7 

9 

27.43205 
27.738HCI 
28.0ilG0 
28.340411 
28.65126 

28.95B00 

20.5f;Nfi 

90.17620 

Z!I.ZOO'i(i 

20.87041\ 

140 
1 
2 
3 

5 

7 
9 

' 4 

6 

8 

Mofors. 

60.43612 
59.74092 
00.1)4572 
00.35052 
0 o . w a  

m.mm 
01.20402 
61.50972 
01.S7452 
62.17032 

02.45412 
02. SWS03 
ci3. o!xJ73 
IB. 39453 
lid. 70333 

04.00813 
84.31203 
04.61773 
04.92253 
65.22733 

05. b3213 a. 83693 
00.14173 
06. 44ti53 
80.75133 

07.05013 
07.30093 
07.66574 

08.27634 

08.59014 

09.1S974 
69.49454 
09.79934 

70.10414 
70.40894 
70.713il 
71.01% 1 
71.32334 

71.0281# 
71.93294 
72.2Ri74 
72.64!!55 
12.84735 

73.15215 
73.451595 
73.76175 

74.37135 

74.0701ti 
14.9m5 
75.28h75 
75.59065 
76.89535 

07. o inc l~  

m. 88494 

74.06rh55 

5 
6 
7 
8 
9 
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Feet. 

250 
1 
2 
3 
4 

5 
6 
7 
8 
9 

262 
1 
2 
3 
4 

5 
6 
7 
8 
9 

270 
1 
2 
3 
4 

5 
6 
7 
8 
9 

280 
1 
2 
3 
4 

5 

8 
9 

290 
1 
2 
3 
4 

5 
6 

9 

- 

; 

: 

300 
1 
2 
3 
4 

5 
6 
7 
8 
9 

U. S. COAST ANI> GJCODETIC SUItVEY. 

Lengths-Feet to meters (from 1 to 1000 units)-Continued, 

91.44018 350 
91.74498 1 
92.04978 2 
92.35458 3 
92.65939 4 

02.9a419 5 
93.20809 6 
03.57379 7 
93.87850 . 8 
94.18339 9 

__. _- 
Meters. 

70.2GQ15 
70.150495 
70.80075 
77.11455 
77.41935 

77.72410 
78.02896 

78.63850 
78.94336 

79.%816 
79.55296 
79.85770 
80.16250 
80.40736 

80.77216 
81.07090 
81.38170 
81.08850 
81.09130 

82.20616 
82. ooM)7 
82.90577 
83.21057 
83.61537 

83.82017 
84.12497 
84.42077 
84.73457 
85.03937 

85.34417 
85.64897 
85.95377 
86.26857 
86.68337 

88.88817 
87.17297 
87.47777 
87.78258 
88.08738 

88.39218 
88.60098 
89. W178 
89.30658 
89.61138 

80. 9101P 
90.22006 
W. 62678 
80.83058 
01.13638 

78. 33376 

106.08021 1 
100.9%01 , 
107.28081 
107.50102 
107.89842 

108.20422 
108.50002 ' 
108.81382 I 
100.11802 
109.42342 

109.72822 
110.03302 
110.33782 
110.04202 
110.94742 

400 
1 
2 
3 
4 

5 
6 
7 
8 
9 

410 
1 
2 
3 
4 

310 
1 
2 
3 

' 4  

5 
6 
7 
8 
9 

-- 
121.92024 
122.22804 
122.52085 
122.83466 
123.13946 

123.44426 
123.74905 
124.0ZC36 
124.35805 
124.00345 

124.90826 
126.27305 
126.57785 
126.88205 
126.18746 

120.49225 

127.10185 
127.40605 
127.71140 

128.01026 
126.32106 
12R.02586 
128.93000 
120.23540 

129.54026 
120.81500 
130.14980 
130.46466 
130.75948 

131.00426 
131.30900 
131.67380 
131.97860 
132.28340 

132.68827 
132.89307 
133.19787 
133.60267 
133.80747 

134.11227 
134.41707 
134.72187 
135.02607 
135.33147 

136.83627 
135.94107 
136.24587 
136.65007 
130.E-5647 

120.79705 

04.4&319 
94.70200 
05. IN770 
95.40250 
95.70739 

96.01219 
96.31GW 
90.62179 
90. 92059 
97.23139 

450 
1 
2 
3 
4 

5 
6 
7 
8 
9 

460 
1 
2 
3 
4 

5 

7 
8 
9 

470 
1 
2 
3 
4 

5 
6 
7 

. 8 
9 

480 
1 
2 
3 
4 

6 

7 
8 
9 

490 
1 
2 
3 
4 

5 
6 
7 
8 
9 

360 
1 
2 
3 
4 

5 
6 
7 
8 
9 

111.25222 1 
111.55702 
111.R6182 
112.10062 
112.47142 

5 
6 
7 
8 
9 

320 
1 
2 
3 
4 

5 
6 
7 
8 
9 

330 
1 
2 
3 
4 

5 
6 

9 

340 
1 
2 
3 
4 

5 
6 
7 
8 
9 

' ! 

97.63020 370 
97.84100 1 
98.14580 2 
98.45000 3 
98.75540 4 

M).06020 5 
00.36500 6 
09.60980 7 
09.97400 8 

100.27940 9 

100.58420 380 
100.88900 1 
101.19380 2 
101.40800 3 
101.80340 4 

102.10820 5 
102.41300 6 
102.71781 7 
103.02201 8 
103.32741 9 

103.03221 390 
103.93701 1 
104.24181 2 
104.64601 3 
104.85141 4 

105.16621 5 
106.40101 6 
105.705R1 7 
106.07001 8 
106.37641 9 

112.77023 

113.38583 
113.09003 
113.99543 

114.30023 
114.60503 
114.00081 
115.21463 
115.61943 

115.87.423 
110.12003 
110.4338 
116.7380:3 

113.08103 

ii7.0434a 

420 

2 
3 
4 

5 
6 
7 
8 
9 

430 
1 
2 
3 

1 

4 

117.34823 
117.65301 
117.05781 
118.20201 
118.6G7.14 

5 
6 
7 
8 
9 

- _- 
Meters. 

118.87224 
119.17704 
119.48184 
119.786B4 
120.09141 

120.39024 
120.70104 
121.00684 
121.31004 
m m 4 4  

137.160%' 
137.46507 
137.70088 
138.07408 
138.37948 

138.68428 
138.98908 
139.20388 
ld0.69868 
139.90348 

140.20828 
140.51308 
140.81788 
141.12268 
141.42748 

141.73228 
142.03708 
142.34188 
142.64069 
142.95149 

143.26629 
143.60109 
143.86880 
144.17009 
144.47549 

144.78028 
146.08509 
145.38089 
145.09469 
146.90049 

140.30428 
140. 00909 
146.01389 
147.21809 
147.62360 

147.82830 
148.13310 
148.43790 
148.74270 
140.04760 

149.36230 
140.65710 
140.00190 
160.28070 
150.67160 

160.87830 
161.18110 
161.48500 
151.70070 
162.0966ll 

440 
1 
2 
3 
4 

5 
6 
7 
8 
Q 



- - 
Foot. 

500 
I 
2 
3 
4 

5 
6 
7 
8 
9 

510 

3 
4 

5 
6 
7 
8 
9 

520 
1 
2 
3 
4 

5 
6 
7 
8 
9 

1 
2 
3 
4 

5 
6 
7 

9 

1 
2 
2 
4 

- 

I:: 

530 

a 

wa 

5 
5 

~ 

Motors. -- 
182.88037 
183.18517 
183.48697 
183.79477 
184.00957 

Motors. 11 Feet. -- Foot. 

650 
1 
2 
3 
4 

152.40030 I 
152.70511 
153.0oDgl 
153.31471 

r153.01951 

153.02431 
164.22011 
154.53391 
154.83871 
155.14351 

155.44831 
155.75311 
150.05701 
150.30271 
150.00751 

156.07231 
157.27711 
157.58102 
167.88072 
158.19152 

158.40032 
158.80112 
159.10592 
1G9.41072 
158.71562 

100.02032 
100.32512 
100.02092 
100.93472 
101.23952 

560 
1 
2 
3 
4 

5 
6 
7 
8 
9 

580 
1 
2 
3 
4 

5 
6 
7 
8 
9 

570 
1 < 
4 

5 
6 
7 
8 
9 

107.04034 
107.94514 
108.24994 
168.55474 
188.86964 

Motors. 11 Foet. 

GOO 
1 
2 
3 
4 

108.12040 
198.42520 
198.73000 
199.03480 
169.33900 

190.04440 
169.94920 
200.25400 
200.55880 
200.86300 
201.16840 
201.47320 
201.77800 
202.08280 
202.38700 

202.09241 
202.99721 
203.30201 
203.00081 
203.91101 

204.21041 
204.52121 
204.82001 
205.13081 
205.43501 

205.74041 
200.04521 
2U0.35M)l 
208.&5481 
206.95001 

207.26441 
207.60022 
207.87402 
208.17832 
206.48302 

208.78842 
200.00322 
200.39802 

210.00762 

210.31242 
210.01722 
210.92202 
211.22082 
211.63102 

211.83042 
212.14122 
212.41002 
212.7508 

aoo.70282 

a i 3 . 0 5 ~  

700 
1 
2 
3 
4 

5 
6 
7 
8 
9 

710 
1 
2 
3 
4 

5 
6 
7 
8 
9 

720 
1 
2 
3 
4 

5 
6 
7 
C 
9 

730 
1 
2 
3 
4 

5 
6 
7 

9 

740 
1 
2 
3 
4 

5 
6 
7 
8 

a 

9 

169.18434 
109.40914 
109.77304 
170.07874 
170.38354 

5 
6 
7 
8 
9 

184.40437 

185.01307 
185.31877 
185.02357 

186.92837 
180.23317 
180.53797 
186.84277 
187.14757 

187.45237 
187.75718 
188.W198 
188.38078 
188.07158 

188.97638 
189.28118 
180.6@08 
188.80078 
100.19558 

180.50038 
100.80518 
191.10808 
191.41478 
101.71858 

192.02438 
192.32018 
102.03300 
192.93879 
193.24369 

103.54830 
193.85319 
104.15709 
104.40270 
104.70769 

185.07239 
105.37710 
195.aSl69 
195.98070 
190.20159 

ia.70017 
5 

7 
8 
9 

660 
1 
2 
3 
4 

5 
6 
7 
8 
9 

670 
1 
2 
3 
4 

5 
6 
7 
8 
9 

680 
1 
2 
3 
4 

5 
f 
'i 
f 
I 

69( 
1 
i 
5 
1 

6 

Motors. 11 Foot. 

170.68634 
170.90314 
171.20794 
171.00274 
171.90764 

172.21234 
172.51715 
172.82195 
173.12075 
173.43155 

173.73635 
174.04116 
174.34595 
174.05075 
174.85556 

175.20035 
175.5&515 
175.88995. 
170.17415 
170.47055 

170.78435 
177.08015 
177.30305 
177.00870 
178.00366 

178.30830 
178.01310 
178.91790 
179.22270 
179.62760 

179.83230 
180.13710 
180.44190 
180.74670 

610 
1 
2 
3 
4 

5 
6 
7 
8 
9 

620 
1 
2 
3 
4 

5 
6 
7 
8 
9 

630 
1 
2 
3 
4 

5 
6 
7 
E 
S 

64( 
I 
i 
: 

Meters. 

161. 64432 
101.84812 
102.15392 
102.45872 
102.70353 

183.w833 
103.37313 
163.07703 
183.08273 
1M.28763 

213.36043 
213. W23 
213.07003 
214.27483 
214.57883 

214.88443 
215.1N23 
215.49403 
215.79883 
210.10363 

210.40843 
210.71323 
217.01803 
217.32283 
217.02764 

217.93244 
218.23724 
218.54204 
218.84084 
219.15104 

219.46644 
219.70124 
220.00604 
220.37084 
220.07W4 

220.08044 
221.28524 
221.50004 
221.89484 
222.10884 

222. M)445 
222.80825 
223.11405 
223.41885 
a23.72305 
224.02885 
224.3335 
224.03805 
224.04295 
225.24705 

225.55245 
225.85725 
22n. 10205 
220.40685 
220.77106 

!HI. 07045 
227.38125 m. w08 
227.mw a% 29566 

580 
1 
2 
3 
4 

5 
6 
7 
8 
9 

104.69233 
104.80713 
105.20193 
105.6no73 
105.81163 

100.11033 
166.42113 
180.72503 
107.03073 

59C 
1 
z 
3 
4 

f 

f 
t 

107.83663 : 

181.0515a 

181.36@30 
181.00110 
181.00690 
182.27070 

! 
! 
i 

132.67667 ! 
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- - 
Feet. -- 
750 
1 
2 
3 
4 
5 
6 
7 
8 
9 

760 
1 
2 
3 
4 

5 
6 
7 
8 
9 

770 
1 
2 
3 
4 

5 
6 
7 
8 
9 

780 
1 
2 
3 
4 

5 
6 
7 
8 
9 

790 
1 
2 
3 
4 
5 
6 
7 
8 
9 - 

22X.lNO46 
228.90620 
229.21000 
229.51480 
229.81906 

230.12446 
230.42926 
230.73400 
231.03888 
231.34300 

231.64840 
231.95326 
232.25800 
232.56287 
232.80707 

233.17247 
233.47727 
233.78207 
234.08087 
234.39107 

234.09647 
235.00127 
235.30607 
235.01087 
236.91507 

U. S.*COhST AND GEODETIC' SURVEY. 

Lengths-Feet to meters V T O ~  1 to 1000 units)-Continued. 

800 243.84049 850 
1 244.14529 1 
2 244.45000 2 
3 244.75489 3 
4 245.05969 4 

5 245.30449 5 
6 245.66929 6 
7 245.97400 7 
8 248.27889 8 
9 240.58369 9 

810 248.88849 860 
1 247.19329 1 
2 247.49800 2 
3 247.80280 3 
4 248.10770 4 
5 248.41250 5 
6 248.71730 6 
7 249.02210 7 
8 249.32080 8 
9 249.03170 9 

820 249.93650 870 
1 260.24130 1 
2 2.50.64610 2 
3 250.85080 3 
4 251.15570 4 

__-___ 
Motors. 11 Feet. I Motors. I/ Foot. ~- 

259.08052 

259.08012 
259.98492 
260.29872 

260.60452 
260.00932 
261:21412 
261.51892 
201.82372 

282.12852 
262.43332 
262.73813 
203.04293 
263.34773 

263.65253 
203.95733 
204.20213 
204.50693 
204.87173 

205.17053 
205.48133 
265.78613 
288.09093 
286.39673 

259.3~32 
900 274.32055 950 

2 274.93015 2 
3 275.23495 3 
4 275.53975 4 
5 276.84455 5 
6 276.14935 6 
7 276.45416 7 
8 276.75895 8 
9 277.00375 9 

910 277.30855 960 
1 277.67336 1 
2 277.97810 2 
3 278.28290 3 
4 278.58770 4 
5 278.89250 5 
6 279.19730 6 
7 279.50210 7 
8 279.80690 8 
9 280.11170 9 

920 280.41656 970 
1 280.72138 1 
2 281.02018 2 
3 281.33000 3 
4 281.03570 4 

1 234.02535 1 

238.22047 
236.62527 
236.83007 
237.13487 
237.43907 

237.74448 
238.04928 
238.35408 
238.65888 
238.96388 

5 251.46050 5 
6 251.76530 6 
7 252.07010 7 
8 252.37480 8 
9 252.07971 9 

830 252.984,l 880 
1 253.28931 1 
2 253.59411 2 
3 253.89891 3 
4 . 254.20371 4 

288.70053 
267.00533 
207.31013 
267.01494 
207.91974 

268.22454 
208.52934 
268.83414 
289.13894 
269.44374 

___ 
Motors. 11 Foot. 1 Meters. 11 Foot. 
~- 

5 281.94050 5 
6 282.24536 6 
7 282.65017 7 
8 282.85497 8 
9 283.15977 9 

930 283.40457 980 
1 283.7G937 1 
2 284.07417 2 
3 284.37897 3 
4 284.88377 4 

239.20848 
239.67328 
239.87808 
240.18258 
240.48788 

240.79248 
241.09728 
241.40208 
241.70088 
242.01108 

5 254.50851 5 
6 254.81331 6 
7 265.11811 7 
8 255.42291 8 
9 255.72771 9 

840 250.03261 890 
1 256.33731 1 
2 258.04211 2 
3 250.94081 3 
4 257.25171 4 

209.74864 
270.05334 
270.36814 
270.00294 
270.90774 

271.67734 
271.88214 
272.18694 
272.49174 

272.79655 
273.10135 
273.40015 
273.71085 
274.01675 

mi.nm 

Motors. 

5 284.98887 5 
6 285.29337 6 
7 285.69817 7 
8 285.90287 8 
9 288.20771 9 

1 286.81737 1 
2 287.12217 2 
3 287.42697 3 
4 287.73178 4 
5 288.03858 5 
6 288.34138 6 
7 288.04018 7 
8 288.95008 8 
9 288.26578 9 

940 2~6.51257 wo 

289.56058 
289.86538 
280.17018 
280.47498 

,280.77978 

291.08458 
281.38938 
281.89418 
291.99898 
282.30378 

282.80859 
292.91339 
293.21819 
283.52299 
293.82779 

294.13269 
294.43739 
294.74219 
295.04099 
295.35179 

285.65659 
295.90139 
286.26019 
286.57088 
296.87579 

297.18059 

297. 69020 
298.09500 
298.39884 

298.70480 
298. OoMO 
298.31420 
298.01800 
298.92380 

800.22860 
3W. 53340 

301.44780 

301.75200 
302.05740 
802.30220 
302.60701 

803.27661 
303.58141 
303.88621 

304.49581 

297. p 3 9  

am. a820 aoi. 14300 

802. e7181 

ao4.1~101 

242.31848 
242.62129 
242.92808 
243.23089 
243.63509 

5 257.65652 5 . 6 267.80132 6 
7 258.16012 7 
8 268.47082 8 
9 258.77572 9 



MQ- 
tors. - 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 
2 
9 
4 

5 
6 
I 
8 
9 

20 
1 
2 
3 
4 

5 
€ 
1 
8 
S 

3t 
1 
2 

i 

! 
1 

! 

I 

4( 

I 

! 
I 
! 

328.0W33 
331.30417 
334.04500 
337.92583 
341.20607 

344.48750 
347.76833 
351.04917 
354.33000 
357.01083 

800.89107 
304.17260 

370.73417 
374.01Mx) 

317.28583 
380.67007 
383.85750 
387.13833 
890.4917 

393.7oooO 
990.98089 
400.20167 
403.54250 
406.82333 

410.10417 
413.38500 
410.08583 
419.94007 
423.22760 

426.rn833 
429.78917 
433.07000 
436.36083 
439.03167 

442.91250 
446.19333 
449.47417 

456.03683 

469.31067 
402.59750 
465.87833 
409.16917 
472.44000 

475.72083 
479.00167 

4X5.51L333 
488.84417 

387.45333 

462.76500 

482.2~250 

UTAH-WASHINGTON PRECISE TRIANGULATION. 

Lengths-Meters to feet (from 1 to 1000 unik). 
[Roduotion factor: 1 motor-3.280833333 h t . 1  ' 

150 
1 
2 
3 
4 
5 
6 
7 
8 
9 

160 
1 

3 
4 
z 

7 
8 
9 

170 
1 
2 
3 
4 
5 
6 
7 
8 
9 

180 
1 
2 
3 
4 

5 
6 
1 

9 

19: 
2 
3 
4 

5 
C 

C 
9 

a 

9 

-11- 492.12Mx) 
495.40553 
408.68007 
601.86750 
605.24833 

3.28083 
6.60167 
9.84250 
13.12333 

16.40417 

22.90583 
26.24067 
28.52750 

32.80833 
30.08917 
39.37000 
42.86083 
45.93167 

49.21260 
62.48333 
65.77417 
69. o6500 
62.33683 

66.01607 
8.89750 
72.17833 
76.46917 
78.74000 

82.02083 
85.30107 
88.58250 
91.86333 
95.14417 

98. 42530 
101.70583 
104.98607 
108.26750 
111.64833 

114.82817 
118.11000 
121.39083 
124.07107 
127. 95260 

131.23333 
134.61417 
137.79500 
141.07583 
144.36807 

147.63750 
160.91833 
154.19817 
167.4X000 
100.70083 

19. 88500 

200 
1 
2 
3 
4 

50 
1 
2 
3 
4 
5 
6 
7 
8 
9 

60 
1 
2 
3 
4 
5 
6 
7 
8 
9 

70 
1 
2 
3 
4 
5 
6 
7 
8 
9 

80 
1 
2 
3 
4 
5 
6 
7 
8 
9 

? 
2 
9 
4 
5 
6 
7 
8 
9 

184.04107 
167.32250 
170.00333 
173.88417 
177.1W 

180.44683 
183.72807 
187.00750 
190.28833 
193.50917 

190.8M)Oo 
200.13083 
203.41107 
208.09250 
208.97333 

213.25417 
210.635W 
219.81683 
223.08667 
226.37750 

228.85833 
232.93917 
230.2m 
239.50083 
242.78167 

246.08260 
249.34333 
262.82417 
255.80600 
269.18683 

202.40007 
205.74750 
289.02833 
272.30917 
276.6ooOO 
278.87083 

285.43250 
288.71333 
291.Q9417 

206.27500 
298.55583 
301.83G67 
305.11750 
308.39833 

311.07917 
314.90000 
318.24083 

324.W2tO 

282.16107 

321.52167 

100 
1 
2 
3 
4 
5 
6 
7 
8 
9 

110 
1 
2 
3 
4 
5 
6 
7 
8 
9 

120 
1 
2 
9 
4 
5 
6 
7 
8 
9 

130 
1 
2 
3 
4 

5 

7 
8 
9 

140 
1 
2 
3 
4 
5 
6 
7 

9 

a 

a 

-~ - 
I1 

624.93333 
628.21417 
531.40500 
634.77583 
638.@067 

541.33750 

47.89817 ral, 1.18Ooo 
654.4q 

567.74ie7 
601.02260 
604.30333 
607.68417 
570.88500 

574.14583 
677.42607 
680.70750 

587.26917 

590.55000 
593.83083 
697.11167 
800.39250 
Boa.67333 

000.95417 

613.61583 
010.79667 
620.07,760 

023.36e13 
620.03017 
620.9MOo 
873.20083 
636.48167 

039.78250 
0.13.04333 
846.32417 
049.WOO 
(%2.81(583 

683.9~3 

610.23500 

210 
1 
2 
3 
4 

5 
6 
7 
8 
9 

1 
2 
3 
4 
5 
6 
7 

9 

230 
1 
2 
3 
4 

5 

7 
E 
5 

24C 
1 
i 
I 
4 

: 
f 
1 
t 
5 

220 

a 

e 

~~~~~ 11 5 6 

7 
518.37107 8 
621.65250 9 

37 

Foot. 

850.16067 
859.44750 
062.72633 
660.MM17 
669.29wo 

072.57083 
075.85107 
079.13250 
082.41333 
085.69417 

688.97500 
092.255x3 
005.53067 
098.81750 
702.09833 

705.37917 
7 0 8 . W  

715.22107 
718.50250 

721.78333 
725.08417 
728.34500 
731.02583 
734.90067 

738.18750 
741.46633 
744.74917 
748.03000 
761.31083 

764.59107 
757.87250 
701.15333 
704.43417 
767.71640 

770.99583 
774.27007 
777.65750 
780. 83%3 
784.11917 

787.4ooOo 
790.85083 
793.96107 
797.24250 
800.62333 

803.80417 
807.08590 
810.3fW3 
813. (i4fl07 
816. 92754 

711.94083 



38 

I_ - 
Mo- 
tors. 

,148.28187 
,151.57250 
,154.85333 
,158.13417 
,101.416M) 

,164.69583 
.,107.07867 
L 171.25750 
1:174.63833 
i, 177.81017 

i 181.10000 

I: 187:06167 
1 180.04250 
1:104.22333 

1107 EO417 

1 204.00583 

1,210.62760 

1’217.18017 
1:220.47000 
1223.75083 
1:227.03187 

1 230.31260 
1’233.50333 

1’240.15500 
1i243.43583 

1 248.71667 
1‘240.99750 
1’253.27833 
1: 250.55017 
1,250.84000 

1 203.12083 
1: 260,40167 

1’272 00333 
13 270: 24417 

1 270.62500 
1’282. 80583 2 2%. 08867 
1: 280.36760 

1 295 02917 
1’ 290: 21ooO 

(18438083 

~~200:78500 

1: 207.34667 

1 213.80833 

i ’ m . m i 7  

1 200.08250 

1,282.04833 

1: 3n2.4083 
1 305.77167 
1: YOY#U6rn 

250 
1 
2 
3 
4 

5 
6 
7 
8 
9 

260 
1 
2 
3 
4 

5 
t 
‘i 
I 
5 

27( 
1 
; 

: 
! 
I 
! 

284 
I 

29 

400 
1 
2 
3 
4 

5 
6 
7 
8 
9 

410 
1 
2 
3 
4 

5 

7 

9 

6 

a 

42a 
1 
2 
3 
4 

! 

1 
5 

43( 

1 
1 

! 

I 

i 
’ 

441 

IT. S. COAST AND GEODETIC: SURVEY. 

Lengths--Meters to feet (from 1 to 1000 units)-Contimlod. 

820.20833 
823.48017 
826.77000 
830.060K3 
833.33187 

836.612ijO 
830.80333 
843.17417 
846.45500 
840.73583 

300 
1 
2 
3 
4 

5 
6 
7 
8 I 9 

,312.33333 
,315.81417 
,318.80600 
,322.17583 
,326.46887 

,328.73760 
,332.01833 
,335,20817 
338 5Rooo 

:341:86083 

,348.42250 
,351.70333 
,354.08417 
,358.26500 

,361.54583 
,384.82867 
368.10760 

I:371.38833 
L,374.66017 

1 377.95000 
1‘381.WO83 
1’384.51167 
1:387.70250 
1,391.07333 

1 304 35417 
1’307:Ki500 
1’400.01583 
1: 404.10667 
1,407.47760 

1410 75833 
I’ 414: 03017 

,345.14167 

1’417 a2000 
1’ 420: 80083 
I: 423. w107 

11- 
450 

1 
2 
3 
4 

5 
6 
7 
8 
9 

460 
1 
i 

: 
L 
‘i 
f 
5 

47( 

: 

: 
! 

481 

084.26000 
087.53083 
090.81167 
994.08250 
987.37333 

,,000.65417 
,003.83500 
,007.21583 
,010.40607 
,013.77760 

,020.33017 
023.62000 

.,030.18167 

.,036.74333 
, 040.02417 

(046.58583 

L 040.88687 

1:056.42833 
1 050.70817 

1 066.27083 
1: 088.55167 
1 072.83260 
(076.11333 
1:070.30417 

1 082 67500 
1’ 085: 05583 

1’ 082.51760 
1: 005.70833 

, 0 1 7 . 0 5 ~  

:026.eoo83* 

,033.46250 

i’o43.30500 

i 053. 14760 

1:082.98000 

I’ 080. 23607 

350 
1 
2 
3 
4 

5 
6 
7 
8 
9 

I 
2 
2 
4 

E 
I 

360 

1 
37( 

: 

I 

I 
I 

381 

11- 

869.42083 
872.70187 

882.54417 

885.82500 
880.10583 
802.38667 
805.66760 
808.04833 

902.22817 
905.51000 
008.7W83 
012.07187 
015.35260 

018.63333 
021.01417 
025.19500 
028.47583 
031.75667 

035.03760 
938.31833 
U41.60817 
944.88Mx) 
048.1fM83 

051.44167 
854.72260 
958.00333 
081.28417 
064.56500 

067.84583 
071.12667 
074.40760 
977. tiXW8 
VW. OW17 

m i . o 8 m  
870.26333 

6 
6 

9 

32C 
1 
2 
3 
4 

7 
a 

i 
I 

3% : : 
! 
1 ’ 
I 
! 

34 

1 427 i6m 

1’417 m600 

1’ 430: 44333 
1’ 133.72417 

1; 440: 2tlM13 

1 443.66667 
1’446.84760 
1’ 4% 12833 
1’ 453.4OU17 
1:46es?woo 

Foot. 

,416.37504 
,470.05583 
,482.83687 
,486.21760 
,480.40833 

,402.77017 
,406. OBOOO 
409.34083 I:soz. 62167 

1, 605. 90260 

1 608.18333 
i) 612.46417 
1’515.74693 
1’510.02683 
1; 522.30867 

1 525.58760 
I’ 528.86833 
1’532.14017 

1: 538.710% 

1541.98187 
1’545 27260 
1’ 548’ 55333 
1’551’83417 
1:566:llMH) 

1 658.30583 
1’581.67807 
1’5O4.05760 
1’ 608.23833 
1: 571.61017 

1 574 8ooMl 
1’578:08083 

1: 687.82333 

1 681.20417 

1’ 507.76583 
1’ aO1.04667 
1304.32760 

1807.8Oma 
1’610.8t1017 
1’ 814.17wO 
1’817.46083 

1824.01w) 
1’ 027.28333 
1’030.67417 

1: 037.13w3 

i 635.43ow 

1’581 30167 
1’ 584: 04260 

i 594.48500 

limo. n i 6 7  

1’633.85500 

49 



- - 
Me- 
ters. 

500 
1 
2 
3 
4 

5 
6 
7 
E 
9 

510 
1 
2 
3 
4 

5 
‘ 6  

9 
E 
9 

52C 
1 
2 

I_ 

s 
f 
1 
6 
f 
c 

53; 

I 
I 

59 

I 

,840.41667 
,843.00750 
,046.87833 
,050.25817 
,063.64WO 

,696.82083 
,600.10167 
,603.38250 
,000.60333 
,089.94417 

, 0 7 3 . W  
,076.60583 
,079.78007 
,083.00760 
,,680.34833 

1089.62817 
1’092 91000 

1’ 0WJ. 47107 
1:702.76250 

1700.03333 
1’709.31417 
1: 712.69500 
1,716.87583 
1,719.15067 

1 722.43760 
1’725.11833 
1’728.9W17 
1’732.28000 
1:736.68083 

1 738.84107 
1’742.12260 

1’748.68417 
li761.96500 

1 755.24583 
1’ 768.62607 
1’ 701.80750 
1:78I5.08833 
1,768.30917 

1 771 65oM) 
1’774:93083 
1’778.21107 
1’781.49250 
1; 784.77333 

1 788 05417 
1’791’33500 
1’704‘81583 
1’707’88087 
l&L177W 

I’090:19083 

1’745.40333 

550 
1 
2 
3 
4 

5 
6 
7 
8 
9 

560 
1 
2 
3 
4 

5 
6 
7 
8 
9 

570 
1 
2 
3 
4 

5 
6 
7 
E 
9 

580 
1 
2 
3 
4 

f 

! 
f 
S 

59( 
1 

i ’ 
! 

I 
! 

,804.46833 
,807.73817 

,814.30083 
.,817.68107 

820.80250 
(824.14333 
1 827 42417 
1’830’70sM) 
1:833:98683 

1 837 20607 
1’840’64760 
1’843:8283 
1’847.10917 

,811.02000 

I:850.3m 

600 
1 
2 
3 
4 

5 
6 
7 
8 
9 

610 
1 
2 
3 
4 

L 968.6MxK) 
1’971.78083 
1’976.00167 
1:978.34250 
1,981.02333 

L 984.90417 

1:991.46683 
1 694 74007 
LiW8:02760 

2 001 30833 
$004‘68917 
2:007:87000 
2 011.16083 
2:014.43107 

2 017.71250 
2’020.99733 
2’024.27’417 
2’027 66500 

2 034 11667 
2’017’30750 
2’&0’67833 
2’04395917 
2:@47:24000 

205062083 
2:053:80107 
2 M7.08250 
2:060.38333 
2,083.04417 

2 O U 6 . 9 ~  
2’070.205S3 
2: 073.48607 
2 070 70750 
2:080:cWs33 

2083.32017 

L)~8x.i8500 

2:030:83683 

2: 080.0lMlO 

. .-- 
I1 

650 
1 
2 
3 
4 

5 

7 
8 
9 

660 
1 
2 
3 
4 

5 
6 
1 
8 
9 

670 
1 
2 
3 
4 

5 
C 
1 
E 
5 

68C 
I 
2 
2 
4 

: 

6 

1 853 67083 
1’8G0:95107 

1’863:61333 
1~800.79417 

1 870.07600 
1’873 35583 
1:876:03607 
1 879.91760 
1:883.19833 

1’8W 23250 

FWt. 

E 132 64107 
1) 135: 8210 
1) 139.10333 
$142.38417 
2: 145.00500 

2 148 94583 
2) 152 22007 
2: 155: 50760 
2 158 78833 

2 105.35ooo 
2’ 108.03083 
2’171.91107 
2’ 175.19250 
2: 178.47333 

2 181.76417 

2 188 11583 
2’ 191’kKW 
2: 194: 87750 

2 198.15833 
2’ 201.43917 
2’204 72000 

2:211:28107 

2 214 66250 
2’217:84333 
2’221.12417 
2: 224.40600 
2,227.08683 

2 230 90067 
2’ 234: 24750 
2: 237.52833 

2; 244. OBOOO 
2 247.37083 
2: 250. %107 
2,253.03250 
2,257.21333 
2,280.49417 

2 263 77600 
2’ 207: OG.583 
2’ 270.33067 
2’273.61750 
2; 276.89833 

2 280.17917 

2’ 280: 74083 
2’2W 02107 

a: i62:06017 

2: 185.03500 

2’208‘L%M83 

2 240. nwi7 

2’2113 4m 

2; 293: 302w 

5 
6 
7 
8 
9 

620 
1 
2 
3 
4 

._ - 
Me- 
ers. 
- 

700 
1 
2 
3 
4 

5 
6 
7 
8 
9 

710 
1 
2 
3 
4 

5 
6 
1 
e s 

72C 
I 
2 

1 
! 
i 
5 

5 

73( 
1 
i 
: 
1 

! 
! 

141 

I 

1886 47917 
1’889‘7oMN) 
1’803:0.1083 

1:89I).lio2M) 

1002.8K333 

1’9GiL44600 
1: 012.72583 
1,918.oW07 

1 010.28750 

1:9?5.84917 

1,932.41083 

1 935.69107 
1’ 938.1)7250 
1’942.h33 
1’945.63417 

1’ 89t).32107 

1’906.1CA17 

1’922.56s33 

1,920.13oOo 

1:t(48.81500 

39 

5 
6 
7 

9 

630 
1 
3 

a 

: 

t 
5 

64( 

. 
1 

Feet. 

2 099 73333 
2’103’01417 

2:1W..57RR3 
2’100.28500 

2,112.86007 

2 116.13760 
2’119 41833 
2’ 122: 69017 
2’125 9 x 0  
2;1Ze:m 

‘,290.68333 ’, 299.80417 
j,303.145M) 

3w 42583 

’ 312.98750 
;)310.20833 
!:319.64917 
! 322 83000 
1:326:11083 

I320.39167 

(339.23417 
i, 342.616M) 

’ 345 7968s 
340’ 07067 

1: 358: 91917 

1) 305.48083 
1) 308.70107 
2: 372.04250 
2,376.32333 

1 378.813417 
2:381.88500 
2 385.10583 
2’38R.44607 
2: 381.727W 

I: 3G9: 70067 

I) 332. e7250 < 335.95333 

i’ 352 35760 
1) 355’03813 

2 3 m . m  

3 %: $3 
2’401.67000 

2: 408.18167 

2 411 41250 
2’414: 09333 
2: 417.97417 
2 421.25500 

2 427 81087 
2’ 431: 00760 

2,437.65917 
2,440.94Mx) 

2 444.220&? 
2:447.60187 
2,460. 7X’AW 
2 464 OR133 
2: 467: 3 W l  

a’404.86053 

2;424.53w 

2: 434.37KU 
69! . 

: 
: 
1 

! 

1 ’ 



40 

2 024.66607 
2’027.04750 
2’(331.22833 
2:634.50917 
2,037.79000 
2 641.070% 
2’644.35107 
2’047.03250 
2’650.01333 
2: 054.10417 

750 
1 
2 
3 
4 
5 
6 
7 
8 
9 

760 
1 
2 
3 
4 
5 
f 
1 
E 
9 

77c 
I 
2 
? 
4 

78 

75 

5 
6 
7 
8 
9 

850 
1 
2 
3 
4 
5 
6 
7 
8 
9 

U. S. COAST AND GEODETIC SURVEY. 

Lengths-Meters to feet (from 1 to 1000 units)-Continued. 

’ 78R 70833 
;’791:98917 
;’795 27000 
;’ 708: 55083 
i:801.83107 
’ 805.11250 
;”%30333 r: 811. 67417 
t 814.05500 
(818.23583 

---II- 

900 
1 
2 
3 
1 
5 
6 
7 
8 
9 

, 4 r ~  ~2500 
,483.90583 
,407.18G07 
,470.46750 
,473.74833 

2 952.75600 

2’b59.31167 
2’9G2. 59250 
2: 965.87333 
2 969.15417 
2’072.43500 
2’ 9i5.71583 
2’97X.09607 
2;OEZ. 27760 

2’ 050.03083 

,477.02D17 
,480. 31000 
,4113.59083 
,4RG. 87167 
,400.16250 

950 
1 
2 
3 
4 
5 
6 
7 
8 
9 

800 
1 
2 
3 
4 

’ 821.51007 
;’824.797.50 
;’828.07833 
;’831.35917 
~:834.04000 
) 537 920% 
i’841:20167 
2: 844.48250 
1 847.76333 
2: 851.04417 

5 
6 
7 

910 
1 
2 
3 
4 
5 
6 
7 
8 
9 

8 
9 

2 085 55833 
2’988’R3917 

2’005.40083 
2: 098.08167 
3,001.06250 
3,005.24333 
3 008.52417 
3:011.80500 
3,015.08583 

2’Do2:12000 

960 
1 
2 
3 
4 
5 
6 
7 
8 
9 

2 808.28250 

2’614: 82417 
2’011 54333 

2: 818. imoo 
z,021.:3x5%3 

,493.43333 
490.71417 

:4W.W500 
,503,27583 
,508.55667 
,509.83750 
,513.11833 
,516.39917 
,519.08000 
,522.90083 

,520. 24167 

536.08417 

2,542,64583 

2:54Y.20750 
2 552.48833 
2: 555.70917 

Z 559.05000 
2: 50,. 0 33083 
2 565.01107 
2’608.80250 
2: 572.17333 
2 575.45417 

2 582.01583 
2’6%. 20007 
2: 588.57750 

2,591.85833 
2 595.13917 

2,604.08107 

,g29.52250 
,533.80333 

;539.36500 

z 545. 0~607 

2: 578.73500 

2’ 508. 42000 
2: 001.70083 

810 
1 
2 
3 
4 
5 
6 
7 
8 
9 

820 
1 
2 
3 
4 
! 

I 
! 

831 

I 

84 

2 073 87917 
2’ 077: 1 GO00 
2’680 44083 
2’ 087‘ 72167 
2: 067: 00250 

’ 600.28333 
;’093.56417 
;’GDO.X4500 
;’700.12583 
$703.40007 

5 
6 
7 
8 
9 

870 
1 
2 
3 
4 

1,018.30007 

I:024.92W3 
I,028.20917 
1,031.40000 

S 034.77083 
3:038.05167 
3,M1.33250 
3,044.01333 
3,047.80417 

I 021.64760 

‘1 . . 

970 

2 
3 
4 
C 

f 
t 
5 

1 

II--- -- 

2 700 08750 
$709:961833 
2: 713.24917 
2 710.53000 
2:719.81083 

? 

, 
t 
I 

2,723.00107 ’ 
2 720.37250 
2’720.6633733 
2;732.03417 
2,736.21500 
2 739.49683 
2’ 742.77007 
2’ 746.05750 

2: 752: 81917 

2 755.90000 

2: 702.40167 
2,705.74250 
2,769.02333 
2 772.30417 
2’775.58800 

2’740 3 : m  

2’759.1mm 

2: 778.80583 
2,782.14fiG7 
2,785.42760 

2 870 72011 

2’ 880. 67107 
2: 883. 85250 

2’874: 01000 
2’ 877.290x3 

88( 

; I ‘ 
! ‘ 
! 

89! 

; 

i 

: 

1 
1 

’ 

2,887.13333 
2 800.41417 

2,000.25601 
2 903.53750 
2:906, 81833 
z 910 WJU 
2’913.3k(nu1 
2:910.00083 

2’ 893.09600 
2: H%I. 97583 

2,929. 78417 
2.933.00.500 

’ 931 

* 

3,051.17500 ’ 
3,054.46583 
7 057.73067 
>:np~i.o17~0 
3,w.31.29833 
3,067.57917 
3,070.800OQ 
3,W4.14083 
3 077.42107 
3:080.70250 

98( 
1 
i 
: 
4 

: 
1 
t 
I 

3 083.08333 
2’087.20417 
3~090.54500 
3,093.8Z583 
3,097.10667 
3 100.38760 
3’103.U0933 
3’106.94017 

3,113.51083 
3:11o.z3000 

99( 

: ’ 
: 

I 
! 

-- 
Foot. 

’, 110.70107 #, 120.07260 
#,123.35333 
I 126.03417 
~:129.91500 
I 133.19583 
I: 130.47007 
I 130.75760 
I’ 143.03833 
1:146.31017 

I 140 OOOOO 
I’ 162: 8m83 f 1%. 16167 
1’150.44250 
I: 162.72333 
I166.00417 
I: 169.28500 
1 172 56583 
I’ 175: 84007 
3: 179.12760 

3 182.4OR33 
5’ 1%. 08017 
1’188.07oOO 
I’ 192.25083 
( 105.53167 
3 198.81250 
3’202 00333 
3: 205: 37417 
3 208.05500 
3: 211.93583 

3 215.21067 
3’ 218.40750 

3,225.05017 
3,228.34000 
3 731.02083 
3’234 90107 

3’241.40333 
3: 244.74417 

3 248.02500 
3: 261.30583 
3 254.68607 

3:281.14333 
3 204.4B17 
3’207.71000 
3’ 27O.Mx)Ki 
3’274 27167 

3: 221.77833 

3’238: 18250 

3’ 267.86760 

3:277:65260 



PART 11. 
GENERAL STATEMENT. 

The remaining pa es of this publication arc devoted to a description 
of field methods, tn E ulations of cost data lor the various oporations, 
and to a discussion of errors and methods of-adjustment. Tho con- 
dition equations and other data used in making the adjustments are 
dso hcludcd. 

While these may be of littlo intercst to the engineer who desires 
only the geograplucal positions of control oints in some particular 

The methods employed in the fiold work arc of interest and value to 
local or anizations carrying on detailod triangulation. Cost data for 
all pubfic work should be published for the information of those 
interested and as an cvidenco that t h o  work is bein performed 

crepancies in the tLdjustmciit should be evidcnt in the published 
results. Finally, tho condition equations and other adjustment data 
should be published in order that futuro work may be started with 
certainty at  an point without recourse to tho original datn; pub- 

records by fir0 or otherwise. In  any future reprints of the data for 
this arc of triangulation only the prcceding portions of this publica- 
tion need bo printed; 

The methods em loyed in tho field will be described very briefly 

area, there are a number of reasons why t P icy should be published. 

economically. For the information of those usin the f ata the size 
of the errors in the observations and tho distri fl ution of the dis- 

lication of comp i ete results is the best insurance against loss of original 

first, with the cost P actors for tho various oporations. 

RECONNOISSANCE AND SIGNAL BUILDING. 

’ Detailed specifications for roconnoissance for precise, triangu- 
lation, such as ovnrned the scloction of tho stations on thls arc, are 
iven in U. S. 8 oast and Goodctic Survey Special Publication No. 19. 

f n  brief, tho principal roquiremcnts are that such stations and figurcs 
should be selectod as to mako the total cost of reconnoissanco, build- 
ing, and observing a minimum, that tho R, between bases should be 
about 100 and should not exceed 150, that Laplaco stations should 
be provided at  intervals of from four to six fi ures, that connections 

to  150 milos, and that if the line of a figuro in tho dire.ction of progress 
1s more than 40 miles in length, then additional stations, whlch need 
not be occupied, should be in terpolntcd. 

The.reconnoissanco for this arc wtis mado by J: S. Bilby, signal- 
man, in the early Sllmmor of 1915, and for tho iii-st timo asmotor 
truck was used as a moans of transportation by the roconnoissance 
Party. It had previously been thought that trucks could not be 
economically used on such worlr in mountainous rqgions, . but al- 
though a large percentage of tllo stations were mountain stations and 
the roads were very poor on tho averqe, yet the extremely good 

to precise level bench marks should bo provi 5 ed pt intervals of 100 

41 
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progress made and the low costs of the reconnoissance demonstrated 
conclusive1 that horsc or mule tcams on reconnoissance are ex- 
pensivo an B should be abandoned in the futuro. 

Only 64 workin days were consumed by Mr. Bilby in doing the 

reconnoissance started at  a point near ocatello, Idaho, and extended 
to a junction with the California-Washington arc in tho vicinity of 
Portland, Oreg. The reconnoissance from the transcontinental arc 
to the vicinity of Pocatello had been done during a previous season 
in connection with another scheme of triangulation. The stations 
from the line Ogden Peak-Pilot Peak of the transcontinental arc in 
Utah to the Stanficld basc in Oregon were re ared for the observer 

long as the stations were being prepared for observing the party con- 
sisted of two men besides the chief of party, but west of the Stanfield 
base only one man besides the chief of art was em loyed. The 

including $310 spcnt in 1916 in reparing the stations on the western 

below. 
Length of main scheme of rcconnoissanre, in statutc miles. .................. 520 
Area, in square stat,ute milos .............................................. 20 100 

’ New points selected.. .................................................... 37 

Cost er rnilc of progress, in dollam.. ...................................... 3.00 
Tota miles run by truck.. ................................................ 4262 
Miles per gallon of gasoline.. .............................................. 
Cost per mile, running expenses of truck, not including any depreciation 

of truck or tires, in cents. .............................................. 

I! 
reconnoissance an 8 in proparing a lar c part of the stations. The 

by setting the marks and building the stan XP s or the theodolite. So 

tqtal cost of the reconnoissance and signa P bui *9 ding for t Yl e entire arc, 

end, was only $1870. Some of t E e principal cost factors are tabulated 

Stations prepared. ........................................................ 39 

113 
P 

2.3 

HORIZONTAL ANGLE OBSERVATIONS. 

INSTRUCTIONS GOVERNING THE OBSERVATIONS. 

The instructions for the observation of horizontal angles on recise 
triangulation are given in detail in U. S. Coast and Geodetic 8urve 
Special Publication No. 19 and will not be repeatcd here. In  brie{ 
such instrumonts and methods are uscd as will insure that tho 
maximum closing error of a triangle is not greater than 3” with an 
average of about 1”. The frequency of bases, strength of figures, 
and accuracy of angle measures must be such that the measured 
length of a base will not differ b more than 1 part in 25 000 from the 

base. 

Special B ublication No. 19 were timended for thls arc in the ollowing 
particulars : 

All observations for horizontal angles between precise stations 
wore to be made a t  night, unless to do so would materially delay the 
party. In  ordcr to minimize the effect of tempernture on the instru- 
mcnt, the circlc was shifted a proximatoly 195’ in azimuth between 

thosc shown in the table in page 35 of Spwial Publication No. 19. 
An effort was made to make all observations for elevations between 

the hours of 1 and 4 in the afternoon,. the period of greatest con- 
stancy in refraction, but the instructions permitted some of the 

length as computed through t 1 e triangulation from tho prcceding 

as P in 

each two positions, thus ma K ing the alternate scttings 180’ from 

The eneral instructions for precise triangulatiqn 
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observations of vertical angles to be made at  night rovided a portion . 

also that those stations which had been observed upon during. tho 
day were reobserved at  night, tilong with the remaining stations. 
In  that manner a rough measure wtis obtained of the change in 
refraction between the day and night obsorvations, and the night 
observations could be corrected accordingly. Tho errors of the 
tr:gonometric loveling will be discussed later (p. 71),  but !t may be 
said hero that night observations for elevations are unsatisfactor , 
even with the recautions indicated above. If connections are ma c 
to bench maris at the intervals prescribed on this arc, the inter- 
mediate elevations are sufficiently accurate to reduce the. lengths of 
the lines to sea-level lengths, but they should be used with caution 
in top0 raphic mapping. Night observations for verticals were 
made on y when it was necessary to do so in order not to delay the 
pro ress of the work. 

the line were to the 

to six figures apart, primary azimuth observations were-to be made 
a t  intervals of from 40 to 80 miles, with the lower limit preferred. 
At the Laplace stations azimuth observations were to be miide on 
two ni hts with an accuracy for tho station represented by a probable 
error o 5 not more than f 0!'3, while at  the primary azimuth stations a 
probable error not greater than Oi'5 was permitted, and the obser- 
vations could be made on a single night. In no cnsc were a night's 
observations for azimuth to depend upon loss thnn 10 positions of 
the circle. 

Of the observations had beon mado during daylig P i t ,  and providing 

T%o instructions for azimuth work don 
effect that besides Lhe Laplace stations, w ci ch were located four 

INSTRUMENTS AND METIIODS. 

The instrument used for the horizontal angle observations was n 
12-inch direction theodolite, made in the shops of the U. S. Const 
and Geodetic Survey, and read to single seconds by each of three 
micrometer microscopes equally spaced about tho circle. Practically 
.all the precise triangulation of the Survey since the earl nineties hss 

the instrument is given in Appendix 8, Report for 1894. 
The signal lamps uscd were the carbido type with GG" reflecting 

Mangin lenses, delivering tibout 1 IjOO-bonm candle ower a t  100 feet, 

These lamps under ordinarily favorable atmospheric conditions are 
visible to the unaided e e for 40 miles and under vcry favorablo 
conditions in tho Wcst &r mor0 than 100 miles. Tho lon ustline 

of visibility for these lamps. 
The heliotropes used by the light keepers, upon which observations 

for pertical angles were made, were of tho box ty e, with either 
334-1nch or G-inch mirrors, depending upon the 1cngtL of line. The 
G.-inch mirror has since that time been adopted us the stnndiwd 
Size for all lengths of line. 

A vertical circle with &inch graduated arc was used for the verticalT 
angle observations for trigonometric leveling, and also for the time 
observations for azimuth, 

been done by precisc theodolites of this type. h full B oscription of 

with an angle of dispersion of the principal cone o ! ~ a y s  of ?bout 7'. 

observed over was 133 miles in length. This is practically t f e limit 
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ORGANIZATION OF PARTY. 

The observing party consisted of the writer, who was the chief of 
The party 

Eve8in tents and cooked their own meals over an open fire in order 
to avoid the extra wei h t  of a cook and his outfit. All members of 

in packing. The outfit of instruments, camp equipment, and stores 
of the observing party varied in weight from 2500 to 3500 pounds, 

art and observer, a recorder, imd two truck drivers. 

the party helped equal P y in cooking, making and breaking camp, and 

camp outfit, w i? ich with instrum!nts, carbide, and 

and those to which he was to show a light. He was trained in t R e 

in 9s ecial Publication No. 65. 

where t \ e distances between stations were shorter, one of the trucks 

1915 and 1916. For the first season lac R of funds roventcd begin- 

were occupied. Several of t R e lines were more than 100 miles in. 

stations per month was made, and the c f ose of the season found the 

The fo  P lowing season work was begun in the early part of May. 

training of the lig P it keepers and the overhauling of outfit was also 

5 
midJuly, the stations in the Cascade Range were reac % ed only 

but also was tho cause of thc peaks being cloud-cappe B to a degree 

orted on two three-quarter ton trucks. 
eepers were emplo ed and assigned smgly to stations. 

rovisions varied from 400 to 600 pounds in weight. Each light 
Keeper was given a schedule of the stations which he was to occu 3 

visual use of the International Morse code for signaling with the 
signal lamps and heliotropes, in order that the observer could keep 
in close touch with him and keop himinformed of the observers 
re uirements. Detailed “Instructions to Light keepers ” are given 

TEe light keepers moved from station to station by means of hired 
On the western end of the arc, 

of the observing party was often used to advantage in moving the 
light keepers. 

ack animals, and railroads. 

TIME SPENT ON OBSERVINQ. 

The observations on this arc were corn leted during the seasons of 

ning the work until the middle of June, and a total o only 4.4 months 
was spcnt in the field. Because of unfavorable observing conditions 
three months were consumed on the first two figures of the scheme, 
during which time only six rimary stations and four secondaries 

length. After the long lines were corn leted an average of eight 

observin completed to  the Idaho-Oregon line. 

Becausc of the heavy snows on the mountains, where man of the 
stations were located, the Stuniield (Oreg.) base was.rneasure$ before 
the horizontal angle observations were begun. While the base was 
being measured, two men were sent out with one of the motor trucks 
to  mark and pre are the stations to the westward. The necessary 

done during this period. 
Be inning the middle of June at the Stanfield base,. the observin 

was &.st completed to the westward to a junction with stations o 
the California-Washington arc in the vicinity of Portland, Oreg. 
Because of unusually heavy winter snows and a late sprin even in 

after packing over snow several feet deep on the upper slopes of the 
mountains. This condition not only dolayed the part in moving 

not usually found at  that period of thc year. 

P 



U'J!A~~-WASHINGT()N P ~ ~ C ~ S I S  TRI~NC;ULA'~ ' ION. 45 

A rather unusual combination of methods of transportation OC- 
curred the one-da move from station Chinidere to station Larch, 
both in- the CuscaL Rango, which also illustrates the economy 
of truck transportation for a triangulation party even in mountain 
regions. Pollowing a period of rain and fo , observations were fin- 

outfit was then back packed 13 miles down to the upper camp, the 
Point nearest to tho station to which ack animtds.could bo taken 

to pack the outfit to the trucks at  the base camp 9 miles below, which 
was reached about noon. Transferrin(. the outfit to the trucks, the 

ishod at, Chinidere one morning about day 1: ight. The instrumental 

on account of the deep snow. From t Yl ore pack anlmals wero used 

run of 48 miles to the foot of Larch aountain was 
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A total for thc two scasons of 7.4 months were spciit on tho observ- 
ing, exclusive of the time spent in measuring the base. Measured 
through the axis of the scheme tho arc is about 640 miles in length, 
so that an averagc of about 85 miles of progress per month was inado. 
Forty-nine stations of the main scheme werc occupied, and 20 sta- 
tions of supplemcntal schemes. It has been thc custom t o  estimate 
two supplemcntal stations as e ual to one primary station in cost 

per month on the arc. 
and time consumed. On that % asis the party averaged 8 stations 

ACCURACY SECURED. 

Seven stations were rcoccupied bccausc of poor triangle closures, 
two in 1915 and five in 1916. Two or threc of these rcoccupations 
gave interesting evidencc of the causes of horizontal refraction and 
the magnitude of their effects. In  1915 the triangles on each sido 
of the line Camas-Silver failed by about ti”, and sincc t,he dircction 
to Silver at  Camas had been observed on a helio in order to save a 
delay in finishing thc station, thosc observations were at once sus- 
pected. Uxon reoccupying the station and reobserving at  night 
the linc in oubt the direction was changed by almost 5”. 

Of the five stations reoccupied in 1916 three of them wero reoccu- 
pied twice before there was a change in tho atmos hcric conditions 

direction. At station Stacker thero was a G I ’  triangle closure, but 
the iirst reoccupation gave a value almost identical with the original 
observation, and i t  was not until a sccond reoccupation that the clo- 
suros were bettered. 
ovcr a deep valley, diverging about 30’ to the northward from a hi 

same elevation as the point occupicd. The only qariationin tho observ- 
ing conditions which was noticeable was that durinp theiirst and second 
occupations thcrc was a gentle brceze blowing 0% the rid e toward 
the line of sight, and that the weather wtxs warin. On thcb;ast night 
the weather was cool, and a brisk wind blew from tho linc of sight 
toward the ridge. Previous observcrs havc pointcd out the refrac- 
tion which takes placc when a line is observed close to a slope with 
the wind blowing down the s l o p ,  if there is a marked diffcrence of 
temperature betwecn tho air and the ground, but a line so far awa 
from a slope as the one from Stacker would not ordinarily be suspected: 

which would cause a change of more than a secon c r  in the observed 

The line passed near no obstruction but la 

ridge leading west for several miles from the station, at  about 

STATEMENT OF COSTS. 

The rincipal elements of the costs of tho observing on this arc can 
be rea C f  ily sccn from the tabulation below. 
Total expense8 (including depreciation of trucks and salary of observer, 

plus annual leave earned, but excluding cont of bme). ................. 
Linear miles of progress through srheme.. .............................. 

Cost per s uaro mile.. ............................................... 
Number of station8 of supplemcntal whomea.. ......................... 
Cost per station (two Rupplemontal equal   no priliiary). .................. 
Points whom geographical position were determined.. .................. 
Cost per point determined.. .......................................... 

Cost per milo of progrem.. ............................................ 
Number of square mileH covered ....................................... 

Number o? station8 of main ticheme.. ................................... 

$18 111G. 71 

$28.39 
(14b 

30 190 
$0. 60 

49 
20 

$307.91 
163 

$111.46 
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DESORIPTION O F  BASE. 

The only base measured with recise accuracy on the UtalI-Wash- 
in@On arc was one about 10 mires lon just west of Stanfield,aOrcgr. 

the.observations for trim uyation in 1916. The basc traversed a 
rollmg country with smalk and even grades except near the cast 
end of the base, where ths grade was as much as 12 per cent, and 
near the middle OP the base, where the line crossed a creek bottom 
and tho grades reached 8 per cent. 

The soil was almost uniformly a firm sand, which permitted the 
4 b 4 inch stakes to be driven to a depth of 1% to 2 feet. This 

duced by unstable tape supports. 

ThlS Was measured by .the arty of 91 t i e  writer prior to baginning 

ma B e the stakes unusually firm and no trouble or error was intro- 

METHODS USED. 

The measurement was made with 50-meter invar tapes, using thc 
same methods which have been em loyed for several years in the 
U. S. Coast and Geodetic Survey. $heso methods are indicated in 
brief by the following extract>s from the instructions given in Special 
Publication No. 19. 

Very little increase in the average accurncy of the lengths of ffie tiiangle sides in  
the triangulation connected with a base will result from increming the accuracy of 
the  base measurement beyond that  represented by a frobable error of 1 part i n  
600 000 i n  the  lengtlr of the  base. The following limits o accuracy are selected with 
a view of attaininq a probable error bu t  little, i f  any, greater tlian 1 art in 600 000. 
You will strive to keep as far within these limits as is possible by %e use of good 
judgment and skill, bu t  you will restrict the time and money expended up011 each 
operation substantially to tliat required to keep barely within them. 

Four invar tapes are to be standardized a t  tlie Bureau of Standards both before 
and after the  measurement of the bases. Each base i s  to be measured wlth tliree 
of these invar tapes used in  daylight or at night. A base sliall be  mepsured i.11 sections 
approximately 1 kilometer in length, except that one shorter section may be used. 
Each section of a base shall be  measured with at least two different iiivar ta C E .  Mf- 

used on the base shall thereby bo thoroughly intercompared. Two, and only two, 
measurements of each section sliall be made, unless the discrepancy between these 
two measurements exceeds 20 millimeters JE (in which K is the h g t l l  of ffle ECC- 
tion in kilometers), in which case additional measurements must be  made until 
two are obtnixied which agree within this limit. The fourth invar tape standard- 
lzed is to be  retained for use in case of serious damage to ally of the three tapes with 
whwh the  measurements would otlierwise be  made. 

such precautions should be taken to secure accurate horizon;tal and vertical aligl?- 
mont of the  tapes a d  the determination of the  tension applied t0 tile WpeS 1s 
necemary to insure that  the errors arising from these sources on a base  hall each be 
leea than 1 part in 1 000 000. 

ferent pairs of invar tapes sliall be used on different sections, so that the t P iree tnpw 
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STANDARDIZATIONS O F  TAPES. 

The equations of the tapes supported at the 0, 25, and 50 meter 
points and under a tension of 15 kilograms as determined before 
the measurcment by the Bureau of Standards on July 28 and Sep- 
tember 17, 1915, are: 

TGln= 50m+ (9. 647mm10. Ollmm) + 
T,,,=50m+ (9.900mm+O. 014mm) + 
T5,,=50m+ (10. 185mm&O.O1Omm) + 
T,,,=50m+ (l0.625mm&O0. O 1 5 ~ m )  + 

(0.0178mmrtO. 0007md) X (t-3003C). 

(O.O16Omm&O. 0007mm) X (t--30?3C). 

( 0 . 0 2 0 5 ~ ~ ~ ~ 0 . 0 0 0 8 ~ ~ )  X (t-3003C). 

(0.0501mmfO. OOllmm) X (t-240SC). 
The equations of the same ta es under similar conditions of tension 

ardization of November 23, 1916, when reduced to the temperatures 
of the July, 1915, standardization, are: 

T,,, = 50m+ 9. 382rr~in at  30’13C. 

and support ns given by the 8 ureau of Standards from the stand- 

T,,, = 50m+ 9.779mm at 30(13C. 
T,,, = 5Om+ 10. 0 3 9 ~ / m  a t  3003C. 
T,,, = 50m + 10.640mm at 24: 8C. 

I .  

Tape No. 522 was carried to the field but wns not used. 
The adopted equations of the tapes used in the final computations 

of the Stanfield base are: 
T,,,=50m+ 9 . 5 1 5 ~ ~ ~ ~  at  3003C. 
T6,,=50mf 9.844mm at 30?3C. 

The adopted values are the means o€ the two standardizations 
and are based upon the assumption that tho change was not n func- 
tion of tho elapsed time between the two standardizations but was 
produced at a uniform rate by the use of the tapes while measuring 
the base, or was due to errors in the standardizations of the tape. 

‘r6,,=50m+ io. 112mm a t  30:3~. 

REDUCTION TO SEA LEVEL. 

Tl,e mean elevation of the Stanfield base is 184.4 meters. Ths 
formula used in reducing the measured length of the base to its 
length at sea level is: 

h h2 h3 C= -s++-s7 etc., 

in which C is the reduction to sea level for a section of length S and 
mean elevation h, and T is the radius of the earth’s curvature for 
the section in question. The reduction to  sea level for each section 
is given in the table of results in the column headed “Correction, 
sea lwel. ” 



Computation of Stan$eld (Oreg.) base line. 

+ .I969 
+.I903 + .I969 + .I969 + .I903 
f .I969 + .I903 + .I969 
+.1903 t .1%9 
T .I969 
+.m + .I969 

+ -1969 
+.m + -1969 
+.2022 
-5.1969 
+.m + .20B + .1969 
+.2022 
i .I903 

+ .mz  

- .0112 
- .0633 
- .On8 
- .0766 

f .oxo 
- .W8 

- .0115 
- .I212 - . m 7  
- .1262 

- .05M 
- .e647 

- .m 
- .0665 
- .0765 
- .0774 
- .06m 
f .a317 + .M79 

......... 

......... 

- .im 

......... 

- - 

rap* 
No. 

- 

516 
517 
516 
517 
517 
516 
517 
517 
516 
517 
516 
517 
516 
517 
517 
521 
517 
521 
517 
521 
517 
521 
517 
521 
521 
517 
521 
516 
521 
516 
521 
516 
521 
516 
521 
516 
521 
516 
- 

\fay 30 

June 3 
May 30 

May 30 
s(t100 { May 31 

May 30 
May 31 
May 30 
May 31 

4 w  .................. {I i l a y  31 

Go-so ................ -.{, >fay 31 

1M120 ................ { . 
120-140. .............. {, . 

................. 

Uncorrecttd 
length. 

E 

W 
W 
E w 
E 
W 
E 
W 
E 
W 

T a p  
mgth: 
- 

20 
20 
20 
20 
20 
20 
20 
20 

20 
20 

20 

20 
20 
20 
20 
20 
20 

20 
20 
20 

m 

m m 
m m 

m m 

m m m 
m 
m 
m 

20 

20 

20 

11 
11 

........... 

........... 

........... 

........... 

........... 

........... 

999.94% 
959.9730 

........... 

........... 

........... 

........... 

......... 

........... 

........... 

- __ 

Temp. 

....................... 
1m. I270 

low. 1090 

1wO.0058 

9 9 9 . w  

1wO. 0462 

1ooo. 0166 

....................... 

....................... 

....................... 

....................... 

....................... 

........................ 

........................ 
............ 

959.9692 
....................... 

low. 1775 

999.5270 
....................... 
....................... 

1016.3592 1 
....................... 

looo. 0130 

IOOO. 1762 

579.3624 

..,............ 
....................... 

O C .  
22.4 
22.5 
23.2 
21.5 
31.0 
23.1 
21.6 
31.2 
226 

22 4 
20.7 
22.0 

21.5 
18.8 
21.1 
18.7 

17. 4 

16.4 
19.4 
15.3 
17.6 
28.1 
18. 5 
27.7 

282  
21.5 
25.8 
27.7 
24.5 
27.4 
23.3 
27.3 
22 1 

m. 9 

m. o 

m. 3 

m. o 

m. 2 f .m + .I903 

+ .lW + .m 
f.1903 
+.m + .1903 + .I112 

+ . mzz 

Temp. 

......... + .OIL% 
+IT. 1400 
f17.1532 
- .of311 - .%I1 + .M82 + .0525 
+30.m 

Meters. 
-0. m -.a 
- .Go25 
- .m + .m - .m 
- .0025 + .ooo3 
- .m - .mo 
- .0028 
- .0031 
- .m 
- .0033 
- .m 
- . m 7  
- .0029 
- .CUM8 
- .0032 - .003 - -0033 
- -0057 
- .0035 - .0062 
- .0052 - .O007 
- .0018 
- .ooo9 
- .OM1 - .OoO7 - .In23 - .@I16 - .0011 
- .OM1 - .0012 
- .002.5 - .ooo7 
- .GO16 

Corrections. 

Tapeand Set-up. 
catenary. Set-back 

Meters. Mdera. 
+0.1903 - 0.G12 +.1w - .m 

Inclina- 
tion. 

Nefera. 
-0.0329 
- .0329 
- .Ol% - . o m  
- .01% 
- .G23 
- .0523 - .G23 
- .M10 
- .MI0 
- .M32 - .0332 
- .Ma 
- .Ma 
- .w - .0384 - .M53 
- .0253 
- -0608 
- .m - .I470 
- .I470 
- .m5 
- .I245 
- .1245 
- .I245 
- . w 9  
- .0249 
- .m - ."66 - . 7 m  
- . 7 m  
- . w 5  
- .09G - .a371 
- .m71 
-1.2266 
-1.22% 

Reduced 
length. 

I- 
Meters. Meters. 
-0.0295 1OoO.0739 
-.0295 1wO.0756 
- .0292 1ooo.1393 
- -0292 IwO. 1325 

. .~_ - .OBI iooO.1~77 - 0276 1wO.1116 
- :On6 1 1wO. IC63 
- .OB7 1wO.00i8 
- .OB7 lMx).oo37 

- . O W  579.3556 
- . o m  I 579.3592 

3Ieansby Adopted (v) 
tapes. length. 1 

+0.9 

1wO. 13% ............ -2.2 
........... 
1OoO. 1350 I 1wO.1371 1 +2 1 
1wO. M32 ............ -3.0 

+3.6 
........... + .8 - .7 

-2 6 
+2 7 
-2 0 
+2.1 - .9 + .9 
-l. 2 
+I. 3 
-2.0 
+1.9 

...... 
-3.8 
+3.8 
+4.1 
-4.1 
+1.1 
-4.2 
+l. 0 
-1.0 
-1.5 
+l. 4 
-4.5 
4-44  
-3.2 
+3.2 

- - 

(m 

- 
mm . 

0. s1 
.61 

4.84 

4.41 
9.00 

E!% 
13.69 
.64 
.49 

6.76 
7.29 
4.00 
4.41 
.81 
.81 
l.44 
1.69 
4.00 
3.61 

....... 

....... 
a 41 

. . -. . - - ....... 
14.41 
14.44 
16.81 
16.81 
16.81 
17.64 
1.00 
1.00 
2% 
1.96 

20.25 
19.36 
10.21 
10.21 
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The length of the Stanfiolcl base is 16 596.6680 meters. The prob- 
able error of the measured length, not including the probable error 
of the standardizations of the tapes is f 7.6 mm., which corresponds 
to 1 part in 2 183 772. 

STATEMENT OF COST. 

The actual time s ent in measuring the base with tho tapes was 
only 13.1 hours. TRe length of the base, doubled, was 33.2 kilo- 
metersl giving 2.52 kilometers of completed base per hour. The 
time ven above includes that spent in remeasuring 4 kilometers, so 

The total cost of t e base was about $780, which includes labor, 
expressage, salary of chief of party, lumber, running pxpenses, and 
depreciation of truck, etc., but no charges for standardization. This 
is an approximate cost of $47 per kilometer, or about $76 per mile. 
If $200 were added as the cost of one standardization of the four 
tapes the total cost to the Government would be $980. This gives 
a cost of about $60 per kilometer, or $97 per mile. 

f that t % e actual avera e rate was 2.82 kilometers per hour. 

ASTRONOMIC WORK. 

the pur ose of determining the deflection 
ian. &e observations for latitude were mad? at  a station while 
the other longitude observer was moving to his'nrxt station and 
setting up his instruments, so that no delay was caused thereby. 

LAPLACE POINTS. 

A Laplace station is a station of tho triangulation n t  which the 
astronomic azimuth and >he astronomic longitude havc been deter- 
mined. 

A Laplace azimuth is an observed astronomic. azimuth corrected 
for the rime vertical com onent of the deflection of the vertical. 

with the normal to the reference s heroid at the point of observation. 

tinuous system of trian ulation with very little error, f u t  the geo- 
detic azimuth is affectefb the accidental errors. of the observations 
of horizontal directions an B also by the s stomatic error which seems 
almost always to be present in an arc oPtriangulation.a The effect 
on the azimuth is, in general, of such a magnitude. that it is very 
desirable that true or Laplace azimuths be introduced into the scheme 
and held in the adjustment of tho triangulation. This was done in tho 
triangulation covered by this report. The Laplace azimuths are at 
Echo and La Grande, Orog., and Mountain Home, Idaho. 

This de 2 ection is the angle P ormed by the actual plumb-.linc direction 

I t  is possible to carry the gco cp otic longitudes throu hout a con- 

ASTRONOMIU LATITUDES. 

The observations for latitude were made with the Bamber broken 
telescope type transit during the occupation of the stations P or longi- 

2 8oe pp. 64-79 of U. 8. Coast and Qoodotic Burvoy Bpoclal Publication No. 19. 



UTAH-WASHINGTON PRXCISE TRIANGULATION. til 

tude. Tho Bamberg trinsit may be used for thc dctermination of 
latitude by the Ilorr&ow-Talcott method in much the same manner 
as with the zcnith telescope except in some minor details. The gen- 
oral methods followed in this work were those given in U. S. Coast 
and Gcodctic Survey Special Publication No. 14. 

At each station from 15 to 19 pairs of stars were observed on from 
on0 to threc ni hts, with a resulting accuracy represented by a prob- 
able error for tac station of from f01'06 to f OI ' l l .  
I? cvery case, with the exce tion of station Blackfoot, the astf.0- 

nomc station was referred to t ?l e triangulation station, the descrip- 
tions of which may be found by consultin the jndex. 

The followin table ives the names of t B e latitude stations, their 
geodetic latitufes and fongitudes, their astronomic latitudes +educed 
to sea level, and the Values A-G, the astronomic minus tho geodetic 
latitude, which is the deflection of the vertical in the meridian. 
The astronomic latitudes have not been reduced for the variation of 
latitude. 

Dcjlcctioiis in the meridian. __________ ----_ L__ -___ 
I I I I 

Echo Orog ......................................... 
La Ghndo Orog.. ................................. 
Mountain home Idaho.. .......................... 
Bleolcfoot longit6do stalion, Idaho.. ............... 

Station. 

0 ,  I ,  0 ,  I ,  

46 44 3R. 3% 
46 19 49.407 
43 07 44.382 
43 10 69.710 

119 11 20.222 
118 05 39.346 
116 41 30.050 
112 21 01.412 

1910. , 
............. ........... August 3 . .  

August 2 

MQa'l.---.- 

, I  

3x. 89 
52. W 
41.91 
58.49 

ni. 8 .  S. 
3 23.204 +0.007 

W. 13. I?nirflrld.. J .  E. McCrnth { 23.218 - .GO7 ............... ........... __-- } 
................................................................. 3 23.211 

f .GOB 

~~ 

,, 
+a. 50 
+3.52 - 2.47 
- 1.22 

ASTRONOMIO LONGITUDES. 

The five observcd differences of longitudo connected the four new 
stations in this longitude chain with the old longitude stations at  
Walla Walla, Wash., and Salt Lake City, Utah, both the latter being 
points in the adjusted longitudo net of the United States. (See 
Ap endix No. 2. Report for 1897.) 

*he observations were made with Bamberg broken telescope 
transits, Nos. 20 and 21, equip ed with self-re istering micrometers. 
The methods used were those K escribed in U. . Coast and Geodetic 
Survoy Special Publication No. 14, modified to conform to the re- 
quirements of the broken telescope type of transit. 

The descri tions of the new stations and the data connected with 
each of the P ive differenccs of longitude follow. 

Difcrence ($ l o n g i t d c  between Echo, Orrg. ,  and Walla Wnlla, Wash. 
_ _  - I --z L- =z--- 

I I I I ... ___--- 
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Mean 

At Walla Walla, Bamber transit No. 20 was mounted on a tem- 
porary pier 188.064 meters &583) east of tho station of 1887-1888. 

h. m. 8 .  
Echo transit (1916) to Walla Walla tramit (1887-1888). ............ 0 3 22.628 
Correction for loop closure. ............................................ -0.006 
Adjustod difference.. ............................................ 0 3 22.622 
Longitude Walla Walla transit (1887-1888), 1897 adjustment ..... 7 53 23.331, 
Longitude Echo transit (1916), adjusted ........................... l190 11, 29K295 
Reduction to Echo triangulation station. .............................. .OD0 
Longitude, Echo triangulation station. ........................... 119 11 29.295 

Diference of longitude hetween Echo and La Grande, Oreg. 

{ 56 45.953 

i .ooQ ........................................................................ 4 23.459 

Observer. 
Date of exchange of 

tinlo signah. 

Obsorror. 

Western statioll, La arandc. I Pastern station, Mo@&a{n Iiomc. 

Date of exchnngo or 
time signals. 

I I 

DlReronce 
oflongl- v. 

tude. 

1910. ......... 
September (i .......... ........ 
Boptomher 1. 

Soptomber 0.. 

M O ~ I I  

e. 
9 33.781 -0.012 

1 &5.7RQ - .oOd J. E. &fcQratll ............... W. B. Fairfleld. ............ jr %."d,0 + .017 -- I *.ma ....................................................................... 9 36.79.1 

At La Grando, Bamberg transit No. 20 was mounted on the tempo- 
rary pier of the 1916 station. (See above.) 

4 . __ _x - _̂II 

8 Yoo App. No. 2, Report for 1897, p. w4. 



Longitude Mountain Home transit (191(j), adjus\ted.. ............. 

Longitude, Mountain Home triangufation station .................. 115 41 
Reduction to Mountain Home trian dation station.. ................... 

1810. 
September 20.. ....... 
September 21.. ...... .i/W. B. Fairfield.. ............ 
Sootember 24 ......... 

Diference of longitude between Mountain IIomc and Blactioot, Idaho. 

13 21.933 
J. E. McQmth.. .......... ...I[' ;Li;; 

_ _ _  - ____.- -- 

Observer. 
Difference Date of exchange of o~longi- 

Western Enstwn station, Salt Lukr tude. time slgnnls. 
o t y .  

Mean.. ......... ............................................................ 13 21.025 
I I 

__I___ 

v. 

46.889 
40!'335 
-0.332 
40.003 

-- 

V. 

a. 
fO. 008 - .00D + .002 

1810. .......... ......... J.E.McQrnth ............... 
"0;;;; ;;. 
October 18.. 

October ZO: ::::::::I 
Man ....................................................................... 

At Mountain Home, Bamberg transit No. 21 was mounted on the 
temporary pier oI the 1916 station. 

At Blackfoot a new station was established. Bamberg transit 
No. 20 was mounted on a temporary wooden pier which is connected 
by traverse with B. M. Q,, a triangulation station of secondary 
accuracy. 
Mountain Home traneit (1916) to Blackfoot transit (1916). ......... 0 13 21.926 
Correction for loop closure .......................................... +O. 006 

Longitude Mountain Home transit (191G), adjusted.. ............. 7 42 46.689 

(See above.) 

h. m. s. 

Adjusted differencg ............................ i ................ 0 i3 21.931 

;&;;; Longitude Blackfoot transit (191G), adjusted ..................... 

'711. s. 8 .  
1 40.535 +0.044 

48.653 + .020 W. B. Fnirneld .............. 40.69.1 - .015 
40.035 - .OH3 -- 
f .015 

1 49.'679 

i ........... ...... ! ___---.-. . . .  - '  . . .  ' . . .  -- 
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At Salt Lake City, Bamherg transit No. 21 was mounted on the 
(Sce App. No. 2, Report €61- sandstone pier of the 1869 station. 

1897). 
h. m. s. 

Blackfoot transit (1916) to Salt Lake City transit (1869-1910)- ~. . . . . . . 0 01 49.579 
Correction for loop closure. ~ -. -. ~. . . . ~. . . . . . . . . . . . . . . . . . ~ ~ . . ~. . . . . . . . . - +O. 006 
Adjusted difference ..._.... . . . . . . . . . . . . . . . . . . . . . . . . . . -. . . . . . ._ - _ - .  . 0 01 49.585 
Longitude Blackfoot transit (1916), adjusted.. . . . . . . . . . . . . . ~ ~. . . . - ~. 7 29 24.758 
Longitude Salt Lake City transit (1897), adjustment 3 .  -. . . ~. ~. -. . . . . 7 27 55.173 

The following table gives for each Ion itude station tho name of 

longitude, the difference between the astronomic and geodetic lonni- 
tude, A-G, the cosine of the geodctic latitude, d’, and finally txe 
deflection in the prime vertical. 

Tho astronomic longitudes have not been corrected for variation 
of latitude. They have in each case, with the exception of station 
Blackfoot, been reduced to tho triangulation station. 

the station, tho geodetic latitude and 7 ongitudc, tho astronomic 

nr$criions in the prime wrlical. 

Aslro- ’ Goodeticlati- Geodetic f;m& cos+,. i tudo’ tudo. 1 I 1 tudo. Stetion. 

Echo, Oreg .._........._...._.___.__.. 
Lsarende Orog _......._____..__..___ 
Mountain homo Idaho. __..__. .. . . ... 
Blackfoot longit& station, Idaho.. . . 

An astronomic azimuth was measured at  each of 13 triangulation 
stations of this arc, the observations bcmg mado b the triangulation 

{or izon tal angle measurements. The chronome tor correction was 
obtained by observation on stars near tho prime vertical with a 
6-inch vertical circle, and the an le mctyuu‘es wcre made by tho direc- 

measurea. Detailed descriptions of theso methods ma be found 
in U. S. Coast and Geodetic Survcy S ecld Publication k o .  14. 

were Laplace stations (see . 50),  at which t h o  astronomic azimu,th 

error for the station of not to excecd &0!’3. At tho other stations 
azimuth obsc?rvations were inado on a single night, the instructions 
permitting a probablo error of & Ol’fi. The aziniuths at  the Laplace 
stations only were used in tlie adjustment of tho triangulation, the 
other azimuths being observed for use in investigations concorning 
the deflections of the vertical, tho figure of tho  etwth, and tho rei&tivo 
densities of difl’cront portions of the earth’s crust. 

arty at such times as did not interfero wlth t .ii e progress of the 

tion method with the 12-inch t f loodollto used €or tho rcgular angle 

Three of these stations-Echo, La Gf raiide, uncl Mountain Home- 

was determined on two di iI) ’eront nights, with a proscribed probable 



Station. 

Oxford Idaho. ...................................... 
CaCho, idaho.. :. ..................................... 

Idnho.. ..................................... 
Big Butto, Idaho.. ................................... :$$gg.i::. ...................................... ....................................... 
NYssa, Idaho.. ....................................... 

Date of occupation. I Nu$bor 1 Probable 
positions.] error* 

1015 
June25 ...................... 
Ju ly  16 19 ................... 
July 24:. .................... 
August 19.. ............ :- ... 
Soptombor ax... ............ 
Octobor 20.. ................ 
November 4.. ............... 

Echo Oreg ........................................... 
EW'Orog.. .......................................... 
John Oreg ............................................ 
La Cknnde Oreg.. ................................... 
Beaver, Orbg ......................................... 
Mountain Home, Idaho ............................... 

11 
8 

11 
11 
I!! 
12 
12 

l O l G  
June15 18 .................. 2G f .32 
June22: ..................... 11 f .30 
J u l y 5  ....................... 13 It .40 
August 19,20 ................ 27 f . I7  
September 10 ................ 13 f.23 
Octobor G, 15. ............... 2G f .33 

I ,  

fO. 43 
f .50 
f .27 
f .53 
f .2G 
f .40 
f .38 

Putnnm. ... 
Putnam. ... BigBUtCO.. 

25.41 -4.23 

14.75 -4.57 
01.G8 - . I 3  

Oxford Idaho. 
Cache !Idaho.. 
Caribdu Idaho 
B i  B b t t o ,  

lsaho.. ..... 
SilV& Idnho. 
NYW; Idaho.: 
Echo. Orao 

Flat Idnho.. . Picab0 ..... 
Picnbo ..... 
Blue ....... 
Mitoholl .... 
Stanfield 

east bnse. 
Job ........ 

42 10 
42 11 
43 05 

43 23 
42 43 
42 68 
43 52 

25.48 - .23 
25.00 -3.70 
02.04 +G.28 
27.10 -4.70 

13.34 -13.05 

00.89 -1.18 

11.7fi0 
00.402 
37.440 

47.288 
48.702 
51.394 
25.050 

-1.0570 
-1.082G 
-1.0731 
-1.0401 

Ella Oreg ..... 
M o b n t a i n  

HOme,Idaho 
Laplace). .. 

nonver Oreg 
L a  QI!nndi; 

Oreg. (Ln- 
plnce). ...... 

S O L ,  Oreg. f . . 

+ .24 
+4.07 
4 . 7 4  
+4.u5 

45 34 17.518 

43 07 44.382 
45 24 0G.GM) 
44 35 69.517 

45 10 40.467 

-0.0744 

-0.0802 

-1.0670 
-0.8801 
-1.0141 

-0.9885 

-_ __ - - - 

Gleodotio Geodotir 
longitude. azimuth. 

+G.48 

+ l . l G  

+2.75 
- .92 
+O.% 

-2.66 

0 ,  I, I D )  ,, 

116 41 30.050 
120 30 08.470 
117 47 00.282 

112 05 49.072 
113 39 37.544 
111 18 39.407 

177 53 20.04 
201 01 01.81 
73 3G 19.32 

332 31 17.89 
85 08 35.43 

183 06 10.22 

119 11 20.222 

110 40 41.429 

110 20 19.80 

257 10 11.07 

Blue.. ..... 
Lookout... 
Fanny. .... 
Emily.. ... 

15.31 -2.58 
36.36 + .03 
01.07 -0.16 

17.78 +2.08 118 05 30.34G 180 05 15.10 I 

-1.1001 +4 06 
-1.1034 1 + 114 
-1.0080 I +4.88 
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The Laplace azimuths computed at  these stations arc undoubtedly 
more accurate than the gcodetic azimuths computed through the 
triangulation, and therefore the former werc considerod free from 
error. The discrepancy between the Laplace and the gcodet,ic azi- 
muth was considered as a deviation of the trisngulntion in azimuth. 
The differences between the deflections in the prime vertical as 
derived from longitude observations and from nzimuth observations 
are due to the method of adjustment. 

COST OF ASTRONOIv1IO WORK. 

Since the azimuth observations were made at such times as would 
rogross of the triangulatlon party, their cost 

The two parties engaged on latitude and longitude work determincd 
eight differcnccs of lonoitude during their season, of which five were 
along the arc of trinng$ation covered by this publication. The total 
cost of the two parties for the entire season wus,ubout $6250. Five- 
eighthsof that cost may roperly be charged t(? th18 arc, or about $3255, 

$651. This is under the su position that the latitude observations 

when longitude observations were not possible. 

not interfere with the 
is included with that o P the triangulation. 

giving an average cost P or each of the five differences of longitude of 

did not increase the cost of t F le work, since they were made on nights 

TRUCK TR&NSPORTATION. 

PROBLEMS INVOLVED. 

At firit sight it may seem striinge that tliis should be the first arc 
on which automobile trucks were used to trpnsporf the reconnoissance 
and observing parties. There is a sin le dist~pgu~shing feature about 
the travel attendant upon such work, !owever, which will mako plain 
the difficulty jn the use of trucks, and that is that the triangulation 
parties travel from mountain to mountain instead of from town to 
town. This simple statement, with the further explanation that the 
desired point on a mountain is almost invizrinbly the highest point, 
will mean much to one familiar with western mountain roads. 

Previously the triangulation parties of the U. S. Coast und Geodetic 
Surve had used wagons and teams to transport their outfits, with 
the a B vantage that a€ter the wagons had been taken as close to the 
peak as possible pack saddles could be put on the animals and the 
instruments and outfit packed to the station. When trucks are used, 
packanimnls must bo hired, or else the trucks must be taken fairly close 
to the station and the instruments then back packed to the station. 
Year b year pack animals are becoming increasingly hard to obtain, 

Since camp must be kept a t  the trucks and the dimb from the 
camp to the station made for each observing penod, which is usually 
at night, the problem of proper transportation .of a triangulation party 
is by no means solved. Under average condilions, however,. tha use 
of trucks will accomplish a 

equipped with neurnatic tircs and plntform body, but without top, 
cab, wind shiel (f , electric lights, or starter. Thc first season they were 
o crated they had a five to one gear ratio, but.at the beginning of 

wore put in whicli changed the gem riitio to seven to one. This re- 

and a z ack pack of more than 2 miles is neither easy nor economical. 

The trucks used were of t IT ree-quarter-ton size and standard make, 

t i e  1p scoond season IL specid rear axle and specid tlifferontiul gears 

eat saving of time. 
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suited in reducing the speed from about 30 miles per hour as maxi- 
mum to 18, but it gave greatly increased ullin power, which was 
needed on the soft roads and mountain gradles. ft reduced the aver- 
age number of miles per hour from 12.1 in 1915 to 10.9 in 1916, but 
the miles per gallon of asoline used were not changed by one-tenth 
m1h being about 10.5 kr each season. 

UNIT COSTS. . 
The tabulation below gives in condonsod form tho cost data for tho 

trucks for the period 1915-16. 
Truck Truck 
No. 3. No. 4. 

Total miles traveled ................................................ 8457 7800 
Miles por hour.. .................................................. 10.9 10.9 

Miles per gallon of oil and grease.. ................................. 154 145 

Cost per mile for gasoline.. ........................................ 2.109: 2.15$ 
Cost per mile for oil and grease ...................................... 0.6G 0.60 
Cost per mile for repairs and extra parts, including pay of hands while 

overhauling. ................................................... 1.29 1.88 
Cost per mile for tires,. partly ostimated.. ............................ 5.70 5.70 
Cost. er mile, depreciation, estimating the life of truck to be 18 000 

mi P es .......................................................... 12.97 12.97 

Total cost per mile ................................................ 22.62 23.30 
Gost per ton-mile load of 1800 Ibs.. ................................. 25.24 25.78 

Miles per gallon of gasoline.. ....................................... IO. 6 10.3 

ANALYSIS OF COSTS, FIELD AND OFFICE. 

For the purp'ose of showing unit costs in u condensed form, and 
also of comparing the relative cost of the various operations con- 
nected with the determination of geodetic control points, there follows 
a tabulation of these factors: 

Cost }~or 
milo of 

qrol'ross 
(G40). 

DoZlars. Dollars. 
Roconnoissance and signal building.. .................. 1870.00 11.47 
Triangulation and azimuth obsorvations.. ............. 18 100.71 111.45 
Basomeasuremont.. .......................... ,.......I 780. M) I 4.79 
Astronomical obsorvationv.. ........................... 3255.00 10.97 

Cost per 
squoro 
milo 

(30 100). 

Tota1,fiald.. ..................................... 87.02 

1. GO 
2.34 

4.00 -- 

................................... ................ --- 
15.73 i Omcc computation.. 1 0 ~ .  00 

comPillng and publishing (ostimatod). 16m. 00 

Total, ornoo.. .................................... 2504.00 

Field and omco.. ................................ -- 

0.80 

0.04 . 0.05 

0. OB 

-- 
~ - I _ _ -  

2. 02 
28.31) 

1.22 0. 03 
5.00 0. 11 



58 U. S. COAST AND GEODETIC SURVEY. 

STATEXENT OF ADJWSTNE’NTS AND DISCREPANCIES. 

The precise trian dation considered in this publication starts 

Red-Larch, in Washington and Oregon. Pilot Peak-0 den Peak is 

fixed in len th, azimuth, and position by the ad‘ustments contained 

Red-Larch is a line of the California-&ashin$rton arc of precise trian- 
gulation and is fixed in length, azimuth, an position by the adjust- 
ment contained in U. S. Coast and Geodetic Survey Speciul Publi- 
cation No. 13. 

No local adjustments were made, these having become unnecessary 
since the adoption of the present method of supplying missing 
observations in broken series. 

A single least square adjustment served for the entire precise 
scheme. The measured base, Stanfield, caused the USG of two 

from the line Pilot B eak-Ogden Peak, Utah, and ends on the line 

a line of the thirty-ninth parallel arc of precise triangu F ation, and is 

in U. S. d a s t  and Geodetic Surve Special h ublication No. 19. 

the distance run. 
exce t the present arc had been adjusted pre- 

viously, the old wori was feld fixed and all the latitude and longitude 
discre ancies were put into this arc. The adjustment required the 

gitude equations. The total number of normal equations solved 
was 102. 

The least s uare adjustment of the main scheme of triangulation 
was made by 8. S. Adums, geodetic computer. Sarah Beall, geodetic 
com uter, made the astronomic computations and adjustments. 

TEe length discrepancy develo ed between the Stanfield basc and 
the line Red-Larch, which was & ed in the adjustment of the Cali- 
iornia-Washington arc of precise triangulation, was 76 in the seventh 
place of logarithms or 1 art in 57 300 before the angle and side 
equations were satisfied. he measured len th of the Stanfield base 
is shorter than the length computed throug the triangulation from 
the line lied-Larch. 

The length discrepancy developed between the Stanfield base and 
the line Pilot Peak-Ogdcn Peak, which was fixed in the adjustment 
of the thirty-ninth arallel arc of precise triangulation, was 239 in 

and side ecpations were satisfied. After the adjustment of t e 
angle and side equations the discrepancy in length was less than 1 

As all of the loo 

use o P 69 angle, 25 side, 2 length, 4 azimuth, 1 latitude, and 1 lon- 

a % 

7l the seventh place o P logarithms or 1 part in 18 200.before the an le 
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th of the Stanfield base is shorter 
from the line Pilotj Pedc-Ogde11 

part in 25 000. The measured 
than the Iength computed 

probable error of a dircc%ion x 4% ., T = . __ - . - _- - _ _  -. ___ - 
& 

where ?z is the number of stations through which the azimuth is com- 
puted and m the number of ways (ordintwily four) by which the azi- 
muth may be carried tlirough a figure. Similarly, the probable error 
of the geodetic azimuth duc to  the triangulation observations done, 
computed from Mountain Home to La Grrinde is +0!'92, from La 
Grande to Echo is &0!'86, and from Echo to the line Red-Larch is 
f 0!'92. 

An additional indication of the amount of the azimuth accumu- 
lation may be obtained by comparing the robable error of the 

at that station as computed through tho triangulation from tho pre- 
V"0ps fixed azimuth. This latter probablo error, obtained by com- 
b+ng thO probable errop of tho goodctic mimutli due t o  the triangu- 
lation observations, wit11 the robable error o I  the prpceding fixed 
azlmutll, is given below for oac Yl of tlie €our stations whlch were held 
fixed, north of the starting line: 

Mountain H o I ~ ~ ~ .  ............................................ f 1~11 
La Cfrmdo.. ................................................ fl. 23 
Echo-. ...................................................... f J .  15 
Red-Larch (fixed liuc). ....................................... 1.2s 

Laplace azimuth at a station with tho probab P e error of the azimuth 



HORIZONTAL DIRECTIONS AND ELEVATIONS OF TELESCOPE 
ABOVE THE STATION W R K S .  

All observed directions in tho triangulation dong tho 1Jtah- 
Washington arc have bcen given equal or unit weight. Those direc- 
tions were reduced to center where either the instrument or the 
object observed was not coincident with the center of the station 
mark. 

The horizontal directions were all reduced to soa levcl. The 
correction for this reduction expressed in seconds is given by 

e 2 h  sin 2a cos2 6 
2 p  sin I” 

where ez=- , (I is the earth’s equatorial radius and 7, is the 

polar semidiameter, h is tho height of station observed, p is the radius 
of curvature of the earth in a plane normal to the meridian, 4 is the 
latitude, and a is the azimuth reckoned from the south t o  the west- 
ward. 

In  the following table are given the lists of observed and adjusted 
directions and also tho elevations of the telescope of the theodolite 
above tlie station mark at  each of the stations of the precise trian- 
gulation considered in this publication. The elevations enable the 
reader to judge of the amount of buildin done.and. they indicate to 

included a. column showing the number assigned to  each direction in 
the ii ure adjustment of the main scheme. 

Potowin! the tablo of horizontal directipns and elevations of 
telescope a ove the station marks there is given a $st of condition 
equations used in the adjustment of the precise triangulation con- 
sidered in this publicntion, 

Ahsfmcl of horizonraf dirn.puma cind c1ruu~ioiis os felcerop~ a b o i ~  the station mar&. 

____ . .- 

(a2 - b2) 

U2 

the en ineer or surveyor who mny use t E e station in the future tho 
prohab 5. e amount of building required by him. In  the table is 

Observod 
direction 
roducod 

to sonlevel. 
Objrzt observed. 

Find 
soconds 

after 
8 uro 
a&ust  
m a t .  

... 
Ogdeii Peak .......................... 

11 

................... 1 1  Oxford, 1.29 metors 

32 
33 
34 
35 
36 
20 
30 
31 

.................. Cncho, 1.20 motors.. 

Btation occupied and elevation of in- 
slrurncrit nbovc staliori Innrk. 

Numbor 
of 

diroa- 

............ Reference mark. 
Cacho.. ..................... 
Oxford ...................... 
Ogdon Peak ................. 

.......... Reforencornark.. ........... 0 00 00.00 
Pilot Peak .................. 112 46 10 17 16.84 
Cwlio ....................... 155 14 17:36 17.38 
Oxford ...................... i l  199 39 17-00 17.38 

- --.__I 

0 r r f  r #  
0 00 00.00 .......... 
2 19 20.57 20.14 

36 4A 38 29 38.02 
70 34 22109 23.69 

Putnam ..................... 
Caribou ..................... 
Ordon Poak ................. 
Pk otP& .................. 
Cache ....................... 
Big Butto ................... 
Big Butte ................... 
Put11am. .................... 
Oxford. ..................... 
Opdon Peak ................. 

0 M) .Ki% 0 0 . ~  
:HI 68 48.38 48,la 

173 20 30.11 35.72 
232 42 45.09 46.02 
208 29 60.90 67.86 
331 17 08.11 08.a 

I’Ilol Poak.. ............... . I  
Flat 
I(1mnmn.. 
I’iCtLl~O. ..................... 

......................... .................. 

0 
35 
04 

104 
174 
203 
820 
:120 

M) 00.08 
43 88.88 
10 23.48 
51 41.M) 
08 33.25 
21, 61.32 
42 18.82 
46 40.00 

00.04 
38. GI 
22.97 
40.30 
33.81 
SO. 05 
19.39 
41. Oa 
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imber 
of 

lireo- 
.ion . 

Objwt obsorvod . 

-..- ... 

stalbn occupied and olovatiou of in- 
strumont abovo station mark . 

Obsorved 
diroction 
rodueod 

to sea lovol . 

Putnem. 1.40 motom ................. 

'utnam ..................... 
[iddlo Butto ............... 
tump ...................... 
Ionr ....................... 
Voodhll ..................... 
Mord ...................... 

Caribou. 1.31 moters ................. 

Stump. 1.19 meters .................. 

0 00 00.00 
37 45 10.74 

?I 22 52.32 
.3 07 54 12.85 
310 32 52.27 
321 48 57.10 

Henry. 0.80 meters .................. 

Woodall. 1.34 motors ................ 

Middle Butto. 1.21 moters ........... 

:oribou ..................... 
8tuml.y ................... 
Yo0 all .................... 
'utnam ..................... 

Blg Butte. 1.34 motors ............... 

0 00 00.00 
75 27 30.08 

185 14 47.40 
248 00 51.12 

Kimemn. 1.27 motors ................ 

Picabo, 1.27 motors .................. 

3igButto ................... 
:nribou ..................... 
'rociso IGVOI n . hi . Q ....... 
m l D m  ..................... 
diddloButto ............... 
'rociso lovol13 . M . Q. ...... 
'utnam ..................... 
:who ....................... 
Cimamo .................... 
"icabo ............... 1 ....... 

Flat. 1.24 motors ................... 

areen. 1.30 meters ................. 

0 00 00.10 
224 50 23.40 
250 00 i3.3k 

0 00 0O.N 
51 14 00.0: 
60 48 15.P 

130 W . lX.41 
lG6 15 27.8s 
197 04 40.41 

250 37 61.34 

Camas, 1;32 motors .......... I .  ..... 

Plat ......................... 
Picabo ...................... 
Big Butto ................... 
hcho ....................... 

B~UO. 1.27 motors ................... 

o M) 00.0: 
90 39 00.7' 

159 57 03.51 
270 30 32.4: 

............ ..-..-------- 
I I 

:amas ...................... 
Big Buttc ................... 
Kimaxnn .................... 
Flat ........................ 

5 00 4o.M 
178 1.1 33.6, 
258 07 29.4: 
295 49 53.8' 

- --I- 1 :  ... 

... 

... ... 

... 

... ... 

17 

13 
14 
15 
10 

....... ....... 

0 00 00.0 
03 18 09.7' 

190 12 40.6 
234 24 30.8 
252 26 33.0 
308 21 19.3 

Caribou ..................... 
Woo all .................... 
Oxford ...................... 
Cacho ....................... 
81 Butte ................... 

Henry. ...................... 

Misdlo Butlo ............... 

Picabo ...................... 
Flat ........................ 
Bluo ........................ 
Camas ...................... 

0 00 00.10 
15 55 07.82 
36 26 W . 72 

104 40 21.84 
164 43 57.83 
233 42 48.03 
249 32 81.46 

o on 00.0 
50 55 15.7 

130 34 02.3 
192 33 4X.1 

........ ........ ........ 
18 ~ 

Qroon ....................... 
Flat ........................ 
Bluo ........................ 
Mountain Homo ............ 
Silvor ....................... 
Shofor ...................... 
Pionbo ...................... 

........ ........ 

0 00 00.0 
29 19 36.9 
81 04 35.2 

1+2 58 47.1 
158 38 00.2 
222 40 29.0 
352 32 48.5 

........ ........ ........ ......... 

........ ........ ........ 
23 
21 

22 
24 

25 
20 
27 
28 

38 
39 
40 
97 

44 
45 
41 
42 
43 

50 
51 
46 
47 
48 
40 

62 
53 
54 
55 

03 
' 04 

OE 
OC 
07 
08 wi 

........ 

........ 

laribou ..................... 0 00 00.00 
€onry ....................... 301 58 51.10 

hribou ..................... 0 00 00.00 
lonry ...................... 2 36 10.40 
'utnam ..................... 265 53 54.W 

I 

jlraon ....................... I o on 00.0: 

l(imama ................. 
coc110 .................... 
Bluo ..................... 
Camas ................... 
Groon .................... 
Picabo ................... 

Camas ...................... 
Qreon ....................... 
Flat ........................ 
Silvar ....................... 
hfountniu Ilomcr ............ 
Sliufor ...................... 

n 
36 
90 

20 I 
3% 
338 

00 5m 
65 42.t 
03 21.5 
35 43 . i 
31 48.1 
35 25.1 

I___ . 
Win1 
8couds 
l f t 0 C  
I uro 

nent . $just- 

00.11 
07.75 
51.12 
21.04 
58 . 14 
49.12 
31.13 

00.11 
16.61 
52. '%I 
18.40 
51.45 
67.31 

00 . 12 
50.98 

5375 
30 . 20 
47.62 
51.12 

00.38 
10.40 
54.47 
__ 
59. Mi 
23.05 
13 . 11 
51.08 

00 . G2 
01.19 . 
15.78 
18 . 2u 
27. Bo 
40.W 
00.64 
00 . 113 
M.17 
31.75 

no . au 
41.01 
33.37 
29.23 
63.77 
.. 
59.78 
10.02 
41.01 

32.00 
19.31 

39 . 39 
~ 

59.40 
15.02 
02.21 
40.03 

5 3 7 4  
43.05 
21.70 
.\. 1.28 
48.37 
24.m 
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dbstruct 01 liorizonhl directions und clevatio ns. 01 tclcscopc ubovc the stulwn marks- 

Continucd . 

. . 

. . 

. . 

__ ........... .. . . . . . . . . . . . . .  ~~ 

0 00 00.07 
4 55 61 . 00 

34 01 36 . 38 
272 25 46.74 

39 00 . 54 . 314 34 11.40 

Station occapiod and olovalion 
slrumorit abovo station marl 

Maxwoll .................... 
Ucnvor ...................... 
Iron ........................ 
Squaw ...................... 
Nyssa ....................... 

Mountain Ilomo. 1."0 mclers ... 

Silver, 1.15 molors .............. 

0 00 $$.% 
12 13 07.01 
73 25 07.7: 

121 49 17.W 
I 144 25 23.0f 

Shefor. 1.25 motors ............. 

Powder ..................... 
Emily ...................... 
Fanny ...................... 
Mcdicnl ..................... 
Bcavor ....................... 
Maxwcll .................... 
Blrch ....................... 
Big Hill ..................... 
Eanny ...................... 

.................. 

Fmily ...................... 

Squaw. 1.20 molors ............ 

0 00 65X1 
35 60 42.2 
05 57 15.5 
97 Cfi 10.9 

148 20 41.41 
170 33 50.7, 

181 59 .5G . O  
105 13 41.3 
221 35 37.2 
256 04 08.3 

0 00 

NYSSO. 1.28 motors ............ 

Dry. 1.34 motors .............. 

Iron. 1.38 molors .............. 

Boavor. 1.49 molors ........... 

Medical. 1.00 motrrs ........... 

Maxwoll. 1.39 riiolors .......... 

Powdor . 1.28 motcrs ........... 

unbor 
of 

i r e  
ion . 

00 
70 
71 

76 
70 
77 
72 
73 
74 

78 
70 
w) 

X I  
R2 

81 

85 
80 
87 

...... 

' 83 

...... 

...... 
XX 
89 
00 
01 
02 

00 
100 
101 
102 
103 

95 
96 
07 
0* 
93 
94 

104 
105 
101 
107 
108 

10I 
11c 
111 
11: 

1 I: 
114 
ll! 
11( 
11; 
. 1 I! 

1 3  
131 
13: 
13: 
13 .. 

..... - . ._ ..... ... .. 

Obsorvod 
dirocliov 
reducod 

to bell lovol . 
Objcot obsorvod . 

:amas ...................... 0 00 00 . 12 
Bluo ........................ 91 67 37.R7 
jilver ....................... 200 60 00.47 

:amas ..................... 
Mountaiii Ilomo ........... 
Blue ....................... 
Vyssa ...................... 
squaw ..................... 
3hafor ..................... 
h n a s  ...................... 
Bluo ........................ 
Silvor ....................... 
Mitcholl ..................... 
Nyssa ....................... 

Shafcr ...................... 
Silver ....................... 
Mitcholl ..................... 
Nyssa ....................... 
Dry ......................... 
Iron ........................ 
Mitcholl ..................... 
B.M.U .................... 
Dry ......................... 
Iron ........................ 
Rq,  law ...................... 
Shalcr ...................... 
Silver ............... ! ....... 

squaw ...................... 

___ 
0 00 59.117 

I0 63 37 . X4 
70 20 69.40 

132 62 32.07 
141 51 22.47 
1x0 53 04.42 

0 00 
51 38 

100 51 
110 55 
140 GG 
181 . 35 

0 
40 
00 

122 
101 
224 
200 

00 00.w 
31 50.55 
42 13 .OH 
34 42.48 
05 00.81 
07 45.25 
35 15.4C 

. _- 
I3iual 
aonds 
aftor 
lgura 

nont . dlust- 

. 
I ,  . 

59.14 
38.28 
01.04 

60.32 
51 .00 
95.01 
40 . 40 
00.07 
10.70 

50.52 
37.00 
50 . 57 
32.10 
22.89 
01 . a1 

50 . 37 
60 . U9 
05.73 
40.18 
51.25 
40 . 73 

59.22 
68.31 
14.91 
42.20 
09.19 
45.48 
15.09 

00.85 

07.05 
10 . 58 
23.02 

00.28 
23.50 
47.05 
24.47 
56.13 
33.55 

00.13 
17.08 
32.34 
22.37 
05.28 

50.19 
10 .GO 
OG .02 
53.64 

00.10 
42.50 
15.50 
10 .ox 
41.53 
50.27 

50.02 
40.01 
37.93 
08.46 

- 

_- 

~ 

on .02 

L 

5att3 



............ 

Emily ...................... 
Mcdicni ..................... 
Boavor ...................... 
Maxwoll .................... 
po\vdcr ..................... 
La aruiido .................. 

GtnLion occupiod and olcvntioii of in- 
strument ahovo stntlon mark . 

....... 
0 , .. 
o 00 .Ki2 

210 05 10.37 
240 43 21.50 
273 20 25.22 
232 33 20.62 
33X 37 37.30 

Fanny. 1.33 motors .................. 

La arando. 1.30rnot.ors .............. 

Emily. 1.41 motors .................. 

 mil^. ~ .................... 
pow or .................. 
Birch ....................... 
Alkali ...................... 
Lnuriln ..................... 
Alkali ....................... 
Lniirik ..................... 
Big m i  ..................... 
Emll .................... 
Pow r. .................... 
Job ......................... 
Expivision .................. 
Lnuriln ..................... 
Big 11111 ..................... 
Birch ....................... 
Big IIiU ..................... 
Bbrh ..! ..................... 
Alkall ....................... 
Job ......................... 
Expnnsion .................. 

Big Hill. 1.42 motors ................ 
. n 00 5 ~ . 0 2  

40 24 40.Gl 
Ro 01 07.40 

142 32 45.20 
1x8 04 37.79 

0 00 58.97 
38 l(i 34.17 
fio 07 28.08 

162 60 00.01 
213 17 2S.88 

0 00 50.Q7 
33 13 34.08 
71 03 12.82 

13.1 31 21.28 
105 85 18.00 

24 05 39.03 
70 57 01.00 

108 18 07.00 
173 18 00.02 

L 

0 00 

Birch. 1.15 motors ................... 

Alkali. 1.23 motors .................. 

Laurila, 1.24 motors ................. 

\ 

%ntlsion, 1.27 motors .............. 

Job, 1.40 motcrs ..................... 

Job ......................... 
Stauflold west base .......... 
Ex ansiou ............ ...’.. . 
L R  pc o ........................ 

8tallflcld west boso. 4.17 molars ..... 

B c h  1.20 motors ................... 

0 00 00.00 
S8 50 21.42 

171 48 05.34 
287 04 60.70 

Ella. 1.18 niotcrs .................... 
Toby ....................... 
hlontgomory ................ 
Aldor ....................... 
ICxpnnsioii .................. 
lob ......................... 

....... - 
’umbai 

of 
diroc- 
tion . 

0 00 00.01 
43 25 4 9 . 3  
78 43 10.37 

140 01; 01.N 
177 6+ 63.40 

124 
110 
120 
121 
122 
123 

235 
214 

125 
120 
127 
129 
129 
130 

141 
142 
143 
144 
145 

137 
138 
138 

146 
147 
14b 
1 40 

151 
152 
153 
154 
155 

10% 
1031 

106 
100 

108 

150 
157 
158 
I50 
160 
101 
102 
103 

173 
174 
176 
172 

100 
170 
171 

177 
170 

178 
170 
1SO 
181 
1 89 

130 

140 

i6a 

101 

107 

~ ........... 

I 
Obsorvod 
diroction 
rrducod 

to son levo1 . 
objoot obsorvod . 

Fanny ...................... I) 00 68.08 
Emily ...................... 265 10 03.24 

Fnnny ...................... 
Msxwoll 
La Uraiidc 
Powder 
Birch ....................... 

.................... 
.................. 

..................... 
Big Uill ..................... 

0 
G 3  
03 
00 

140 
182 

Lauriln ..................... 
Alkali ....................... 
Stanncld oast bnsc .......... 
Job ......................... 
Stnnfidd west bnse .......... 
Elln ......................... 
Alder ....................... 
Ella ...................... 
Alder .................... 
gtanflold wmt baso ....... 
Expansion ............... 
Stnriflold enst basn ....... 
Echo ..................... 
Lauriin .................. 
Alkali .................... 

... 

... ... 

... 

... ... ... ... 

n 00 5333 
30 40 20.42 
50 01 OR.58 
59 18 17.m 
07 06 44.05 

in0 44 21.13 
137 02 00.02 

0 
37 
56 

106 
142 
150 
228 

in0 

no m.ni 

Expansion .................. 0 00 00.00 
Stniifiold onst busc .......... M 00 40.97 
Job ......................... 00 44 57.71 

Stnnfiold enst. baso .......... 0 IK) W.00 
Job ......................... 280 47 20.10 

. __- 
Finn1 

seconds 
nftor 

fl urn 
nci’jiist- 
ment . 

00.10 
09.81 
21.13 
25.60 
20.21 
37.07 

60 .SI 
03.91 

T 7 0  
34.31 
27.77 
W.53 
20.41 

00.21 
33 . 00 
12.20 
21.83 
10.40 

6!1 07 
40. .53 
02.09 

50.32 

00 . 00 
27.15 
OR . wi 
17.58 
43.23 
21.42 

__ 

07~7 

on .70 

50.37 
40.03 
30.11 
07.70 
53.01 
18.43 

44.08 
no . a 
on .10 
21.14 
00.20 
66.01 

50.72 
41 . 13 
57.84 

50. ‘Jo 
2G27 . 
59.29 
49 . 53 
111.56 
0‘2 .19 
53.30 

- 

- 
- 
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Abstruct of horizontul directions and elevations of telescope ubove the station marks- 

Continued . 

Expamsion .................. 
Job ......................... 
~ i i o  ......................... 
‘roby ....................... 
Montgomory ................ 
Alder., ..................... 
I&lla ......................... 
Toby ....................... 
.Tohn ........................ 

Station occupicd and clavation 01 in- 
strument above station mark . 

0 
38 

1x4 

0 
42 
78 

127 

82 
128 

Alder. 1 2 5  meters ................... 

Montgomery. 1.17 meters ............ 

Toby. 1.07 mclcrs ................... 

John. 1.20 mctcrs .................... 

Maryhill. 1.22 mctcru ................ 

John ........................ 
Mttryh~ll .................... 
Montgomury ................ 
Alder ....................... 
Ella ......................... 
Mnryhlll .................... 
Mor~tgomcry ................ 
To$ .. .:. .................. 
Loo out .................. 
Rtnckcr ..................... 
hlontgornory ................ 
Toby ....................... 
John ......................... ................... ................... 

................... ................... 
Look0111 .................... 
(.hil~idore ................... 
Rurkle ..................... 

Stacker. 1.22 motors ................. 

Lookout. 1.37 motcrs ................ 

0 
48 
88 

133 
160 

0 
42 
84 

279 
326 

0 
40 
87 

167 
lRC, 

0 
47 

134 
I71 
20X 

Hiirklr. 1.20 meters ................. 

Chii.idoro ................... 
IIuckIc ...................... 

Chiniderc. 1.32 metors ............... 

281 
308 

Rod. 1.09 mclers ..................... 

Larch. 1.30 mctors ................... 

Slacker ..................... 
Lookout .................... 
Chinldorc ................... 
Larch ....................... 
Red ......................... 
Starkci ..................... 
Lookout .................... 
Larch ....................... 
Red ......................... 

Chinidero ................... 
Hucklc ...................... 
Star ......................... 
Red ......................... 
Hucklo ...................... 
Chinidere ................... 

............. 

............. 

__ - -- 

.. __ 

lnmbcr 
of 

dircc- 
tion . 

0 00 60.90 
54 53 25.96 
82 13 68.74 

105 31 14.48 
189 34 23.87 

n 00 00.03 
04 40 33.m 

179 14 40.80 
283 31 43.71 
208 37 30.90 

0 00 00.M) 
20 04 44.91 

302 27 10.83 

0 00 00.00 
61 09 $0.54 
63 20 M1.07 

100 48 10.82 

183 
184 
185 
1Ho 

18Y 
I 80 
190 
191 
192 

193 
104 
195 
196 
107 

200 
201 
202 
198 
199 

203 
204 
205 
206 
207 

208 
200 
210 
21 1 
212 

215 
216 
217 
213 
214 

218 
219 
220 
221 
222 

226 
227 
223 
224 
225 

229 
230 
228 

231 
232 

187 

....... 

238 
... 

.... ...__.__ 

I 
Obscrvcd 
dircction 
roduccd 

to sea lovcl . 
o bjoct obsorvcd . 

I .. 
00 00.01 
59 51.99 
19 35.30 
04 51.75 
45 38.58 

00 00.01 
16 29.26 
10 42.00 
30 18.77 
46 20.17 

00 00.03 
37 53.84 
45 08.81 
44 42.04 
16 07.35 

00 KQi 
03 38.47 
07 54.54 
52 37.03 
40 l i b 2  

00 00.02 
10 10.00 
40 24.21 
I0 64.32 
45 17.12 

00 00.01 
35 3.06 
52 I9.HH 
60 13.30 
20 48.66 

00 00.05 
39 17.83 
55 32.70 
50 20.17 
21 47.71 

CONDITION E QUATION 13 . 
No . 

. 
Pin81 
ieoonds 

aftcr n urc 
ndfust- 
mont . 

.. 
00.63 
62.03 
34.78 
61.95 
38.34 

00.36 
20.14 
42.41 
1 R  . 62 
20.36 

50.43 
54.03 
OR .78 
42.74 
07.71 

37.04 
h4.79 
37.68 
14.94 

69 . 8.5 
10.00 
24.39 
53.88 
17.70 

53.89 
24.19 
20.00 
1 2 . 8  
48.83 

59.17 
17.71 
a3.01 
20.56 
47.37 

5v.92 
26.00 m . d 
14.48 
23.78 

00 . 46 
33.88 
40.01 
43.88 
30.85 

45.22 
10.71 

00.24 
49.29 
m.88 
11.64 

- 

- 
611 . w 

L 

- 

- 

~ 

60.81 

- 
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50. 
51. 
52. 
53. 
54. 

55. 
56. 
57. 
68. 
59. 

eo. 
61. 
62. 
63. 
64. 

65. 
08. 
07. 
68. 
69. 

71. 

72. 

73. 

74. 

75. 

76 
b n: 
78. 
79, 

70. 

0-+14.52-!. @(43?+24.50(44)-23. M(45)-6.47(47)+7. OO(48)-1.43(49)-16~09(62)+10. W(u3) 
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No 
80.. 0- +4.32-2 90(85)+3.84(86)-0.74(87)-2. 71(93)+4.29(94)-1.58(95)-0.72(101)+6.0(107)-4.34(103). 
81. 0-+22.75-2. M)(95)+8.85(06)--0.76(07)-17. 14(99)+18.30(100)-1~ 1G(101)+7.42(104)-7.42(108) 

82  0~-2~~7-5~08(9G~+0~70(97)-1~08(9R)-1~47(10g)-t-3.96(110)-~.48(111)-0.42(110)+3.92(117) 

83. 

84. 0-+21.03-1.90(113)+2.90(114)-0~94(115)-13~ 12(121)+13~69(122)-0.47(124)-0.~(126)+21.48( 1%) 

85. 0- +%I. 13f0.90 128)+3.23(129)-4.13(130)- 8~90(1.11)+13.21(132)-4.26(133)-~. 50(138)+ 0.90( 139) 

80. 0-- (1.09-0.14 i 130)+1.01(137)-1.77(138)- 1.05(148)+ 4.61(148)-3.4G(150)-3.98(151)+ 4 7 1 (  162) 

-3.02(117)+3.92(118). 

-3.50(118). 
O--L 94--1~10(104)+6~33(105)--6~ 17(106)-3~37(115)+3~70(116)-0~ 42(118)-1.78(119)+2. S(125) 

-1.05(121). 

-20. as(lZ8). 

+ l . G O  140). 

- 0.73(163). 
87. 0-- 1.53-2.49 140)+3.21(147)-0.72(148)- 2.7(1(153)+ 3.74(1lr4)-0.08(165)-1.26(1G2&a)+6.05(103a) 

88. 0-+B.48-1.75(158)~24.50(159)-~2.76(160)-34.25~104)+30.G7(105)'L2.42~16(i)-1.41(109)+3.88(170) 

89. 0-- G.8-3.15~150)+2.76(157)+0.40(159)- 2.38(105)+ 5. 25(IG7)-2.87(108)-0.2D(183)+ 2.24( 1%) 

-4.701105) 

-2.45 171). 

- 1. 96( 185). 

2.98(179)-2. N(l80)- 1.88(188)+ 2.32(189)-0.~(1~)-2.10(105)+ 3.66( l9G) 

2 48(194)-2 43(195)- 2 33(ux))+ 4.00(201)-2 33(202)-2.40(203)+ 2.49( 204) 
3. M(l99)-2 83(2W)- 4.OZ(ZOS)+ 1.92(208)+2 10(210)-7.'61(!216)+11. 12( 210) 

5. G5(211)-2. RG(212)- 3.78(213)+ 4.22(214)-0.44(215)-0.29(218)+ 4.08( ZlQ) 

1.10(228)+ 1.34(229)-0.24(2JO)--U. 04(231)+12.40( 232) 

06. 

97. 
98. 

99. 

100. 

101. 

0- 

0- 

- 1  

-0. 

102. 0- +G. 
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COMPUTED CORREUTIONS TO OBSERVED DIRECTIONS. 

The corroctions to observed directions resulting from the figure 
ad'ustments indicated by the preceding condition equations are as 
foliows : 

Table of corrections to observcd directions. 
-. 

Nwnbor 
of dirw- 

tion. 

1 
2 
s 
4 
5 

0 
7 
8 
Q 
10 

11 
12 
13 
14 
15 

10 
17 
18 
18 
20 

21 
22 
23 
24 
25 

20 
27 
28 
20 
30 

31 
32 
33 
34 
35 

30 
37 
3R 
30 
40 
41 
42 
43 
44 
45 

46 
47 
48 
49 
60 

51 
62 
63 
64 
85 

€4 
67 
(18 
60 
Bo 

- -- 
Corrwtion Numbor 
todirw- /I ofdirw- 

tion. tion. 

-0.432 
-0.271 
+a. 703 
-0.331 
+On OOO 
+O. 326 
-0.380 
-0.007 
+O. 754 
-0.291 

+a. 237 
-0.240 
-0.195 
+O. 312 
+O. 194 

-0.320 
+a. 015 
+O. 214 
+O. 017 
-0.231 

+a. 1wi 
+a. 343 
-0. 638 
+a. 634 
-0.154 

-0.205 
+a. 012 
-0. inti 
-0. oox 
+O. 571 

+1.010 
-0.050 
-0.318 
-0.487 
-0.838 

+a. 581 
-0. OUl 
+O. 496 
-0.142 
+a. ,577 
-0.273 
-0. 203 
-0.007 
+a. 3b0 
+o. 210 
+a. 4w 
-0.437 
-0.0% +o. 005 
-0.271 

+O. 322 
-0.0so 
-0.160 
-0.096 

+a. 405 
4-0.194 
-0.588 
-0.235 
+O. 171 

+a. 875 

01 
02 
03 
04 
06 

00 
07 

OQ 
70 

71 
72 
73 
74 
76 

70 
77 
78 
70 
80 

81 
82 
83 
84 
86 

80 
87 
88 
80 
80 
91 
92 
93 
84 
95 

90 
97 
98 
99 
100 

101 
102 
103 
104 
105 

108 
107 
108 
100 
110 

111 
112 
113 
114 
115 

110 
117 
118 
llQ 
la0 

on 

:orroction Numbor 
todlrec- 11 of direc- 

tion. tion. 

-0.038 
-0.178 
-1.162 
+O. 305 
+a. 202 
+1.158 
-0.400 
+a. 105 
+O. 413 

+a. 507 
+O. 058 
+O. 430 
-0.015 
-0.753 

+a. 022 
+a. 258 

-0.980 

-0.348 
-0.144 
+O. 173 

+a. 428 
-0. log 
-0. ,504 
+O. 103 
+O. 720 
-0.400 
+O. 174 +o. 922 
-0.208 
-0.026 

+O. 220 
-0.311 
-0.091 
-0.043 
+O. 173 

+O. 370 
+O. 182 
+O. ooo 
+a. 801 
-0.501 

-0.099 
-0.404 
-0, 000 
+O. 270 +o. 374 
-0.200 
-0.497 
+O. 113 
-0.714 
+a. 214 
+a. 200 
+o. 240 
+O. 247 
+a. 3.54 
+a. 054 

-0.228 
+O. 053 
-0.482 
-0.6M1 
-0.430 

121 
122 
123 
124 
126 

120 
127 
125 
129 
130 

131 
132 
133 
134 
136 

130 
137 
138 
130 
140 

141 
142 
143 
144 
145 

140 
147 
148 
149 
160 

151 
162 
163 
154 
156 

160 
157 
158 
160 
100 
101 
102 
103 
104 
105 

100 
107 
108 
109 
170 

171 
172 
173 
174 
175 

170 
177 
178 
170 
180 

+O. 381 
-0.308 
+O. 070 
+O. 246 
-0.548 

-1.021 
+2.036 
-0.420 
-0.131 
-0.615 

+O. 562 
-1.307 
+O. ti05 
+O. 214 
-0.124 

-0. no 
+O. 130 
-0.909 
+O. 517 
+O. 520 

+a. 750 
+O. 840 
-0. a27 
-1.000 

+O. 240 
-0. Q82 
-0.528 
+O. 666 +a. 712 
-0.270 
+O. 595 
+a. 400 
-0.028 
-0. 080 

-0.634 
+a. 303 +a. 774 
-0.385 
-0.239 

-0. loo 
+O. 040 +o. 1w 
+a. 300 
-0.251 

-0.820 
+a. 288 
-0.323 
-0.285 
+a. 100 
+O. 124 
-0.790 +o. 1M 
-0.277 +a. 010 
$0.108 
-0. loo 
+a. 302 +o. 189 

-0. 20s 

-a ~ I Q  

181 
182 
183 
184 
185 

180 
187 
188 
189 
190 

101 
192 
193 
194 
195 

190 
197 
108 
log 
200 

201 
202 *xu 
204 

200 
207 
208 
209 
210 
211 
212 
213 
214 
215 

216 
217 
218 
219 
220 

221 
222 
223 
224 
225 

220 
227 
228 
229 
230 

231 
232 
233 
234 
235 

10% 
163s 

205 

:orrocltion 
to dim- 

tion. 

+a. 383 
-0.158 
+a. 522 +o. 041 
-0.521 

+O. 197. 
-0.239 
+O. 355 
-0.103 
-0.250 

-0.151 
+O. 178 
-0.002 +o. 191 
-0.052 

+a. 100 
+O. 304 
-0.241 
-0.571 
-0.00s 

+o. 572 
+a. 252 
-0,170 
-0.027 
-60.071 

-0.45l' 
+o. 578 
-0.317 
+O. 135 +a. 723 
-0,510 
-0.025 
+a. 380 
-0.342 
-0.284 

-0. 084 
+O. 310 
-0.038 
+a. 050 
+o. 082 

-0.004 
-0.089 
-0.281, +o. 272 
-0.137 

+a. 429 
-0.278 +a. 019 
-0.110 
+a. 000 
-0.510 +o. 229 +a. 288 
+O. 070 
-0.070 

+O. 077 +a. 729 
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CORRECTIONS TO ANGLES AND CLOSURES O F  TRWGYLES. 

____^_______I_._ ~ -_____ - ___ __ __ . - ----- 
Correc- Corrcc- 
tion to Error tion to  
anglc of Corrcrtcti Spher- nnglc 

Station. from closurc sphrrical ical Station. IrOm 
8 rc oftri- angle. exmw. figure 
&st- angle. adlust- 
mont . mcnt. 

. __-__----__I_ 

- - - -I- 

Error 
01 Corrcrtd S hep 

dosure 8phcrlcal g a l  
oftri- I nnglo. 0x0089. 
nnglo. 

_ _  - - 
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Table os triangles--Continued. 

Po\Vdot.. . . . . 

- _ -  - 

?orroc-/ 
tion to Error 
anglc of Corrected S her 

Station. Irom closure Lipherical fcal 

--c__- ___ 
h l o l l l l ~ n i n  8 ,  17, 0 I I f  

- . 15 33 28 30.63 

Homer.-::. +l. 39 94 57 39.14 
Camas .... .. . + . w $1.02 01 34 12.98 3.49 I } { 23 28 11.37 1 Bine ......_. . - .43 

M ou 11 t a i  11 

Camas.. . . . . . - 1. ~6 

Rome.. ... -1.65 } 11'4 03 58.10 

} 10 00 11.35 
Silver ........ + .7x -2.43 56 62.37 1.82 

Dry. . . . . . . . . i + . o1 

"XL ....... 1-1.13 
Iron ......... + .21 

Bhafcr.. + 52 70 27 00.05 
Camas..::::: + .07 +i.o5 04 07 30.05 10.03 
sliver ..... . . ./_ : 14 I} I{ 45 25 48.53 It 

71 (w) 16.97 - .a x3 07 26.73 10.08 { 55 52 27.38 } } 

Shafer ....... I +  .32 1) 11 CI? x3 21.88 I} 
Blue .... ... . . -1.08 + .ll 40 59 40.28 27.01 
Silver ........ + .x7 79 27 24.85 

Digl i i l l  .....+ 
po\vdor ..._.. 
Birch.. . . . . . . 

squaw ..._ .. .I+ .BO 61 39 m.02 

{ 17 55 03.82 

30 02 36.20 

39 01 41. 1p 

h r o r . .  .. .. . - .2x - .n 110 20 0.1.7.1 n. 18 
s h r  ..__.._. -1.04 1 } 

.OR 39 30 17 93 
-LhO }- .:I1 { I J  13 1 3 h  ] 2. I)T, 
+ I .  .LJ 127 10 01.61 

NYSSU. ._. ... + .31 06 30 05.90 I{ 24 13 20. 57 i) ....... + .G2 + . 70 59 16 40. 10 12.N 
V W  ....... .I- .23 )} 

33 42. 01 

29 22.'& 

13 06.77 

/Correc-( 1 
Ition to  Error 

Indust-I awle. I i 



- 

Station . 

...... ........ ....... Birch 
Laurila 

Alkali 

Laurila 
Job 

Zsurila ...... Expansion .. 
Alkali 

Lanrila 
Expansion 

Job 

Expansion 
Alkali 
Job 

Expansion .. 
Stanfield east 

base ....... 
8 t a n  ri Cld 

west base .. 
Job .......... 

weat base 
S t a n r i c l d  

Expansion 

Job .......... 
8 t a n I i o l d  

westbaso 
Stanfield east 

base 

Job 
Expansion 
Stanfleld east 

base ....... 
Echo 
Job 
Stanfield aavt 

base ....... 

.......... ........ ......... Alkali 

....... 
........ .......... 
....... .......... 

.. 

......... 
.......... ... 

.......... .......... 

......... ._ __ __- _- .-- - .__ ... 

Correc- Corrcc- 
tion to Error tion to Error 
angle of Corrected 8 her- angle of Corrected 8 her- 
from closure sphcrical fcal Station . from closure spherical gal 

fi o of tri- angle . cxcw . A re oftri- angle . excw . 
a&st angle . a & % -  angle . 
ment . .merit. 

__ -- .__. __- -~ __ 
I t  , I  0 , ,, ,, 

Montgomery . -0.83 " } " { 7"s 42.'b6 " . .......... . Toby ........ + . 16 

Toby ........ + 
John .......... 32 

.l . IO + . 01 102 20 57.23 } 2.62 Montqomery . + . 13 

. Toby .......... 
Moryhill + 

+ . 65 
+ 46 

67 2.42 Montgomery.+ 

1.49 Monlpomery . + . 

33 

+ 44 

. John ........ + . 
Mnryhill ..... + . 
Toby + 

98 

+ 00 { -1.23 k . 0 1  

-1.12 

+1.20 + . 62 82 48 46.12 . 88 John ........ + . 
Starker ...... + . 
Maryhill ..... + . 1 + . 44 

-1.17 John ........ + . 

44 50 33.9x 

Montgomcry 17 

46 61 21.MI 

94 62 07.11 

71 36 44.13 

71 03 12.06 

39 49 27.00 

+ -0.20 

+1 24 

+ 16 

44 -0.92 60 40 40.30 } 2.42 

. ... ......... 

42 01 17 . 7.5 
37 49 38.30 Toby + b5 88 45 08.33 

. Maryhill ..... + . 14 

77 

. 36 { 413 io  36.21 } 3.29 . ........ . 
.... .. . 59 18 17.62 

t 1  
.... ..... . 

41 04 34.36 

[ E0 00 41.41 1 ........ . 

. ..... . 16 3 0 1  18 00 .... ...... +LO4 +2.30 134 62 z0:01 2.76 ..... t 1  20 28 23-84 I 
+ + 22 

Maryhill +LO4 
-1.01 60 22 22.00 

Lookout ..... .... . 59 fitnckcr ...... 
John .......... 

. Mnryhill ....... . ........ 
Lookout 

lI John + 
..... 

. 
64 48 33.22 

44 

+ 16 4 E4 46.31 
, 66 I+ 37 { 3 17 08.70 

36 62 25.42 

+ . 76 171, 48 00.10 Chlnidcre ...... 71 
Stockw ...... -1.24 }-2.61 { 31 03 62.18 } 4.02 ....... 21 Lookout 08 78 00 39.22 . 

+ . 87 I { :l ~~~~~ *30 Huckle 

+ I 3  

+ . 95 Htackor ........ . f ...... 
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ACCURACY OF OBSERVATIONS. 

The maximum correction to any one angle is +3!’10 to the angle 
at  Emily between the lines to Fanny and La Grnde. A table is 
@Pen below showing statistics in regard to the accuracy of the 
Precise triangulation of the arc considered in this publication. The 

in which XAa is the sun1 of the 

uares of the closing errors of the triangles and n is the number 

mean error of an angle a =  

0 9 triangles. 
RTATISTICS RHOWING ACCURACY O F  TRIANOULATXON. 

Total number of triangle8.. ............................................... 

Number of concluded triangles. .......................................... 
Average closure of a triangle. ............................................. 
Maximum closlue of a triangle.. ........................................... 
Mean error of an angle. .................................................. AO. 79 

96 
51 
38 

7 
I!~Z 
3K26 

hobable enor of an observed direction.. .................................. ko. 49 

NUmber of triangles wltll plus c los~re~ .  .................................... 
Number of triangles \&th minus closures.. ................................. 

The average closing error of the S9 closed triangles of this arc of 
primary triangulation is 1!’12, The instructions call for 1!’00 
closing*error on the average. The instructions SR that the closing 

lnaximum is exceeded in only one instance, where the triringle 
closure is 3!’26. 

A comparison of the average closing errors in various L L ~ C S  is given 
Avernge 
closing 
error. 

OYG3 

. 9 2  

Utah-Wasliington arc .................................................... 1.12 
E+tern oblique arc.. .................................................... 1.19 

error of a triangle shall seldom exceed 3!’00. P n this work tho 

below : 

T?xm-Oallfornia arc. .  .................................................... .no 
Nlety-ei hth meridian arc. ... .._ ........................................... 
Transcontinental triangulation.. .......................................... I .  06 

Cdlfornia-Wa&ington arc.. ............................................... 1.22 

Ninety.eightll meridian in United States and Moxico. ...................... 

One llun&ed and fourth merldlan arc ..................................... .99 

CONPUTTATION, A D J U S T m T ,  A!ND ACCURACY OF THE 
ELEVATION 6. 
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whose lo arithms ma be found on pages 64 and 65 of U. S. Coast 

As there are always two or more lines to each new station, many 
rigid conditions exist be tween the observed differences of elevation, 
even if the connections with the recise leveling were ignored, and the 

deriving the elevations. 
The elevations of stations of the precise triangulation of the 

present arc were adjusted in two sets of equations. The solution 
of the first set fixed all thb elevations of the precise stations between 
the lines Cache-Oxford and Silver-Nyssa. 

In  the first adjustment the elevations of Ogden Peak and Pilot 
Peak, stations of the thirty-ninth parallel triangulation, were held 
fixed at 2918.45 and 3262.47 meters, res ectively. These elevations 
appear on page 148 of U. S. Coast and B eodotic Survey Special Pub- 
licatjon No. 19. Besides these elevations those of five other sta- 
tions, determined either by precise levels or connected directly 
with precise level bench marks, were held fixed. These stations are 
Oxford, B. M. Qal Mountain Home, Nyssa, and B.N. G ,  and their 
respective elevations are, 2828.81, 1366.09, 955.50, 697.04, and 
663.57 meters. 

The probable error of an observation of weight unity derived 
from the adjustment is f 0.78 meter. In  other words, the reciprocal 
observations over a line 31.7 kilometers (19.7 miles) long, this being 
the length of line corrcsponding to unit weight, determined tho 
diirerence of elevation of two points whh such accuracy that it is an 
even chance whether the error is greater or hss than 0.78 meter, 
The probable errors for the lines were assumed to be proportional 
to  their len ths. 

meter. Tho probable error of the stations Ofden Peak and Pilot 
Peak robably does not exceed f O . 6  motor. The robable error of 

Of the stations whose clcvations were determined by reciprocal 
observations station Stump was assumed to be the on0 least accu- 
ratcly determined, and its probable error was computed as R limiting 
valuo and found to be &0.40 meter from the vertical angles alone. 
When combined with the probable error of the fixed stations, it 
became f- 0.72 metor. 

In  the second set of equations tho elevations of Silver and Shafer 
stations of the first set of equations, were held fixed at 2562.05 and 
2313.87 meters, res cctively. Stations Nyssa, La Crande, Alkali, 

mined either by precise lavels or connected dircctly with precise 
level bench marks, and their elevations were held k e d  ut 69784, 
849.72, 827.17, 513.78, 188.04, 231.11, and 217.04 meters, respec- 
tivel . Tho elevations of Imch  and Red, stations of the Cnliforniu- 
Waslington arc of precise triangulation, were held iixed at 1234.89 
and 1517.31 meters, respective1 . 
from the adjustment of this second,set of equations is kO.99 meter. 
In otlher words, the reciprocal observations over u line 31.7 kilo- 
meters (10.7 miles) long, this being the length of the line correspond- 

and Geo a otic Survey B pecial Publication No. 26. 

least square adjustment furnis i os the readiest accurate means of 

The proba B Ie error of the elevation of tho Salt Lake base is f0.04 

the ot er fixod stations probably does not exceed t 8 1s. 

Job. Stanficld wcst 73 ase, Stanfield cast base and Echo were deter- 

The probable error of an o c servation of weight unity derived 



UTAH-WASHINGTON PRECISE TRIANGULATION. 73 

ing to unit wej ht, determined the differenco of olevation of two 
points with sucf accuracy that i t  is an even chance whother the 
error is greater or less than 0.99 meter. The probable errors for 
other lines were assumed fo  be proportional to their length. 

Station Dry was assumed to be the one least rwcurately determined, 
and its probablo error was computed as a limiting value and found 
to be 51.19 meters. 

The datum for all tho elevations is mean sea level. The stations 
are in three classes: lT’irst, those fixcd by direct connoction with 
Precise level elevations, the elevations of which are subject to a 
Probable error of f0.04 meter; second, the stations in the main 
scheme fixed by reciprocal measures of vertical aiiglos tmd subject 
to*probab]e errors varying from f O . l  mcter to f1 .2  motors; md,  
third, the jnterscction stations, the elevations of which arc fixed by 
measurement of vertical angles which are not reciprocal, the stations 
not being occupied, and subject to probablo errors which may be as 
great as f 3  meters. 

The table of elevations is given in Part I. (See p. 22)- 
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INDEX TO POSITIONS, DESCRIPTIONS, ELEVATIONS, AND 
SKETCHE S-Continued. 

32 

30 
24 
29 

29 

25 

27 

30 
30 
30 
30 

Station. 

Stanfield east basc.. ..... 
22 0 $tarOeld oust basc re- 

fcrcncemnrkNo.i .... 
22 5 Stanlleld oust bast’ TO- 

Stanflold west base rc- 

lookout tower, north- 
22 5 westcornor ............ ................. Stump. ................. 
22 0 ................. Tetcn Poak... ........... 

...... 5 Toby (U. 9. G . S . ) . .  .... ...... 5 Toby refercnco mark.. .. ...... 5 Tower ................... 
22 5 Tygh .................... 

22 6 ferei~co mark NO. h . .  .. ...... 5 Stanfiuld wesl bnsc.. .... 

...... 5 State Forestry Servicc, 
........ ........... 6 f ereuce mark.. 

.................. ................... North. 
Nyssa 
Nyssarcference mark.. 
Nyssa stnndplpc.. ....... 

.. 

30 

..___. 
29 

31 
31 

...... 
31 
31 
32 
32 

...... 

Observation ............. 
Oregon-Idaho boundary 

monumeiit ............ 
Oxford. ................. 
Oxford north base.. ..... 
Oxford rnilroud statlcii. 

............ 6 
22 6. 
22 6 
22 B. 

...... 6. 
22 6 

.................. 

............ e, 
22 0 ...... 6 . . . . . . .  6 
22 6’ ...... 0 

22 8‘ ............ 6 

r;outh gable. ........... 
Oxford bOUth babe ....... ‘ I  

31 

25 

..... 
31 
20 

Picabo.. ................. 
Picabo rcference mark.. . 
Powder.. ................ 
Powder refarence mark.. 
Prociso level B. M. E.. .. 
ProcisolevelB. M. C i . . . .  
Proc1sisolevclB.M.M~ ... 
PreciselovolU. M. Q... 
Preciselevel 13. M. 2782 A, 

cornor Fclcy Hotcl.. .. 
Pressure standpipe.. .... 
Putnam.. ............... 
Putnam (U. 8. Ci. S.) ..... 
Rock Creek Mountain, 

cairn. ................. 

...... ........... 
21 ........... 

22 

22 
...... sellurn Point ............ 

Bhafer.. ................. 
Sharer reforencu mark.. .. 
Fiver.. ................. 
Silver reference mark.. .. 
Bouth.. ................. 

‘10 

21 

19 
14 
18 

I8 
18 

14 
14 
10 
16 
18 
19 
I9 
19 

20 
19 
14 
19 

20 

21 
16 
15 
15 
15 
21 

0 
5 
5 
6 

6 

6 : , I ,  cccentrie .............. u.8.a.s. I3.M ....... / 
.................... 

Woodall ................. ..... .. 

IH 
18 
17 

17 

17 
17 

17 

20 
19 

18 
I? 
17 
20 
21 

21 
21 
20 
20 
21 
21 

21 
20 

21 

19 
ia 

I I I1  I 

.. . , ~  ./ .. . ~ ~ .  1. ... ’{ 
................. 
28 I 22 i 6 

...... 1 ......I...... 
...... 

6 

...$...I 1 6 6 

............ 5 
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Fig. 5.-TRIANGULATION, SOUTHEASTERN END OF ARC, IN UTAH AND OREGON. 

GD9n8°--21. (To few p g e  711.) No. 3 
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Flg. 6.-TRIANGULATION. NORTHWESTERN END OF ARC, IN OREGON AND WASHINGTON. 
6a905°-21. ('I% face pnge 71-4 No. 4 


