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FOURTH GENERAL ADJUSTMENT OF THE PRECISE LEVEL NET IN THE UNITED STATES
AND THE RESULTING STANDARD ELEVATIONS.

By WiLLiam Bowig, Inspector of Geodetic Work and Chief of the Computing Division, United States Coast and
Geodetic Survey, :g}d H. G. Avers, Computer, United States Coast and Geodetic Survey.

GENERAL STATEMENT.

This publication gives the results of the fourth general adjustment of the precise level
net in the United States. The other three adjustments were reported on in the publications,
Appendix 8, Report of the Superintendent of the United States Coast and Geodetic Survey for
1899, entitled ‘‘Precise Leveling in the United States,” Appendix 3, Report for 1903, entitled
“Precise Leveling in the United States with a readjustment of the level net and resulting
elevations,” and “Precise Leveling in the United States, 1903-1907.” The purpose of each of
those three reports was to bring the publication of the results of precise leveling in the United
States up to the date of issue. The first one (Appendix 8, 1899) set forth the methods employed
in making the general adjustment of the precise level net then existing, and gave what was
considered to be the most important items of information and opinions in regard to precise
leveling which had been acquired during the course of a long and careful investigation of the
problem of making the net adjustment and of securing the highest degree of accuracy in future
precise level observations consistent with a reasonable degree of economy and rapidity.

The other two publications furnished such additions and corrections as would bring the
information in regard to precise leveling in the United States up to the years in Whlch they were

rinted.
? The purpose of the present publication is to set forth the results of the latest adjustment
of the level net which includes all of the precise leveling done previous to ths year 1912, except
those lines which do not form portlons of closed loops, and to present the information regarding
precise leveling which has been accumulated since 1907.

This publication differs from the other three reports on level net adjustments in several
particulars, the principal of which are: (1) The orthometric correction is applied to ths standard
elevations to the westward of the Mississippi River, as it has been found necessary to apply
this correction to the leveling in high altitudes. The Superintendent decided in 1910 in favor
. of the orthometric rather than the dynamic correction for standard elevations. (2) The eleva-
tions are given in feet as well as in meters. This change in the previous practice was made for
the reason that practically all the surveyors and engineers in the United States express eleva~
tions in feet rather than in meters. (3) The accuracy of the recent leveling of the United
States Coast and Geodetic Survey has been computed by formule adopted by the Seventeenth
General Conference of the International Geodetic Association held at Hamburg i in 1912 (see pp.
88 to 90).

Engineers and others intent only upon securing the necessary information to enable them
to extend leveling, or upon using the elevations contained in this volume as data for various sur-
veys and engineering projects, will find what they desire on pages 90 to 162, commencing with the
standard elevations of bench marks. The descriptions and locations of bench marks are given
on pages 162 to 294. At the back of the volume, page 295, is an index of bench marks arranged
by states which should be consulted. The elevation of each bench mark in the net is given
in this volume, but it was found impracticable to include all of the descriptions. All descrip-
tions not found in this volume are contained in the reports of the three previous level net
adjustments, viz, Appendix 8, Report 1899; Appendix 3, Report 1903; and ““Precise Leveling in

: 5
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the United States, 1903-1907.” The index referred to indicates in which report the descriptions
may be found. Any one or all of those reports or copies of certain of their pages will be fur-
nished upon request to the Superintendent. A sketch of the whole net is shown in illustration
No. 5. /

A number of the members of the Computing Division and several field officers who have
been temporarily assigned to that division, assisted in the computation and adjustment of the
levels and in the preparation of the results for the printer. The authors desire to express their

appreciation of the service rendered by them, and especially that rendered by Mr. W. D, Lambert.
2

NEW LINES OF LEVELING.

In 1906, 1907, and 1908 a line was run from San Diego, Cal., to Ogden, Utah. Its length
is 1558 kilometers (968 miles), of which 731 kilometers (454 mlles) were run after 1907.

In 1906, 1907, and 1908 a line was run from Pocatello, Idaho, to Crawford, Nebr., via
Butte and Huntley, Mont. The length of this line is 1504 kilometers (935 miles), of which
668 kilometers (415 miles) were run after 1907.

In 1909 and 1911 a line was run from Goffs, Cal., to El Reno, Okla., via Albuquerque,
N. Mex. Its length is 1976 kilometers (1228 miles).

In 1910 and 1911 a line was run from Fort Worth, Tex., to El Paso, Tex. Its length is
995 kilometers (618 miles).

In 1911 and 1912 a line was run between Brigham, Utah, and San Francisco, Cal. This
line was not completed until late in 1912 and too late for its incorporation in the 1912 level
net ad]ustment Its length is 1434 kilometers (891 miles). The results of this line are not
included in this report. It is expected that they will appear in another publication in the
near future.

When the office computation was made of the levels run by the United States Coast and
Geodetic Survey from Pocatello, Idaho, to Crawford, Nebr., via Butte and Huntley, Mont.,
the loop of which this line is a part failed to close by about 2 meters. All efforts in the oﬁice
failed to locate the error exactly, and in the spring of 1910 a party was sent to Pocatello to begin
a single line of check levels. This party was at work about six months and ran levels over 1560
miles of the circuit. At each of two places an error of 1 even meter was found. One of these
errors was in the new leveling between Pocatello, Idaho, and Butte, Mont., and the other was in
the line between Cheyenne, Wyo., and Ogden, Utah, which was a part of the net adjusted in 1907 *
The loop closure was séatisfactory after these errors were eliminated.

Besides the above new lines added to the precise level net by the United States Coast and
Geodetic Survey, the following lines, forming portions of closed loops, have been added by the
United States Geological Survey:

Albuquerque, N. Mex., to El Paso, Tex.—Length 409 kilometers (254 miles). The field
work was done in 1905.

Mitchell, Ind., to Oakland, Ill.—Length 214 kilometers (133 miles). The field work was
done in 1906 and 1907.

Mitchell, Ind., to Louisville, Ky.—Length 102 kilometers (63 miles). The field work was
done in 1911.

Duguoin, Iil., to Shawneetown, Ill—ILength 114 kilometers (71 miles). The field work was
done in 1906.

Georgetown Ky., to Louisville, Ky.—Length 127 kilometers (79 miles). The field work
was done in 1906,

The two following lines of precise leveling by the Umted States Geological Survey are not
included in the 1912 adjustment, as they form only spurs, and their results have been published

* Tho level net of 1007 was composed almost entirely of leveling on the ninety-eighth meridian and eastward. Tothe westward of that meridian
there was one loop, which closed at Cheyenne, and one line of levels, from Cheyenne to Seattle. The observed elevations, as carried from the Gulf
and Atlantic to Seattle, agreed within 3 centimeters with mean ses level at that place, as determified by long series of tidal observations, This
close agreement was later found to be due to the fact that the 1 meter mistake (and the accumulated sccidental and systematic errors) was
balanced by the orthometric corrections which had not been applied. After making the correction of 1 meter and applying the orthometrie cor-
Tections to the various lines, the closing errors are those shown on illustration No. 5 of this publication.
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PRECISE LEVEL NET ADJUSTMENT AND STANDARD ELEVATIONS. 7

in bulletins of that Survey: One line was run in the years 1905 to 1907 from Rincon, N. Mex.,
to Yuma, Ariz., via Deming, N. Mex., and is 851 kilometers (529 miles) in length; and the other
line, 377 kﬂometers (234 miles) in length was run in 1906 and 1907 from Crookston, an to
International Falls on the Rainy River.

All of the above lines by the United States Geological Survey were run with instruments
of the same type as the United States Coast and Geodetic Survey level shown in illustrations
Nos. 1 and 2.

The following two lines by the United States Army Engineers have been included, as new
lines, in the latest adjustment of the level net:

Lawrenceburg, Ind., to Cairo, Ill., along the Ohio River—Length 743 kilometers (462 miles).
The field work was done in 1903, 1905, and 1906.

Terre Haute, Ind., to Shawneetown, Ill., along the Wabash Rwer —Length 361 kilometers
(224 miles). The ﬁeld work was done in 1911

The 1912 adjustment includes 8103 kilometers (5035 miles) of precise leveling more than
the adjustment in 1907—6033 kilometers (3749 miles) by the Coast and Geodetic Survey, 966
kilometers (600 miles) by the United States Geological Survey, and 1104 kilometers (686 miles)
by the United States Army Engineers.

There were 302 miles run by the United States Coast and Geodetic Survey and 763 miles
by the United States Geological Survey between 1907 and the beginning of 1912 which have
not been incorporated in the adjusted net, as they did not form parts of closed circuits. The
results of those lines are not included in this publication.

INSTRUMENTS USED.

With the exception of a very few miles, all the precise leveling by the United States Coast
and Geodetic Survey and the United States Geological Survey added to the level net, since the
last adjustment, has been done with the type of instrument designed in the office of the United
States Coast and Geodetic Survey, and fully described in Appendix 3, Report for 1903. Very
accurate and rapid work has been done with this level in the United States. It has also
been adopted for precise leveling by a number of other countries, and it is believed that it will be
used to a great extent by surveyors and engineers in general when it becomes better and more
widely known. Two views of this instrument are shown in illustrations Nos. 1 and 2. The
rods used are of the direct reading type and carry a centimeter graduation on which readings
are made to millimeters by estimation. The rods, made of white pine, have been impregnated
with paraffin to such an extent that their lengths are apparently not affected by moisture.
This type of rod is described in Appendix 8, Report for 1899, pages 418-419 and three views of
it are shown in illustration No. 3.

The rods used by the United States Coast and Geodetic Strvey were standardized at the
office of that bureau just before and just after each field season, and on a number of days during
the season the rods were compared in the field with a piece of steel tape on which two marks
were made about 3 meters apart. That portion of the rod between the silver plugs at 0.1 and
3.1 meters was used in the comparison.

The index errors of the rods, which are the differences between 1 decimeter and the dis-
tance from the foot of the rod to the cross on the silver plug at approximately 0.1 meter, were
made the same for each pair of rods, within a very small amount.

ADJ‘USTMENTS OF INSTRUMENTS.

The adjustment, of the instrument is similar to that of the engineers’ dumpy level, and the
several operations need not be described here. The leveler should have with him a copy of
Appendix 3, Report for 1903, in which the precise level used by the United States Coast and
Geodetic "%urvey is descrlbed in detail. The ad]ustments made in the field are: (a) Adjust
the universal level so that the bubble will remain in the center when the instrument is revolved
in azimuth. () Make the axis of the bubble parallel to the line of sight by raising or
lowering one end of the level vial. (c¢) Determine the reversing point of the micrometer head.
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When the micrometer head is placed in such a position that the index coincides with the revers-
ing point the bubble will remain in the center when the telescope is rotated 180° in azimuth.
(@) Determine the stadia interval of the instrument. This is done by laying off various dis-
tances from the instrument and holding the rod at each and reading the three wires. From
the distances and rod readings the stadia interval can be obtained easily. This interval may
be furnished by the office, but it should be checked in the field. (¢) The bubble of the universal
level of the rod should be adjusted to the center when the rod is in a vertical position. (f) The
rod should be tested for curvature. This may be done by directly sighting down its edges, or
by placing the vertical wire of the instrument on the edges and noting whether they coincide
throughout. (g) The vertical wire of the instrument should be tested to see if it is truly vertical,
and the horizontal wires should also be tested for horizontality. With the present type of
instrument it is extremely seldom that a readjustment of these wires must be made in the field.

INSTRUCTIONS FOR PRECISE LEVELING.

The general instructions issued to the precise leveling parties in 1908 and 1909 were those
shown on pages 11-13 of * Precise Leveling in the United States, 1903-1907.”  After the discovery
that mistakes of whole meters had been made on the loop Pocatello-Butte-Crawford-Pocatello,
it was realized that certain additional safeguards should be employed in future leveling. After
careful consideration of the subject the general instructions given below were issued by the super-
intendent in March, 1910. They were followed by the leveling parties during the seasons of
1910, 1911, and 1912. It will be noticed that many paragraphs are identical with those of the
general instructions given in ‘‘Precise Leveling in the United States, 1903-1907.”

In order that the reader may comprehend fully the spirit of the general instructions shown
below, it may be well to call special attention here to three main points in regard to the instru-
ment used:

First. The instrument is irreversible and as simple as possible. The telescope is supported
directly on trunnions between the objective and the middle of the telescope and on the point
of a micrometer screw near the eye end. It is therefore not capable of being rotated about its
axis of figure. The level vial is fixed relatively to the telescope, except that the small range neces-
sary for adjustment is provided. This makes it necessary to test the adjustment by a modifica-
tion of the well-known peg method, as indicated later in the instructions. The simple instru-
ment is used, as will be seen later, with an extremely simple program of observation.

Second. A device for reading the bubble has been supplied which enables the observer to
stand erect at all times and see the bubble and the rod alternately in quick succession without
moving the eye and without even refocusing the eyes, the only change required bemg a mere
shifting of the attention from one eye to the other.

Third. Great care has been taken in all the features in the design of the instrument to
prevent errors in observation due to changes in the relative temperature of different parts of the

instrument.
GENERAL INSTRUCTIONS FOR PrEcise Leveving, March, 1910.

1. Except when specific instructions are given to proceed otherwise, all lines are to be leveled independently in
both the forward and backward directions.

2. The distance between successive permanent bench marks shall nowhere exceed 15 kilometers. There shall
be no portion of the line 100 kilometers long in which there are not at least 20 permanent bench marks. No perma-
nent bench mark is to be counted in considering these limits unless it is adequately described, nor shall both of two
bench marks be counted if they are placed so near to one another and in such similar conditions of exposure as to be
likely to be destroyed at the same time. The preceding statements refer to all permanent bench marks with which the
Jeveling is directly connected, regardless of whether they are new bench marks or old ones established by other organi-
zations. The above-stated limits are to be regarded aé extreme lower limits. It is desired that the number of bench
marks shall, in general, greatly exceed that just necessary to keep within the limits, A good example to emulate isa
line run in New York State, in 1902, on which the average distance between bench marks wasg 2.5 kilometers. It is
desired, also, that the bench marks in each general locality shall belong, in part, to each of several classes, such as bolts
or other marks on buildings, squares cut or bolts or discs set in railroad masonry, such as bridge piers, water tanks, etc.,
stone posts, and iron-pipe bench marks.
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3. The line of levels is to be broken by temporary bench marks into sectionsfrom 1 to2 kilometers long, except
where special conditions make shorter sections advisable,

4, Temporary bench marks should be established in places where they will be free from disturbance by the track
hands working along the road or by materials unloaded from cars. This is especially important when the tempo-
rary bench mark is expected to hold the line for any considerable time. It is believed, howeves, that an undetected
error caused by disturbance of the bench mark will be exceedingly rare, when two points, one set-up of the instrument
apart, are used for holding the line.

5. At each city along the line, the leveling should be connected with at least two stable bench marks which are
connected with the city datum. Connection should also be made with all stable bench marks of other organizations
which may be found along the route.

6. In general, the top of rail of the railroad track should be used as the rod support. However, footpins should be
carried along during the progress of the work and they should be used whenever a train is known to be approaching or
when there are special reasons for supposing the rail not to be in a sufficiently-stable condition.

7. When elevations and descriptions of bench marks established by a railroad (over which a line is to be run) are
furnished to this office with a request by the officials of the road to have the precise leveling done by this Survey con-
nected with them, as many of the railroad bench marks will be incorporated in our line of levels as can be done without
greatly delaying its progress. The railrcad bench marks which are of a permanent nature are to be treated in the same
manner a8 new permanent bench marks established by the precise leveling party. If the permanent bench marks of
the railroad are chiefly of the same general type they must not be given full weight in deciding whether there are enough
bench marks in any section of the line. (See paragraph 2.) Bench marks of the railroad which are not of permanent
character may be determined by extra foresights, as in the manner provided for determining the height of rail in front
of a railroad station (see paragraph 10). It will not be necessary to connect the precise leveling with the railroad bench
marks which are in places not easily accessible. It will not be necessary to connect with each railroad bench mark
where they are less than 1 kilometer apart. The benefits derived from connecting a line of precise leveling with rail-
roal bench marks are: (¢) That time is gained by having some permanent bench marks already established; (b) the ele-
vations of the railroad bench marks resulting from the connection with precise leveling are of great value to the railroad
concerned; and, (c) as the work progresses, a check is obtained on gross mistakes which might escape notice, by comparing
the elevations furnished by the railroad with those by the precise leveling party.

8. All 0ld bench marks are to be called by their old names or numbers and are to be described fully by quoting the
old description, if one is available, and by making additions or corrections to'it.

9. All new bench marks are to be designated by capital letters with numerical subscripts after the alphabet has
been exhausted in each State.

10. The elevation of the top of the railroad rail in front of each railroad station along the line of levels is to be deter-
mined with a check. This may be done by using the point on the rail as a rod support in either the regular forward or
backward running of the line, or by taking an extra foresight to it on both the backward and forward runnings, or by
taking extra foresights to it from two instrument stations near it in one of the runnings of the line.

11. When it is desirable to get the elevations by means of which to compare the line of levels with the profile of
the railroad, such clevations may be gotten by single readings on the rod held on top of the rail opposite water tanks,
and over brldges and culverts. Such structures are usually shown on the railroad profiles.

12. It is desirable that the backward measurement on each section should be made under different atmospheric
conditions from those which occur on the forward measurement. It is especially desirable to make the backward
measurement in the afternoon if the forward measurement was made in the forenoon, and vice versa. The observer is
to secure as much difference of conditions between the forward and backward measurements as is possible without
materially delaying the work for that purpose.

13. On all sections upon which the forward and backward measures differ by more than 4m= 0./ (in which
K is the distance in kilometers leveled between adjacent bench marks) both the forward and backward measures are to
be repeated until the difference between two such measures falls within the limit. No one of the questioned measures
is to be used with a new measure in order to get this agreement.

14. If any measure over a section givesa result differing by more than 6 millimeters from the mean of all the measures
over that section, this measure shall be rejected. No rejection shall be made on account of a residual smaller than
6 millimeters unless there is some other good reason for suspecting an error in this particular measure, and in such
cases the reason for rejection must be fully stated in the record.

15. Whenever a mistake, such as a misreading of 1 decimeter or 1 meter, or an interchange of sights (the back-
sight being recorded as a foresight), is discovered in any measure after its completion and the necessary correction
applied, such measure may be retained provided there are at least two other measures over the same section which are
not subject to any such uncertainty. Provided, further, that when it is found that the mistake was made on the last
instrument station of the second running of a section and it is corrected on the same day and before beginning work on
an adjacent section, such measure may be retained and no further measures of the section are to be required on account
of the mistake.

16. The program of observation at each station is to be as follows:

Set up and level the instrument. Read the three lines of the diaphragm as seen projected against the front (or
rear) rod, each reading being taken to the nearest millimeter (estimated), and the bubble being held continuously in
the middle of the tube (i. e., both endareading the same). As soon as possible thereafter read the three lines of the dia-
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phragm as seen projected against the rear (or front) rod, estimating to millimeters as before, and holding the bubble
continuously in the middle of the tube.

17. Ateach rod station the thermometer in the rod is to be read to the nearest degree centigrade and the temperature
recorded.

18. At stations of odd numbers the backsight is to be taken before the foresight, and at even stations the foresight
is to be taken before the backsight. As the same rod is held on a rod station for both the fore and back sights, the effect
of this is that the same rod is read first at each set-up, it being the rod used for the backsight at the first instrument
station.

19. The difference in length between a foresight and the corresponding backsight must not exceed 10 meters.
The difference is to be made as small on each pair of sights as is feasible by the use of good judgment without any
expenditure of time for this particular purpose.

20. The recorder shall keep a record of the rod intervals subtended by the extreme lines of the diaphragm on each
backsight, together with their continuous sum between each two contiguous bench marks (temporary or permanent).
A similar record shall be kept for the foresights. The two continuous sums shall be kept as nearly equal as is feasible
without the expenditure of extra time for that purpose, by setting the instrument beyond (or short of) the middle point
between the back and front rods. The two continuous sums for a section shall not be allowed to differ by more than a
quantity corresponding to a distance of 20 meters.

21. Once during each day of observation the error of the level should be determined in the regular course of the
leveling and recorded in a separate opening of the record book as follows: The ordinary observations at an instrument
station being completed, transcribe the last foresight reading as part of the error determination, call up the back rod
and have it placed about 10 meters back from the instrument, read the rod, move the instrument to a position about
10 meters behind the front rod, read the front rod and then the back rod. (The two instrument stations are between
the two rod points.) The rod readings must be taken with the bubble in the middle of its tube. The required constant
C to be determined, namely, the ratio of the required correction to any rod reading to the corresponding subtended
interval, is
(sum of near rod readings)—(sum of distant rod readings)

C—(sum of distant rod intervals)—(sum of near rod intervals)

The total correction for curvature and refraction must be applied to the sum of the distant rod readings before using
it in this formula. The level should not be adjusted if C'isless than 0.005. If C'is between 0.005 and 0.010 the observer
is advised not to adjust the level, but if € exceeds 0.010 the adjustment must be made. If a new adjustment of the
level is made, C'should at once be redetermined. It is desirable to have the determination of level error made under
the usual conditions as to length of sight, character of ground, elevation of line of sight above ground, etc. The
adjustment of the instrument to reduce C must be made by moving the level vial, not by moving the reticle.

22. Notes for future use in studying leveling errors shall be inserted in the record, indicating the time of beginning
and ending the work of each section, the weather conditions, especially as to cloudiness and wind, and whether each
section of the line is run toward or away from the sun. Such other notes should be made as promise to be of valuein
studying errors. '

23. The instrument shall be shaded from the direct rays of the sun, both during the observations and when moving
from station to station.

24, The maximum length of sight shall be 150 meters, and the maximum is to be attained only under the most
favorable conditions.

25. At the beginning and end of the season, and at least twice each month during the progress of the leveling, the
3-meter interval between metallic plugs on the face of each level rod shall be measured carefully with a steel tape which
ghall be kept continuiously with the party during the season for that purpose only. The temperatures shown by the
thermometer inserted in the rod and by the thermometer attached to the tape at the time of each of these measures
must be recorded. The purpose of these measures is to detect changes in the length of the rods and not to determine
the absolute lengths. The absolute lengths are determined at the office between field seasons.

26. The tape furnished by the office for measurement of the rods is a piece of steel tape about 3.1 meterslong, having
near one end a fine line graduation and about 3 meters from it (at the other end of the tape) a series of fine milli-
meter graduations on a steel rule riveted to the tape. With this special form of tape the measurement of a rod should
be made somewhat as follows: The rod should be supported at about the 0.85 meter and 2.45 meter points only (approxi-
mately quarter points) to get the least bending of the rod for any two-support system. In making the measurement
the single line should he made to coincide with the fine line on the silver plug nearest the bottom of the rod and the
redding should be made at the line on the silver plug at the top of the rod. It is possible to estimate the half tenths of
millimeters on the rule which is attached to the tape. The tape should be placed on the face of the rod in such a way
that the edge of the tape from which the steel rule does not project, coincides with the edge of the face of the rod nearest
the meter marks of the rod. Care must be taken that the two edges coincide closely in order that the tape may always
assume exactly the same position. The end of the tape at the foot of the rod should be clamped firmly to the rod
after the line on the tape and that on the plug have been made to coincide. The tape should then be smoothed down
by the hand to make it lie perfectly flaton theface of therod. With thehand lifted and, consequently, no tensionon the
tape, the reading should be made from the rule attached to the tape near the upper or top end of the rod.

27. The field computations and abstracts are to be kept up as the work progresses. As soon as each book of the
original record is out of use it is to be sent to the office by registered mail. The corresponding abstracts must be retained
until an acknowledgement of the receipt of the original record at the office has heen received.
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28. No duplicates of the original records are to be made except of the descriptions of bench marks, of which dupli-
cates in the form of carbon copiesare to be made. At least once during each month such carbon copies as have accumu-
lated are to be sent to the Inspector of Geodetic Work.

29. At least once each month, during the progress of the leveling, a test must be made of the adjustment of the
rod levels, and a statement should be inserted in the record showing the manner in which the test was made, whether
the error was found to be outside the limit stated below, and whether an adjustment was made. With the bubble of
the level rod held at the center, the deviation from the vertical of the plane intersecting the center of the face of the
rod throughout its length and normal to the face of the rod, must be determined. The deviation from the vertical
of the plane coinciding with the face of the rod, must also be determined. If the deviation from the vertical exceeds
10 millimeters on a 3-meter length of the rod, the rod level must be adjusted.

30. On the left hand page of the record the number of each instrument station at which the instrument is not set
up in the railroad track is to be included in parentheses. Similarly, on the right hand page of the record, the designat-
ing letter for the foresight rod (V, W, etc.) shall be inclosed in parentheses, if said rod is not supported on the railroad
rail. If the length of any portion of the level line run off the railroad is 25 meters or more greater than the railroad
distance between the points of departure from and return to the railroad, then the distance along the track between
these two points must be shown in the record. The purpose of these requirements is to furnish the office a means of
detecting blunders in the leveling, by plotting the Ievel line on the profile of the railroad.

31. When it i3 expected that the forward and backward runnings of the line are to be completed up to any one
place, the elevation at that place should be held by two points, established at Ieast one set-up of the instrument apart.
When the leveling is continued from or to such a pair of points, the instrument should be set up between them and
readings of the rod taken on each point. The same arrangement of points should be used at the completed end or
ends of any detached portion of the line of levels. Either one of the two points may be used for carrying along the
elevation, with the other used only as a check against mistakes in reading the rod, or a disturbance of one or both of
them. The records should show clearly which one of the two points was used to carry the elevation and it is believed
that it is good policy to use the same point (backward or forward) in each case as far as may be practicable. It is
believed that, by employing this method, no mistake of a meter or a decimeter made in reading the rod, held on a bench
mark, will escape detection. '

32. As far as possible, all the permanent bench marks should be in the main line of levels and not on spur or
branch lines. One of the exceptions to this rule is where the line runs several miles off the railroad to the mark of
a triangulation station. In such a case the spur, or branch line, is the more economical way of doing the work and will
be satisfactory. Whenever a permanent bench mark is established by means of a spur or branch line, which has only
one set-up, the forward and backward lines of the spur or branch should berun at different times of a day or on different
days, if practicable. If it should be necessary to have the two runnings made one immediately after the other, the
height of the instrument should be materially changed to make the second measure. This would help to prevent
any mistake in the leveling.

33. Except in rare cages, the permanent bench marks should be established before or during the first running
of the line. It is believed to be inadvisable to delay the tying in of the permanent bench marks until after the line
has been run, even in only one direction. When it is impracticanle to establish a permaneut nench mark before or
during the first measurement of the line, an acceptable manner of tying in the permanent bench mark or including
it in the main line of levels is to establish a temporary bench mark on both sides of the proposed location of the per-
manent bench mark and to leave the distance between them unleveled until the permanent bench mark has been
set. The arrangement of the temporary bench marks established for this purpose should be similar to that described
in the latter part of paragraph 31 of these instructions. This would provide for two points, the difference in elevation
between which are. known, on each side of the permanent bench mark and the distance between the two pairs of points
makes a section in the main line of levels. A diagram showing the arrangement of the stakes and the permanent bench
mark is shown below:

—O—X—O——X—[]—X—O— X ——O—— )

The positions of the instrument are shown by X, the positions of the temporary bench marks by O, and the position
of the permanent bench mark by . .

34. Chiefs of party should keep the length of sight great enough to make it necessary to do a moderate amount
of rerunning. If an observer is extremely cautious and confines all his observations to sights sufliciently short to
insure easy reading of the rod, it is possible to work month after month with almost no rerunning, but the progress
will be slow. On the other hand, it is certain that an attempt to take sights of the limiting length, 150 meters, at all
times would lead to a very large amount of rerunning and the progress would not be rapid. It is believed that the
maximum speed consistent with the required degree of accuracy will be secured by continually keeping the length
of ight such that the amopunt of rerunning will be from & to 15 per cent. An extremely small percentage of rerunning
would indicate an excess of caution on the part of the observer. The occurrence of a moderate amount of rerunning
is due largely to an attempt on the part of the observer to obiain the maximum progress consistent with the required
degree of accuracy and not to inability to secure such observations that little or no rerunning would be necessary.
Observers have found a convenient rule in fixing the length of sight to be to shorten the sights whenever the upper
and lower thread intervals subtended on the rod are found to differ frequently by more than a selected limit. Each
observer should fix the limit from his own experience by noting the relation between such a provisional limit and the
amount of rerunning found to be necessary while using it. Such a rule is based upon the idea that the additional
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errors which are encountered when the length of sight is increased are, in the main, those due to the increasing acci-
dental errors in reading the rods.

35. Itisnot thought advisable to state definitely in these instructions the allowable limit on the rate of divergence
between the forward and backward lines, but this should be kept small.

36. The record and the preliminary or ficld computation of precise levels must conform to the examples given
on pages 22 to 26 of this publication, except that in the computation shown on page 25 the five corrections for
curvature and refraction, level, index, length of rod, and temperature are not to be applied in the field.

37. Should the experience of a chief of party indicate to him that a change or changes in theae instructions would
facilitate the work in the field, he is urged to communicate with this office regarding such changes.

38. When cases arise which are not provided for by these general instructions or by specific instructions, the chief
of party will use his own judgment in the matter.

COMMENTS UPON THE GENERAL INSTRUCTIONS.

These instructions do not change the essential features of carrying on the field work of pre-
cise leveling done under the general instructions as published in Precise Leveling in the United
States, 1903-1907. They do, however, provide for greater safeguards against mistakes in reading
the rod, which might remain undiscovered until the closure of the circuit of which the line is
a part.

The instructions, in general have been written in sufficient detail for their proper under-
standing by the party carrying on the field work, but there are given below some comments
which may be of value both in the field and office.

Referring to paragraph 6 of the General Instructions: All the precise leveling by the
United States Coast and Geodetic Survey has been along railroads and through the towns and
cities on them, except short spur lines out to triangulation stations. Since 1903 the rail has been
used as the rod support except when a train was known to be approaching, when a pin was used.
Since adopting the rail for the rod support, the accumulation of the discrepancy between the
two runnings of a line, backward minus forward (B—F), has been within reasonable limits, and
the speed and accuracy have been greater than when pins or plates were used exclusively.

Two uncertainties in connection with this method of rod support will occur to anyone
who considers it carefully, namely, the uncertainty as to whether the rodman holds the foot
of the rod for both foresight and backsight on precisely the same point on the slightly rounding
and sometimes inclined surface of the top of the rail, and the uncertainty as to the recovery by
the rail of its former elevation after a train has passed over it.

The first of these uncertainties is very small, provided the rodman is careful. No diffi-
culty has been found in marking with chalk or keel the exact spot on the rail in such a way
that the mark is recoverable, even after a train has passed over it. Besides, the lines
nearly always follow main lines of the railroad where, in general, the roadbed is well constructed
and the rails are held firmly to the ties. The rails are usually heavy, with large heads having
broad top surfaces, so that even if a rodman fails to place his rod for the backsight exactly on
the spot used for the foresight the error introduced would be small. If the rail is light in weight,
badly worn, and sloping on the top of the rail head, then the rodman must be especially careful
to have his rod in exactly the same position for the two sights.

When the roadbed is in good condition, the rodman standing on the ties does not seem to
disturb the rail on which the rod is supported.

With regard to the second objection to the use of the rail as a rod support, that it will not
recover its original position after the passage of & train, it should be remembered that it is only
occasional (not so much as once each day, if the observer is at all careful) that a train goes over
the rod support between the fore and back sights. Besides, each of several observers has reported
that tests were made which show that rod readings, with the rod held on the rail, were the same
after the passage of a train as before, within the limits of reading the rods. In making these
tests the leveling instrument was set up some meters from the track.

With the binocular type of instrument, accurate leveling can be carried over trestles or
bridges. Rod points should be established on or over the piers.

Paragraph 7 is an addition to the previous instructions, and it is in sufficient detail to
make its meaning entirely clear.

The helght of the rail in front of the rallroad station at a town is usually given by the rall-
road and in dictionaries of altitudes as the elevation of the town. As there should be no gross
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error in such elevations, a paragraph (No. 10) was added to the previous general instructions
which requires that these elevations should be determined with a check.

Paragraph 12 provides that the forward and backward runnings of a section should be
made under different atmospheric conditions, if possible without materially delaying the prog-
ress of the work. In future leveling the chiefs of party will be directed to make the two run-
nings on different days if possible, this being one of the requirements for leveling of high pre-
cision, adopted by the Seventeenth General Conference of the International Geodetic Asso-
ciation in 1912. If the two runnings of a section are made on different days, and one is made
in the forenoon and thé other in the afternoon, it is believed that any systematic errors due
to atmospheric causes will be largely eliminated.

A large portion of the rerunning, made necessary by a failure of the forward and backward
measures to agree within the prescribed limit, has occurred on rather steep grades and especially
when the observer made his sights as long as the slope would permit. This would bring the
line of sight close to the ground on one side and high in the air on the other. The greatest
difficulty was encountered on clear days when the ground and air had temperatures differing
by varying amounts, depending on the time of day. Under this condition it is natural to expect
that the effect of refraction on the upper sight will be different from that on the lower one.
Where the two runnings of a section were made on a cloudy day very little trouble was found
in making the two lines agree within the required amount. During the season of 1912 the line
of precise leveling along the railroad from San Francisco eastward ran through one snowshed
which was about 37 miles (60 kilometers) in length. The grade of this portion of the road
was between 2.0 and 2.5 per cent. The chief of party reported that only three sections, of a
total of 60 sections through this shed, failed to close within the requirements and that, in his
opinion, these failures were due to insufficient light in the tunnels. On the clear line for a dis-
tance of 51 kilometers before reaching the snowsheds great difficulty was experienced in making
the two runnings check and ten of the total of 49 sections were remeasured, the rerunning
amounting to about 20 per cent. After having passed through the shed the rerunning, on a
portion of the line with steep grades and 51 kilometers in length, again became high with 10
per cent, or 4 sections of the total of 42.

If a line on a steep grade is leveled in opposite directions under the same orapproximately
the same atmospheric conditions, no great difficulty should be found in making the two run-
nings agree. But on clear days there would be, no doubt, systematic errors of considerable size.

In future precise leveling by the United States Coast and Geodetic Survey the observer
will be directed to be careful that, on clear days, the line of sight from the lower wire does not.
come closer to the ground than about 3 decimeters. This may require shortening of the sights.
on steep grades and the progress will be slower than if there were no minimum limit to rod
readings, but it will keep the line of sight above the badly disturbed layers of air close to the.
ground. On cloudy days this precaution probably will not be necessary.

The second sentence of paragraph 15 permits the observer to retain without rerunning
a measure on which a mistake has been made, if the mistake is corrected immediately. It is
considered unsatisfactory to do so some days, or even hours, later for it may be impossible to
replace the instrument to make the test of the rod readings at any particular set-up.

By carrying out the program of paragraph 18 any systematic effect due to falling or rising
temperatures, or to changing atmospheric conditions, is practically eliminated.

It has been found that the tape described in paragraph 26 has given excellent results when
used as a straightedge in measuring the rods in the field. The measurements previously made
with a pocket steel tape with or without a constant tension were not entirely satisfactory.

The progress of a leveling party is partially dependent on the amount of office work which
must be done in the field. No duplicates are made of the record of observations or of the com-
putations. The abstract, properly prepared and checked, is assumed to be a sufficient guard
against the loss of a line of levels. Only such computations are made in the field as may be
necessary to indicate the accuracy of the work done. A duplicate is required of the descrip-
tions of stations, a carbon copy being satisfactory. (Consult paragraphs 27, 28, and 36.)
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Paragraphs 31 to 33 describe methods of establishing bench marks and connecting with
them which should greatly lessen the danger of having a serious mistake, such as one meter or s
decimeter, occur in the line and not be detected. Comments on paragraph 35 will be found in
connection with errors of leveling on page 19.

ORGANIZATION AND EQUIPMENT OF PARTY.

It has been the practice in the United States Coast and Geodetic Survey during a number
of years to have a prospective chief of party attached to the party of an experienced officer-
for a short time, usually about a month, in order that the former may become acquainted with
the management of the party, manipulation of the instrument, and the proper way of making
out records, computations, etec. By this method, the work done by different observers is
remarkably uniform in character and accuracy. Occasionally the training is done by an older
officer who assists the new one to equip and organize the party of the latter. It is believed to be
the better plan to have the new chief of party serve a short time with the experienced officer.

The instructions require that the records be sent to the office as soon as they are abstracted.
These records are inspected under the direction of the Inspector of Geodetic Work who calls the
attention of the chief of party to any departure from what are considered the best methods of
observing and computing. It is usually the case that the letters which go directly from the
inspector to the observer, during the first month or two, touch upon most of the causes of
trouble to the new leveler. The latter should follow the general instructions very carefully,
both as to observing and computing.

1t has been found advisable to furnish the new leveler with copies of reports made by older
observers, which are of great assistance to him. Several excellent detailed reports on the field
work have been submitted by chiefs of parties. There is given below certain information
which ‘may be of assistance to the new man. This is based largely on the special reports by
Assistant J. H. Peters and former Aid Ford Kurtz.

Besides the chief, the party usually consists of five men. They should be young and active,
and it is usual to employ men who live in the general locality of the work. There is not very
much advantage in having men of previous experience, except in the case of the recorder.
Men of the proper kind will soon learn their duties. The recorder should have at least a high-
school education and, in fact, it is well that the other men should have had sufficient education
to enable them to assist in checking the books and abstracts. The chief of party should replace
any man as soon as he shows inaptitude for the work. The party must work as a team and its
rate of progress is dependent on each man. As a rule, men should be selected who weigh from
130 to 150 pounds. Those weighing over 160 pounds should not be employed on account of
the extra weight which they would add to the load of the velocipede cars.

One man does the recording, two act as rodmen, one is the sunshade man, and one is the
wind-shield man.

The outfit of instruments consists of the following:

1 geodetic level and tripod.

2 geodetic level rods.

2 rod foot pins or plates.

1 special 3-meter tape for measuring rods.
2 thermometers.

1 15-meter tape.

1 watch for recording purposes.

2 fountain pens for recording purposes.

The height of the tripod should be such that the observer may stand without strain while
reading the rods.

The other equipment will depend largely on the country to be traversed.

‘Along all railroads except those on which the traffic is very heavy the leveling party works
with hand velocipede cars. During the latter part of the season of 1911 and all of the season

" of 1912 on the Southern Pacific Railway between Brigham, Utah, and San Francisco, Cal., the
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party also used a motor velocipede car. In some parts of the country it is necessary to live in
tents or freight cars fitted with mess and sleeping arrangements. Whether the party should
live in hotels, camp, or cars is left almost entirely to the judgment of the chief of party, if
there is a choice among several ways of living. A sunshade, a wind shield, a few tools for
repairing the velocipede cars, metal bench marks (see illustration No. 3), a stationery case,
besides any necessary tents, bedding, and mess equipment will complete the party outfit.
Chiefs of party are advised to keep the amount of property as small as is consistent with the
comfort of the members as the care, packing, and shipping of a large camp outfit greatly retards
the progress of the leveling and adds much unnecessary labor.

" MANAGEMENT OF PARTY AND PROCEDURE IN FIELD.

After receiving instructions to run a line of leveling, the chief of party should ascertain if
permission has been secured from the railroad company over whose road the leveling is to be
done for the.operation of velocipede cars. If this has not been obtained or if permission has
been refused by letter, he should interview the general manager of the railway in person, if
practicable, and explain the purpose of the work and the manner of using the cars. It is prob-
able that the permit will then be given. The company will prepare a form of agreement that
is to be signed by the members of the party, releasing the company from any damages to such
members in case of injury while using the cars.

The chief of party is directed by the office to use every precaution practicable to avoid
accident to his party and obstruction to the traffic of the road over which the leveling is done.
When the road has numerous curves and steep grades, he is advised to have an extra man in
his party who will keep several hundred yards above the instrument and act as flagman. It
is frequently difficult to bear an approaching train which is running down grade with little or
no steam. '

The chief of party should obtain from the chief engineer of the railway copies of elevations
and descriptions of the railroad bench marks and also profiles, if possible.

He should arrange with some stonecutter to prepare and ship to designated points stone
posts to be used as bench marks. The practice now is to have the cutter set a metal disk
bench mark in the top of the post. The chief of party should secure from the railway agent
a list of stations along the line of the leveling to which shipments may be made, and the firm
furnishing the bench marks should be given a copy of the list with directions for distributing
the stones. When the chief is not familiar with the country through which the line will run,
he should go over it by train and take such notes as may be of value to him in planning the
season’s work.

In the special report by Mr. J. H. Peters, referred to above, he made the statements which
follow. Mr. Peters used one 4-horsepower motor velocipede car and one hand velocipede car.
Usually the hand car was left out beside the track near where the next day’s work would
begin, and the party went to and from their headquarters on the motor car. The hand car
was pulled from one section of the road to another by the motor car when the leveling on any
one day was not continuous: ‘

* * % Dyring the process of leveling, the motor car is used as the forward or instrument car while the hand car
isused asa rear orrod car. Onerod is designated as the head rod and the man carrying it is known as the head rodman.
The other rod is designated as the rear rod and the man carrying it is known as the rear rodman. The rods retain their
designations throughout the season, but the men may be changed from rear to head rodmen at will. The ‘‘head rod?
and the “‘rear rod ” should not be confused with the ‘front rod” and “back rod.” One rod is always the “head rod ?
but it alternates from the ““front” to the “back” rod or “back” to “front” rod with successive instrument stations.

On beginning work in the morning the procedure would be as follows: The instrument would be set up between
the rails, at a distance from the bench mark at which the line starts depending on the observing conditions. The
head rod is sent to the bench. The rear rodman goes ahead a distance equal to that between the bench mark and
the instrument, where he makes a cross (with chalk, keel, or some other material) on which he holds the rod, on the
right-hand rail. While this is being done, the observer levels the instrument which has been set up behind the head
car and in front of the rear car. He then sights on the rod held at the bench mark and reads the three cross wires,
calling out the three readings to the recorder thus, ‘“one, nine, one, seven; two, one, two, nine; two, three, four, one.”’
Then for a check he calls out the first two figures of the middle wire thus, “twenty-one.”” This is done in a voice
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loud enough to be heard by the rodmen. The head rodman then takes his rod down, reads the rod thermometer, comes
forward to the cars and gives the recorder the temperature of his rod. The rear rodman perfects the leveling of his
rod, when it isread likewise. The recorder sees that there is no error in the readings and says “check.”’ The observer
picks up the instrument and gets on the rear seat of the head car. The umbrella man and wind-shield man (the latter
acting as engineer) start the car, then the run is made to the next station.

Before passing the rear rodman, who remains at the position where the foresight was taken, the observer tells the
engineer the number of rails which he desires to proceed beyond the rear rodman, thus: “Take ten.” The engineer
then stops the car just beyond the tenth rail joint where the observer gets off the car and sets up the instrument at
station No. 2. The rear car on which are the recorder and rodman comes up behind the head car and stops just short
of the tenth rail joint. The head rodman, who has also counted the rails, goes forward, calling out “ten” as he passes
the instrument. If this happens to be the correct number of rails in the backsight the observer replies ‘‘check.”
The head rodman then goes forward 10 rails where he places a cross on the right-hand rail opposite the joint in the
left-hand rail. This will be the second foresight and as the head rod is in foresight, it will be read first, after which
the rear rod is read. The instrument car then moves forward to the next station and is followed by the rod car after
the rear rodman has come forward to it.

‘When the head rod is in backsight, the head rodman will be able to reach the cars while the rear rod, which is in
foresight, is being read. The recorder will then be able to catch hold of the motor car and be trailed to the next station.
This may be done with advantage when the length of sight exceeds about eight rails. Thus the man who carries the
head rod will have very little working of the hand car to do, For this reason the rodmen are directed to change rods
each day at noon, to make the work equally hard for each rodman. It should be borne in mind that the same rod
is to be read first at each station. This rod will be held part of the time by one rodman and part of the time by the
other rodman. On cloudy days, when a 15-rail (150 meters) sight can be taken throughout the day, it will be found
advantageous to use only the head car, waiting at each alternate station for the rear rodman to come forward. The
sunshade man may then be put to setting bench marks and the rodman may occupy his seat on the head car, the recorder
also taking a seat on that car.

In setting up the instrument the tripod should be placed with two legs in a line parallel to the track, and the
other at right angles to this line. In standing at the instrument looking at the head rod the two legs should be
next to the right-hand rail. Setting up in this way places the telescope in position for lifting the instrument to the
shoulder after reading the rear rod. Other instruments, however, may require that they be set up exactly opposite
to this method.

The leveling of the instrument is made approximately with the small universal level attached to the side of the
telescope, after which it is perfected with the level proper. The point on the head of the micrometer screw (the
reversing point) which indicates the position in which the screw must be in order that the line of sight may be revolved
in a horizontal plane when the instrument isleveled, has been determined and marked on the head with a soft pencil. In
leveling at a station the head of the micrometer screw is placed in that position and the telescope is turned at right
angles to the direction of progress with the eyepiece over the leg of the tripod that is at right angles to the railway
track. The bubble of the universal level is then brought to the center, after which the adjustment in a plane perpen-
dicular to the track is perfected with the leveling screw nearest the eye end of the telescope, by bringing the bubble
of the level proper near the middle of the tube. The telescope is then turned parallel to the track, directed toward the
head rod, and the adjustment perfected in that direction, using the two leveling screws that are in a line parallel to
the track. The telescope i now nearly in position to read the head rod, and as stated above will be in a position for
lifting the instrument when the rear rod has been read. If this method of setting up the instrument be followed, the
number of separate motions will be a minimum, and thereby the least time will be required at each station. The
beginner need only remember that the tripod should be set with two legs in a line parallel to the track and next to
the right-hand rail when looking toward the head rod. By following this practice there is less lability of reading the
rear rod first, since to do so will scem awkward to the observer.

The method of accommodating the party will depend greatly on the nature of the country through which the work
isdone. If rooms and board can be secured along the line, tents and cooking outfit will not be needed, thereby greatly
reducing the cost of moving the outfit and giving more agreeable accommodations for the party. Such accommodations
can not always be secured, however, in which case two tents, each 10 feet wide and 12 feet long, will be sufficient for
sleeping quarters. An old tent should be carried in which to do the cooking. Each man should be provided with a
cot and bedding. The chief should bear in mind that the movement of his party will be greatly facilitated if nothing
is carried that can possibly be dispensed with.

The hand velocipede car is locked and left overnight at the end of the day’s leveling. The motor car on which
the party returns from work may be placed in the tool house of the railroad section crew or in some storehouse near
the track and should be locked for the night.

Repair parts for the motor and hand cars are secured from the company making them. They should be ordered by
number, a8 given in the catalogue furnished by the company. The following extra repair parts and tools for replac-
ing them should be carried in the tool box of the motor car:

1 spark plug.

1 exbaust valve.

1 intake valve.

1 driving chain.

1 axle for drive wheel.
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The field procedure will be nearly the same as the above should there be two hand cars
instead of one hand and one motor car.

Each chief of party will use his own judgment as to the best method of moving his party
and equipment from one town to another. It is frequently the case that the party can make the
move on the cars used, especially if one be a motor car, and do some leveling en route. The
equipment not used in the actual leveling can be shipped forward by express or freight. It is
well to have one member of the party detailed to make the shipment, accompany it to the
next headquarters of the party, and arrange for a storeroom, hotel accommodations, ete.

Whenever possible the permanent bench marks should be set before the leveling, and the
chief of party can usually arrange his work so as to send one or more men out to do this.

Each man in the party should be given a certain part of the work to do (aside from rodding
and recording or similar work) and he should be held responsible for its proper execution. Such
work consists of care of instruments and other property, getting equipment ready for work in the
morning, storing it at night, keeping cars in repair, ete.

. The chief of party should caution each man to be extremely careful with the leveling rods.
No undue strain should be placed on them and they should be kept straight. (The rods are so
constructed that they may be bent and given a permanent set; but they are easily straightened
without injury or change of length.)

‘When holding a rod for observations the rodman should not bring any weight to bear on
it; otherwise he might disturb the support when it is a pin or plate.

The rodman should be directed not to place the foot of the rod on the ground. He should
not lean the graduated face of the rod against his clothing nor have it come in contact with his
arms or hands. This is necessary if the graduations are to be kept bright and clean. The rod
should be handled so carefully that the face will not be broken or chipped or the level bubble
disturbed.

BENCH MARKS,

The various types of bench marks used by this and other organizations are described in detail
in the notes on pages 162 to 166 of this publication. The pipe bench marks (note 2, page 162)
were used very little on the line of levels between San Francisco, Cal., and Brigham, Utah,
stone posts having been used in their place. The difference in cost is not great, and the pipe
marks, when set without concrete, can not be expected to remain stable and free from rust for
any great length of time. In the center of the top of each stone post on the San Francisco-
Brigham line was set one of the inscribed disk bench marks shown in illustration No. 4.

It has been found that the inscribed bench marks are very much less disturbed from curi-
osity or vandalism than those which consist of only bolts or marks cut into rock. Bes1des,
the location of a mark of the inscribed type is known by most of the people living in its
vicinity and is easily recovered.

Stone posts placed in the grounds of public buildings and dlSkS set into the buildings
themselves make excellent bench marks.

Care should be taken in selecting the places, buildings, or grounds on which to place perma-
nent bench marks. It is important that the mark be placed where the bench mark itself will not
be removed as a result of building or other engineering operations, and it is even more important
that the character of the structure or ground in which the mark is placed is such that it will not
settle and change the elevation of the mark. Made ground and marshy ground are dangerous,
as are also new buildings and other masonry structures whose foundations are not on bedrock.

A temporary bench mark, found to be very satisfactory, is a stake 2 inches by 3 inches in
cross section and about 12 inches long. The length will depend upon the nature of the ground.
Into the stake should be driven & nail (8-penny has been found to be a satisfactory size) with
its head about one-fourth of an inch above the stake. If the nail is not driven down all the
way, swelling of the battered top of the stake will not disturb its elevation. The rod is held
on the top of the nail. The nail should be driven vertically even if the stake is in an inclined
position.

11749°—15——2
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ERRORS OF LEVELING.

The General Instructions for Precise Leveling by the United States Coast and Geodetic:
Survey, shown on pages 8 to 12, are designed to minimize or eliminate from a line of levels the
effect of all known sources of accidental and systematic errors. Under the heading ‘“ Comments
on the General Instructions,” the reasons for adopting certain methods are given in order to
supplement the instructions where they are not considered to be in sufficient detail to show
clearly the object sought.

Many of the sources of errors in leveling of any kind are self-evident, and the observer will
guard against them by properly adjusting his instrument and rods and by the use of firm rod
supports.

MISTAXES OR BLUNDERS.

Mistakes or blunders are especially to be guarded against, as they may cause great expense
and annoyance on engineering projects before they are discovered. Such mistakes are usually
caused by—

(1) Reading a rod 1 meter or decimeter wrong on both the forward and the backward
runnings of a section.

(2) Undetected disturbance of a temporary bench mark.

(3) The recorder reversing the backsights and foresights at a station on each of the two
runnings of a section.

(4) Not connecting a permanent bench mark with the line of levels until after the two
runnings have been made.

The mistake in rod reading is most likely to occur when changing at a bench mark from the
forward to the backward running or vice versa, or at a decided change in grade. The instruc-
tions provide that after the first running to a bench mark the second must not be immediately
started back from that mark. While running on a long even grade both the observer and the
recorder should be on the alert for a change of grade when the reading for the foresight and
probably the backsight also may fall on a different meter space on the rod from what it had
been during a number of previous stations. The mistake of a whole meter is the only one
likely to occur at the change of grade. The probability of an undetected mistake of a decimeter
or meter occurring in a line run in accordance with the general instructions is so small that it
has been deemed inadvisable to have two faces of the rod graduated with different scales and
have both of them read, on account of the greater amount of work involved and the slower
progress in consequence.

The instructions, page 11, state that any temporary bench mark which is required to hold
the elevation of the forward end of the line must consist of two stakes or other objects set apart
the distance between two rod points. These two objects are connected with when the leveling
is advanced from them later and any discrepancy between their original and new differences in
elevation is noted before proceeding. With this method any disturbance of the mark is
detected.

The transposition of backsight and foresight will probably never be undetected in Coast
and Geodetic Survey leveling, for it is not customary on the second running for the rods to be
held at the same points as on the first running. Consequently, should such an error be made
on each of the two runnings of a section, it is most improbable that the two errors would be so
nearly the same that the two runnings would agree within the prescribed limit 4==0 /X,
K being the distance in kilometers.

Paragraph 33 (page 11) of the general instructions provides a method of tying in a bench
mark to a completed line, which should prevent blunders. A mistake made in the elevation of
a bench mark connected with a completed line will not affect the elevation as carried ahead,
but it may cause serious trouble in any future leveling based on that mark.

ACCIDENTAL AND SYSTEMATIC ERRORS.

With accurately adjusted instrument and rods, firm rod supports, and an instrument of
the type of the Coast and Geodetic Survey level, which is made almost entirely of nickel-iron
alloy of low coefficient of expansion, there would appear to be no source of systematic error in
the mean of the forward and backward runnings of a line of levels if the observing is done in
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accordance with the general instructions shown on pages 8 to 12. The closing errors of
circuits show, however, that the systematic errors are not entirely eliminated.

The accidental errors will be present under any method of operation, and other things
being equal they will increase with the increase in the rapidity of the progress of the work
beyond a certain normal amount. The observers in the United States Coast and Geodetic
Survey are directed to do as much leveling as possible of a certain accuracy (as indicated by the
agreement of the two separate measures of each section of a line) rather than a smaller amount
of a greater accuracy. They make the lines of sight as long as the atmospheric conditions will
permit, up to a maximum of 150 meters. The greatest sources of accidental errors are believed
to be in bisecting the centimeter graduations on the rod and the varying vertical refraction on
the backsights and foresights. Another source of error (probably entirely accidental under the
method of leveling prescribed) is the inertia of the liquid in the level vial. The observer
should bring the bubble to rest at the center and then wait a few seconds to see whether or not'
it creeps to another position. If it moves away from the central position it should be brought
back before making the readmg of the rod. An error, probably mostly accidental, may be
caused by refocusing the rod image between the two mghts at an instrument station. This
would probably change the relation between the axis of the bubble and the line of collimation.

Paragraph 35 of the instructions refers to the accumulation of the dlscrepancy or the
divergence between the elevations as carried by the forward and baekward runnings of a line of
levels. It is rarely the case that both runnings are made on the same day, but the interval
of time between them is very seldom more than one week.

It is evident that early in a line of levels run by a new party the value of the discrepancy
between the backward and forward measures (B-F) in millimeters per kilometer tends to be
large, but after about the first 20 kilometers it settles down. About 0.25 millimeter per kilo-
meter, as the line progresses, is a good value, tending to decrease to the end of the line. Any
noticeable tendency of the discrepancy to be of one sign is a thing to be guarded against, studied,
and, if poss;lble counteracted.

There is no reason for the office computations to affect the value of the B-F systematically
in either direction. The two principal corrections for rod length and for temperature are
usually about equal on the backward and forward lines and of the same sign as the difference
of elevation and, therefore, do not affect the B-F.

The effects of the sun, the grade of the line, the average temperature, and the azimuth of
the line on the accumulation of B-F are not known. Therefore, the methods are designed to
eliminate them from the observations or at least to reduce them by providing that the running
of the backward and forward lines shall be under different couditions. The rapid accumulation,
in most cases, has been found to be due to the habits of the rodman or to the methods of sup-
porting the rods. :

When the accumulation is large the observer should make various experiments, such as
(1) the occasional use of the foot pins for a few miles; (2) a change of rodmen; (3) requiring
the rodmen to try various changes in their methods of locating and holding their rods and
especially requiring them to be unusually careful in placing the rod in its horizontal location
on the rail and in the amount of pressure placed on the rod by leaning on it or by bracing against
wind pressure; (4) changing the program of running forward in the forenoon and backward
in the afternoon to backward in the forenoon and forward in the afternoon. Then he should
study the relation of the accumulated discrepancy, first, to each of the above-mentioned
changes; second, to the weather; third, to changes in the character of the ballast; fourth,
to changes of grade.of the rmlroa,d By such studies the source of the trouble will probably
be located or else the accumulation will cease without the reason for its doing so being discovered.

The rodmen should be especially careful when the railroad is in poor condition, with the
top of the rail irregular and not flat. A shifting of the horizontal position:of the rod of 1
millimeter between the foresight and backsight might easily cause an error of 0.1 millimeter
for the top surface of the rail may slope as much as 10 per cent.

It is believed that the larger accumulated dxscrepancms can not possibly arise from any
systematic error in reading the rods. Especially is this true in leveling, such as that called
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for by the General Instructions (par. 18, p. 10), where the back sight is read first at stations
of odd numbers and the foresight first at the remaining stations. This makes it practically
a symmetrical process in so far as the observer is concerned. (The primary purpose of this
feature of the program is to eliminate from the final computation of elevations the effect of
any systematic tendency of the instrument to rise or settle during observations.)

There is a possibility of an accumulated discrepancy being produced by refraction on
lines having steep grades. If the conditions in regard to refraction be the same on the two
runnings of a line, there would be no divergence from that cause; but it is probable that the
refraction is different on the higher sight than the lower one and that this difference changes
during the day as the relative temperatures of the ground and air vary. The refraction on
the higher sight (up the slope) is no doubt different in the morning with a rising temperature
from what it is in the afternoon with a falling temperature, while the lower sight (down the
slope) which comes well above the surface of the ground will not vary so much between the
forenoon and afternoon. Consequently, if the observer systematically leveled forward early
in the day and backward late in the day, refraction might cause an accumulated discrepancy.
If it does, there should be a change of sign in the discrepancy when the program is reversed by
leveling backward in the morning and forward in the afternoon. Also, without a change of
program a change of sign should occur after passing a summit or the lowest point in a valley.

It is difficult to see how a large accumulated discrepancy could be caused by errors due
to a difference in the appearance of the rods, one being more brightly illuminated than the
other, but if such is the case a change in the program of forward in the morning and backward
in the afternoon to forward in the afternoon and backward in the morning would tend to change
the sign. (See also third paragraph under Accidental and Systematic Errors, p. 19.) The
discrepancy, if due to the appearance of the rods, would not increase on portions of a line run
in both directions on cloudy days, and the change of program would probably not be effective
on a line running north and south.

A test similar to that mentioned above might be made to show whether the accumulation
is due to the tendency of the bubble to crawl toward the source of heat—the sun.

Among the cases of large accumulations of discrepancy between the two runnings of a
line are: (1) A section of the line from Ogden, Utah, to Pocatello, Idaho, where a discrepancy
of 63.4 millimeters occurred on 138.4 kilometers, a rate of 0.46 millimeter per kilometer. (2)
On the line Red Desert to Azusa, Wyo., there was an accumulated discrepancy of 89.1 milli-
meters on 170.4 kilometers, or 0.52 millimeter per kilometer.

It there is a systematic error due to the direction of running which causes the accumulated
discrepancy, it is probable that this error, with different signs in the two runnings, is practically
eliminated from the mean of the two runnings.

If there is a systematic error in a line due to its having been run in the forenoon, which
is of the same size but of different sign from a systematic error in the same line, caused by
its having been run in the afternoon, then if there are no other sources of error the two lines
will differ by twice the systematic error in the single line, but the mean will be free from this
error. Now, if one-half of the above line is measured forward in the forenoon and the other
half forward in the afternoon, and if the backward running is made half in the forenoon and
half in the afternoon, then the difference in elevation of the ends of the line from each of the
two runnings will be free from systematic error and they will give the same difference in elevation
for the two ends of the line. It seems to be reasonably certain that in so far as the errors
due to forenoon and afternoon runnings and to the direction in which the line is run are con-
cerned, the amount of the accumulated discrepancy is not an indication of the size of the
systematic error which may be present in the line, for the systematic errors in each of the
backward and the forward runnings due to these causes may be made to accumulate or
eliminate themselves by a change of program without affecting the difference in elevation as
given by the mean of the two lines. (See also discussion under Relation between the sys-
tematic error and thesvalue of B—F, p. 22.)

In making certain astronomic observations where extreme accuracy is required it has
been found that most observers have a personal equation in bisecting a star with the wire.
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This may be called the ‘“bisection error.” This error is eliminated from the results by means
of a reversing prism, which if turned 90° reverses the image formed on the retina of the eye
and one-half the observations are made in each of the twq positions. It is no doubt true
that there is a ‘“reversing error’ for some observers in reading the fractions of a division of
the level rod, but as the same error would presumably be made on both the front and back
rods these errors would not come into the line of levels. It may be the case, however, that
the “bisection error’ on a rod illuminated by the direct rays of the sun is different from that
on & rod the face of which is in shadow. It is possible that this phenomenon is one of
the causes or the cause of the accumulation of the difference (B —F) between the forward
and backward runnings of a line when one of the runnings has been made entirely toward
the sun, while the other has been made in a direction away from the sun. On an east and
west line the effect of this error Gf it exists) will probably be eliminated from the mean of
the two runnings, but this would not be the case on a line which is nearer north and south
than east and west. It may be desirable where extreme accuracy is required to have a reversing
prism on the level and readings made on the rod in both positions of the prism.

After an observer has taken every known precaution to eliminate the effect of errors
on the elevations of a line it will usually be found that the closing error of the loop or loops
involving the line is greater than can be attributed to the purely accidental errors. There
must be systematic errors in the leveling which affect the mean of the forward and backward
runnings, although the instrument may be in perfect adjustment, the constants of the rods
accurately determined, the rod supports entirely satisfactory, and the two runnings made on
different days and under different atmospheric conditions as far as rising and falling tempera-
tures are concerned. ‘

ERRORS DUE TO ATMOSPRHERIC CONDITIONS.

There is usually some systematic error in a single running of a line, the size and sign of -
which probably depend upon the direction of the running with respect to the sun, the time .
of day, or the movement of the air or possibly upon all of these three causes combined. Observers
have reported that the two runnings of a section on a clear day or days agree more closely when
the wind has a decided velocity than when the wind is very light or it is calm. This seems to
be possible, for when the air is in motion the temperature is more likely to be uniform through-
out the layers through which the line of sight passes, and the refraction should be more nearly
the same on the back and forward sights.

The errors outside of the instrument and the observer which may affect a single running
in a systematic manner can be made to act as accidental errors by running the second
measure under the opposite conditions. For instance, if the first running has been made in
the forenoon with a rising temperature and with the sun to the eastward the second measure
should be made in the afternoon with a falling temperature and with the sun to the westward.
This does not apply to cloudy days, when it is believed the systematic errors due to atmos-
pheric conditions are negligible. '

Tt is possible that there is an error in the mean of the two measures of a section where
one running is made on a clear and the other on a cloudy day, but it would be difficult to show that
this is true, for any systematic error on a short section of a line (say 1 kilometer) is very small
compared with the accidental errors.

SYSTEMATIC ERRORS ON SLOPES.

It is believed that systematic errors are more likely to occur on steep grades if the
observing is done at.times when the surface of the ground and the air have different tempera-
tures. If the air has a uniform temperature, or temperatures varying uniformly with the height
above sea level, then the density of any layer of air at a certain elevation above sea level will
be the same throughout the layer.. The effect of barometric pressure and the hygrometric
condition of the atmosphere at different points within the distance considered (300 meters
between the two rods) may be considered as having no effect in causing a different density in the
layer. Under this condition of uniform temperature, or temperatures varying uniformly with
regard to elevation above sea level, there will be the same amount of refraction on the backsights
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and foresights when these are of equal length. But when the air and the surface of the ground
have different temperatures the layer of air in contact with the surface will assume a tempera-
ture nearly that of the ground and consequently the density of the air will tend to vary with
its distance from the surface of the ground instead of with the elevation above sea level. (This
will of course be true for only a short distance from the ground, say 1 or 2 meters.) If the
ground is level there will be no difference in the amount of refraction on the two sights, but if
the ground is sloping the sight up the slope will pass through layers of air of different densities,
while the lower sight will go through air in a normal state so far as the arrangement of its
densities is concerned. The effect of the refraction on the rod reading on the upper sight will
be of one sign if the surface of the ground is colder than the air, and the opposite sign if the sur-
face is warmer than the air. These errors are no doubt smaller when the wind is blowing and the
air stirred. On cloudy days the temperature of the air and the surface of the ground are sup-
posed to be more nearly the same and consequently the refraction error on the slope would not
be so large as on a clear day. The refraction error on a clear day should be at a minimum during
the several hours in the middle of the day when the temperatures of the air and the surface of
the ground are nearly the same, and greatest in the morning and the late afternoon, but should
have opposite signs during those two periods.

As stated above, this refraction error should be entirely absent if the ground is level or
nearly so and the backsights and foresights at a station are equal in length. It should reach a
maximum on steep grades where the line of sight up the slope comes very close to the bottom
of therod. This error may be made small by never letting the line of sight come near the ground.
It is impossible to predict what the safe height is, but it is believed that if the lower one of
the three wires reads more than 30 centimeters above the ground most of the trouble will be

avoided.
RELATION BETWEEN THE SYSTEMATIC ERROR AND THE VALUE OF B—F.

The value of the accumulated difference between the two runnings of a line does not, in
the writers’ opinion, give an accurate idea of the size of the systematic error in the line. This
value of B—F as a rule can be controlled by the observer varying the program of his work.
It might be possible to hold the value of B—TF nearly to zero, or the value might be very large,
yet the mean of the two runnings would be the same in each case. The best measure of the
systematic error is believed to be in the loop closures, and for this purpose small loops are
better than large ones. In that portion of the United States to the west of the Mississippi
River the loops in the precise level net are, as a rule, very large at present. The leveling
planned for the future will cut up those large loops into a number of smaller ones.

For additional remarks on the errors of leveling, see ‘“‘Comments on the General Instruc-
tions,” on pages 12 to 14.

EXAMPLES OF RECORD AND COMPUTATION,

A specimen * of the determination of ¢ as actually made in the field in accordance with
paragraph 12 of the General Instructions is given below, together with suggestions which were
furnished to the observers.

Determination of C, 8.20 a. m., August 28, 1900.

Left-hand page. Right-hand page.
Thread Thread
Number ; Thread Thread
i readin, Mean. i : Rod. reading, Mean. 5
of station. | 2ot gﬁi. interval. foresight, interval.
1515 13 0357 105
A 1528 1528.3 14 w 0462 0461. 7 104
1542 27 0566 209
2252 105 1276 12
B 2357 2357.0 105 w - 1288 1288.3 %3
2462 210 1301 K 25
0461.7 419 1528.3
2818.7 52 2816. 6
Cor. for curv. and ref. ~0.8 367 2817.9
2817.9 367) —1.3 (—0.004=C

# The unit of length used in this specimen is the millimeter.
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Only the distant rod readings need be corrected for curvature and refraction, and the two corrections for the two
distant rods may be combined as indicated.

Note that if the transfers of figures across from page to page are made as indicated all subtractions are made right
side up.

Do not carry € to more than three decimal places.

. When the instrument must be adjusted, due to too large a value for C, do it by raising or lowering one end of the
level vial and not by moving the reticle.

The adjustment is made as follows: Point to a distant rod with the bubble in the middle of its tube, and read.
Move the telescope s0 as to raise the middle line by an amount equal to C times the rod interval. While holding the
telescope in this position bring the bubble to the middle of the tube by raising or lowering one end of the level vial.
If C is negative the middle line must of course be lowered on the rod.

The following examples of the record and computation will serve to explain the method
of observation still further: :

Left-hand page. . . Right-hand page.
Spirit leveling.
Date: August 29, 1900. Forward-Backward. From B. M.: 68 To B.M.: G.
Sun: C. (Strike out one word.) Wind: 8. T ’
Thread Rod Thread
No. of ) Thread Sum of p Thread Sum of
station. b;gill{gilggé. Mean. interval, | intervals. t:;(;). r;fggé’ﬁ?. Mean. interval. | intervals.
43 0674 99 Vv 2683 99
0773 0778.0 99 33 2782 2782, 3 100
0872 198 2882 199
44 0025 106 w 2415 103
1031 1030. 3 104 35 2518 2518.0 103
1135 210 408 . 2621 206 405
45 0484 98 - \ 2510 96
0582 0582.3 99 35 2606 2600, 0 96
0681 197 | 605 2702 192 597
46 0398 97 w 2859 96
0495 0495.0 97 34 2055 2054, 7 95
0592 194 799 3050 191 788
47 1027 - 26 vV 1008 29
1053 1053. 3 27 34 1035 1034. 7 28
1080 53 852 1063 57 845
3933.9 11895. 7
N ~7961. 8
2:25p. m

The explanation of the symbols used after the words “Sun” and “Wind” is printed on the
bottom of the computation form shown later. The unit in the record is the millimeter. The
instrument stations (not turning points) are numbered consecutively throughout the day. A
rod once placed at a point stays there, both for the foresight and backsight, each rodman thus
being front and back rodman alternately. To carry out the requirement of the general direc-
tions, that at stations of odd numbers the backsight is to be taken before the foresight, and at
even stations the foresight is to be taken first, it is only necessary to remember that this is
equivalent to the statement that one particular rodman must always show his rod first after
each placing of the instrument. The position of the rod is indicated in the record on the fore-
sight only. The temperature is read by the back rodman just before he moves forward, and
is called out to the recorder when the rodman passes.

The columns headed ‘“Thread interval” show the intervals between the lower and middle
threads as seen projected on the rod, and the middle and the upper, and finally the total interval.
The columns headed “‘Sum of intervals” show the continuous sum of the total intervals, and
as these values are proportional to the sums of the backsight distances and foresight distances,
respectively, they enable the observer to keep these two sums nearly equal at all times, as
required by the instructions, for the purpose of eliminating instrumental errors.

Such portions of the computation as are shown as forming & part of the record are kept
up by the recorder as the work progresses. The instrument is not moved forward from any
station until the recorder announces that the readings at that station check properly. The
recorder uses, as a short method of computing the mean of the three thread readings, the fact
that the difference of the upper and lower intervals divided by 3 is the correction to be applied
with the proper sign to the middle thread reading to give the mean of the three.
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But little explanation is needed in connection with the computation form shown on page
25. The forward line from B. M. 68 to B. M. G. on this form is that for which the record is
given.

The fifth column on the left-hand page is derived from the fourth by using the sufficiently
exact relation that 287 millimeters subtended on the rod corresponds to 100 meters along the
line, regardless of the lengths of the separate sights.

The corrections for curvature and refraction shown in the first column of the right-hand
page are those due to the slight differences of corresponding foresights and backsights, no cor-
rection being necessary when the corresponding sights are exactly equal. The correction is
usually inappreciable and seldom exceeds 0.1 millimeter under actual conditions. It may be
applied very quickly by the use of tables (see pp.26 to 29) and a rapid inspection of the record
books. It is important to note that thisis, in the main, a correction for curvature, a quantity
which is not uncertain, the uncertain refraction being upon an average about one-eighth as
great as the curvature.

The level correction shown in the second column of the right-hand page is equal to the
constant C (defined in paragraph 21 of the general instructions) times the value in the sixth
column of the left-hand page. Its sign isfixed by the signs of the two factors. This correction
will very seldom exceed 0.3 millimeter under actual conditions and will not sensibly differ from
zero on most sections, since the instructions require (par. 11) that the sum of the foresight
rod intervals on any section shall be nearly equal to the sum of the backsight rod intervals.

The third column is for the index error which takes account of the fact that the zero of
graduation and the foot of the rod are not exactly coincident. As the index errors of two
rods forming a pair are made the same this correction is necessary only when a metal tape is
used on a bench mark that is not accessible with a rod.

The fourth column gives the correction due to the excess of length of the rod at zero degrees,
this particular rod being 0.28 millimeter too long on each meter. The examinations of therods
made at the office show that the error of graduation is, with sufficient accuracy, proportional
to the distance along the rod. The next column gives the correction due to the expansion of
the rod from zero to the temperature of observation, computed with the known coefficient of
expansion of the rods, namely, 0.000004 per degree Centigrade. The sum of the quantities in
the fourth and fifth columns in any line gives the correction due to the excess of length of the
rod at the temperature of observation. For these particular rods, which are long, even at zero,
the correction in each of these columns will always have the same sign as the measured difference
of elevation. i

The last four columns on this form are for use whenever special studies are to be made to
determine, if possible, the sources of the principal errors of leveling. It should be noted that
the times of the backward and forward runnings of any section, as indicated in the last column,
have no fixed relation to each other. The two runnings are sometimes made on thesameday,
sometimes on different days, and in some instances they both occur in the forenoon, at other
times both in the afternoon, and frequently they occur in opposite halves of the day. Any long
portion of the line will show corresponding forward and backward measurements having all
possible relations to each other as to the time of day.*

* The present practice is to have the two runnings on different days and at different times of the day if practicable.




Left-hand page.
Line: Somerset, Ky., to Knoxville, Tenn.

Computation of precise levels.

Right-hand page.
Observer: W. H. B. Year: 1900.

Mean rod readings. Mean Corrections. D ‘ﬂe‘rzi‘gf:n"f ele-
5:1_"& Num-|Sumof| Dis- | Rod A%gaf" tem- Diver- [ToWard| Sun- :
Bench or berof} rod | tance | inter- difference | Per3" || ence | »°F shine Wind Date and
marks. - Ibaok-| S | 100 1 e s hosF of | e || Level | Tndex | Length| pom- | Each -F. | o oo | o
ons.| vals. jmeters.|ZB-3F. . ° eand| Lev ox | Len; pera- ac, ] sun. |cloudy.
ward. 2B 2F elevation. | o3¢ | refrac- | error. | error. | of rod. | ture of | line. Mean. v
tion. rod.
mm. mm. m. m. m. mm.| mm. | mm. | mm. | mm. m. m. mm.

65-66 F 9 3669 1.279 + & 10. 6532 19.0087 | — 8.3555 | 37 0.0 —2.41 —1.2 |— 8.3591 [— 8.3593 | —0.4 L. S C 8/28~- 9:15
B 7 3675 +9 15. 1650 6.8087 { + 8.3563 26 +0.1{ —0.1 +2.4| +0.8 |+ 8.3595 C C 8/29~ 9:00

66~67 F 8 3738 | 1.302 412 17. 6667 10.4370 | -+ 7.2297 { 32 =0.1 +2.1 +0.9 |+ 7.2326 {+ 7.2332 | +1.2 (] C 8/20-11:05
B 7| 379 5 7.823| 150537 | —7.214| 23 || +o.1]+02 221 206 |- 7.2338 ¢ ¢ 8/29- 7145

67-68 ¥ 13 4198 | 1.464 + 4 15. 5276 31.8222 | —16.2946 | 33 ~4.6 | —2.11—16.3013 |—16.3008 | +1.0 T, S&C C 8/29- 1:30
B 8| 4206 Zo4| 15524 5.2587 | +16.2037 | 28 || +0.1| +0.1 +4.6 | +1.8 [+16.3003 c C | &28-500

68-G F & 1697 | 0.590 + 7 3.9339 11.8957 | — 7.9618 | 35 —-0.1 —-2.3 —1.1|— 7.9653 |— 7.9647 | +1.2 C S 8/20- 2:15
B 6| 1601 51 12.5587 45079 | + 7.9608 | 31 +2.3| +1.0 [+ 7.9641 ¢ c 8/31- 910

G-69 F 11 5126 | 1.785 -2 28. 4990 5.8171 +22.6819 | 30 +6.5 | +2.7 [+22.6911 {+22.6910 | —0.3 R. S&C TS 8/29- 3:15
B 11 5120 +14 6. 3550 29.0368 | —22.6818 § 27 —6.51 —2.5{—22 6908 C FM 8/31- R:30

69-70 F 12 4589 | 1.602 23 17.7855 22.7719 — 4.9864 | 22 +40.1| 0.1 —1.4] —0.4 |— 4.9882 |— 4.9901 | —3.8 C C 8/30- 7:15
B 9 4607 -9 17.5312 12.5410 | + 4.9902 | 22 +1.4] +0.4 |+ 4.9920 C C 8/30— 4:30

70-71 F 10 5000 1.740 4 6 6.9331 27,1772 ) —20.2441 | 25 —5.8{ —2.0 {—20.2519 {—20.2530 | ~2.2 C C 8/30~ 8:15
B 10 4987 -5 26.9183 6.6720 | +20.2463 | 24 +0.1 +5.8 | +1.9 1420. 2541 C C 8/30- 3:30

71-72 F 10 4076 | 1.420 + 2 10. 5955 26.0830 | —15.4875 ] 33 —4.4 1 —2.01—15.4939 1—15.4932 | +1.4 L. ] C 8/30- 9:15
B 8 4073 + 3 21.0375 5.5510 | +15.4865 | 26 +4.4 1 +1.6 |+15.4925 C C 8/30- 2:40

Abbreviations: S=sunshine. C=cloudy. 8 & C=alternate sunshine and shade.
Abbreviations, strength of wind: S=strong. M=moderate. C=calm.
Abbreviations, direction of progress relative to sun:

E=within 45° of directly 0787 sun,  TrfoWard upy put at an angle of more than 45° to right. = ditto with sun to left.
R—sun to right and nearly at right angles to line. The same abbreviations also apply to the direction of progress relative to the wind
L left 4

AY
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The following abstract of results is the form actually used in collecting the results of the
computation indicated above. It is essentially a summary and combination of the values
derived on the computation form. The computation is discontinuous, showing results from
separate sections, while this abstract is continuous.

Left-hand page. . Right-hand page,
Abstract of spirit-level results. )
State: Tennessee. Instrument: Level No. 8. Rods: V. & W. Observer: W. H. B. Computers: W.H. D.
W, H. B,
Di Difference of elevation. Discrepancy. Distance
}I;‘rolrdn tanz.e No.of Bf?z)fmA Elel‘;'ration
M. 0. of .M. above :
Date. Bt%l mu}l‘g_o' Forward Bacg- . Par. | Total B. M. L g]t s mf}au lsea Locality.
. M, ; ward, ean, accumu- udlow evel,
ters, line. line. tial. Iated. Ky. 4
. m, m. m, mm. mm, - km, m.

Aug, 28-29 | 65-66 | 1.279 |— 8.3591 |+ 8.3505 |~ 8.3503 | —0.4| -+108.7 66 365, 848 424, 5262
29 66-67 | 1.302 (+ 7.2326 |— 7.2338 {+ 7.2332 ¢ +1.2| -+109.9 67 367. 150 431, 7594
28-20 | 67-68 | 1.464 {~16.3013 |416.3003 {—16.3008 | +1.0§ <-110.9 68 368. 614 415, 4586

29-31 | 68-G | 0.590 |— 7.9653 |4 7.9641 [~ 7.9647 | +1.2 | +112.1 G 369, 204 407, 4939 | Stone post at Sun-

’ bright, Morgan

County, Tenn,

2031 | G-69 | 1.785 [+22.6911 |—22.6908 (+22.6010 | —0.3 | +111.8 69 370. 989 430. 1849
30 69-70 | 1.602 [— 4.9882 !4 4.9920 |— 4.9901 | —3.8| 4108.0 70 372, 501 425, 1948
30 70-71 | 1.740 |—20.2519 |4-20.2541 }—20.2530 | —2.2 | -+105.8 7 374. 331 404, 9418
30 T1-72 | 1.420 |—15.4939 [+15.4925 |—16.4932 | +1.4| -+107. 72 375.751 389, 4486

CORRECTION TABLES.

For convenience there are inserted here three tables which are useful in making the fore-
* going computations.
The table of total correction for curvature and refraction is for use in computing C, in
making river crossings, and in general wherever the total correction is required. "In computing
this table the refraction was assumed to be equal to one-eighth the curvature.

Total correction for curvature and refraction.

Correction Correction

Distance. torod read- Distance. to rod read-
ing. ing.

m. m. mm. m. mm
0to 27 0.0 160 —-1.8

- 28to 47 —0.1 170 —-2.1
48to 60 ~0.2 180 —-2.3
6l1to 72 -0.3 190 -2.6
73to 81 ~0.4 200 —2.8
82to 90 ~0.5 210 -3.0

91 to 98 ~0.6 220 —3.3
9910105 —0.7 230 —-3.7
106 to 112 ~0.8 240 ~4,0
113t0 118 -0.9 250 —4.3
119t0 124 ~-1L.0 260 —4.7
125 to 130 ~1.1 270 —~5.0
13110 136 ~1.2 280 —5.4
137 to 141 ~1.3 290 —5.8
142 to 146 ~1.4 300 —6.2

147 to 150 -~15

The table for the differential correction for curvature and refraction is for use in deriving
the corrections shown in the first column of the right-hand page of the computation indicated on
page 25. The table was computed upon the assumption that the refraction is one-eighth of
the curvature, and that the stadia interval for the instrument is such that the distance from the
instrument to the rod in meters is one-third of the interval subtended on the rod in millimeters,
An inspection of the table will show that it is sufficiently accurate for use even though the stadia
interval differs from that stated by 10 per cent or more.
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Differential correction for curvature and refraction.

Mean Difference of sights in rod interval in millimeters.
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The sign of this correction is positive when the foresight is the longer, that is, when the
stadia interval subtends more divisions on the rod for the foresight than for the backsight.

The differential correction for curvature and refraction may also be taken from the following
table, which is sometimes more convenient. It gives, for a given difference of rod intervals, the
lower limiting values of the mean rod interval for which the correction is (to the nearest tenth
of a millimeter) 0.1 millimeter, 0.2 millimeter, etc.

Thus, for a difference of rod intervals of 37 millimeters, there are given in the table the
numbers 88.6, 265.8, and 442.9, under the respective headings 0.1 millimeter, 0.2 millimeter,
0.3 millimeter. This means that up to 88.6 millimeters the correction is 0.0 millimeter to the
nearest tenth, from that point up to 265.8 the correction is 0.1 millimeter to the nearest
tenth, and between 265.8 and 442.9 it must be taken as 0.3 millimeter.

The table is computed on the same assumptions as the preceding table, and the rule for the
sign of the correction is the same, namely, positive when the foresight is the longer of the two
sights, negative when it is the shorter. Numbers over 460 are omitted from the table.
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Differential correction for curvature and refraction.
LIMITING VALUES OF THE MEAN ROD INTERVAL.

Correction. Corrsction.
Difference of rod Difference of rod
intervals. intervals.

0.lmm, ; 0.2mm, | 0.3 mm, | 0.4 mm, 0.1 mm, | 0.2mm. | 0.3 mm. | 0.4 mm,
93.7 2810 |........oiiiiiaol.l.
91.0 273.2 455.2 ... .....

88.6 265.8 442.9 |..........

86.3 258.8 431.3 oeiiienen.
84.0 252.1 420.2 |..........
81.9 245.8 409.7 {.o.eeen..

79.9 239.8 399.7 |oiceeen..
78.0 234.1 390.2 L eenn....
o762 | 2287 | o3sL1 |LDTIUTIN
74.5 223.6 3726 |eeinen-n.
72.8 218.5 364.2 |..........
71.3 213.8 366.3 |..........

69.7 209. 2 348.7 |iverennans
68.3 204.9 341.4 | ........
66.9 200.7 334.5 |..........

65.6 196, 7 327.8 458.9

64.3 192.8 321.4 449.9

63.0 189.1 315.2 441.2

61.8 185.5 309.2 432.9

60.7 182.1 303.5 424.9

59.6 178.8 298.0 417.2

58.5 175.6 292, 7 400.7

57.5 172.5 287.5 402.5

56.5 169. 5 282.6 395.6

55.6 166.7 277.8 388.9

54.6 163.9 273.2 382.4

The table of temperature corrections is for use in deriving the values shown in the fifth
column of the right-hand page of the computation indicated on page 25, the length of the rod
at zero degrees Centigrade having been used in deriving the third column. The table is com-
puted on the assumption that the coeflicient of expansion of the rod is four parts in a million per
degree Centigrade. The sign of the correction is always the same as the sign of the measured
difference of elevation unless the temperature is below the Centigrade zero.

Correction for temperature (in millimeters).

Difference of elevation in meters.

Temp.
C.p
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Correction for temperature (in millimeters)—Continued.

_ Difference of elevation in meters.
Teénp.

’ 1|2 |3} 4]|s5 |6 7|8l o 10| 12]|13] 14
61 .1 .3 4 .6 .7 .91 10 .21 1.3 1.4 1.6 17| 1.9 2.0
37 .1 .3 4 .6 .7 90 L0 2} 1.3 1.5 1.6] 1.8] 1.9 2.1
38 .1 .3 .5 .6 .8 91 L1 121 1.4] 1.5 1.7| 1.8] 2.0 2.1
39 2 .3 .5 .6 .8 O L1 12| 1.4 18] 1.7 1.9 20 2.2
40 .2 .3 .5 .6 .8] L0| 11| 1.3] 1.4]| 1.6} 18] 18] 2.1 2.2
41 .2 .3 .5 N .81 1.0} L1| 1.3 L.5) 1.6 1.8 20| 21 2.3
42 .2 .3 .5 7 .81 1.0 2 1.3} 1.5| L.7) 1.87 20 2.2 2.3
43 2 .3 .5 T 91 L0 1,21 1.4 1.5 1.7] 19| 21] 2.2 2.4
44 .2 .3 .5 .7 .9 1.1 1.2 1.4 1.6 1.8} 1.9 2.1 2.3 2.5
45 .2 .3 .5 .7 9] L1} L3} 1.4) 1.6) 1.8 2.0 2.2] 2.3 2.5

STATISTICS OF LINES.

The principal items of information in regard to the Coast and Geodetic Survey level lines
are given in the tables below in the same form as the tables on pages 224-225 of Appendix 3,
Report for 1903, and pages 14 and 15 of “Precise Levelmg in the United States, 1903—1907 "
arranged in such a manner as to be conducive to comparison between lines.

The number of permanent bench marks includes all with which the leveling was directly
connected, regardless of whether they are new bench marks or bench marks previously established
by some other party or organization.

The average distance between bench marks was obtained by dividing the total length of
the main line by the number of permanent bench marks.

The speed was obtained by dividing the total length of the line by the interval in months
"from the date of the first leveling to the date of the last, inclusive. The expression “total
length” refers to the completed line. Each completed section of the line was leveled at least
twice, and in some cases four or more times. To obtain the speed in terms of single line one must
therefore multiply the speed here given by a factor somewhat greater than two.

The dlscrepancy in millimeters per kilometer was obtained by dividing the total discrepancy
on the main line by the length of the main line.

The probable error of the mean result for a section Was computed by the formula

"o 2d
-—0.674\/ -

in which d is the discrepancy between the forward and backward leveling over & section and ¢ is
the number of sections. The probable error for 1 kllometer, r, was derived by assummg that
the average length of a section is to 1 kilometer as ('’)? is to »2.

Oflden to f:Salt;
Pocate“o, ake City, Butte to Las Ve Salt L
Line. gzﬂsgisg%g Idaho, to Bgrg?gwagal Huntley, Nev. gas, City %(’,{e
) » Cal. | Bytte, Mont. to Las V egas, Mont, Zenda, 'Utah. Zends, Utah,
Nev.

L)1 E.H, P. Ehﬁﬁ’.ﬁnd H.M.R. H. M. R. F. K. H. W. M.
Instrument..........ceee... 7 7 7 7 7 8
Date of first leveling. Mar. 5,1908 { June 26,1908 | Oct. 17,1006% | May 31,1907 | Mar. 26,1008 [ Apr. 13,1908
Date of last leveling .......... June 7,1906 { Oct. 2,190 | May 20, 1907 | Sept. 10,1907 | July 18,1908 Jlfl‘y 18,1908
ength.of main line, kilometer. 375 427 456 409 404 324
Length of side lines, kilometers. . ceen 7 12 32 3 1 13
Tot length kllometers ............... 382 430 488 412 405 337
Total length, miles.....ccceceeucuunens caen 237 273 303 256 252 200
Number of permanent bench marks 128 133 125 108 113 93

Avem e distance between permanent bench marks, .
ﬁome ters . 3.0 3.3 3.9 3.8 3.6 3.8
Progress, kilometers per month.. 124 136 70 124 108 105
Progress, miles per month. ...... 78 85 43 77 o7 65
Percentage run more than twice. .. 16 18 26 16 Co21 28
Dlscrepancy total millimete: —~32.3 —87.6 —~15.2 | - 50,4 —122.7 +32.1
-Fg millimeters per kilometer —0.00 ~0,21 —0.03 +0.12 — 0.30 +0.10
Pmbagle error for 1 kilometer, in millimeters. ........ + 0.9 + 0.9 + 1.0 + 1.0 + 0.8 % 0.9
Velooipede cars used. .. .ooeueenaeeresncusmiennneenes Yes.t Yes. No. No. Yes. Yes.

*Loveling was interrupted for 5 days while party was moving from Salt Lake City to Barstow. 1 About one-half the time,
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Crawford, Huntley, |Goffs, Cal.,,to| EIReno, Fort Worth |Jericho, Tex.,
Line. Nebr., to Mont., to | Albuquerque, Okla., to to El Paso, | to Isleta, N.
Cadiz, Wyo. Cadiz, Wyo. N. Mex, Jericho, Tex. Tex. Mex.
[6] 175 4 PSSP F. K. H. W. M. H. W.M. F. K. HCDMKCand C. M. C.
Instrument......... N 7 8 8 7and 6 8 10
Date of Arst 10VelNg. « - - oeneeceneeeeaaaaaancoraenannn July 29,1908 | Aug. 20,1008 | Apr. 16,1909 | July 1,1909 | Apr. 4,1010 | June 5,1911
Date oflast leveling.......... sese....| Nov. 5,1908 | Nov. 6,1908 | Dec. 3,1909 | Sept. 14,1909 | Jan. 10,1911 | Nov. 6,1911
Length of main line, kilometers.......... ceeeeean 377 201 982 324 995 670
Length of side lines, kilometers................. e 5 3 2 4 18 7
Total length, kilometers........ e 382 294 984 328 1013 . 677
Totallength, miles.......c.......... e 27 183 611 204 629 421
Number of permanent bench marks e 105 77 258 84 273 166
Average distance between permanent bench marks, in
kilometers. ...coveeenerncaecieennaneeananns 3.6 3.8 3.8 3.9 3.7 4.1
Progress, kilometers per month................. ves 119 114 136 133 110 133
Progress, milespermonth...................... e 4 71 85 83 68 83
Percentage run more than twice................ -l 14 19 23 16 21 7
Discrepancy EB—F), total millimeters........... . —24.8 ~15.3 +60.8 ~12.4 —~72.1 +-06.8
Discrepancy (B-F), millimeters per kilometer . —0.07 —0.05 +0.06 —0.04 —0.07 +0.14
Probable error for 1 kilometer, in millimeters. . . + 0.7 + 0.9 + 0.9 + 0.8 + 0.8 + 0.7
Velocipede carsused. ..o cevrenvnninniiainnia. ee Yes. Yes. Yes. Yes. Yes. Yes.

RATE OF PROGRESS ON RECENT PRECISE LEVELING.

On pages 390 and 391 of Appendix 3, Coast and Geodetic Report for 1903, and on pages
15 and 16, “Precise Leveling in the United States, 1903-1907,”” there are given data regarding
the average rates of progress per month for the several leveling parties, the average monthly
rate for all the work done with the new level, and there were also instanced a number of cases
of unusually rapid leveling. '

In the second publication mentioned above the statement is made that the average rate of
progress for a leveling party had been 65 miles (104 kilometers) of completed line per month
and that the average rate of progress for a whole line varied from 47 to 98 miles per month.
Every mile of progress represents & mile leveled at least twice, once in the forward and once in
the backward direction. The above average was obtained by using the total number of months
of leveling and the total number of miles. If the unit had been the season the mean rate of
progress per month for the 16 seasons considered would have been 66.4 miles (106.9 kilometers).
The maximum rate of progress for a season is 95 miles (153 kilometers) per month.

There have been added by the Coast and Geodetic Survey to the level net of 1907, 12
seasons of leveling with rates of progress varying from 56 to 84 miles per month. The average
rate of progress for all of the 12 seasons (giving each season unit weight) has been 73.6 miles of
completod line per month.

The average monthly rate of progress for the 28 seasons’ leveling run by the Coast and
Geodetic Survey with the new type of instrument is 69.5 miles.

During 6* of the 28 seasons the average monthly rate of progress has been more than 80
miles. These were the following:

In 1902, leveling between Anthony, Kans., and Shreveport, La., 641 miles, rate 85 miles
per month. W. H. Burger, chief of party and observer. :

In 1905, leveling between Watertown, S. Dak., and Sioux City, Iowa, 237 miles. Rate 95
miles per month. J. B. Miller, chief of party and observer.

In 1905-6, leveling between Smithville and Galveston, Tex., 171 miles. Rate 81 miles
per month. E. H. Pagenhart, chief of party and observer. '

In 1909, leveling betweén El Reno, Okla., and Jericho, Tex., 204 miles. Rate 81 miles
per month. Ford Kurtz, chief of party and observer.

In 1909, leveling between Goffs, Cal.,, and Albuquerque, N. Mex., 610 miles. Rate 82
miles per month. H. W. Maynard, chief of party and observer.

In 1911, leveling between Jericho, Tex., and Isleta, N. Mex., 422 miles. Rate 84 miles
per month. C. M. Cade, chief of party and observer.

* After the manuseript for this report wvas sent to press, two precise leveling parties of this Survey at work in 1913 closed their ssasons.
Assistant J. H. Peters completed 334 miles of leveling to the northward of Butte, Mont., at the rate of 94 miles per month, The other party,
firgt under Assistant C. M. Cade, then under Assistant G. D. Cowie, completed 341 miles of leveling to the westward of Crookston, Minn., at the
rate of 89 miles per month, During the one and two -thirds months, while Mr. Cowie wes in charge, a progress of 176 miles was made, at the rate
of 105 miles per month.
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COST OF RECENT PRECISE LEVELING BY THE COAST AND GEODETIO SURVEY.

The cost per completed mile for the 12 seasons’ leveling added to the net since the
adjustment in 1909 is shown below:

Years. Location of season’s work. C«;;tﬂ]get
1906 San Diego, to Barstow, Cal .eeeeueeieracennnnann $9.40
1906 Pocatello, 'Idaho, to Butte, Mont................ 13.30

1906-7 Ogden to Salt Lake City, Utah, and Barstow,

al., 10 1as Vegas, NeV..o.oioieniercannannns 13.40
1907 Butte to Huntley, Mont ................ ....| 15.80
1908 Las Vegas, Nev., to Zenda, Utah......... el 13010
1908 | Salt Lake City to Zonda, Utahe. .00 veeenenen. 16.50
1908 Crawford, Nebr., to Cad{z, Wyo.... ..l 12.80
1908 Huntley, Mont., to Cadiz, Wyo.......... .| 14,00
1909 El Reno, Okla., to Jericho, Tex.......... o) 12,70
1909 Goffs, Cal., to Albuquerque, N, Mex.. ..l 1.90

1810-11 Tort Worth to El Paso, TeX.cveesrennnenn eeel| 11070
1911 Jericho, Tex., 1o Isleta, N. MeX coviievnnanunnnns 10.30

The average cost per mile for these seasons’ leveling is $12.90. The average cost of the
16 seasons of leveling done with the recent instrument, which were included in the 1907 net
adjustment, was $9.70 per mile. The average cost of the 28 seasons considered in the present
net is $11.10 per mile of progress.

The average cost for the several seasons varies considerably, due to a number of causes.
On some lines the party lived at hotels and boarding houses convenient to the work, while on
others the members lived in a camp or an especially fitted car, and were forced to go out Jong
distances to the work. Some of the lines were run up steep mountain grades while others were
over flat prairies. In dn old settled country there will be many masonry structures in which to
set bench marks, while in a new or unsettled section bench marks must be especially constructed
of stone or cement. The number of permanent bench marks used has some influence on the
cost of the work. Differences in both the observing and party management of different chiefs
of party produced variations in cost which were large in exceptional cases.

The above figures represent the actual cost of the leveling, including the establishment of
the bench marks, with the exception of the cost of the instruments and stationery. It includes
the transportation to and from the field paid by the Government and all wages and salaries,
including those of the chief of party and recorder. The salary of each member of the permanent
field force is charged to the leveling for the whole period during which he was engaged upon
work incidental to the leveling, including the time spent in travel to and from the field, the time
spent in preparing for the field and in completing field reports and records and computations
at the end of the season. One-eleventh has been added to the salary actually paid each officer
during the time he was connected with the leveling, to take account of the fact that the Govern-
ment pays its permanent employees 12 months’ salary for 11 months’ work, upon an average.

The cost of computing & line of levels at the office is between 40 and 45 cents per kilometer, on
anaverage. This computation doesnot include the orthometric correction nor anynet adjustment.

New Lines or UNITED STATES COAST AND GEODETIC SURVEY LEVELING—DETAILED STATE-
MENT OF RESULTS.

SAN DIEGO TO BARSTOW, CAL.

This line was run by E. H. Pagenhart, Aid, between March 5, 1906, and June 7, 1906.
The leveling started from seven tidal bench marks at San Diego, Cal., and followed the line
of the Atchison, Topeka & Santa Fe Railway to Barstow, Cal.

Precise level No. 7 and rods R, and S were used. The lengths of these rods at 0° C,, as
determined by the Bureau of Standards, were:

Date, Rod Rs. Rod 8.

Meters. Meters.
B DT A T 3.0009 3.0014
8T L 1 enaen 3.0017 3.0020




32 U. 8. COAST AND GEODETIC SURVEY SPECIAL PUBLICATION NO. 18.

These measures show a slight lengthening of the rods. The interval between the office
measurements of the rods is much longer than usual, due to the rods having been in use prac-
tically all the time. The field measurements of the rods during this period show nothing in
regard to the time when the above change took place. It was assumed therefore that the
lengthening was uniform and the mean length of the rods on April 20, 1906, 3.0014 meters, or
an excess of 0.47 millimeter per meter was used in the computation. The index correction of
rod R, was —0.6 millimeter; of rod S —0.9 millimeter.

Determination of mean sea level.

The results of the tide observations at San Diego are as follows:

Feet.

d006 . . e e e e 6. 5026

1907, e ceeee e e 6. 5574

B008. e e e e e, 6.4612
. T « B 6.507140. 0188

The first series of readings is for 365 days beginning January 21, 1906, and each of the other
series is a calendar year in length.

The direct results of the leveling are shown in the following tables, in which all the permanent
bench marks are given.

If no distance is given in the fourth column, the bench mark is in the main line of levels.
If a distance is given in the fourth as well as in the third column, the bench mark is on a spur
and the distance in the fourth column shows the point at which the spur branches from the
main line.

The elevations are based on an elevation of 3.49 feet =1.0638 meters for the 10-foot mark
on the tide staff at San Diego.

Results of leveling, San Diego to Barstow, Cal., 1906.

tIEnis- 1‘}J‘)is- 'Ig)_tal ob " tDis- tDis- Total
Permanent ce nee is- Serve: Permanent ance ance dis- | Observed
Place. to to crep- ele- Place. to to cre; ele~
bench mark. | yonoh | base of ancy vation.t bench mark. | yonon | base ot| anoy vationLt
mark.*| spur.* -Ir). mark.* | spur.* (B—IY).
km. km. mm. m,
Tide Staff....«. 31 15 RO 1.0638 || Near Don........
Tidal 7 .1 + 0.8 0.5972 || 8an Onoire, ... ..
, 2 + 0.8 2.6079 || Near San Onofre.| V
. 2 + 0.4 1.8797 {| Near Mateo......
.3 — 0.3 .
. 3 — 0.3
. 4 0.0 3 .
. 5 — 0.1 3 3
.7 4+ 0.3 5 .
Near Roseville. . L8 + 0.5 . . 5
Near San Diego..| B 3 — 2.4 A L2
0.0 L 5
- 29 5 .
— 2.9 5 5
- 5.0 3 . .
—-10.2 152.6 4 =49 32,2083
- 6.9 154.3 - 3.9 37. 4851
—11,0 155.1 - 3.5 39,0248
0.0 155.9 - 1.9 37. 8424
- 2,1 156.3 - 2.3 40, 6459
- 6.6 161.9 d 4 7.2 57.0100
-73 162. 4 J + 5.6 60.2026
— 9.8 164. 8 J 4+ 61 57,4496
- 9.8 168. 3 + 1.3 83. 5734
— 4.2 A Near Olive. 169. 5 + 1.3 73.4847
.+ 0.8 28,0264 || Richfield... 172.0 + 1.3 75,0988
— 25 13. 4600 || Near Yorba. . 175.9 - 0.3 88, 4093
— 3.0 16,9153 || Horse Shoe Be: 180.6 4 0.5 116.3774
-~ 4.4 13,5404 || Near Gypsum 183.7 + 2.4 1225163
- 3.7 25.5459 || Near Crary. 192.2 +12.4 | 143.2570
- 3.1 20.6144 || Crary 194.1 . 4153 | 150.7553
- 16 19.6423 Near Crary. 195.3 +13.6 | 154, 5842
.|+ 3.8 22,8474 || Corona..... 200. 4 +10.4 1 184,8038
+ 0.4 17.7787 Do... 201.2 +11.6 | 208. 9460
.es -+ 0.4 25. 8322 Do... . 201.3 +11.6 | 205,3812
Donsereeevsennen U + 3.0 41,6809 || Riverside........ U 206. 8 0.71 204,0361

* From Tide Staff at San Diego.
+ These elevations are superseded by the standard elevations given in this publication, which depend on an adjustment.
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Results of leveling, San Diego to Barsiow, Cal., 1906—Continued.

s | ey | "Wt | Omsorved tonse | tonee | et | observea

tance | tance BOr' Ve ance TCco Serv

Permanent Permanent

Place. to to crep- ele- Place. to to crép- ele-

bench mark. | panch | baseof| ancy | vation.t bench mark. | peneh | base of ancy | vation.t
mark.*| spur.* | (B~-F). mark.*| spur.* | (B-F)

mm. mm, m.
- 0.3 Near Summit 4 — 0.7 ] 1136. 9636
+ 4.0 — 1.7} 1085, 5172
— 5.4 + 4.9 | 995.3828
— 2.8 + 3.8 | 972 5461
L X .9 (. — 4.5 X + 5.8 969.2796
...| 861 Casa Blanca | 218.4 |. — 7.6 | 262.6771 || Near Hoqpena . — 0.7 870.8394
) 8(‘3 Olivewood.. —12.5 ( 263.1845 || Near Victorville. . + 4.1 ] 837.2259
~12.2 | 258.4770 || Vietorville....... 4+ 5.2 830.1357
— 0.9 259, 5845 Do.eeennn.... -+ 3.9 | 829,2738
~-10.3 | 261.3609 Do..eeee.o.. < 2.5 | 8323207
— 3.1 288, 2190 || Near Victorville. . 4+ 3.7 824.2829
— 6.6 | 208.0906 [} Oro Grande...... — 7.7 807.0390
—12.9 { 327.6286 Do........... — 5.9 808, 5591
—13.7| 319.5973 || Near Oro Grande. — 4.5 | 7850874
—~12.2 ] 320.3156 || Near Helen — 0.4 768.9131

—13.2 | 318,4861 0... . — 83 7. 3
—10.2 | 335.2435 || Helen.. —19.1 | 740.6139
— 3.6 | 433.0905 Near Hele —19.1§ 740.1976
— 2.1 460.5566 [| = Do........... —27.9 | 724,2030
— 7.1 | 529.0367 Near Cottonwood ~27.1 | 710.3327
Devore.....o..... —12,4| 616.3683 || Cottonwood...... C —28.9 | 692 5162
Near Devore..... -—11.0 | 612. 4807 || Near Cottonwood —34.5 | 688, 4480
Keenbrook....... — 3.1} 755.9543 Do.eeeunnnn.. ~32.1 | 684.7466
Near Cajon....... I — 7.0 [ 801.9511 || Near Todd....... —33.3 | 680.1013
Dell......cu....... — 5.7 843.8086 | Near Barstow.... —35.4 | 651.8559
Cajon. .veeunnn... —12.5 | 892.3392 || Barstow ~32.6 | 640.6592
Near Gish........ —10.1 | 994, 5880 Ouunnn —34.1 ] 641,9385
Near Cajon....... — 2.3} 1123.2866 Do..... .. —33.3 | 643.5276
‘Summit.......... + 1.7 | 1165. 3856 Do.avennnn... J. —32.3 | 648.9277

* From Tide Staff at San Diego. '
t These elevations are superseded by tho standard elevations given later in this publication, which depend on an adjustment.

POCATELLO, IDAHO, TO BUTTE, MONT.

This line was run between June 26, 1906, and October 2, 1906. E. H. Pagenhart, Aid,
began the work and continued-in charge until August 1, when the party was turned over to
H. M. Roy, Aid, who completed the work. The leveling started from three bench marks in
Pocatello, Idaho, and followed the Oregon Short Line Railroad to Butte, Mont.

Precise Level No. 7 was used for the entire line. Rods R, and S were used until July 28
and rods V and W for the remainder of the period of leveling. The lengths of rods R, and
'S and their index corrections are given in connection with the line San Diego to Barstow, Cal.
(see p. 31). TFor the lengths of rods V and W and their index corrections, see line Ogden to
Salt Lake City, Utah, page 34.

In the computations a mean length of 3.00146 meters, or an excess of 0.49 millimeter per
meter, was used for rods R, and S and for rods V and W a mean length of 3.00182 meters, or an
excess of 0.61 millimeter per meter.

The leveling between the three bench marks recovered at Pocatello, Idaho, showed that
‘they had not been disturbed since their establishment in 1903.

The elevations in the following table depend on an elevation of 1358.2677 meters for bench
mark A, at Pocatello, Idaho, which in turn depends on the 1907 adjustment of the precise
fevel net.

11749°—15—3
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Results of leveling, Pocutello, Idaho, to Butte, Mont., 1906.

Dis- Dis-
Dis- Total Dis- Total
Pg‘;g‘t“" tance f,atx:)ce dis- | Observed P;g’[ﬂ;a" tance tag)ce dis- | Observed
Place. bench to base | €rep- ele- Place. bench to | hase | CrEP- ele-
* mark bench of ancy vation.t mark bench of ancy | vation.t
* |markX spur* (B~F). *  |meark.* spur* (B—F).
km. | km. | mm. m. . m.,
Pocatello, Idaho........] Ba..oooofoenon el 1359. 8555 || Near Dell, Mont....... K 1834, 5942
Do . b 001, 0.0 | 1358.2677 i| Dell, Mont,.... L 1833.3383
. Near Pocatello, Idaho.. 7.5 2.7 1 1361,1993 M 1830. 0255
Near Ross Forft, Idaho. 15.0 7.2 1 1361.5134 y N 1786. 2601
Ross Fork, Idaho 18,7 — 2,71 1358.3592 || Crab Tree, Mont.... o] 1772, 7492:
" DOeuenn.- 19.0 — 2.7 | 1353.9012 || Near Crab Tree, Mo P 1738. 7446.
Gibson, Idaho 27. 4 — 3.6 1360.0463 {| Red Rock, Mont. ) 1705. 8005
Near Blackfoo 34.6 — L6 1365.7693 Do......... R 1704.9617
Do....... 37.1 — 2,4 1367.8729 || Armstead, Mont.. 8. 1673. 7743
Blackfoot, I 38.8 — 6.4 1371.1880 || Near Armstead, M T. 1665. 0063.
Do.. 38.8 — 6.1 1370.6736 || Near Grayling, Mont...| U 1657. 7663
Do. 39.1 — 5.7 1370.5608 |{ Grayling, Mont... v 1640. 9366-
Do, 39.2 — 5.2 1371.7785 || Near Barratts w 1608. 4590
Near Wapello, Idaho... 48.0 — 9.8} 1382 5362 Do,..... X 1578, 9610
Wapello, Idaho......... 48.6 |. — 10.9 | 138.9345 || Near Dillon, Yoeornnn.. 15718978
Near Wapello, Idaho.... 52.0 {. — 10.7{ -1389. 4880 || Dillon, Mont, 0.8.1..16. 1553, 2764
Firth, Idaho....x...... Y 57.5 |. — 14| 1390. 8146 Do.,.... ..| Z or mag- 1560, 1796
Do........ . 58.1 |. — B8.4| 1392.7443 netic
Monrgce, Idaho..... 62.3 |. — 12.1| 1403.3645 station,
Near Monroe, Idaho. 64.6 |. — 7.3 1 1404,7436 Do A —103.6 | 1552.6785.
Shelley, Idaho 67.3 {. — 6.3} 1410.6071 Do.. —104.6 | 1550.3374.
Ouensonacmnesnasnn 87.6 |. — 4.6 14098000 ||  DO.eereceererecnn..| City..... .1 316.0 [ 315.8 |........ §1551.376
Near Idaho Falls, Idaho 74.9 |. — 11,0} 1421.6931 —103.0 | 1550.4308:
Idaho Falls, Idaho..... 81.0 |. — 15.2 | 1433.7267 || Bond, M .|=100.9 | 1572.9318.
DOcanrvaannnn. . 81.5 |. — 16,7 | 1435.1363 || Near Apex, Mont —104.4 | 1622.0609-
Do. 81.9 |. — 16.0 | 1432.3349 || Apex, Mont...... .|— 96.7 | 1653.7608.
Do. 82.0 L. — 16,0 | 1433.9621 || Near Glen, Mont . .|— 88.71 1513.0183
Do, 82,2 1. ~ 15.3 | 1434.6404 || Glen, Mont.... . J— 93.4] 1522.6679-
Do.. 82.5 |. — 16.4 9.4 1524.3478.
Near Payn 87.7 |. — 10.9 92.0 | 1538.7730
DO.vereernnasannnas 93.8 1. — 20.6 91.3 | 1540.09088"
Near Bassett, Idaho... 101.2 |.. — 27.9 | 1453.0804 || Browne, Mont.... 88.5 | 1544.3488
Market Lake, Idaho... 109.9 |.. — 33.0{ 1455.1411 || Near Melrose, Mont 80.8 | 1563.3347
Do, 110. 4 — 30.1 1455.7031 || Melrose, Mont.... 76.5 ) 1579,9484
Near Market Lake, L5 |....... — 20.9 | 1456.5684 Do..oeennnnnnnn . 77.8 | 1579.1668.
Idaho. Near Big Hole, Mont...| 81.3 | 1604.8665-
Qavevroenrsannannn 1461.0304 || Big Hole, Mont......... Q 83.3 | 1612,5845
Near Hawgood, Idaho. $1468.860 || Maiden Rock, Mont. ... 80.7 | 1620,4999-
0uaencronannoncnan 1475.4864 || Near Divide, Mont..... 87.7| 1629.0291
Hawgood, Idaho.. 1468.8290 {| Divide, Mont..... .. 85.7 | 1644,3525
Hamer, Idaho. . ... 1463, 2303 | Woodin, Mont . .... : 75.1 | 1693.9665
Near Camas, Idaho.. 1463. 5268 || Near Woodin, Mont.... 74,01 1698.3786.
Camas, Idaho....... 1468. 1548 || Beaudine’s Spur, Mont. 81.4 | 1733.1068.
Near damas, Idaho.. 1475.3771 || Feely, Mont............ X 84,8 | 1772.2683
Jones, Idaho......... 1492, 2044 || Near Buxton, Mont. ... 6.0 | 1607, 8905
Near Jones, Idaho. 1511. 4977 Oenrnernen §1696. 906
Dubois, Idsho... 1567.4016 || Buxton, Mont.... 1682. 7488
N 00 sreneannnronnans ifégg %g?g Sﬂv%' Bow, Mont.. }?gg (7)%
H Bridge. . [ 627,
Tt e aee, Near But] 1645, 6896
DOueneernsesnnnnnn 1682, 7814 Do, 1650. 6264.
High Bridge, 1daho. .. 1689. 7576 Do 1657.0764
X é). veeeen i 9 5%;%- 170 Do.... 1659. 5350
ncer, Idaho.. .. 9.
Spencer, 1AaR0 .« e .. 1792, 9956 || Butte, Mont. 1674, 2159
Do........ 1792, 25;2 0.... 1601. 5855
" Do. 1793.15 i
Near Spe iggi iggg Doysieriiiaciiann 1696. 7749
Dovureernns 3 : 1717, 2764
Near Humphroy, 1852. 5528 Doreeniiiieeenn R.H.C.
Humphrey, Idaho 1979. 0939 DOyeriinniiinnnnns 5712 Butte. - . 1741, 8989
Do..... 1985, 3890 Do,. { 5767 }430. 6 ., 1758. 2839 .
Near Monida, 2046, 8101 H.C
Monida, Mont. %&1} (2)%8 §1758, 143
Do,.... g 1770. 1596:
Nor bt g o
ear ms, Mont... . 1742. 7540
L 2 i) o
0. . 14 1697, 3407
Do, 1953. 7909 .
Lima, Mont 1907. 0584 1679, 1278.
- §1907. 942 1672, 8206,
[ PPYP 1906, 4635
Near Dell, Mont........ 1852. 2675

* From Asat Pocatello, . ;

+ These elqevations aro supersoded by the standard elevations given later in this publication, which depend on an adjustment.
Unchecked elovation; spur line was run in one direction only.
Unchecked elevation,

OGDEN TO SALT LAKE CITY, UTAH.

This line was run by H. M. Roy, Aid, between October 17 and December 8, 1906. The.
leveling started from three bench marks at Ogden, Utah, and followed the Oregon Short Line,

Railroad to Salt Lake City.
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Precise Level No. 7 was used. Rods V and W were used the first day of leveling and rods
X and Y for the remainder of the period. The lengths of these rods as determined by the Bureau
of Standards were as follows:

Date. Rod V. { Rod W, Date. Rod X. | Rod Y.

. Meters. | Melers. Meters. | Meters.
Decemnbor, 1405, . ... .cceriereaaniitaceaaaaannnan 3.0014 3.0021 | September, 1806, ... . .ccoioeiiairiiiaiicnaaaiann 3. 0020 3. 0022
August, 1907... ... LTI 3.0015 | 8.0023 || August, 1907 ... . LIl 3.0015 |  3.0018

In the computation the August, 1907, value of 3.0019 meters was used for rods V and W and
the September, 1906, value of 3.0021 meters for rods X and Y. The index corrections were as
follows: rod V, —0.8 millimeter, rod W, —0.7 millimeter, rod X, +0.2 millimeter, rod Y, +0.1
- millimeter. :

The leveling between the two bench marks recovered at Ogden, Utah, showed that they
had not been disturbed since their establishment.

The elevations in the following table are based on an elevation of 1308.7087 meters for
bench mark A at Ogden which in turn depends on the level net adjustment of 1907.

Resulis of leveling, Ogden to Salt Lake City, Utah, 1906.

' Dis- : Dis-
Dis- Total Dis- | |, Total
P;‘;g}“‘ tance t“t‘;ce dis- | Observed ngft“' tance | 3000 | gis.” | Observed
Place. beneh to base | ©rep: ele- Place. beneh to - b crep- ele- .
e | benen| PEE ancy vation.} ek, |bench | P8 | aney | vation.t
mark.¥ spur.* (B-F) mark.¥ spur.¥ (B~1i)
km km. | mm. . . km. N m.

Near Ogden............ P S 0.0 0.0 | 1308.7087 || Near Farmington....... 3 3 3 1294. 8609

Ogden.......... .| C... 0.9 +1.4 1 1310.3558 Do eiieniaiannnnnn Lneeeeen... . . 1294. 3394

Near Evona.... 1AL 3.9 +4.9 | 1320.8820 || Farmington............ . . 1297. 9457

Near Roy...... ...| Bi.. 7.2 -+1.0 ] 1342.2008 || Near Farmington.. . .. .0 . . 1286.1725

Do.evrninnninnsnns Cy.. 9.7 +0.8 [ 1351.5553 || Centerville 12903.3701

Near Syracuse Junction.| Dy 15.7 —1.3 | 1351.0143 1307. 7353

Near Syracuse Grove... Sﬁl‘tVL%ke 24,0 ~5.83 | 1288.8003 1303;_ 9953

. Base: 1297. 7801

Near Syracuse.......... K.8.8....1 24.8 —3.8 1 1291.8816 1286.9194

Near Kaysville......... Sémg %nke 32.9 ~8,8 | 1283.2054 g% 7811

<. Base . 2868

Near Layton........... Hyeeunnnn 10.8 | 19.8 | +1.2] 1354.9971 1297, 5690

Layton......... el Tieeeaiainl] 2307 Jeuennes —0.3 | 1326.9571 1289. 4123.
Kaysville P 27.1| 27.0| —1.0| 1307.9756

% From A at Ogden. . .
4 These elevations are superseded by tho standard elevations given later in this publication, which depend on an adjustment.

BARSTOW, CAL., TO LAS VEGAS, NEV.

This line was run by H. M. Roy, Aid, between December 13, 1906, and May 21, 1907.
Three bench marks established earlier in the same year in Barstow were recovered. The leveling
follows the Atchison, Topeka & Santa Fe Railway from Barstow to Leastalk, Cal., and the.
San Pedro, Los Angeles & Salt Lake Railroad from Leastalk, Cal., to Las Vegas, Nev.

Precise level No. 7 and rods X and Y were used. The lengths of these rods at 0° C., as:
determined by the Bureau of Standards, were:

Date. Rod X. | Rod Y,

Meters, | Meters.

BODPBIIDOL, 1000« <+« ee oeoeeaesnessmanmsennemema e aa et enesaman et ansaneee e e e ntnane ananatnaane it et tan e r e ennraen 3.0020 3.0022°
August, 1907 3.0015 | 3.0016

The field measurements of the rods also show a slight shortening but there is no indication
of any sudden change. It is assumed to be uniformly distributed between the first and the
last leveling, over a period of 8.5 months, or at a rate of 0.065 millimeter per month. In the
computation the mean length of the rods on various dates during the period of leveling was
used. The index correction of rod X was 0.0 millimeter and of rod Y —0.1 millimeter.
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The differences of elevation between the three bench marks recovered at Barstow agreed
with the previous determinations within the limits of the accuracy of the leveling.

The elevations in the following table are based on an elevation of 648.9277 meters for
bench mark J, at Barstow as determined by the line San Diego to Barstow.

Results of leveling, Barstow, Cal., to Las Vegas, Nev., 1906~7.

i
Dis- ' .| Dis-
Dis- Total Dis- Total
ngg?" tance t?‘l’ce dis- | Observed Perg‘é’" tance tatnce dis- | Observed
Place. bench to | ke | Crep- ele- Place. Donsh t0 | poge | CTep- ele-
mark, | bench of ancy | vation.} mark bench of ancy | vation.t
mark.¥ spur# (B—T). * |markX¥ spur.* (B—¥F).
km, mm m. km, | km. { mm, m.

Barstow, Cal........... 0.0 0. 648.9277 [ Near Fenner, Cal. 201.2 [..n.... -+15.6 582. 4472
Near Nei)o, Cal 5.0 +10.6 620.3256 || Fenner, Cal.. .1206.8 -+26.0 638. 8941

Do........ 10.4 +19.1 616, 6872 || Near Piute, C 210. 7 +23.8 676. 3303
Daggett, Cal..... 15.1 +10.2 611.3408 || Piute, Cal.... 214.0 +23.6 709. 7309
Near Daggett, Ca . 20.2 + 1.1 602. 6300 || Near Goffs, Cal 218. 4 +23.7 753. 4647
Minneols, Cal.......... 24.9 + 6.3 | 583.6467 {| Gofls, Cal ... 222,3 -+24.0 )  786.6980
Near Minneols, Cal..... 28.9 + 3.4 574.0136 || Near Gofls, Cal. 222.9 +26.6 783.9579
Newberry, Cal.......... 34.7 |. + 4.0 557.7046 || Near Vontrigger, 230.7 +20.9 905, 7935
Near Newberry, Cal. ... 39.7 |- .| +10.3 549, 5648 |[ Vontrigger, Cal... 237.2 +23.7 1 1026, 7825
Troy,Cal......cco...... 44.6 |. .+ 6.8 541.3559 j| Near Blackburn 239.9 +24.8 | 1068. 3848
Near Troy, Cal......... 50.2 |. 4+ 6.9 546.4942 || Blackburn, Cal. 243.1 +19.1 | 1130.6389
Hector, Cal......0000 55.4 |. o+ 47 567.6529 || Noar Ledge, Cal 250, 3 +16.2 | 1244, 7605
Near Pisgah, Cal 00.3 |. A+ 7.9 614.5351 |[ Ledge, Cal..... 257.8 + 6.8 1326.1257
Pisgah,Cal............. 64.4 1. .| 4+ 6.0 655. 0063 || Near Ledge, Cal 259.3 4+ 9.1 1339.6395
Near Pisgah, Cal 63.0 |. o+ 4.6 660.8916 || Purdy, Cal....... 262. 4 .| 4 8.0 13789099
Lavie, Cal......... 71.6 |. 4+ 6.9 661, 8752 Nearﬁamwvell, Cal..... 266. 2 . 4147 | 1443, 0697
Near Lavie, Cal 75.0 (. o+ 5.1 649. 0385 || Barnwell, Cal.......... W, 269. 6 . +11.8 | 1465. 3769
Arctic,Cal co.eennn..... Ageannne.. 78.4 |. g9 617.0068 || Near Barnwell, Cal..... 272.8 + 6.8 | 1393.6038
Near Arctlc, Cal..._.... By..... ...y 8L3 . L 4+10.5 587.0684 {| Vanderbilt, Cal.o. 7100 277.2 — 1.4 | 1265.9829
Near Ludlow, Cal...... |7 IO 84.6 1. 4+ 0.5 555. 4308 || Near Vanderbilt, Cal. .. 280.3 — 7.2} 1183,2340
Ludlow,Cal..e.eu.oo..n Dyornenn.. 86.7 |. =19 540, 3580 | Leastalk, Cal..._....... 284.0 — 7.2 | 1069. 4460
Near Ludlow, Cal...... ) DTV 89,1 . .|+ 0.4 534,2760 || Near Leastalk, Cal..... 287.7 — 7.6 | 1036.7937
Near Ash Hili, Cal..... ) PN 93.0 |- |+ 41 554, 5882 || Moore, Cal....... 291. 3 — 7.2 1000. 8985
Ash Hill,Cal........... Gaevnnnnn. 97.5 |. . +10.4 592.3259 || Near Nipton, Cal. 296.2 — 8.4 957. 0015
Near Ash Hill, Cal..... Hy ....... 100.5 §. |+ 7.9 561.4786 ({ Nipton, Cal...... 300.1 —10.1 921. 9867
Near Klondike, Cal.....] Ty......... 6., .|+ 83 447, 3884 || Near Nipton, Cal. 301.0 —10.4 888, 6824

Do.cenanann... . A4+ 9.0 526.5860 || Lyons, Cal..... 207.9 —16.3 854, 5739
Xlondike, Cal. .. .| +13.0 501, 8297 || Calada, Cal... 315.7 —16.8 836. 7288
Near Siberia, Cal .| -+12.8 | 440.3216 {{ Roach, Nev.. 3228 - L1 796. 2064
Stberia, Cal..... .|+ 5.2 389.0204 || Borax, Nev. 330.9 + 2.7 823, 9529
Near Sfberia, Cal . +12.5 337.4333 || Jean, Nev...... 338.2 -+ 0.8 873. 6202
Noms, Cal...... 4 +11.4 305.6462 || Near Jean, Nev. ' 3419 | =08 003. 1638
Near Nome, Cal.. . +1L1 [ 273.0016 || Sutor, Nev...... ! 345.5 + 4.4 | 9245957
Bagdad, Cal.._.. | +9.9| 241.0216 || Near Erie, Nev. | 340.3 d 99| o221
Near Bagdad, Cal...... .| 4114 222.5543 || Erie, Nev.... | 351.3 +15.3 951. 6085
Amboy,Cal............ . 5 186.2600 || Near Sloan, N 350. 5 + 7.9 871.5414
Near Bengal, Cal. 205. 4868 | Sloan, Nev. 360.6 + 6.2 862. 1967
Bengal, Cal.... . 3 . 216.0383 || Near éloan, 364.1 + 5.8 828, 2862
Near Cadiz, Cal _| 154. 3 206.3871 || Bard, Nov . 369.1 — 6.1 784.7791

Do.. 5 231.4429 || Near Arden 372.7 - 6.2 758.6713
Cadiz, Cal 249, 4960 0... 376.3 - 9.0 731.9%09
Near Siam 291,1761 Do... 378.3 —12.8 711. 5799
Siam, Cal. . . . 316.1902 || Bracken, Nov.... 383.0 —13.8 660. 6493
Near Danby, 5 5. - . 360.6951 || Near Bracken, Nev. 384.7 —10.5 |  650.5533
Danby, Cal.... Bs. NN 412.0116 || Las Vegas, Nev... 390.7 —-12,7 618.3479
Near Arimo, Cal. 448, 5790 Do....... .| 391.6 ~11.6 616, 4339
Arimo, Cal....... 467.1310 Do 302.0 |... —10.7 | - 615,3470
Near Arimo, Cal.. .. e . . 498, 1629 DO.ereriaieaannn. 302.4 |....... -10. 619, 1610
Essex, Cal..cveeenn.o.. . X 526.9931 ||

* From Jp at Barstow. . . . .
t These elevations are superseded by the standard elevations given later in this publication, which depend on an adjustment.

BUTTE TO HUNTLEY, MONT,

This line was run by II. M. Roy, Aid, between May 31, 1907, and September 10, 1907. The
leveling started from several bench marks in Butte, and followed the Northern Pacific Railway
to Huntley, Mont.

Precise level No. 7 was used. Rods X and Y were used up to July 4, and rods AA and BB
for the remainder of the period of leveling. For the length of rods X and Y see line Barstow,
Cal., to Las Vegas, Nev., page 35. The lengths of rods AA and BB as determined by the
Bureau of Standards were:

Date. Rod AA.|Rod BB,

B VTN 7 T P P
January, 1908
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In the computation values interpolated for various dates during the period of leveling were
used for the mean length of rods. The index correction for each of the rods X and Y was —0.2
millimeter, and for rods AA and BB it was 0.0 and —0.1 millimeter, respectively.

The leveling between the bench marks established the previous season at Butte, Mont.,
showed that they had remained undisturbed.

_ The elevations in the following table are based on an elevation of 1673.2159 * meters for
bench mark D, at Butte, Mont.:

Results of leveling, Butte to Huntley, Mont., 1907.

s Dis- Dis-
Dis- Total Dis- 1
Perma- | yonoe | t30C8 | gis | Observed Perma- | fop0q | tance Tdoist:-i ! Observod
Place, nent to t0 1 orep- ele- Place. nent t to ele-
. bench base - | wvati . bench 0 | hage | Orep- N
mark bench of %}nc; vation.t mark bench of ancy vation.t
mark.t spur.t (B-T). mark.} spur.t | (B-F)
m., m.
BUbtO.eeneieaaeennen- 1673.2159 || Near Africa............ .6 |- 1354. 7035
Near Butte............ 1708.8391 || Africa....... . . . . 1351, 7405
BKONES. . cueenrnnnnnens 1791.8208 || Mission. .. [ .0 .. .8 | 1333.8181
Highview......cocen..- 1926.6121 || Near Elton.. .2 1. X 1322. 5376
Homestake.. .. oeenrerann ]928. 8301 {| Elton 1306. 6860
LewisSpur............ 1873. 8567 Nea}' 1206. 9776
Near Lewis Spur....... 1811. 3388 %p ! 1986. 1374
Welch...oooeoeaeots N 1731. 7624 ear Springda 1276. 7216
Near Wolch............ N; 1660. 4291 (| Carney. 1264. 3504
Spire Rock.veoeeannnn.. 1588.3219 |{ Dehart.. 1251. 3007
ear Pipestone......... 1522. 6629 || Near Det 1254. 8483
Pipestone. .....eeue-.. 1431.8870 || Bigtimber.. 3 3 1242. 8868
Near Whitehall........ 1347.1116 || Near. Bigtim . X ) 1231. 5699
Whitehall.............. 1326. 3450 || Near Reynolds 3 . 1203. 0515
DOueeeeeaaannns 1328.6636 || Near Greyeliff . 3 1196. 4159
Near Whitehall........ 1312.2916 Gmycl)lﬁ. .. \ 3 X 1195. 7051
Jefferson Island........ 1301.4790 || Near Patc . . 1174. 5329
Near Lime Spur........ 1300.2174 || Patcum... V, . . 1176. 6278
Lime Spur............. 1292. 6830 || Near Queb . X 1160. 9636
Near Lime Spur....... 1290. 2402 Reedpoint. . A . 1139, 4453
Near Sappington....... 1283.7100 || Near Reedpo. . .8 | 1135.2731
Sappington............ A 1274.9167 || Oneida.. 5 1128, 9427
Near Sappington....... 1267.6068 || Near On . X 1127. 5043
Willow greek .......... C 1264.6002 {| Mérrill..... 2 . 1118. 0807
Near Willow Creek..... 1250.1584 || Near Mer: . . 1114. 0496
Near Three Forks. -.... 1243.3446 || Wataga..... . . 1105. 9019
Three FOrks.«----..... T .2 | .5 | 1238.0757 || Noar Watag 1098. 1547
DOueenenanarennnnn Three g 8 1236.0693 || Columbus 1095. 9733
Forks. D 1091. 6523
0ld Gallatin City ...... 8. B. Gal- . . 1233. 4364 1077. 6798
latin. 1079. 0200
Near Old Gallatin City.| G4 . - 1229. 9268 1067. 5114
DOceienennenneene- Gauge B. 1231.1107 - 1062. 39070
M. 1939, 6258 §ear Ra "_ist. 1057. 9522
239. oungs Point. .. 1043. 5577
Togan oSmereree 15489056 || Noar park City. [/ 1! ; 1058, 8711
Near Manhattan....... 1281,2485 || Park City......... . 3 1033. 8319
Manhattan............. K 1291. 7845 |} Near Park City. . 1024. 2394
Near Manhattan. ...... 1298.3406 || Near Laurel... . Q . . 1017. 7491
Central Park........... 1318.8692 || Laurel...... . X 1003. 9535
Near Belgrade.....-... 1340.2565 || Near Laurel. . . . 992. 9880
Belgrado........ o 1356.3042 || Foster...... -.| Ts . , 9082.2577
Near Belgrade. ........ 1368.2063 || Near Yegen. . 6 . 078.1394
BEOLOY v em e e eemeso 1401.2226 || Yegen... ... s X . 970. 4118
BOZCMAN...unerneennenn 1447.6475 || Near Billings.. . . 960. 0309
Near Bozeman. ........ 1472. 2511 |j Billings... . 3 . 952.0714
Nesar Gordon........... 1547. 8522 Do.. . 052. 0485
Chestnut......ooceeuuue 1600.2672 Do.. 952. 1416
Near West End........ 1651. 0448 Do.. . . 940. 9650
West Endecenneennnn.. 1686. 4814 || Near Billi . f 946. 6458
MUl oereennaneneannns 1686. 8865 || Near Lockwood . g 2. 047.5728
Near Hoppers. .........- 1626, 7854 Do........ . . 927. 5531
Hoppers o ) %53; 658;5 Neml') Huntley . S.R.8. 3 8 ggg 94%
"""""""" 487. 895 Ouunnnn . U.8.R.S8.2. . . 22. 208
Near Coal Bpur...... 1405. 2080 Do....ollllllT 'SR.S130| 408.8 4§ e1.5705
1370.
Livingston. 1360.1779

* This value for the elevation of bench mark D differs from that given on p. 84 by 1 meter. This is due to the computation not having
been corrected for s moter error discovered in the line from Tocatello to Butte.

Igﬂg;g 533&1131‘1’; t&e superseded by the standard elevations given lator in this publication, which depend on an adjustment.

LAS VEGAS, NEV., TO ZENDA, UTAI.

This line is an extension to the lines San Diego to Barstow and Barstow to Las Vegas.
It was run by Ford Kurtz, Aid, between March 26 and July 18, 1908, and followed the line of
the San Pedro, Los Angeles & Salt Lake Railroad.
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Precise Level No.7 and rods AAand BB were used. The lengths of these rods, as determined
by the Bureau of Standards, were:

Date. Rod AA.| Rod BB.

Meters, | Meters.,
Jan. 11, 1908 3.0008 3.0013
Feb. 5, 1909....... 3.0004 3.0010
These determinations show very little change in the lengths of the rods. In the computation

the mean length of January, 1908, 3.00105 meters, or an excess of 0.35 millimeter per meter,

was used up to April 30, 1908.

meters, or an excess of 0.23 millimeter per meter, was used.
The index correction of rod AA was —0.1 millimeter; of rod BB —0.2 millimeter.
At Las Vegas three bench marks established the previous season were recovered. The
result of the leveling between them showed that they had maintained their position.
The elevations in the following table depend upon an elevation of 618.3470 meters for
bench mark P at Las Vegas, as determined by the line Barstow to Las Vegas.

Resulls of leveling, Las Vegas, Nev., to Zenda, Utah, 1908.

Following this date the mean length of February, 1909, 3.0007

: Dis- . Dis-
Dis- Total Dis- Total

I’ex;nba- tance ta&ce dis- | Observed P:?&a' tance tat!:)ce dis- | Observed

Place. ook to | 08 | crep- cle- Place. beach 1o - 4 ete | creps ele-

mark, * |bench z)f ancy vation.t mark bench of ancy vation.}
mark.* spur¥ (B-T.) mark.,* spur.* (B~F)

mm. m. mm. m.
Las Vegas, Nev........ 0.0 615.3470 || Caliente, Nev — 42,1 | 1342.6318
Stewart, Nev....cc..... -~ 2.6 580. 9701 Do......... — 40.3 | 1344.9964
Near Valley, Nev...... R + 0.3 601. 6402 || Eccles, Nev — 34.0 | 1409.7757
Valley, Nev....ccaeaee. 8 - 0.7 612.2765 || Near Minto, Nev....... — 34.2 | 1437.4117
Near Valley, Nev...... — 10.3 650, 7570 || Minto, Nev........c..- W — 38.2 { 1466.3504
i - 7.2 685. 6567 || Big Springs, Nev....... — 38.8 | 1542.9542
— 13.4 735. 5306 || Islen, Nev...... . — 40.2 | 1592.2856
Apex, Nev......coee... —17.8 754, 1468 Bnrcfay, Nev... 50.3 | 1625.4944
Near Apex, Nev....... - 8.8 709.2883 || Acoma, Nev... 63.3 | 1681.9177
Gamet, Nev,.......... Y -~ 11.5 . Do...ee.. 63.4 | 1682.9007
DOereinannaann — 1.2 . 64.5 | 1684.3883
Brhm s SN |

ake, Nev......... - 13 . - .
- - e £ m s

Near Dry Lake, Nev... — 1L . - -
Crystal, OV e eranenns - 17.9 619.7839 || Lien, Nev.... 87.1 | 1769.0888
Ute, Név...... : Z 232 5889645 || Uvada, Utah. 82.3 | 1723.5438
Byron, Nev — 24.2 544.1760 || Tomas, Utah....... 81.4 | 1683.3681
Near Moapa, Nev...... —21.3 484.3776 || Near l\zfodexm, Utah 83.6 | 1678.9024
Moapa, Ngv ,,,,,,,,,,,, — 27.4 508.2790 || Modena, Utah...... 84.7 | 1664.8818
Bo. aen — 26.5 §07.9978 Do....... 83.2 | 1607.2048
Do.. - 27.9 510. 9042 Do.. 84.0 | 16865.8910
Do — 29.2 °514. 0288 Do......... 85.9 1 1668.5134
Acton, Nev.. -~ 29,2 532.9135 || Escalante, Utah.. .|— 84.5 | 1616.7290
Guelph, Nev Z 280 | 531.8433 || Near Morfon, Utah. — 017 | 1588.9832
- 25.6 546.9968 || Morton, Utah - 97.2 1 1577.8741
Rox, N Z 267 580.4770 || Beryl, Utah 1| 15700352
bo...... —28.3 ] 580.1962 Do. 1570. 5587
Hoya, Nev.. 25.8 617.9252 Do. 1568. 0025
Galt, Nev 10.2 |  684.0033 |/ Sahara, 1587. 8886
Near Galt, Nev. 14.7 724. 8954 Do. 1585. 6386
Vigo, Nev. .. .cocueunnns 10.0 741.8694 || Ford, Uta 1569, 4194
Near Vigo, Nev........ 8.5 | 747.3248 || Lund, Utah 1540. 8224
Near Carp, Nev........ w 20.5 769. 4213 Do.. 1549. 4904
Car%,) NeVooeeeieionnnnn 2;. 2 ;gg ggg; Do. 1548. 7986

27. 3
Do 20,2 | 700.8801 Do..... 1548. 9623
St. George, Nev. 27.8 821.5034 {| Xerr, Utah..... 1549. 5209
Leith, Nev.. 25.9 894, 0025 1546. 7284
Near Le 25.3 | 913.6426 1544.3798
Do.. 16.6 | 958.5382 || Nada, Utah........ . 1546. 5008
Kyle, Nev.... 17.6 | 986.1753 || Near Thermo, Utati.... 1537. 0089
Near Kyle, Ne 17.5 | 1001.5002 || Thermo, Utah...... .. 1533. 5169
Elgin, Nev.. 24.5 | 1051. 7359 Do......... . 1536. 1003
Do.. — 22.2} 1056.6281 |}  Do..... 1534. 7677
Do.. — 23.4 | 1056.0667 || Laho, Utah 15286. 6050
Boyd — 32.6 1 1150.9186 || Upton, Utah.__... 1518. 4577
Near Boyd, Nev....... ~ 27.9 | 1196.8399 || Near 1515. 0420
Stine, Nev....ceeeennn. — 30.3 | 1228.9550 || Milford, Utah.......... 1513. 7774
Cang, Nev....coeeeeeen. — 30. 1237. 7816 Do....... 1512. 9704
Near 8tine, Nev........ — 30.1  1266.8732 Do. 1511. 4136
Etna, Nev....eenannne. — 39.9 | 1299.5302 Do... e 1510. 9556
Caliente, Nev........-. —~ 44.6 | 1338.0675 || Opal, Utah............. H, 1515. 0091
DOcerreeaaeaanns — 44.5 | 1341.8657 || Near Zends, Utah...... 1511.2697
Do — 43.7 ] 1355.2601

* Trom P at Las Vegas.

1 These elevations are superse:

ded by the standard elevations given later in this publication, which depend on an adjustment.
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SALT LAKE CITY TO ZENDA, UTAH.

. This line was run by H. W. Maynard, Aid, between April 13 and July 18, 1908. The
leveling started from three bench marks in Salt Lake City, and followed the San Pedro, Los
Angeles & Salt Lake Railroad to Zenda, where it was connected with the line Las Vegas to

Zenda.

39

Precise level No. 8 and rods X and Y were used. The lengths of these rods were determined

by the Bureau of Standards and are as follows:

%
Rod X.

Date. Rod Y.
Meters. Meters.

August, 1907.. 3.0015 3.0013
3.0007 3. 000!

February, 190

These measurements show a shortening of the rods.

The field measurements show no

indication of a sudden change during the period of leveling. In the computation various values,
depending upon the period of time, were used for the mean length of the rods. The index
correction, of rod X was — 0.1 millimeter and of rod Y — 0.3 millimeter.
The new determination of the differences of elevations of the three bench marks at Salt
Lake City agreed very closely with the previous determinations.
The elevations in the following table are based on an elevation of 1289.4123 meters for
bench mark W, at Salt Lake City, Utah, as determined by the line Ogden to Salt Lalke City.

Results of leve'h‘ng, Salt Lake City to Zenda, Utah, 1908.

tDis- tDis- T({)éal ob " Dis- | Dis- | Total '
ance | tance - serve > tance | tance [ dis- | Observed

Place. boneh mank. |p 0, | to | orep- | ele- Place. Donen mane, |1 to | to | erop- | elo-

bench |base 0*1" ancy vation.t bench |base of anci‘g vation.t
mark*| spur.* |(B—F). mark* spur.*|(B—I),
mam. m. km. | km. | mm. m.
Salt Lake City 0.0 | 1289.4123 || Eureka.............. C.8.6394,...| 143,0 | 137.3 | +490.5 | 1948.7006
Do. + 2.7 1295.5778 || Near Tintic. vene X 3 1744, 2038
—13.1 ] 1326.5747 || MeIntire,....ceenn.n * 1700, 4455
— 0.3} 1287.7906 (| Near McIntiro. .. 1659, 3785
— 0.2 | 1287.9338 || Jericho........ 1618. 0108
— 3.9 | 1288,3744 || Near Jericho 1502, 1592
| o~ 4.8 1287.0858 Do, 1564, 7500
] — 3.5 ] 1288,2765 || Dyer...... 1548, 4550
Near Riter. | + 4.3 1285.1168 || Near Dyer . 1535. 5086
Near Garfield + 2.5 1286.2352 || Champlin........... V. 1508, 9040
. Do.... - 1.3 %ggz ggég Neag) ynn Junction. ¥ 1467.1775
Garfield. -+ 4, . Deareannins seen 1459, 9493
Do..uunn.. + 4.9 | 1286,8778 DOuiienncnnnnnen 1457, 7683
Near Garfleld + 6.3 | 1287,8220 || Lynn Junction...... 1457. 2757
Do...... + 3.1 ] 1289.9700 || Near Lynn Junction. 1455. 8750
Lake Point..... + 6.9 | 1291.7199 DOoceiieininnnnns 1457. 6016
Near Lalke Point. + 4.8 | 1297.4569 || Near Cline 1451, 9211
N i 2.3 ] 1323.6307 Do 1448, 9898
. OITiS . au . -y Dad. sescamcaunnena 3

o r'M — 4.7} 1334.3017 || Near Akin........... 1418, 3634
—-11.2 1 138L.7028 || Akin,.....ccunerunns 1413. 2173
—12,8 | 1412,1804 || Near Oasis 1403. 3118
~16.8 | 14380246 || Oasis...... 1399, 2754
-~13.8 | 1471,2024 D 1400. 1389
—20.6 | 1499, 8490 || Near Oasis - 1304, 4247
21,68 | 1522,0827 [13 « O 1392, 4612
—21,2 | 1543,9110 | Jorome.............. 1391. 3303
—20.8 | 1533.2614 || Cloar Lake.. 1394, 8003
—-21.8 ] 1515,2529 || Near Neols.. 1417, 7638
—27.7 1 1529.3714 1449. 6946
—22.8 | 1535. 5551 1465. 1034
-] —20.7 ] 1542,2151 1450. 6367
.|+ 3.9 1600,1379 1462, 5958
.|+ 9.0 1614.0605 1484, 3476
.| 4+ L3] 1645 0540 1475. 6967
4+ 4.5 1670,0741 1472, 2713
4+ 5.9 1685 5984 1479, 9094
412,21 1715.2525 §| Near Pumice.. 1477. 5934
+16.0 | 1727.4491 || Black Rock 1478, 2021
.| +19.3 | 1750.537 Do.... 1478, 4199
.| +18.5 | 1767.8560 || Malone.... 1489, 4035
28,5 | 1820.5792 || Near Read.. 1483, 9301
++33.3 | 1835.0935 || Read...... 1487, 7854
433.3 | 1834.1951 Do.. 1487, 5880
+-38.6 | 1810. 5036 || Near Read 1494, 3111
in -+40.3 [ 1784.9783 || Zenda..... 1504, 9892
Near Tintic.. 439, 1832, 7325 Oveirnninnnnens 1510. 0909

* From W at Salt Lake City.

+ These elevations are superseded by the standard elevations given later in this publication, which depend on an adjustment.
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CRAWFORD, NEBR., TO CADIZ, WYO.

This line was run by Ford Kurtz, Aid, between July 29 and November 5, 1908. Leveling
started from two bench marks in Crawford, Nebr., and followed the line of the Chicago, Bur-
lington & Quincy Railroad to Cadiz, Wyo.

Precise Level No. 7 and Rods AA and BB were used. For the lengths of these rods as
determined by the Bureau of Standards see line Lias Vegas, Nev., to Zenda, Utah, page 37.

In the computation the mean length of the rods on February 5, 1909, 3.0007 meters, or an
excess of 0.23 millimeter per meter was used. The index correction to both rods was —0.2
millimeter.

The result of the leveling between the two bench marks recovered at Crawford, Nebr.,
showed that they had not been disturbed since their establishment in 1902.

The direct results of the leveling are shown in the following table. The elevations are
based on an elevation of 1121.5968 meters which is the adjusted elevation published on page
110 of ““Precise Leveling in the United States 1903-1907.”

Results of leveling, Crawford, Nebr., to Cadiz, Wyo., 1908.

Dis. | Dis- | motal 7 Dis- | DI | motay
Place Permanent | F5g® 10 | crep. | “etovn: Place. Permanent | 0o | 110 | arep. | et o0
bench mark. |40 bg?e ancy | tion.f bench mark. | yonen bg?“ ancy | vation.t

mark.* Spm,_,,,i(B—F). mark ¥ sput.*‘ (B-F).

. m. mm. m.
Crawford, Nebr...... 0.0 1121.5968 || Pedro, Wy0.....co..- Y. —62.8 | 1282.0314
Fort Robmson, Nebr. —~10.8 | 1153.8640 || Near Pedro, Wyo..... ~59.7 | 1287.0366
Crawford, Nebr...... — 0.9 1118.7296 || Near Osage, Wyo....| Zg —64.3 | 1315.8191
Near Crawiord, Nebr. — 0.1 1129.9363 DO.oeiiaiaannnnn —61.1| 1315.7027
Horn, Nebr.......... — 5.5} 1122.7182 || Jerome, Wyo......... A —65.4 | 1284.4002
Near hom, Nebr..... — 5.5] 1135.8888 Doeooiiiiaaian. —65.3 ] 1283.9086
Near Joder, Nebr..... — 2.8 | 1131.6122 || Near Jerome, Wyo.. —62.4 | 1273.7412
Do.coernnnnnnnns 4 2.4 1129.6844 || Near Upton, Wyo.. —62.5| 1288.8440
Joder, Nebr.......... + 4.8 1136.9881 || Upton, Wyo . ........ ir. ... 8 —61.0 ) 1291.3630
Orella Nebr.......... + 6.9 | 1167.3131 3 T Fy.... . . —60.3 | 1201.3610
Near 61‘8118 Nebr.. — 3.5 | 1127.6763 Do..ce...... ... .e- .. —59.9 | 1201.4724
Mansfleld, Nebr...... Wi ..\~ 6.0] 1106.0292 | Thornton, Wyo. —~589.7 | 1318.5643
Near Ardmore, S. Dak _.|— 9.4 1090.1061 |j Near Kara, Wy —58.3 | 1325.3305
Ardmore, 8. Dak..... 0s.. ..|— 7.6 1085.5075 || Kara, Wyo —58.7 | 1326.6820
Doievnnnanannn — 8.0 1084.2306 Do........ L=—58.2 | 1325.1220
Near Ardmore, 8. Dak — 1.9 1076.2813 || Near Kara, Wy . .|[—57.0 | 1328.0826
NearRumford, S. Dak + 1.7 | 1064.1303 {| Near Moorcroft Wyo .[—61.3 | 1335.0326
Rumford, 8. Dak ..... — 1.5 | 1068.0920 3 1o T —63.1 1 1306.2329
Near Rumford, S. Dak — 6.2 | 1077.8766 || Mooreroft, Wyo...... =517 1 1283.0458
—10.6 { 1108.3445 Docevraninnnnnann e N . —52.81 1283.0228
— 4.4} 1131.5541 0 7 T .- . ~53.2 | 1280.9756
_.j— 4.2 ] 1103.8493 [{ Near Moorcroft, Wyo. - .. —52.6 | 1268.0748
..|— 5.0] 1091.8249 Do —52.0} 1267.8975
Do .= 5.7 ] 1076.6726 || Near Wessex, Wyo... ~55.0 1 1283.7170
-Near Edgemont, S. — 7.3 1 1066.1910 || Wessex, Wy0........ —57.0 1 1286.4961
Dak. Rozet Wy .......... V. —44.5| 13063352
Edgemont 8. Dak... .9 | 1053.6915 || Near ftozet Wyo.... —45.1| 1329.3219
. 1053.9561 {| Minturn, \Vy (o J —51.0| 1340.9794
1052. 6226 || Near Glllotte, Wyo...| Y —48.8 | 1357.0295
Do 1049.0729 || Gillette, Wyo........ —48.51 1385.0774
Near Edgemont, S. 1056. 8789 Doveerannnnnnnn.. —49.3 | 1386.6869
Dak. Do..ccennnnnnnnl. —50.1| 1385.8124
Mariotts, S. Dak..... 1063.8763 || Near Gillette, Wyo.. . —53.5 | 1422.8982

—50.8 | 1447.7710

1081. 6067 || Sparte, Wyo.........
—40.3 | 1418.4083

Near Marietta, 8. Dak
1108.4070 || Oriva, Wyo ..........

Argentine, 8. Dak..
Do

............... 1104. 7350 Do.eevrannnn... —48.6 | 1415.3907
Near Dewey, 8.Dak.. 1125.0207 || Near Oriva, Wyo ..... —48.0 | 1406. 4900

............... 1126.8594 || Kier, Wyo...........] T —50.3 | 1353.7590
Dewe 1130.1729 || Near Felix, Wyo..... 1 ~—50.0 | 1311.9960
Near ewey. S.Dak:. 1142. 5824 |, Felix, Wy0.eareenen.. —48.3 | 1296.0390
Dakoming, Wyo..... Q 1169. 0664 Do.eeeenennnn.. K —46.5 | 1291.5711
Chfton, Wyo. .. .. 1203. 4223 || Near Felix, Wyo..... —45.8 | 1251.8203

—39.6 | 1244.8674
—38.8| 1244.0374
—41.5| 1218.8000
—50.5] 1205.9905

1201.3456 || Echeta, WYo.........
1215, 5858 Do i
1211.5684 || Near Echeta, Wyo.. .
1257. 0449 || Croton, Wyo.........

Near Spencer, Wyo..

Spencer, W, dv ........ 1279. 8751 Do.o.voeaiaan. Qs -~51.3 | 1208.0370

Johnson Siding, Wyo 1323. 9957 |i Near Lariat, Wyo.. —49.6 ] 1189.6251

Near Newcastle, Wyo 1325. 4750 || Lariat, Wyo .......... R —48.9 | 1183.6942

Newecastle, Wyo...... 1316. 4919 Arvada Wyo........ X 111-. 0408

D - 1318. 3586 Do, 1114.2710

1330. 6509 Do ceieiiannnn. U 1114. 8279

1321. 8021 || Kendrick, Wyo. . 1180,1992

Do 1319. 6831 || Cadig, Wyo .......... W 1138. 8698
Near Newcastle, Wyo 1272. 7252

* From G4 at Crawford.
t These elevatxons are superseded by the standard elevations given later in this publication, which depend on 2n adjustment.
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HUNTLEY, MONT., TO CADIZ, WYO.

This line was run by H. W. Maynard, Aid, between August 20 and November 6, 1908. The
leveling started from two bench marks in Huntley, Mont., and followed the line of the Chicago,
Burlington & Quincy Railroad to Cadiz, Wyo. Precise Level No. 8 and rods X and Y were used.
The lengths of these rods at 0° C., as determined by the Bureau of Standards, are shown on
page 39, in connection with the line Salt Lake City to Zenda, Utah.

In the computation the mean length of the rods interpolated for various dates during
the period of leveling was used. The index corrections were the same as given on page 39 in con-
nection with the line Salt Lake City to Zenda, Utah.

The result of the leveling between the two bench marks recovered at Fluntley, Mont., differed
very little from that of the previous year.

The elevations in the following table depend on an elevation of 921.5705 meters for U. S.
R. S. 3, as determined by the line Butte to Huntley.

Results of leveling, Huniley, Mont., to Cadiz, Wyo., 1908.

Dis- Total Dis- [ DI | mota)
tance dis- | Observed tance | 18200 “qi” | o, d
Pormanent Permanent to 15 Serve
Place. to crep- ele- Place. to cre
bench mark. |y an(iy vation.t bench mark. |y .5 | base ancp- vat?ioel;. +
mark . * (B-I). ).
km. mm. m. m.

Near Huntley, Mont..! U. 8. R.8.3..] 0.0 0.0 921. 5705 || Near Lodge grass, 1018, 9115

Huntley, Mont....... U.S.R.8.4.. 1.3|. J+ 11 920.3727 Mont.

Near Huntley, Mont..| U.8.R.8.5..] 3.1). A+ 3.7 918, 6257 Lodgegrass Mont. . 1023. 4653
Do.....iliiel. U.8.R.8.6..| 45]. [+ 6.1 017.3688 || Near. Lodgegrass, 1025. 7441
Do.eieiiiiaa. U.S.R.8.7.. 5.4 |. .+ 5.5 916. 4649 Mon
Do.ueniiiiinaae, U.S.R.8.8.. 7.6/ J+ 4.0 018. 4841 Near Little Horn, 1065. 8695

Near Ballantine,] U.S.R.8.9..| 9.9 + 5.7 916. 5700
ont. Near WKIOIS" Mont. . 1095. 3111
Docuciiiiiannan.. U.S. R.8.10.; 11.4 . |+ 4.4 917. 0662 Wyola, ont......... 1130. 3179
Do. J U8 R.8. 11| 127, + 1.9 914.0400 1  Do......... .. 1128. 0659

......... LIS 7 PRI B W ¢ —-25 908, 1956 NearAberdeen, nt. 1185, 4208
Ballantme, Mont..... U.8.G.8.2982| 16.3 — 4.9 913.1962 || Aberdeen, Mont.. 1203. 8771
Near Ballantine, | U.8. R.S8.12.| 16.7 |. — 4.1 914.8407 || Near Parkman, Wyo. 1245, 1977

Parkman, Wyo . 1309. 8087

U.8. R.8.13.} 18.8 - 1.6 924.7259 ) Ohlman, Wy - 1262. 8644

4 UCS . R.S.14.] 20.1 Jq4 0.4 923.3812 Near Ranches ter, 1222, 2909
U.8.R.8.15 . 21.8 J+ 2.9 922, 3258

Near Anita, Mont....| U. 8. R.8.16.] 23.4 [+ 6.01 923.3400 1154. 2462

Anita, Mont.......... U.8.G.8.30561 26.61(......04 2.1 929.3441 1154, 2701

Near Anita, Mont....| Fro.......... 30.3 |......|+ 4.5 921.6781 D 1144.7236
Douveerinivann.n (¢ 317 J+ 8.2 019. 4609 || Near Ranchester, 1128. 7475

Corinth, Mont........ U.S.G.8.3144| 37.4 [+11.9 939.1220 fv

Toluca, "Mont.... | U.8.G.8.38303) 53.01......]+18.7 987.8194 || Neal Monarch, Wyo.. 1117. 0650
Near Toluca, Mont_..| Hy. ..o, 58,4 |..... 105 052, 0478 DOveeieicneaannns Z 1117. 2265
Do.voaninicnnnnn. I1 ............. 61.6 J4+ 7.9 942.8107 || Alger, Wyo........... 1108. 3399
Near Hardm, Mont...{ Jrooeeiieennn.. 71.0 |4 8.5 ] 895.9655 | Near Dietz, Wyo..... By 1103, 3800
............... U S.G.8.2080| 71.8 4410, 4 891.5741 || Near Sheridan, Wyo. 1123. 9141
Hardm, Mont........ e eannrnanns 75.3 +10.4 883. 4645 Do.iiiiiiiii... C. 1131. 7033
Near IIardm, Mont...| Lycooovniiaan. 78.0 +17.1 881.6765 (| Sheridan, Wyo...... 1136. 7793
............... M7oooaoeoaaond] 7824......1416.5 881. 6950 Do 1140. 0957
D ............... Niceearanninns 3 L DA +15.4 881,1980 D 1140, 8569
Dunmore, Mont...... [0 SO 86,9 |... 0.4 902. 3030 1143.2407
Near Dunmore, Mont.| Pr............ 87.8|... — 4.4 007. 3462 Wa,kel Vg Wyo....... 1141. 9954
Doueneniiiiannn.. [ A 90,2 |... — 4.4 016.0541 || Arno, Wyo........... 1149. 4357
Crow Agency, Mont..| Ry............ 96.11......1— 9.4 924.3267 1§ Near Vemnn Wyo... 1172. 1658
Near Crow Agency, Steviaariaanns 96.6 |...... —-12.0 925.0113 |} Verona, Wyo ......... 1221. 3301
Mont. Ulm, W ........... 1352. 6875
0 7 S [ P, 99.8 |...... —16.6 931.1647 || Near Ulm Wyo...... 1299, 9859
Garryowen, Mont.. . —~18.2 950.0550 || Near Clearmont, Wy 0. 1216. 0955
Near Garryowe n, - 7.0 961.0528 || Clearmont, W‘yo 1163. 4001
Mont. DOocirniiinnanans N. 1193. 6201
Near Tonin, Mont.....| Wy ........ 118.9 f...... — 2.5 988.0816 || Big Corral, Wyo..... 1156. 9130

Ionia, Mont..o....... b T 122.5 |...... - 1.8 997.2459 |} Cadiz, V?o .......... 1136. 6874

* From U. S. R. 8. 3 near Huntley.
+These elevations are superseded by the standard elevations given later in this publication, which depend on an adjustment.

GOFTS, CAL., TO ALBUQUERQUE, N. MEX.

This line was run by H. W. Maynard Aid, between April 16 and December 3, 1909. The
leveling started from two bench marks in Goﬁs and followed the line of the Atchlson, Topeka
& Santa Fe Railway to Albuquerque, N. Mex. Precise level No. 8 and rods X and Y were used.
The lengths of these rods at 0° C., as determined by the Bureau of Standards and the Instiument
Division of this Survey, were: ‘

Date. de X.| Rod Y.

Meters, | Meters,
3.0007 |~ 3.0000

February 5, 1909..
3, 0003 3. 0005

January 22, 191Q
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In accordance with paragraph 21 of the general instructions, each rod was measured with
a steel tape at least twice a month while ixt the field. The field measurements of the rods confirm
the shortening found by the Instrument Division and show that it was distributed uniformly
over the entire period of leveling. The mean length of rods interpolated for various dates
during the period of leveling was used in the computation. The index correction of rod X was
—0.2 millimeter and rod ¥ —0.4 millimeter.
.The difference of elevation between the bench marks recovered at Goffs determined by this
leveling agreed with the former difference within the limits of the accuracy of the leveling.
The elevations in the following table depend upon an elevation of 786.6405 meters for

L, at Goffs.
Results of leveling, Goffs, Cal., to Albuquerque, N. Mex., 1909.

: Dis- N Dis-
Dis- | fance] Tof1 | Op- : Dis |tance) Tot2! | op.
Place Permanont |09 1o | I 1 served Place Permanent [ " 10 | oap. | sorved
- bench mark. |y baie oy %!e- . beneh mark, |10 ba?e aucpy elo-
vation. of : ation.
mark.+, o Bot). t mark x| o J(B—I).| ¥ tion.t
mnm. m. km. | km m. m.

Goffs, Cal.ueeennn.... 0.0 | 786.6405 {| Near Peach Springs, | Sp.ceeeeeannn. 226.0 |...... — 6.7 | 1404.8950

Rising, Cale.......... - 9.9 735.2199 Ariz. - :
Near Homer, Cal..... J —16.7 | 610.2255 || Peach Springs........ Treceseeanenes 2BL3 |.e...n — 3.5 | 1459.1953
Ibis,Cal.vescanenn. . K — 8.6 | 442.9545 || Nelson, Ariz ,.c..... Ulevan- 242,10l -+ 0.7 { 1559. 2607
Near Java, Cal....... 18,0 347. 6388 (] Near Nelson, Ariz....l Vi... J243.9...... + 2.0 | 1590, 4027
DOueeaaiannnnn —19.0 | 299.0128 || Near Yampai, Ariz...[ Wi... .| 250.4 |...... — 3.9| 1662, 1423
Hartoum, Cal.. —17.0 | 225.4581 || Yampai, Ariz........ Xiese .| 253.81...... --11,4 | 1701. 7929
Needles, &al. oo ~19.6 ] 146.9460 || Near Yampai, Ariz...| Yi... 258.4 {...... —17.6 | 1644, 6904
D --19.9 | 147.4070 || Near Pica, Ariz.ee.e.j Zy.... . 265.11...... —20.8 | 1587. 8315
—20.5 1 148.5500 Doceciineannnnn- As... 2681 ..., ~18.3 | 1581, 7017
~19.0] 153.3019 || Near Audley, Ariz...} Ba... G274 .l —17.2 } 1577.9476
—18.6 } 168.1928 || Audley, Ariz,........ Cs.... | 274.51...... —20.3 | 1570.3515
—19.3 144. 8652 || Near Audley, Ariz....{ Da... 277.9 foene.. —21.8 | 1568, 0521
~19.6 | 144.3038 || Near Chino, Ariz..... E,... 282.6 [...... —16.3 | 1612, 4952
~20.0 | 142.7230 Dovecicienana... Foou . 9.3 | 1619. 4165
—23.7 1 140.8788 || Near Seligman, Ariz..| G2 ... —20.3 | 1593.9135
—27.1 144, 5168 B 3o TR Hj. .1 —19.6 | 1592, 5761
—28.5 | 153.6071 || Seligman, Ariz....... I,.. .| —19.3 | 1597. 4117
—27.9 | 153.6839 || Near Pan, Ariz....... Jo.. .| —16.1 | 1665. 7989
28,3 | 153.8441 || Near Crookton, Ariz..| K:. | —14.7 | 1710.8224
—28.2 | 153.6597 || Gleed, Ariz.......... L,. .| —12.7 | 1654. 1040
—31.5 | 161.4411 || Near i’ineveta, Ariz..| Ma. .| —16.7 | 1557.0321
—34.9 | 171.7910 Dovencrieiiinanns Ns. — 9.3 | 1534,3079
Near Powell, Ariz, ... —40.6 | 214.3575 || Near Ash Fork, Ariz..| Os. — 9.3 | 1535,9630
Powell, Ariz..... e —37.6 | 232.2382 || Ash Fork, Ariz U8 ... + 1.8 i 1566, 3260
Franconia, Ariz...... —38.7 | 335.3551 Do.... . P, ...| 333.2 [332.7 | + 3.6 | 1569.2115
Near Franconia, Ariz. | —35.71 380.7181 || Near Ash Fork, 1 U.S.G.S.5134. 333.5 |...... + 4.4 | 1564,2529
—35.9 | 386.0038 || Near Holmes, Ariz...| U.S.G. S.5446.| 339.3 I...... +10.0 | 1659.2677
—37.6 | 386,0630 Doeecienaraannnns Q2evvnsonnsnns 340.9 [...... -+ 4.6 { 1688. 0800
—38.4 | 390.8098 || Near Fairview, Ariz..{ U.8.G.S.5713.| 344.1 |...... + 8.0 | 1740. 7660
—~40.9 | 405.4046 || Fairview, Ariz.......| U.S.G.8.5964.] 348.7 |...... +12.6 | 1809,0283
—41.6 | 457.9922 || Near Fairview, Ariz.. .2 | 1823.8045
—39.5 ] 467.1802 Do.... 1847.1231
—40.3 | 486.1307 DOuurenannnnnannn 1885. 5203
—40.9 { 501.7408 || Near McLellan, Ariz.. 1622, 4393
—44.1 | 515.7420 || McLellan, Ariz....... v 1957.7903
.| —45.01 531.9762 || Near McLellan, Ariz.. 2001, 3890
Yucea, A .| —41.2} §50,7005 || Near Supal........... 2104, 3635
Near Si’ucca, Ar ~39.0 | 555.6082 || Supai, Ariz........... 2121, 2235
2436 58,2442 || Near Williatms, Ariz.. 2067. 0745
~37.3 | 694.5633 [| Williams, Ariz....... 2062, 2532
..... cee .- . —36.2 | 766.9118 DOvevecannaanaa] Y 2062. 4575
.......... U. .. A —~37.0 | 7949601 || Near Williams, Ariz.. 2105, 2097
..... —37.5 | 806.4379 Douvuvienaiiaanans 2118.3779
L N —40.7 | 822.0550 Doeeennnn..n . 2111, 7537
Hancock, Ariz....... ~43.6 | 838.6614 || Near Davarn, Ariz.... 2118. 8457
Near McConnico, Ariz —41.0 | 883.5326 || Chalender, Ariz...... 2092, 9984
Near Kingman, Atiz. | Z —42,9 | 984,1337 || Near Chalender, Ariz. 2001, 4966
Kingnan, Arizo.._... A —49.5 | 1018,1178 DOuueernanennne. 2087. 8023
Ouerennnnn .. 48,3 | 1014.8168 || Near Maine, Ariz..... 2134, 0654
Berry,Ariz.... —45.9 | 1028.6421 || Maine, Ariz.,........ 2159. 3314
Near Hualapai, Atiz.. —40.9 | 995.3662 || Noar Maine, Ariz..... 2187, 1617
Hualapai, Ariz....... —45.9 | 1005.4307 || Near Arey, Ariz...... 2191.9341
0, .- —46.1 | 1011.7919 || Near Bellemont, Ariz. 2172. 9411
Near Hualapai, Ariz.. —42.8 | 1022.1777 DOvereeannnnannn. C, 2173.3345
Oravmronnonannnn —38.5 | 1042.2299 . 2189, 6877
Antares, ATiz....... —33.5 | 1098.8394 || Near Riordan, Ariz... 2218, 3541
Near Hackberry, Ariz ~35.3 | 1083,5886 |) Near Agassiz, Ariz.__. 2160. 6145
DOueuarcenennnnnn K —31.8 | 1080. 1363 2150. 1857
Hackbe: { Atiz..... —34.7 | 1083.0815 2104, 6062
Near Hackberry, Ariz —31.9 | 1094. 5951 2102. 7596
Tinnaka, Ariz........ N —30.7 [ 1164.3314 2)84. 3548
Crozier, ATiZ.o.o..... —29.5 | 1209. 6238 Doceririniennnn. 2)84. 9646
Near Crozier, Ariz. ... —25.2 | 1256, 7372 || Noar Cosnino, Ariz... 1966, 2439
Near Truxton, Ariz .. -21.7 | 1277.2164 | Winona, Ariz........ G 1899. 5165
Near Cherokee, Ariz. . — 7.2 1 1385.6208 || Noar Winona, Ariz. .. 1849, 4026

*From Ls at Goffs. .
t These slevations are superseded by the standard elevations given later in this publieation, which depend on an adjustment,
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Results of leveling, Goffs, Cal., to Albuquerque, N. Mezx., 1909—Continued.

: Dis- s Dis-=
Dis~ Total Dis- Total
tance : tance s
Place Permanent tn&ce to C(}‘l:};- Obgel:ged Place Permanent mt%% to c(;f‘as;;- Obesm;‘ved
bench mark. |y Pty bg?o ancy vation.t beneh mark. |3, bg;o ancy | vation.}
mark.* spur.* (B-F) . mark.¥ spur.* (B-F).
km. mm. m. m.
Near Angell, Ariz..., 462.6 + 7.5 | 1766.8663 || Near Guam, N. Mox.. 2169. 0437
Near Hibbard, Ariz... 467.8 |. 4 1.2 1 1701.4995 || Near Gonzales, N. 2183. 4007
Do........ - .| 467.8 |. - 2.2 ] 1699. 6642 Mox.
.| 470.6 .| + 8.5 1671.8675 || Gonzales, N. Mox.... 2210. 5337
473.8 + 7.9 | 1659.4903 Nti}r Gonzales, N. 2199, 8867
ox.
...... + 1.2 | 1654. 8918 || Thoreau, N. Mex..... 2173.9716
.| 4+ 1.5 | 1654,9128 || Near Thoreau, N. 2152, 7206
.| + 5.8 1631.0823 oxX.
.|+ 4.1} 1630.1693 (| Near Chaves, N. Mex. 2124, 9545
.| 4+ 4.9 ] 1612.5106 || Near Baca, N. Mex...| V 2082. 4986
.4+ 6.8 1572.2215 Dovecncnriannan. 2070. 0969
| — 8.4 ] 1537.7523 DOcerarianananas 2057. 4535
.| — 6.0 [ 1527.4235 || Near Bluewater, N. 2049. 0174
. — 7.1 | 1485, 8771 Mex.

L . —16.2 ] 1498.6223 B DT T 2045. 4846
‘Winslow, Ariz.ee.... —26.0 | 1479. 6269 Do... 2008. 2232
Near Winslow, Ariz. . ~—34.9 | 1481,8018 || Near 'Toltec, N. Mex.. 1989, 6643

[P —34.2 { 1481.7396 || Near Grants, N. Mex. 1986. 0189
Near Hobson, Ariz... ~17.1 | 1489.8550 || Grants, N. Mex....... 1970. 6649
Near Hardy, Ariz — 1.0 | 1501.3522 {| Near Grants, N. Mex. 1967, 2659
Near Manila, Ariz.... <+ 1.1 | 1511.4156 !| Near Horace, N. Mex. 1943. 3106
Near J osepil City, + 7.7 | 1521.2998 DOvecarnnrannnen G 1917.2755

Ariz. Near McCartys, N. 1804, 5771
DPsrizarics, A Ta | anns || MPe
Near Pe + 3.9 35. 0 crreniannns 1889, 71
Do.u....... + 1.9 | 1538.4049 |} McCartys, N. Mex.... 1878. 813‘;’
Near Holbrook, .. .| — 2.2| 1542.0429 || Near Alaska, N. Mex. 1845, 4118
Holbrook, Ariz....... .| — 4.6 | 1549.1667 Do.eenneiaiaane. 1824, 8649
Near Holbrook, Ariz. . .| — 1.8 | 1556.0178 || Near Cubero, N .Mex. 1806. 9455
Near Aztec, Ariz..... o= 17 | 1562.7430 Doceciniiiaann, 1794. 2653
- Dovenianan . | 4 2.6 | 1581.2749 i Near Laguna, N, Mex. 1785. 2083
DOurecnnn. + 3.4 | 1583.4405 Do.ooiieiianan. 1777. 3445
Near Carrizo, Ariz — 7.0 | 1590.6983 || Laguna, N. Mex......; Q1. 1766.7203
Near Adamana, 5 1607. 5351 Do 1764. 9909
Adamana, Ariz....... T 1614. 4214 || Near Laguna, N. Mex.] R 1740.1537
Near Adamana, Ariz, 1625. 8513 Do........o..eeen 1741.7216
Near Pinta, Arfz..... 1664.7319 || E1Rito, N. Mex._.... 1726. 4527
Do . 1672.2083 || Near E1Rito, N. Mex. 1715, 0077
1685.4802 || Near Armijo, N. Moex.| V 1711.6335
Do......... i;g; g(gg ]]go ............... 16S3. 3544

Navajo, Ariz. A O cecavnennnnens 1681. 4676
Near o, 1708.2444 || Suwanee, N. Mex. ... 1661, 02%6

0uennrenvan . 1731.0394 || Near Suwanee, 1628. 0048
Near Chambers, Ariz. 1744, 7234
Chambers, Ariz....... 1752, 3803 1612, 8083
Near Sanders, Ariz. .. 1776. 0126 1583.2179
Sanders, Ariz........ 1776, 9108 1571.8125
Near Sanders, Ariz. .. 1784.7145 1553, 4265
Near Houck, Ariz....| D 1808. 2159

DOeeunnn... . 1811. 3601 1538. 4188
Houck, Ariz.......... 1815. 7075 1558.3808
e i A e | i i
Lupton, Ariz.. ) Hoeweaeennnnn. 1) . 576 34.
Neay Lupion, I Zaa01 | 18752495 16218798
1891. 5417 1581.4102
1558.1114
1905, 7288
1909. 1342 1546. 2116
1919, 6355 1519. 6363
1938, 6258 1490. 4858
5 1968.0133 || Near Isleta, N. Mex. . 1612" R
ard, N. | Fooecevonaool| 72004 f.aonnt . . ear Isleta, N. Mex. . PR .. .
Near West Yard, DOurerreroaeness U.5.d. 8. 4002, 1403, 7440
Gallup, N. MeX......| Geeeernrnennne 3 U .8 | 1982.9091 DOcencenannnannn U. 8. G. S.4904. 1494. 4403
Near Gallup, N, Mex.| H............. 3 . 1995, 5657 || Near Albuquerque, | U.S. G.S.4928. 1501, 7722
Doceeriiniannnn.. ) . . A gOOL 2551; N.DMax. U.S. G.5. 4932 1502, 8156
rZuni, N.Mex...| J..ccoaeeaaaas 3. . . 003, 201 {0 .S8.G. 8. . .
Nea])o e .L.a .............. N .9 | 2021.3108 || Albuquerque, N. Mox| I'g 1510. 6140
Wingate, N. Mex.....| T.......oc.... s .7 | 20541140 DOueiinanannns .7 | 1500. 4460
Near Perea, N. Mex ) .0 |. . .3 | 2115, 2834 Do.eeiiaiiiiiaa., A .1 [ 1520. 0071
Guam, N, Mex..... .| N. Il 2. .1 | 2133.0084 Doeemmnillll +60.8 | 1508. 7336

* T t Gofls. o i .
T Ti%xs% It;fe%ati(;)ns are superseded by the standard elevations glven later in this publication which depend on an adfustment,

EL RENO, OKLA., TO JERICHO, TEX.
This line was run by Ford Kurtz, Aid, between July 1 and September 14,1909. The levelin
started Frolgleth?ze benc}171 marks at El Reno and followed the line of the Chicago, Rock Islan§
& Gulf Railway to Jericho, Tex.

Precise level No. 7 was used until July 17.  Precise level No. 6, one of the intermediate type
was used from July 17 to August 3, after which No. 7 was used to the end of the season.
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Rods AA and BB were used. The length of these rods at 0° C. as determined by the
Bureau of Standards and the Instrument Division of this Survey, were:

Date. Rod AA. | Rod BB.

Meters. | Meclers.
L) o TR 0 1 3.0004 3.0010
OCt. B0, 1909 . <t e ettt ee e ieeiiiaieiiaieaaaas e et iiaaaaaas 3.0007 3.0012

In accordance with paragraph 21 of the General Instructions, each rod was measured with
a steel tape at least twice each month while in the field. These measurements showed that the
lengthening of the rods found by the Instrument Division was uniformly distributed over the
entire period of the leveling. The mean length of rods interpolated for various dates during the
period of leveling was used in the computation. The index correction of rod AA was —0.2
millimeter and rod BB —0.3 millimeter.

The difference of elevation between the three bench marks recovered at El Reno agreed
with those previously determined within the limit of the accuracy of the leveling.

The elevations in the following table are based on an elevation of 405.1837 meters, for
bench mark 1327 RJ at El Reno, which is the adjusted elevation published on page 108 of
‘‘Precise Leveling in the United States 1903~1907.”

Results of leveling, El Reno, Okla., to Jericho, Tex., 1909.

Dis- Dis- | Total Dis- Dis- | Total
I’gzx:ta- tance | tance | dis- | Observed nggltu' tance | tance | dis~ [Observed
Place. bench to to crep- olo- Place. bench to to crep- cle-
mark bench | base of ancir vation.t ) mark bench | base of anc{ vation.t
A% mark* spur* |[(B—1%). * {mark.*| spur* |(B—F).
km. mm. m. mm. m.
Reno Junction, Okla...| 1327 RJ.. 0.0 0.0 | 405.1837 +23.4 | 583.5718
A 6.2 1. ] — 3.9 | 425.4729 +23.5 | 587.2390
15.8 |. S — 8.0 410.6824 +22.4 | 588.7026
27.4 |. 4 —13.6 ] 440.3583 14,4 | 637.8188
34.4 |. |~ 5.6 469.5504 410.0 | 625,3203
34.9 . | =~ 4.7 472.5328 || Doxey, Okla........-.. . +13.1 1 560.3188
35.4 |. .| — 4.8} 482.7460 ) 57 SR .- .| +13.0 | 560.1714
35.5 |. .| — 5.7 | 484.8750 || Near Sayre, Okla .|+ 5.2 | 560.8088
41.3 . ] — 4.0 436.0810 Do....... + 3.5 | b554.2118
47.1|. | — 5.0 429.1110 || Sayre, Okla + 3.3 550.9015
Bridgeport, Okla Jouerenin 49.2 |. 4 — 0.8] 434.7144 Do......... + 3.8 551.9593
Near Bridgeport, Okla..| Ka....... 53.5 |. .} + 1.3 | 435.6483 || Near Sayre, Okla. + 9.0 502.4033
McCool; Okla...... o Lgeeacnnnn 60.1 4+ 3.71 440.3779 || Hext Ranch, Okla + 6.3 | 688.5195
Near Hydro, Okla 64.2 + 4.1 | 447.9001 || Near Erick, Okla. 4+ 9.1 | 617.1648
Hydro, Okla.. 68.1 +10.0 | 474.8309 .+ 8.9 628.4050
DO.ueerenn.. 68.7 +11.2 | 453.9727 .+ 9.6 628.4216
Near Bydro, Okla. 72.1 +14.4 | 456.5948 4 5.1 616.4215
Near Weatherford, O 77.1 +13.8 ] 477.6181 o+ 2.1 | 654.5900
‘Weatherford, Okla 81.6 +20.0 | 501.7888 4+ 1.0 | 655.8434
0 81.9 +22.5 | 505.9606 .|+ 0.2 054.0872
Near Weather 86.5 +25.7 | 516.4559 .|+ 6.9 6066.0794
o JO 87.8 +30.3 1 525.4802 || Mear Shamrock, Tex. .. . — 4.6} 700.5207
Do - 90.1 |. .1 +28,9 ) 548.5405 || Shamrock, Tex......... A — 8.4t 7111211
Near Indianapolis,Okla. 95.8 .| +23.5 | 511.5747 Do ieeianaiiiao. = 9.9 713.9511
Indianapolis, Okla..... 99.1 .| +16.5 | 507.9043 || Near Shamrock, Tex... -~ 9.3 ] 730.1064
Near Indianapolis,Okla. 105.3 .| +14.4 | 466.4728 || Lela (formerly Story), — 7.5 | 735.7027
Near Clinton, Okla..... 110. 4 . 18,6 | 454.3792 Tex.
Clinton, Okla 112.7 ...| +17.3 | 462.5477 |} Near Ramsdell, Tex.... — 3.6 759.7504
Do...... 113.3 ... +17.1 | 477.2748 || Ramsdell, Tex......... — 4.9 | 780.1000
04 seerrecnananannn 113.5 ...| +16.5 | 477.5155 Doceeeciiieanaanes = 4.9 781.8814
Near Clinton, Okla..... 115.7 s 4 412,71 456.2210 || Near Ramsdell, Tex.... .| + 1.8 | 833.3390
L2 P 119.0 ...| + 9.3 471.7544 || McLean, Tex........... 4 4-10.2 | 871,4204
Near Parkersburg,Okla. 120.90 ... +10.9 | 470.98%9 Do ceciieannine 4+ 8.6 873.3345
Parkersburg, Okla...... 122.9 .|+ 8.5 | 464.8471 || Near McLean, ToX..... -l — 12| 9028315
Near Parkersburg, Okla. 132.1 ... +11.3 | 481.1469 || Near Alanmeé, Tex....|V -4 5.1 917.0344
Foss, Oklaeeeurersan... I 137.5 ..o +21,3 | 495.6119 || Alanreed, Tex.......... .+ 4.4 | 9286541
Do...... 137.7 | F211 | s00.2528 DO, venen-s - | 5.5 922.8503
Doeueen... 137.€ .| 420.2 [ 496.4930 || Near Alanreed, Te 0.0 | 946.1082
Near Foss, Okla. 143. 8 ..l +22.3 ! 535.9915 || Rockledge, Tex. . — 5.2 965,5598
Canute, Okla...... 149.9 ..} +26.5 1 580.2150 || Near Jericho, Tex .. — B.1 | 967,2732
Near Canute, Okla..... 155.6 .| -+25.9 | 592.7827 || Jericho, Tex............ B —12.4 [ 976.1447
Near Elk City, Okla.... 159.6 +24.9 | 592.2892

* From 1327 RJ at Reno Junction. . . . s
+ These elevations are superseded by the standard elevations given later in this publication, which depend on an adjustment.

FORT WORTH TO EL PASO, TEX.

This line was run by C. M. Cade, Assistant, between April 4, 1910, and January 10, 1911.
Three bench marks were recovered at Fort Worth. The leveling follows the Texas & Pacific
Railway from Fort Worth to Sierra Blanca, and the Galveston, Harrisburg & San Antonio
Railway from Sierra Blanca to El Paso, Tex.
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The leveling determined the elevation of eight primary triangulation stations, Lamb,
Patterson, Stanton, Stanton South Base, Scar, Odessa, Hays, and Allamore.

Precise level No. 8 was used. Rods AA and BB were used up to October 6, 1910, and
rods R, and S for the remainder of the line. Their lengths as determined by the Instrument
Division of this Survey were:

Date. Rod AA.|Rod BB. Date. Rod Re.| Rod S.

Meters, | Meters. Meters. | Meters.
0ct.30,1909. ... 3.0007 3.0012 1| Sept. 29,1910, ... oot 3.0007 3.0002
NOov. 10, 1910, o i v iiiiiiiieiianciiaeneinaasens 3.0004 3.0011 ‘ Feb. 18, 1010, o eenaas 2. 9999 2. 9996

In accordance with paragraph 21 of the general instructions each rod was measured with a
steel tape at least twice each month while in the field. These measures failed to show when
the change found by the Instrument Division occurred. It was assumed, therefore, that the
change was gradual and distributed over the entire period of leveling. In the computations
the mean length of the rods interpolated for various dates during the period of leveling was used.
The index corrections were: Rod AA, —0.3 millimeter; rod BB, — 0.4 millimeter; rod R,, —0.8.
millimeter; and rod S, — 0.5 millimeter.

The new determination of the differences of elevation of the three bench marks recovered
at Fort Worth agreed very closely with the previous determinations.

The elevations in the following table are based on an elevation of 188.6548 meters for M,
at Fort Worth, which is the elevation published on page 574 of Appendix 3, 1903:

Results of leveling, Fort Worth to El Paso, Tex., 1910.

s Dis- : Dis-
Dis- Total Dis- Total
tance : tances
tance dis- | Observed tance I “dis- | Observed
O O A N FCN I i IR - B I o e
bench mark. {40.n0n of amiy vation. * |bench g?e uncly vation. t
mark.}oonr s (B-F). mark A o w (B-I).
b Dol 1849204 || Near Wil e
________ - 1.9 — 1.9 L7294 ear Wiles......... 362.
Fmp‘i,v_‘)ff_h_ ________ 0.0/ 0.0 18,0548 || Near Tiifin,_...... R
_____________ 1.3[. + 0.4] 190.37G8 ifin 426. 5407
Near I‘ort Worth. 3.2.. — 4.2] 169.9167 441. 8819
............. 7.1].. — 4.9{ 175.6766 440. 2135
Near Bgnbrook _____ 12.4}. — 6.7} 190.0425 446. 5884
Benbrook.......... 14.1f. — 2.2 202.0455 447.0386
Near Benbrook. .. 18.7. — 2.5 240.0300 476.1758
ONA - meeeennnnnns 23.8 4~ 3.9) 208.8G34 455.3415
.Aledo ______________ 29,2 + 9.6] 270.7460 436. 0418
_____________ 29,4 - 0.9) 271.9600 446. 4078
Near Alodo ......... 32.1 + 6.1} 245.7054 458.3283
DOueaeaennnn.n 33.9 + 7.2 249.4139 496. 0362
Near Anneta- ...... 38.1 + 7.2 261.2622 493, 8204
Near Eatls......... 43.1 +10.1{ 274.8170 504. 8704
EarlS. e 44.0! +10.3] 276.2637 534. 8021
Near Weatherford..} Q 45.8. + 0.3 286.0485 534. 6741
Woeatherford 49.0/. + 3.0/ 301.7396 493.4025
D ______ 49,9 + 1.2) 320.8632 478. 8256
_____________ 50. 5 4+ 1.9 3082018 48R, 7310
Near Weathorford 2.5/ — 2.1 319.8510 490.1952
D N — 2.3 347.4182 459.1702
Tambort — 6.8 353.1561 || Chautsuqua........ [¢] 465.1138
Near Mills: — 7.2] 295,448 {i Near Chautauqua.. 485.3184
Millsa — 8.1} 250.6137 || Near Baird 497. 5410
Near Millsap + 0.8 229.8846 !| Baird.. 25 9209
Bennetts. . — 0.7| 229.7384 Do....... 525, 8412
Near Brazo: — 2.8/ 248.1484 | Near Baird. 580.3318
o.. + 0.9 238.9428 || Clyde........ 605, 7625
Brazos. . — 0.9; 246.4075 || Near Clyde.. 612. 4088
Near Santo........ — 2.1{ 240.0557 i| Elmdale..... 543.5159
D ............ 4+ 0.0] 245.4439 [l Abileno...... 522.1158
ORI +3.5 géo ggs)z 1]%0 ....... 520. 0544
,,,,,,, + 9.2 268.6009 DO-enn.. 25. 50
NW samo ........ + 7.6 578'8509 N DA.] o §24.2§i§1)
_______ + 0.1 284.9137 oar Abilene 525, 2
I(\}‘g%gordon +10.2] 2049047 || TYOeeeururaiananas 548. 5709
Near Mingus....... ] +14.6 201.4735 Do....... .. 547.0838
Mingus..-.eeeenn.-. +16.7) 202.1171 )] Near Markel.. 541, 5673
Noar MIngus. - ... +19.2] 200.7038 {| Merkel. ...... 5702424
SLrawn _________ +26.5] 303.6483 Do....... 571.7030
1203 0L Y DM i"l" 2(7;?'6?2;
20,5/ 317.6 ear Morkel .06
Veai)bt_r_af_v_n_'_jjjj]j 20.7) Ga 1414 || Trent... gﬁ.ncg
N Tilos. ., 94.9| 344.6217 || _ Do..... . 4. 675
elelgs\.‘.{lfs. '''''''' +24.4' 354.3755 ! Near Eskota........ 595. 9629

* From M; at Fort Worth. . .
+ These elgvatlons are superseded by the standard elevations given later in this publication, which depend on an adjustmont.



46 U. 8. COAST AND GEODETIC SURVEY SPECIAL PUBLICATION NO. 18,
Results of leveling, Fort Worth to El Paso, Tex., 1910—Continued.
: Dis- : Dis-
Dis- Total Dis- Total
tance| : tance
tance dis- | Observed tance dis- | Observed
Place. bPerrlnungnlz to bto erep- olo- Place. b{;g"ﬂ%‘g?}g to ba(;e crep- elo-
enclL mark. 1 panch gfse ancy | vation.t ¢ * | bench | P27 ancIy vation. t
mark.* Spur.¥ (B-19), mark.* spur.* ).
mm. m. mm. m.
Eskota...cooveanans + 38.4) 590.9148 |} Toyah ............. —141.1] 890. 7625
Near Sweetwater...] N -+ 30.1] 607.5459 Do —141.2] 891.5483
Do -+ 28,51 610.0124 Near Toyah ..} —146.17 920.2331
< 34.60 663.4317 Do... - —144.37  955.8790
. -+ 34.5 662.9713 Gomez. . .| ~147.5 998. 5415
Near Sweetwater... l + 36.0] 720.0554 || Near Gomez........ ..| —140.9( 1029. 7692
ROSCOR. wevrarcnnnne + 29.8 727.4329 || Near San Martmo... .| —135. 5 1135. 6285
Near Roscoe. - -+ 17.0] 726.6774 . . —139.3] 1132. 6133
Roscoe...... . + 34.11 727.5463 —139. 9| 1133. 4694
Near Roscoe. - 4 32.07 726.5200 || Near San Martine .. —136.6| 1167. 3364
Near Loraine . . <+ 25.6] 704.1666 || Near Kent......... A —141. 8| 1215. 6442
Loraine. .. N .+ 26.6]  690.2467 Do... B —145.0| 1261. 0538
Do . + 24.7, 688.3101 || Kent..... ..| —145.0| 1284.1141
Near Colorado. . + 15.3] 675.8280 || Near Kent. R ..| —145.9] 1311, 7258
Cojorado. ... . .j + 16.6] 630.3619 Do... .| —148.2| 1319. 1480
.| 4 14.7] 631.5501 {| Boracho.... - ..l —154. 4| 1359. 0942
...... .| 4 16.2| 631.1023 || Near Boracho...... .} —155.0| 1341.4514
4 12.1] 636.5760 || Near Plateau. - —147.4| 1245. 7942
+ 7.6{ 650.6473 Do —146. 6| 1225,2362
44 2.4 676.8681 —148.8] 1201. 7022
— 0.9] 674.0999 || Near Plateau. —155. 8| 1188. 0084
+ 3.6 705.5464 D .. —157.3| 1177.9794
A4 12.2) 722.4626 || Near Wild Horse. .. U. S —161.3| 1173. 1356
o+ 1981 733. 7960 Do.... —159.1] 1168.7228
4 4117 739.1964 || Wild Horse. . -- —161. 5| 1173. 6046
4 8.1 732.0331 ) Near Wild Horse. usl ~170. 5} 1181.2183
|+ 4.6 732.2160 Do....... . —174.9! 1177, 5977
o My + 4.6 732,0701 || Near Van —170.3| 1199.3402
South End Meri- + 3.8 741.8841 || Van Horn. ~156. 8| 1234.0484
dian Line. Do. —156.0( 1233.8071
— 8.5 736.3717 —155.7( 1294. 6609
~— 12,9} 738.7112 [}  Deo...... ~156. 1| 1342. 2898
— 10.8 754.7072 .| —150.2| 1405. 8267
— 16.3] 753.9091 ||  Do...... .| ~152.7| 1385.0543
— 26.5] 784.5296 Allamore ..... - —157.1| 1387.3327
— 26.9| 825.5943 || Near Allamore. .| —155.1} 1378.3029
— 26.9] 815.0317 Do .| —152.8! 1359.0618
— 29.1] 811.8878 || Near Eaglo Flat. .. —154.2] 1361.2107
— 38.4| 827.2178 || Eagle Flat .| ~159.4! 1359.4357
— 45.2] 821.2040 || Near Eagle Flat.... .| ~167.6; 1347.2676
— 47.8/ 838.8364 || Near Sierra Blanca. ~161. 6f 1328.3659
— 46.0] 844.3102 {| La Valley....---... —170.2| 1335.2210
— 41.9) 840.0584 || Near Sierra Blanca. —165.7| 1340.1181
— 47.5 840.2758 || Sierra Blanca....... —150.2| 1377.8343
— 49.9] 847.8576 || Near Sierra Blanca. ~156.1/ 1389. 3238
— 81.7 . —166.9| 1418.0041
-~ 58.1 —166.9| 1399.1438
— 61.§ ..| —161.5| 1365. 4392
— 63.8 .| —158.2! 1326. 5944
— 61.2 —157.4| 1303. 9048
— 58.2 —157.2} 1287.2741
— 68.0 —158. 5! 1235. 6468
— 67.2 —159,31 1214.9353
- 67.1 ~154.1] 1204, 3364
- 70.7 —161, 3 1178,0622
— 74.5 --| —156.0} 1119. 4501
— 84.8 .| —160,2( 1087.9471
— 99.4 —143.9| 1095. 7508
— 96.0 --146, 6| 1097,0476
~105.0) —143. 91 1118, 5481
Near Sand Hills. ~107.1 ~147.0| 1125.3854
Sand Hills......... -—102.2 ~—143. 5| 1123, 2385
Near Sand Hills ... —102.6 . —138, 5| 1113.3070
Monahans. ......... Q — 99.9 5 Si8eeen-- ~131.3f 1090. 4351
Near Monahans. . — 98.3 3 U.8.G.8. 3560.. 935. 5 —131. 8| 1089. 4673
Do —103. 4] 3 . —124, 0f 1096. 4985
-—103.8 3 —123,7] 1103. 7201
—102. 4 3 —~122, 4| 1103.3755
—111. 4 . Near Fabens. . U S.R 8. 3572.14. —117,1] 1101.9818
—110.0 .3837 || Near Clint. .| U.8.R.S.3586.94. —113. 8; 1106.4822
~106.5) 795.1850 || Clint..... .| U.8.R.8. 3592.90. —104.3] 1108,3120
—122.4| 818.9845 Do.. —104. 7| 1108.3558
—125.1] 812.1793 || Near Clint. —106. 4| 1109. 3652
~—126.1] 810. 7089 Do. —105.3| 1110. 4000
~127.21 809.5213 || Belen.. — 95, 7| 1115, 2887
~128.71 808.2671 D -~ 94,3/ 1114, 8047
—124.8| 853.1958 Do. — 96.1| 1114, 7325
—128.3] 781.8416 || Ysleta.. — 88.7| 1118, 7956
~130.3] 782.5682 || Near Yslota. — 77.3| 1122.8153
—128.0} 782.2276 falfa.... -~ 70.5] 1125.9093
—120.8] 782.6920 || Near Alfa -~ 67.1) 1127, 3648
—133.9 784.0168 || El Paso.. — 67.8] 1129. 8560
—134.7] 788.6380 Do. ~— 67.8) 1120. 3028
—136.0] 787.7794 Do. ~— 70.7( 1130. 8960
136.5) 806.0970 Do. — 71.6] 1130,1558
—~146.6/ 819. 5921 Do. — 73.0! 1131,3378
—143.6] 832.3709 Do. — 72,9 1131.0234
—152.6] 850.1886 Do. . — 72.1) 1131.2244
—150.1| 868.4814 01, TR City Bench — 73.3] 1131.4913
—140.3| 886.4421 Mark.

*From M; at Fort Worth. i
t These elevations are superseded. by the standard elevations given later in this publication, which depend on an adjustment.
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JERICHO, TEX., TO ISLETA, N. MEX.

This line is a continuation of the line El Reno, Okla., to Jericho, Tex. It was run by
C. M. Cade, Assistant, between June 5, 1911, and November 4, 1911. The leveling started
from two bench marks in Jericho, Tex., and followed the line of the Chicago, Rock Island &
Gulf Railway to Amarillo, Tex., then along the Atchison, Topeka & Santa Fe Railway to Isleta,
N. Mex., where it connected with the line Goffs to Albuquerque. The results agreed with the
previous determination within allowable limits of error.

Precise Level No. 10 was used. Rods R, and S were used up to August 31, 1911, and
rods X and Y for the remainder of the season. The lengths of these rods at 0° C. as determined
by the Instrument Division of this Survey were:

Date. Rod R, | Rod 8. Date. Rod X. | Rod Y.

. Meters. | Meters. Meters. | Meters.
B L R U 2.9999 | ~ 2.9996 || Aug. 22, 1911 . 3.0012 3.0015
NOV. 23, 1911 o e e nnnnnns 3.0000 2.9997 §i Dec. 2, 1911 3.0009 3.0012

In accordance with paragraph 21 of the general instructions each rod was measured with
a steel tape at least twice a month. These measurements showed that rods R,and S had held
practically a constant length and that the shortening of rods X and.Y was a gradual one. The
mean of the measures for both sets of rods was used in the computation. The mean length of R,
and S, was 2.9998 or a defect in length of 0.07 millimeter per meter, and the mean length of
X and Y was 3.0012 or an excess in length of 0.40 millimeter per meter. Theindex corrections
of rods R, and S were both equal to —0.9 millimeter; the index correction of rod X was —0.2
millimeter and of rod Y — 0.4 millimeter. ,

The new difference of elevation between the two bench marks recovered at Jericho agreed
with the difference as formerly determined within the limit of the accuracy of the leveling.

The elevations in the following table depend upon an elevation of 976.1447 meters as
determined by the line E]l Reno to Jericho.

Results of leveling, Jericho, Tex., to Isleta, N. Mezx., 1911.

]
Dis- tDis- ’l:iqtal ob d tDis- Dis- | Total
tance | tance is- SErve! ance | tance | dis-
Place. Pe"ﬁl‘me“ﬁ to to | crep- ele- Place. J;ggﬁlgl;!rllfé s oy cresp- Obgﬁ;'-ved
bench mark. | hanch Jbase of ancir vation.t * | bench |baseof| aney | vation.t
\ mark. ¥ spur.*|(B—1). mark.* spur*|(B—F).
Moo oro.iar || oo, T iy
________ . X oel, Tex........... 1148. 2544
%&’gi’}%',ﬁﬁ’;, Tex... - 8.2 | 072.2814 | Near Joel, Tex..... 1147, 88883
Boydston, Tex..... - 5.1 985.1002 i Hereford, Tex...... 1162. 0741
Groom, Tex........ i gg 1%4- gg% ]138 ------------- i %gi. ggs
Nea Qroom, Tex: - 0.5 | 10073000 || Noar Horsiord: iex: 1164, 2888
Lark, Tox. - nrmnenn. + 9.2 | 1028.2619 || Summerfield, Tex. . 1100, 4701
Near Conway, Tex 1 F11.4 | 1044.0206 || Near Summerfield, 1197. 5339
»Conway’ ToXeeoun.- +14.2 | 1053. 6920 Tex.
Near Conway, Tex. +14.7 | 1057.7725 Do.. 1198. 8021
Yarnall, Tex....... +18.0 | 1074.3557 Blackae 1217. 4390
Near Yarnall, Tex. . .0} 1072.7989 || Near Friona, 1220. 4598
Royal, Lo ion. kX %(1)(9)8 338}(73 II:I?aO;I %"ri’f)gg Tex %g?,g 23683
\ . - N
NeagoTarillo Tex. 1113. 8542 || Parmerton, "lex.... 1272. 0924
Do.. 1114.3468 || Near Parmerton, 1258, 2433
Amarillo, 1117.9126 Tex. ' i
Do... 1116.7754 || Bovina, TexX........ 1240. 3071
Zita, TeX.eennee...- 1112.9943 || Near Bovina, Tex..| C 1234, 6797
Near Zita, Tex..... 1113.6553 || DOesreusiiennns 1245.1372
aney, Tex........ 1109. 9001 || Wilsey, Tex........ 1270. 5748
Near Canyon, Tox.. 1095.1103. || Near Wilsey, Tex... 1259. 5472
Canyon, Tex., 1082. 4900 || Texico, N, Mex..... 1264. 1678
Do 1090. 3404 ) 1264, 7714
De 10031557 || Noar Crovie'N Mox. 1287, 428
1093, ear Clovis,N.Mex. .
§:§2§a’11]‘§§n'q‘ex i 1117.8595 || Clovis, N. Mex..... 1207. 5208
Umbarger, Tex..... 1147. 8887 Do.. 1209. 2714
Near Umbarger 1144, 4177 D 1301. 3668
Tex. ’ 11561620 e
‘Dawn, Tex......... g .
Near Dawn, Tex. ..l Lao...- 1150. 7182 N. Mex. .
* T ho. . N
t ¥£‘.’,§; 1.31;‘&%{,%’;%;3 superseded by the standard elevations given later in this publication, which depend on an adjustment,
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Results of leveling, Jericho, Tex., to Isleta, N. Mex., 1911—-Continued.

tDis- Dis- ’I(‘iotal ob " Dis- | Dis- 'I;jotal ob od

ance | tance is- SErvel tance | tance is- STV

Pilace. big’gﬁaig:?ﬁ to to crep- ele- Place. big’gg%‘;?ﬁ to to crep- ele-

* | bench |baseof| ancy | vation.t * | bench (base of{ ancy | vation.t
mark.*| spur.*| (B~F). mark.*| spur.*|{(B—F).
mm. m. km. | km. mm. m.

Blacktower, N.Mex. +64.1 | 1316.5884 || Near Carnero, N.| Z4.eeennnnnoann 478.3 §....... +05.3 { 1883.9136
Do 464.5 | 1318.4618 Mex.

Near_ Blacktower, +60.8 | 1328.4997 || Carnero, N. Mex.... 18986. 5351
. Mex. Near Encino, N, 1877. 4485
Do.enannann-- -55.5 | 1331.4444 Mex.

Near St. Vrain, +61.2 | 1340.4815 || Encino, N. Mex.... 1865. 9908

N. Mex. Near Encino, N. 1878. 9654

Near Melrose,|{ Eseeeeevennn... 201.5 |....... +75.1 | 1340.9951 Mex.

N. Mex, Near Negra, N. 1879. 9012

Melrose, N.Mex....| Faooooo. oo, 202.8}....... 476.9 | 1340. 7806 Mex.

Near Melrose,| Gseeeorerrenn-- 204.9 |....... +76.4 | 1332.2174 || Nogra, N. Mex..... 1889. 6043

N. Mex. Near Pedernal, N. 1919. 3415

Cantara, N.Mex....| Hy............. 303.2 |....... +65.2 | 1343.4585 Mex.

Near Krider,N.Mex. .6 |.. . 1321.8352 || Pedernal, N, Mex... 1940. 9276

Krider, N. Mex..... J. 1313.3714 §| Dunmoor, N. Mex.. 1942. 5997

Near Knder,N.Mex. 1305. 7999 || Near Dunmoor, N. 1931, 0412

Tolar, N. Mex...... 1282. 1907 Mex.

Near Tolar, N. Mex. 1274.7237 || Near Lucy, N. Mex. 1895. 4941

Taiban, N, Mex.... 1257. 5705 DO.eviacannnen 1881, 2668

Near Taiban, 1256.3765 i| Lucy, N. Mex...... 1882, 5357

N. Mex. Near Lucy, N, Mex. 1858, 4393

Near La Lande, 1240.2285 || Near Silio, N. Mex. . 1854, 4801
. Mex. Willard, N. Mex.... 1857, 9957

Lg Lande, N. Mex.. 1254.2743 Do........ . 1857, 4899

Near Fort Sumner, 1255.3330 DO veiacnanansn 1861, 2867

N. Mex, Near Willard, N. 1891. 6268
............. 1236. 3047 Mex.

Fort Sumner, 1237.1399 || Broncho, N, Mex... 1923, 7280

0X. DOveercaennnnn. 1946, 3008

0 eramennnen 1240. 4976 || Near Mountainair, 194C. 8680

Near Fort Sumner, 1235. 3806 N. Mex.

N. Mex. Mountainair, N. 1977, 2685

Fort Sumner, 1233. 5603 Mox.

. Mex. Sumner. M L T 1980. 9341

Near Fort Sumner, 1243.4374 || Near Mountainair, 1966. 1440
. Mex. N. Mex.

Do......... 1246. 2730 Do.... 1930, 0447
Do....... 1266.1572 || Abo, N, Me 1876. 1738

Agudo, N. Mex..... 1297.8492 |} Near Abo, N. 1872.1486

Ricardo, N. Mex. .. 1345.3733 1822, 4475

Near Ricardo, 1362.1739 1708.3488

N. Mex.
Evanola, N. Mex... 1395. 8169 1757.7479
Near Yeso, N. Mex. 1431.4242 1728.3191
R 1455. 1868 1673, 6702
1456, 5909 N. Mex,
1513.9908 || Sais Siding, N. Mex. 1659, 5770

Near Largo, N. Mex. 1521.5204 i Becker, N. Mex.... 1578, 8532

Buchanan, N. Mex. 1563.1195 Do..aeniioa 1577.5758

Near__ Buchanan, 1567.8816 || Near Bodega, N. 1526. 5444

N. Mex. ex.
Do... ......... 1587.1211 || Near Madrone, N. 1498. 7844

Cardenas, N. Mex. . 1614.2614 oX.

Near_ Cardenas, 1623.2167 || Madrone, N. Mox. .. 1481, 7530
. Mex. 1466, 6090

Duoro, N. Mex..... 1658. 0027 1465. 3163

Near Duoro,N.Mex. 1670.4176 1461. 2243
Do.cvreannnn.. 1694. 1661 1456, 2749.

Casaus, N. Mox..... 1712.7209 1465.1263

Near Casaus, 1726.1374 1465. 8551
. Mex. 1469, 7855.

Iden, N. Mex....... 1772. 0350

Near Vaughn, 1793. 0967 1473. 4047

N. Mex. Doverernenns 1475. 0929
Vaughn, N. Mex. .. 1818.0887 || Los Lunas, N. Mex.| S 1480. 2333
Do 1818. 4709 Dosvaeniiiias 1479, 0221
1823.2421 || Near Lons Lunas, 1481, 9132
N. Mex.
.11 1828.9185 || Near Isleta, N.Mex.{ U.S.G.3.4891 . .6 l... .3 | 1491, 8125
5 | 1836, 2003 || Isleta, N. Mex......{ Naoucerreranann 670.2 ... 1 +96.8 | 1492.8329

* From Bio at Jericho. . .
t These elevations are superseded by the standard olevations given later in this publication, which depend on an adjustment.

DrraiLs or LiNnes RuN BY tuE UNITED STATES (GEOLOGICAL SURVEY.
ALBUQUERQUE, N. MEX., TO EL PASO, TEX.

This line was run in 1905 by M. S. Bright along the Atchison, Topeka & Santa Fe Railway.,

The United States Coast and Geodetic Survey line between Gofls, Cal., and El Reno, Okla.,
was connected with it at Isleta, Belen, and Albuquerque, N. Mex. The United States Coast
and Geodetic Survey line Fort Worth to El Reno was connected with it at El Paso. It thus
serves as 4 link between them and together with the United States Coast and Geodetic Survey
lines Galveston to Fort Worth to El Paso and San Diego to Gofls to Albuquerque forms a direct.
connection between the Gulf of Mexico and the Pacific Ocean.
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DUQUOIN, ILL., TO SHAWNEETOWN, ILL.

This line was run in 1906 by T. A. Green. The leveling started from United States Coast
and Geodetic Survey bench mark Ry at Duquoin and followed the Illinois Central Railroad to
Shawneetown, Il ‘

MITCHELL, IND., TO OAKLAND, ILL.

This line started from the United States Coast and Geodetic Survey bench mark X at
Mitchell, Ind., and followed the Chicago, Indianapolis & Louisville Railway to Elliston, Ind.
From Elliston to Terre Haute, Ind., the line followed the Chicago & Eastern Illinois Railroad,
thence the Vandalia Railroad was followed to Oakland, Il

The leveling Robinson to Bloomfield, Ind., was done in 1906 by T. A. Green, the remaining
portions of the line Mitchell to Robinson, Ind., and Bloomfield, Ind., to Qakland, Ill., were
done in 1906 and 1907, respectively, by C. H. Semper.

At Oakland connection is made with the United States Geological Survey line from Pekin
to Olney, Il

GEORGETOWN TO LOUISVILLE, KY. .

This line was run in 1906 by C. H. Semper. The leveling started from United States Coast
and Geodetic Survey bench mark W at Georgetown and followed the Frankfort & Cincinnati
Railway and the Louisville & Nashville Railroad to Louisville, Ky.

At Louisville the line connected with two bench marks of the Ohio River Survey.

MITCHELL, IND., TO LOUISVILLE, KY.

This line was run in 1911 by E. L. McNair. The leveling started from United States Coast
and Geodetic Survey bench mark X at Mitchell, Ind., and followed the Chicago, Indianapolis
& Louisville Railroad to Louisville, K., where it connected with the line Georgetown to Louis-
ville and two bench marks of the Ohio River Survey.

DrTaLs oF Laxes RuN BY THE UNITED StAaTES ENGINEERS.
LAWRENCEBURG, IND., TO CAIRO, ILL

This line is & continuation of the line of precise levels from Pittsburgh, Pa., to Petersburg,
Ky., run along the Ohio River under the direction of the Chief of Engineers. The instruments
and methods used on this work are described on page 347, Appendix 3, Report of 1903. The
field work was done in 1903, 1906, and 1907.

TERRE HAUTE, IND., TO SHAWNEETOWN, ILL.

This line of levels was run in connection with a Survey of the Wabash River in 1911. The
instruments and the methods were the same as those in use by the Mississippi River Commission.

The leveling started from four bench marks of the United States Geological Survey and
followed the course of the Wabash River to its junction with the Ohio River thence down the
Ohio River to Shawneetown, IlL.

The following bench marks were recovered:

Two bench marks of the United States Coast and Geodetic Survey at Vincennes, Ind.

Two bench marks of the Ohio River Survey between the mouth of the Wabash River and
Shawneetown, Ill.

Threo bench marks of the United States Geological Survey at Shawneoetown, Ill.

The new determination of the differences of elevation between the recovered bench marks
agreed with the previous determinations within the limits of the accuracy of the leveling.

ORTHOMETRIC AND DyYNAMIC CORRECTIONS.*

As stated on page 5, it was found to benecessary to apply a correction to the observed ele-
vations, in addition to that necessary to close thoe circuits, on account of the nonparallelism of

level surfaces.

* Lallemand discusses at length the orthometric and dynamic correetions on pages 358 to 387 of his ““ Nivellement de Haute Préeision” in the
ZEncyclopédie des Travaux Publics, Paris ot Libge, 1912,
11749° 15 --—4
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A level surface is one which is everywhere perpendicular to the direction of gravity, as
defined by the plumb line. The surface of still water at a uniform temperature is level. A level
surface is also called an equipotential surface, meaning thereby that every point on it has the
same gravity potential. The difference in potential between two equipotential surfaces is equal
to the work done by or against gravity * in moving a unit mass from a point on one surface to a
point on the other surface. The work or difference of potential is independent of the particular
points that may be chosen or of the path between them. The work in passing from one point to
another on the same level surface is zero. Potential and equipotential surfaces and their
properties are discussed in many books, such as: Helmert’s “Die Mathematischen und Physi-
kalischen Theorieen der Hoheren Geodésie: IT Theil.” In ordinary spirit Ieveling it is assumed
that, if the field work could be made sufficiently exact, the same difference of elevation between
two points would be obtained, irrespective of the route followed. It is implied that level
surfaces are parallel to each other.

As stated above, this is not true, but the error introduced by this assumption in the results
of leveling which is not of a high grade is small compared with the errors of leveling, and may
be neglected.

In precise leveling a correction must be applied to the observed differences in elevation on
account of the nonparallelism of level surfaces, and this is most important on north-and-south
lines especially when the average elevation of the line is great. This correction would be small
and probably negligible on a line run along a coastal plain.

The surface of thesea and other level surfaces above or below it are approximately spheroidal
in shape, but each of the surfaces above sea level has a greater proportional flattening than the
sea surface, and consequently such a surface will be at a shorter distance from sea level at the
poles than at the equator. A level surface 1000 meters above the sea at the equator would
be only 995 meters above the sea at the poles. The polar convergence of other level surfaces
toward sea level is approximately in the same proportion to their elevation; for instance, a
level surface 500 meters above the sea at the equator would be 49714 meters above it at the
poles, ete.

If aline were drawn whose tangent everywhere coincided with the direction of gravity—i. e.,
with the perpendicular at every point to the level surface through that point—this line would not
be straight but slightly curved and concave toward the earth’s axis. Strictly speaking, there is
therefore some ambiguity in the expression “elevation” of a point above sea level. The
distance between a point and the sea level might be measured: (1) Along a curved line of the
kind just mentioned passing through the point; (2) along a straight line perpendicular to the
level surface at the point in question and extending down to sea level; (3) along a straight line
perpendicular to the sea-level surface and passing through the point in question. This third
kind of line is the one commonly used in geodesy for reducing to sea level, to obtain a point on
the sea-level surface corresponding to a point above it. But as long as only the lengths of these
lines are considered, it is entirely indifferent which length is selected to measure, since if one of
these lengths be 10000 meters—higher than the highest mountain on the earth—the others will
differ from it by less than a thousandth of a millimeter. This source of ambiguity may, therefore,
be neglected, but the ambiguity arising from the route followed remains to be considered.

The manner in which discordant differences of level between two points are obtained by
following different routes between them may be illustrated by a simple ideal case. Suppose a
still lake, lying north and south, is situated on the edge of a level plateau near the sea in the
Northern Hemisphere. Let B be a point at the lake’s surface near the middle, and A a point at
sea level in the same latitude as B. Let one line of levels be carried by water leveling north from
A to C, a point at sea level and in the same latitude as the north end of the lake, then directly
upward to D, at the north end of the lake’s surface, then by water leveling along the lake south-
ward to B. The difference of level between A and B, or between A and any point of the lake’s
surface, will come out equal to the elevation of D above C. Let another line of levels be run
southward from A by water levels to E, at sea level and in the same latitude as F at the south

* Gravity is considered to be the resultant of gravitation (the attraction of the earth’s mass) and the centrifugal force due to the earth’s rotation.
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end of the lake’s surface, then directly up from E to F and northward by water levels on the lake
~ toB. The difference of level between A and B, or between A and any point on the lake’s surface,
- will now come out equal to the elevation of F above E, and will be greater than the apparent
elevation by the first route, since the two level surfaces approach each other as they near the
north pole; and neither result will agree with the result of measuring directly upward fron
A to B.

There are two methods of correcting this ambiguity, so that except for errors of observa-
tion one may always arrive at the same result for the same point. One method is to correct the
difference of level in such a manner that one may obtain the actual distance between B and
the sea level, or in the general case, between a point and the geoid. This elevation is called
the orthometric elevation of B, and the correction to the measured difference of elevation to
obtain the orthometric elevation from the observed results of leveling is called the orthometric
correction. Tt is to benoted (1) that one may speak, not of the orthometric correction to an
elevation, but of the orthometric correction to a difference of elevation for a given route; (2)
that points on the same level surface have different orthometric elevations if they lie in differ-
ent latitudes, and that, therefore, conversely points in different latitudes, having the same ortho-
metric elovation, lie on different level surfaces. Thisinconvenience hasled to the second method,
which discards the simple conception of measured length altogether, and gives to each surface
a number of its own. Instead of giving the elevation of a point above sea level, a serial num-
ber is given to tho level surface on which'it lies. The points ¥, B, and D on the lake-level
surface would bear the same number. For convenience, the system of numbering these sur-
faces is such that the number of a level surface is not very different from the height (in the unit
chosen) of any point in the surface. The serial number of a level surface is called its dynamic
number* and is defined as follows: In the metric system the dynamic number of a point is the
work required to raise amass of 1 kilogram against the force of gravity from sea level to the
level surface passing through the point, the work being measured in standard kilogram-meters
at sea level in latitude 45°." If the English system be used, the kilogram in the preceding
statement is replaced by the pound, and the kilogram-meter by the corresponding standard foot-
pound. More generally, to get the dynamic number in any system of units, the work which is
necessary to raise a unit mass from sea level to the level surface in question is expressed in
absolute units and the result divided by g,;, where g,; is the normal acceleration of gravity at
sea level in latitude 45°.

The quantity which must be added to the orthometric elevation of a point to obtain the
dynamic. number is called the dynamic correction.

The exact determination of orthometric and dynamic corrections would require a knowledge
of the force of gravity at every point of the line of levels. To get a sufficient approximation to
this knowledge by direct observation at numerous points on the line is, at present, impracticable.
If it is assumed that the force of gravity is given by one of the usual mathematical expressions, a
fair approximation to the truth will, in general, be obtained. The following expressiont is taken
for the force of gravity g at any point in latitude ¢ and at an orthometric elevation A:

9= 9us(1 — acos2¢ + Beos?2¢p —kh) 5/ o
g,; has the meaning previously given; «, B, and k are constants, « and 8 being independent,

of the unit used and equal, respectively, to 0.002644 and 0.000007; ¢,;=980.624 dynes and -
& =0.0000005147, if A is in meters; or, more strictly,

3147
1010

or for brevity, k=% (1+ycos2¢—ch)t

* The phrase dynamic number is an attempt to render into English the Frenck expression cote dynamigque, or its equivalent, dynamische Kote, ag

23

71
k= (1 +qgeeos2d— 150,

used by German writers.
+ Equivalent to the expression given by Helmert.
1 Sitzungsberichte der Knigliche Preussischen Akademie der Wissenschaften, 1903, erste Halbband, seite 651.
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Let W be the work of raising a unit mass from sea level to a point at orthometric elevation A
and H the dynamic number of the level surface on which the point lies. The curved vertical
of length % is chosen as the most convenient path for passing from sea level to the given point.

h r
Then W= fgdh =945f(1 — acos2¢ 4 feos?2¢p —kh)dh

W=g,;(1 — acos2¢ + Bcos?2¢)h — lc'}—g(l +ycos2¢ — %ch)

By definition H = g—W, or

45

H=h— (accos2— feos2)h — k'7§<1 700826 — %m) ©)

This gives the connection between the orthometric elevation and dynamic number. Since
H is by definition constant for a level surface, equation (2) may be regarded as the equation
of the level surface in coordinates ¢ and h. Let there be a neighboring point on the surface
with coordinates ¢ +d¢ and h+dh. The relation that d¢ and dh must satisfy will be found by
differentiating (2), noting that H is constant. It is

—2h(asin2¢ — fsind ¢+ hlsin24)d¢ @)

dh = 1 — acos2¢ + fcos2¢p —k'h(1 +ycos2¢ —ch)
or
dh = —2hasin2¢|:1 +<cx—gc—v‘8- cos2q§+7c'h<1 +§%>+ - _-]dqﬁ ‘ 4)

The term in k' may be neglected as insignificant in comparison with uncertainties due to
errors of observation. On the line of levels from San Diego to Seattle, with an average elevation
of about 1000 meters, and stretching through a difference of latitude of about 15°, the ortho-
metric correction amounted to about one and one-quarter meters, while the term in question had
an effect of less than half a millimeter. The neglected terms in (4), involving higher powers in
@, B, and k&’h have even less effect on the result, so for all practical purposes the equation may
be written:

dh = ——2hasin2c/6[1 +<a—‘3§)cos2¢]d¢ )

By this equation one may compute the orthometric correction to an observed difference
in elevation. After corrections have been applied for curvature and refraction, the two points
sighted an the level rods are on the same level surface. The rods measure the distances from
this level surface to the points on which they rest, but since the point on the more northerly rod
(speaking for the northern hemisphere) is nearer sea level than the corresponding point of the
level surface on the other rod by an amount which may be calculated from (5), the observed
difference in rod readings must be corrected by (5) to obtain the required difference in elevation
above sea level. Equation (5) may be extended to far greater distances than those of a single
sight by using for % the average height of the instrument between the points whose difference
in elevation is to be found.

Tables on pages 54 to 56 contain quantities useful in computing from (2) and (5) the
orthometric and dynamic corrections.

In table 1 the argument is the latitude; the quantities tabulated in the second and third col-

. . . 2
umns are for computing by (5) and consist, respectively, of the factor 2asin2 q’)[l + (oz - —§>cos2 qS]

sin1’, called 0, and its logarithm; sin 1’ is included so that d¢ may be taken in minutes of are.
The orthometric correction to the difference of elevation between two points (elevation of
second point minus elevation of starting point) is then — Chd¢, where % is the average elevation
of the instrument between the points, d¢ is the difference of latitude in minutes, positive when the
second point is north of the first. Any unit of length may be used for %; the orthometric.
correction computed as above is then expressed in the same unit.
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The fourth and fifth columns contain, respectively, the quantities acos2¢— gfcos?2¢
(called D,) and its logarithm.
The expression — (wcos2¢ — feos?2¢)h = — D,k constitutes the dvnamic correction for latitude

. 2 9
andisexpressed in the same unit as 2. The remaining term of (2), — k’%(l +7cos2¢ — fé—ch), con-

stitutes the dynamic correction for elevation. In table 2, %(1 +Tcos‘2¢—§ch>, abbreviated

as D,, is tabulated under the two arguments ¢ and % (expressed in meters), and in Table 2a
log D, is given for the same arguments. The total dynamic correction is then —.D,h— D b2

Ezample 1: If the elevation above sea level of Liake Michigan be 177 meters at Chicago,
latitude 41° 53’, what is it at Milwaukee, in latitude 43° 03’¢? In making the computation the
mean elevation of the lake, , may be assumed to be 177 meters.  d¢p= +70’. The tables give
C for the middle latitude, 42° 28/, as .000001532; whence the elevation at Milwaukee = 177 —
Chdp=177~0.0190 =176.9810 meters.

Ezample 2: Suppose levels are to be carried from 4, in south latitude 80° 35/, to a point B, in
south latitude 30° 17/, and that the average elevation of the instrument between these points
is 600 meters. For the middle latitude 30° 26/ the table gives C'= —.000001342, the negative
sign following from the rule at the head of the table, and d¢= —30° 17/ — (—30° 35’) = +18'.
The correction to the quantity (Observed elevation at B—Observed elevation at A) is then
~600 % (—.000001342) X 18 = +.0145 meters.

For examples of computation of dynamic numbers from the orthometric elevations the table
on pages 83-84 may be consulted.

An idea of how closely actual gravity at a point conforms to the value derived from the
formulas used above, which give the values in “‘free-air,” may be obtained by consulting page 12
of Special Publication No. 12 of the United States Coast and Geodetic Survey.

It may be noted, that, granted numerous observations of the relative intensity of gravity
along the line of leveling, the dynamic numbers may be obtained free from any hypothesis as
to the change in the intensity of gravity much more readily than the orthometric elevations.
Suppose it is assumed that the dynamic number of a certain point is known and that it is
desired to carry it forward by leveling to a second point, not far distant. For this purpose,
besides the observed difference of level, there is needed the average intensity of gravity along the
line, which may be taken as the value of gravity at a point whose projection on the geoid is the
middle point of the line joining the projections of the two points and whose elevation is the mean
of the elevations, which need not be known with the greatest exactness. This value could be
obtained by direct observation or by interpolation from adjacent gravity stations. Let this

value be called ¢ and the observed difference of elevation 4h’. Then the difference in dynamic
4

numbers is @_g

45
A similar process, using theoretical instead of observed gravity, could pe used to carry

the dynamic number from one point to another without the intervention of ‘orthometric eleva-~
tions. TFor this purpose, if g now represents theoretical gravity the formula can be written

9 4n’ = 4n' — (D, +kh)dh’. The last term serves as a correction to the observed 44’ to obtain

45

the difference in the dynamic numbers. The value (approximate) of % is %g (See p. 51.)

But should the law of variation of gravity with elevation and latitude not be known, and
the orthometric elevation of a point be desired with only observed values of gravity available,
its dynamic number must first be found, then both the distance and gravity must be measured
along the vertical into the earth to the surface of the geoid, the dynamic number being derived
at eachstep. 'The dynamic number zero marks the surface of the geoid, and the distance betweep
the given point and the point on the surface whose dynamic number is zero is the orthometric

elevation of the former
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TasLE 1.—Orthometric and dynamic corrections.

. [For explanation of the use of the tables, see p. 52.]

Cis expressed in units of the ninth decimal place. D is expressed in units of the sixth decimal place. —10is to be understood with log ¢ and
log Di. In south latitudes, if ¢ is taken negative, C is negative. The sign of D, is independent of the sign of the latitude.]

Lﬂtgf‘de 0. Log C. Dy, LogDa Lat;st'udo G, Log C. Dy. Log D;.

o 4 -] ?

0 00 0 3 +2637 7.4211 15 00 4 767 | 8.8850 42285 | 7.8588
10 + 9 ! 1.9506 +2637 7.4211 10 + 775 | 3.8893 +2277 | 7.8573
20 + 18 | 2.2516 +2637 7.4211 20 + 783 | 3.8936 42269 | 7.83558
30 + 27 | 2.4277 +2637 7.4210 30 + 790 | 3.8979 42261 - | 7.8543
40 + 36 | 2.5526 +2636 7.4210 40 + 798 | 3.9090 +2253 | 7.3528
50 + 45 | 2.6495 +2636 7.4209 50 4 806 | 3.9062 +2245 | 7.3513

1 00 + 54 | 2.7287 +2635. 7.4208 16 00 + 813 | 38.9102 +2237 | 7.3497
10 + 62 | 2.7956 +2635 7.4208 10 + 821 | 3.9143 42220 | 7.3481
20 + 71 | 2.8536 +2634 7.4206 20 + 828 | 3.9182 42221 | 7.8465
30 + 80 | 2.9047 +2633 7.4205 30 + 836 | 8.9222 +2213 | 7.3449
40 + 89 | 2.9504 | -+2633 7.4204 40 + 843 | 3.9260 +2204 | 7.3432
50 + 98 | 2.9917 42632 7.4202 50 + 851 | 8.9209 +2196 | 7.3416

2 00 + 107 | 3.0295 +2631 7.4201 17 00 4 858 | 3.9336 +2187 | 17.3399
10 + 116 | 3.0642 +2629 7.4199 10 + 866 | B8.9374 +2179 | 7.3382
20 +125 | 3.0963 +2628 7.4197 20 + 873 | 3.9410 42170 | 7.3364
30 + 134 | 8.1262 +2627 7.4195 30 + 880 | 3.9447 42161 | 7.3347
40 + 143 | 3.1541 +2626 7.4192 40 4+ 888 | 8.9483 +2152 | 7.8329
50 + 151 | 8.1804 +2624 7.4190 50 + 895 | 3.9518 +2143 | 7.3311

3 00 + 160 | 3.2051 +2623 7.4187 18 00 + 902 | 3.9553 42134 | 7.3293
10 + 169 | 38.2285 +2621 7.4185 10 +909 | 3.9588 +2125 | 7.3274
20 + 178 | 3.2507 +2619 7.4182 20 + 017 | 3.9622 +2116 | 7.3256
30 4187 | 8.27118 +2617 7.4179 30 + 924 | 3.9656 42107 | 7.3237
40 + 196 | 3.2019 +2615 7.4176 40 + 931 | 3.9689 +2098 | 7.3218
50 +205 | 38.3111 +2614 7.4172 50 + 938 | 3.9722 42089 | 7.3198

4 00 + 214 | 3.3204 +2611 7.4169 19 00 + 045 | 8.9755 +2079 | 7.3179
10 + 222 | 3.3470 +2609 7.4165 10 + 052 | 8.9787 42070 | 7.8159
20 4231 | 3.3640 +2607 7.4161 20 + 959 | 3.9819 +2060 | 7.3139
30 + 240 | 3.3802 -+2605 7.4157 30 + 966 | 3.9850 +2051 | 7.3119
40 4249 | 3.3959 +2602 7.4153 40 + 973 | 3.9881 +2041 [ 7.3098
50 4258 | 3.4110 +2600 7.4149 50 + 980 | 3.9012 +2031 | 7.3077

5 00 + 266 | 3.4256 +2597 7.4145 20 00 + 987 | 38.9942 +2021 | 7.3056
10 + 275 | 3.4308 +2594 7.4140 10 4994 | 38.9972 42011 | 7.3035
20 + 284 | 3.4533 42592 7.4136 20 1000 | 4.0002 +2001 7.3014
30 + 203 | 3.4665 +2589 7.4181 30 +1007 | 4.0031 +1991 | 7.2992
40 4302 | 3.4793 +2586 7.4126 40 +1014 | 4.0060 +1981 | 7.2970
50 + 310 | 3.4917 42583 7.4121 50 +1021 | 4.0088 +1971 | 7.2947

6 00 +319 | 3.5038 +2580 7.4115 21 00 +1027 | 4.0117 +1961 7.2025
10 4 328 | 3.5155 +2576 7.4110 10 41034 | 4.0145 +1951 | 7.2902
20 + 336 | 3.5269 +2573 7.4104 20 +1040 | 4.0172 41940 | 7.2879
30 + 345 | 8.5380 +2570 7.4099 30 +1047 | 4.0200 +1930 | 7.2855
40 + 354 | 3.5488 +2566 7.4093 40 +1054 | 4.0227 +1919 | 7.2832
50 + 362 | 3.5593 42563 7. 4087 50 41060 | 4.0253 +1909 | 7.2808

7 00 + 871 | 3.5696 +2559 7.4080 22 00 41066 | 4.0280 +1808 | 7.2784
10 + 38 | 3.5796 +25556 7.4074 10 +1073 | 4.0308 +1888 | 7.2759
20 4 388 | 3.5804 +2551 7.4068 20 41070 | 4.0831 +1877 | 7.2734
30 +397 | 8.5989 42547 7.4061 30 41086 | 4.0357 -+1866 | 7.2709
40 + 406 3.6082 +2543 7.4054 40 +1092 4.0382 +1855 7.2684
50 + 414 | 3.6173 +2539 7.4047 50 41098 | 4.0407 41844 | 7.2658

8 00 + 424 3.6262 +2535 7.4040 23 00 41104 | 4.0432 +1833 | 7.2632
100 | -+ 431 | 3.6350 +2531 7.4033 10 +1111 4.0456 +1822 | 7.2606
20 + 440 | 3.6435 +2526 7.4025 20 +1117 | 4.0480 +1811 | 7.2579
30 4449 | 3.6519 42522 7.4018 30 +1123 | 4.0504 +1800 | 7-2553
40 + 457 | 3.6600 +2518 7.4010 40 41120 | 4.0527 +1789 | 7.2528
50 + 466 | 3.6680 +2513 7.4002 50 +1135 4.0550 +1777 7.2498

9 00 + 474 | B8.6759 +2508 7.3994 24 00 +1141 | 4.0573 +1768 | 7.2470
10 + 483 | 3.6836 +2503 7.3985 10 +1147 | 4.0596 +1755 7.2442
20 + 401 3.6912 -+2499 7.3977 20 +1153 4.0618 +1743 7.2413
30 + 500 | 3.6986 +2494 7.3068 30 +1159 | 4.0640 +1732 | 7.2384
40 + 508 | 3.7058 +2489 7.3960 40 41165 | 4.0662 +1720 | 7.2355
50 + 516 | 3.7130 +2484 7.3951 50 +1171 | 4.0684 41708 | 7.2326

10 00 - 525 3.7200 +2478 7.3942 25 00 +1176 4.0705 +1697 7.2206
10 + 533 3.7269 +2473 7.3932 10 | 41182 4.0726 +1685 7.2266
20 + 542 | 3.7336 +2408 7.3923 20 +1188 | 4.0747 +1673 7.2235
30 -4 550 3.7403 2462 7.3913 30 +1193 4.0768 +1661 7.2204
40 + 558 | 3.7468 +2457 7.3904 © 40 +1199 | 4.0788 +1649 | 7.2173
50 + 567 | 3.7532 +2451 7.3894 50 41205 | 4.0808 41637 | 7.2141
11 00 + 575 | 3.7595 42445 7.3884 26 00 +1210 | 4.0828 +1625 | 7.2109
10 - 583 3.7657 +2440 7.3873 10 +1216 4.0848 +1613 7.2076
20 + 501 | 3.7718 +2434 7.3863 26 +1221 | 4.0868 41601 | 7-2044
30 4 600 3.7778 +2428 7.3852 30 +1227 4.0887 +1589 7.2010
40 + 608 | 3.7837 +2422 7.3841 40 +1232 | 4.0006 +1576 | 7.1977
50 + 616 | 3.7896 +2416 7.3831 50 +1237 | 4.0924 +1564 | 7.1043
1200 4624 | 3.7953 +2410 7.3819 27 00 41243 | 4.0043 +1552 | 7.1908
10 | +632 | 3.80090 | +2403 7.3808 10 | +1248 | 4.0961 +1539 | 7.1873
20 + 640 | 3.8065 +2397 7.3797 20 +1253 | 4.0979 +1527 | 7.1838
30 + 649 | 3.8119 +2391 7.3785 30 +1258 | 4.0097 +1514 | 7.1802
40 + 657 | 3.8173 +2384 7.3773 40 +1263 { 4.1015 +1502 | 17.1766
50 + 665 | 3.8226 +2377 7.3761 50 41268 | 4.1032 +1489 | 7.1729

13 00 + 673 | 3.8278 42371 7.3749 28 00 +1273 | 4.1049 +1476 | 7.1692
10 4 681 | 3.8330 +2364 7.3736 10 +1278 | 4.1066 41464 | 7.1654
20 + 680 | 3.8380 +2357 7.3724 20 +1283 | 4.1083 41451 | 7.1616

: 30 + 697 | 3.8430 +2350 7.3711 30 41288 | 4.1100 +1438 | 7.1577
40 + W05 | 3.8480 42343 7.3698 40 +1293 | 4.1116 41425 | 7.1538
50 + 713 | 8.8528 +2336 7.3685 50 +1208 | 4.1132 41412 | 7.1499

14 00 + 720 | 3.8576 +2329 7.3672 20 00 41303 | 4.1148 41399 | 7.1459
10 + 728 { 3.8623 +2322 7.3658 10 +1307 - | 4.1164 +1386 | 7.1418
20 + 736 | 3.8670 +2315 7.3645 20 +1312 | 4.1180 41373 | 7.1377
30 + 744 | 8.8716 +2307 7.3631 30 +1317 | 4.1195 +1360 | 7.1335
40 + 752 | 8. 8761 +2300 7 3617 40 +1321 4 1210 41347 | 7,123
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1.C'is expressed in units of the ninth decimal place. D, is oxpressad in units of the sixth decimal place. ~10 is to be understood with log € and

log D;. Insouth latitudes, if ¢ is taken negative, C is negative. The sign of D is indepondent of the sign of the latitude.}

Latg;l.ldll C. Log C. D,. Log Dy. || Latitude (o Log C. Di. Log Di.
e o s
30 00 | 41330 | 4.1240 | 41820 | 7.1207 45 00 | 1538 | 4.1870 00 | —cc

10 | 41335 | 4.1254 | 1307 | 7.1163 10 | -+1538 | 4.1870 | — 15 | 5.1870,

20 | +1339 | 4.1269 | +1204 | 7.1118 20 | +1538 | 4.1870 | — 31 | 5.4880,

30 | +1344 | 4.1283 | 41280 | 7.1073 30 | -+1538 | 41870 | — 46 | 5.664la
40 | 41348 | 4.1207 | 41267 | 7.1027 40 | 41538 | 4.1869 | — 62 | 5.7891,
50 | 41352 | 4.1311 | -+1253 | 7.0980 50 | 1538 | 4.1869 | — 77 | 5.88604
31 00 | -+1356 | 4.1324 | 1240 | 7.0933 46 00 | #1537 | 41868 | — 92 | 5.9651n
10 | 1361 | 4.1388 | 41226 | 7.0886 10 | 415837 | 4.187 { — 108 | 6.0320,

20 | 41365 | 441351 | 41213} 7.0837 20 | 1537 | 41866 | — 123 | 6.0900.

30 | +1369 | 4.1364 | 1199 | 7.0788 30 | 41536 | 4.1865 | — 138 | 6.141la
40 41373 4.1377 +1185 7.0738 40 1536 4.1864 — 154 6.1868,
50 | <1377 | 4.1389 | 1171 | 7.0087 50 | 41535 | 4.1862. | — 160 | 6.2282,
32 00 | 1381 | 4.1402 +1158 | 7.0636 47 00 | 41535 | 4.1860 | — 1S4 | 6.2650,
©10 | 41385 | 41414 | 1144 | 7.0584 10 | +1534 | 4.1859 | ~— 200 | 6.3006,
20 | 1389 | 4.1426 | 1130 | 7.0531 20 | 41533 | 41857 | — 215 | 6.3328,

30 | 1303 | 4.1438 | +1116 | 7.0417 30 | 41533 | 4.1855 | — 230 [ 6.3627a

40 | 1306 | 4.1450 | 41102 | 7.0423 40 | 41532 | 4.1852 | — 246 | 6.3900n
50 | 41400 | 4.1461 | 41088 | 7.0367 50 | 41531 | 4.1850 | — 261 | 0.4160,
33 00 | 1404 | 4.1478 | 1074 | 7.0311 48 00 | 41530 | 4.1848 | — 276 | 6.4416,
10 | 41407 | 4.148¢ | +1060 | 7.0254 10 ( 41529 | 4.1845 | — 202 | G.4630a

20 | 1411 | 4.1495 | 41046 | 7.0196 20 | 41528 | 4.1842 | — 307 | 6.4872,

30 1414 4.1506 +1032 7.0137 30 +1527 4.1839 ~ 322 6. 5083,

40 | 41418 | 41517 | +1018 | 7.0077 40 | +1526 | 4.1836 | —~ 338 | 6.5284y

50 | 41421 | 4.1527 | +1004 | 7.0016 50§ 41525 | 41833 | — 353 | 6.5470a

34 00 | 1425 | 4.1538 | 4989 | 6.9954 49 00 | 41524 | 41820 | — 363 | 6.5600,
10 | 41428 | 4.1548 | 4975 | 6.9801 10 | +1523 | 4.1826 | — 383 | 6.58364

20 | 41431 | 4.158 | 4961 | 6.9827 20 | 41521 | 4.1822 | — 399 | 6.6003,

30 | 1435 | 4.1568 | 947 | 6.9762 30 | 41520 | 41818 | — 414 | 6.6168,

40 +1438 4.1577 + 932 6. 9695 40 1519 4.1814 — 429 6. 6324,

50 | 41441 | 4.1587 | 4918 | 6.9628 50 | 41517 | 4.1810 | — 444 | 6.6475,

35 00 { -+l444 | 4.1596 | -+ 903 | 6.9550 50 00 | 1516 | 4.1806 | - 450 | 6.0621,
10 | 1447 | 4.1605 | + 880 | 6.0489 10 | H1514 | 4.3501 | — 474 | 6.6762,

20 | +1450 | 4.1614 | + 85 | 6.9418 20 [ 512 | 41797 | — 490 | 6.6899,

30 | +1453 | 4.1623 | 4860 | 6.9345 30 | 1511 | 4.1792 | -~ 505 | 6.7031,

40 | 41456 | 4.1632 | + 846 | 6.9271 40 | 41500 | 41787 | -~ 520 | 6.7159,

50 | +1450 | 4.1640 | + 831 | 6.9196 50 | 1507 | 4.1782 | — 535 | 6.7283.

36 00 41462 4.1649 + 816 6.9119 51 00 +1505 4.1777 — 550 6. 7404,
10 | 41464 | 4.1657 | -+ 802 | 6.9040 10 | 41504 | 4.1770 | — 565 | 6.7521,

20 | 41467 | 4.1665 | + 787 | 6.8960 20 | +1502 | 4.1766 | — 580 | 6.7635a

30 41470 4.1673 + 772 6. 8879 30 ~+1500 4.1760 -~ 595 6. 7746,

40 | 1472 | 4.1680 | -+ 758 | 6.8795 40 | +1498 | 41754 | — 610 | 6.7854,

50 +1475 4.1688 + 743 6.8710 50 +1496 4.1748 - 625 6. 7959,

37 00 +1478 4.1695 + 728 6. 8623 52 00 +1493 4.1742 — 640 6. 8062,
10 | 41480 | 4.1703 | + 713 | 0.8534 10 | 41491 | 4.1736 | — 655 | 6.8162,

20 | 41482 | 4.1710 | -+ 699 | 6.8443 20 | 41489 | 4.1729 | — 670 | 6.8260,

30 +1485 4.1717 -+ 684 6. 8350 30 -+1487 4.1723 — 685 6.8356,

40 | 41487 | 4.1723 | + 669 | 6.8254 40 | 41485 | 41706 | ~ 700 | 6.8449,

50 +1489 4.1730 + 654 6. 8157 50 +1482 4.1709 —~ 715 6. 8540

38 00 41492 4.1736 + 639 6. 8057 5 00 +1480 4.1702 — 729 6. 8629,
10 +1494 4.1743 -+ 624 6.7054 10 +1477 4.1695 — 744 6. 8716,

20 ~+1496 4.1749 + 609 6. 7849 20 +1475 4. 1687 — 758 6. 8802,

30 41498 4.1755 + 694 6.7741 30 +1472 4.1680 — 174 6, 8885,

40 +1500 4.1761 + 579 6.7630 40 +1470 4.1672 — 788 6.8967,

50 +1502 4.1766 4 564 6.7516 50 +146:o7 4.1664 -~ 803 6.9047,

39 00 +1504 4.1772 - 540 6.7399 54 00 +14Q4 4.1656 — 818 6.9126,
10 +15008 4.1777 + 534 6.7278 10 ~+1461 4.1648 — 832 6. 9203,

20 +1507 4,1782 -+ 519 6.7154 20 +1459 4.1639 — 847 6.9270,

30 +1509 4.1787 4 504 6. 7026 30 41456 4.1631 — 862 6.9353,

40 +15611 4.1792 -+ 489 6. 6894 40 -+1453 4.1622 — 876 6.9426,

50 +1513 4,1797 + 474 6.6758 50 -+1450 4.1613 -~ 801 6.9497,

40 00 -++1514 4.1802 + 459 6.6617 55 00 1447 4.1604 —~ 905 6.9567,
10 41516 4,1806 + 444 6.6472 10 +1444 4.1595 — 920 6. 9636,

20 1517 4.1810 + 429 6.0321 20 41441 4.1585 - 934 6.9704,

30 +-1519 4.1815 4 413 6.0164 30 41437 4. 1526 - 048 6. 97:70.l

40 +1520 4.1819 + 398 6. 6002 40 +1434 4. 1566 —~ 963 6. 9835,

50 ~+1521 4.1822 -+ 383 6.5833 50 41431 4. 1556 — 677 6. 9900,

41 00 | 41523 | 4.1826 | 4868 | G6.5057 56 00 | 1428 | 41546 | - 091 | 6.9963,
10 1524 | 4.1830 + 353 | 6.5473 10 +1424 | 4.1536 | —1008 | 7.0025.

20 +1525 4. 1833 + 337 6. 5281 20 +1421 4.1526 -~1020 7.0086n

30 +1526 4.1836 + 322 6. 5080 30 +1417 4, 1515 ~1034 7. 01464

40 15627 4.1839 -+ 307 6. 4869 40 +1414 4.1504 —1048 7.0205,

50 41528 4.1842 -} 202 6. 4648 50 +1410 4.1493 —1062 7.0293.,

42 00 +1529 4.1845 + 276 6.4414 57 Q0 41407 4.1482 --1077 7.0320,
10 +1530 4.1848 + 261 6. 4166 10 +1403 4.1471 —~1091 7.0377n

20 1531 4.1850 + 246 6.3904 20 +1399 4.1459 —11056 7.0432,

30 41532 4.1853 + 230 6. 3625 30 -+1396 4.1448 -11}9 7. 0%87,,

40 +1533 4.18556 + 215 6.3326 40 +1392 4. 14?6 ~1133 7.0641y

b0 +1534 4.1857 =+ 200 6.3005 50 +1388 4.1424 —1147 7.0694,

43 00 41534 4.1859 + 184 6. 2658 58 00 +1384 4.1412 ~1160 7.06464
. 10 +15635 4. 1861 + 169 6.2280 10 1380 4.1399 -~1174 7.0698,
20 +1535 4.1862 4 154 6. 1867 20 +1376 4,1387 —~1188 7.0748,

30 +1536 4.1864 + 138 6.1410 30 +1372 4. 1324 —~1202 7.0798,

40 41536 4.1865- + 123 6. 0899 40 +1368 4. 1?01 —-12}6 7.0848n

50 +1537 4.1866 + 108 6.0319 50 +1364 | 4.1348 —1229 7.0866n

44 00 41537 4. 1867 + 92 5. 9650 59 00 41360 4. 1?35 -~1243 7.0944,
10 +1537 4.1868 + 77 5.8859 10 +1356 4.1321 —1256 7.0091n

20 +1538 4.1869 4+ 62 5. 7860 20 +1351 4.1308 -~1270 7.10%8,,

30 41538 4.1869 | 4+ 46 5., 6641 30 +134? 4.1204 ~1283 7. 105411

40 1538 4.1870 + 3 5.4880 40 +1343 4, 1380 —1207 1129,

50 | +1538 | 4.1870 | + 15 | 5.1870 50 | +1338 | 4.1206 | ~1310 | 7.1174a
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[ Cisexpressed in units of the ninth decimal place. D, is expressed in units of the sixth decimal place. ~10 is to bo understood with log € and
log D1. Insouth latitudes, if ¢ is taken negative, C is negative. The sign of D; is independent of the sign of the latitude.]

La(,:;}lde C. Log C. Di. Log D,. || Latitude C. Log C. Dy Log Dy.
o 14 o 14
60 00 +1334 4.1251 —1324 7.1218, 66 10 41139 4.0566 —1784 7.2513a
10 -+1329 4.1237 —1337 7.12624 20 +1133 4.0543 —1795 7.2541,
20 +1325 4.1222 —1350 7.1305, 30 +1127 4.0519 —1806 7.2568,
30 +1320 4.1207 —1364 7.1347x 40 +1121 4. 0496 —~1818 7.2595n
40 +1316 4.1192 —1377 7.1389n 50 +1115 4.0472 —1829 7.2622n
50 -+1311 4.1176 —1390 7.1430, 67 00 +1109 4.0448 —1840 7.2648,
61 00 +1306 4.1160 —1403 7.1471x 10 +1102 4.0423 —1851 7.2674n
16 41302 4.1145 —1416 7.1511, 20 +1096 4. 0398 —1862 7.27000
20 +1207 4.1129 —1429 7.1551a 30 41090 4.0373 —1873 7.2726n
30 +1292 4.1112 —1442 7.1590, 40 +1083 4.0348 —1884 7.2751,
40 +1287 4.1096 —1455 7.1629, 50 +1077 4.0322 —1895 7.2776a
50 41282 4.1079 —1468 7.1667n 68 00 +1071 4. 0296 —1906 7.2800n
62 00 +1277 4.1062 —1481 7.17054 10 +1064 4.0270 —19186 7.2825,
10 +1272 4,1045 —1493 7.17424 20 +1058 4.0243 —1927 7.2849,
20 +1267 4.1028 —1506 7.1779n 30 +1051 4.0216 ~—1937 7.2872,
30 +1262 4.1010 —1519 7.1815, 40 41045 4.0189 —1948 7.2896,
40 +1257 4.0993 —1531 7.1851q 50 +1038 4.0162 —1958 7.2919,
50 +1252 4.0975 —1544 7.1887, 69 00 41031 4.0134 —1969 7.2942,
63 00 +1246 4.0957 —1557 7.19224 10 +1025 4.0106 —1979 7.2965,
10 +1241 4.0938 —1569 7.19565 20 +1018 4. 0077 —1939 7.2987,
20 +1238 4.0919 —1581 7.1990, 30 +1011 4. 0048 —1999 7.3009,
30 41230 4.0901 ~1594 7.2024, 40 +1004 4. 0019 —2010 7.3031,
40 +1225 4.0881 —1606 7.2058y 50 40998 3. 9990 —2020 7.3053,
50 +1220 4.0862 —1618 7.2091n 70 00 -+0991 3. 9960 —2030 7.3074n
64 00 +1214 4.0843 —1630 7.2123, 10 40984 3.9929 —2039 7.3095,
10 41209 4.0823 —1643 7.2155, 20 40977 3. 9899 —2049 7.3116,
20 +1203 4.0803 —1655 7.2187q 30 +0970 3.9868 —2059 7.3137,
30 41197 4. 0782 —1667 7.2219, 40 -+0963 3. 9836 —2069 7.3157x
40 +1192 4.0762 —1679 7.2250q 50 40956 3.9805 ~—2078 7.3177,
50 +1186 4.0741 —1691 7.2280, 71 00 3-0949 3.9773 —2088 7.3197,
65 00 +1180 4.0720 —1702 7.2311, 10 40942 3.9740 —2097 7.3217,
10 +1175 4. 0699 —1714 7.2341, 20 40935 3.9707 —2107 7.3236,
20 +1169 4.0677 —1726 7.2370, 30 40928 3.9674 —2116 7.3255,
30 +1163 4, 0656 ~1738 7.2400n 40 40921 3. 9640 —2125 7.3274,
40 +1157 4.0633 —1749 7.2429, 50 40913 3. 9606 —2134 7.3293,
50 +1151 4.0811 —1761 7.24575 72 00 40906 3.9572 —2144 7.3311n
66 00 41145 4.0589 ~1772 7.2485,

TABLE 2.—Giving D, in units of the tenth decimal place.

[See p. 53. Dy is always positive.]

h 0 1090 2000 3000 4000 5000
¢ meter. meters. | meters. | meters. [ meters. | Imeters.

0 1575 1574 1574 1574 1574 1373

10 1575 1574 1574 1574 1574 1573

- 20 1574 1574 1574 1574 1573 1573
30 1574 1574 1574 1573 1573 1573

40 1574 1573 1573 1573 1573 1572

50 1573 1373 1573 1573 1572 1572

60 1573 1573 1572 1572 1572 1572

70 1573 1572 1572 1572 1572 1572

80 1572 1572 1572 1572 1572 1571

90 1572 1572 1572 1572 1571 1571

TABLE 2a.—Giving log D,. —10 is to be supplied as part of the characteristic

[See p. 53. Dgis always positive.]

h 0 1000 2000 3000 4000 5000
¢ meter. meters. | moters. | meters. | meters. | meters.

10 1971 L1971 1970 1970 1969 1968
20 -1971 . 1970 . 1970 1069 . 1968 . 1968
30 197 .1970 . 1969 1968 . 1968 . 1967
40 1969 . 1969 . 1968 1967 1 1966
50 . 1968 . 1968 . 1967 1966 . 1965 1965
60 1967 1966 . 1966 . 1965 1965 1964
0 . 1966 . 1966 1965 . 1964 . 1964 1963
80 1966 . 1965 1965 1964 1963 1962
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METHODS OF OBTAINING THEORETICALLY BEST ORTHOMETRIC ELEVATIONS.

In the table on pages 81-82 there is given the theoretically best orthometric elevation of
each junction point of the precise level net. In the table on pages 83-84 there are given the
theoretically best elevation and the dynamic number for each junction point in the precise
level net and for a few other bench marks at the highest and the lowest points of some lines and at
points where the grade changes suddenly.

There are shown below the methods which may be used to obtain the theoretically best
orthometric elevation of any other bench mark in the precise level net for which the standard
elevation is given, it being assumed that in each case there are known the distances of the bench
mark in question from the two junction points between which it lies and also the theoretically
best orthometric elevations of those junction points.

Two cases are to be considered, according to whether or not the erthometric correction has
been applied to the standard elevations. The simpler case, in which the orthometric correction
has been applied to the standard elevations, is considered first.

Let h, and h, be the known standard elevations of the two junction points, P, and P,,
between which lies the point P whose theoretically best orthometric elevation is desired. If
the bench mark in question is on a spur line, the point P should be taken at the base of the
spur, since, in this first case, all points on the spur will receive the same correction.

Let %, h;, and h, be the theoretically best orthometric elevations of P, P,, and P,, respectively.

Let ¢=h—h, ¢, =h, —h,, and ¢;=h, —h, be the corrections to thestandard elevations necessary
to make them the theoretically best orthometric elevaiions. By assumption ¢, and ¢, are known
and c is desired.

Let d, and d, represent the distances of P from P, and P, along the line of levels, both
taken as positive, regardless of direction. (If the bench mark is on a spur line, d, and d, should
be measured to the base of the spur only.) Where a line of levels follows a railroad, the distances
from the bench mark and the junction points may be obtained from a railroad time-table.
Where the line of levels does not follow a railroad, the distances my be scaled from any reliable
topographic map. For bench marks of the Coast and Geodetic Survey it is best to use the dis-
tances as published in the direct results of leveling. (For references to sources, see pp. 59-71.)

The formula for ¢, the desired correction, is—

or c=c,+ fﬁdz 1)
¢ od,+ czd1
or = dl ¥ dz

Either the first or the second form of (1) will be more convenient than the third when
there are many elevations to be computed between any two junction points.

If the orthometric correction has not been applied to the standard elevations, the formula
is more complicated. In this case it is necessary to compute the orthometric correction to
the observed difference of elevation between P and P, and between P and P,.

Let %, represent the orthometric correction to the quantity h—h,, that is, the correction to
the observed difference of elevation necessary to carry orthometric elevations from P, to P; let k,
represent the orthometric correction to the quantity h—h,, that is, the correction needed to
carry orthometric elevations from P, to P; then k=%, —k,, the orthometric correction to the
quantity b, —h,.

These orthometric corrections may be computed from the approximate elevations of
points along the line of levels by the formulas and tables on pages 51-56. No details of the
orthometric correction for Coast and Geodetic Survey lines of levels have yet been published
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The formula for ¢, the desired correction, is—

_ e—c¢—k .
c—cl+——~———d1+d2 d, +k,
o e, —¢,+k
or c——c,,+——————dl_}_d2 d,+k, 2)
_le+k)d, + (e, + ),
or c= d,+d,

Either the first or the second form of (2) will be more convenient than the third when
.there are many elevations between the two junction points to be computed, since the fraction
which multiplies d, or d, is constant between any two junction points. If P is on a spur, k,
and %, (also d, and d, as mentioned before) are to be taken to the base of the spur only; for a
long spur the additional correction needed to carry orthometric elevations from the base of the
spur to the point in question should be applied. '

The following examples will illustrate the above formulas. For each of the two bench
marks used in the examples, the theoretically best elevations are shown in the table on pages
83-84. It should be borne in mind that the standard elevations contain the orthometric
correction only for bench marks west of the imaginary line connecting those junction points in
the Mississippi Valley named on page 74.

(1) To find the theoretically best orthometric elevation of U.S.G.S. 7273, assumed to be
P, near Riordan, Ariz. Riordan is on the line between the junction points Goffs L, which
may be taken as P,, and Belen U.S.G.S. 4793, assumed to be P,. The respective distances
d, and d, are 416 and 574 kilometers. (See pp. 42,43, and 48.) From the table on page 82 itis
found for Goffs that ¢, =786.7842—786.7998 = —0.0156 meter and for Belen ¢,=1461.2611—
1461.2516 = ++0.0095 meter. Then since the orthometric correction has already been applied
to the standard elevation at Riordan, equation (1) is to be used, giving—

o —0:0156 X 574+0.0195 X 416 _
- 990 =

This, added to the standard elevation, 2216.5503 meters,* gives 2216.5452 meters, as shown
in the table on page 84. '

(2) To find the elevation of Q at Swearengin, Ala., on the basis of the general adjustment.
This bench mark is on a spur which branches off from the main line at bench mark J, at Wood-
ville, Ala., between Chattanooga, Tenn., and Decatur, Ala. (See Appendix 3, Report for 1903,
p. 246.) Taking Woodville J, as P, Chattanooga 698 N as P,, and Decatur P.B.M. 50 as P,
it is found that d, =116 kilometers and d,=80 kilometers. - From this publication, p. 81, it is
found that—

—0.0051 meter.

¢, =211.2396 —211.1690 = 4-0.0706 meter.
¢,=169.6716 —169.5959 = 4+ 0.0757 meter.
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