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CALIFORNIA-OREGON ARC OF PRECISE TRIANGULATION.

By Huoes C. MircagLL, Mathematician, and E. W. LiokELBERG, Hydrographic and
Geodetic Enginecr.

PART L
GENERAL STATEMENT.

This publication contains the results for the arc of precise triangula-
tion extending from the California-Washington arc in the vicinity
of Mount Shasta in a northeasterly direction across the lower ond of
Orogon to a connection with the Utah-Washington arc just to the west
of Boise, Idaho. The California-Washington arc was moasured in the
years 1903-1906, and the adjusted rosults of that work will be found
i U. 8. Coast and Goodetic Survey Special Publication No. 13, while
the results of tho Utah-Washington arc, measured in 1915-1916, will
be found in Special Publication No. 74. The region through which
this California-Oregon arc runs may be most easily identified and the
approximate location of the control points which it determined most
readily seon by reference to the index and other sketches at tho end
of this volume. :

The tabulated arrangement of the data follows the general arrange-
ment now in use in similar publications of the U. S. Coast and Geo-
dotic Survey, and in the text relating to those tables, as well as in
soveral genoral statements, the wording is practically that of the
carlier publications.

. The reconnaissance for this arc was mado lﬁy J. S. Bilby, signal-
man, during the summer and fall of 1919. Mr, Eickelborg was in
charge of the triangulation party, a subparty of which, under Dan. W.
Taylor, signalman, did the signal building. All of the triangulation
an signaf building was done during the season of 1920. The office
adjustment and computation of this arc was made by Mr. Mitchell,
who also prepared this report.

CLABBES OF TRIANGULATION.

Triangulation is divided into different classes according to accuracy.
The terms applied to these classes have recently been changed by
agreement 0? representatives of the various Federal map-making
burcaus. TFour classes of triangulation are now proscribed and de-
fined, nameoly, precise, primary, secondary, and tertiary. The first
three of these are, respectively, equal in accuracy to the classes pri-
mary, secondary, and tertiary, as previously designated by the U}.)S.
Coast and Geodetic Survey.

1



2 U. 8. COAST AND GEODETIC SURVEY.

The ultimate criterion applied in classifying the different grades
of triangulation is the actual error in the length of any line. 'This
is indicated by the discrepancy between the rncasurcdy length of a
baso line and 1ts length as computed through the triangulation from
the last preceding base. In precise triangulation such discrepancics
must not exceed 1 part in 25,000, in primary triangulation 1 part in
10,000, and in secondary triangulation 1.part in 5,000. Before mak-
ir:lg the comparison between the computed and measured lengths thoe
adjustment of the triangulation should be carried to the point whero
tho side and angle oquations have been satisfied. It is also necessary
to take into consideration the maximum actual errorin tho measure-
ment of the base.

To sccure the accuracy indicated above, certain standards arc
adopted for tho ficld work, the most important one of which relates
to t¥xe closing error of the triangles or the discrepancy between the
sum of the measured angles in g triangle and 180° plus the spherical
excoss of the triangle. In precise triangulation the averago closing
error of the triangles must not be greatly in excess of 1’/, in primary
not more than 3"/, and in secondary about 5’/. The shape of the
figures in the triangulation scheme, the frequency of bases, the size
OF the instrument, and the number and kind of ohservalions are all
selected with due regard to the accuracy desired. .

Under certain conditions the proportionate error in tho length of
a line as specified above may be found to be exceeded in any class of
triangulation. - Where 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 triangulation of the scheme. The accuracy of the computed
Iength of any line can be estimated by computing the = R, in accord-
ance with the formula for the strength of figures as given in U. S,
Coast and Geodetic Survey Special Publication No. 26. In any class
of triangulation the subsidiary stations will. be located with a less
degree o accuracgr than the main scheme stations. , .

. It is obvious that in planning a scheme of triangulation it is nec-
essary, in order to obtain the desired degree of accuracy, to select the
proper size and type of instrument, preﬁetermine the number of ob-
servations, the frequency of base lines and methods of measuring
them, and tho shape of the figures in the triangulation. Because
of economic considerations it is the present pracfice of this Survey
to limit the amount of work done to that required to insure that the
results come within the required limits of accuracy, and it is undesir-
able that either time or money be spént in an attompt to go beyond
that point. IJow well the methods have boen standardized toward
that end may be readily seen by noting that the average closing
error for the arc of precise triangulation considered in this publica-
tion is 0’/.92, while corresponding values for ten different arcs shown
in the table on page 47 are within a range of 0'/.63 to 1'/.22.

ARRANGEMENT OF SUBJECT MATTER.

In Part I are given such data for the California-Oregon arc of pre-
cise triangulation as will ordinarily be needed for control purposes.
The final results of a system of triangulation take the form of
geographic positions, which give the latitude and longitude of each
point of the triangulation, the azimuths of cach line, and the logarithm
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of ghfe length in meters of each line, together with its length in meters
and feet. : , -

Geographic positions, with descriptions and elevations of the
stations, are arranged in tabulated form in Part I of this publication.
Here the engineer and surveyor will find the data which will give
him_control points for his local surveys. On page 9, under the
heading ““How to find the data desired,” is a description of the use
of the tables. The tabulation of the various kinds of data given in
Part I is arranged in the following order: (1) The geographic positions
of the triangulation points are found in the table on pages 11 to 14.
Points of precise accuracy are found in a separate table from those
of lower grades. (2) Following the geographic positions is a table
page 15, giving the trigonometric elevations of all points, referre
to mean sea level. A note on E?ge 15 indicates the degree of ac-
curacy to be expected in the three different classes of elevations.
Such elevations, intended primarily to furnish the approximate ele-
vations of the stations in order that the sea-level lengths of the lines
may be computed, may be used for some topographic purposes but
not as clevations {rom which to start spirit level}i)n . (3) The de-
scriptions of all marked points, with the character of the marks, are
given on pages 16 to 22. (4) The lengths of the lines are given in
this publication in both meters and feet, but for the convenience of
those who may wish to convert other quantities from one system
to the other, conversion tables are given on pages 23 to 30.

Part, II of this publication is devoted to a brief description of the
methods employeg in making the observations and to a discussion of
the errors and methods of adjustment. Tabulations of different fac-
tors in the results are given, as well as the condition equations used
in makinﬁ the adjustments, -

An analysis of the costs of the different operations in both field
and office 1s given for the information of the public for whose benefit
the work was done.

THE NORTH AMERICAN DATUM.

All geographic positions are on the North American datum, a
standard geodetic datum adopted in 1901 under the name of the
United States standard datum, but in 1913 having this designation
changed to North American datum. This change in name came
about through the adoption of this datum as a standard for geodetic
work by the Canadian and Mexican Governments, and is a recog-
nition of the international character of the datum. It is well for the
enﬁineer who may plan an extension of work from this arc, particu-
larly at or near its western end, to keep this identity in mind, since,
though the results of the Washington-California arc are publisiled on
the énited States standard datum, those results are exactly coordi-
gate with the results in this volume which are on the North American

atum.

EXPLANATION OF POSITIONS, LENGTHS8, AND AZIMUTHS, AND OF THE
NORTH AMERICAN DATUM.

All of the positions and azimuths have been computed upon the
Clarke spheroid of 1866, as expressed in -meters, which has been in
use in the U. S. Coast and Geodetic Survey for many years.
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After a spheroid has been adopted and all the angles and lengths
in a triangulation have been fully fixed it is still necessary, before
the computation of latitudes, longitudes; and azimuths can be made,
to adopt a standard latitude and Jongitude for a specified station and
a standard azimuth of a line from that station. For convenience
the adopted standard position (latitude and longitude) of a given
station, together with the adopted standard azimuth of a line from
that station, is called the geodetic datum.

The precise triangulation in the United States was commenced at
various points and existed at first as a number of detached portions
in each of which the geodetic datum was necessarily dependent only
upon the astronomic stations connected with that particular por-
tion. As examples of such detached portions of triangulation there
may be mentioned the early triangulation in New Ingland and along
the Atlantic coast, a detached portion of the transcontinental trian-
gulation centerinE on St. Louis and another portion-of the same
triangulation in the Rocky Mountain region, and three separate por-
tions of triangulation in California, in the latitude of San Francisco,
in the vicinity of Santa Barbara Channel, and in the vicinity of
San Diego. ith the lapse of time these separate pieces expanded
until they touched.

The transcontinental triangulation, the office computation of which
was completed in 1899, joined all of the detached portions mentioned
and made 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 coun-
try, or at least for as much of the country as is covered by continuous
triangulation. To do this was a very tedious piece of work and in-
volved much preliminary study to determine the hest datum to be
adopted. On March 13, 1901, the superintendent 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 it was decided to reduce the positions to that datum as rapidly
as possible. The datum adopted was that formerly in use in New
England, and therefore its adoption, did not affect the positions
which had been used for geographic purposes in New England and
along the Atlantic coast to North Carolina, nor those in the States of
New York, Pennsylvania, New Jersey, and Delaware. The adopted
datum does not agree, however, with that used in The Transconti-
nental Triangulation and in the Eastern Oblique Arc of the United
States, publications which deal primarily with the purely scientific
problem of the determination of the figure of the ecarth 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 consider-
able importance, it is in order here to explain the desirability of this
step more fully.

he main ogjects 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 geographic
positions (latitudes and longitudes), of accurately determined eleva-
tions, and of distances and azimuths, to officers connected with the
Survey and to other organizations; third, the determination of the
figure of the earth. For the first and second objects it is not nec-
essary that the reference spheroid should be accurately that which



CALIFORNIA-OREGON .PRECISE TRIANGULATION. 5

most closely fits the geoid within the area covered, nor that the
adopted geodetic datum should be absolutely the best that can be
derived irom the astronomic observations ‘at hand, . [t is simply,
desirable that the reference spheroid and the geodetic datum adopted
shall be, if possible, such a close approximation to the truth that any
correction which may hereafter ge derived from the observations
which are now, or may become, available shall not greatly exceed
the probable errors of such corrections. It is, however, very desirable
that one spheroid and one geodetic datum be used for the whole
country. 1In fact, this is absolutely necessary if a goodeotic survey.
is to perform fully the function of accurately coordinating all surveys
within the area which it covors. This is the most impoertant function
of a geodetic survey. To perform this function, 1t is also highly
desirablo that when a certain spheroid and geodetic datum have been
adopted for a country they be rigidly adhored to, without change, for
all time unless shown to be largely in erfor. " = -

In striving to attain the t’hxrdy object, the determination of the
figure of the earth, the conditiéns are decidedly different. . This

roblem concerns itself primarily with astronomic observations of
atitude, longitude, and azimuth and with the geodetic positions of
the poinfs at which the astronomic observations were made, but is
not concerned with the geodeti¢ positions of other points fixed by
the triangulations. The geodetic positions (latitudes and longitudes)
of comparatively few points are tlli)erefore concerned in this problem.
However, in marked contrast to the statements made in precodl_nﬁ
P&I‘&grapils, it is desirable in dealing with this problem that wit
each new important accession of data, a new spheroid fitting the
geoid with tlgo greatest possible accuracy, and new values of the
goodetic latitudes, longitudes, and azimuths, of the highest degree of
accuracy, should be derived. o oo B

The North American dhtum was adopted with reference to positions
furnished for geographic purposes but has no réference to the prob-
lem of tho determination of the figure of the earth. It is adopted
with referenco to the enginecer’s problem of furnishing standard posi-
tions and does not affect the scientist’s problem of the determination
of the figure of the earth. ' '

The principles which guided in the selection of the datum to be
adopted were: First, that the adopted datum should not differ widely
from the ideal datum for which the sum of the station errors in lati-
tude, longitude, and azimuth should each be zero; second, it was
desirable that the adopted datum should produce minimum changes
In the publications of the U. S. Coast and Geodotic Survey, including
1ts charts; and, third, it was desirable, other things being equal, to
adopt that datum which allowed the maximum number of positions
already in the office files to remdin unchanged, and therefore neces-
situtecf a minimum amount of new computation.: These considera-
tions led to tho adoption, as the standard, of that datum which had
been in use for many years in the northeastern éroup ‘of States and
along tho Atlantic coast as far south as North Carolina.

" An examination of the station errors of the astronomic stations
so far reduced, scattered widely over the United States from Maine to
Louisiana and to California, indicated that this datum approaches
closely the ideal for which the algebraic sum of the station errors of
each class would bo zero.
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The North American datum, upon which the positions and azimuths
given in this publication depend, may be defined in terms of the posi-
tion of the station Meades Ranch as follows:

o ’ /77
=39 13 26.686
A=98 32 30.506
ato Waldo=76 28 14.52 o

Points are then said to be upon the North American datum when
they are connected with the station Meades Ranch by a continuous
triangulation, through which the corresponding latitudes, longi-
tudes, and azimuths have been computed on the Clarke spheroid
of 1866, as expressed in meters, starting from the above data.

USE OF HORIZONTAL CONTROL DATA.

The plan or map for any extensive en%ineering project, whether or
not map construction is the primary object, should have all of its
parts properly correlated and should be on the same datum as adjacent
surveys. Federal and State mapping organizations have long been
aware of the necessity for having all surveys based upon a common
datum, but the local engineers and surveyors in this country have too
often in the past been content, and in many cases compelled, to use a
local datum for their surveys. The future economic disadvantage of
such a system is now becoming recognized, with the result that city
and county surveys are being more generally placed upon a permanent
basis by connecting them to stations on the North American datum.

One other factor must be taken into consideration by the engineer
of today. As the States develop industrially they will undoubted!
follow the lead of one of the Eastern States, I\’[{lssuc usetts, which wit
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 difficulties 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 disputes fre-
quently arising in connection with boundaries. * ¥ *

There is only one point on the earth’s surface at the intersection of any one parallel
of latitude ang any one meridian of longitude, and therefore there can be no dispute
a8 to the meaning of such a geographic definition of the location of o point, even though
all the original triangulation station marks used in its determination, together with
the chart on which its position was originally Plo.tted, have been totally destroyed.

In the case of the destruction of an original triangulation station mark, or any other

int defined by a geographic position, & competent geodetic engineer can reestablish
its exact location by means of a new system of triangulation connecting with other
distant triangulation marks which have not been destroyed. '

In a section of the country covered by adequate geodetic control
the data are available to the engineer for any of the following opera-
tions, in addition to their possible future use as a basis for cadastral
surveys:

(l)yExtensive mapping.—The topographer needs as initial data
for beginning a top(ZFmphic survey the distance and direction be-
tween two points and the geographic position on the North Ameri-
can datum of one of them. g.E[is local triangulation, based on this
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control, will prevent the accumulation of excessive errors as he car-
ries on his malpping 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 at some
place visible from a precise or a primary triangulation station and
connect his base to the station by triangulation, thus obtaining proper
geographic positions for his local surveys.

Instructions for secondary (formerly called tertiary) triangulation,
suitable for the control of local surveys, may be found in U. S. 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,
such as States, counties, or cities, the methods indicated in para-
graph (1) may be followed. Whenever possible, a line of the adjusted
triangulation should be used as a basis for local surveys rather than
a point, since a line gives the three essentials of position, length, and
direction.

(3) Local intensive surveys.—The necessity for such surveys
arises most frequently in connection with extensive improvements
over a considerable area, or as a basis for city planning, where the
needs of a city are being anticipated for a number of years. Here
the requirements are somewhat different from those in the two
preceding operations, for it is often necessary to extend precise or
primary control in considerable detail over the entire area affected,
secondary triangulation or traverse then being used to furnish addi-
tional points for the survey. In such a control survey the triangula-
tion should invariably be started from a line of adjusted triangulation
on the North American datum. :

While it may be noted in the preceding paragraphs that the azimuth
and length of one line and the geographic position of one end of that
lino congtitute the essential data for the complete utilization of old
work as a basis for now work, there is always grave danger in depend-
ing upon this minimum of data. There may be failure to identify
the true station mark, or the mark, though genuine, may have been
tampered with or otherwise disturbed in position. This will, of course,
introduce an orror into the now work based on these stations. It is
the prescnt practice in this Survey, unless unusual conditions render
it unnecessary, to establish tho integrity of the recoverced points by
using at least three old stations as a basis for new work, the third
station serving as a check for the two stations on which the new
work may actually depend. )

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

The U. S. Coast and Geodetio Survey will be glad to give advice
on any problem arising out of the use of its control points or on any
proposeg extension of triangulation from them.

97455°—22—-2
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EXPLANATION OF TABLES.

ARRANGEMENT OF TABULATED DATA.

In the tables of positions the latitude and longitude of each point
are given on the North American datum (see p. 3); 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 oOR AzI-
MUTHS ARE REPEATED, AND FOR A GIVEN LINE THE LENGTH AND
AZIMUTH WILL BE FOUND OPPOSITE THE POSITION OF ONE OR THE
OTHER OF THE TWO SBTATIONS INVOLVED.

The distances between stations are %iven in both meters and feot.
To facilitate further the use of the tables, a column is given of the
logarithms of the lengths in meters. It must be remombered that it
is tho logarithm of the length in meters which is derived first in the
computation, the lengths in meters given in the table being derived
from the corresponding logarithms and the lengths in feet in turn
being derived from the lengths in moters by the aid of the conversion
tables on pages 23-30. ere further work of considerable extent is
contemplated, an accumulation of error in the last two operations
can be avoided by using the logarithm.

EXPLANATION OF LENGTHS.

The lengths, as explained in the discussion of the adjustments
(see p. 37), depend upon the adjusted lengths of the lines Dry-Squaw
of the Utah-Oregon arc of precise triangulation, and Bally-Boliver of
the Oa.lifornia-V&ashington arc, and upon the measured length of the
Paisley base. The lengths as given in the tables are all reduced to
sea level. If the actual length of a line simply reduced to the
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 clovation of the two ends of the line in meters .
6 370 000

The maximum value of this correction does not exceed 57y of the
length of any line of the triangulation here published. The error
introduced by the use of the above approximate formula does not
exceed gyroy of the length of any portion of this triangulation.

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°, the amount of the
divergence varying with the latitude and the difference of longitude
of the two points. To illustrate from the tables, page 12, the azimuth
from Hoffman to Crane is 244° 50’ 57''.33, while the back azimuth,
or the azimuth from Crane to Hoffman, is 65° 43’ 29’/.75.

The azimuths of the triangulation lines offer a very convenient and
accurate means of testing tho 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



CALIFORNIA-OREGON PRECISE TRIANGULATION. 9

for this purpose with fair accuracy, provided the distance is greater
than 100 foet.

ACCURACY OF DATA INDICATED IN TABLES.

The rule followed in recent publications of this office has been to
give latitudes and longitudes to thousandths of seconds for all points,
the positions of which are fixed by fully adjusted triangulation.
Points, the positions of which are given to hundredths of seconds
only, are marked by footnotes as being without check (observed from
only two stations) or checked by verticals only.

In the columns giving azimuths, distances, and logarithms of
distances, the accuracy is indicated to a certain extent by the number
of decimdy 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 second figure from thoe right, while in a few
cases some doubt may be cast on the thjrd figure from the right.

IIOW TO FIND THE.DATA DESIRED.

Following the index at the back of this publication aro four maps.
The first is an index map showing all areas in tho United States
covered by published triangulation rigidly computed on the North
American ‘datum. The other three are detailed maps showing the
scheme of triangulation plotted by latitudes and longitudes on a
polyconic projection.

Having found the names of the points desired by means of these
triangulation sketches the tables may then be conveniently con-
sulted by using the index at the endy of this publication. i'n the
appropriately headed columns op%osite the name of each station
are given the pages on which may be found its geographic position,
description, and clevation above sca lovel, and the number of the
detailed sketch showing the scheme of observed lines from that
station.

RELATED PUBLICATIONS.

Engincers and others using tho data given in this report for the
control of maps and surveys will find 1t of help to have Special
Publications Nos. 5, 8, and 71 of the U. S. Coast and Geodotic Survey.
They may bo obtained at a nominal cost from the Superintendont
of ]g,ocuments, Government Printing Office, Washinfton, D.C.

Special Publication No. 5 is ontitled “Tables for a Polyconic
Projection of Maps Based on Clarke's Reference Spheroid of 1866. "
This publication contains the necessary explanation of the method
employed in constructing a polyconic projection, and also gives tho
values in meters of the degrees, minutes, and seconds of latitude and
longitudo for all latitudes.

Special Publication No. 8 is entitled “ Formule and Tablos for the
Computation of Goodetic Positions.” As the title of this publica-
tion 1mplies, the data contained in it will enable one to compute the
spherical coordinates for triangulation whore the distances and angles
from a known geographic base aro available.

Special Publication No. 71 is entitled “Relation Betweon Plane
Roctangular Coordinates and Goeographic Positions.” This book
contains tables which will facilitate tho use by engineers of plane
coordinates for local surveys.
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The principal lists of geographic positions published on the North
American datum throughout the United States, together with
descriptions of stations, are contained in the following publications
of the U. S. Coast and Geodetic Survey and of other organizations:

Appendix 8 of the Report for 1888, positions in Connecticut,

MAp en(ilix 8 of the Report for 1893, positions in Pennsylvania, Delaware, and
aryland,

b Aipendix 6 of the Report for 1901, positions and descriptions in Kansas and Ne-
raska.

x(*ip endix 4 of the Report for 1903, positions and descriptions in Kansas, Oklahoma,
and Texas.

Appendix 9 of the Report for 1904, positions and descriptions in California.

Appendix 5 of the Report for 1905, positions and descriptions in Texas.

Appendix 3 of the Report for 1907, positions and descriptions in California.

Appendix 5 of the Report for 1910, positions and descriptions in California.

Appendix 4 of the Report for 1911, positions and descriptions in Nebraska, Minne-
sota, North Dakota, and South Dakota,

Appendix b of the Report for 1911, positions and descriptions in Texas.

Appendix 6 of the Report for 1911, positions and descriptions in Florida.

Special Publication No. 11, positions and descriptions in Texas, New Mexico,
Arizona, and California.

Special Publication No. 13, positions and descriptions in California, Oregon, and
Washington.

Special Publication No. 16, positions and descriptions in I'lorida.

Special Publication No. 17, positions and descriptions in Texas.

Special Publication No. 19, positions and descriptions in Colorado, Utah, Nevada,
Wyoming, Montana, South Dakota, and North Dakota.

pecial Publication No. 24, positions and descriptions in Alabama and Mississippi.

Special Publication No. 30, positions and descriptions in West Virginia, Ohio,
Kentuckf' Indiana, 1llinois, and Missouri.

Special Publication No. 31, positions and descriptions in Oregon, Washington, and
California, .

Special Publication No. 43, tions in Georgia.

Special Publication No. 45, descriptions in Georgia,

Special Publication No. 46, positions and descriptions in Maine.

Special Publication No. 54, positions and descriptions in Texas.

Special Publication No. 62, positions and descriptions in Rhode Island.

Special Publication No. 70, positions and descriptions in Kansas,
. Special Publication No. 74, positions and deacriptions in Idaho, Oregon, and Wash-
ington.

gpecial Publication No. 76, positions and descriptions in Massachusectts.
- Special Publication No. 78, positions and descriptions along the Rio Grande arc in

exas.

Special Publication No. 84, poeitions and descriptions in California and Oregon,

Report on triangulation of Greater New York,

Report on a plan of sewerage for the City of Cincinnati.

Apendix EEE, pages 2905-3031, Annual Report of the Chief of Engineers, U. S.
Army, 1902, ﬁ)ositions of points on and near the Great Lakes.

Professional Paper No. 144, Corps of Engineers, U. 8. Army, descriptions of points
on and ncar the Great Lakes, ‘

Publications of the Massachusetts Commission on Waterways and Public Lands,

Various bulletins of the United States Geological Survey.
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Distance.
Latitude
Station, 10208, | Azimuth, amiek | Tostation. ;
ongitude. . Og
gl (mt;tm). Meters. | Feet.
Pr‘ndml 7)0‘7”5. ° 7 ’ o * ° s "
Squaw, 1015..... | 44 01 89.410. ... ..oooiiiufenninninnnnnalonnnnnencnneitoennnnidnns sessslecciocens
. 110 24 40,335
Dry,1016......... 44 10 09.300.278 09 15.85 | 99 01 27.90' Squaw........ 5,0053347| 101235. 04| 332138.2
117 39 40,845
Vale, 1920......... 43 568 15.246| 121 00 38,37} 800 41 25.156| Dry.......... 4,6332464 42978.02| 141003.7
117 12 02,943( 263 20 27,87 84 02 22.53| Bquaw........ 4,8041765 63705, 88( 209008, 4
Freezeout, 1020. ..{ 43 37 28.063! 173 39 40,72/ 353 86 10.85 Dry........... 4, 78466068] 60900.94( 199825.5
117 34 38.174| 218 04 42,04| 88 20 20,10/ Vale.......... 4,09007568) 480x0.41| 100716.2
243 45 49.38) 64 34 16,49 Squaw........ 5. 0179088 104209, 88, 341805.3
Beulah, 1820...... 43 52 13,005| 226 12 19.57; 46 30 26,21] Dry........... 4,.0824081] 48120, 14} 157903.7
118 05 44.572| 303 00 28.72] 123 21 50.30, Froezeout..... 4.0980398| 48%u8.77| 163709.5
Btar,1020......... 43 22 32,390/ 160 20 02.20( 840 23 47,02 Boulah........ 4,74742721 55001, 99| 183405.1
117 58 07.042| 105 34 31.35| 15 47 17.04) Dry........... 4.00180711 91581.36] 300463.2
228 44 40.13; 49 00 59,35 Freezeout.....| 4.6235802 42032.88| 137902.9
Crow, 1020 ....... 43 31 27.106/ 220 28 48,26/ 40 45 45.76; Benlah,. .| 4.7040443| 50057, 56/ 160199.0
118 30 17,389 200 38 27.¥3( 111 00 34.96| Star... .| 4.6007388| 406423.08( 152300.3
Riddle, 1920...... 43 00 02.213| 179 21 58.82, 359 21 42.92| Crow. 4.0720940| 47004.56| 164411.0
118 29 54,213 200 42 57.72| 20 59 85.35 Beula 4.00614536] 01500.85) 800218.7
234 25 53.78] b4 47 39,86 Star,. .| 4.7228581| 52766.48( 173118.0
Durns, 1920....... 43 33 42,480, 274 20 43.42 94 47 26.89, Crow. .| 4.7195084( 52421.37 171985.8
119 00 04.001; 313 49 41,68 134 10 34.80; Riddle. .| 4,80730406( 73087. 63| 241756.8
Jack, 1920.........| 43 02 32, 550! 164 23 55, 58] 344 16 43.02| Burns 4.77767201  59933.95| 100633. 3
118 57 08,780, 259 54 35,86/ 80 13 10.78] Riddle 4.5740143| 37498. 53 123026, 4
‘ 13 58 41,82 34 17 05.23[ Crow. 4. 8107005 64670. 54 212173.3
Juniper, 1920..... 42 565 48.008! 221 51 18.71] 42 23 25.48[ Burns.. ...| 4.9758523| 094501, 54| 310339.1
119 565 57.180) 200 48 56,13) 81 20 03.27] Jack....ov....| 4.9082048 80B47. 76} 205576.1
Wagontire, 1929... 43 20 58, 724' 248 15 34,531 68 48 06.37| Burns.........| 4.8085545| 04350.88/ 211124. 5
N 02, 50/ 87.17) Jack... ... 4.9223798) 83633, 40) 274387. 2
41,58 59.77 4,0004252] 46711.05] 153263.1
Diablo, 1920...... 28, 4,8414030| 004106, 00| 227744.6
) 4,7138848]  51746.95| 160773.1
Round, 1920...... 4.7218118| 52700. 14| 172900, 4
4.8207140,  07503.78] 221065. 5
Groys, 1920....... . 4, 0838191] 48285.77) 158417.8
. ...| 4,6204551] 41730.64| 136011.3
Jr. 4,8014344| 03304, 47) 207691.4
Bharp, 1920....... 1. 4.1787171| 15090.07] 40511.0
120 28 46 906 4. 06 4.6607526 45682, 79( 140877.6
White, 1920....... 42 40 20,835 23 55 37.20| 203 51 12.26 4.3433105) 22045.02) 72326.0
120 23 51, 608) 160 29 48, 05| 340 26 27. 55| ...| 4,3028827| 20085.60] 65897.2
157 08 34. 42 337 01 45. 50, .| 4.5452008| 35000, 26] 115145.0
233 08 03.46] 53 27 01,19 4.06763252] 47459, 73| 155707.5
Paisley north baso,| 42 40 44.232] 101 12 20.40| 11 13 50,98 4 1006100 15300.97| 50885.6
1920. 120 36 06,141} 250 38 19.07| 79 43. 17.71 .| 4.0060000{ 10139.32} 33265.4
316 37 22.17| 136 45 4.8786674| 23014.84| 78460.6
I’sbggysouthbnso, ;g g’;’ llig 40/ 162 25 41.37| 342 23 30,26/ Palsiey north | 4, 1021028| 14527, 568] 47062. 53
1920, 1
199 38 02,72 19 40 49.87 4.2200004] 10034, 10! 54573.7
284 47 08.068{ 104 53 15,78 4.1065434] 12760.98| 41833.8
Hart, 1920. ....... 42 27 30,303| 93 37 28,11 273 00 24,37, 4.7900002| 063082, 54| 206003.3
119 44 26,199 130 02 46, 37| 309 20 13. 80| 4.0430703] 87835. 54| 288173. 8
163 18 19. 04| 343 10 30, 48 4,7367531] 64544, 77| 1780562.3
Crane, 1920. ...... 42 03 47.602] 155 23 54, 10/ 335 13 09.05, 4.7200501] 52596.77) 172561.2
120 14 24,270] 222 54 12.37| 43 14 21.61 .| 4.7806042] GU348. 18] 197982.3
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Distance,
Latitude
Station, and Azimuth, ?“'{h To station,
longltude. szimuth. Log | yet Foet,
(meters). etors. cet.
Principal points-~
Continued. :
o ! Iz o ’ ” ° ’ ”
Drake, 1920....... 42 18 14.621] 15 54 04.22( 195 50 21.68 4 4442214 27811.31] 01244.3
120 08 52.800( 125 36 21.35| 305 21 51.35 4.5501829, 36230, 50(118896.0
242 32 28.41) 62 48 57.05 4.5770018] 37705, 20/123901. 3
Yonna, 1920. . ....{ 42 19 36,000 253 17 13.53| 73 48 03.39] Round........ 4.8155571,  65300.02(214556, 4
121 16 05.935) 288 39 53.50) 109 21 19.78] Crane......... 4.0534268  8U831. 01204720 8
Cougar, 1920...... 42 18 26.504| 92 32 48.16| 272 00 59.96] Yonna 4.7218571  5£2705. 84(172018. 4
120 37 46.205| 206 04 44.12] 26 09 42.96 Round .| 4.3621308| 23021.38| 75529. 2
309 59 44.13| 130 15 25. 63| Crane .| 4.6240471|  42077.22138048.3
Lakeview bench [ 42 11 36,988 119 47 17.68| 200 36 27.90| Cougar 4.4000004] 25504, 00| R3674.0
mark M 16,1920./120 21 39, 801] 325 10 12.62| 145 24 04.83| Crane.. .| 4.2485740] 17002, 49 57750. 8
Dog, 1920......... 42 07 08.386 199 07 00.31| 19 10 33. 08| Cougar 4.34533580 22148, 07{ 72604.1
120 43 02.984] 254 10 02.29] 74 24 23.44 Lakov{]((wu}'?ltglch 4.4857388| 30601, 23{100397. 6
mar .
278 45 12.37] 09 04 24.44| Crane.........[ 4.6018037] 79981.93(131174.0
Hoffman, 1920 ...| 41 38 40.923( 196 26 23.54| 16 37 48.50| Yonna .| 4.9184200| 82876.15(271002. 8
121 33 10.281| 224 24 38.86] 45 01 41.38| Cougar 5.0385939] 108701, 23(356425. 9
244 50 57.33| 05 43 29.75| Crane......... 5.0703165] 120037, 35/393822. 6
Goosenest, 1920 ..| 41 43 12,863 220 12 44.50( 49 51 02.95| Yonna........ 5.0161005 103778, 28(340479. 2
122 13 17.633] 282 O1 38.19) 102 28 18.56) Hoflman...... 4. 7558057 HO9D0, ¥2(180U77. 7
Aspen, 1920........ 42 18 57.304 9 37 24.29| 189 31 59.48 Goosonest..... 4,8207133( 67008 58/220139. 3
122 05 12.381] 268 42 38.37) 89 15 42.19 Yonna. .. 48201730 67479, 82(221390. 0
330 19 41.86 150 41 07.12| Hofiman 4.9537830]  $0004. 83204662, 8
Whaleback, 1920..( 41 31 43, 181 162 16 37. 73| 342 13 22.30| Gooscnest..... 4.3401031] 22341.03] 73207. 2
122 08 23.4106{ 259 10 45.28| 79 34 07.42 .| 4.6973464) 40813, 43]163420. 6
61 03 27.67( 240 38 04. 49 4.7872785) 01274, 32(201030. 8
Grlzzly, 1920...... 41 08 42.3090 43 30 50.54| 223 04 26.38| Bally.........[ 4.9172860| 82058, 30271188.4
121 58 39.097| 100 59 43. 31| 280 28 01. 51 68400, 541224027, 3
162 22 61,37 342 16 25.83 44709. 3R1146084. 0
214 19 16.65 34 36 07.64 62807. 00200039. 6
Eddy, 1920....... 41 19 12.214| 10 21 30.08| 100 14 45.35 Bally......... 4,9079455) 80899, 43(265417. 5
122 28 41,085 75 10 27.67| 255 04 31. 64| Doliver........| 4.4160584| 26119.11] 85002. 4
205 39 09. 14 25 40 21.68] Goosenest.....| 4.0031073] 40330, 80|161875. 7
230 34 20. 95| 50 47 46. 09 Whaloback... .| 4. 5630082] 36565. 22(110064. 4
204 40 49, 89] 115 00 37.61| Grizzly........] 4.0050855 40247.20151720. 4
Bally, 1904........ 4036 10.939(. ..ot feeiieieiiei e F R P P B
122 39 00.370|. . vveeneefonseneeaaaeeforrareeeaaacaeesdeenrineeeseenrarnnsdieinennns
Mears, 1004, ...... 41 07 29. 16 28 16.81| 180620 20.42| Bally......... 7808671 00370, 39/108084. 87
122 26 52.260). .. oovenaeefeeaecreaeaferernrenaeneneececerneneneieeraains]irieennns
Boliver, 1804...... 41 15 35.575| 298 11 54.84| 118 25 01. 50 Mears......... 4.4999381 31018, 27(103734. 27
122 46 40.811| 351 20 43.00] 171 31 48.00] Baly.........| 4.8676103| 73724.24|241870. 04
Supplementary
points.
Burnsbenchmark| 43 35 08.480! 319 55 20.49( 140 18 12. 94| Rlddle........ 4.8465421|  70233.151230423.3
C 19, 1620 119 03 13.763] 71 25 07.11] 251 21 05.04| Burns. . 3.0198922| 8315, 57| 27282.0
278 33 45,09 98 56 27.81| Crow.......... 4.6520930| 44834. 21/147257.6
Iron, 1920......... 43 15 47.000] 40 42 48.42| 226 23 08.51( Juniper....... 4.7307610] 63797. 36(176500. 2
118 27 10.242) 105 14 37. 68| 284 &6 35. 20 Wa},onﬂre. . 45062827 30830, 80{120855. €
300 63 24.70| 121 13 68.16 Jack.......... 4,6773274 47509. 37|150007. 2
Gearhart, 1920....] 42 20 47.054 59 40 10.04| 239 33 18.84| Yonna........ 4.5723502| 37355. 00[122558. 5
120 62 35. 500/ 270 29 36.07| 90 44 36.18 . 30420, 417 09833, 8
315 49 58. 04f 135 58 57.71| Cougar... 4.4058709 29232 83| 95008.0
Klamath  Falls | 42 12 17,280 111 52 56.41] 291 37 49.00 Aspen.. 4.5224300 33208. 04100248, 4
bench mark (121 42 43.072| 348 37 15.30| 168 43 37. 95| Lothnan. 4.8275082 07221, 50220542. 6
A 15,1920
Soldier, 1920...... 41 04 28.839| 102 45 58.9 | 282 29 35.6 | Grizzly... 4. 5534050 36700.66(117324. §
121 33 44.1306) 180 456 12.5 | 00 45 34.9 | Hoflman......| 4.7753144| 59600, 361195508. 4
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Station,

Supplementary
points—Contd.

Black Fox, 1920 ..

Turret, 1920.......

Dixio, 1920.......

Bald Mountain
(U. 8. Q. 8)

Crater (U. 8.G.8.)
1920.

Bonanza, 1920. ...

Granite, 19201 .. ..

Lookout Moun-

tain, peak, 1920, |

Juniper Mountaln,
Joak, 1020,

Burnt River
Mountains,
sumznit, 1920.1

Castle Rook
(1.8, Q. 8.cairn)
1920.

Kings Mountaln,
sumimit, 1620,

Owyhoo Moun-
lains, suminit,
1920.3

Placidla Butte,
suminit, 1920.2

Little Juniper,
summit, 1920,

Hampton Butte,
Sununit, 1920.2

Glass Butte, sui-
1

Iit, 1020.1
l’gclhsl\oyugxl%lh
00] e
19209 » Lagpole,

Palsloy Methodlst
Church, spiro,
1920.2

Latitudo
and
longitude.

o »”

41 20 48. 634

e

=2

©3

Lol = x
- :
o u
2

s 82
2g 8
£9
£2 &

8%
g
3

40 41 54,072
121 37 06.7¢4

41 04 50.033
122 37 25. 624

40 54 37.38
122 52 18,92
44 36 33,537
117 10 3K. 608

44 12 28,
117 44 54. 145

44 14 35.92
118 08 08,19

44 01 18.411
118 10 55, 404

43 48 45.45
118 62 056.17

42 58 57.26
110 39 42.33

42 41 39.30
120 32 31.85

1 No chock on this position.
1 Position checked by verticals ouly.

121 53 20,027} ¢

. 050

Azlizuth,

38 48 20,
312 30 3.

347 o8
30 42 42. 0
279 48 34.1
301 35 10. 4

202 27 41
307 25 30

28 10 00.3
272 37 52.8
278 21 37.6

15 57 83.0

343 06 40
344 07 38

350 37 18
352 44 30

106 51 58
230 00 26

106 63 43
280 15 22

Distance,
n]z;lggth To station. L
’ 0g )
(meters), Moters. | Foot,
L) ’ n
198 01 30.0 4.3723004| 23568.79) 77318.7
43 56 47.6 ..| 4.6008830] 40727. 52| 133620. 2
137 46 32.6 4.0116820] 40880.75] 1341420
224 55 44.6 | Boldler.... ... 4.7300830] 53713. 44| 176224.8
300 09 09.6 | Hoffman...... 4,0330715) 42960. 71] 140046. 9
288 27 21.7 | Grizely........ 4, 8953801 78592.32| 257848.3
243 30 49.8 | Boldier........ 4.6353351) 43185 22 141683. 5
1 30.9 | Grizely........| 4.7670749| 57276.20| 187014.0
821 03 398.8 1 Soldior........] 4.3035001] 24748.14) =¥1197.38
&G 44 27.8 4. 3816790 24075, 71) 78488, 4
328 28 36.4 | Grizzly........] 4.7642013] 58103.36] 190027. 4
6 27 65.0 | Soldler........ 4. 0236437] 42033. 16{ 137920, 2
61 25 04.0 | Dixie.........| 4. 7030978] 50582, 21 165951, 8
182 23 22.7 | Bally......... 4, 7246307|  53044. 41] 174020.9
326 38 49.2 | Boliver........[ 4.377064(] 24826.71{ 78171.5
71 3830.0 ) Mears......... 4,1024808] 15677.21) 51100.2
56 24 21 Mears......... 4.032381 | 42802.5 | 140723
181 17 27 Bally......... 4. 590007 | 38905.1 | 127641
211 53 50.4 | Dry....... .] 4.7610302{ 57680, 65 189240, 6
218 14 14,0 | Beulah.. 5, 0210156 104958, 02] 344340, 8
133 00 58,0 | Squaw.. 4,9740425) 94198.17] J00048, 6
103 05 15.0 | Froezoout. 4, 8212232 60255, 00) 217373.9
216 28 12. 8 4. 6003737} 40700. 11 1532385, 0
100 44 25. 5 5. 0365430| 108778, 48] 356884, 1
121 38 48.8 3.9122751 8171. 00} 26807, 7
172 07 51 4,088254 | 07331.8 | 310320
147 06 17 4.914202 | B2084.7 | 260306
68 43 41.5 4,8513003] 44802. 30| 146088, 9
132 25 41,2 4.81753360 65695. 18] 215534.9
157 38 48. 5 4, 20014230 18202.97| #9720,9
166 36 20.0 4.8081545] 73810, 68] 242180, 2
184 30 15 Jack..........| 4033704 | 85%42.0 | 281038
150 24 24 Riddle........ 4,927241 84674.8 | 277470
291 53 30 Star........... 5.060280 | 114801.0 { 376838
313 30 5% Yreezoout..... 5.012725 1 102073, 8 | 337838
113 18 07 Riddle........ 6.033445 | 108005, 2 | 354347
127 67 16 Jack. ...t 4.800128 | 70273, 4 | 260088
04 55.6 mys......... 4, 3434008, 54,48 72357.1
03 33 08. 2 | Riddlo.. 5, 0405181 109778, 71| 360165, 7
68 15,7 { Jack. ... 4, RA80523( 73709, 31| 242123, 2
195 54 10.1 | Junipor.......| 4.4122025] 25838,21] 84770.9
163 21 08 Juniper....... 4.900083 | 07045.2 | 321342
164 20 19 Qrays......... 4.903008 | 91841.4 | 301310
170 43 06 Junipor....... 4, 848862 | 70009, 4 | 231058
172 48 38 mys.........| 4. 811638 | 04794, 5 | 212580
16 54 32 8Sharp......... 4.245233 | 175887 | 67708
100 08 18 White........ 4.080059 | 12024,3 | 39450
10 68 15 8harp......... 4.243058 | 17537,1 [ 57536
100 21 15 White.........| 4080157 | 12027.0 | 89458
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Geographic positions—Continued.

Distance,
Latitude —
Station. and Azimuth, P“‘"{h To station.
longitude. szimuth. Log | Motors
(moters). | ° .

Supplementary
points—Contd. }

° ’ L4 L ’ ~ L] ’ »

Crooks Peak, 42 21 45.447! 81 19 44.2 | 261 00 22,7 | Cougar. 4., 0018071 :'399?0. 72
hé&k]lcsl point, (120 09 01.615[ 252 03 59.6 | 72 20 34.7 | Hart... 4, 5493052 3583, 96
1920, 358 14 09.5 | 178 14 15.4 | Drake......... 3. 8134545 6508, 10|

Drake Poak |421803.300] 06 30 18.06 | 246 13 42,8 | Dog........... 4,7033727 5(_)5(_)0. 45
lookout house, 1120 09 24,958 126 44 07.2 | 306 20 68.9 | Round........ 4, 5646047 .t.‘_)&')l_Qg

1920. 154 36 19.2 | 334 26 33.9 | White.....__.. 4. 062800K| 46014, 72
244 41 46.4 | 64 42 08.0 | Drake......... 2. 9100846 813,01

Peak, first north | 42 19 37.997| 86 55 12.0 | 266 306 06.0 | Cougar........ 4. 5M5124] 39040, 23
of station (120 08 24.206] 246 33 00.2 { 66 49 5.1 art.......... 4, 5717038 37307, 30]
Drake, 1920, 314 24 36.7 | 164 24 57,9 | Drake......... 3, 4200388 2670, 74

Steins Mountain, | 42 44 05, 811| 184 57 37.1 4 59 23.3 | Riddle........ 4, 6103080] 40775.5
)llégge.st point, 118 32 30.119] 213 03 33.6 | 33 27 01.7 | Star........... 4.0300107| 85117,1

‘Monument Moun-| 42 28 40.475| 178 16 #0.8 | 358 16 58.3 3.2372035  1720,05
tain (U.B.G. 8. (120 30 20.835| 202 02 43.1 | 22 07 06. 5 || 4.3731745) 23614, 27
cairn), 1920, 222 52 19,0 | 43 15 38.7 4, 8374780 08742, hl

Lakeview court- | 42 11 22,166] 75 51 50.6 | 255 36 58.9 | Dog........... 4, 5023064| 31791, 16
house, finial, ;120 20 40.951| 108 41 21.7 | 288 40 42.1 | Lo keview | 3.1540215 1427.65
1920. {):nch mark

110 12 48.4 | 209 01 19.0 | Cougar........ 4.4298548) 20006, 35

Grizzly Peak, | 42 1510.69 | 23 42 59 203 39 48 Dog...ccceeen 4, 210860 [ 16250, 6
summit, 1820.1 120 38 18,40 | 188 57 03 6 57 25 Cougar........ 3. TR4307 00RO, 6

Fishhole Moun- | 42 15 15.53 | 246 42 44 06 49 27 Cougar........ 4.174311 | 14038, 6
tain, tallest |120 47 45.40 | 336 38 68 150 42 OR Ofveaceecnenn 4, 213993 | 16307.9
tree, 1920,1

Crater (or Magee) | 40 41 23.00 | 149 11 58 328 57 51 QGrizzly....... 4,770265 | 58020.3
l&(&k}({ut house, (121 37 05.97 | 240 08 16 60 28 51 Dixie..,....... 4.708048 | 51060, 1

Mount McLaugh- | 42 26 41.774| 354 28 37.1{ 174 82 22.6 | Goosenest..... 4. 007763!4 &0RB5, 50
Jin (or Mount (122 18 54.332! 278 18 43.9 | 99 01 04.2 | Yonna........| 4. 9405045 87197, 60|
Pitt) lookout 307 14 00,0 | 127 23 23.0 | Aspen........ 4, 3730055 230642. 61
house, 1920. s

Weed Lumber | 41 26 07.16 | 34 11 42 214 07 35 LEddy......... 4,189494 | 15470.1
Co., east chim- (122 22 27.80 | 201 53 23 21 59 28 Goosencst..... 4. 532044 | 34114.8
ney, 1020.%

Weed Lumber | 41 26 07.45 | 34 08 24 214 05 17 Eddy......... 4.180004 { 15474.0
Co., west chim- (122 22 28,14 | 201 54 19 22 00 24 Goosenest...... 4, 532800 | 34108.7
ney, 1920.3

Boliver lookout | 41 156 33.496] 212 48 10.2 | 32 48 11.4 | Boliver....... 1. 8825615 76.31
house, 1920, 122 46 48,587 254 57 46,0 7500 43.2 | Eddy......... 4, 4178008| 20175.61

451 24 20,71 171 29 27.5 | Bally......... 4. 8672729| 736006. 8

Bonanza lookout | 41 04 49.737| 146 44 17.7 | 328 38 07.9 | Bollver.......| 4. 3773208 23840, 80

house, 1920. 122 37 25.124) 204 34 44,7 | 224 40 20.5 | Eddy......... 4. 4664033] 20208, 69
225120182 24 09.7 | Bally......... 4. 7245088 63035, 76

Burney (U. 8. 40 48 25,34 | 141 58 10 321 44 23 Grizzly.......| 4.678834 { 47735.8
. 8.), .3 121 37 38.03 | 254 35 04 74 56 04 Dixie......... 4, 000522 | 46722.1

Beatties Bulte, | 42 23 10.606| 103 48 54,3 | 283 32 20.1 | Hart....... ...| 4.5305827] 34640.3R8

summit, 1020, {119 19 52. 585| 140 59 34.2 | 320 35 07.4 | Juniper....... 4, 920106 77980, 00
202 68 02.0| 2313285 Jack.......... 4, BO88O1Y| 79230, 35|
23 43,9 | 40 57 30.0 | Riddlo........ 5. 0100502 164028, 65

Drakes Pecak | 42 18 01.828| 100 50 50.4 | 2%0 40 49.8 | Drako......... 3.3220003)  2080.3
U. 8. G. B.[120 07 22, 850] 192 31 42,2 | 1239 25.7 | Juniper....... 4.8554027| 71680. 8
cairn), 1920 40 20 43.6 | 00 45 11.5 | Hart..........]| 4.06670894] 30140.9

131157.0
116246. 4
21352.0

166713, 1
1170622. 1
150000, 8§

2067, 4

128084. 5
122399.0
8762.4

133777.6
279255.0

04,9
77474. 6
2250663, 9

104301. 5
40K3. 9

88275.3

53316
12009

49011
53700

103308
167507

205300. 5
2800%0, 8
77507. 6

50755
111925

0768
111906

250, 4
85877, 8
241089, 1

782177
96026, 7
174001, 5

160609
153257

113649, 3
255859, 1
200841, 6
343208.9

0887.5
235172, 8
118572.3

1 No check on thus

osition.

s Position checked by verticals only.
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TABLE OF ELEVATIONS.

Point to Flevation ab Point to 1 -
Statlon, which oleva. | Frovation ahove Statlon. which clova- | Elevation above
t{on rafers. mesn sea loval, tion rofors. moan soa leval.
Class 1. . Class 8—Con. '
Mcters. Feet. Mcters, | Feet.
Burns bench | Stationmark| 1204. 6099 | 4148,97 || CastleRock (U. | Calrn, mid- | 2087.0 6847
mark C 19. 8.4d.8.). dle point.
Lakoview bench |..... do...... 1443.0557 | 4734.43 || Owyhoe Moun- | Swnmit..... 2571.9 8438
mark M 18, tains.
Klamath Falls'..... do......| 1274.5704 | 4181,05
bonch mark KingsMountain.| Ground..... 2045. 4 6711
A 15, Placidia Butte..|..... do......| 1680.5 5513
) £ 07 ) VORI PN do...... 1636. 0 5367
SteinsMountain.|..... do......| 2851.0 9354
Beattles Butte..|..... do......| 24128 7816
...] 1800.15 5900. 0
.| 1878.10 06480. 8 Little Juniper |..... do......| 18725 0143
.. 006508 3160.3 Mountain.
.| 1776.58 | 6828.7 || Glass Butte..... 6300
.| 1671,68 5484.5 Harnpton Buttoe.|... .. 06333
Crooks Peak. ... 7834
6042.2 || Paisley high 4415
5892.5 school.
6366.3 {|-
5279.3 || Paisley Metho- | Cupola...... 1348.6 25

1 1709.49 | 5008.6 dist Church. .
Drakes P eak | Cairn, top...| 25660.9 8402

Y . ..| 1881, 59 6173.2 (U.8.4.8.).
Wagontire I do. 1082, 47 6504, 2 Drakes Poak, | Topofhouse.| 2505.0 5218

Paisley south ceeeeo| 136439 4443.5 lookout bouse.
baso. Peak, first north.| Ground..... 2482.3 8144

Paisley nortl‘l 1345.13 4413.1 (I)" ]? rakos

eak.
.| 1748.99 §738.1 || Monument | Topofcaim.| 2224.1 72097
Mountain,

...| 1873.14 6145.5 || Gearhart........ Ground.....| 2640.2 #3604
...| 180192 | 6207.1 [[Mount Mo | Topofhouso.| 2498.6 9510
...| 2035. K2 0079.2 Laoughlin look-
.| 2444.37 8019. 6 out house.
2535. 34 8318.0 Weed Lumber | Top......... 1128.3 3702

Co., east chim-
2278, 87 7470.6 ngg.
... 2113.98 0936.8 || We Lumber |..... do...... 1127.3 3698
... 2574, 52 8446.0 Co.,westchim-
...| 2415.03 7925.3 noi.
.| 2202.04 7228.5 || Black Fox...... Btation mark| 1984.4 6510

...| 2502, 53 8210. 4 ... 18711 0130
.| 2416.38 7927.7 .| 1688, 6 5640
.| 2526.48 8289, 0 1852.0 6076
1802. 4 6208. 6 170i.3 5582

s | 8043.0

.| 2174.1 7182.9

... 2601, 73 8535. 8

..| 1905, 09 0253.2 || Boliver lookout | Topofhouso.| 2472.0 8112
.| 2753.44 $033.0 3

Bl(x)mgy (U. 8. Cairn, top...| 2399.2 7871
<8

ouso.
Cratcé (U. S.j Ground.....| 2045.3 8679
Donanza look- Topofhouse.] 21249 6971

Lookout Moun- | Ground..... 2172.4 na out houso.

tain. Grenitel........ Ground..... 2467 8004

Jutr;llpor Moun- |..... do......j 1973.7 64756

n.
Burnt Rivor | Summit..... 2381.9 7816
Mountains. '

1No check on this olevation.

Note.—The datum for all the elevations is mean sca level. The stations are in
three classes—first, those fixed by direct connection with sea level, tho elevations of
which are subject to a probable error of 0.1 meter; second, the stations in the main
schome fixed by reciprocal measures of vertical angles nnd subject to probable errors
varying from +0.1 to 1.5 meters; and, third, tho interscction stations the clevations
of which are fixed by measurement of vertical angles which aro not reciprocal, tho
stations not being occupied, and subjle(:t to probable crrors which may be as great as
+3 meters. In tho third class are also a few supplementary stations the elevations
of which were partly determined by reciprocal observations.

97455°—22—3
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DESCRIPTIONS OF STATIONS.

This list may be conveniently consulted by reference to the illustra-
tions at the end of this publication or to the index. All azimuths
given in the descriptions are reckoned continuously from true south
around by west to 360°, south being 0°, west 90°, north 180°, and
east 21’170°. Where magnetic azimuths are given they are indicated
as such. -

In general, except where the contrary is specifically stated, the
surface and underground marks are not 1n 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 county refer to the chief of party by whom the station was
established, the date of the establishment 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 STATIONS.

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. 1. The disk of the station
mark is 90 mm. in diameter, with a hole at the center surrounded
by & 20-mm. equilateral triangle, and has the following inscribed
legend: “U. S. Coast and Geodetic Survey Triangulation Station.
For information write to the Superintendent, Washington, D. C.
$250 fine or imprisonment for disturbing this mark.” The shank is
17 mm, in diameter and 80 mm. long, with several grooves cut
around it to give a secure anchorage in concrete.

The standard disk reference mark, shown in figure 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 the 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 arc made as gencral
as possiblo in order that it may not be necessary in the field to describe
small and unimportant variations.

NOTES DEBCRIBING BURFACE AND BUBSBURFACE STATION MARKS, REFERENCE, AND
WITNESS MARKS.

Surface marks.

Note 1.—A standard disk station mark set in the top of (a) a square block or post of
concrete, (b) a concrete cylinder, (¢) an irregular mass of concrete.

Note 2.—A standard disk station mark wedged in a drill hole in outcropping bed-
rock (e) and surrounded by a triangle chiseleg in the rock, (b) and surrounded by a
circle chiseled in the rock, (c) at the intersection of two lines chiseled in the rock.

b l&’;)w ]f.—A standard disk station mark set in concrete in a depression in outcropping
edrock.
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. Triangulation station mark.
. Hydrographic station mark.
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Note 4.—A standard disk station mark wedged in a drill hole in a bowlder.

Note 5.—A standard disk station mark set in concrete in a depression in & bowlder.

Note 6.—A standard disk station mark set in concrote at the center of the top of a
tile (¢) which is embedded in the ground, (b) which is surrounded by a mass of con-
crete, (¢) which is fastened by means of concrete to the upper end of a long wooden
pile driven 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 at tho center of
its upper surface (a) a standard disk station mark, (b) & copper bolt projecting slightly
above the concrete, (¢) an iron nail with the Foint projecting above the cogcrete,

-{d) a glass bottle with the neck projecting a little above the concrete, (¢) an carthen-
ware jug with the mouth projecting a little above the concrete.

Note 8.—In bedrock (a) a standard disk station mark wedged in a drill hole, ()
& standard disk station mark set in concrete in a depression, (¢) & copper bolt set in
cement in a drill hole or depression, (d) an iron epike set point up in cement in a drill
hole or depression.

Note 9.—In a bowlder 3 feet below the ground (a) a standard disk station mark
wedged in o drill hole, (b) & standard disk station mark set in concrete in a depres-
gion, {:ﬁa copper bolt sot with cement in o drill hole or depression, (d) an iron spike
sct with cement in & drill hole or depression.

Note 10.—Embodded in earth 3 feet below the surface of the ground (a) a bottle in
an upright position, (b) an earthenware jug in an upright position, (¢) a brick in a
horizontal position with a drill hole in its upper suriace.

Reference marks.

Note 11.—A standard disk reference mark with the arrow ?ointing toward the
station set at the center of the top of (a) a square block or post of concrete, (b) a con-
crete cylinder, (c) an irregular mass of concrete.

Note 12.—A. standard disk reference mark with the arrow pointing toward the
station (a) wedged in a drill hole in outcropJ)ing bedrock, (b) set in concrete in a
depression in outcropping bedrock, (c) wedged in a drill hole in a bowlder, (d) set in
concrete in a depression 1n a bowlder.

Note 13.—A standard disk reference mark with the arrow pointing toward the
station sct 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 concrete, (¢) which is fastened by mesns
of concrete to the upper end of a long wooden pile driven into the marsh, (d) which
is set in a block of concrete and projects from 12 to 20 inches above the block.

Witness marks,

Note 14.—A conical mound of earth surrounded by a circular trench.

Note 15.—A tree marked with () a triangular blaze with a nail at the center and
each apex of the triangle, (b) & square blaze with a nail at the center and cach corner
glfl the square, (c) a blazo with a standard disk referenco mark sot at its center into

o tree.

ADDITIONAL NOTES FOR THIS PUBLICATION.

Note 16.—A §-inch copper bolt 3 inches long comented into a drill hole in the rock,
while directly above it and in the same hole 18 cemented an old-type station mark, &
digk and shank of brass cast in ong giece, and having a raised flange around its edge,
with a polished center surrounded by the raised letters “U. 8. C. & G. 8.” A cross
in the top of the bolt and another in the polished center of the disk marks the station.

Note 17 —The reference mark is a ﬁunch or drill hole in the top of a #-inch copper
bolt, cemented or leaded into & drill hole in a rock with the top of the bolt flush with
the surface of the rock.

PRINCIPAL POINTS.

Dry eialhour County, Oreg., C. V. Hodgson, 1916; 1920).—About 22 miles north-
west of Vale, 8 miles southwest of Brogan, 8 miles southeast of Juniper Mountain, and
6 miles southwest of Charles Pritchard’s ranch, on the highest point of the west end of
a bald ridge. The station was marked as described in note 5, with a reference mark,
a8 described in note 12d, 22.25 meters from the station in azimuth 132° 59”. The

For notes in regard to murking of stations soe p. 16,
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cairn, 7 feet in diameter and 10 feet high, marking the U. S. Geological Survey station
Dry Ridge is 3.70 meters from the station in azimuth 30° 47/,

Squaw (Canyon-Boise Counties, Idaho, C. V. Hodgson, 1915; 1920).—On or ncar
the fine between Canyon and Boise Counties, about 11 miles north and 6 miles_east
of Emmett, about 5 miles cast of Van Deusen ranch, 24 miles K. 10° N. from H. M.
Shearer’s house, on the highest and most northerly butte of Squaw Mountain, and
about one-quarter mile south from Cold Springs, well known to the ranchers of the
vicinity. The station was marked as described in note 5, the bowlder projecting 4
inches ahove the surface of the ground. The reference mark, as descn'{))a in note
12d, is at tho same elevation as the station and 18 inches above the ground. It is
5.56 meters from the station in azimuth 156° 397,

Vale (Malheur County, Oreg., E. W. Eickelberg, 1920).—About 2 miles cast by
gouth from the town of Vale, 0.6 milo south from the Vale-Ontario road, and on the
highest pointof a prominentrocky butte, the highestin theimmediate vicinity. The
station was marked as described in note 2, while two reference marks, as described in
note 12a, were set as follows: 17 meters from the station in azimuth 303° 29’ and 6.45
meters from the station in azimuth 195° 47/. A U. 8. Geological Survey cairn is 4.12
meters from the station in azimuth 137° 417, .

Freezeout (Malheur County, Oreg., E. W. Eickelberg, 1920).—About 40 miles
southwest from the town of Vale, about 15 miles south from Harper, about 4 miles
south from the main Vale-Skull Spring-Crane road, 2 miles north from an old dim road
leading from the main Vale-SkulFSpring road at a point 3 miles east of Coyote Wells
via Buckboard Springs to the McKnight sheep ranch on the Vale-Watson road. Sta-
tion bears north from the road at a point 54 miles east of Buckboard Springs, where it
leads through a narrow gap in the rock, but is not visible from the road. ~The U. 8.
Geological Survey cairn ‘*Grass,” on or near the higliest point of a ridge known as
Freezeout 1lills is 4.5 meters from the station in azimuth 348° 01/, The station was
marked as described in note 4, while two reference marks, as described in note 12¢,
were set as follows: 14.23 meters from the station in azimuth 222° 48/ and 5.60 meters
from the station in azimuth 306° 03”. .

Beulah (Malheur County, Oreg., E. W. Eickelberg, 1920).—~About 5 miles south-
east from Beuluh post office, and about 12 miles north from Juntura, on highest point
in vicinity. Station ison hill directly behind one which appears as highest one from
Beulah. Thoe station was marked as described in note 2, while two reference marks,
as described in note 12a were set as follows: 17.01 meters from station in azimuth 153
42 and 6.12 meters from station in azimuth 359° 5¢/.

Star (Malheur County, Oreg., E. W. Bickelberg, 1920).—~About 15 miles south-
east from Riverside, about 2 miles east of tho Riverside-Crowley road, about 3 miles
southwest from the Starranch and 2 miles east by south from the ranch house formerly
owned by Sam A. Armstrong, and on the southerly end and highest point of Star
Mountain. Thestation wasmarked as described in note 2, while two reference marks
as described in notle 12a, were set as follows: 9.83 meters from station in azimuth 83%
23/ und 10.48 meters from station in azimuth 244° 26/, ’

Crow (llarney County, Oreg., 1. W. Eickelberg, 1920).—About 9.5 miles north-
east of Crane, about 30 miles east of Burns, and 5 miles by.road and trail east of the Crow
Camp ranch, and on the highest point of Crow Camp Mountain. The station was
marked a8 described in note 2, while two reference marks, as described in noto 12a,
were ect 48 follows: 13.19 meters from station in azimuth 311° 26/, and 12.95 metors
from station in azimuth 57° 57/,  U. S. Geological Survey cairn ““Crow ” is 3.90 meters
from station in azimuth 173° 58’,

Riddle (llammey County, Oreg., I&. W. Eickelberg, 1920).—About 26 miles south-
east from Narrows, ahout 24 miles south from Crane, 6 miles east from Smith post
oftice (locally known as Coon Town), 4 miles north of James Paul ranch, and on the
eastern end and highest point of Riddle Mountain. The station was marked a8 des-
cribed in note 2, wiile two reference marks, as described in note 12a, were set as fol-
lows: 16.55 meters from station in azimuth 122° 41/ and 4.75 meters from station in
azimuth 272° 227,

Burns (Hamey County, Oreg., E. W. Eickelberg, 1920).—About 7 miles west
from Burns, 4.4 miles north (by wood rond? from the DBurns-Bend highway, and
on the highest point of one of the Sagoe Hen Hills. The station is about 2 miles farther
west and to the left of the hill which appears to be the highest when looking from
Burns. The station was marked as described in noto 2, while two reference marks,
as described in note 12a, were sct as follows: 6.18 meters from station in azimuth
354° 41 and 8.42 meters from station in azimuth 162° 00’.

Tor notes in regard to marking of stations sco p. 16.
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Jack (Harney County, Oreg., F. W. Lickelberg, 1920).—About 40 miles south
from Burns, about 16 miles south from Narrows, and 4 miles west from the Narrows-
“P” Ranch-Denio road, on the westerly and higher of two prominent hills known
locally as the Jackass Buttes. The station was marked as described in note 2, while
a reiere}xce mark, as described in note 12¢, was set 13.65 motors from station in azimuth
329° 23/,

Juniper (ITarney County, Oreg., E. W. Eickelberg, 1920).—About 60 miles north-
east from Lakeview, about 20 miles south from Butte, and 5 miles east from Alkali
Lake, on the highest point of Big Juniper Butte. The station was marked as described
in note 2, while two reference marks, as described in note 129, were set in the following
azimuths from tho station: 7° 12/ and 118° 35’.

Wagontire (Lake-llarney Counties, Oreg., . W. Eickelberg, 1920).— About 4
miles west of the Burns-Butte road, on Wagontire Mountain, and about 100 mecters
north of its highest point. This highest point has soveral massive rocks on it. The
station was marked by a standard disk station mark set in the center of a flat rock
about 6 by 10 feet insizeand about 1 footabovethelevel of theground. Tworoference
marks, as described in note 12a, were set as follows: 13.43 meters from station in
azimuth 353° 43’ and 15.22 meters from station in azimuth 123° 15,

Diablo (Lake County, Oreg., E. W. Eickelberg, 1920).—About 20 miles north of
Paisley and about 7 miles cast of the north end of Summer Lake, on Diablo Mountain,
and about 50 metors south of its highest point. The station was marked as described
in note 2, while two reference marks, as described in note 12a, were set as follows:
]4:7106 rrglewm from station in azimuth 1° 19’ and 22.50 meters from station in azimuth
147° 5¢.

Round (Lake County, Oreg., E. W. Eickelberg, 1920).—About 19 miles south from
Paisley, 30 miles north from Lakeview, about one-half mile south from Round Pass,
on the highest point of Round Mountain, and about 6 meters southeast of a Forest
Service lookout house under construction (in 1920). The station was marked as de-
scribed in note 1¢, while reference marks, triangles cut in the west sides of two pine
trees, were 29.12 moters from tho station in azimuth 202° 26/ and 29.26 meters {rom
station in azimuth 234° 40,

Grays (Lake County, Oreg., L. W, Eickelberg, 1920).—About 60 miles northeast
from Lakeview, about 20 miles south from Butte, 3 miles east from Alkali Lako,
and on the highest point of Grays Butte. Tho station was marked as described in
noto 2, while a reference mark, as described in note 12a, was set in azimuth 207° 22/
from the station.

Sharp (Malheur County, Oreg., E. W. Eickelberg, 1920).—About 10 miles N.
17° B, from Paisley, about 24 miles west from a wagon road leading from the Paisley-
Butte and Burns road at a point 10 miles from Paisley, and on the highest point of
Sharp Butte or Sharp Top. The station bears west from the road at & point 13.8 miles
from Paisloy, but is not visible from the road. Tt was marked as described in note 2,
while a reference mark, as described in note 12a, was set 6.24 meters from the station
in azimuth 195° 48/, .

White (Lake County, Oreg., E. W. Fickelberg, 1920).—About 7 miles east of
Paisley, about 3 miles northeast of the ZX white ranch house, and on the highest
point of Coglan Buttes. Tho station was marked as described in note 2, and a reference
max;k, as described in note 12a, was set 23.53 meters from the station in azimuth
240° 20/,

Paisley north base (Lake County, Oreg., E. W, Eickelber;ﬁ 1920).—About 10
miles north of Paisley, 600 meters west of the Paisley-Hoy ranch road at the south
base of the southerly of two rocky buttes, the only ones in the vicinity. The station
was marked as described in note 4, and a reference mark, as described in note 12¢,
was set 43.50 motors from the station in azimuth 159° 517,

Paisley south base (lake County, Oreg., E. W. Eickelberg, 1920).—About
throo-fourtha mile north of Paisley, at the junction of the Paislay-Silver Lake and the
Paisley-Butte and Burns wagon roads, about 20 foot east of a corner fence post at tho
southeast corner of rond crossing and 6 feet north of the cast and west {ine fence.
The station was marked by a standard disk station mark set in a conerote block 12
inches square and 22 inches high, and by an underground mark, a standard disk set
in concrete 18 inches below the surface, with 2 inches of earth between it and the sur-
face mark. A standard disk reference mark in a concrote block similar to tho one
just described was placed 7.97 meters from the station in azimuth 71° 14/,

Hart (l.ake County, Oreg., E. W. Eickelberg, 1920).—About 9 miles northeast of
Plush post offico, 7 miles by road and trail south from Lyons sheep ranch, and three-
fourths milo west from & dim road leading from the Lyons shoep ranch to Old Post,

For notes in regard to marking ot statlons soe p. 16,
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on highest point of llart Mountain, a well-known ridge lying east of Warner Lake,
The station was marked as described in note 4, while reference marks, as described
in note 12¢, were set as follows: 11.48 meters from station in azimuth 122° 04/ and
29.55 meters from station in azimuth 303° 107,

Crane (Lake County, Oreg., E. W. Eickelberg, 1920).—About 8 miles southeast
from Lakeview, on the highest point of Crane Peak. The station was marked as
described in note 2, while two reference marks, as described in note 12a, were set as
follows: 19.8 meters from station in azimuth 176° 44’ and 9.9 meters from station in
azimuth 323° 57/,

Drake (Lake County, Oreg., E. W. Eickelberg, 1920).~~About 14 miles northeast
from Lakeview, 3 miles northeast from Bulls Prairie ranger station, five-cighths mile
northeast from the IForest Service lookout on Drakes Peak, and on a round hald
mountain about 14 miles northwest from Drakes Peak. The station was markod as
described in note 4, while a reference mark, as described in note 12¢, was set 22,01
meters from the station in azimuth 216° 15’.

Yonna (Klamath County, Oreg., 13. W. Eickelberg, 1920).—About 12 miles north-
east from Bonanza, on the top of Yonna Butte, and about 70 meters east from its
highest point. The station was marked as described in note 2, while two reference
marks, as described in note 12a, were set as follows: 1.73 meters from station in azimuth
354° 23’ and 4.99 meters from station in azimuth 140° 26

Cougar (Lake County, Oreg., . W. Eickelberg, 1920).—About 18 miles northwest
from Lakeview, 5 miles by road and trail southwest from Thomas Creek ranger station,
32 miles by trail from road leading from Lakeview to Thomas Creek ranger station
via Mesman Creck, and 10 meters southeast from Iorest Service lookout ‘‘ Cougar
Peak.” The station was marked as described in note 4, while two reference marks,
a8 described in note 12c, were sot as follows: 11,42 meters from station in azimuth
89° 58’ and 5.44 meters from station in azimuth 6° 05/,

Lakeview bench mark M 18 (Lake County, Oreg., II. W, Eickelborg, 1920).—
On the west edge of the town of Lakeview, on the south side (in fence line) of the
Lakeview-Klamath Falls wagon road, and about 300 yards west from the N. C. O,
Railroad crossing. The station was marked as described in note lc, whilo a reference
rlré%gkéqgs described in note llc, was set 18.45 metors from the station in azimuth

DoE Lake County, Oreg., E. W. Eickelberg, 1920).—About 22 miles south by west
from Lakeview, 24 miles by trail’north by west from Dog Lake ranger station, and 5
meters northeast from a Forest Service lookout which occupies the highest point on Dog
Mountain. The station was marked as described in note 2, and two reference marks,
as described in note 12a, were set as follows: 3.30 meters from station in azimuth
0° 14’ and 4.58 moters frora station in azimuth 182° 53,

Hoffman (Siskiyou County, Calif., E. W. Eickelberg, 1920).—About 32 miles
northeast from McCloud, about 21 miles east by south from Bray, 4 miles northeast
from Medicine Lake ranger station, and on the highest point of Big Hoffman Mountain.
The station was marked as described in note 2, wﬁile two reference marks, as described
in note 12a, were sot as follows: 11.51 meters from station in azimuth 107° 23’ and 11.67
meters from station in azimuth 329° 38/,

Goosenest (Siskiyou County, Calif., E. W. Eickelberg, 1920).—About 20 miles
east from Montague, Calif., on the highest point of Goosenest Mountain, and at the
edge of an old crater. The station was marked as described in note 2. There are
two reference marks; one, as described in note 12a, was sot 31,12 meters from the station
in azimuth 343° 1%, and the other, an arrow cut in native rock, is 16.05 meters from
the station in azimuth 171° 29’.

Whaleback (Siskiyou County, Calif., E: W. Eickelberg, 1920).—~About 15 miles
east from Weed, Calif., on the highest point of Black Crater Mountain. The station
is on the southeast edge of an old crater and ie surrounded by a heavy growth of timber.
It was marked as described in note 2, whilo two reference marks, as described in note
12a, wero sct as follows: 7.31 meters from station in azimuth 188° 59" and 8.78 meters
from station in azimuth 266° 13/, .

Grizzly (Shasta County, Calif., E. W. Eickelberg, 1920).—On top of Grizzly Peak,
12 miles (3 by road and 9 by trail) from Henderson, Calif., and about 30 meters north-
east of a lookout house. The station was marked as described in note 2, and two refer-
ence marks, a8 described in note 12a, wero sot as follows: 26.58 meters from station
in azimuth 382° 19’ and 19.13 moters irom station in azimuth 230° 01,

Eddy (Siskiyou County, Calif., E. W, Eickelberg, 1920).—On top of Mount Eddy,
about 15 miles by road and trail from Sisson, Calif., a little below the highest point
on tho mountain, and about 18 meters east ifrom a new lookout house. The station
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ig marked by a standard disk station mark, while two reference marks, as described
in note 12a, wore set as follows: 30.02 meters from the station in azimuth 298° 43/
and 14,32 meters from the station in azimuth 97° 45/, ]

Aspen (Klamath Coung, Oreg., E. W. Eickelberg, 1920).—T.ocated 18 miles
west from Klamath IFalls, Oreg., on the highest point of Aspen Butte. The station
was marked as described 1n note 2, and two reference marks, as described in note 12a,.
wero set a8 follows: 5.81 meters from station in azimuth 338° 14’ and 6.56 meters from
station in azimuth 110° 547,

Boliver (Siski?rou County, Calif., O. B. Trench, 1904; 1820).—On the north side
of & large group of bowlders about 60 yarde northeast of the highest part of the summit
of Mount Scott, known locally as Old Craggy or Boliver; thisis the high peak about 5
miles in a southerly direction from Callahan. Tho station was marked as described in
note 16, while reforence marks, as described in note 17, wore set as follows: 6.57 meters
from station in azimuth 272° 41”and 9.88 meters from station in azimuth 107° 47/,

Bally (Shasta County, Calif., O. B. French, 1904; 1920).—On the northernmost
of the two main peaks of the summit of Bally Mountain, a prominent and well-known
mountain about 15 miles by road west of Redding. The station was marked as de-
scribed in note 16, the'marl}cl being in the top of & rock on the north side of the most
prominent group of rocks on the peak and 5 or 6 feet below the top of the group. Two
refercnce marks, as described in note 17, were set as follows: 4.29 meters from statio
in azimuth 247° 07/ and 10.62 meoters from station in azimuth 164° 49/, :

Mears (Shasta County, Calif., O. B. Irench, 1904; 1920).—~About 4 or b miles
west by south from Castelia, and about southwest from Castle Crags, on the northern
summit of the highest rocky peaks in the region known locally as Gray Rocks. The
station is about 20 feet below the highest part of the peak and near the bluff on the
south and east sides, with a ledge about 10 feet higher some 10 feet distant to the south-
cast. Tho peak was approached from the south and the 30-foot bluff near the sta-
tion surmounted by the use of ladders. In 1920 there was a wagon road from Cas-
tella, up Castle Creek, crossing Trinity Mountains divide 3 miles north of the station
and 14 miles by road from Castella. This road follows on down the headwaters of the
Trinity River, passing within about 2 miles of the station. The station was marked a8
described in note 16, Two reference marks, as described in note 17, were set as fol-
lows: Oneina bowlder near tho trail to thestation, 7.92 meters from the station in azi-
muth 70° 50/;,the other in a low bowlder east of a high pointed rock, 17.77 meters from
the station in azimuth 143° 03/, :

SUPPLEMENTARY POINTS.

Burns bench mark C 19 (Harney County, Oreg., E. W, Eickelberg, 1920).—
In the town of Burns, Oreg., 50 meters (164 feet) south of the south end of the main
strect, at the southeast corner of an old barn and on the east side of a fence runmin,
south, on the property of C. 1. Voegtly. The station was marked by a standar
bench-mark disk in the top of a concreto post, the station having been set by a precise

level party in 1919. -

Iron (Harney County, Oreg., Ti. W. Tickelberg, 1920).—About 24 miles west of
the Burns-Lakeview (via le‘i;h) road. Reached from Burns by following this road
to & point where Iron Mountain bears about duo west, then take road leading to ranch
‘houso, pass to south of house, and follow around south side of valley along foothills
to emall and dilapidated schoolhouse; station is on Iron Mountain and about three-
fourths mile west of schoolhouse. It was marked as described in note 2,

Gearhart (Klamath County, Oreg.,, E. W. Eickelberg, 1920).—On the summit
of Mount Gearhart, about 10 miles northeast of Bly. The station was marked as de-
scribed in note 2.

Klamath Falls bench mark A 15 (Klamath County, Oreg., E. W. Eickelberg,
1920).—About 4.4 miles cast of the White Pelican Iotel at Klamath Falls, 1.3 miles
east of steel bridge over irrigation canal, in the southwest corner of a field, 30 moters
(98 feet) northwest of a house owned by Mrs. John A. Short, and 2 moters (7 feet) east
of the Klamath Falls-Olene (or Mernll) road. Station was marked by a standard
})enclh-mark disk sot in top of a concrete post, having been established by a precise

evel party.

Soldier (Shasta County, Calif.,, E. W, Eickelberg, 1920).—About 7 miles north-.
west from Falls River Miﬁs, 2} miles west from Glenburn, and 3 miles northeast from
Cayton, on Soldier Mountain, 5 meters wost from lforest Service lookout Soldier.
The station was marked a8 doscribod in note 2, and two reforence marks, as described
in note 12a, wero set as follows: 7.36 meters (inclined) from the station in azimuth
315° 21 and 15.40 meters (inclined) from tho station in azimuth 115° 09,
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- Black Fox (Siskiyou County, Calif., E. W. Kickelberg, 1920).—A Forest Service
lookout point, 15 miles northeast of McGloud, Calif., onrﬁighcst point of Black Fox
Mountain. Station marked as described in note 2.

Turret (Modoc County, Calif., E. W. Eickelberg, 1920).—About 20 miles north of
Bieber, 13 miles north of Lookout post office, and 4 miles by trail southeast of Happy
Camp ranger station, on the highest point of Turret Mountain, and 9 meters west from
‘Forest Service lookout Happy Camp. The station was marked as described in note 2,
while reference marks were set as follows: No. 1 is & standard disk reference mark
cemented in drill hole in the concrete foundation of the lookout house, 9.05 meters
from station in azimuth 273° 54/; No. 2, a disk a8 described in note 12a, is 8.10 meters
from station in azimuth 106° 44/

Dixie (l.asgen County, Calif., E. W. Eickelberg, 1920).—About 25 miles southeast
of Burnt River Mills, 24 miles north of the Cox and Clark ranch in Dixie Valley, on
highest point of first range of lava rock hills lying north of Dixie Valley and visible
from the Clark and Cox ranch house. The station was marked by a standard U. 8.
C. & G. S. disk station mark set in solid rock, while a standard U. 8. Geological Survey
diek was set in rock 2.68 meters from the station in azimuth 310° 0%,

Bald Mountain (U. S. G. 8.) (Shasta County, Calif., E. W, Eickelberg, 1920).—
About 8 miles south by east from Iall River Mills, 1} miles southeast of the Saint
Johns ranch (W. $. Bernard), and one-half mile east of road leading southward from
Saint Johns ranch. The station was marked by a U. 8. Geological Survey bronze
disk cemented in drill hole in solid rock.

Crater (U. S. G. 8.) (Shasta County, Calif., E. W. Eickelberg, 1920).—About 13
miles south from Burney, 16 miles northeast from Whitemore, 5 miles by trail northeast
from Cow Creck ranger station, three-fourths mile northeast of Ioreat Service lookout
Magee Peul, on the northern and highest point of a volcanic mountain known locally
a8 Magoe Peak. The station was marked by a standard U. S. Geological Survey disk,
while standard C. & G. 8. station and reference disks were cemented in drill holes in
solid rock but their positions not determined. i

Bonanza (Trinity Counhy, Calif., E. W, Eickelberg, 1920).—About 10 miles north
of Trinity Center, a short distance from Bonanza King mine, and 25 yards north of
Bonanza King lookout. The station was marked as described in note 2.

Granite (Trinity County, Calif.,, . W. Eickelberg, 1920).—Ten miles west of
Trinity Center, on Granite I’eak, and 150 yards northeast of lookout house. The sta-
tion was marked as described in note 2.

Burney (U. S. G. 8.) (Shasta County, Calif., E. W. Eickelberg, 1920).—About 5}
miles south by cast from Burney, 4 miles east of Dry Lake on the Burney-Whitemore

Tamarack) wagon road, 2 miles north of old road leading from Hat Creck to Burney
rings, on highest ylloint of prominent volcanic mountain known as Burney Butte.
he station was marked by a U. 8. Geological Survey bronze disk sot in 8 bowlder

under a cairn having a 7-foot base and height of 8 fcet.
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CONVERSION TABLES.

Lengths—Feet to melers (from 1 to 1060 units).

iRednction factor: 1 {oot-~0.3048006006 meter.]
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Meters. TFect Tect. Meters., || Motors. Fool Maters,
| |
0.0 ! 50 109 30, 43008 150 45.72000 2001 60.96012
.30480 - 1 1 30, 78456 1 A%, 02480 1 (1.26492
0,62350 2 2 31.08060 2 48.32069 2 61. 66072
0.91440 | 3 L1518 3 31.30446 3 48, 63449 3 6. 87452
1.21920 | 4 16. 46023 4 31.60026 4 46.930290 4 62.17932
1.52400 | 5 16. 76403 5 22, 00406 S 47.24409 5 62.48412
1. 82880 6 17. 06883 6 52, 308R6 6 47,5180 6 62. 78803
2.13360 7 17.57303 7 32.61367 7 47.85370 7 63.00373
2.43846 | 8 17.67844 8 32.91847 8 4815850 8 63.39353
2.74321 | 9 17.08324 9 33.22327 9 43.46330 9 63.70333
3.01801 ; 60 14.258504 110 33.52807 160 48.76810 210 04.00813
3.35281 ° 1 18, 50284 1 33. 83287 1 49,0720 1 64.31203
3.05761 | 2 18, 80764 2 3113767 2 49.37770 2 04.61773
3.96241 ! 3 10. 20244 3 31.44247 3 49. 68250 3 64.02253
426721 - 4 19.50724 4 34.74727 4 40.98730 4 05.22733
4.57201 | s 19.81204 5 35.05207 s 50.20210 S 05.53213
4.87681 | 6 20.11684 6 35. 30087 6 50. 50600 6 G5. 83603
518161 | 7 20.42164 7 35.66167 7 50.90170 7 66. 14173
5.45641 ! 8 20.72644 8 35. 96647 8 51. 20650 8 66. 44653
5.70121 9 21.03124 9 36.27127 9 51.61130 9 66.756133
6.00601 70 21.33604 120 36, 57607 170 51.81610 220 67.05613
6.40081 1 21.64084 1 86, 8K0R7 1 52.12000 1 67.36093
6. 70501 2 21. 94564 2 37.18567 2 52.42570 2 67.06574
7.01041 3 22.25044 3 37.40047 3 £2.73051 3 67.97054
7.31521 4 22.555256 4 37.70528 4 63.03531 -4 68.27534
7.62002 5 22. 86005 5 38.10008 H 53.34011 5 (8.58011
7.02142 6 23, 16485 6 38. 40488 6 53.04491 6 03. 83404
8. 22062 7 23. 46065 7 38. 70068 7 53. 04971 7 069.15974
8.53412 8 23.77445 8 39.01448 8 £4,25451 8 60. 40454
§.83022 9 24.07025 9 10.31028 [ £4, 56031 9 63.70934
0.14402 80 24.38405 130 39.62408 180 54.£6411 230 70.10414
0.44882 1 24. 88556 1 39,0289 1 55,1680 1 70. 40504
9.75362 2 24.90365 2 10. 23368 2 55.47371 2 70.71374
10. 05842 3 25. 29845 3 40. 53848 3 85,7851 3 71.01854
10.868322 4 25.80325 4 40.84328 4 56.05331 4 71.32334
10. 68802 H 25.90805 5 41.14808% 5 n6.38811 S 71.02814
10.97282 6 98. 21265 6 41.45288 6 B0, 41 6 7103204
11.27762 7 26.51765 7 41, 75708 7 606,90771 7 72. 23774
11.58242 8 24.52245 8 42.08248 8 57.30251 8 72.54255
11.88722 9 27.12725 9 42.36728 9 57.00732 9 72.84735
12.19202 90 27.48205 140 42.07200 190 57.91212 240 73.15215
12.40682 1 27.73686 1 42.97689 1 5S. 21692 1 73. 46695
12.80163 2 28.04160 2 43.28169 2 58.52172 2 73.70175
13.10643 3 28.34640 3 43.58649 3 £58.82652 3 4.00655
13.41123 4 28.65126 4 43.80120 4 £9.13132 4 74.37135
13.71603 5 28.956068 ] 44.10609 S 50.43612 5 74.67615
14.02083 6 29. 20086 6 44. 50089 6 5974002 6 74. 98005
14.32563 7 20. 56566 7 44. 80560 7 60. 04572 7 75.28675
14.63043 8 20. 87040 8 45.11019 8 60.35052 8 75. 59065
14.03523 9 30,175620 | 9 45,41520 9 . G053 9 75. 86535

97455° —22——4
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Lengths—Feet to meters (from 1 to 1000 units)—Continued.

Foot. Meters Feot. | Meters. Foet. | Moters. Foot. | Meters. Foot. | Meters.
250 76.20015 300 01. 44018 350 106. 68021 400 121. 92024 450 137. 10027
1 6. 50495 1 91. 74498 1 106. 98501 1 122. 22504 1 137. 46507
2 76.80075 2 02.04978 2 107. 28981 2 122. 52085 2 137. 76988
3 77.11455 3 92.35458 3 107. 50462 3 122. 83405 3 138.07488
4 71.41935 4 92.65930 4 107. 80042 4 123. 13045 4 138.37948
H 77.72416 S 02.96419 5 108.20422 - 123. 44425 5 138.68428
[ . 028068 6 93.20809 6 108. 50902 6 123. 74905 6 138. 88903
7 78.33376 7 03. 57379 7 108. 81382 7 124. 05385 7 139. 20388
8 8. 638568 8 03. 87850 8 109. 11862 8 124.35865 8 139. 50868
9 78.94336 9 94.18339 9 109. 42342 9 124. 66345 9 139. 00348
250 79.24816 310 94.48819 360 109.72822 410 124. 96825 460 140.20828
1 . 65! 1 94. 70299 1 110. 03302 1 125. 27305 1 140. 51308
2 79.85776 2 95.09779 2 110. 33782 2 125 57785 2 140.81788
8 80.16256 3 95. 40259 3 110. 64262 3 125, 88285 3 141.12268
¢ £0.46738 4 95.70739 4 110. 94742 4 126.18746 4 141. 42748
5 80. 7721 5 96.01219 5 111,25222 5 126. 49225 5 141.73228
[ 81.07696 6 08.31699 6 111. 55702 6 126. 79705 6 142. 03708
9 81.38176 7 06.62170 7 111.86182 7 127.10185 ? 142, 34188
8 81.68658 8 . 8 112. 160062 8 127, 40665 8 142. 84669
9 81.99136 9 97.23139 9 112.47142 9 127, 71146 9 142, 95149
270 82.29616 320 97. 53620 370 112. 77623 420 128.01628 470 143. 25629
1 £2. 60007 1 97.84100 1 113. 08103 1 128.32108 1 143. 56109
2 82. 90577 2 08.14580 2 113.38583 2 128. 62588 2 143. 86589
3 §3.21057 3 98. 46000 3 113. 60063 3 128.93068 3 144. 17009
4 83.51637 4 75540 4 113.99543 4 129. 23546 4 144. 47549
5 83. 82017 5 £9. 08020 5| 114.30023 51 129.54026 1 144.78028
6 84.12497 6 99. 36500 6 114. 60503 6 129. 84508 6 145. 08509
7 84, 42077 7 99. 668980 7 114. 00083 7 130. 14988 7 145. 38989
8 84, 73457 8 09. 97480 8 115. 21463 8 130. 45460 8 145, 60460
9 85.03037 9 100. 27940 9 115. 51943 9 . 7. 9 145, 99049
280 85.34417 330 100. 58420 380 115. 82423 430 131. 08420 480 146.30429
1 85. 64897 1 100. 83900 1 116. 12603 1 131. 36906 i 146. 60908
2 85,95377 2 101. 19380 2 116. 43383 2 131. 67386 2 146. 91389
3 . 25857 3 101. 49860 3 116. 73883 3 131. 97880 3 147. 21863
4 £6. 50337 4 101.80340 4 117.04343 4 132, 4 147. 52350
5 86817 5 102. 10820 s 117.34823 5 132. 58827 3 . 82830
6 87.17207 6 102. 41300 6 117. 6 132. 89307 6 148. 13310
9 87.47T177 71 102.71781 7| 117.95784 7| 133.19787 7 . 43790
8 87. 78258 8 103. 02261 8 118. 26264 8 133. 50207 8 148. 74270
9 88,08738 9 103.32741 9 118.56744 9 133. 80747 9 140. 04750
290 88.39218 340 103.63221 390 118. 87224 440 ») 490 140. 35230
1 69608 1 103.93701 1 119. 17704 1 134.41707 1 149. 65710
2 £0.00178 2 104. 24181 2 119. 48184 2 134. 72187 2 149. 96190
3 3 104. 54661 3 119. 78884 3 . 0268 3 150. 20670
4 80. 611388 4 104. 85141 4 120.00144 4 135.33147 4 150. 57160
-] £9.01818 H 105. 15821 5 120.39624 5 135, 63627 5 150. 87630
[} 60. 6 105. 46101 6 120. 70104 6 135. 94107 6 161. 18110
9 90. 52578 7 105, 76581 7 121. 005%4 7 130. 24687 7 161. 4
8 90, 83058 8 106. 07061 8 121.31064 8 136. 56087 8 161, 79070
] 01,13538 9 106, 37641 9 121, 61544 9 85647 9 153, 08560
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Lengths—Feet to meters (from 1 to 1000 units)—Continued.

25

Foot.] Moteors. Foet. | Meters. Foot. Metors, Foot. | Maters, Feet. | Moters.
500 152. 40030 580 167. 84034 600 182. 88037 650 108. 12040 700 213.36043
1 1562. 70511 1 167.94514 1 183.18517 1 108. 42520 1 213. 66523
2 153. 00991 2 108. 24094 2 183. 48097 2 198. 73000 2 213. 070063
3 153.81471 3 168. 65474 3 183. 70477 3 109. 03480 8 214.27483
4 158. 61851 4 108. 85054 4 184. 00957 4 199. 33060 4 214, 57068
5| 153.92431 51 160.18434 51 184.40437 S| 100.64440 5] 214.8%448
6 154.22811 6 169. 46014 6 184. 70017 6 199. 94920 6 215, 18923
7 154. 53391 ? 169. 77304 7 185.01397 7 200. 25400 7 215. 49403
8 154. 83871 8 170.07874 8 185.31877 8 200. 85880 8 215. 70883
9 165.14351 9 170. 38354 9 185. 62357 9 200. 86360 9 216.10368
- [ 158. 44831 560 170. 68834 610 185.92837 660 201. 16840 710 8.4
1 185. 75311 1 170, 96314 1 188. 23317 1 201. 47320 1 218, 71323
2 156. 05791 2 171. 20704 2 186. 53797 2 201. 77800 2 217.01803
3 156.36271 3 171.00274 8 186, 84277 3 202. 08280 3 217.32283
4 156, 66751 4 171.90764 4 187.14767 4 202.38760 4 217.62764
L] 156.97231 5 172.21234 5 187. 45237 5 202. 60241 ] 217.93244
6 157,27711 6 172.51715 6 187.75718 6 202.998721 6 218.23724
¢ 157. 58192 7 172. 82195 7 188. 06198 7 203. 80201 .7 218. 54204
B 157.88672 8 173.12675 8 188.36678 8 203. 60881 8 218. 84684
9 158. 19162 9 173. 43185 9 188.67158 9 203. 91161 9 219. 15164
520 158, 49832 570 173. 73835 620 188.97838 670 204. 21841 720 219. 45044
1 158.80112 1 174.04115 1 189, 28118 1 204.52131 1 219.70124
2 159.10592 2 174. 34595 2 189. 58508 2 204. 82601 2 220. 06604
8 158. 41072 3 174.65076 3 189. 80078 3 205. 13081 3 220. 87034
4 159. 71562 4 174.05555 4 100. 19558 4 205. 43581 4 220. 67504
5| 160.02032 S| 175.26035 51 190.50038 5| 205.74041 5] 220.08044
] 160. 32512 [ 175. 56515 6 190. 80518 6 206. 04521 6 221.28524
¥ 160. 62992 7 175. 80995 7 191.10098 ? 3 7 221. 58004
B 160.93472 8 176.17476 8 101.41478 8 208. 65481 g 221.80434
9 161. 23952 9 176. 47956 9 101. 71058 9 206. 95961 9 222.10064
830 161. 54432 580 176. 78435 630 192 8 680 207. 26441 730 222, 50448
1 161. 84012 1 177.08915 1 102.32018 1 . 50022 1 222.80025
2 162. 15302 2 177.39395 2 102. 63308 2 207. 87402 2 223. 11405
K] 162, 45872 3 177.60876 3 102.03870 3 208.17882 3 223.41885
4 162. 76353 4 4 . 24350 4 208. 48382 4 . 72385
H 168, 08833 -] 178.30836 5 103. 54830 H 208, 78842 -] 224.02848
6 163.387313 6 178. 61316 6 103.85319 6 200. 00322 6 . 33325
7] 163.67703 7| 178.01798 7| 194.15799 7| 209.30802 7| 224.63808
8 163. 98273 8 179.22276 8 104.46279 8 200. 70282 8 224.94285
| 164.28753 9| 178.52760 9| 104.76759 9| 210.00762 9| 225.24768
540 | 164.50233 590 { 179.83230 640 | 195.07289 690 | 210.31242 740 X
1 164. 80713 1 180. 13716 1 195.37719 1 210.61722 1 225. 85728
2 165. 20183 2 180. 44196 2 195. 68100 2 210.92202 2 226. 16205
B 166. 50873 3 180. 74678 3 195. 98670 3 211.22082 3 226. 46088
4 165, 81153 4 181.05156 4 196. 20150 4 211, 53162 4 226. 77185
H] 166. 11633 5 181.856836 5 108. 50639 s 211.83642 5 227.07648
6 166. 42113 6 181. 86118 6 106.90119 6 212.14122 6 237.38126
7 168. 72593 7 181. 08506 7 107. 20500 7 213. 44802 7 8
8 167.03073 8 182.27078 8 107. 51080 8 . 75083 8 227.99088
) 162,83853 9! 18257557 9 . 197,81560 9 X 9



26 U, S. COAST AND CEODETIC SURVEY.

Lengths—Teet to meters (from 1 to 1000 unils)—Continued.

Feet.| Moters. | Feet. Meters, Fest. Meters, Feet. Moters. ; Feet, Moters.
1

50 228.60046 800 243.81049 850 259.08052 900 274.32055 950 289. 56053
1 228.90526 1 244, 14529 1 259. 38532 1 274. 62535 1 289.86333
2 228. 21006 2 244. 45000 2 250.69012 2 274.93015 2 200.1701%
3 229. 51486 3 244.75159 3 259. 90402 3 275. 23405 3 200. 47408
4 279. 81086 4 245.05909 4 260. 20972 4 275. 63975 4 200.77978
5 230.12448 5 245.36449 5 260. 60452 5 275.84455 5 291.08458
6 230.42026 i 6 245. 66929 6 260.90932 6 276.14935 6 201.3%033
i 230. 73406 7 215.97409 7 261.21412 7 276.45415 7 201.69418
8 231. 03880 8 210. 27850 8 261.51892 8 276. 75805 8 201.00808
9 231.34366 9 246. 53360 9 261.82372 9 277.003756 9| 202.30378

760 231.84846 810 240. 88849 860 202.12852 910 271.306855 960 [ 202.60850
1 231.95320 1 247.19329 1 262.43332 1 277.67330 1 292.91330
2 232. 25806 2 247. 49800 2 262.73513 2 277.97816 2 203.21819
31 232.56287 3 £47.80200 3 263.04203 3 278. 28200 8| 203.52200
4 232.80767 4 218.10770 4 263.34773 4 218.68770 4 203.82779
5 233.17247 5 248.41250 H 263. 65253 5 278.80250 5 204.13259
6 233.47727 6 248.7173 ‘6 263.905703 6 279.19736 6 204.43739
7 233.78207 7 219.02210 7 264. 20213 7 219. 50216 7! 294.74210
B 234.05087 8 249. 32600 8 264. 56693 8 279. 80690 8! 205.04609
9 234.39167 9 249.063170 9 204.87173 9 280.11176 9| 295.35179

170 234.69647 820 249.93050 870 205.17653 920 280. 41656 970 205. 85059
1 235.00127 1 250. 24130 1 265. 48133 1 280. 72130 1 295.96139
2 235.30607 2 250. 54610 2 265. 78013 2 281. 020610 2 200.20619
3 23561087 3 250. 85000 3 266. 09003 3 2%1. 33006 3 290. 571
4 235.91567 4 251.15570 4 206. 39573 4 251. 63570 4 208.87570
5 236.22047 5 251. 46050 5 260. 70053 ) 281. 94050 S 207.18059
6 236. 62527 6 251. 76530 6 267.00533 6 242.24536 6 297. 48530
7 236. 83007 7 252.07010 7 267.31013 7 282, 55017 7 297.79020
8 237.13487 8 252.37490 8 267.061494 8 242.85497 8 208. 09500
9 237.43967 9 252.67971 9 267.01974 9 283.15977 9 208.39080

780 237.74448 830 252.98451 280 268.22454 930 .464 980 208. 70460
1 238.04928 1 253.28051 1 208, 520734 1 243. 70037 1 200. 00040
2 238. 35108 2 2353. 59411 |« 2 208.83414 2 284.07417 2 209.31420
3 238.65388 3 253. 80491 |, 3 209. 13591 3 234.37807 3 200. 061900
4 238. 96368 4 254.20371 4 260. 44374 4 284, 6837 4 299.92380
5 230.20848 5 254. 50851 5 200.74854 5 284.08857 5
6 $30.57328 6 254.81331 6 270.05334 6 286. 29337 6 00.53340
7 230. 87808 7 255.11811 7 270.30814 7 285. 69817 7 300. R3820
8 240..18288 8 255.42291 8 270. 66291 8 285. 90207 8 301.14300
9 240. 48768 9 255, 72771 9 270.96774 9 286.20777 9 301.44780

790 240.79243 840 | 250.03251 890 211. 27254 940 | 286.51257 990 |  301.75200
1. 24100728 1 260.33731 1 271.57734 1 230.81737 1 302. 05740
2 | 241.40208 2 256.64211 |, 2 271.88214 2 287.12217 2 302.30220
3, 241. 70668 3 256.94601 |} 3 272.18604 3 287.42097 3 302.60701
4 | 242.01168 4 257.25171 4 272.490174 4 287.73178 4 302.97181
51 242.31648 5 257.55652 5 272.76055 5 . 030568 5 303.27661
6' 242.62129 6 257. 6 273.10135 6 288.34138 6 303. 58141
7+ 242.92600 7 7 273.40015 7 288. 64618 7 303. 88621
8 l 213. 23089 8 8 273.71005 8 288, 95008 8 304,19101
9 | 243. 53569 9! 9 274.01575 9 249. 23578 9 304. 49581




CALIFORNIA-OREGON PRECISE TRIANGULATION, 27

Lengths— Meters {o feet (from 1 to 1000 unils).
1Roducuon fagtor: 1 metor=3.230323323 feot. )

tlcllt Feet. xr‘; Foet. | :0(;; Tect. &{;’s Foot, t}g . Toct.
0 50 164.04167 100 328.08333 150 492.12500 200 .1
1 3.25083 1 167.32250 1 331.30417 1| < 495.40583 1 (59. 44750
2 6. 56167 2 170. 60333 2 334. 64500 2 498. 686067 2 662. 72833
3 0.84260 3 173.88417 3 337.902583 3 B501. 96750 38 664G. 00017
4 13.12333 4 177. 16500 4 341. 206067 4 605. 24833 4 669, 20000
5 16.40417 H 180. 44583 L 344. 48760 5 508.52017 5 072.57083
[{] 19. 03000 6 183.72607 6 347. 76833 6 511. 81000 6 0676. 85167
7 22,96, 7 187.00750 7 351. 04917 Vi 518. 00083 7 670.13250
B 20, 24667 8 100. 28333 8 364. 33000 8 518.371067 8 682. 41333
9 29.52760 9 193. 56017 9 357.01083 9 521. 05250 ] 685. 69417
10 $2.80833 60 106. 85000 110 360. 89167 160 524.03333 210 088.97500
1 386.08917 1 200. 13083 1 364.17250 1 528.21417 1 692. 25
2 30.37000 2 203. 41167 2 367.45333 2 631.49500 2 695. 53607
8 42.65083 3 200. 69250 3 870. 73417 s 534.77583 3 GIR. 81750
4 45.93167 4 209.97333 4 874.01500 4 638. 06067 4 702, 00833
L] 49.21250 5 213.26417 5 877.29583 5 541.33760 S 705.37017
6 52. 49333 6 216. 53500 6 380. 567607 6 544.01833 6 708, 66000
7 65.77417 7 219. 81583 7 383. 85750 7 547. 89917 7 711.04083
B £9. 05500 8 223. 09667 8 387.13833 8 551. 18000 8 715. 22107
9 62.33583 9 220.37760 9 300.41917 9 554. 46083 9 718. 50250
20 65.618067 70 220.05833 120 303. 70000 170 557 74107 220 721.78333
1 08, 80750 1 232.903017 1 300. 08083 1 1.02250 1 725.00417
2 72.17833 2 230. 22000 2 400. 20107 2 604 30333 2 728, 34500
8 76.46017 3 239. 50083 3 403. 54250 38 567, 58417 3 731.02583
4 78.74000 4 242.78167 4 400. 82333 4 570. 80500 4 734.90687
S 82,02083 5 240. 08250 5 410.10417 S 574.14583 5 738.18750
6 85.30167 6 249.34333 6 413. 38500 6 577. 42607 6 741. 46833
7 . 58250 Vi 252. 02417 97 410. 065383 7 $80. 70750 7 744.74017
8 01.80333 8 255. 00500 8 419.904007 8 583.94833 8 S
9 05.14417 S 259. 18583 9 423.22760 9 087.206017 9 751.31083
30 08. 42500 80 202. 46687 130 420.50833 180 500. 55000 230 754. 50187
1 101. 70583 1 205. 74760 1 420. 78017 1 503. 83083 1 767.87250
2 104. 98687 2 2(9.02833 2 433.07000 2 097.11167 2 761.15333
3 108. 26750 3 272.30017 38 430. 350&3 3 ©600. 39250 3 764. 43417
4 111.54833 4 276. 59000 4 439.63167 4 4 767.71500
5 114.82017 ] 278.87083 5 442.01250 ] 0606.95417 5 770.99583
6 118.11000 6 282.15167 [} 440.10333 6 610. 23500 ¢ 774.27667
7 121.39083 7 285.43250 7 440.47417 7 613.51553 7 777.55750
8 124.67167 8 288.71333 8 452. 75500 8 818. 79667 8 780. 83833
9 127.905250 9 201.00417 9 460. 03583 9 620.07750 9 784.11017
40 131.23333 90 205. 27500 140 450.31067 190 623. 35833 240 787.40000
1 134.51417 1 208. 55583 1 402. 59750 1 0626. 63917 1 700. 68083
2 137. 79500 2 301. 83667 2 405. 87833 2 629. 92000 2 703.96167
3 141.07683 8 806. 11750 3 469.15017 3 633. 20083 3 797. 24250
4 144.35067 4 308.30833 4 472, 44000 4 636. 48107 4 §00. 52333
5 147.063750 5 311.67017 5 475.72083 5 639. 76250 5 803 80417
6 150. 01833 6 814.906000 6 479.00167 6 643.04333 6 7. 08500
7 154.19917 7 318. 24083 7 482, 2825 7 646.32417 T 510 36553
] 1567. 48000 a8 321.62107 8 485. 56333 8 649. 60500 8 813. 64607
9 100, 76083 9 324, 80250 9 488,84417 9 662, 88583 9 814, 92750




28

U. 8. COAST AND GEODETIC SURVEY.

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

Me-
ters.

~
Y
(=]

~
[+
VOMOM BLNMS VEAON AWNHS VOO attem

g

(]
VO IO\R O(A!NI‘S VoIV st r

Mo-

i Me-

; Me- . - Mo-

Feet. tors. Feet. {ers. Fect. | tors. Tect. tors. Foot.
820. 20833 300 984, 25000 350 | 1,148.20167 400 | 1,312.33333 450 { 1,476.37500
823.48917 1 87. 53083 1] 1,151.567250 11 1,315.61417 1 1 479.65583
826. 77000 2 900. 81167 2| 1,154.8533 21 1,318.89500 2 482 93087
830. 05083 3 994. 00250 3] 1,158.13417 311,322.17583 3 l 486.21750
833. 33167 4 997.37333 4 1 161.41500 4| 1,325.45667 4 1, 480. 40833
836. 61250 S | 1,000.65417 5 164. 69583 5[ 1,328.73750 5 1,402.77917
£39. 89333 611 . 93500 6 l 167.87067 6| 1,332.01833 6| 1,496
843.17417 7| 1,007.21683 7 1 171. 25750 7| 1,335.20017 7 1,490 34083
846. 45500 8 | 1,010.49667 811,174.53833 8 | 1,338.58000 8 | 1,502.82187
849. 73583 9 | 1,013.77750 9 1 177.81817 9 | 1,341.86083 9 | 1,505.90250
853.01667 310 | 1,017.05833 360 { 1,181.10000 410 | 1,345.14167 460 | 1,509.18333
856. 29750 1 1,020.33017 1] 1,184.38083 1| 1,348.42250 11 1,512.48417
850. 57833 2 | 1,023. 62000 2 | 1,187.00167 2| 1,351.70333 21 1,515.745
862. 85917 3] 1,026.90083 3| 1,100.94250 3| 1,354.98417 3| 1,519.02683
866. 14000 4 | 1,030.18167 4 ]1,104.22333 4 | 1,358.26500 4 (1,522.

.4 5 | 1,033.46250 8 l 197.50417 5| 1,361. 54583 S | 1,525.58750
$72.70167 6 | 1,036.74333 6| 1,200 6 | 1,364.82807 6| 1,528.
875. 98250 7 | 1,040.02417 711 204 08.)83 7 l 368.10750 -711,632.14917
879.26333 8 | 1,043.30500 8 1 207. 340607 8 ,371 38833 8 | 1,535. 43000
882. 54417 9 | 1,046.58583 9 1 210. 62750 9| 1,374.60017 9] 1,638.71083
885. 82500 320 | 1,049.86667 370 | 1,213.90833 420 | 1,377.95000 470 | 1,541.001687
859, 10583 11 1,053.14750 11]1,217.18017 11 1,381.23083 11 1,545.27250
802. 38687 2| 1,056.42833 2| 1,220. 47000 2 | 1,3%4.51167 2] 1,548.
£895. 68750 3] 1,059. 70917 3 1,223.75083 3| 1,387.79250 3 | 1,551.83417
898.94833 4 | 1,062.99000 4 11,227.03167 4 | 1,301.07333 4 1 1,565.11500
902. 22017 5 | 1,068.27083 5 | 1,230.31250 5 | 1,304.36417 8 | 1,5568.30583
905. 51000 6 | 1,009. 551687 6 | 1,233.59333 6 | 1,307.63500 6 | 1,5661.07067
.7 7 | 1,072.83250 7 | 1,236.87417 7 | 1,400.01583 7 | 1,564.95750
012. 07167 811,076.11333 8 | 1,240.15500 & 1 404. 19667 8 | 1,568.
915. 35! 9 11,079.38417 9 | 1,243.43583 9 1, 407.47750 91 1,571.51017
018.63333 330 | 1,082.67500 380 | 1,246.71667 430 | 1,410.75833 480 | 1,5674.80000
921.91417 1{ 1,085.05583 1 1,249.09750 11 1,414.03017 1 1,578.08083
025.1 2 | 1,089.23687 2 | 1,253.27833 2 | 1,417.32000 2 | 1,581.30167
928. 47583 31 1,002.51750 31 1,250.55017 3 | 1,420. 60083 3 | 1,584.64260
931.76667 4 1 1,005.79833 4 | 1,259. 84000 4 | 1,423.88167 4 | 1,587.92333
935.03750 5| 1,009.07017 S| 1,263.12083 51 1,427.16280 511,501.20417
938.31833 6 | 1,102.36000 6 | 1,200,40167 6 | 1,430.44333 6 | 1,694.48500
941 59917 7 | 1,105.64083 7 | 1,209. 68250 71 1,433.72417 7| 1,597.76583
8 | 1,108.02167 8 | 1,272.96333 8 | 1,437.00500 8 { 1,601.04867
948.16083 9 | 1,112.20250 9 | 1,276.24417 9 | 1,440.28583 9 | 1,604.32750
051. 44167 340 | 1,115.48333 390 | 1,279. 52500 440 | 1,443. 58667 490 | 1, 607.60833
954. 72250 1(1,118.76417 1] 1,282.80583 1| 1,446.84750 11 1,010.88017
958. 00333 21,122 211,286. 7 2 {1,450.12833 2 1,014 17000
961.28417 8| 1,125.32683 3| 1,289.36750 31 1,453.40017 3| 1,617.45083
964. 56500 4 1 1,128.600667 4}1,202 4 | 1,450.€9000 4 l 620. 73167
667. 84583 511,131 88750 51 1,205.92017 5[ 1,459.97083 8 | 1,624.01250
971.12687 6] 1,135.1 6 | 1,200.21000 6 [ 1,463.25187 6 1 027.29333
974. 40750 7 1 138. 44917 7 | 1,802. 49083 7 1 1,468.563250 7 1 630. 57417
977.068433 8 1 141, 73000 8| 1,305.77167 8 | 1,460.81333 8 1 633. 85600
980.96017 9 | 1,145.01083 9 /1,308, 9 1,473.09417 ] 1,687.18688




CALIIFORNTA-OREGON PRIECISE

TRIANGULATION.

Lengths— Meters to feet (from 1 to 1000 units)—Continned.

8=
29

OB IR O&Nh‘g DI AMNO-'E OW-INR GquJg TN AVNIAO \DOSIOWR aun-—-g ' by

I ate | |
B ! Me- : . Me- - Mec- . Mce-
Foet. ' ters. Feet, ' tors. Feot. tors. t Foot, tors. Feet.
|
1, 640. 41667 550 | 1,804.45833 600 | 1,968. 50000 650 | 2,132, 54107 700 | 2,208.
1,643. 60750 111,807.73017 111,971.78083 11 2,135.82250 11 2,209.86417
1,040.97833 2 | 1,811.02000 2| 1,975.00107 2| 2,139.10333 2 | 2,303.14500
1,850. 26017 31 1,814.30083 3 ]1,978.34250 3] 2,142.38417 3] 2,308.42583
1,063. 64 4 11,817.68167 4 11,981.62333 4 | 2,145.68500 4| 2,300.7008
1,656.82083 ] 1,820 86250 5| 1,984.00417 5| 2,148.04583 5 | 2,312.08750
1,600.101067 6 | 1,824.14333 6 | 1,088.18500 6 | 2,152.22607 6| 2,316,
1,603.38250 711,827.42417 7 | 1,001.48583 7 1 2,155. 50750 7 | 2,310.54917
1,606. 66333 8 | 1,R30.70500 8 | 1,004.74667 8 | 2,158.75833 8 | 2,322.83
1,609.94417 9 | 1,833.08583 9 | 1,908.02750 9 | 2,102.06817 9 | 2,320.11083
1,673.22500 560 | 1,837.20067 610 | 2,001.30833 660 | 2,165.35000 710 | 2,329.30167
1,076, 50583 1| 1,840.564750 1| 2,004.58017 1] 3,108.63083 1] 2,332.07250
1,0679. 78667 2]1,843.8 2 | 2,007.87000 2 | 2,171.01107 2| 2,335.95333
1,683. 06760 311,847.10017 312,011.15083 3 { 2,175.19250 8| 2,330.23417
1,686.34833 4| 1,850. 4 | 2,014. 43167 4| 2,178.47333 4 | 2,342.51500
1,689.02917 S | 1,853.67 5| 2,017.711250 5| 2,181.75417 $ | 2,345.79583
1,092. 01000 6] 1,856.95107 6 ] 2,020.99333 G | 2,185, 6 | 2,349.07087
1,008.19083 7 | 1,8060.23250 712,024.27417 7 | 2,188.31583 7 2,352.35750
1,090.47167 8 | 1,803.51333 8 | 2,027. 55500 8 | 2,101.560067 8 | 2,355.63833
1,702. 756250 9 | 1,866.70417 9 [ 2,030.83583 9 | 2,104.87760 9 | 2,358.91917
1,708. 570 | 1,870.07500 620 | 2,034.11667 670 ( 2,108.15833 720 | 2,362. 20000
1,700.81417 1| 1,873.85583 11 2,037.82760 11 2,201.43017 1| 2,305.48083
1,712. 53500 2 | 1,876.63607 2 { 2,040.67833 212 2 | 2,368.78167
1,716. 875683 31 1,879.01750 3| 2,043.95017 3 | 2,208.00083 8 | 2,372.04250
1,719. 16667 4| 1,883.19833 4 | 2,047.24000 4§ 2,211.28167 4 | 2,375.32333
L]

1,722.43760 5 1,880 47017 § | 2,050. 52083 51 2,214.60250 5 | 2,378.680417
1,725.71833 6 | 1,889.76000 6 | 2,053.80167 6 | 2,217.84333 6| 2,381.
1,728.99917 711,80. 04083 7 | 2,057.08250 7 2 221.12417 712,3%5.16583
1,732, 28000 8 ( 1,800.32167 8 | 2,000.36333 8 2 224. 40500 8 | 2,388. 44067
1,735. 56083 9 | 1,809.60250 9 | 2,063.64417 9 | 3,237.68583 9 | 2,301.72750
1,788 84167 5§80 | 1,902 630 | 2,008.92500 680 2 230.94687 730 | 2,895.
1,742.12250 111,900.16417 1] 2,070.20583 1 2 234. 24750 11 2,398.28017
1,746. 40333 2 [ 1,900. 44500 3 | 2,073.48007 2 | 2,237.52833 2 | 2,401.57000
1,748.88417 311,912,72583 8| 2,076.76760 3 2 240.80017 3 | 2,404.85083
1, 751. 96500 4 | 1,916.00667 4 | 2,080.04833 4 . 09000 4 | 2,408.13167
1, 758. 24583 5 1 1,019.28750 5 12,083.32017 5122473 51 2,411.4125
, 708. 5200 6 | 1,022.50833 6 | 2,080.61000 6 2 250. 85167 6 | 3,414.60333
1, 761.80750 7] 1,926.84017 71 2,089.89083 7 2 253. 93 7 ) 2,417.97417
,708. 8 { 1,929.13000 8 | 2,003.17107 8| 2257.213 8 | 2,421.25500
1,768.86017 9 | 1,032.41083 9 | 2,000. 456250 9 | 2,260. 494 9 | 2,424.53583
1,771.65000 590 | 1,935.60107 640 | 2,009.73333 690 | 2,283. 77500 740 | 2,427.81667
l 774.83083 1 {1,038.87250 1 2 103 01417 1 2 207.05583 1 2,431.09750
l T18.21167 2 11,042.25333 2 2 100. 20500 2 2 270.33067 2| 2,434.37833
1 781. 49250 3 | 1,945.58417 8 2 100.57583 3 2 273.61750 3 2 4&7 65017
1,784.77333 4 | 1,048.8; 4 | 2,112.85607 4| 2,26. 4124
1,788.05417 51,052 5 | 2,116.18750 S | 2,280.17017 5 | 2,444.

170183500 6 | 1,955.37067 6 | 2,110.41833 6 | 2;283.46000 6 | 2,447.50167
1,764.61583 7| 1,658.65750 71 2,122.60017 7 | 2,280.74053 7 | 2,450.78250
1,797. 89667 8 | 1,001.93833 8 | 2,125.98000 8 2,290 02167 8 | 2,454.00333
1,801.17750 9 11,906,219017 9 1 2,129,20083 9 12,203, 9 2 457.344017




30

U. S, COAST AND GLEODETIC SURVEY.

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

Me-
ters.

750

-3 -3

-3
o0

-3
oot &wa‘g WA W=D

\ Me-

Feet. | (ot | Feet. } oIl peet. | M| Feet. || M| Feet.
] ! B
2,460.62500 || 800 | 2,621.00807 || 850 | 2,798.70833 || 900 | 2,952.55000 || 950 | 3,116.79167
2ar sy | 1| ZoTelm0 ) 1) 23 anes 1(2,956.00088 || 1| 3/120.07250
2,407, 18667 2| 2oz || oz |2msemeo || z|zeosne | 231233538
paviom |l SlaGiien | 3| awamos | 3| 2owmmol 3| 3ucmn
247374833 | 4263779000 || 4| 280183167 || 4120587333 || 4 |3,129.01500
sarno7 || s|zenonoma||  s|zsosmoll s|2em.a507( 53,1319
245031000 || 6|2cimoi7 | 6| zwsaos | 6| zo24300 (| 6|3 ka0 dree7
2, 4%3. 59083 7 2 647. 63250 7 Z R11.67417 7 2 075. 71583 7 3 139. 75750
Zacnanor || g]20.91333 [ 8|Z84.0500 | 8|2,97.0%67 || 83143.03833
24015260 || 9 |Zcst10m17 | o |Zmszsu3 | 9| 2,082.2750 | 9 [3,146.31007
2,403.43333 || 810 | 2,657.47500 || 860 | 2,820.51667 || 910 | 2,085.55833 | 960 | 3,149.

2 490. 71417 1 2,000 7H583 1| 2,524.79750 1 2 g88. 83017 1 d 152, 85083
2 4 2| Zectosoer |z |osenoman |l z|2meao00 |l 2| 218606107
032583 || 3 |2conaimo || 3| Zssuao |l 32054008 || 3| 3150041250
5o0h50067 || 4| Zoi050m3 || 4| 2saded 4| 200868107 || 4 | 3102:72333
2,509.89750 | 5 (2,0MEI0 | 5| 2RO 5300100200 || S 3,100.0007
gsansm |l 6 zerawonl| o|zszacr| 6003203 | 6| 3160.25500
26,3007 | 71zos04d0s ]| 7| 2eaasen0 || 7 |Boosiny || 7 [ 3172050588
Zoiea00 | 8 izosugaer | 8| 28770y 8|3 oms00 | 8| 3175 84007
LU || 5l eroomo| o | mmwowir| 5| 0b.0s| o |3170.1250
202067 || w20 | 200000 || w0 | 2 mseam00 | o2 | 3oi8amer | 970 | 3, 16240813
259060250 || 1 | 2.003.00417 12700653 || 103,021.61750 | 1| 31568017
Sosoaw || 2| 20008400 (| 2| 2800.8%667 | 230249833 221897000
pur sl f| e deinm || 3| Zeericme|  5|Sosanr || 3|30 z0w
253030500 | 4 | 2,703.40667 || 4 |2)8C7.44833 | 4303140000 || 4 |3]105.53167
arazeass | 5| 27006300l s|2g07em7|l  s|somarossl 5| 310881050
Paiamer || 6| 27000083 || 6| 2%i0000 | 6 la08.0567 | 6| 35202.0003
Zapoorso || 7| zmaein || 7| Zsmasss |l 7| 3esas0 || 7| 320537417
psamm | o8| zmosm | g\ pesognor | 8| Boudla | g) a0 s
Poss20017 | 9 |270.8108 || 92385200 |l 9|3oameen7 | 932010856
s.05000 | 80 | 2700067 | 800 288713001 | 930 | 3,05L 17500 | 980 | 3,215 21607
i || 1 |zZaavaraso || 1| Zeaidtair | 1| 306850 1| 3,218, 40750
Yaesoner | 2 |2imos:s|| 2| zemoo00 |l 2|3esrmoer || 2| 322077833
| 25ekmg20 | 3 |2,732.9047 | 3| 2s06.0m83 (| 3|3j0si0ms0 || 3| 32508017
i 2,572.17 | 2meno0 || 4|20, oo | 4%, (20833 || 4| 3)228.34000

2,0505.4507 || 5|2,70.40083 || 52,9068 5|3,007.607 || 53,218
pum il S|Eme | B|aanmcs| o |boosow|l o f 320
|aspams | 7| 2meemo )| 7| Zowonr | 7 30741008 || 732818280
sassaer | B|zoakes || 8| Zomaso0 | 8| Fordner | 8|3 2040803
soss.50 || 9| 27261007 || 9| 2,06.00083 || 9(3,080.70250 || 9| 3,244.7417
2,501.86833 || 840 | 2,755.90000 || 890 | 2,010.94167 || 940 | 3,083.98333 [| 990 | 3,248.02500
2,505, 13017 1| 2,750.18083 1| 29zmzms0 || 1| Zosz2en7 || 132503058
20542000 | 2| 276246167 || 2| 202060833 || 2 [ 300084500 || 2 | 825468607
gooctos | 3|zzcall 3| gensari  3\Zamess)) 38200
200408167 || 4| 2700, 4203306500 | 4 13,007.10607 || 4 | 3,261.14833
se08.2020 || 5 |2m2a07 |  s{zesawmll  s|30038m0( 53,21 42007
yelvonss || 6|zrmoswoll 8|29 by || 8| Slosoassll 6| 3207 i
pagen || 7 gmisess | 7| 2ot |7 Bleenr ) 73008
2 618, 10500 8 | 2,782.14667 B | 2,946, 18833 8 | 3,110.23000 8 | 3,274.27167
0 | 0| Z7eazn0 || 9 Zewdtelr | 9| BUSROS | 9| &27.05200




PART II.
GENERAL STATEMENT.

The remaining pages of this publication are devoted to a description
of field methods, tabulations of cost data for the various operations,
and to a discussion of errors and methods of adjustment. The con-
dition equations and other data used in making the adjustments are
also included.

While these may be of little intorest to the engincor who desires
only the geographic positions of control points in some particular
area, there are a number of reasons why they should be published.
The methods employed in the field work are of interest and value to
local organizations carrying on detailed triangulation.  Cost data for
all pubfic work should be published for the information of those
interested and as an evidence that the work is being performed
economically. For the information of those using the duta the sizo
of the crrors in the observations and the distribution of the dis-
crepancies in the adjustment should be evident in the published
results. Finally, the condition cquations and other adjustment data
should be published in order that future work may be started with
certainty at any point without recourse to the original data; pub-
lication of compf;te results is the best insurance against loss of original
records by fire or otherwise. In any future reprints of the data for
this arc of triangulation only the preceding portions of this publica-
tion need be printed.

The methods ecmployed in the field will be described very briefly
first, with the cost factors for the various operations.

RECONNAISSANCE.

The reconnaissanco for the California-Oregon arc of precise trian-
gulation was made by Signalman J. S. Bilby in the summer and fall
of 1919. Mr. Bilby reached Redding, Calif,, on August 20 of that
year, and after completing arrangements for the work, which included
the purchase of a half-ton motor truck, commenced actual work on
the reconnaissance for the Mount Shasta region on September 1.
He completed the reconnaissance to a connection with the Utah-
Oregon arc near Nyssa, Oreg., on October 19, One of the objects of
the work in the vicinity of Mount Shasta was to provide control
points for the engineers of the Forest Service.  As the reconnaissance
was extended it provided points also in Klamath, Modoe, and Ifremont
National Forests. No towers were required on this work, and the
stands for the instrument were constructed by a building party under
the direction of and just ahead of the observing party. The follow-
ing statecment gives the principal statistics [or this reconnaissance:

Length of main schome of reconnajsgance, in statute miles. ... 550
Arcainsquare miles. ..o i 22 000
New points selected (main schemes 37 and supplementary 22)... 59
Total COSL OF FECOTNMAIBEIIICC . « « oo e e e eee e ieae e eaaaecennnnnns $U89
Cost per mile of progress. ...l $1. 80
Cost persquarc mile. oo §0. 04
Cost per station selected. o oo ooeenen i $16.76

31
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SIGNAL BUILDING.

A subsidiary party under Dan W. Taylor, signalman, preceded the
observers and constructed stands for the support of the instrument
at the stations which were to be occupied.” One of the six trucks
provided for the use of the observing party was assigned to the build-
ing party. This work was completed on September 1, 1920. In all
50 stands were built, at an average cost per stand of 837.95.

HORIZONTAL ANGLE OBSERVATIONS.

The observing party under Mr. Eickelberg commenced work at
Redding, Calif., on June 11, 1920, and closed the field work at Vale,
Oreg., on October 22 following. During this’ time 40 stations were
occupied, 1 hase line was measured, and 7 azimuths were observed.
A double observing party was used for about two-thirds of the season.
Part of the observing was done by the chief of party and the rest by
E. O. Heaton, hydrographic and geodetic engineer, and W. Mussetter,
extra observer. ' :

The double observing party made it necessary for each light keeper
to show two lights, one to each observer.  In order to be able to have
both lights properly centered, cach light keeper was furnished with
a stand made in the form of a box with two opposite sides missing.
One light could be mounted inside of this stand and the other on top
of it.

Seven light keepers were employed and assigned singly to stations,
Each had his own camp outfit, which with instruments and provisions
varied from 400 to 600 pounds in weight. ISach light keeper was
given a schedule of the stations which he was to occupy and those to
which he was to show a licht.  He was trained in the visual use of the
continental Morse code for signaling with the signal lamps and helio-
tropes, in order that the observer could keep in close touch with him
sm(rinform him of the observer’s requirements.  One truck was used
in moving the light keepers from station to station. Detailed “1In-
structions to light keepers’ are given in Speceinl Publication No. 65.

The party commenced work with ouly three light keepers and was
able to function only through the assistance of employces of the U. S.
Forest Service and by using truck drivers us light keepers. At the
first four stations, where packing averaged 10 miles, animals were used,
but thereafter back packing was resorted to on account of the saving
in time. 1t was possible at many of the stations to drive the trucks
quite close to the station. In many instances they were driven
several miles beyond the point where people of the neighborhood
suid 1t was possible for them to go, and in two cases, at stations Wag-
ontire and Grays, the mountain was climbed with the trucks.,

Unusual difficultics encountered in the work were severe dust
storms while crossing the Great Sandy Desert and a great deal of
smoke and haze from extensive forest fires; also, it was very difficult
to secure competent men for light keepers and truck drivers. The
geason was very successful, however, both in regard to the accuracy
obtained and the low cost per mile of progress.  (Sce pp. 36 und 46.)
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FIG. 2—TRUCKS TRAVELING IN CREEK TO AVOID IMPASSABLE ROAD.
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FIG. 3.—BACK PACKING INSTRUMENTAL OUTFIT.

FIG. 4.—U. S. FORESTRY SERVICE LOOKOUT HOUSE ON
MOUNT EDDY, CALIF.

FIG. 5—~0BSERVING TENT AT STATION SQUAW ON
OCT. 20, 1920.
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INSTRUCTIONS GOVERNING THE OBSERVATIONS.

The instructions for the observation of horizontal angles on precise
triangulation are given in detail in U. 8. Coast and Geodetic Survey
Specinl Publication No. 19 and will not bo repeated here.  In brief,
such instruments and methods are used as will insure that the maxi-
mum closing error of a triangle is not greater than 3’/, with an average
of about 1. The frequency of bases, strength of figures, and accu-
racy of angle measures must be such that the measured length of a
base will not differ by more than 1 part in 25,000 from the length as
computed through the triangulation from the preceding base.

The general instructions for precise triangulation as given in
Special TPublication No. 19 were amended for this arc in the E)llowing
particulars:

All observations for horizontal angles between precise stations
were Lo be made at night, unless to do so would materially delay the
party. In order to minimize the effect of temperature on the instru-
ment, the circle was shifted approximately 195° in azimuth between
ench two positions, thus mui&mg “the alternate settings 180° from
those shown in the table in page 35 of Special Publication No. 19.

An cffort was made to make all observations for elevations between
the hours of 1 and 4 in the afternoon, the period of greatest constancy
in refraction, but the instructions permitted some of the observations
of vertical angles to be made at night, provided a portion of the obser-
vations had been made during daylight, and providing also that those
stations which had been observed upon during the day were reob-
served at night, along with the remaining stations.

The reconnaissance called for a Luaplace azimuth at Lakeview, Oreg.
When it was found, however, that the agreement between the fixed
lines at cither end of the arc as determined by a preliminary compu-
tation through the triangulation was satisfactory, instructions were
given to proceed with the final computations without waiting for
the longitude observations at the proposed Laplace station,

INSTRUMENTS AND METHODS.

The precise measures for horizontal directions wero made partly
with a standard 12-inch direction theodolite such as has been in uso
in tho Survey for a number of years and partly with one of the two
Wanschaft 8-inch direction theodolites wﬁich were \'01'37 gonerously
loancd to the Survey during the war by Prof. Harold Jacoby, head
of tho depurtment of astronomy of Columbia University, in order
that certain urgent work could be done for the War Department. A
part of the vertical angles were measured with an ordinary vortical
civele instrument and a part with the vertical circle on the Wanschaff
theodolite.

STATEMENT OF COSTS.

The following statement gives a brief summary of the cost of the
observing, including the azimuth observations, with analysis that may
serve as & basis for comparison with work of a similar character on
other arcs:

Total expenses (including depreciation of trucks and salary of observer,
plus annual leave earned, but excluding cost of base)..........oooooe $18 088.00

Linear miles of progress through scheme....o.ooooooooiiiiiaaet 530
Cost per mile of Progress. .. ..o v iiieeeniiiiiiiiiiii i $32. 89
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Number of square miles covered.............. ... ... ..l $22 000
Cost persquare Mile. . o ..ot te it e et i $0. 82
Number of stations occupied in main scheme. . ...... .. ... ... 36
Number of stations occupied in supplemental scheme............. ... .. 4
Cost per station occupied (two supplemental equals one precise). . ... ... $476. 00
Number of points whose geographic positions were deternined. ......... 72
Cost per point determineﬁ ............................................ $201. 22

BASE MEASUREMENT.

One base of precise accuracy was measured on the California-Ore-
g;(on arc; it is just north of the town of Paisley, Oreg., and is 14.53
ilometers (9.03 miles) in length. It was measured according to the
standard instructions given In Special Publication No. 19, using
the 50-meter invar tapes, which for a number of years have been
kept solely for precisc base measurement. A statement of the uccu-
racy obtained will be found on page 35 of this publication.
he total cost of measuring this base line was $S811.12, which in-
cludes labor, expressage, salary of chief of party, lumber, running
expenses and depreciation of truck, etc., but no charges for the
standardization of the tapes. This gives a unit cost for the base
line of $55.82 per kilometer or $89.82 per mile.

STANDARDIZATION OI TAPES.

The Paisley base line was measured with invar base tapes Nos.
516, 517, and 521. These tapes were standardized at the Bureau of
Standards in July, 1920, and used on the base line in the following
October. A post-season standardization was made in February,
1921, but as the tapes had not been sent directly in from the Paisley
base line for standardization but had been used by another party to
measure another base line (in Oklahoma) and had, therefore, possi-
bly been subjected to conditions which might have produced changes
between the time of the measurement of the fguis]cy base line
and the post-season standardization, it was deemed advisable to
use only the values from the July, 1920, standardization in comput-
ing this base line. These values are as follows, the tapes being
supported at the 0, 25, and 50 meter points:

T,o=50.008496 meters +0.026 mm. at 26°.6 C.
T,.,=50.009564 meters +0.019 mm. at 26°.3 C.
T,,, = 50.009248 meters +0.031 mm. at 26°.2 C.

REDUCTION TO SEA LLVEL.

The formula used for reducing the measured base line to its length
at sea level is—
Y L+

YL Y
= —~;S;+bﬁ—8;3, otc.

where C is the sea-level correction for a section of measured lehgth
S, and of mean elevation kb above sea level, » being the radiug of
the earth’s curvature for the given section. This corrcetion was
computed for the Paisley base line section by section, and applied
separately for each section, instead of being computed for and ap-
plied to the base line as a whole, as is sometimes done.
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FIG. 6.—WANSCHAFF 8-INCH THEODOLITE.
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COMPUTATION OF PAISLEY (OREG.) BASE LINE.

Uncorreeted . .
Dir. lengilr. Corrections.
Seetion. Date. | of 'II“?(I;O Tomp. e e
meas. o
Tape i m Set-up.
fongths. Mctnrs.| Tomp. Tapo. Sol-back.
1920. : [ °C. | Meters. | Mecters. | Meters.
Oct, 13 F 1t 101 5050 6,63 | —0.0359 | +0. 8581 1. 2700
Paistoy north base—1064 .. 5..do. ...} F 521 1 50 9.7 | — 0003 | + 0002 [J7
Oct. 14 B 517 102 5100 7 11.23 | — 0246 | + 0755 | —1.3795
Oct, 13 I 516 ) 4800 | 1LO8 Y — L0265 § + 8154 | + .2808
104200, ooieiiaan... Oct. 4 B 521 9% 4800 | T.44 1 ~ (0369 | - (RRTR | + , 2405
Octl. 15 B 521 96 4500 .01 | — 0435 | + (8N78 } + , 2106
200— Palsloy south base Oct. 12 b b2l 023 4625  5.47 | — .0302 | + .8554 | 4-G.1447
sioy sou S"'I fdon DL GIT| o2h| 4026|490 0N | 4+ T (&3
i 1
Corroctions—Cont’d.
. Roduced | Mocan by | Adopted R
Section. length. Lapes. longth, vy vy
Inclina- Sea
tion, levol.
Metcrs. | Meters, Mcters. Meters. Mecters. mamn. mm.
. —1 14 —1. L3480 L.ieeeee.l. : - 2
Paisley north base—104 ...... LT 10618 | 5007. 34 | } sopr.aasz {1 0.6 92.16
{—1. 7 | 10018 S007. 3670 L > ;{ -g- AR
— L0526 | — . 00N ), 0251 ... 415 56.25
T04—200 1 eueeneivennneennnens — L0326 | — L0080 | 4800 0468 } 4800. 0320 { _
(| oz | oas | 400,03 I} 4800. 0401 | IZ; 54,76
— JR07 — 9730 | 40630.1048 I......o..... 12 161,20
200—Palsley south bhase.. ... ' i 4630, 1775 |
ey souttt b |{— K077 ’ — om0 | 4630, 1922 i ............ I} ! '{—12.7 101.20
i
Totallength of Baso liNo. . ..o iiieiir ittt iiiieiie e 14 527, 5683

Mcan olevation of base llne above sea level= 1330 motors. .

The probable error of this base line from orrors of measuring and probably including cortain s?'stema!,lc
crrors of the standardizations of tho tapes is +11.0 mm., which corresponds to an error ol 1 partin
1 220 000.

* Correction for catenary.

ASTRONOMIC WORK.

There were no astronomic latitudes or longitudes observed along
this arc. The reconnaissance provided for a Laplace station at
Lukeview, Oreg., and an astronomic azimuth was observed there,
but it was later decided not to complete thoe station by determining
its astronomic longitude. Azimuths were observed at cight stations
of this are, but the azimuth at one of these stations, &rizzly, was
rejected when the final computations were made. These azinuths
are inserted here that the data along this arc may be complete in
one publication.

The dates of occupation of the various stations and the probable
errors of the determined azimuths are as follows:

Program. of occupation of uzimuth stations.

) ’ Number | Probablo
Date of occu-
Station. of posf- | orror of
pation. tions. result.
"

Boulah, Oreg. oottt et Oct. 17,1020 12 +0. 45
Riddo, Orepee e oo ieiiniiieineiaannn Sept. 29, 1020 14 + .38
Burns, Oreg...oooviiiiieie i Sept, 27, 1020 15 + .31
Juniper, Orego. oo Sept, 18,1920 14 4 . o8
Lakeview bench mark M 10, Oreg ()(il{’:)o'ls, 30, 18 + .58
Yonna, OFef.. oo i e Aug. .5, 1020 12 + .40
Goosenest, Califoo .o oo July 14,1020 12 + .40
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In the following table are given the astronomic azimuths resulting
from these observations, the geodetic azimuths of the same lines, and
the resulting deflection of the vertical reduced to the prime vertical,

Deflections in prime vertical.

Astro-
nomic

Geodetie Geodetie Qeodetic To azl- A-G

latitude. longitude. azimuth. !station— ’EL';:“_‘ A-Q. | =Cot g™t (V).

onds
only).

Station.

o 1t ’ o " o 1 " 1" 1 "

Beulah, Oreg...| 43 52 13.065 | 118 05 44. 572 | 349 23 47.02 | Star.....| 33.63 |—13.39 |—1. 0403 | -413.93
Riddle, Oreg...| 43 06 02.213 | 118 29 54,213 [ 179 21 58.%2 | Crow....| 5275 |— 6.07 [--1. (656 i 6.19
Burns, Oreg....| 43 33 42,480 | 119 09 04.061 | 344 15 43.02 | Jack. ...| 40.20 |— 2.82 |—1.0515 | 4- 2.97
Juniper, Oreg. .| 42 55 48,968 | 119 55 57,180 | 221 51 18.71 | Burns...| 13.17 |— 5.74 |[—1.0719 | + 6.17
Liakoview

bench mark :

M 16, Oreg...| 42 11 36,988 | 120 21 39.801 { 119 47 17.68 | Cougar..| 0126 |—16.42 |—1,1031 | 4 18. 11
Yonna, Oreg...; 42 19 36. (00 | 121 16 05.935 | 272 06 50.96  Cougar..l 56510 1— 4,86 |—1, 0879 | |- 5. 34
Goosenest, Calif.| 41 31 12.863 | 122 13 17.633 | 25 49 21.68 Bddy...! 12.52 |- 9.16 |-1.1216 | +10.27

1 ¢’ is the geodelic latitude.
ANALYSIS OF COSTS, FIELD AND OFFICE.

For the purpose of showing unit costs in a 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 per | Cost per | Cost per

Total | point de-| mileof | square

cost., termined | progress mile
(72). (350). [ (22 000).

Kind of operation.

Dollars, | Dollurs. | Dollars. | Dollars.
1. 80

Reconnalssance. . U89 138. 74 0.
Signal building 1598 26. 36 3,45 0. (0
Triangulation and 18 OR8 251,22 32. %9 0. 82
Baso measuroment 811 11,26 1.47 0. (1

Total, Geld. . oooieeiiiiitiiiii it it i et eeree et 21 780 302, 08 30,61 0.909
Officocomputation. ... ..ottt iiiiieeaceeeaaannn. T 17.57 2,30 0.
Compiling and publishing (estimated)............cooeeniinn.. .. i 1000 13. %0 1,82 0. 04

Total, OffICO. .. v vveennrrnnrnnenaeenneenaaneanneaneaaeanns T 31,46 112 0.10

Field 8nd OfTIe0. . . oneeeeneneniaeeenee e | 24051 | 33%.08 43.77{ 109
!

Different arcs of triangulation show a great divergence in the cost
per point determined and the cost per square mile, both of which
are largely dependent upon the length of llin(\.s in the scheme. The
cost per mile of progress through the middle of the scheme, however,
is relatively constant and furnishes a good basis of comparison or
of estimation of costs. The cost per mile of progress for various
ares are given below. These costs include the signal building but
do not include the cost of reconnaissance and base measurements.

Ninety-cighth meridian arc (after 1901)......c..oociii L $63
Texas-Callfornin arc.. ... i 32
One hundred and fourth meridian arc.....cooooo oo, 39
Utah-Washington arc....o.. o ... 30

California-Washington arc (see above)..ooooviiii it 36
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STATEMENT OF ADJUSTMENTS.

After all observed directions and the measured base line had been
reduced to sca level, the entire arc was adjusted by the method of
least squares, using one set of equations. The discrepancies which
it was necessary to climinate were distributed in the following classes:

Liquations.

Closure of triangles. .. ..o .ot 51
Discrepanciesin trianglosides. ...l 19
Tength diBerepancics. oo oo o i 2
Discrepancy in latitude. ... o il 1
Discrepancy inlongitude. ..oooovnee oLl 1
Discrepaney inazimuth. .. ....ooo i 1

making a total of 75 equations. These cquations will be found
in detail on pages 41 and 42, whilo the results of their solution are
given on page 43.

DISCREPANCIES IN LENGTH, AZIMUTIH, AND POSITION.

In examining the least-squares adjustment for criterions of the
accuracy of this triangulation, we find that after the angle and side
cquations were satisfied the length discrepancy developed between
the Paisley base und the line Dry-Squaw of the Utah-Washington are
of precise triangulation was 93 in the scventh place of logarithins or
1 part in 46 800, and the discreﬁ)ancy between the samo baso and
tho line Bally-Boliver of the California-Washington arc of preciso
triangulation was 72 in the seventh place of logarithms or 1 part in
145 700. The measured length of the base is shorter than its length
computed from the line Dry-Squaw and longer than its length com-
puted {rom the line Bally-Boliver.

No Laplace azimuths were observed, though one had been pro-
poscd in the reconnaissance. 1t was omitted, partly from economic
-considerations, and partly because the preliminary computation of
the triangulation scemed to justify so doing. After alll cquations
relating to angles, sides, and lengths (but not Jutitude and longitudo)
had been satisfied the discrepancy remaining between tho azimuth
of the line Bally-Boliver as fixed b f' the adjustment of the California-
Washington are of precise triangulation and as brought through the
California-Oregon triangulation Trom the fixed line Dry-Squuw was
277,62, the azimuth carried through from the line Dry-Squaw being
too small.

The discrepancy which the latitude cquation was required to
eliminate was 0’’.238, equal to 7.34 meters or 24.1 feet; the Jongitude
discrepancy was 0”7.189, equal to 4.40 meters or 14.4 feet. Tt will
thus be scen that the total diserepancy in position which remained
for the latitude and longitude equations to eliminate, after all condi-
tions in angles, sides, lengths, and azimuth had been satisfied, was
only about 28 feet. The geodetic 1Po.s‘.ltmn of station Boliver as
computed through tho triangulation from station Dry was too large
in latitude and too small in longitude.

HORIZONTAL DIRECTIONS AND ELEVATIONS OF TELESCOPE
ABQOVE THE STATION MARXS.

Wherever ecither the instrument or the object observed was not
directly over the center of the station mark the observed direction
was reduced to conter. All observed directions on this arc of pre-
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cise triangulation were given equal or unit weight, and all were reduced
to sea level, using the following formula: :
. . 2 g N ‘,z
Reduction to sea level (expressed in seconds of arc) = ei;mslx%_?
p sin

2——' 2 . . . i3
where ¢*= gﬂ—(ié-’-)-), a is the carth’s equatorial radius and b is the

polar semi-diameter, A 1s the height above sea level of the station
observed, p is the radius of curvature of the earth in a plane normal
to the meridian, ¢ is the latitude of the station occupied, and ais the
"~ azimuth of the direction reckoned from the south around through the
west. This computation is facilitated by computing a part of the

¢ cos? ¢
2psin 177

range of the triangulation being considered, and interpolating from
the table thus formed for the values at the separate stations.

In the following table arc given for all precise triangulation stations
of the California-Oregon arc the lists of observed directions reduced
to sea level, the numbers assigned those directions in the least-squares
adjustment, the adjusted directions, and the elevations of the tel-
escope of the theodolite above the station marks. Directions of a
secondary character, from or to stations not included in tho principal
least-squares adjustment, may be obtained from the azimuths listed
with the table of geographic positions (see p.11).

formula, for every alternate degree of latitude within the

Abstract of horizontal dircctions and clevations of telescope above station marks.

Final
soconds
alter
flguro
adjust-
mont.

Num-

Station occupied and clevation of ber of!
teloscope abovo station mark, diree-

tion.

. Observed direc-
Objeet observed., tion reduced to
sca lovel.

° ' " "

69.93
08.12
15.29
04.93
14.23

Dry,l4smeters....ooeneeaeaaiiaol.

=g A

53

(=

. 50.63
Squaw, 4l meters....ooieneiiennnnn.. 05. 06
63.69
59, 84
18,11

Vale, 14l meters...o.oooeeeiieennaann..
07.61

Freczeout, 1.27 meters oovveeneeennnnn..

Beulah, 1.49meters. .ooeevevinannn. .. .

20 | Riddle .
21 | Crow......... G120 566,07 65.40

B8tar, 1.40melers. ceee e cen o auean.. 22 | Beulah

—_———— T ——— T T T /e
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Abstract of horizontul directions and elevations of telescope above station marks—Contd.

N I’inni
un- sceonds
Observed diree-
Station occupied and olevation of ber of] \ b o aftor
teloscopo 8 above station miark. direc- Object observed. u";‘e';’?‘;’v'“o"l‘l o] figuro
tion. : adjust-
mont,
° !’ " "
29 | Burns, 0 00 00. 00 00, 16
..... 01. 09
o5 o1
Crow, .34 meters. ......c.oooveiiiiannn 2(; 3: ‘1’?
27 16. 20
P23 38,51
30 00. 55
K} 24,60
Riddle, 1.27 meters...... ceieennes N Y 2:‘ %;
33 47.52
34 43. 58
40 | Jundper. . ....ooii oo, 0 00 00.00| 59.90
41 ‘Vnguntlro 32 55 33.87 34. 80
Jack, 1.28meters......o.cooiininaiaas ..[{ 42| Burns., 82 04 52,20 5221
43 | Crow.. 132 20 37.96 I8, 45
44 I Riddle...% . oiiiiiiiiiiiiiian 178 25 32.83 32,49
37 [ JacKk. eeiei e 0 00 00.00 00. 16
38 {’ldnlpori ........ 52: 37) iz! 4? 12. 04
39 agontire. ........... 81 30 7 23,52
Burns, 1.38meters. ... f 7Y Bums bench mark ¢ 267 05 22,20 22.79
35 0o 01,22 00. 57
36 33 5%, 35 58. 82
47 00 00.00| 00.38
4% 04 6.9 16, 96
Wagontire, 1.40meters.............vu.. 49 11 47.41 47.31
45 06 563.80| 63.34
46 37 21.0W 21.31
6l anont{rc ....... e 0 00 00. 50.71
Qrays, 1.28mMeterseee.eeeeeeenennnnnn .. 69 | Juniper.. ... 130 18 69,07 59. 14
60 ) Diablo....cuviiiiiioiiiiiiias 259 20 09.13 09.29
64 00 00.00{ 50.33
05 18 52.72 H4.71
66 g‘li %‘E‘) 97 29. 84
e 67 ] . 32 26. 47
Dlablo, 1.33 meters,.............cooaeee o 36 2541 2523
69 I’alsley north bas 03 41,11 40. 88
42 Wagontlro .......... 42 31.33 30, 80
03 86 17,39 17.00
50 00 00.00| 50.90
51 06 47.60 4K.26
52 16 30.00 30.10
53 05 13,78 13,51
Juniper,1.26 meters........ccoceeneee... 54 25 37.78 38,02
55 17 46.31 46. 20
50 23.72 28.69
57 40 47.067 47.063
b8 38 24.03 25.05
73 00 00.00 00. 11
74 16 0. 88 06,78
Sharp, 1.30meters........c.cceveveinnne. 70 49 10,31 10.27
71 | Paisloy south base.............. 03 32,48 32, 59
72 | Paisley north base, ............. 247 06 00.51 00. 43
75 00 00.00 | 50.98
Palsley north base, 1.20 moters......... 76 25 44,77 49,03
i 77 24 b2.62 52.73
78 11 00.74 00. 82
79 00 00.00 ( 59.88
Paisley south baso, 1.30 meters......... 80 12 20,98 21,23
81 21 27.30 27.17
85 00 00.00 | 59,93
i B
8 50 2% 28. 07
White, 1.41 motors. . ...cveceeeroreennnn 82 | Round. . 47 02,61 02.72
83 Pnlsley south base.............. 44 40,82 41,29
84 i Palsley north baso. ............. 338 37 06.68) 00,30
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Abstract of horizontal directions and clevations of telescope above station marks—(ontd.

Final
Num- : soconds
Observed direc-
8tation occupied and elevation of bor of| . after
tolescope sbove station mark. direc- Object obsorved. "‘ogerﬂmllg:,cﬁd ol fgure
tion. i * adjust-
mont.
o ’ ” ”
BR1Crane........cooeiiiiiiiiiiaan.. 00 00.00 00. 06
89 | Drake..... 34 34,83 35. 50
Hart, 1.28meters............cooveeen... 90 | Round. ... 23 05,01 04,56
91 | Diablo.... 48 24,04 24,82
B2 [Juniper....... ..., 03 57.62 57.48
90 | Hart.............oil 0 00 00.00 | 59.6¢
100 | Drake. .ooeeevninneieinnean .. 32 15 26.90 26. 61
101 gmnc 62 06 44.22 44.31
102 j Cougar 113 03 18.17 18.22
Round, 1.38 meters.................... 103 | Yonna. . o0 41 amas | ases
06 ) Diablo. ...l 201 42 42,02 42.08
07 [ White.......o....oil 200 44 47.94 47.53
98 | Juniper...............oiialll. 310 47 32.08 33.24
93 [ Crane, ... .. ..., 00 00.00 00.25
Drake, 1.28meters..................... 94 { Round.... 42 17.03 17.38
IR - 111 o U 48 25.02 24.43
107 | Cougrar. . ... 0 00 00.00 00.00
108 | Lakoview bench mark M 16... .. 15 08 30.29 39.2%
; 2 28,56
. . 14
Crane, 1.36 meters...................... 46,81
04.21
58, 90
54.23
bY. 84
Lakeview bench mark M 16, 1.27 meters. 10. 06
04.90
5H9. 40
Dog, 1.686meters...............o.eee... 01.78
11.86
59.10
. 25.77
119 | Crane. ... ... 37 411.88 42.00
Cougar, 1.57 meters. ....c...ocueennn... 120 | Dog. ........ 48 30.81 30.96
121 | Hoffman.. 39 3K.85 39.23
122 | Yonna.... 10 45.73 406.03
123 | Round......coooivuiiiiia. 42 42.28 41.99
125 | Cougar...... e i, 0 00 00.00 59,34
126 &)Im[r'lc. ettt it eraaaa 16 32 53.44 5%. 88
127 | Hoffman................o. ... 104 30 47.47 47.04
Yonng, 1.48 meters.............eoeeeen 128 | Goosenest.. ... L1111 137 44 0078 | 0l32
120 ) Aspen....oooooiiiii 177 08 41.12 41. 56
124 {Round...........oo.iiaLL .. 341 10 13.13 12,91
..... Soldier..........................l 0 00 00.00 00. 90
130 | Grizzly........ 0 29.43 30. 8
131 }Nhulolmck... . 48 31.00 30.11
132 | Goosenest..... 42 40.75 41.25
Hoffman, 1.16 moters.......ccoveevaenn.. 133 | Aspen......... ARG QU KT 20. 80
134 { Yonna........ 40 46.47 40. 23
135 | Cougar........ 39 02.53 01.54
130 | Crane........... ereeeraiaeaes 05 19.16 20.01
137 | Yonna.........oooiiiiiil. 00.00 | 50.42
Aspen, 1.12melers..c.ccceeerennnnnann. 138 | Hoffman.... 02. 565 02.01
139 | Goosenest. ..o vveeeereeanaannnn 45.13 46.34
142 | Hoffman. ..........oeevenenn.. 0 00 00.00 | 00.44
143 60 11 44.68 44.55
Goosenest, 1.35 moters...ooevveennnnn.. 144 3 47 42,90 43.03
140 57 30 22,14 21.73
il Yonna....oovviiviiniennnnnnnn, 307 11 0.7 06. 84
145 .60
146 40.156
Whaleback, 1.15 meters....oveveenn.. ..[¢ 147 01.30
148 41.88
149 62.05
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Abstract of horizontal directions and elevations of telescope above stution marks—Contd.

Final

Num- seconds
Observed dlroc-|”
Station occupied and elovation of | berof Mtvr
teloscopo above station mark. (glh-oc- Object abserved tl”'s’e';fﬁ}:%id to 'J"r(;
on. b ust-
mont
L4 ’ ” ’”
150 00 00.00 00,12
i 151 23 51.07 52.80
Grizzly, 1L35moters. . ..ooeeeeiienean. o i }52; 20 47.;0 47).{1;?
5 62 01.71 0. 96
il 154 48 20030 [ 2623
159 | Whalebuek 00 00.00 | 50.22
155 | Grizgely. ...l 08 28,13 28.16
1ddy, 1.37moters. coveevnnrnnnnnnanann. 15 | Bally.. 47 08.02 09.25
157 | Boliver.. 42 05.47 05.94
168 | Goosenest 04 472.76 47.41
163a| Boliver. 0 00 00.00 | B&U.%7
Bally, 1,43 moters..oooeeeeceiiioienans 163 | Eddy.... 18 42 50.44 | 56.62
164 | Grizzly 6l 32 31.71 37.65
}:’Kl) }th(iﬂebuck 0 00 00.00 68.76
P P b D 14 26 24.50 25.91
Boliver, 2.41 meters....cooveeneennennes. 162 | irizg) 39 49 55.71| 5678
162a} Bally... 110 48 35.51 37.33
‘ CONDITION EQUATIONS.
No.
1. Om— 1.53 —( 2)+(28)4( 3)—( 5)+( 6 —((xn).
£t ot
3, 0=+ 2.02 — -+ —(3)+
4. O=— 3.68 -+5.98(1)—13. ( Y+7. 87(28)— 0 (0)+5 07(08)+1. 59(7)+2. 15(12)—6. 53(13)+ 4. 38(14).
6. Om 1.64 —( )+ ( 9)—(11)+(12)—(16)4-(16)
BT B e
8 O=— 825 —3.‘1“7)57); 7zr§m1 a;sw) —0.50(10)+2.34(11)~1.75(12)—0.50(15) +2.50(16)— 2.00(17)
—_— + o —_
9. 0=+ 0.72 —-217 +2193 221)+(22; 205-(—5263.
10, O=— 0.99 —(18)+4(10)—(25)+(27)—(32)+(33).
11, 0=— 0.18 520)+(21) (20)+(27)—(32)+(34).
12. O=+4 0.60 43(1 2 8)—5.86(19)~1.41(20)+2.71(21)—1.30(22) — 0.76(25) + 1. 58(20)—0.82(27)
—5.39(32 +8")4-5J —3 5&4
13, 0=— 0.07 —(27)4(20)—(31)+(3 i’)+(30
14, O=— 2.30 —(28)+(20 i) .37 54&
15, 0=+ 1.67 —(30)+(31)—(30)+(37)— 44).
16, 0=— 1,65 —3,22(27)+3.02(28)40. 20(29) -2. 50(30)+6 14(30) — 3.58(337) 4 0.20(42) + 2.04 (43) — 2.24(44).
17, O — 0.41 —(37)+ 41)+(42)— (45)+ (46
18, Qwe — g 41 - i8§+%30$ % i-{- 4;;— 66 57).
19, 0= 0,34 —(40)+(41)— 47)—(50 +58
20. O=+ 1.44 +40.20(37)—4.25(38)4-4.05(30)+3. 25(40) ~5.02(41)+1.77(42)+ 2.22(56) —2.72(57) +0.50(58).
21, O=+ 0.03 — 547)—{ §48g 5 +(56)+ 59 —(01).
22, Q=+ 0.33 —(4 g 40 60+01 +68
23, Ow 4+ 0.53 —(04)+(565)—(50)+

24, O~ 0.442— 2 J73 47 +2. 008(48)—0 225 40)-—0 153(.:4)-0—0 440(35) —0.203(56) ~0.288(62) +2.265(63)

25. 0=—0.84 —(53)+(54) (64)+(68)—(73)+(74).
2. 0=— 0.31 —(52)+(53 74) —(80)-+-(87
w on= o G TR
8. 0=+ 2.3%—00 4.1%8‘;’2))4-1 L174(83) ~0.71

20, 0=+ 0.03 —(oog+ 60)— (72)+E73; (76)+(70;.
30, 0= — 0.22 —(70)+(72)—(70)+(77) ~(84)+(86).

—0.142(77)—0.538(84) +4.131{85)—

(54) ~0.129(04) +2.825(60) ~2.696(67) —3.503(85 ) +3.648(86)

31, 0= — 2,000-2. 096(60)+3 008(67)—0. 310%00)4—0 034?70))+0 .031(72)—0.065(73) —0.083(75) +-0.225(76)

T

34, Q=+ 0,97 =2 57§7u)+3 79(71)—1.22(72) —0.20(76)+4.17(77) —3.01 (78) —2.08(83) 4-3.52(84) — . 44(86).

5. Q=<+ 8.65 —3.07

13 3.07(20)— 1.50(7) +1.50(9) —0.50(10) +-0.69(11) +-0,76(12) —0.76(14) +.0.50(15

—0.50(16) —1.68 17;+1 08 wg L.41(20)+ 1.41(21)+ 1,25(22)— 1,25(24)+ 0.76(25)— 0. 76(28)

+0.34(30)+1.13(32)—1.47(34

+0.50(50) —0.50(58) 4+ 2.31(62

= 1.10(28)+ 1.10(20)+- 0.77(:15)— 0.07(37)+ 0.20(30)— 3

.25(40)

)+ 3.10(09) — 1.44(76)+ 1.44(77)—1.33(79)

+3.20(41)4-2.03(43) —2.03 44%—{ 2.07(45) 2. 07(40; —1.88(47) 4+ 1.88(49) —2.41(52)-+2.41 (54)

2. .!1%7)--.! 10(6

+1.33(81) —3.62(84) +0.53(85) —0.53(



3.

74.

5.

. 0=+40,78—

. 0=—0.18—

. 0=+0.85—

. 0= —0.03—(151

U. S. COAST AND GEOBETIC SURVEY.

0=+ 0.94 ~(67)4-(68)—(82)4-(85)— (90)+(97)

0=— 0.20 —(.)l)+(o2)+(82)—-(87)—(97)

0=—11.07 +13.06(51)—15.47(52)+ 2. 41(54)+1 08((‘;4) 7.06(67)46.58(53) +3.79(96) = 0.56(97)+ 5.77(98).
0=+ 2,26 —(65)+(0K)— Em)+(m) ésx\)oé

O — 0,60 —(50)+(51)—(90)+-(42)—(98) + (99

0=—10.63 —2.62(04)+2.97(05)—0.35(68)— 07x(90)+3 21(01)—2.43(92) —1.82(96) --3.63(08) — 1.81(99).
0=+ 1.98 —(89)+(00)—(94)+(85) —(99)+-(100).

0= — 0.07 —(83)+(94)~(100)+ (101) —(109)+-(110).

0=~ 1.48 -(ss)+(su) 03) —(85)— (110)+(1

. 0= —5.23—5. 92(88)+9. 40580)—.! 53(00)—3. 3&(09;-%7 00(100)—3. 67(101)—2. 47(109) 4 6. 59(110)

—4.12(111).

0= —0. 52—5101)4—(102)—(1(77)+(109)+(119)—E .
102)+(103)— §1223+(123 —(IM; 125).
0= 40, 35— (106)+ (107)— (119) 4 (122)— (125)+(120).
0= +7. $8—; ;11(101)4 3.63(102)—1.92(103)—5. 52(100)+l 00(107)—4. 49(109)—6, 17(124)+ 13. 25(125)
0=—0.21—(105)+ (107)— (112)-+ (134)— (119)+(1203

. 0=+40.44—(105)+(108) — (113)+ (114)—(115)+ (116
. 0= —1, 20— (107)4 (108)— (115) -+ (117)— (118)4-(119),

0= —12,75-2, 01(10.))+-7 T8(107) =5, TT(108)—1. 47(112)+0.07(11'¥) —4.60(114)—11. 10(118)4-11. 48(119)
—0. 38(120).

. 0=—0.31— E121;+(122) (12.:)-{(127; (134;+(1.b;

O —2. T4~ (104) 4 (107) — (119) 4 (121§ — (1359 + (136).

50. 0=+6.48—2.20(104)+7. 72(106)— 5. 52(107)+0. 19(119)4 1. 74(121)— 1. 93(122)—7. 0%(125) +-7. 16(126)
(130).

—0, 08(127)—3. 96(134) +9. 61(135) ~5. 65
O —0. 74— (127) 4 (120) — (133) + (134) — (137) 4 (138).
5128)4-(129; (137)+ (130)— (140) + (141).

O —0, 69—(127) 4 (128) — (132) 4+ (134) — (141) 4 (142

. 0=4-0.56—2. 57(127;-{»3. 22(128)~0. 05(129)—1. 13(137) +3. 70(138) - 2. 57(139)+0. 09(140) + 1. 59(141)
68(142).

: g: Ig &;:8%;—{-(132)—(142)+(143;-{-51453—(149;. "

+(144)— (147) 4 (149)— (158) + (159).

0=—0. 5()—El4b§+§147; él52; §1"3§+(”5) (169).
130)+ (1319 — (145 (153)+ (154 2

0=+19.32-2 11(130)+7. 09(131) 4. 98(132)— 1. 21 142)+3 42(143)—2. 21(144) ~ 1. 94(152) +-3. 59(153)
1.65(154) ~1. 02(155) — 4. 53(158) + 5. 55(158)

O=-+0.46—(146§+(l48) 151)+(153) - (mo)+<wg)
+(152)— (135} + (157)— (161 )+ (162).
0= — 2.72+0.82 140} ~12.45(147)+11. 03(14s)+& 43(151)—10. 37(162)+ 1. 4(163)+ 8. 17(160)— 12. 61(161)

+4. 44(1
0=— 2.02—(156)+E 5 ;—2101;+516283+(163)-—(]030).
Om — 2.63—(150)+ (151)—(162)+ (16285 — (1638)+ (164).

0= —15.79~0. 7l(150)+8 43(151)~7.72(152)— 4, 68(161)-+ 0. 24(1628)+ 4. 44(162)-4- 9, 47(103)~6, 21(103a)
—3. 201

O +1.86—1, 1<,(5o +1. 10(51)+2.41(52)—2.41(54)—0.35(04) +3.10(67)+ 0.35(08)— 3. 10(09)+1 A44(75)
~144(7TD)+1. .stmg 1.uésxg+3 52& Y—38.52(84)—0.f s.s(s.,;+o 53(87)—1.74(88) + 2.62(90)
< UT8002)-1.82(00) — 1 820081+ 0.31(101)—0.51(103)- 2.20(104)-+ 2.20(10)+0.8 (wa) 0.87(111)
+2.96(124)—2.90(126)—3.22(127) + 3.22(128)— 2.11(130)4-2.11(131)4 1,87(134) — 1.87(156)
+1.50(141)— 2. xomz +1. zl(mg ~0.82 1w§+o 82?47 +0. %EW; 0. 2..2149;-0 71(mg
+0.71{152)+ 1.65(153)— 1.65(154) — 1.02(155)+1.02(1 509 — 0.99(1 56)+ 0.99(157)— 0.24(161
+0.24(1628)+3,26( 163)—3.26(104).

Azimuth equation.

0= (—0.3040.32)— (68) + (9) — (15)+ (19)— (25)+ (20) — (36)+ (38)+ (51) ~ (57)— (98) +- (101)+- (104) — (109
- 1(140)) ((113)6)1 151()°)(1cf4))(1(02))+((16)u)( )+ (38)+(51)— (57)—(98)+ (101)+ (104)—(109)

Latitude cquation.

0= —13. 4631+ 10, zma) —10.2376(28)— 2.6980(7)+ 2.0089(9) + 5.3861(10) — 5.3801(11)+3.5464(12)
— 3. 5464(14)—5.0585(15)+ 5.8585(16)—2.4479(17)+ 2.4470(10) + 5.9880(20) — 5.8880(21)
+2. ms(n —2. o(m§243 — 5.5493(25)+ 5.5493(20) — 4.3008(27 +4m§zg +8. .,aué.so;
—5.! WAE 319+ 2.0752(32) — 2.07562(34) — 8.9030(35) + 6.9030(36) +- 1 .5422(38) — 1 .6422(30
+3.8196(40) — 0.0815(42) —3.7381(44) ~ 1 .0802(45) + 0. wm&u;w 8264(49)+3.0267(50
Z3.0267(51)— Zom 57)+0.1389(58) ~ 508%9(62;4-3 6091(64) + 2.3648(68) + 3.4550(88
—1.8605(90)— 1.5594(92)— 4.5428(06) +4.5428(08) —2.5730(101 )4-2. STIN10)-+ 2.8540(104)
—2.8546(106)+ 1.5213 lOOg—l 6213(111)=-3. 84972124 +3.8407 m; 0.49156(127)+0.4915(128)
+0.0501(130) —0.0501 (131§ +0.2442( 1345 - 0.2442(136) — 1 .5065(141) +0.5011(142 +0.mr)4(143g
+1.1157 145&—0.7933 146)+0.7933(148) — 1.1167(149)+0.3441(164) — 0.3441{154) — 0.5005( 160

+0.6905(162).
Longitude equation.

0w~ {-34. 5088—4.55 2 +4.5578(20) —8.9207(7)+8.9287(0)+2.7100(10)—2.7166(11)+7. 21-37(12) —17.2137(14)
~2. 4183 5)+2.4183(16)—8.4018(17)+8.4018(19)+0.1782, m; —0. 178252];4—7 .8908(22
—7. 8908514 -1, 5498 +1.3408(20)— 2.6692 27 +2.5602(29)-+0.5331(30)—0.5331(31
+7 5654(32 34)-3.4831(35)~ 3.4831 —10. (38)+410.0506(39)+ 3. 2840(40)
284(42)— d 41.53(44; —4.5431(45)—1. 4708(47;+6 .0139(40)+ 0. 48002')0) —0.480.
+0 6240§ )—

42

57

92) +-0.3204(96)—0,3204(98) —0,8600( 101 ) +0.8508(103) — 0.2169¢ 104) +0.2160(106)
+3.25400100)—3.254 HD3.17200124) -3 20(126)— 2.9651(127) +2.9551 (128) —0.,3505(130)
035050131 )+ 3. 4814 —3.4814(136)+0.5877(141)—2.0632(142) + 1.4755(143) +0.7702(146)
T 0.00880146) 1.0. wssuas) —0.7762(149)+1.0828(153) — 1,0828(154)+-1.4073(160) — 1.4073(62).

ey 9. 5%5%')8 +1.1575(62)—4.5402(84) +-3.3017(68) — 0.3108(88) + 3. 4400 90
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COMPUTED CORRECTIONS TO OBSERVED DIRECTIONS.

A least-squares solution of the preceding condition equations re-
sulted in the following corrections to the observed directions:

Table of corrections to observed dircctions.

Number of| Correction

diroction. |todirection.
1 4-0.221
2 - .370
23] + .149
3 + .43
4 — .156
5 — 487
] + .610
({7 + 737
7 — 089
8 — .00
9 —1.227
10 + 178
11 — .000
12 - 022
13 + . 285
14 — 350
15 + .067
10 + 112
17 + .5607
18 — 877
19 — .400
20 + 344
21 -~ .54
22 — .200
23{ . 4 .535
24 — . 163
25 + . 163
20 + .040
27 + .473
28 - .853
20 + .164
30 + .554
31 — .62
32 — 298
a3 — 087
31 + .204
35 -~ .Gi7
30 + 08 |
37 + 161
38 - 202
39 - LINR
40 — .08 ,

Number of | Correetion || Number of | Corroction | Number of | Correctlon
dircction. [todirection. | direction. |todirection. | dircetion. [todirection.
” ” e
41 —0.070 RO —0.304 126 ~0. 564
42 + .013 87 + .253 127 + .470
43 + .401 &S + .068 128 + .536
44 — 336 &Y + .064 129 + .437
45 — A0 90 — 455 130 + .0
46 + .220 . .
2o 91 — .12 131 — M5
" + a7 92 T 132 + .50
m — 103 93 4 246 133 — 069
50 — 604 91 + .345 144 — .24
: 05 - 590 135 — 901
51 + .59
52 + .104 o8 + 060 136 + 846
53 — .271 7 - . 407 137 — .580
51 4 . 236 08 + .557 138 + 368
565 — .114 W — .365 130 4 .214
56 _ ‘033 100 - .20 140 - 413
57 - .03
101 + .00 141 — .927
b8 1122 102 + .05 142 + 430
&o + .00 103 302 143 129
60| 4+ .164 T Lo
104 — 586 144 +1.020
a1 - .23l 105 - 055 145 — 399
62 — .528
63 — .30 106 + .0604 146 -+ .213
04 — .071 107 + .086 147 + . M5
65 +1.092 108 — 008 148 + .11l
6 - 126 109 + .218 149 — .370
o7 + 152 110 - .13 150 + .115
(i1 — .1
. 11 — 165 151 + .019
o T ue 112 — .202 152 = T2
* 113 + .3846 1563 — . 763
71 + .114 114 — .144 154 — 070
72 - 082 1156 — . 166 155 + .028
73 + .110
74 — . 102 116 — .16t 156 + 634
75 - .010 17 + .320 157 + . 470
70 —~ 41 11R — .(‘)552 1568 — 30
77 + .100 1‘10 4 .137 1.":{! -- . TR2
7R + .07‘;’ 12 + 147 160 ~1.244
70 - .12 . .
. 121 + .37 161 — .0640
&0 + 249 122 4 208 162 It
§1 - .120 123 — 289 1620 1 1.4824
82 + .078 124 — .20 163 {- . 184
53 + .472 125 - 660 163, — . 128
K - .379 ! 164 — 085
845 — .066 .

The maximum correction to an observed direction is + 1799.
The probuble error of an observed direction is given by the for-

d=0.674\/£;’_’

mula:

in which Z¢? is the sum of the squares of the corrections to directions
and ¢ is the number of conditions. The
served direction resulting from the figure adjustment for this arc of
precise triangulation is +0”26.

probable error of an ob-
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CORRECTIONS TO ANGLES AND CLOSURES OF TRIANGLES.

The correction to each angle is the algebraic difference of the correc-
tions to two directions. In order to make it possible to study the cor-
rections to the separate angles, they are shown in the following table
for every triangle in the precise scheme. There are shown the correc-
tions to the angles resulting from the figure adjustment, the errors of
closure of the triangles, the corrected spherical angles, and the
spherical excess for each triangle. The plus sign prefixed to the
error of closure of a triangle indicates that the sum of the angles is
less than 180° plus thoe spherical excess. The spherical excess is a
convenient indication of the size of the triangle, since it is propor-
tional to the area.

Table of triangles.
i
Clorrc&‘- (‘orr:('-
tion to tionto |
angles }er;:rr%[ Corrected | Spher- ungles I:l‘::s(:r%( Corrected | Spher-
Station. fgrc,\m or't;i- sphcxchal ical Station. r}mm of tri- sphcxiical ical
ad’i::;f gngle, | Bngles. [ excess. fguro | o, | englos. foxeoss.
ment. ment.
” " ° ’ r rr ” " L ’ n ”
142 28 49,50 +0. 81 0 54 59, 50
+1.53 {§ 22 32 09.30 4.23 L4101 142,30 | GO 30 21,05 7.48
14 59 05. 43 +0. 48 49 34 40,24
3 44 25 01.32 30 26 01.35
Dry......... —0.69 [p—0.71 52 54 45.70 5. 29 54 03 24.04 5.67
Vale......... —0.33 82 40 18,27 95 30 40.28
Freezeout. . .|—0,32 70 06 08. 60 38 57 37.42
Dry X 75 26 55.00 13,13 o8 07 42,48 11 12,21
Bquaw 3 34 27 11,47 82 54 52.31
Freozoout 25 41 07.34 3 4530 27.07
al 134 60 52,23 5.61 L 3¢ #4030 23.30 974
Squaw. 1928 06,04 [y || Jack......... 3 49 59 18.41
Star. 33 10 17,78 ‘Wagontire...|4-0. 84 115 563 07.04
Dry 22 11 06.19 } 5.34 || Burns....... —0.39 [40.44 [{ 20 22 40.88 6. 40
Froczoout 124 38 41.37 Juniper...... —0.01 37 44 15.04
Beulah...... —0. 55 78 4% 00,15 ‘Wagontire.. |+0. 16 70 22 39.07
TY . -veneenn —1.16 |;—1.64 { 52 51 15,36 593 || Jaek......... +0.03 }4-0. 34 32 55 33.90 } 0.33
Freezoout. . .|+0.07 50 17 41,42 Juniper...... +0. 15 76 41 3.36
Beulah...... -+0.16 123 11 27.44 ‘ Grays.......|40.30 139 16 50.37
Dry......%.. —1.17 |}—0.59 [{ 30 43 (0,17 571 \Vugonliro... —-0.4 }—0.03 604 18,58 } 0. 44
Btar...oo0l +0.74 26 05 2010 || Juniper...... +0.08 35 38 42,40
Beulph...... -0, 39 40 23 15,20 Diablo....... 40,14 306 12 46.20
Freezeout. . .| —0.27 1p40.16 14 74 20 50,95 5.12 || Wagontire.. .| —0.07 {5-0.33 |4 43 07 28,35 502
Star.......-. +0. 04 59 15 46. 88 Grays....... -0, 40 100 39 50.47
Riddle...... +0.38 33 42 06.06 l Diablo....... —0.14 42 17 28, 5
Beulah...... —1.30 [p—1.55 | 81 35 4K, 32 } 6. 80 || Wagontire...]—0.48 (3—0.80 [ 48 11 46,93 6.13
Btar......... —0. 54 114 41 22,42 | Juuipor...... —-0.27 89 30 50.07
Crow........ —0.12 70 09 39. 57 i| Diablo....... —0.28 8 04 42.33
Beulah...... —0.91 [—0.72 I 51 21 58,74 5.61 Gruys ....... +0.10 }—0. 53 [$120 03 10,10 0.07
Blar.... ... +0.31 58 28 27,30 Jumper...... —0.35 63 52 08,18
Crow........ +0.31 138 52 51.60 White...... +0.32 75 59 20.04
Beulah...... +0.47 |40.09 [S 19 46 10,41 3.97 || Diablo....... +0.82 |34-1.28 [¢ 62 51 27,14 4.09
Riddle...... +0. 21 21 20 58.90 Juniper...... +0.13 41 09 07,91
Crow........ +0.43 68 43 15,09 Round...... 4-0. 50 40 04 51.16
Btar......... —0.86 |+ 40,18 |{ 50 12 55,11 5.16 || Diablo.......|+0.49 [:4-0.03 |{ 80 30 25, %0 0. 82
Riddle...... +0. 69 55 03 64,96 Juniper...... —0.36 50 18 49,76
Jack......... -0, 83 45 55 514,04 Round. 20 02 05.45
Crow........ —1.32 [3—3.00 |< 34 55 22,31 4.42 || Diablo.. N 17 44 b8, 70 1.43
Riddle...... -0, 85 00 08 48,07 White.. 133 12 57. 22
Burns. ...... +1,12 39 28 68.25 | Round. 20 02 45.70
Crow........ —0.31 |¢40.97 [{ 956 25 43.96 6.23 || White.. 150 47 33.76 1.20
Ridale. ... " +0.16 45 05 24.02 | suniper D 0p 41,54
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Table of triangles—Continued.

45

Clorroc- thrroc-
tlon tn | ionto|n
angles E]‘:g';r%t Correctod | Sphor- angles E{&?rr%[ Corrected | Spher-
Station. '{mm cof'trl- sphml-lcul cal Station. r{rom of tlrli- sphell'iml 108l
. ure angles. oxcess. ure | - angles.  |excess.
L15t- angle. B utﬁust- anglo, &
ment. ment.
" " °© ’ ” ” FII ” L ’ ” "
Bharp....... —0.21 105 10 08.67 Yonna....... —0. 34 35 22 39.97
Diablo... +0. 54 340,84 58 23 30. 61 1,69 || Round. L+H0.21 [2—0.61 08 34 54.34 8.63
Juniper...... +40. 51 16 20 24.51 Crane........ —~0.48 48 02 34.32
Sharp.......]+0.06 82 33 03.49 Yonna.......|—0.44 18 49 46,43
Juniper. —0,37 |340.31 24 48 43.41 2.31 | Round. J[4+0.25 [3—0,78 | 47 38 20.43 2.82
‘White.......|+0.62 72 38 15. 41 ! Cougar. ..... —0. 69 113 31 55.90
Bharp....... +0.15 172 10 49,84 | .|4+0.10 16 32 53, 54
White... —0.30 |p4+0.13 321 13.63 0.10 +0.16 |[>—0.35 <142 33 04.03 |3 © 3. 42
Diablo....... +0.28 4 27 66.63 —0.01 20 54 03.85
Palisley 4 +0.00 79 38 12.06
north basoe. [-+0. 15 124 24 52,77 Cougar. ..... +0.01 |$40.21 {3 69 10 48.96 2.21
Diablo.......]—0.40 [p40.00 1{ 34 12 14.30 0.78 || Crano........|+0.14 31 11 0l.19
‘White....... +-0.31 21 22 63,62
Lakoviow
Palsloy bench
north base. (-0, 10 68 25 49,07 mark M 16.{ 0.00 109 05 10,82
Diabto....... —0.12 [—=0.03 | 38 40 11,02 0,37 || Crane........ +0.05 [2—0.44 [{ 40 19 40.39 1.29
Sharp....... +0.19 72 53 59,08 Dog......... —0.49 24 35 10.08
Paisloy Lake viow .
north base. |+0.25 55 59 03,10 bench
Sharp. J—0.04 340,22 £ 90 18 50, 10 0,61 mark M 16.14-0. 49 154 28 05,00
White +0.01 24 44 07.25 Crane........ —0.08 134+1.20 [{ 15 08 39.20 0.49
’ Cougar...... +0. 80 10 23 16,23
Paisloy
south baso.|+0.37 37 12 21.35 Lakoviow
Paisloy +0.30 (| 5245110 {} 37| Roemneh
north base. |4 22 g 00 0‘2 27'83 . mark M 16.|4-0, 49 45 22 5. 24
Sharp....... 0,20 : Dog......... +0.55 [r+1,85 1 65 03 01,08 1.41
Cougar...... +0. 81 79 34 05.19
Paisloy
south baso.|[—0.01 122 21 27.29 Hoffinan....|—0.75 27 bR 15,32
Palsloy —089 [! 26 16 0500 0.40 Yonna...... +1.13 |3+0.31 |3104 30 48,60 (3 10.72
north baso.|—0.03 30 52 a2 il Cougar...... —-0.07 47 31 00, 80
White....... —0.85 ve Lo
Hoffman....|+1.00 48 24 33.78
Paisloy Yonna....... +1.03 (34-3.40 1§ &7 57 55,00 1} 18,87
south buse. [—0. 38 85 (9 05, 04 Crane....... +1.28 43 37 50.03
Sharp. Q4015 }—1.06 39 14 22,34 0.54
White —0.83 55 36 32.27 Hoffman....|+1.8 20 20 18,46
Cougar...... 4-0.24 [p+2.74 |8 05 01 57,2 11,57
Hart........ +0.33 36 25 20.26 Crane....... +0.67 G4 31 55 8% }
Round...... ~2.26 [{ DR 17 17.50 834
517 90 6
Diablo....... 45 17 30.52 Aspen....... 0,94 ‘{ {01 47 03.49 }
. . . Yonuo...... —0.08 [34-0.74 72 37 53.62 1354
Hart........ +0,31 60 40 52,92 _ it :
Round. .. .. 0,92 }4-0. 5 { 49 12 20,40 } s.1g || Hoftman....|=0.17 46 45 16.43
Wr...... 41,4 b 8. R
Juniper H.2 01 06 45,26 Goosonest. . .|—0. 51 30 40 45.12
Hart........ —0.02 33 15 32.66 Asp(\ll... +0.79 240,18 K100 4 45,92 } 11.28
Diablo....... 266 }4-3.4»( { 35 18 ho.38 |} 666 || Yooua...... —0.10 39 24 40,24
Juntper...... 10, 84 111 25 3K,62
Goosonost. . .|-+0, 85 02 20 38,71
Drake....... —0.04 110 56 07.05 AsSpon.......|—0.15 (340,13 [{ 30 17 42,43 0. 69
Round...... 0,08 [3—1.08 | 32 15 26, OR 3.00 || Holfman....|—0,57 48 12 48.55
art........ -1.12 30 48 290.00
. . Qoosenost. . .|+1.37 52 48 53,00
Crano........ =0.37 07 30 18,27 Yonna......|-+0.07 [34-0.60 [ 33 13 13.37 |3 11,95
Round. 40,45 [3—0.43 {{ 62 00 44,67 7.44 | Hoftman....[—-0.74 03 58 04, 08
art........ -0.51 50 23 04.50
Whaloback..[—0.03 a6 54 07,55
Crane........ —~0. 41 40 26 27,58 AN oS —on " 1 . 9 R
Round [0 T, [L0.07 20 5t 1770 (b2 || ogronast. - —0. 8 }“" & {'}‘} M } 80
Drako. ...... +0. 10 100 42 17,13 ’ e v ik
Crane........ +0,04 27 03 50,00 Eddy =043 24 55 11,81
Drake....... 40,83 (041,48 ({133 21 35.%2 |} 1.04 X <ok L1B (30,00 |§ 43 85 60.38 1p 1,03
art........ ‘40,61 19 34 35.43 —0.82 111 28 50,74
Cougar......|+0.43 103 5% 00,01 Grizzly...... —0. 54 47 22 13.77
Round...... =0 M [34-0,52 [§ H0 56 33,901 2,30 || Bddy....... 0,81 340,50 [§ 64 00 28 04 3. 88
Crano........ 4-0. 13 25 08 28.47 Whaleback..l-4+0.23 68 31 21.15
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Table of triangles—Continued.

Clorn:c- ' ?orrgc-
tion to |y ionto|p
angles lc‘{ggfrg’ Corrected | Spher- angles E{Ji’.ﬂ‘é‘ Corrected | Spher-
Station. t{rom of tri- sphc{ical cal Station. nﬂ'om of tri- sphe;icnl lcul
1ro } angles. excess. re angles. .loxcoss.
adjust- angle. adjust- angle.
ment. mont.

1" ” o ’ ” " ” " ° r ” "
Grizzly...... +0. 68 51 56 25,27 +0. 31 18 42 56. 75
Whaleback..|+0.61 [>—0.55 [{ 83 05 40,55 5.61 +2.47 (54-2.62 { 96 22 11.42 4. 86
Iloffman....|—-1.84 | 44 57 50.79 —0. I 64 54 50.69
Boliver...... 30 49 57.02 +0.07 51 32 37.7
Whaleback.. A —0.40 [{ 78 47 01,73 6.82 +1.75 p42.63 { 70 58 41.55 |} 12,11
Grizzly...... . ’ 61 23 08,07 +0.50 57 28 52.77
Boliver...... L 5 14 26 27.15 —0.2 32 40 41.03
Whaleback..|—0.33 13—0.99 |3 10 15 40,58 1.0t +0.61 |p40.04 [{ 75 40 41.10 9.20
Eddy....... ~1.25 155 17 53.28 =0. 4 71 290 47.07
Boliver...... +0,72 25 23 29,87 l
Eddy....... +0.44 [24-0.03 {4140 35 37.78 1,95
Grlzzly...... —1.13 1 14 00 54.30

ACCURACY OF OBSERVATIONS,

The maximum correction to any angle is + 2766, to the angle at
Diable between Juniper and Hart. The average closing error,
taken without regard to sign, for the 69 closed triangles of this arc
is 0792, while the maximum closing error is 3740. The genecral in-
structions for precise triangulation requiroe that the average closin
error shall not be over 1700, while the maximum closing crror sha
seldom excecd 3700. In this triangulation only two triangles have
closing errors in excess of this.

The following table gives statistics for closures of triangles and
related orrors for this arc of precise triangulation. The mean error
of an angle was computed from the formula:

_ [
=V 3
in which ZA? is the sum of the squares of the closing errors of the

triangles, and n is the number of triangles.

BTATISTICH BHOWING ACCURACY O)F TRIANGULATION,

Total number of triangles................. ... . ..., 69
Number of triangles with plus closures......................... 40
Number of triangles with minus closures....................... 29
Averago closureof trianglo............... ... .. . . ..., 0792
Maximum closure of triangle.................................. 3.40
Mean errorof anangle..................... .. .. ... ... ...... +0.72 .

Probable error of an ohserved direction. ... ... ...ccoeoueun... +0. 26
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For purposes of comparison a table showing the closing errors of
a number of other arcs of precise triangulation is given below:

Average
closing error.

Ninety cighth meridian arc, Alice, Tex., to Colombres, Mexico.... 0763

Texas-Californit ArC. ..ouuviee et it i e eia e 0.90
Ninety-eighth meridian arc. ... il 0.92
California-Oregon are (in this publication)......................... 0.92
One hundred and fourth meridian arc..co.coveeeeea e ... 0.99
TR0 Grinde 8TC. e i veeiieraecreeanancsrrocnnnanneceteeeananens 1.01
Transcontinental arc.....c.veveeeeceaiiececeecniaiaaiaea ... 1.OG
Utah-Washington arc...o.cveeeiiiiiinnnnnnaa. e 1.12
Eastern oblique ArC. .. ieeeiiie e er et 1.19
California-Washington 8rC....oceoiiiiiiieiieiiiiiieniinenanan. 1.22

It will be noted from the above that the arc of precise triangulation
considered in this publication, when judged by the criterion of
average closure of triangles, ranks high as compared with other arcs
of the same order, tying for third place in a comparison of 10 ares.
If we apply the more rigid test for accuracy, which is indicated
by the probabloe error, d, of an observed direction, we find that the value
given on page 46 of this publication, namely -+ 0726, would bo placed
with the sixth and seventh values in a table of 66 sections of triangu-
lation arranged in order of accuracy. This table is shown on pages
79 and 80 of Special Publication No. 19.

COMPUTATION, ADJUSTMENT, AND ACCURACY OF THE ELEVA-
TIONS.

In the main scheme of the triangulation vertical angles were meas-
ured at both ends of most of the lines; these are culleg reciprocal ob-
servations. For nearly all lines to intersection points nonreciprocal
observations were made; that is, the vertical angles were measured at
the occupied point on the intersection point, but not in the reverse
direction.

In computing the difference of elevation between two points
where corresponding reciprocal observations were made, the observed
double zenith distances were first reduced to the zenith distances of
tho line connecting the two station marks, and then the difference of
elevation of the station marks was computed by the formula:

g J - 02
hz_h1=8(1 +Iip') tan (“—%) [1+2‘“—p tan iz_z_Q)] [1 + I%,? ]

In this formula (k,—A,) is the difference of elevation, ¢, and ¢
the reduced zenith distances at the stations, s tho length and p
the moean radius of curvature of the line connecting tho stations.
This formula will be found reduced to an easily handled workin
form with prepared tables on pages 207 ot seq. of U. S. Coast an
Geodetic Survey Special Publication No. 28, Application of Least
Squares to Trianguﬁxtion.

he least-squares adjustment of the main scheme of vertical angles
involved 27 new stations and 7 stations whose olevations, determined
in previous scasons by spirit leveling or by vertical angles, were al-
ready known and were held as fixed. There were formed 76 observa-
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tion equations, requiring the solution of 29 normal equations. From
this computation was ﬁerived the probable error of +1.26 meters
for a difference of elevation over a line of length 31.7 kilometers
(19.7 miles), this being the length of line corresponding to an obser-
vation of weight unity. The probable error for any adjusted differ-
ence of elevation may be determined by assuming it and the probable
error of an observation of weight unity to be in the same proportion
as the lengths of the lines involved.

In computing the difference of elevation determined by a non-
reciprocal observation, the-observed zenith distance was either re-
duced to the zenith distance at the station mark or else correction
for height of instrument above mark was applied to the derived
difference of clevation. The formula used for computing the differ-

ence of elevation 1s:
8
cos [{1 — (& - m);)—“—n—],—,]

hy—h,=sAR Lo P SIOL _]

. N s
S [3'1 - (- m'),; sini” %1_)_Sln 17

where A = 1+’-L-" the correction for elovation of the known station, R

is the reduction factor from arc to chord, and m is the coefficient of
refraction derived from the computation of the reciprocal observa-
tions at the same station. The other symbols have the same meaning
as in the formula for reciprocal observations given above. A more
complete explanation of this formula together with a working form
and tables is given in Special Publication No. 28 referred to above.
The datum for all the elevations is mean sca level. The stations
are in three classes: First, those fixed by direet connecction with
precise level elevations, the eclevations of which are subject to a
probable error of +0.1 meter; sccond, the stations in the main
scheme fixed by reciprocal measures of vertical angles and subject
to probable errors varying from +0.1 meter to +1.5 meters; and,
third, the supplementary and interseetion points whose elevations,
with a few exceptions, were determined by nonreciprocal zenith dis-
tanco observations from stations of the main scheme. The few ex-
ceptions are where reciprocal observations were made along lines
connecting main scheme stations with occupied supplementary sta-
tions. These elevations are of varying degrees of accuracy, some
of them being subject to probable errors as great as +3 meters,
They are here given to the public because they are probably the best
values available for the elevations of the points named, many of
which are mountain peaks, and because they are undoubtedly of
sufficient accuracy for general geographic and mapping purposes.
The table of elevations is given in Part 1. (Sce p. 15.)
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1. Appendix 8, Repart for 1885 (super- 6. Special Publication No. 70. 12. Appendix 4, Report for 1911, 20, Special Publication No, 24, 27, Special Publication No. 54,
seded by Special Publication No. 7. Appendix EEE, Annual Report of 13. Appendix 5, Reportfor 1911 (super- 21, Special Publication No. 30. 28. Special Publication No. 62.
76). the Chief of Engineers, 1902, seded bé/ S. P. No. 88). 22. Special Publication No. 31, 29, Special Publication No. 74,
2. Appendix 8, Report for 1888, 8. Appendix 4, Reportfor 1903 (super- 14, Appendix 6, Report for 1911, 23. Reéort on the triangulation of 30. Special Publication No. 78.
3. Appendix 8, Report for 1893, seded by S. P. No. 88). 15. Special Publication No. 11. reater New York. 3 31. Special Publication No. 79.
4, Appendix 10, Reportfor 1894 (super- 9. Appendix 9, Report for 1904, 16. Special Publication No. 13. 24, Report on a glfm of sewerage for 32, Special Publication No. 86.
seded by Special Publication No, 10. Appendix 5, Regortfor 1905 (super- 17. Special Publication No. 16. the city of Cincinnati, 33. Special Publication No. 84,
76). seded bg S, P. No, 88). 18. Special Publication No, 17, 25, Special Publication No, 43.
5. Appendix 6, Report for 1901, 11. Appendix 5, Report for 1910, 19. Special Publication No. 19, 26, Special Publication No. 46.

074556°—22, (To face p. 48.)
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OALIFORNIA-OREGON

PRECISE

TRIANGULATION.

INDEX TO POSITIONS, DESCRIPTIONS, ELEVATIONS, AND SKETCHES.

Do | Elo- : | Do | Ele-
Station. Eg?f' serip-| va- | Skotch. Station. EO”‘[' serip-] va- | Sketch.
* I tion. | tion. O 1 tion, | tion.
Num- Numn-
DPage.| Page.| Page.|  ber. Page.| Page.| Page.]  ber.
ASPeN.ccieeiiniananas 12 21 15 8| Jackeooioeeeeeniaianns 11 19 15 10
Juniper.........o.oa.. 11 19 1 9,10
Bald Mountain (U. 8 Junlper Mountain..... 13 f..... 15 10
8.) 13 22 15 8
......... 12 21 15 8 || Kings Mountain....... 13 [......| 18 10
Boatties Butto 14 ]...... 15 |oceenenn Klamath Falls bench
Beulah..... 11 18 15 10 mark....ceooeiiane.. 12 21 15 8
Black Fox.. 018 22 16 8
Bolivor....ocoveenennnn 2 21 15 8 || Lakoview bench mark.
Bollverlookout house..{ 14 |...... 15 8 || Lakeviow courthouse..
Bonanza........coee... 13 22 ]...... 8 || LittloJuniper.........
Bonanza lookout house 14 |...... 15 8 || Lookout Mountain. ...
Burney (U.S.G.8.).....] 14 22 15 8
Burns.............. . 11 18 15 10 || Mears.oooo oo eeaaanaees 12 21 15 8
Burns bench mark..... 12 21 15 10 || Monument Mountain..] 14 |...... 15 9
Burnt River Moun- Mount  Mclaughlin
tains....... . 1. 15 10 lookout house...... % I U T SO 15 8
Castle Rock (U.S.G.8.) 131...... 15 10 || OwyheeMountains....] 13 i...... 15 10
12 20 16 0
11 20 15 0 || Paisley high school....| 13 [...... 15 9
Le d 13 22 15 8 || Palsley Methodist
Craterlookouthouse...| 14 [......0...... 8 Church...... 13 ]...... 15 9
Crooks I’cak........... 1M [...... 15 9 || Paisley north b: 11 19 15 9
Crow..ooveeveenccnnnnn 11 18 15 10 || Paisley south base. 11 19 15 9
Peak, first north
Diablo 11 19 15 0 station Drako 15 ']
Dixie 13 22 15 & || Placidia Butte.. 15 9,10
Do;: ........ 12 20 156 9
Drak 121 2 15 9]l Riddie...oveeiennnnnnn. 11 18 15 10
Drukes Peak lookout Round...coevvennes ool 11 19 15 9
house................ 4 q...... 15 9
Dmko.s Peak (U.S.G.8.)] 14 (...... 15 O Sharp...coviiiiiiit, 11 10 15 9
T eeanesaceronncacnnse 11 17 15 10 || Soldier.. 12 21 16 8]
\quaw . 11 18 15 10
Eddy...... eerereenean 12 20 15 8|l Btar.......... 11 18 15 10
’ bteins Mountain, U N 15 10
Fishhole Mountain..... M4t ... 9
Freezeout......covun.-. 11 18 15 10 || Turret.....ccoveeevnenen 13 22 15 8
12 21 15 0| Valo.coenierienannannns 11 18 15 10
13 [...... 15 9
12 20 15 § || Wagontire.......e..... 11 19 15 9,10
13 22 16 feuenen. Weed Lumber Co. cast
11 19 16 9 chlmnuy ............. 14 ..., 15
12 20 15 8 || Weed Lumber Co.
) ) PP S 0 weost chimnoy........ 14 [...... 15 8
Whaleback... 12 20 15 8
13 l...... 15 0|l White..coeaeeoeenennn 11 19 15 9
11 19 15 9
12 20 15 8,0 || Yonna...coeeevenanaeas 12 20 15 8,9
12 21 15 10




