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"LETTER

¥ROM THE

SUPERINTENDENT OF THE COAST AND GEODETIC SURVEY

SUBMITTING THE

Annual Report for the fiscal year ended fune 30, r9o3.

CoasT AND GEODETIC SURVEY,
Washingiton, D. C., September 2, r9o3.
Sir: In conformity with law and with the regulations of the Treasury Department,
I have the honor to submit herewith, for transmission to Congress, the Annual Report
of progress in the Coast and Geodetic Survey for the fiscal year ended June 30, 1903.
It is accompanied by maps illustrating the general advance in the field work of the Sur-

vey up to that date.

Respectfully, O. H. TITTMANN,

Superintendent.

The Honorable the SECRETARY OF THE TREASURY.
3
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REPORT OF THE SUPERINTENDENT.

O. H. TITTMANN, Superintendent.
FRANK WALLEY PERKINS, Assistant Superiniendent.

OFFICE OF THE SUPERINTENDENT.

W. B. Chilton, (lervk.
H. M. Fitch, Confidential Clerk.

THE WORK OF THE YEAR.

Full details of the work of the year are given in the following pages, and they will
show that gratifying progress was made in all directions in work devolved on the
Survey. ‘This is true of the work along new lines, as well as of the resurveys which
are made necessary by the constant changes of the coast line and the depths in rivers,
harbors, and ocean bars, the increase in the draft of ships, and by the addition of new
features continually added by commercial and other developments. Through the
cooperation of the Chief of Engineers, U. S. Army, this Survey is enabled to make fu.i
use of the valuable information obtained by the Engineer Corps in their work of river
and harbor improvemerit. .

It is the policy of this Bureau to utilize to the fullest extent possible all available
sources of information, and thus to avoid duplication of work.

The regions in which work was done are briefly recapitulated as follows:

Astronomic determinations were made in Alaska, Hawaii, Nevada, the Philippine
Islands, and Tennessee.

Base lines were measured in the Philippine Islands.

Coast Pilot work was done in Maine, Massachusetts, New Hampshire, Philippine
Islands, and Rhode Island.

Gravity was determined in Michigau..

Hydrographic work was done in Alaska, Florida, Massachusetts, Maryland, New
York, Philippine Islands, Porto Rico, Virginia, and Washington.

Leveling work was done in Kansas, Louisiana, Nebraska, Oklahoma, Texas, Utah,
and Wyoming.

Magnetic observations were made in Alabama, Alaska, Arizona,-Arkansas, Atlantic
Ocean, Colorado, District of Columbia, Florida, Georgia, Hawaii, Kansas, Louisiana,
Maryland, Michigan, Minnesota, Mississippi, Nebraska, New Jersey, New Mexico,
Nevada, Ohio, Oklahoma, Pennsylvania, Philippine Islands, Porto Rico, South Caro-
lina, Tennessee, Texas, Virginia, Washington, and Wisconsin,

9
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Reconnaissance work was done in Alaska, Massachusetts, Minnesota, North Caro-
lina, North Dakota, Oregon, and South Dakota.

Tide observations were made in California, Florida, Hawaii, Maryland, New York,
Pennsylvania, Philippine Islands, and Washington.

Topographic work was done in Alaska, District of Columbia, Florida, Maryland,
Massachusetts, New York, Philippine Islands, Virginia, and Washington.

Triangulation was done in Alaska, Florida, Georgia, Kansas, Maine, Maryland,
Massachusetts, Mississippi, New York, North Carolina, Oklahoma, Oregon, Philippine
Islands, South Carolina, South Dakota, Texas, Virginia, and Washington.

The field work necessary for the revision of two volumes of the United States Coast
Pilot, covering the coast from St. Croix River, Maine, to Point Judith, Rhode Island,
was completed.

In Alaska surveys were continued in Icy Straits and Prince William Sound, and
the geographic position of points on St. Lawrence and Nunivak islands was determined.

In Porto Rico hydrographic work was continued in the harbors and bays and off-
shore.

The director of coast surveys in the Philippine Islands, an officer of the Coast and
Geodetic Survey (with a detail of assistants), in cooperation with the Insular Govern-
ment, has continued the important work of charting the imperfectly known waters of
the archipelago. The largest vessel belonging to the Survey was also on this duty
throughout the year. Detached surveys, based upon astronomic determinations, and
including base measure, triangulation, topography, hydrography, and tide observations,
were made at various points, and many additional telegraphic longitudes were deter-
mined. Magnetic observations were continued. The work of the suboffice of the
Survey in Manila was executed with promptness and dispatch. Sixteen new charts
were issued during the year, and the following volumes of sailing directions were also
issued:

1. North and West Coasts of Luzon.
1I. Southwest and South Coast of Luzon and Adjacent Islands.
II1. Coasts of Panay, Negros, Cebu, and Adjacent Islands.
IV. Coasts of Samar and Leyte and East Coast of Luzon,
V. Coasts of Mindanao and Adjacent Islands.

Excellent progress was made in the various operations of the magnetic work of the
Survey. Magnetic work at sea on board the vessels of the Survey was inaugurated.
The determination of the absolute elements of terrestrial magnetism was made in 416
localities, embracing 461 stations, distributed over 31 States and Territories and three
foreign countries. Additional details in regard to magnetic work are given under the
Office of Inspector of Magnetic Work and in Appendix I to this Report. Magnetic
observatories were maintained at Cheltenham, Maryland, at Baldwin, Kansas; at Sitka,
Alaska, and at Homolulu, Hawaii, and a magnetic observatory was established on
Vieques Island, Porfo Rico. A continuous record of the changes in the earth’s mag-
netism was obtained at these observatories. Special observations were made at the
observatories during the year on the 1st and 15th of each month at the formal request
of the German Government, in order to cooperate with foreign observatories in inter-
national magnetic work during the time of the antarctic expeditions which were sent
out from Germany and Great Britain,
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Continuous tide observations with self-registering gauges were maintained at eight
stations, including one station in Hawaii and one in the Philippine Islands.

The following publications were received from the Public Printer and issued during
the year: ,

Annual Report for 1902; List and Catalogue of Publications 1816-1go2; United
States Coast Pilot for Chesapeake Bay and Tributaries (revised edition); Catalogue of
Charts (revised edition); Tide Tables for 1903 and 19o4; United States Declination
Tables for 1go2. The usual Monthly Notices to Mariners were prepared, published,
and issued each month.

In the Office the current work was kept up to date and very satisfactory progress was
made in the various branches of its work, including computation, reduction, platting,
and discussion of results of field work, and the preparation of results for publication by
chart and otherwise. A large amount of special work was also done for other Depart-
ments, notably for the State Department for use in the preparation of the United States
case for presentation to the Alaska Boundary Tribunal, including special drawings and
maps, the photographic reproduction of numerous old maps and their preparation for
photolithographing, and the preparation, verification, and general supervision of two
atlases.

Satisfactory results were obtained during the year at the latitude observatories
maintained under the direction of the Survey at the expense of the International Geo-
detic Association at Gaithersburg, Md., and Ukiah, Cal., for the purpose of measuring
the variations of latitude.

The Superintendent was appointed a member of the commission created to re-mark
the boundary line between the United States and Canada from the Rocky Mountains
westward, and two officers were detailed for the field work. Two officers were detailed
to assist in the preparation of the United States case for presentation to the Alaska
Boundary Tribunal, and the Superintendent also aided in this work personally and by
preparing material at the office in Washington. One officer continued on duty as a
member of the Mississippi River Commission. The two officers appointed by the
United States Supreme Court to retrace and mark the boundary line between the States
of Virginia and Tennessee completed that duty and joined in making the final report
which settled a controversy a century old. The officer assigned to make a resurvey of
Mason and Dixon’s Line, at the request of the commission created by the States of
Maryland and Pennsylvania, continued the work of reestablishing the old monuments,
One officer was detailed to the charge of the triangulation of the city of New York, and
another to the charge of the preparation of the Coast and Geodetic Sutvey exhibit for
the Louisiana Purchase Exposition. One officer took charge of the survey of the
Louisiana oyster beds, in cooperation with the State oyster commission. Five speed
trial courses were verified at the request of the Navy Department. A portion of the
boundary line between Esmeralda and Nye counties, Nev., was established by astro-
nomic observations at the request of the county authorities, and one officer assisted in
laying a cable to the Farallone Islands, off the coast of California.

Details in regard to the field work of the year can be found in Appendix 1 to this
Report.

The appropriations for the United States Coast and Geodetic Survey on account of
the fiscal vear of 1903 amounted to $849 460. Of this amount the sum of $210 245 was
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for the pay of officers and men and to man and equip the vessels of the Survey, and
$29 0oo was for the repairs and maintenance of ‘the vessels of the Survey. The sum of
$40 ooo was for Office expenses. ‘The remainder of the appropriation was about equally
divided between expenses of parties in the field and salaries of the field and office forces.

I. OFFICE QB ASSISTANT IN CHARGE.

ANDREWUBRAID, Assistant in Charge.

The Assistant in Charge has direct supervision of the work of the divisions of the
Office as follows:
Computing Division,
Division of Terrestrial Magnetism.
Tidal Division.
Drawing and Engraving Division.
Chart Division.,
Instrument Division.
Library and Archives Division.

He also has charge of the purchase of supplies and of all other expenditures for
office expenses, the care of the public property at the Office, the distribution of the
publications of the Survey distributed free, and of the sale of the Charts, Coast Pilots,
and Tide Tables published by the Survey. All the routine work connected with the
above duties was done under his direction by the employees in the Office. Details
in regard to all of this work are given in Appendix 2 to this Report by extracts from
the report of the Assistant in Charge and by a compilation from the reports of the

Chiefs of Divisions.
II. OFFICE OF INSPECTOR OF HYDROGRAPHY AND TOPOGRAPHY.

H. G. OGDEN, Juspector,

~A.—7Inspection.

Dlersonnel.
Name. Occupation.
D. B. Wainwright. .......... Assistant.
JJH. Roeth ................ Clerk; July 1 to Aug. 6.
J M. Griffin................ Clerk; Aug. 4 to June 3o.
R.D.Chase ................ Clerk.
B.W. Bembry .............. Writer; July 7 to 21,

The Inspector visited the field parties engaged in the hydrographic survey of
Chesapeake Bay in the fall of 1902 and made numerous trips to inspect the different
vessels and supervise the repairs of the vessels while in progress. He also performed
such special duties as were assigned to him from time to time. In his absence Assistant
Wainwright took his place as Acting Inspector and performed such duties as required
immediate attention. Assistant Wainwright devoted the greater portion of his time
to special work which was assigned to him. An account of this work is given under

his name in Appendix I.
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All matters of detail connected with the hydrographic and topographic work in the
field and with the vessels of the Survey received attention and the usual routine duties of
correspondence and of keeping the record of the ships, including enlistments, discharges,
hospital service, ratings, etc., necessary in revising the pay rolls were kept up to date.
Orders and instructions to the hydrographic and topographic parties were prepared for
issue by the Superintendent. ’

The work of the Coast Pilot party is under the direction of the Inspector and details
are given under the heading, ‘' B.—Coast Pilot party.’”” The Inspector calls attention
to the fact that the party while engaged in collecting information in the field for the
revision of Coast Pilot volumes, as stated in Appendix I, located g7 rocks and ledges,
50 of which had not been previously reported, and that this information required 29
separate items in the Notices to Mariners to give the necessary information to the
public.

Assistant Ogden states in his report that the officers and clerks under his direction
rendered most efficient and satisfactory service,

THE ‘VESSELS AND THEIR HYDROGRAPHIC WORK.
THE STEAMER BACHE. »
Assistant P. A. Welker, Commanding.

On July 1, 1902, this vessel was at Baltimore, Md., undergoing repairs. On the
16th she sailed for her working grounds at Hyannisport, Mass., arriving there on the
24th, and during the summer was engaged in hydrographic examinations in Nantucket
Sound and a resurvey of Pollock Rip Slue. In October a special examination was made
at Rockport, Mass., at the request of the Navy Department, and on October 20 field
work was closed and the vessel returned to Jersey City, N. J., to outfit for the next
- season’s work in Porto Rico.

On January 13 she sailed for San Juan, P. R., arriving there on the 20th. She
was engaged on the hydrography of the west coast of the island in the vicinity of
Mayaguez until March 27, when she sailed for Key West, Fla., to make some special
examinations in that vicinity requested by the Navy Department. On June g she sailed
from Key West to Fort Monroe, Va., arriving there on the 14th, having stopped en
route at Charleston, S. C., for magnetic observations. On the igth she sailed for
Baltimore, Md., to complete arrangements for repairs, and at the close of the year was
still there. '

THE STEAMER BLAKE,

Assistant R. L. Faris, Commanding.
Assistant D. B. Wainwright, Commanding.

On July 1, 1902, this vessel was at Baltimore, Md., refitting for work on the New
England coast, and on the 2oth she sailed for Hyannisport, Mass., arriving there on
the 23d. During the summer she was engaged in examinations and resurveys in Nan-
tucket Sound that had been requested by the Navy Department. She continued on
this work until September 20, and then proceeded to New Bedford to locate a rock dis-
covered by the U. S. S. Brooklyn when leaving that port after the summer maneuvers.
She remained at Buzzards Bay making further examinations until October 8, and then
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sailed for Baltimore, Md., to undergo extensive repairs before proceeding again to Porto
Rico. On January 21 she sailed for San Juan, P. R., arriving there on the 27th. She
was engaged during the season in Porto Rico in a survey of Vieques Sound. On May
30 she sailed for Fort Mouroe, Va., where she arrived on June 5, and after receiving
bids for repairs sailed for Baltimore, Md., on the gth. She arrived at Baltimore on the
1oth, where additional bids for repairs were secured. The repairs having been awarded
to a Norfolk firm, she sailed for Norfolk on the 22d, and was placed in the hands of the
contractors, where she was at the close of the year. )

On the arrival of the ship at Baltimore in October she was extensively repaired to
strengthen her for the voyage to Porto Rico. Several of the main-deck beams were
renewed and a new main deck was laid. She was also refastened and remetaled.

The hydrographic survey of Vieques Sound was executed with great care and more
than ordinary detail. The statistics show an average of 15% linear miles of sounding
lines and over 400 soundings to 1 square mile of area. As an additional precaution in
the execution of this work two leadsmen were employed at all times, but the soundings
of only one leadsman was recorded, the second leadsman being used as a check upon
the first. ‘The limits of the previous season’s work seem to have covered the area of
the irregular bottom, as Assistant Faris reports that during the last season the average
depths were from 12 to 15 fathoms, the only shoal spot having been developed near the
center of the Sound with about 724 fathoms.

On July 15, 1902, Assistant D. B. Wainwright assumed command of the ship
during the temporary absence of Assistant Faris. He was relieved on August 13,
Assistant Faris having returned to duty.

THE SCHOONER EAGRE.

Assistant J. B. Boutelle, Commanding.

At the opening of the year this vessel was employed upon experimental work in
connection with the wireless telegraph in the vicinity of New York, and on July 16,
1902, she sailed for Oxford, Md., to resume the hydrographic survey of the Choptank
River. Her operations included the hydrography along the shore of the bay from
Poplar Island to Jaynes Point. On the 16th of December she sailed for Baltimore, and
was put in ordinary for the winter. She was not put in commission again, as her
disposal had been decided upon, and she had been offered to the Navy. The negotia-
tions were still pending at the close of the year.

THE STEAMER ENDEAVOR.
Assistant F. A. Young, Commanding.

On July 1, 1902, this vessel was at work on the Kettle Bottoms, Potomac River,
and continued on that survey until December 18, when she sailed for Baltimore, Md.,
for a general overhauling and repairs. She was laid up at Baltimore during the winter
under a reduced crew until May 29, when she sailed for Colonial Beach, Va., to resume
work on the Kettle Bottoms, and at the close of the year she was still engaged upon
that survey. '
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THE STEAMER HYDROGRAPHER.

John Ross, Nautical Expert, Commanding.
Assistant H, W. Rhodes, Commanding,
Assistant W, 1. Vinal, Commanding.

At the beginning of the year this vessel was at Eastport, Me., engaged upon a field
revision of United States Coast Pilots, Parts I-II and III, extending from the eastern
boundary to Narragansett Bay. She completed this work and arrived at New York
on October 22, and in Washington on November 1. On November 12 Assistant
H. W. Rhodes was assigned to the command, and she proceeded on the same date to
Chincoteague Inlet, Virginia, for a resurvey of the shoals off Fishing Point. This work
was completed on December 18, when she sailed for Norfolk, Va., on her way to Key
West, Fla. The necessary repairs were put on the ship while she was at Norfolk, and
she sailed on January 31 for Key West, arriving there on February 4.

While at Key West the position of Smith Shoal Bank that had recently been
discovered north of Northwest Passage was determined, and the triangulation was
extended to redetermine positions on the Keys as far as the Marquesas to facilitate the
hydrographic surveys to be undertaken later by the steamers Backe and Hydrographer
jointly.

On the 31st of March Assistant Rhodes was relieved of the command of the vessel
by Assistant W. I. Vinal, and from that date until the close of the season the Hydrog-
rapher’'s work was continued in conjunction with the steamer Backe.

On June ¢ the field work was closed and the vessel sailed for Norfolk, arriving
there on the 16th, and proceeded to Baltimore on the 19th, where she was at the end
of the year, awaiting the award of proposals that had been invited for repairs.

THE SCHOONER MATCHLESS.
Assistant G. L. Flower, Commanding.

At the beginning of the year this vessel was at work in Tangier Sound, and, com-
pleting the surveys in that vicinity, sailed for Baltimore on October 23, for a necessary
overhauling. On November 19 she proceeded to Elk River, Maryland, and made a
further examination of the hydrography near the mouth of that river. She returned to
Baltimore on December 14, where repairs previously arranged for were put upon the vessel,
and on February 6 she sailed for West River, Maryland, to take up the hydrographic
and topographic surveys of the bay southward, to include Herring Bay. She continued
on that work until April 17, when she sailed for Annapolis and began a resurvey of the
Severn River, upon which work she was engaged at the close of the year.

THY SCHOONER QUICK.
THY SCHOONER SPY.
THE SCHOONER TRANSIT.
These vessels are moored at Madisonville, La., in the charge of a ship keeper.
THE STEAMER GEDNEY.
Assistant E. F. Dickins, Commanding.

Thhis vessel was at Seattle, Wash., on July 1, 1902, having been put in commission
on the first of the preceding month. On July 3 she sailed for her working ground
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in Icy Strait, and during the summer was engaged in completing the hydrography in
that vicinity. On October 15 she closed field work and sailed for Seattle, arriving there
on the 24th, where she was supplied with a new propeller, and, on November g, she
sailed for San Francisco and was put out of commission on November 30 at Oakland, Cal.

On June 29 she was put in commission at Qakland, and at the close of the year
was outfitting to resume operations in southeast Alaska in the vicinity of Davidson

Inlet.
THE STEAMER McARTHUR,

Assistant ¥, Westdahl, Commanding.

At the beginning of the year this vessel was on her working ground in Prince
William Sound, Alaska, and during the season she completed the survey of the
entrance, including the determination of the Sea Lion Rocks. On October 2 she sailed
for San Francisco, via Juneau and Seattle; arriving at the latter place on the 24th and
at San Francisco on November 2, and was placed out of commission on November 3o.
Since that date she has been laid up in the charge of shipkeepers in Oakland Creek,
California.

THE STEAMER PATHFINDER,
Assistant J. J. Gilbert, Commanding,

On July 1 this vessel was engaged in a survey of San Bernardino Strait and vicinity,
Philippine Islands. Subsequently surveys were made of San Pedro Bay and the south
coast of Samar to Sungi Point, and before the close of the season on the southwest
coast of Leyte, including a search for Carmen Rock, and to define the limits of Danajon
Bank. The surveying season closed with March, and the ship proceeded to Hongkong,
China, to be overhauled, arriving there April 12, and was still there at the close of the

year.
THE STEAMER PATTHERSON,

Assistant J. I, Pratt, Commanding.

This ship was at Seattle, Wash., at the beginning of the year, and sailed from
there for Dutch Harbor and Bering Sea on July 19, arriving there on the zoth. She
was engaged during the season in transporting chronometers between St. Michaels and
St. Lawrence and Nunivak Islands and Dutch Harbor. The field work was closed at
the end of September, and on October 7 she sailed for Seattle, Wash., arriving there
on the 24th. ‘The crew was immediately reduced to a minimum and the ship put in
the hands of the contractor to complete certain repairs that had been deferred until a
convenient time. On January 24 she was put out of commission, gnd early in May was
again put in commission, and sailed for Sitka on the 17th of June in compliance with
instructions to proceed to Controller Bay and Prince William Sound, and incidentally
on the outward voyage to run sounding lines Cape Flattery—Sitka and Sitka—Prince
William Sound that had been requested by the Chief Signal Officer U. S. Army.

' THE STEAMER YUKON.

This vessel was laid up at St. Michael, Alaska, at the close of the season of 1900,
and has not been in service since that date, but in the fall of 1902, when the Patlerson
had completed her trips with chronometers in Bering Sea, she was brought down to
Dutch Harbor by a crew detailed from the Paflerson and hauled out at that place and
remained there at the close of the fiscal year,
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THE STEAMHER TAKU,

Assistant H. P. Ritter, Commanding.

This vessel was laid up in the vicinity of Orca, Alaska, during the winter, and was
used by Assistant H. P. Ritter in the late spring for the accommodation of his party
during the summer months in the surveys of the upper part of Prince William Sound.
She was laid up again in the fall when the party was disbanded. In May last, when
Assistant Ritter resumed field work, he again took her out for the accommodation of
his party, and she was in use by his party at the close of the fiscal year.

B.—Coast Pilot party.

Personnel.
Natue. . Occupation,
|
i : .
JohnRoss.................. ' Nautical Expert.
H.C. Graves ............... | Do.
H.L Ford................. Do.
F. H. Ainsworth............ | Watch Officer; Jan. 1 to 23,
T.0. Pulizzi................ i Writer.

At the beginning of the fiscal year United States Coast Pilot, Part VI and a
supplement to Part VII were in the hands of the printer, and the proof reading of
Part VI had been completed. The finished volume of Part VI was received on July 21
and the supplement to Part VII on the 22d. The preparation of the volume of the
United States Coast Pilot covering the Pacific coast was continued during the year by
Mr. H. L. Ford when not on other duty. A supplement to Part VIII was prepared
and sent to the printer on November 21 and was received in printed form on January
7. ‘'The revision of Parts I-II, from information obtained and from notes made
in the field by the Coast Pilot party early in the fiscal year, was completed, and on
February 16 the manuscript was sent to the printer. The proof reading of this volume
was completed before June 30. A supplement to Part IV was prepared and sent to
the printer on February 21 and a supplement to Part V on February 24. These
supplements were received in print on April 2 and 4, respectively. The revision of
Part III, from informmation obtained and from notes made in the field by the Coast Pilot
party, was completed.

The usual routine office work of keeping a record of all changes, reported dangers,
hydrographic examinations, new information available, and other data necessary for the
compilation, revision, and correction of the Coast Pilot volumes was kept up to date.
The correction of all Coast Pilot volumes by hand to date of issue from the Office
required a considerable portion of the time of the party. The following members of the
party were absent on duty in the field for the periods covered by the dates given, and
the account of their work in the field is given under the proper headings in Appendix I
to the Annual Report.

John Ross, Nautical Expert, July 1 to November 10.

H. C. Graves, Nautical Expert, July 1 to November 10.
H. L. Ford, Nautical Expert, November 12 to December 30.

94—03
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During the absence of Mr. John Ross in the field, Mr. H. L. Ford had immediate
charge of the work in the office. A larger number of Coast Pilot volumes than usual
were issued during the year and the demand for them is increasing.

The following table shows the nuniber of volumes of the Coast Pilot corrected for
issue during the fiscal year: '

i ;

I Parts. Vols. Parts, Vols.
-1, . 141 VII..ooooioiii ., 214

l ... e 67 || VIIT ......oveiiaia.t, 261
IV 358 | Alaska C.P............... 99

Vo 248 —

i VI 588 Total. .. ovenn.. 1 849

|

III. OFFICE OF INSPECTOR OF GEODETIC WORK.
J. ¥. HAYYORD, [uspector.

The duties of the Inspector of Geodetic Work were performed at the Office in
Washington and no trips to the field on inspection duty were necessary during the fiscal
year. ‘The necessary supervision was exercised continually throughout the year by a
careful examination of the correspondence with field parties, by examination of the
records sent in from time to time, and by an inspection of the computations and results.

IV. OFFICE INSPECTOR OF MAGNETIC WORK
L. A. BAUER, Juspector.

The duties performed by this office involved the inspection of the field work of the
magnetic survey of the territory of the United States and the work at the magnetic
observatories. The necessary directions and information required by the field and
observatory parties were prepared and the records made by them were carefully exam-
ined. The Inspector visited the parties at work in Maryland, Pennsylvania, Wisconsin,
Minnesota, Nebraska, Kansas, and Texas during September, October, and November,
and went to Porto Rico and Florida in February and March.

The entire activity of the Survey in magnetic work during the fiscal year may be
summarized as follows:

Magnetic work on land.—'The determination of the elements of terrestrial magnetism
was made in 416 different localities, embracing 461 stations, distributed over 31 States
and Territories (also at stations in three foreign countries), as stated in the table on
the following page.
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Summary of magnetic survey work executed between July 1, rgoz, and june 30, 1903.

. Number of | 01d locali- | Declina. , Di Intensit,
State. Ifc;‘cwlli)gz:f s‘:ati‘:)ens. tlespxi":gccu- ! ob;;::e a obser\?ed. observegt

‘ Alabama ................. 6 6 2 l 6 6 6

| Alaska ............o0enln, 5 10 3 10 1 I
Arizona .......c..0iinn.. 42 54 2 58 54 53

¢ Arkansas................. 2 2 .. 2 2 2

' Colorado ................. 4 5 1 5 5 5
District of Columbia ...... I 1 1 12 8 11
Florida................... 25 26 5 27 29 28
Georgia .........00 ol 4 4 1 5 8 7
Hawaiian Islands ......... 1 1 I I I 1
Kansas....... ........... 48 49 5 60 64 64
Louisiana ................ 15 15 2 15 15 18
Maryland ................ 7 8 5 16 13 14
Michigan................. 7 14 3 14 16 17
Minnesota................ 1 3 1 3 3 3
Mississippi .........oo. L0 6 6 oI 6. 6 6
Nebraska................. 19 19 1 20 21 21
Nevada................... 3 3 .. 2 .. ..
New Jersey ............... 1 1 .. 1 1 I
New Mexico.............. 7 7 1 7 7 7
New York.........oocon 2 2 .. 2 .. ..

j Ohio.......cvvvvenuvnnn. 18 19 I 18 19 19
Oklahoma ................ 1 I .. 1 1 1
Pennsylvania ............. 42 52 5 52 42 44
Philippines............... 9 9 1 9 9 9
Porto Rico.............ut. 9 9 3 T 7 10
South Carolina...,........ 4 | 1 4 8 4
Tennessee ................ 1 1 .. 1 .. ..
Texas ....oooevnnnnnnnnn. 71 72 8 76 78 79 !
Virginia.................. 11 12 I 12 12 12
\Vashington ............. I I 1 I 1 1
Wisconsin................ 1 1 1 I 1 2
Atlantic Ocean............ 32 32 o 32 .. ..
PacificOcean............. I 1 I .. ..
Foreign countries......... i 9 11 I 12 13

Total......... ...... ! 416 461 57 503 450 459 !
|

Special examinations were made in the locally disturbed areas in the vicinity of
Mackinac Straits, Michigan, and Duluth, Minn., and the regions around Phoenix and
Flagstaff, Ariz., were examined to ascertain whether it was practicable to establish a
magnetic observatory near either place. '

Magnetic work at sea.—A series of observations to determine the magnetic declina-

“tion, dip, and intensity was made on board the steamer Blake in January, during her
voyage from Baltimore to Porto Rico, and on her return trip in May and June, and the
ship was ‘‘swung’’ three times on the outward and twice on the return voyage. A
series of magnetic observations was made on the steamer BRacke, with her standard
compass, on avoyage from Key West, Fla., to Norfolk, Va., in June, ‘‘swinging’’ the ship
three times. Similar observations were made on the steamer Pa#ferson on her voyage
between Seattle, Wash., and Sitka, Alaska, in June, and the ship was ‘‘swung’’ twice.
These surveying vessels belong to the Coast and Geodetic Survey, and all the vessels of
the Survey will hereafter aid in this work at sea to the extent permitted by their instru-
mental outfit and the exigencies of the service upon which they are engaged,
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Magnetic observatory work. —Continuous magnetic records were obtained with self-
registering instruments throughout the year at the four observatories maintained, at
Cheltenham, Maryland, Baldwin, Kansas, Sitka, Alaska, and Honolulu, Hawaii, and
after March 1 at Fort Isabel, Vieques Island, Porfo Rico. All of the observatories
cooperated, in special observations, with the Antarctic expeditions, and with Professor
Birkland in connection with his Norwegian polar light work, to the extent permitted
by their instrumental outfit.

The Ziegler North Polar Expedition and the expedition of the Baltimore Geo-
graphic Society to the Bahama Islands were supplied with the necessary instruments,
the observers were instructed in their use, and a memorandum was prepared for the
Superintendent, suggesting directions in detail for the guidance of these two expeditions
in their magnetic work, in response to requests made to him by the officers in charge.

V. OFFICE OF THE DISBURSING AGENT.

Scorr NESBIT, Disbursing Agent.

Personnel.
Name, | ' Occupation.
N.G.Henry .......... Confidential clerk and cashier.,
Ida M. Peck .. ........ Typewriter and clerk.
Jennie H. Fitch....... Clerk.
Louis C. Ritchie ... ... Captain’s clerk (temporarily detailed in connec-
tion with the accounts of vessels).

The disbursement of the funds of the Coast and Geodetic Survey is made not only
by payments directly from the Disbursing Agent, but also largely through the medium
of its Assistants and other officers when acting as chiefs of parties. These officers, on
approval of the Superintendent, receive advances of public funds from the Disbursing
Agent in lump sums, under authority of an Executive order dated March 26, 1886.

In conformity to this order there are now 56 officers of this Survey bonded in the
sum of $2 ooo or more each. When acting as chiefs of parties these officers receive
from time to time such advances of public funds from the Disbursing Agent as are
required to meet the necessary current expenses of the work in hand.

A ledger account is kept in the office of the Dishursing Agent with each chief of
party receiving an advance, each one being charged with all advances made to him, and,
on the other hand, receiving credit for all proper expenditures made by him when
presented on regularly supported vouchers after such accounts have been audited in the
office of the Disbursing Agent and found to be correct. All of these accounts, with
their supporting vouchers, are then sent to the First Auditor of the Treasury for
examination and audit by him.

This system has met the needs of this service, and results, in the main, in economy
and good order in its expenditures.

The statement of expenditures in detail will be submitted to Congress as usual in a
separate report, and will appear in the Annual Report of the Superintendent for the
fiscal year ending June 30, 1904.



REPORT OF THE SUPERINTENDENT. 21

VI. OFFICE OF THE EDITOR OF PUBLICATIONS.

IsaAac WINSTON, Zdilor.

Personnel,
Name. Occupation.
| C.]. Hellerstedt ...... Stenographer and typewriter, July 1 to Aug. 18.
i A. R. Decker......... Stenographer and typewriter, Sept. 3 to Apr. 13.
| E.C.Hall............ Stenographer and typewriter, Apr. 14 to June 30.

The compilation of the Annual Report (pp. 1 to 799) covering the progress of the
work of the Survey during the fiscal year July 1, 1901, to June 30, 1902, was completed,
made ready for printing, and laid before Congress on December 17, 19o2. ‘This report
was available for issue in the following May. ‘The proof of the United States Declina-
tion Tables for 1902 (pp. 1 to 405) and of the List and Catalogue (pp. 1 to 237) of the
publications issued by the Survey 1816~1902 was read, and these publications were
issued during the year.

Numerous requests for information were referred to the Hditor, who compiled the
necessary data. ‘The record of all the officers of the Survey who rendered service in
the United States Army and Navy during the war of the rebellion was compiled from
the Annual Reports and from the Archives of the Survey for the use of the Secretary
of War and the Secretary of the Navy. All laws bearing on the Coast and Geodetic
Survey, with a statement showing changes made in recent years, were compiled for the
use of the Department of Commerce and Labor.

Progress was made in the compilation of the Annual Report covering the operations
of the Survey, July 1, 1902, to June 30, 1903.

The publications of the Coast and Geodetic Survey during the fiscal year are given
in the following list: :

Report of the Superintendent Coast and Geodetic Survey, showing the progress of the
work, July 1, 1g0I, to June 30, 1902, with the following appendices, published also as
separates:

No. 3. Triangulation in Kansas,

No. 5. The Magnetic Observatories of the United States Coast and Geodetic Survey, in
operation July 1, 1902.

No. 6. Results of Magnetic Dip and Intensity Observations made by the United States
Coast and Geodetic Survey between January, 1897, and June 30, 1go2.

No. 7. Hawaiian Geographic Names.

No. 9. A Bibliography of Geodesy.

List and Catalogue of the publications issued by the United States Coast and Geodetic
Survey, 1816~-1g02,

United States Declination Tables and Isogonic Charts for 1902, and Principal Facts relating
to the Earth’s Magnetism.

United States Coast Pilot, Atlantic Coast, Part VI, Chesapeake Bay and Tributaries.

Tide Tables for the year 1903.

Tide Tables for the year 1904.

Twelve Notices to Mariners (one for each month),
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The following volumes of sailing directions were prepared and published in Mauila,
P. 1., and issued from the Suboffice at that place.
I. North and West Coast of Luzon.
II. Southwest and South Coast of Luzon and Adjacent Islands.
III. Coasts of Panay, Negros, Cebu, and Adjacent Islands.
IV. Coasts of Samar and Leyte and East Coast of Luzon.
V. Coasts of Mindanao and Adjacent Islands.

NECROLOGY.

The following officers of the Survey died while on active service during the fiscal
year:

William C. Willenbucher, one of the most expert hydrographic draftsmen in this
country, died of heart disease at Providence Hospital on the 2d of July. Mr. Willen-
bucher entered the Coast Survey Office as assistant to his father, the then principal
hydrographic draftsman, in 1873, and in 1892 succeeded to his position. His long
experience, both in field and office, together with a peculiar natural aptitude, had
developed a power of interpretation of hydrographic work which has rarely been
equaled, and his loss to this Survey is one that will long be felt.

W. E. Gordon, an Extra Observer, in the Philippine service of the Coast and
Geodetic Survey, died of cholera at Danao, Island of Negros, Philippine Islands, on
November 11, 1902. He was born at Rosedale, Ind., March g, 1869, and completed
his education by a two-years’ course at the Missouri State University. After leaving
college he entered the service of the United States as a civil engineer on river improve-
ment work under the direction of the Corps of Engineers, U. S. Army, in 1893, and
remained until 1894, when the work upon which he was engaged was discontinued.
He was then employed as a surveyor by the Mendota Coal and Mining Company of
Mendota, Mo., and remained in their service until he entered the Coast and Geodetic
Survey, Philippine Service, except for a short time during the Spanish war, when he
served four months in 1899 as first-class sergeant, Sixth Company, U. S. Volunteer
Signal Corps, until mustered out with his company, and received his discharge with
indorsement as follows: ‘‘Service honest and faithful. Character excellent. Served in
command most satisfactorily.’”” He entered the Coast and Geodetic Survey, Philippine
Service, February, 1902, and after reaching the islands received an appointment as
Extra Observer, and the Director of Coast Surveys has stated that he rendered ‘‘excel-
lent and faithful service.”’

Charles Albert Thompson, Watch Officer, Coast and Geodetic Survey, was born at
Newport, R. I., on September 30, 1850, and died at Providence Hospital, Washington,
D. C., on November 17, 1902. He attended St. Johns College, Fordham, N. ¥, and
the Military School at Middletown, Conn. He graduated in the public schools in New
York and at the United States Naval Academy at Annapolis, Md., in 1872. After
graduating at the Naval Academy, he served seven years in the United States Navy,
and also served in the Spanish war as ensign, United States Navy, July 2, 1898, to
February 8, 189g. He entered the service of the Coast and Geodetic Survey as a
Watch Officer on July 1, 1899, and remained in the service until he died. He was
buried in the national cemetery at Arlington with the honors of the service accorded
him by the officers and sailors of the steamer Endeavor, '
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TABULAR INDEX OF FIELD WORK.

EASTERN DIVISION—EAST OF THE MISSISSIPPI RIVER.

Alabama, Maine, Ohio.
Connecticut, Maryland. Pennsylvania.
Delaware, Massachusetts, Rhode Island.
District of Columbia. Michigan. South Carolina,
Florida. Mississippi. Tennessee.
Georgia. New Hampshire. Vermont.
Illinois. New Jersey. Virginia.
Indiana. New York. West Virginia,
Kentucky. North Carolina. Wisconsin.
Nu- i
m%ncnl Character of work. Locality. Chief of party. Name of vessel. | Page. |
No ! |
i
1 | Magnetic observation.| Maryland. Bauer. 36
Michigan. ;
Pennsylvania. i
Wisconsin. ‘
2 | Hydrography. Maryland. Boutelle. Eagre. 36 i
Triangulation. |
3 | Topography. Maryland. ! Donn. 38
Virginia. |
4 | Triangulation. Georgia. Fairfield. 40 |
South Carolina. :
5 | Hydrography. Massachusetts. Faris. Blake. 42
6 | Magnetic observa- | New Jersey. Fleming, 45
tions. Pennsylvania.
7 Hydrog Ehy Maryland. Flower. 46
pogra :
Tnangu atlon
8 | Topography. Maryland. Forney. 50
Virginia,

27
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EASTERN DIVISION—EAST OF THE MISSISSIPPI RIVER—Continued.

Nu- f i '
mir‘ilcal Character of work. Locality. Chief of party. : Name of vessel. | Page,
© No. i

— —_— i
9 | Magnetic observa- | Michigan. French 52
tions. Mississippi. {53
Triangulation. : |
; .
10 | Triangulation. Maine. Granger. ' 54
Massachusetts. |
i
11 | Gravity. Michigan. Hayford. | 54
—_ .. - . ._.‘ — —— |
12 | Triangulation. Massachusetts, Mosman, | 55
Virginia. !
13 | Reconnaissance. Massachusetts. Nelson, 59
Topography. New York.
Triangulation. North Carolina,
14 | Magnetic observa- | District of Columbia. | Preston. 63
tions. Virginia.
15 Hydrogra})hy. New York. Rhodes. 64
Topogra
’I‘nangu atlon. .
16 Hydrogrth). I’lorida. Rhodes. Hydrographer.;, 66
Topograph Virginia,
'I‘nangulatlon.
17 | Coast pilot. Maine, Ross. Hydrographer. 69
Hydrography. Massachusetts.
New Hampshire,
Rhode Island.
i - —.
18 | Magnetic observa- | Maryland. Schultz, 69
| tions. |
19 | Magnetic observa- . Louisiana. Smith, 70
tions.
! - e
20 Tide observations | Florida. 70
(continuous), Maryland.
X New York.
( Pennsylvania.
21 | Topography. Maryland. Vinal, 71
Virginia,
i
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EASTERN DIVISION—EAST OF THE MISSISSIPPI RIVER—Continued.
Nu- I I
m%rical Character of work. Locality. Chief of party. Name of vessel, . Page.
0.
22 } Hydrography. Florida. Vinal, Hy;lrographer.‘ 72
| ) — ]
23 : Experimental obser- Wainwright. L 73
vations. Wireless
telegraphy.
Channel and harbor
sweep.
Quick sounding ma-
chine.
24 | Magnetic observa- [ Alabama, Wallis. 75
tions. Ylorida.
Georgia,
Mississippi.
South Carolina.
25 ! Hydrography. Florida. Welker. Bache. 76
i Massachusetts, \
26 } Hydrography. Maryland. Young. ' I Endeavor. 79
| Topography. Virginia, |
Triangulation. I l
|

MIDDLE DIVISION—BETWEEN

THE MISSISSIPPI RIVER AND THE ROCKY

MOUNTAINS.
Arkansas. Louisiana. North Dakota.
Indian Territory. Minnesota. Oklahoma,
Iowa. Missouri, South Dakota.
Kansas. Nebraska. Texas.
Nu- ; l -
mg\ricﬂ Character of work. ; Locality. Chief of party. Name of vessel. | Page, !
No. |
27 | Magnetic. Kansas. Bauer. 81
’ Minnesota.
! Nebraska.
I Texas.
I i e T
28 | Triangulation. Kansas. Bowie. 81
\ ; Oklahoma,
, I Texas,
U S .
! i
29 | Leveling, Kansas, Burger. 83
Louisiana,
! Oklahoma.
Texas,
30 | Reconnaissance. Minnesota. Burger. 84
Signal Building. North Dakota.
South Dakota.
|
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MIDDLE DIVISION—BETWEEN THE MISSISSIPPI RIVER AND THFE ROCKY
MOUNTAINS—Continued.

Nu-
m%r‘ixcal Character of work. Locality. Chief of party. Name of vessel. | Page,
o.
31 | Leveling. Nebraska. Dibrell. 86
Wyoming.
32 | Triangulation. South Dakota. Ferguson, 87
33 | Leveling. Texas. Libby. 88
34 | Magnetic observa- | Oklahoma. Little. 88
tions. Texas,
35 | Magnetic observa- | Kansas. Preston. 89
tions.
36 | Magnetic observa- | Arkansas. Wallis, g0
tions. Kansas.
Nebraska.
Texas.
WESTERN DIVISION—WEST OF THE ROCKY MOUNTAINS.
Arizona. Montana. Utah.
California. Nevada. Washington.
Colorado. New Mexico. Wyoming.
Idaho. Oregon.
Nu-
m;rical Character of work, Locality. Chief of party. Name of vessel. | Page.
o.
37 | Hydrography. Washington. Dickins, I 92
38 | Hydrography. Oregon. French. 93
Reconnaissance. Washington,
Topography.
Triangulation. [
|
39 | Leveling. Wyoming. King. t g7
40 | Leveling. Utah, Libby. 97
i
41 | Magneticobserva- | Arizona. Little. 97
tions, New Mexico.
42 | Magnetic 6bserva- | Arizona. Preston. 98
tions. Colorado.
New Mexico.
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DETAILS OF FIELD OPERATIONS.

WESTERN DIVISION—WEST OF THE ROCKY MOUNTAINS—Continued.

3I

Niu- |
mericali Character of work.
!

Locality.

Chief of party.

Name of vessel,

Page,

No.
!

43 ; Charge of suboffice.
’ Tide observations.

California.

99

44 . Tide observations.
I

Washington.

99

DIVISION OF ALASKA.

45 | Hydrography.
To ograp{)

Trlangu]atlon

Alaska,

Dickins,

Gedney.

46 | Magneticobserva-

tions.

Astronomic observa-
tions.

Magnetic observa-
tions.

47

Alaska.

Edmonds,

103

Alaska.

Eimbeck,

103

48 | Astronomic observa-
tions,
Base measurement,

Topography.

Alaska.

Morse.

104

Hydrography.
Longitude (chrono-
metric).

49

Hydrography.
Magnetic observa-
tions.

- 50

Alaska.

Pratt,

Patterson.

10§

Alaska,

[ Pratt.

5T Hydrogra}ohy.
Topography

Alaska,

. Ritter.

Patterson.

Taku.

108

110

Astronomic observa-
tions,
Base measurement.

Topography.

52

Alaska,

|
‘ Smith.

Hydrograph {;
Magnetic observa-
tions.
Reconnaissance.
Topography.
Triangulation,

Alaska.

Westdahl.

'

McArthur.,

113
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OQUTLYING TERRITORY.

|
Nu-
merical
No.

Character of work.

Locality,

Chief of party.

Name of vessel,

Iage,

54 ! Special work.
- Tide.

Hawaii.

Alexander.

i116

55 | Astronomic observa-
tions.

Hawaii.

Smith.
Morse.

56 | Magnetic observa-
tions.

57 | Combined operations.

Hawalii.

Weinrich.

Philippine Islands.

58 | Astronomic observa-
tions.

Base measurement.

Hydrography.

Triangulation.

i Philippine Islands.

Putnam.

116

~ Bowie.

59 . Hydrography.
| Topography.
Triangulation.

Philippine Islands.

i Denson.

120

122

60 | Astronomic observa-
tions.
Base measurement,
Hydrography.
Magnetic observa-
. tions. h
opogra .
Trl}z)ul%gulrz)lt%n.

Philippine Islands.

Derickson.

Research,

124

61 | Triangulation.

62 | Triangulation.

63 Astronomic observa-
tions,

Base measurement.

Hydrography.

Magnetic observa-
tions,

Topography.

Triangulation.

i Philippine Islands.

Philippine Islands.

. Fairfield.

128

¥lynn.

131

i Philippine Islands.

Gilbert.

Pathfinder.

64 | Astronomic observa-
tions,

Magnetic observa-
tions,

' Philippine Islands.

McGrath.
Mitchell.
Hill.

131
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OUTLYING TERRITOR Y —Continued.
| Nu ) S : :
it ('incnl Character of work. Locality. l Chiet of party. Name of vessel. | Page.
No. | :
' . . i |
' I
| 65 Astronomic observa- | Philippine Islands. | Morford. 140
| tions. I
| | Base measurement.
‘ | Hydrography.
| Magnehc observa-
' tions.
| | Topography.
j Triangulation,
I | |
I i '
66 | Ma;,nenc observa- | Porto Rico. Bauer, i 141
| tions, | | I
— | | i !
67 | Hydrography. \ Porto Rico. Faris. Blake. 141
i Magnetxc observa-
| tions. !
— l o
68 I‘ Hydrography, | Porto Rico. Parker. 144
| — ]
69 | Hydrography. | Porto Rico. Welker. Bache. | 145 |
[ ' i |
SPECIAL DUTY.
Character of work. Name. Page. '
Magnetic observations. Bauer, L. A. 147 l
Survey of Lomsmna oyster beds, Baylor, J. B. 147 ‘
Surveying in grounds of Agricultural Department. Ferguson, O. W, 147 |
Resurvey of Mason and Dixon’s line, Hodgkins, W. C, 145 |
Marking the Virginia and Tennessee boundary. {1}11:)( ilfél:lgs’nw' C. }149 i
Cape Cod speed trial course. Marindin, H. L. 150
Sands Point speed trial course. Marindin, H. L. 3
Port Jefferson speed trial course. Marindin, H. L. 152 !
Member of Mississippi River Commission. Marindin, H. L. 153 !
Potrero Point speed trial course. Morse, F. 153 |
“Triangulation of the city of New York. Mosman, A. T. 154
Peconic Bay speed trial course. Nelson, John. 155 !
Peconic Bay speed trial course. Ogden, H. G. 156 !
Boundary line between Esmeralda and Nye countles Nev. | Sinclair, C. H. 156 |
Kentucky-Tennessee boundary. Sinclair, C. H. 157
Northwest boundary. Tittmann, O. H, 157 |
Tittmann, O. H. |
Alaska boundary. Hodgkins, W. C. 158 |
’ Baldwin, A. L.
Louisiana Purchase Exposition. Wainwright, D. B. 158
Cable to Farallon Islands. Westdahl, F. 158 !
Cable to Alaska. Westdahl, F. 159 I
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Classification. Page.

34

Classification. Page.
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EASTERN NDIVISION.

MAGNETIC OBSERVATIONS. MARYLAND. L. A. BAUER.
MICHIGAN. .
PENNSYLVANIA.
WISCONSIN.
S. A. DeeL, Magnetic Observer., July 6-25.

J. H. EGBERT, Assistan! Suigeon.
G. C. BALLARD, Assistant Surgeon.

While engaged on inspection duty in the Eastern Division Assistant Bauer made
magnetic observations at the following stations in Aaryland: Cheltenham, Fort
McHenry, Linden, and Upper Marlboro; in Michigan, at Harbor Point, Houghton,
Mackinac Island, Marquette, Round Island, and Saulte Sainte Marie; in Pennsylvania,
at Allegheny, Doylestown, and Greensburg; in Wisconsin, at Milwaukee. Four
stations were occupied on Mackinac Island, and one on Round Island, Mickigan. He
also occupied a station at Fort William, Ontario, Canada. At the stations in Mickigan
and Wisconsin the regular observations to determine declination, dip, and horizontal
intensity were made with a magnetometer, and dip circle observations were also made
with a Lloyd-Creak dip circle, standardized at the Cheltenham Observatory, to determine
dip and relative total intensity.

Asst. Surgs. G. C. Ballard and J. H. Egbert were instructed in the use of instruments
and methods in the field at Upper Marlboro and Linden, Maryland. After receiving
the necessary instructions Doctor Egbert made observations at three stations in #aryland,
Boyds, Dawsonville, and Rockville. :

S. A, Deel, magnetic observer, was assigned to extend the magnetic survey in
Pennsylvania under direction of Assistant Bauer, and made observations at the following
stations between July 7 and 25 : Bedford, Butler, Kittanning, Somerset, and Waynesburg.
He closed work on July 26 and returned to Washington.

HvYDROGRAPHY. MADRYLAND. J. B. BoutkLLr, Commanding,

T'RIANGULATION. Schooner Fagre.
R. McD. MOSER, first Walch Qfficer. July 1 to Sept. 19.
G. E. MARCHAND, Surgeon. Nov. 26 to Dec. 16.
SwEPSON EARLE, Deck Qfficer. July 1 to Oct. 31.
C. M. SparrOwW, Aid.
G. A. BeRrRY, Deck Officer. Oct. 4 to Dec. 16.
F. N. PINNER, Deck Officer. July 1 to July 29,
J. W. Yares, Deck Officer. July 1 to Sept. 3.
L. S. PIQUETT, Deck Officer. July 1 to Dec. 16,
C. E. SKEEN, Deck Officer. July 1 to Dec. 16.

36
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SUMMARY OF RESULTS,

Hydrography:
71 square miles area covered by soundings.
1 004 miles lines sounded.
104 327 soundings made.
1 tide station established.
2 current stations established. .
4 hydrographic sheets completed.
Triangulation:
7 stations occupied.
9 geographic positions determined.

On July 1 the E£agre, J. B. Boutelle, Assistant, Coast and Geodetic Survey, com-
manding, was engaged in making experiments with wireless telegraph apparatus off
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Hydrography, Chesapeake Bay.

Long Island, N. Y., under the direction of Assistant D. B. Wainwright, and the account
of the work can be found under his name. These experiments were concluded on July
11, and the vessel proceeded to Oxford, Md., via New York.
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The Eagre reached Oxford on July 20, and took on board the party (five officers
and five seamen) landed there during the previous month in charge of Watch Officer
Moser to continue the hydrographic work during the absence of the vessel, and resumed
the work in the Choptank River and tributary creeks with the full complement of offi-
cers and men. On August 11 the vessel was moved to Harris Creek at Tilghmans
Island, and from this anchorage the hydrographic work in the creeks named above at -
the mouth of the Choptank River and on the shoals on the eastern side of Chesapeake
Bay between Poplar Island and James Point was completed. A survey was also made
of the 15-foot shoal about 3 miles south and west of James Point.

On October 29 the vessel proceeded to Cambridge, Md., and continued the survey
of the Choptank River as far as Cabin Creek until December 16, when the work for the
season closed and the vessel went to Baltimore. .

The weather was favorable until November and the work made good progress, but
during that month and in December there was much delay on account of bad weather.

TOPOGRAPHY, MARYLAND. J. W. Donn.
VIRGINIA,

SUMMARY OF RESULTS,
Virginia.—/fuly 1 to November 29.

3T square miles area covered.
49 miles shore line rivers surveyed.
45 miles shore line creeks surveyed.
39 miles railroads surveyed.
135 miles roads surveyed.
3 topographic sheets completed.

Maryland.—May 1 lo June 30.

15 square miles area covered.
14 miles river shore line surveyed.
54 miles roads surveyed.

2 topographic sheets completed.

The topographic survey of the Potomac River was in progress on July 1 by a party
under the direction of Extra Observer J. W. Donn, and was continued until November
29, when work was suspended for the winter. During this time the survey of the west
bank of the river was completed from Accotink Creek to Roslyn, Va., opposite George-
town, D. C. Advantage was taken of the proximity of this work to Washington to
assign several Aids, recently appointed, to the party for instruction in the topographic
methods used in the Service, and during July and August four aids, Messrs. Loren,
King, Carpenter, and Libby, were ordered to report to Mr. Doun. None of these
young men had had any experience in togographic work, but -they all had a desire to
learn, and Mr. Donn gave them earnest attention. Unfortunately for the purpose in
view the exigencies of the Service demanded their assistance elsewhere, and it was
necessary to relieve them before any of them had received a month’s instruction.

It was impracticable to secure suitable quarters in the vicinity of Mount Vernon,
and the party was established at Alexandria. In many respects this place proved to
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be very convenient and the work was easily reached on both sides of the city. The
weather conditions were unusually favorable throughout the season, which made it
possible to complete the work, very much in detail, within the limits stated.

Topographic work on the Potomac River was resumed by a party under charge of
Extra Observer Donn on May 1, and continued during the remainder of the fiscal year.
The preliminary arrangements were made previous to that date, and the party was
fortunate in securing the use of an unoccupied house where a mess was established.
The country is sparsely settled, and it was not possible to secure board within a reason-
able distance of the working ground. The party was subsisted with difficulty at this
house, but it was conveniently located, and this plan of living was the most feasible
that could be adopted under the existing conditions. The few existing roads were in
bad condition and the necessity of using- them delayed the work considerably. It was
necessary to traverse a large portion of the area on foot, which also caused delay.

The area surveyed extends along the Maryland side of the Potomac River from
Riscataway Creek to Indian Head. This work was completed by the end of the fiscal
year and preparations were in progress to continue the topographic work on the Virginia
side of the river after June 3o.

TRIANGULATION. GEORGIA. W. B. FAIRFIELD.
SOUTH CAROLINA.

SUMMARY OF RESULTS.

Triangulation:
7 stations occupied.
30 geographic positions determined.

On July 1 the connection of the coast triangulation and the primary triangulation
of the Eastern Oblique Arc of the United States along the Blue Ridge Mountains was
in progress under the direction of Assistant Fairfield, who was making the necessary
observations at the station Dewey Rose. Stations Owens, Beulah, Little Mountain,
Mauldin, Six Mile. Mountain, and Currahee were then occupied in the order stated.
The unfavorable atmospheric conditions prevailing in the region during the greater
portion of the season caused serious delay in the work. Thunder storms were of
frequent occurrence during the summer, and when there was no rain the haze or smoke
.was so thick it was impossible to observe on the lights over the longer lines. On these
lines two lights were used, one above the other and 15 inches apart, in order to increase
the brilliancy, but this plan failed to secure a signal bright enough to be used in
observing when the lines were 4o miles long, or longer, except in clear weather. The
station at Six Mile Mountain was added to the scheme of triangulation for the purpose
of determining the geographic position of Clemson College. It is a sharp peak,
heavily wooded and difficult of access, but it is prominent and commands a view in all
directions.

The observations were finished at Currahee station on September 30, thus completing
the connection between the coast triangulation and the primary triangulation along the
Blue Ridge Mountains. All the necessary preparations for closing work in this region
were completed, and on October 10 the party was disbanded. The stations Mauldin



APPEXNDIX NO. 1.

DETAILS OF FIELD OPERATIONS.

No. 3
&
Vauldin
O
/ %‘i’b
Belton Stack
wey]?/os ><
| 2
v \
&'_.Ho_.lﬁber ort \Beulah
e I \
| AN
II Rose Hill
/ \
\
/ A S y
tandpipe
q/ Fabbovidl
Tigna /-
4 X
! . T Parsons
&
Williams ><
o2,
.
Statute Miles
3 0 5 10
Kilometers
3 W}LIO 5 0 10 20
wReservoir
\ 1 B
\ rst flice
i
! “yHammond Ho
Beech \, /

T
Triangulation, Georgia and South Carolina.



42 . ~ COAST AND GRODETIC SURVEY REPORT, 1903.

and Currahee were re-marked in a substantial manner. The geographic positions of
all prominent objects, such as church spires, court-house domes, tall brick chimneys,
etc., were determined when it was practicable to do so.

Two acetylene signal lamps, one mounted above the other and 15 inches apart,
were used on all lines 40 miles long or longer, and on clear nights they showed as a
small bright point, but a very little haze cut them off completely. "On lines up to 30
miles in length a single lamp showed very well in fairly clear weather, The vertical
angles were generally measured after the observations for horizontal angles were
completed, usually from 11 to 12 o’clock at night, and they were measured whenever it
was possible to do so. '

HYDROGRAPHY. MASSACHUSETTS. "R. L. Faris, Commanding,
Steamer Blake.

w. E. GLOVER, Firsi Waick Officer. July 1 to Sept. 4.

L. M. FURMAN, First Waich Officer. Sept. 5 to Oct. 11.

J. H. ULLRICH, Surgeon. July — to Aug. 15.

L. M. HoPKINS, Chief Engineer. . .

W. F. GLOVER, Second Watch Officer. Sept. 5 to Oct. 11.

H. H. JOHNSON, Assistant Surgeon. Oct. 6 to Oct, 11,

THoS. L. JENKINS, Third Watck Officer.

GEORGE OLSEN, Deck Officer, First Class.

A. C. L. ROETH, Deck Officer, First Class.

H. D. K1ing, Aid. » July — to Aug. 16.
W. T. CARPENTER, Aid. '

On July 1 the Hlake was at Baltimore, Md., making preparations to take up
hydrographic work in Nantucket Sound, Massachusetts. ’

These preparations were continued until July 19, when the vessel left Baltimore
for Hyannisport, Mass., under the command of Assistant D. B. Wainwright, who was
temporarily in command during the absence of Assistant Faris on leave of absence.
The Blake reached Hyannisport on July 23, and the work of building and locating the
signals necessary for the season’s work began immediately.

The hydrographic examination of the channel south of Cross Rip light-vessel was
taken up and such progress was made as the weather conditions permitted. The inces-
sant foggy weather caused great delay during the latter part of July and the first part
of August, but this work was nearly completed by August 13, on which date Assistant
Faris relieved Assistant Wainwright of the command of the ship, and continued the
examination of Cross Rip channel for three days, when the work was completed. The
channel through the middle of the Horseshoe Shoal was examined between August 19
and 25. An examination of the channel on the north and west side of the Horseshoe.
Shoal, including the development of Eldridge Shoal and the broken ground to the east-
ward of the Horseshoe, was begun on August 26, and was nearly complete on September
20, when the ship proceeded to New Bedford, Mass., for the purpose of finding, loca-
ting, and developing the rock upon which the U. S. S. Brooklyn had recently struck in
the approaches to New Bedford Harbor.

The search for this rock afforded an excellent opportunity for testing the efficiency
of a new channel sweep or drag recently devised and constructed at the Coast and
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Geodetic Survey Office. Assistant D. B. Wainwright reported on board to superintend
the installation and use of the drag in making the search for the rock mentioned above
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and its use in other tests of the apparatus. The details of the construction of this drag
are given in an appendix to the Report of the Superintendent, and details in regard to
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its use are given in the statement of work executed by Assistant Wainwright. After
the Brooklyn rock was found the region about it was closely developéd by sounding
from a steam launch, and afterwards line: were run over it with the drag set at various
depths in order to ascertain the minimum depth of water over it. ‘This work was com-
pleted on September 26, and Assistant Wainwright left the ship on that date. “The
development of certain localities in- the approaches to New Bedford Harbor and in
Buzzards Bay was begun on September 29, and continued until October 3. Eight
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localities were examined, the drag being used in all cases, set to clear the minimum
depth indicated by the latest chart of the locality under examination. This work
served to test the efficiency of the drag, and proved its practicability and usefulness in
close hydrographic development work. When running at the usual speed the drag
retards the vessel’s speed about 1 knot per hour.

On October 4 the vessel returned to Nantucket Sound and removed the water
signals erected for use during the season; aud on October 7 closed work and proceeded
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to Baltimore via New Bedford, arriving there on October 11. In all of the hydro-
graphic work with the Blake two leads were used, one on each side of the ship, and
the record of the soundings was made in such a way that there is no difficulty in
determining on which side of the ship any particular sounding was made. In Nan-
tucket Sound it was necessary to erect hydrographic signals out on the sand bars in
from g to 14 feet of water, and six such signals were used. They consisted of 3-inch
gas pipe put together with the ordinary coupling and pumped into the sand 10 or 15
feet, with targets above the top of the pipe. Only one of these signals was carried
away by the sea, but all were removed at the close of the season, as they were con-
sidered dangerous to sailboat navigation. The work in Buzzards Bay and in the
approaches to New Bedford did not require the building or the location of any signals,
as the excellent foresight shown in the previous survey by the determination of promi-
nent objects enabled the work to be taken up without the usual delay resulting from
building and locating signals.

In concluding his report Assistant Faris expresses his appreciation of the work
of his officers, and states that what was accomplished during the season was largely
due to their zeal and intelligence.

MAGNETIC OBSERVATIONS. NEW JERSEY. J. A. FLEMING.
PENNSYLVANIA.
Stations occupicd.
NEW JERSEY.
BURLINGTON ISLAND,
PENNSYLVANIA,

ALLENTOWN, EASTERN. SCRANTON.
BLOOMSBURG. ELULALIA. SILVER LAKE,
BROOKVILLE, FRANKLIN, SLATE RUN.
CARPENTER, HONESDALE. . SMETHPORT.
CLARION. KEATING. TIONESTA.
COUDERSPORT. MEADVILLE. TOWANDA.
CURWENSVILLE. MERCER. TUNKHANNOCK.
DANVILLE, MILFORD. WARREN,
DOVLESTOWN. MONTROSE. WELLSBORO.
EMPORIUM. NEw CASTLE. WESTOVER.
EAsT MAUCH CHUNK, RIDGEWAY. WILKESBARRE,
EAST STROUDSBURG. SATTERFIELD.

The extension of tlie magnetic survey in the States of New Jersey and Pennsyl-
vania was assigned to Aid Fleming and the work in the field began on September 10.
The work was continued whenever the weather permitted until November 17, when
it was suspended on account of the unfavorable weather conditions. Ten days were
lost as the result of bad weather during September and November. During October
the weather was generally fair and the observer was able to complete the observations
at 19 stations, and also verified several county meridian lines. At Scranton a meridian
line was established by request of the Engineer’s Club of that city, who provided the
marks and placed them in position. All, except two, of the stations occupied were
marked in a permanent manner. The declination was also determined at eight county
meridian lines, and five county meridian lines were verified.
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HYDROGRAPHY. MARYLAND, G. L. FLowrr, Commanding,
TOPOGRAPHY. Schooner Maltchless.
TRIANGULATION.
Ww. B. PROCTOR, Walch Qfficer. July 1 to May 23.
W. T. CARPENTER, Aid.’ Nov. 15 to Dec. 22.
J. C LANDERS, Atid. Jan. 5 to June 3o.
J. W. MAuPIN, Aid. : May 27 to June 30.
G. C. BALDWIN, A1id. June 5 to June 3o.
W. C. SHEPARD, Temporary Aid. July 7 to Sept. 14.
E. L. Scorr, Temporary Aid. July 7 to Dec. 2zo0.
E. ]. MCINTYRE, Deck Officer. July 1 to Oct. 12.
.J . W. YATES, Deck Officer. {IS\I?:} 1I§ ttg ?acx: g?
GILBERT RUDE, Deck Qfficer. Feb. 3 to June 3o.
J. L. AHERN, Deck Officer. Feb. 18 to May 22.
E. V. MILLER, Junior Captain's Clerk. July 1 to Sept. 4.

SUMMARY OF RESULTS,

.Hydrography:
155 square miles area covered.
I 448 miles lines sounded.
74 076 soundings made,
6 hydrographic sheets completed
17 tide stations occupied.

Topography:

13 square miles area covered.

97 miles shore line surveyed.

13 miles shore line of creeks surveyed.

44 miles railways and roads surveyed.
Triangulation:

10 square miles area covered.

25 stations occupied,

27 geographic positions determined.

The resurvey of certain portions of Chesapeake Bay was in active progress under
the direction of Assistant Flower on July 1, 1902, and the immediate work in hand was
a resurvey of Tangier Sound and its tributary waters. The hydrography of Kedge
Straits, Holland Straits, and Tangier Sound, between latitude 38° oz’ and 38° og’, of
which about one-half was finished during the previous fiscal year, was completed on
July 19; the hydrography of Big Annemessex River was completed on August 4, and
of Manokin River on August 19. Work on the hydrographic sheet covering Hoopers
Straits, a portion of which had been completed during the previous year, Tangier Sound
north of latitude 38° og’, and a portion of Fishing and Monie bays east to Great Shoals
light-house was then taken up and completed on September 18.

From September 19 to October 2 the vessel was in Baltimore being repaired.

The hydrographlc examination of Elk River began on October 3. Lines of sounding
were run at intervals of about 400 meters normal to the shore and as nearly coincident
with the old lines as possible, for purposes of comparison, and two transverse lines were
run at right angles to these. Additional lines were run across the bar at the mouth of
the river. ‘This work was completed on October 23, when the vessel returned to Balti-
more for repairs and remained there until November 18. The vessel returned to Elk
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River on November 19, and additional lines of soundings were run between those already
established, and the survey of Elk River was completed on December 12. On December
14 the vessel again returned to Baltimore for repairs and remained there until February 6.
On that date the Maichless proceeded to West River, and the survey of the unfinished
portions of the shore line was completed. The hydrography of Herring Bay and of the
shoal waters along the bay shore northward to Franklin Point was completed on April ro.
The weather was very unfavorable for field work during February, March, and the first
week in April. - Ice, strong No.6.
winds, or thick weather pre-
vented field work during at )
least one-half of this time, | .. ) 29]
Signals were blown down | ‘
and had to be replaced, and
several built near the shore
line were washed away with
the shore line, and it was.
necessary to determine new
ones. Work in this vicinity
proceeded until April 17,
when the vessel sailed for
- Annapolis to take up the
resurvey of the Severn River |—
above that place, leaving J. C.
- Landers, Aid, with a topo-
graphic party to complete
certain portions of the work oI \ I :
in the vicinity of Fairhaven. LRI L g
Two old triangulation sta- : o ¢
tions, Gram 1898 and Green-
bury Point light-house, were
recovered, and the lines be- Nauticsl Miles
tween t}}em formfad the base S Y Rilometers . 38°00/
from which the triangulation _*:%E‘-%’:E” + ]
was extended up the river.
Twenty-six triangulation sta-
tions were selected and ' : ‘
marked and signal les l
gnal pole

were erected. Having com-
pleted the work assigned him, Mr. J. C. Landers returned to the vessel and began
topographic work on the south shore of the river on May 3, and was still engaged on
this work at the closé of the fiscal year.

On May 7 Assistant Flower began topographic work on the north shore and com-
pleted it to Arnolds Point. The hydrography was completed to Arnolds Point on June 4.
'On the 6th the vessel was moved to Round Bay, and J. W. Maupin, Aid, was instructed
in the use of the plane table. On June 15 he was able to continue the topographic
work on the north shore without supervision in the field. ‘The accompanying summary

76700 {50’

Hydrography. Chesapeake Bay.
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of results and the progress sketches show the amount of work completed to the close of
_the fiscal year, at which time it was actively in progress. :

No. 7.

EYOO'

Nautical Miles

Hydrography, Chesapeake Bay,

The following is quoted from the report of Assistant Flower:

I take pleasure in commending all the officers assigned to my party during the fiscal year for
the zeal and industry shown and for the efficient services rendered.
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TOPOGRAPHY, MARYLAND., S. FORNEY.
VIRGINIA.

SUMMARY OF RESULTS.

Topography:
62 square miles area covered.
62 miles shore line of rivers surveyed.
55 miles shore line of creeks surveyed.
82 miles of roads surveyed.

A portion of the topographic work in the resurvey of the Potomac River was
assigned to Assistant Forney. He transferred his party and outfit from Chesapeake
Bay to Chapel Point, Maryland, and began field work on the river on July 11. The
work continued from this date to the close of the fiscal year, except during the period
December 23 to January 21, when it was temporarily suspended.

The survey of the shore line was completed from Lower Cedar Point to a point
1% miles below Clifton Beach in Maryland including Port Tobacco River and Nanje-
moy Creek, and from Rosier Point to Marlboro triangulation station on Marlboro
Point in Virginia, including Upper Machodoc, Gambo, Jotank, Potomac, and Accakeek
creeks, The interior topography covering the country back from the river to a
distance varying from 1 to 2 miles was completed from Lower Cedar Point to Riverside
in Maryland and from Rosier Point to Stiffs Wharf in Virginia. A comparison with
the previous survey made forty years ago shows very little change except at prominent
projecting points. ‘The work was seriously delayed by unfavorable weather, and on
many days no field work could be done. A naptha launch was assigned to the party,
but it was out of use, undergoing repairs, a great portion of the time.

Assistant Forney makes special mention in his report of the kindness and courtesy
extended to the party by Mr. James A. Arnold, light-house keeper at Lower Cedar
Point. In addition to boarding the party at considerable inconvenience to his family,
he gave the use of his sailboat and his own service, without charge, during a period of
ten days on one occasion when the launch was out of order,
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MAGNETIC OBSERVATIONS. MISSISSIPPL. O. B. FRENCH.
TRIANGULATION.

In December Assistant French was directed to make the necessary observations to
locate a large wharf recently constructed at Gulfport, Miss., on the chart of the locality.
He proceeded to Gulfport, and on December 13 began the necessary preparations for

the work.
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Horizontal angles were measured at a number of stations for the purpose of
determining the position of various objects in Guifport and near the wharf, including
the pile clusters marking the dredged channel. The line between Biloxi Lighthouse
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and Ship Island Lighthouse was used as the base for this work. A complete set of
observations for the magnetic elements was made at Ship Island near the light-house,
and also at the old station in Mississippi City, and both stations were connected with
the triangulation. The work was completed on December 22, and Assistant French
returned to Washington. '

MAGNETIC OBSERVATIONS. MICHIGAN. O. B. FrRENCH.

SUMMARY OF RESULTS,
4 stations occupied.

Advantage was taken of the fact that in February, 1903, the Straits of Mackinac,
Michigan, were frozen over with ice thick enough for teams to cross, and magnetic
observations were secured at four stations over the water at varying distances from the
shore for purposes of comparison with similar observations on shore. This work was
assigned to Assistant French, who left Washington on February 22 and arrived at
Mackinaw City, Mich., on the 24th. It was desirable to select the positions of the

. four stations so as to distribute them in a uniform manner over the area included
between McGulpin Point, St. Ignace, Mackinac Island, and Bois Blanc Island.

Station A was located about one-third of the way from Mackinaw City to St.
Ignace; Station B about 2 miles west of the north end of Bois Blanc Island; Station C
at a point about 2 miles east of Mackinaw City, and Station D about 2 miles east of
Station C, or 4 miles east of Mackinaw City. '

The rough condition of the ice made it necessary to locate the stations at the points
indicated as the nearest practicable solution of the question of carrying out the original
plan. The large car ferry running between St. Ignace and Mackinaw City pre-
vented the location of any stations between A and B and C. The rough condition
of the ice prevented the location of a station farther north toward Mackinac Island by
the expense involved in making a road in this direction. The geographic positions of
the magnetic stations and the necessary azimuths were determined from the triangulation
points established under the direction of the United States Engineers in the survey of
the Lakes in this vicinity, through angles measured at the magnetic stations, The
instruments were mounted on the usual tripod, the legs being driven into the ice, which
was sufficiently stable, as proved by the fact that level did not show any material change
while the observations were being made. The tent pins were driven into holes bored
in the ice and held very well. The base of the tent was attached to a wooden frame
which was fastened to the ice. These precautions were necessary to resist the strong
winds which prevailed. A complete set of observations to determine the three magnetic
elements was made at each of the four stations and work was completed on March 3,
after much delay on account of unfavorable weather.
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TRIANGULATION. MAINE. F. D. GRANGER.
MASSACHUSETTS.

SUMMARY O¥ RMSULTS.
Triangulation:

26 stations occupied.
45 geographic positions determined.

The determination of the position of certain lighthouses on the coasts of Maine
and Massachusetts was assigned to Assistant Granger. He began work at Bar Harbor,
Me., on July 1, and the positions of the following lighthouses in Maine were determined
as directed:

Bear Island. Nash Island.

Cape Neddick. Portland Breakwater.
Cuckolds Fog-Signal Station. Prospect Harbor.

Egg Rock. Ram Island.

Goat Island. Rockland Breakwater.
Goose Rocks. i Spring Point Ledge.
Great Duck Island. Two Bush Island.

Indian Island.

Butler Flats Lighthouse, in New Bedford Harbor, Massachusetts, was also deter-
mined, and the field work for the season closed September 19.

GRrRAVITY. MICHIGAN., J. F. HAYFORD.

The Survey was fortunate in securing an opportunity, through the courtesy of
Prof. Fred. W. McNair, of Houghton, Mich., of determining the force of gravity at the
North Tamarack copper mine, near Calumet, Mich., at the surface of the earth and at
points beneath in the mine itself. It was necessary for the Survey to furnish a skilled
observer and the instruments required, and to pay a certain portion of the expense
involved. This interesting work was assigned to Assistant Hayford, and he left
Washington on September 4, after swinging two sets of pendulums at the base station
in Washington and making all other necessary preparations. He reached Calumet on
September 6, and between that date and September 20, when the work was completed,
the pendulums were swung, with the assistance of Professor McNair, for fifteen periods
of approximately seven hours each on the surface of the earth at the entrance of the
mine, for nine periods of about the same length at a point in the same vertical line as
the surface station and about 4 600 feet below it, and for four seven-hour periods
at a point a few hundred feet distant from this vertical line and about 1 200 feet below
the surface, or at sea level, as the entrance to the mine has an elevation of 1 200 feet
above sea level. Whenever a pendulum was swinging beneath the surface in the mine
a similar one was swinging at the surface, and the two were being timed by the same
chronometer, whose rate was determined by astronomic observations at the surface
station. The surface and underground stations were connected by telephone and by
complete metallic circuits, so that all observations at the underground stations were
recorded on the chronograph at the surface station. Many extraordinary difficulties -
were encountered and overcome, and the observations were successfully completed.
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This success was due to the familiarity of Professor McNair and of his two assistants,
Professor Fisher and Mr. Osborne, with the conditions which were encountered in the
mine, and to the uniform helpfulness of everyone connected with the mine who could
assist in the work. ‘The officers in control at the mine rendered assistance by furnish-
ing men and material, and responded-at once to all reasonable requests, even to the
extent of stopping certain operations in portions of the mine at considerable incon-
venience to themselves. The genial and enthusiastic manner with which the officers of
the mine aided this purely scientific undertaking, at considerable cost and inconvenience
to themselves, was inspiring.

The final computations have not been made, but the preliminary results indicate
that the value of gravity was determined with a high degree of accuracy at all the
stations, on the surface and underground. An ideal condition with respect to constancy
of temperature existed at the lower underground station, which was far below any other
station at which gravity observations have been made, as determined from published
results. The results obtained can be fully utilized in connection with the kunown
density of the material in the mine. '

TRIANGULATION MASSACHUSETTS. A. T. MosMAN.

VIRGINIA,

Triangulation:
91 square miiles area covered,
20 stations occupied.
40 geographic positions determined.

On July 1 the work of determining geographic positions on Chincoteague Island,
Virginia, was in progress under the direction of Assistant Mosman, as stated in the report
for the preceding year. The work was continued until July 11, on which date the
operations in this vicinity were completed, and on the 14th Assistant Mosman, pro-
ceeded to Frankford, Del. Mr. E. E. Torrey, foreman, reached this locality several
days earlier, and was engaged in searching for the stations of the old triangulation in
the vicinity of Fenwick Island Lighthouse. This search was continued until July 20,
but no old stations were found. Two days were spent in making a reconnaissance for
triangulation south of the mouth of the Delaware River, and field operations then
closed for the season.

On July 29 Assistant Mosman reached Gloucester, Mass., under instructions to
determine the geographic position of certain lighthouses on the coast of Massachusetts.
A sufficient number of stations of the old triangulation in the vicinity of the light-
houses were recovered, and the lines between them were used as bases from which to
determine the geographic positions desired. The positions of the following light-
houses were determined: Annisquan Harbor, Deer Island, Eastern Point, Ipswich,
Long Island Head, Marblehead, Narrows, Nauset, Straitsmouth, and also the position
of the towers of the Marconi wireless telegraph station near South Wellfleet. ‘The
Marconi towers are four in number, arranged so as to form a square, with their centers
210 feet apart on the sides of the square. Each tower is 25 feet square at the base,
o feet square at the top, and 210 feet in height. The observations at the station
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Blind Asylum were seriously delayed by smoke from the city, and were not completed
until October 31, when the season closed.

Mr. E. E. Torrey, foreman, served during the entire season and performed all.
duties assigned to him with zeal and intelligence. The thanks of the Survey are due
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the army Quartermaster at Boston for his courtesy in transporting the party to and
from Long Island Head Lighthouse, and to Commander A. P. Nazro, U. S. Navy,
Light-House Inspector of the Fourth district, for kindly instructing all light-keepers in
his district to render all possible assistance in facilitating the work of the party.
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RECONNAISSANCE. MASSACHUSETTS. Joux NELSsON.
ToOPOGRAPHY. NEW YORK.
TRIANGULATION. NORTH CAROLINA.

SUMMARY OF RESULTS.
DMassachusetts.—July 8 fo Oclober zo.

Reconnaissance:

75 square miles area covqred.

25 triangulation stations selected.
Topography:

16 square miles area covered.

61 1iles general coast line surveyed.

67 miles roads and railroads surveyed,

4 topographic sheets completed.

Triangulation:

50 square miles area covered.

15 stations occupied.

25 geographic positions determined.
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North Carolina.—December 28 to March 7.

Reconnaissance:
105 square miles area covered.
26 triangulation points selected.
Triangulation:
65 square 1iles area covered.
9 stations occupied.
19 geographic positions determined.
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Considerable changes in the shore line of the entrance to Sheepshead Bay, Long
Island, New York, having been reported to the Office, Assistant Nelson was instructed
to proceed to Manhattan Beach, Long Island, and examine the changes and secure the
data for making the necessary corrections on the charts. He proceeded to the locality
on July 2, and completed a preliminary survey of the entrance on July 7. The resurvey
of Monomoy Island, Massachusetts, was then taken up, and Alssistant Nelson reached
Chatham on July 8. A party
was organized and several
days were spent in making a
reconnaissance, in recovering o]
stations in the former trian- S S
gulation, and in erecting ""'LJ
signals in the vicinity of Chat-
ham and Monomoy Island. N\Z
Continuous heavy rains,
dense fogs, and strong gales
of wind caused considerable , A
delay, but the work was com-

. N of

pleted on August 14. N 0
The party then proceeded SA Y‘&.
to Nantucket Island - for S oyf{v 3
the purpose of locating the |
breakwater protecting the |gg
harbor and its approach,
and of making a resurvey
of the shore line of the
harbor and of the new cut at X X
the eastern end of Nantucket &

N
N
Bay. This new cut changes \\ ,‘;‘Q
during every severe storm. \\ \
X \

Long sand spits are on each
side of the entrance and 42°29

they are constantly shifting.

The work mentioned above '

was completed and the party /v Staniie Milos
Marblehead, 1

proceeded to Rilameters

Mass., on August 20, to take FEDO ) o | 2 3, 4

up the topographic resurvey Topography, Massachusetts.
of Marblehead, Marblehead

Neck, Salem, and Beverly. ‘This work was continued until October 30, when the field
work closed for the season.

Many changes have been made since the previous survey in 1849 and 1850, and a
complete topographic survey was made of the town of Marblehead and of Marblehead
Neck. Many changes were also noted in the shore line and interior topography in the
vicinity of Salem and Beverly. New roads have been opened, railroads have been built,
and hundreds of modern houses have been erected.

Assistant Nelson reported for duty at the Office on October 31.
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In December the extension of the triangulation along the Pasquotank River and
in Albemarle and Croatan sounds was assigned to Assistant Nelson. He proceeded to
Elizabeth City, N. C., and reached that place on December 28. The work of recon-
naissance was taken up immediately. Two old triangulation stations, Manns Point
and North Base Bodies Island, were recovered and the triangulation was extended from
the base furnished by the line between these stations. Launch No. 22, which had been
assigned to the party and brought from Baltimore, was found to be unsuitable for use
in the rough waters over which the work extended, and a small steamer was chartered
and used as quarters for the party and as the means of transportation. In January the
reconnaissance was extended from Bodies Island to Elizabeth City and it was neces-
sary to place all except two of the stations on low, marshy ground, which required
observing tripods and scaffolds from 10 to 40 feet in height. The lumber used in
erecting these signals was towed on a barge as near as possible to the stations and then
rafted ashore and landed with much difficulty, as the water near the shore is very
shallow. Cypress and juniper swamps cover the shores in this region, which change
greatly as the result of wave action during storms. The party was compelled to use
Elizabeth City as the base of supplies, and long trips were necessary to secure coal and
provisions. In marking the triangulation stations, reference marks were placed in
secure positions to guard against the loss of the stations by erosion. The triangulation
was continued from February 1 to March 7, when the field work closed. ‘

Wind, rain, and smoke or haze prevailed during the greater portion of the time and
seriously delayed the work. Assistant Nelson reports the efficient and valuable service
rendered by Signalman J. S. Bilby.

MAGNETIC OBSERVATIONS. DISTRICT OF COLUMBIA., E. D. PRESTON.
VIRGINIA.

Stations occupied.

DISTRICT OF COLUMBIA.,

WASHINGTON.

VIRGINIA,
BLAND. JONESVILLE. SPOTTSYLVANIA,
BOWLING GREEN, LEBANON. WISE.
CLINTWOOD. PULASKI. WYTHEVILLE,
HANOVER, SHACKS MILLS.

A portion of the work of extending the Magnetic Survey in Virginia was assigned
to Assistant Preston, and he was making magnetic observations at Wytheville, Va., on
July 1, in continuation of his work during the previous fiscal year. He continued this
work until July 28, when he closed his wogk in the field and proceeded to Washington,
D. C., and made observations at the base station at the Coast and Geodetic Survey
Office. ‘The stations named above were occupied during the period stated, except the
stations Bowling Green, Hanover, and Spottsylvania, at which magnetic observations
were made between April 25 and May 2, when Assistant Preston was again in the

field in Virginia, temporarily. Field work finally closed for the fiscal year on May 2.-

The work in July was delayed by the difficulties of transportation, away from the
railway, where the roads were of the roughest character and the journeys in wagons
were long and tedious.
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HYDROGRAPHY. NEW YORK. H. W. RHODx:S.

TOPOGRAPHY.

TRIANGULATION. .
- SUMMARY OF RESULTS.

Hydrography:
7 square miles area covered.
239 miles lines sounded.
9 113 soundings made.
1 tide station established.
1 hydrographic sheet completed.
Topography: '
3 square miles area covered.
17 miles shore line surveyed.
9 miles shore line of creeks surveyed.
1 topographic sheet completed.
Triangulation:
3 stations occupied.

9 geographic positions determined.
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Extensive changes in the shore line at the entrance to Sheepshead Bay, Long
Island, New Vork, having been reported to the Office, a resurvey in this locality was
made under the direction of Assistant Rhodes.

18, and field work began on the 2oth.

stations, and the line between these
stations was used as a base from
which to determine the geographic
positions necessary for the resurvey.

He reached Sheepshead Bay on August
Two stations, Bay View and Ruffle Bar 2, of the
old triangulation were recovered, after spending considerable time in searching for other

No. 20.

o Bay View

The topographic work was extended 3 e JpkeQeacompy
as rapidly as the weather conditions . :
permitted, but it was delayed by / \
stormy weather and the difficulty of \
entering Sheepshead Bay at low
water,

The survey began at the hotels on .
Manhattan Beach and was extended
far enough to the east to show all
material changes. Two important &
changes were developed —a new en-
trance into Sheepshead Bay opposite
the mouth of Hog Creek and the i
extension of Rockaway Point west- "
ward three-quarters of a mile. In b -
September, Mr. C. A. Thompson, K\
watch officer, was assigned to the ~
party to assist in the hydrographic
work, and the hydrographic exami- .
nation of Rockaway Inlet began on ' ’
the 23d. ‘The weather was unfavor-
able and delayed the work, which 1 ¢4 & 0 /1
was continued until November 10,
when the continued bad weather
resulted in closing the work. The
hydrographic work covered the
Rockaway Shoals and the Inlet proper, with the approaches. The tide gauge
established to obtain a plane of reference to which the soundings could be reduced
was connected by direct measurements with a bench mark of the department of docks
and ferries of New York City and through this bench mark with the plane of reference
used by that department. Mr. A, L. Poole served as recorder, and Mr, George Poole
as leadsman in the party.
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Wheok
Triangulation, Rockaway Inlet, New York.
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HYDROGRAPHY. FLORIDA. H. W. RuHoDES, Commanding,
TOPOGRAPHY. VIRGINIA. Steamer Hydrographer.
TRIANGULATION.

Virginia— November 2r lo December 18.

C. L. GREEN, First Watch Qfficer. November 21 to November 30.
H. L. Forp, Naulical Expert.
H. W. PEERCE, Chief Enginecer.
H. D. Kinc, Aid.
SUMMARY OF RESULTS.
Hydrography:
6 square miles area covered.
131 miles lines sounded.
6 294 soundings made,
1 tide station established.
1 hydrographic sheet completed.
Topography:
" 2 square miles area covered.
12 miles shore line surveyed.
I topographic sheet completed.

Florida—February 15 to Mawrch 31.

L. GREEN, First Watch Officer.
W. PEERCE, Chief Engineer,
. Kixc, Aid.

C.
H.
H.D

C. G. QuiLLIAN, Aid. .

SUMMARY OF RYESULTS.
Hydrography:
110 miles lines sounded.
2 tide stations established.
1 hydrographic sheet completed.
Triangulation: :

3 stations occupied.
18 geographic positions determined.

The resurvey of the shore line and hydrography at Chincoteague Island, Virginia,
for the purpose of determining the changes that had taken place in Fishing Point and
Chincoteague Shoals, was assigned to Assistant Rhodes, commanding the steamer Aydro-
grapker. He took command of the ship at Washington on November 12, and started
the vessel immediately to Chincoteague Island, via Norfolk, for supplies, in charge of
First Watch Officer C. L. Green. The ship was delayed several days in Hampton
Roads by unfavorable weather, and did not reach Chincoteague Island until November
21. Assistant Rhodes joined the ship on November 24.

The work consisted of a topographic resurvey of Fishing Point, extending as far
back as the Assateague Beach Life-Saving Station, the hydrographic development of
the anchorage inside the point, and as much work outside on the shoals as it was
possible to do before December 18, on which date the work was suspended on account
of continued unfavorable weather, and the vessel proceeded to Norfolk, Va. The
weather was very stormy, with fresh breezes and gales of wind, and the work was
necessarily carried on under unfavorable conditions.
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Certain repairs were made to the ship at Norfolk, and during the latter part of
January a harbor sweep, with a sweeping bar 32 feet long, was fitted to the ship, and
certain experiments were made with a quick sounding machine under the direction of
Assistant Wainwright, who had joined the ship for that purpose. On January 31, the
ship sailed for Key West, Fla., and reached that place on February 14, after being
detained at Charleston one day and at Fernandina three days on account of rough
weather. Advantage was taken of the inside passage to avoid rough weather outside
and thus expedite the trip.
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Three old triangulation stations were recovered and occupied, and the positions of
points covering the area of the proposed hydrographic resurvey were determined. A
self-registering tide gauge was established on the light-house wharf at Key West, and
the work progressed as rapidly as the unfavorable weather conditions permitted. A
survey was made of Smiths Shoal, northwest of Northwest Passage Lighthouse, and a
tide staff was erected at this lighthouse and the observations required in the reduction
of soundings were made. A close survey of the proposed anchorage in the Southwest
Channel was begun, the lines being run at intervals of so0 meters, and the channel
sweep, set at a depth of 5 fathoms, carried continuously. This work was in progress

‘\ .
) & &
Hydrography and topography, Assateague anchorage, Virginia.
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on March 31, on which date Assistant W. 1. Vinal took command of the Aydrographer,
relieving Assistant Rhodes, who had been ordered to other duty. The details in regard
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to the continuation of this work to the close of the season are given under the name of
Assistant Vinal.
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Coast PILor. MAINE, John Ross, Commanding,
HYDROGRAPHY. MASSACHUSETTS. Steamer [Zydrographer.
NEW HAMPSHIRE.

RHODE ISLAND.

H. C. GRAVES, Nautical Expert.
C. L. GREEN, First Walch Officer.

H. W. PEERCE, Chief Engineer.
Jos. W. OcDEN, Recorder.

SUMMARY OF RESULTS.

Hydrography:

33 stations occupied,

20 stations determined.

26 miles lines sounded.

3 181 soundings made.
78 rocks located.
19 ledges developed.
2 tide stations established.

36 buoys located.

The collection of the information necessary for the revision of the Coast Pilot
volumes covering the coast from St. Croix River, Maine, to Point Judith, Rhode Island,
was in progress on July 1 under the direction of Nautical Expert John Ross. The
ports and harbors within the limits stated were visited and inspected. At these places
and along the routes followed changes affecting the Coast Pilot were noted, sailing lines
were verified, and additional information regarding navigation in these waters was
obtained from the captains of steamboats and coasting steamers and from fishermen,
Special effort was made to obtain the draft of the largest vessels entering the different
ports. Numerous isolated rocks and ledges were located and their positions deter-
mined. In a number of cases it was necessary to use a drag in searching for the
rocks. The field work for the season closed on October 24, and the vessel proceeded
to Washington, D. C.

Mr. Ross reports his appreciation of the assistance rendered by the members of his
party, Messrs. Graves, Green, Peerce, and Ogden, and states that the successful prose-
cution of the work was due to their able and careful cooperation,

MAGNETIC OBSERVATIONS. MARYLAND. L. G. ScHuLTZ.

The work at the Magnetic Observatory at Cheltenham, Md., was continued under
the direction of L. G. Schultz, Magnetic Observer, and the record of the self-registering
instruments for the year is practically unbroken. Two sets of these instruments were
in use at the base station and both were in operation almost all the time, and one or
the other all the time. Continuous thermogram records were obtained in both.the
rooms where the self-registering instruments were in operation.

Observations for absolute values were made four or five times each month during
the year, and during July, August, and September two sets of instruments were used
for absolute observations. Observations were made to determine the constants.of the
large Edelmann magnetometer No. 26 from July to November, and this instrument was
. used as the standard inteusity instrument after September. The inductor No. 26 was
used as the station standard beginning with April,
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The regular international term-day observations were made on the 1st and 15th
of each month with the Adie eye-reading instruments and with one of the instruments
in the observatory for absolute observations. The Eschenhagen magnetograph was
run on the two-hour rate during the term hours and from the 2d to 8th in December,
January, and February it was run on the two hour rate for two full hours each day in
cooperation with the Birkeland Polar Expedition. :

Observations to. determine atmospheric electricity were made on thirty-one days
between October 1 and April 1 and on five of these days the observations were extended
over twenty-four or thirty-six successive hours in order to obtain complete daily curves.
These observations were the first to show the peculiar conductivity effects about
sunrise and sunset, which have since been noted on Mount Vesuvius, Italy. These
observations also show in a remarkable manner the intimate relation between the
daily variations of temperature and the electrical potential gradient of the air. The
daily potential curve deduced from the observations at Cheltenham agrees very closely
with the curves obtained from the observations made in Paris, France, at the Eiffel
Tower, with the most refined instruments.

MAGNETIC OBSERVATIONS. LOUISIANA. EDWIN SMITH.
Stations occupied.
AMITE. ¥ DONALDSONVILLE. T HouMma.,
RaToN Roucr.t EDGARD.T - NAPOLEONVILLE.+
CrLiNTON.T FRANKLIN.t NEWROADS. T
CONVENT.T GREENSBURG.T ST. FRANCISVILLE.T
COVINGTON. HAHNVILLE.T THIBODAUX.

Magnetic observations were made in Louisiana at the request of the State geologist,
who agreed to pay a portion of the field expenses, and the work was assigned to
Assistant Smith. He left Washington on January 1, and proceeded to New Orleans
for consultation with the State geologist, and arranged a programme of work with his
representative, Dr. W. C. Stubbs, Director of the Louisiana Sugar Experiment Station,
and the observations began immediately. The stations named above were occupied, and
observations were made to determine the three elements of terrestrial magnetism.

At some of the stations meridian lines were already established. These were
verified, and meridian lines were established at all the other stations, except at Amite,
where it was impracticable to mark such a line, and at that place an azimuth line was
established. Assistant Smith’s services were required on other work, and the field
work in Louisiana closed on February 19.

TIDE OBSERVATIONS, FLORIDA.,
MARYLAND.
NEW YORK.
PENNSYLVANIA.

Self-registering tide gauges were kept in operation throughout the year at the
following places: Fernandina, Fla., B. W. Weeks, observer; Baltimore, Md., F. A.
Kummell, observer; Fort Hamilton, N. Y., J. G. Spaulding, observer; Philadelphia,
Pa., H. E. Olson, observer,

t Meridian line established,

* Azimuth line established.



APPENDIX NO. 1. DETAILS OF FIELD OPERATIONS. 71

TOPOGRAPHY. MARYLAND. W. I. VixnaL.
VIRGINIA.

SUMMARY OF RESULTS.

Topography:
22 square miles area covered.
139 miles shore line rivers and creeks surveyed.
15 miles shore line creeks and ponds surveyed.
49 miles roads surveyed. .
1 topographic sheet completed.

No. 23.
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‘Topography, Potomac River.

On July 1 a topographic party under the direction of Assistant Vinal was at
work on the Potomac River. The work was continued until November 17, when the
field work closed for the winter. The area surveyed lies between Lower Cedar Point
and Blakistone Island in Maryland, and between Rosier Creek and Nomini Cliffs in
Virginia. 'The topographic details were surveyed inland for distances varying from
one-fourth to three-fourths of a mile. All buoys within the limits of the topographic
sheets covering the area surveyed were carefully located on the sheets. Colonial Beach,
Va., was the only place in this locality where the party could secure quarters during
the summer excursion season, and consequently it was often necessary for the party
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to travel long distances to and from work, which resulted in serious delay. As soon as
practicable the party moved to River Springs, Md., to be nearer the working ground.
The work was also delayed by sickness, which compelled two members of the party to
return to their homes. C. A. Thompson, watch officer, was attached to the party from
July 10 to September 16. Mr. W. G. Emory served faithfully and showed intelligent
interest in the work until October 12, when he left on account of sickness.

HYDROGRAPHY. FLORIDA, W. 1. ViNaL, Commanding,
) Steamer Hydrographer.
C. L. GREEN, First Waltch Officer.,
H. W. PEERCE, Chief Enginecer.
H. D. X1Ng, Aid. Mar. 31 to Apr. 18,
C. G. QuiLLIAN, A7id. .
E. V. MILLER, Acting Second Watck Officer. Apr. 18 to June 16,

SUMMARY OF RESULTS.
April 1 to June 9.

Hydrography:
5 square miles area covered.
353 miles lines sounded.
15 212 soundings made.
3 hydrographic sheets completed,

A hydrographic resurvey of certain localities in the vicinity of Key West, Fla.,
was in progress on March 31,-under the direction of Assistant H. W. Rhodes, com-
manding the steamer Hydrograpker, and on that date Assistant Vinal assumed command
of the vessel, relieving Assistant Rhodes, whose services were needed elsewhere. On
April 1 he reported to Assistant P. A. Welker, commanding the steamer Backe, who
arrived at Key West on that date with orders to take general direction of the work in
the vicinity.

By direction of Assistant Welker, sounding in the anchorage was discontinued
and the hydrographic development of the Sand Key Channel was taken up by the party
on the Hydrographer. ’Tide observations were made at the Sand Key Lighthouse
and on the lighthouse wharf at Key West, to furnish data for the reduction of the
soundings. Sounding lines were run at intervals of 35 meters, and a large portion of
the lines was also run over with the channel sweep, set to a depth of 5 fathoms.
Isolated rocks were buoyed and developed by radial lines of soundings. The weather
conditions during the season were fair, but the working ground was at a considerable
distance from land, and the character of the survey required light winds and a smooth
sea, so that only a portion of the time could be utilized for sounding. The vessel left
Key West on June g, and reached Norfolk on the 16th. Assistant Vinal reports that all
the officers of the ship rendered faithful and efficient service, and expresses his appre-
ciation of the aid he received from them,
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Hydrography, approaches to Key West, Fla.

EXPERIMENTAL OBSERVATIONS. D. B. WAINWRIGHT,
WIRELESS TELEGRAPHY.

CHANNEL AND HARBOR SWEEP.

QUICK SOUNDING MACHINE.

On July 1 experimental work with wireless telegraph apparatus was in progress
under the direction of Assistant Wainwright, for the purpose of ascertaining whether
this method of sending signals could be adapted for use in the telegraphic longitude
work of the Survey. As stated in the previous Annual Report, the tests were made
between the Marconi wireless telegraph station at Sagaponack, on the eastern end of
Long Island, New York, and the schooner Lagre, at various distances. The plan was
to have the Eagre establish easy connection with the station on shore and then proceed
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away from the station to determine the greatest distance at which it was practicable to
exchange signals such as are used in the telegraphic longitude work.

The standing rigging of the vessel consisted of wire rope set up with turn-buckles,
which gave a continuous metallic connection from each topmast of almost 125 feet, and
the vessel was used in this condition during the first tests, as stated in the previous
report, which did not yield satisfactory results. For the next trial, hemp rope was
substituted for the wire rope of the standing rigging of the topmasts at the request of
the Marconi Wireless Telegraph Company, and at their expense.

The tests were then repeated, other conditions remaining the same. The vessel
went to a point about 30 miles west of the Marconi station and established the connec-
tion by exchanging signals, and started toward New York, after ascertaining that the
conditions were favorable. Signals were exchanged between the vessel and the shore
station every half hour as the vessel proceeded westward, and continued for an hour or
more after the last intelligible message was received on board, at a distance of 63 miles,
On board the schooner a break-circuit chronometer was included in the circuit of the
battery and the sparking coil, by use of suitable relays, and in this way each break
made by the chronometer was automatically sent as a time signal, which was recorded
on the tape of the Morse recorder at the shore station. This method proved to be very
satisfactory, and the results indicate that regularly spaced signals sent in this manner
can be utilized for longitude determinations at a greater distance than it is possible to
use verbal messages by the Morse code. The work closed on July 11.

Later in July, Assistant Wainwright was assigned to the temporary command of
the Rlake, during the absence of Assistant Faris from July 16 to August 11. He took
command of the ship at Baltimmore on July 16, and sailed on the 19th for Hyannisport,
Mass. ‘The Blake reached Hyannisport on the 23d, and the hydrographic examination
of a portion of Nantucket Sound lying south of Cross Rip light-ship was nearly com-
pleted before August 11, the date on which Assistant Faris resumed command, and
the details of this work are included in the statement under his name.

On August 12 Assistant Wainwright resumed his duties in the office, and on Sep-
tember 20 proceeded to New Bedford, Mass., and went on board the Alake to install
and test a channel and harbor sweep which had been devised at the Coast and Geodetic
Survey Office. A description of this channel sweep is given in Appendix 6 to this
Report.. The apparatus was successfully installed and numerous tests were made,
which demonstrated that the channel sweep was entirely practicable and satisfactory.
The tests were concluded on September 30, and Assistant Wainwright returned to
Washington.

From January 18 to 26 he was again in the field in charge of the installation of a
channel and harbor sweep on board the steamer Hydrographer, and also engaged in
testing a navigational sounding machine arranged for quick sounding. After the tests
were over the sounding machine was brought back to the Office and some improvements
were made, and it was again tested in May (5 to 7) while attached to a naphtha launch.
In smooth water and not exceeding 5 fathoms in depth, and where the bottom is
moderately regular, 15 soundings can be obtained per minute. ‘The instant of contact
of the lead with the bottom can be determined when the speed of the vessel is 5 miles
per hour as accurately as when the speed is reduced to 3 miles per hour.
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ALLABAMA.

FLORIDA.

GEORGIA.
MISSISSIPPI.

SOUTH CAROLINA.

W. F. WaALLIS.

After completing the magnetic observations assigned to him in the Middle Division,
Mr. L. B, Smith continued magnetic work, as a member of Mr. W. F. Wallis’s party, in .
the Eastern Division, and occupied the stations named in the following list between

January 11 and May 24:

EUFAULA,
GREENSBORO,

ARCADIA.
BARTOW.
BROOKVILLE,
DADE CITV.
DELAND.
EAavu GALLIE,
HoMOSASSA.
INVERNESS.

CUTHBERT.
IRWINSVILLE.

CHARLESTON.
GREENWOOD,

FLORENCE.
HAMPTON.

ALABAMA,

LIVINGSTON.
QOZARK.

FLORIDA.,
KISSIMEE.
LakE Crty.
I1vE OAK.
MAYO.

MIAMI,

OCALA,
ORLANDO.
PUNTA GORDA,

GLEORGIA.

SAVANNAH.

MISSISSIPPI,

HERNANDO.

SOUTH CAROLINA.

ORANGEBURG.

SELMA.
TrOY.

ST. PETERSBURG.
STARKE,
SUMTERSVILLE.
TAMPA.

TARPON SPRINGS.
TAVARES.
TITUSVILLE.

VALDOSTA.

SARDIS.

SUMTER,

The observations necessary to determine the elements of the earth’s magnetism
were made at all the stations named above, and the positions occupied were all marked

in a permanent manner by using stone monuments.

Mr. Smith’s work in the field

closed on May z4, and he reported at the Office in Washington the next day.
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HYDROGRAPHY. FLORIDA. P. A. WELKER, Commanding
MASSACHUSETTS. Steamer Backe.

Massachusetts—July 24 to October 14.

E. B. LATHAM, Assistant.
F. H. AINSWORTH, First Walck Officer.
J. E. SHEPHERD, Surgeon.

M. F. FLANNERY, Chief Engineer.
H. S. SMITR, Second Watch Officer.
A. C. L. RoETH, Deck Officer. . July 1 to Aug. 8.
WILLIAM SANGER, Captain’s Clerk.
G. BRADFORD, 2D, Deck Officer. Aug. 6 to Oct. 14.

¥. RIESENBERG, Deck Officer.
SUMMARY OF RESULTS.

Hydrography:
622 miles lines sounded.
26 8o1 soundings made.
2 tide stations established.
5 hydrographic sheets completed.

Florida—April 1 to June 6.

E. B. LATHAM, Assistant.

W. M. ATKINSON, First Watck Officer.

G. E. MARCHARD, Surgeon.

M. ¥. FLANNERY, Chief Engineer.

H. 8. SMmITH, Second Waick Officer. Apr. 1 to 25.
WILLIAM SANGER, Captain’s Clerk.

E. C. SasNETT, Aid.

G. A. BERRY, Deck Officer.

F. B. THOMPSON, Deck Officer. May 1 to June 6,

SUMMARY OF RESULTS.

Hydrography:
6 square miles area covered,
486 miles lines sounded.
19 167 soundings made,
1 tide station established.
1 hydrographic sheet completed.

Hydrographic examinations and surveys on the coast of Massachusetts were assigned
to Assistant Welker, commanding the steamer Backe. The vessel left Baltimore on
July 16, with Assistant Latham in command temporarily during the absence of Assistant
Welker, and proceeded to Providence, R. 1., where Assistant Welker assumed command
on July 22. On the 24th the vessel was taken to the working ground and preparations
were made for the resurvey of portions of Nantucket Shoals, and work on Pollock Rip
Shoal began immediately. Until August 6 the weather was almost continuously foggy
and very little was accomplished, but after that date the conditions were favorable, and
the survey of this shoal was completed on August 20. The greater portion of this work
was done with the steamer, as the rough and choppy sea usually prevailing prevented
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the use of the smaller boats except on a few days. The hydrographic survey in the
vicinity of Monomoy Slue and Shovelful and Handkerchief shoals was then taken up.
On account of the shoal water, breakers, and very strong currents it was necessary to
do this work with small boats, and almost calm weather was required for imost of it.
The work was difficult and the progress slow, but the work was completed on September
17. The water signals used in the work were removed, and on the 18th the vessel

proceeded to Boston.
No. 25.
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Hydrography, Nantucket Shoals, Massachusetts,

On September 24 the vessel was taken to Rockport, Mass., and a hydrographic
survey of the entrance to the harbor and of the anchorage was made. The weather
conditions were unfavorable and the work was not completed until October 14, on which
date the field work closed for the season and the vessel proceeded to Boston.



78 COAST AND GEODETIC SURVEY REPORT, 1903.

The Backe left San Juan, P. R., on March 27, under the command of Assistant
Welker, and proceeded to Key West, Fla., to make a hydrographic survey in the
vicinity. The vessel reached Key West on April 1, and Assistant W, I. Vinal,
commanding the steamer Hydrographer, already at work in this locality, reported for
duty, as Assistant Welker had been instructed to assume the direction of all the work
in this region. Assistant Vinal was directed to take up the hydrography in Sand Key
Channel, and an account of his work is given under his name, The following refers

No. 26.
136° 70°[35°
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ROCKPORT

Hydrography, Rockport Harbor, Mass,

only to the work executed by the party on the Backe in the survey of Southwest
Channel. The necessary signals had been erected and their positions were known, so
that the hydrographic work began without delay. Sounding lines were run approxi-
mately parallel to the axis of the channel and at intervals of 25 to 75 meters. The
lines were crossed by other lines approximately at right angles to them,and about
the same distance apart. All spots showing indications of shoals or coral heads were
afterwards carefully examined and developed. The localities with less than 5 fathoms
of water were examined for shoal spots by going over them with a drag. In all of the
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work two leadsmen were continuously used, but only the starboard leadsman called
out his soundings, except, that in cases where the port leadsman obtained less than 5
fathoms, his soundings were also called out and recorded. During the progress of the
work the steamer Bacie was twice called upon for special service. On May 2 the
U. S. 8. Aélanta grounded in the vicinity of buoy Ci17, and the commanding officer called
for assistance, which was promptly rendered. The ARacke reached the Atlanta at
6 p. m., but the tide was unfavorable and nothing was accomplished before being
relieved by the navy tug Osceola at 11 p. m.

On May 5 buoy C17 avas moved to a new position in respounse to a request from
the Light-House Board. Tide observations were made at the wharf of the Light-
House Establishment, Key West, and at Sand Key Lighthouse, where a tide staff was
established. The tide staff at the light-house wharf was connected with the United
States Engineers’ bench mark at Fort Taylor and referred to the one at Sand Key
Lighthouse by simultaneous observations, thus reestablishing the old plane of reference
for use in reducing the soundings. The field work was closed for the season on June 6,
the vessel sailed for Old Point Comfort, Virginia, on the gth, and reached that place on
the 14th,

HYDROGRAPHY. MARYLAND. F. A. Young, Commanding,
TOPOGRAPHY. VIRGINIA. Steamer Endeavor.
TRIANGULATION.

July 1 to December 18.

J. A. McGREGOR, First Watch Officer.
H. G. LockE, Chief Enginecr.

A. C. L. RoETH, Deck Officer. Oct. 24 to Nov. 29.
E. V. MILLER, Captain’s Clerk. Sept. 4 to Dec. 18.
R. J. NEELEY, Acting Deck Officer. July 1 to Aug. 31.
- W. K. WEsT, Acling Deck Officer. July 1 to Sept. 30.

SUMMARY OF RESULTS.

Hydrography:
964 miles lines sounded.
44 610 soundings made.

3 tide stations established.

Topography:
17 miles shore line surveyed.

Triangulation:

4 stations occupied.

June 4 to June zo.

J. A. McGREGOR, First Watch Officer.

H. CG. LockE, Chief Enginecr.

E. KRAMER, Aid. June 21 to June jo.
J. H, SimpsoxN, Deck Officer.

SUMMARY OF RESULTS.

Hydrography:
33 miles lines sounded.
1 735 soundings made.
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The resurvey of Kettle Bottom Shoals was in progress on July 1 under the
direction of Assistant F. A. Young, commanding the steamer £ndeavor. The work
continued whenever the weather permitted until December 18, except during the
period August 23 to September 2, when -necessary repairs were being made, and from
September 3 to 5, when the vessel was on other duty. A regular system with lines at
intervals of 100 to 150 meters was carried out in making the soundings. All lumps
were developed with care and all regions where lumps were shown as the result of
former surveys were thoroughly examined. Nearly all these old shoals were found
and several new ones were developed on the north side of the river. Soundings were
made in a new channel passing close to Neals Point, which was dredged under the
direction of the Corps of Engineers, U. S. Army. Tide observations were made at
Colonial Beach during the whole season. On October 21 the vessel proceeded to
Mattawoman Creek and completed a hydrographic and topographic survey along that
creek to a point 6 miles above the mouth on November 21. Tide staffs were established
at Stump Neck and at Grinders wharf, where observations were made for use in reducing
the soundings. The vessel returned to Colonial Beach on November 21 and closed
work for the winter on December 18, on which date the ship sailed for Baltimore.

The FEndeavor left Baltimore on May 29 and proceeded to Kettle Bottom Shoals to
resume work. After stopping at various places on the way, the vessel reached Colonial
Beach on June 4. ‘The hydrographic work begun earlier in the fiscal year was continued
from June 6 to 30, but the weather was unfavorable and the progress was slow.

The statistics of the work dose during this period are given above, and the work
was in progress at the close of the fiscal year.



MIDDLE DIVISION.

MAGNETIC OBSERVATIONS, KANSAS. L. A. BAUER.
: MINNESOTA.
NEBRASKA.
TEXAS.

While engaged on inspection duty in the Western Division in October Assistant
Bauer made magnetic observations at the following stations:

In Kansas, at Baldwin, Beloit, Minneapolis, and Winfield; in Minnesota, at Duluth;
in Nebraska, at Tecumseh; in Zexas, at Hereford, Liberty, and San Antonio. At these
stations the regular observations to determine declination, dip, and horizontal intensity
were made with a magnetometer and dip circle, and observations were also made with a
Lloyd-Creak dip circle, standardized at the Cheltenham Observatory, to determine dip
and intensity. :

T'RIANGULATION. KANSAS. WiLLIAM Bowik.
OKLAHOMA. O. W. FERGUSON.
TEXAS,

SUMMARY OF RESULTS.

5 861 square miles area covered.
49 stations occupied.
144 geographic positions determined.

On July 1 the triangulation dlong the ninety-eighth meridian was actively in prog-
ress under the direction of Assistant Bowie, with Assistant O. W. Ferguson in charge
of the second observing party, and Signalman Jasper S. Bilby in charge of a party
engaged in the construction of the necessary observing tripods and scaffolds, which were
all built in advance without delaying work of the observers.

The organization of the parties and the instructions under which the work was done
were stated in the previous report in connection with the work executed before July 1,
and it is not necessary to repeat these details.

On July 1 the observing parties were at work in the vicinity of the El Reno Base in
Oklahoma Territory. Rapid progress was made by both observing parties and the sta-
tions between the El Reno Base and the Anthony Base, in Kansas, were occupid previous
to August 16, on which date the connection with the triangulation north of Anthony
Base was completed.

On July 12 the signal building party went south, and the erection of signals between
Bowie Base and Lampasas Base began on July 19. All the signals between these points
and including the stations of the Lampasas Base net were completed on September 28, The
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outfit was placed in storage and on October 3 the building party was disbanded and Sig-
nalman Bilby joined the observing parties. This closed a notable performance in the
construction of observing tripods and scaffolds for use in triangulation, both in the time
involved and the number of signals built. The success attained was made possible by
the efficiency of Signalman Bilby and by the continuous employment of a trained party.
The observing parties began work south of the Bowie Base net on August 28 and com-
pleted the work to the Lampasas Base, including the entire base net, on QOctober 25.

. All the necessary preparations were made for closing the field work, and on Novem-
ber 4 the party was disbanded.

During this season, which began in March, as stated in the preceding Aunnual
Report, the two observing parties occupied all the stations necessary to extend the tri-
angulation 640 kilometers along the meridian. ‘This involved the measurement of hori-
zontal and vertical angles at 75 primary stations, and the season’s work is remarkable
for the distance covered and the small cost per station, a result which reflects great
credit upon the two observers.

Horizontal directions and vertical angles were measured during the day and at
night petween 3 and half past 11 p. m. Heliotropes were used until sunset, and obser-
vations on the lamps began about one hour afterwards.

The signal lamp used is a modified acetylene bicycle lamp mounted on a frame
capable of being leveled and easily pointed in any desired direction. This lamp was
very satisfactory; it can be easily centered and pointed; is so constructed that it can not
become overheated; is easily kept in order, and the flame is quite steady and is not
materially affected by wind. It requires charging several times each night, which is a
disadvantage, but not a serious one. Any necessary instructions were communicated
to the light keepers by means of a code of signals. The tripods were not protected
against wind during this season and guys were rarely put on the scaffolds. The signals
were very rigid even in strong wind, and only a few days were lost as a result of heavy
vibration. The tripods were usually in the sunshine, but the observations showed no
signs of twisting, and the levels on the instruments did not change materially during
the observations. Observations were never discontinued at night on account of the
lights being unsteady, but the observations in the afternoon did not begin until the
heliotropes were steady enough to insure pointing within a range of two seconds between
successive readings of the circle, ‘

The daily programme was to begin observing vertical angles at 3 o’clock in the
afternoon on the heliotropes, if showing, or on some part of the signals if they were not
visible, and these observations were usually made between 3 and 4 o’clock. As soon as
the vertical angle observations were completed the observations of horizontal angles
were begun if the atmospheric conditions permitted and were continued until a few
minutes before sunset, when work was suspended for an hour and then continued until
half-past 10 or 11 o’clock, after which vertical angles were again measured. This
usually concluded the work for the day, but occasionally the measurement of horizontal
angles was resumed after the vertical angles had been measured.

The following is quoted from the report of Assistant Bowie:

The success attained during the season is due to the faithful and efficient service rendered by the

entire party. Special mention should be made of the ability and cooperation of Assistant Ferguson
and Signalman Bilby, who were in charge of the second observing party and the building party,
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respectively. The writer also wishes to acknowledge his appreciation of the services of Foreman
D. A. Lewis, Recorders C. E. Schurch and H. G. Ferguson, and Light-Keepers Shirley Thomas,
W. E. Hodges, W. A, Casey, and L. T. Jagers. Every one of the building party deserves great credit,
especially William C. Nohl and Harry Schworer, who were in charge of the subparties under
Signalman Bilby. ]

In concluding the writer wishes to express liis appreciation of the cooperation and assistance
rendered by those in the office, and especially by Assistant J. ¥. Hayford, Inspector of Geodetic Work,
and Mr. E. G. Fischer, Chief of the Instrument Division, '

LEVELING. KANSAS. W. H. BURGER.
OKLAHOMA.
TEXAS.

SUMMARY OF RESULTS.

508 kilometers of line completed.
78 bench marks established.

As stated in the preceding Annual Report leveling along the ninety-eighth
meridian was in progress on June 3o in Oklahoma Territory, near the Kansas line,
under the charge of W. H. Burger, aid, Coast and Geodetic Survey. After July 1 the
work was extended north from Wakita, Okla., along the Atchison, Topeka and Santa
Fe Railroad to Anthony, Kans,, where connection was made, on July 12, with. bench
marks established at this place in a line brought from the north during a previous
$€eason.

The party then proceeded to Bowie, Tex., and began work on a line from that
place to Shreveport, La. The line began on the bench marks used by the party
earlier in the season, during the previous fiscal year, in starting the line north to
Anthony, Kans., and was extended along the Fort Worth and Denver City Railway
from Bowie to the crossing of the Chicago, Rock Island and Pacific Railway, g miles out
of Fort Worth, and thence along the latter railway to Fort Worth. From this place
the levels were carried over the Texas and Pacific Railway to Dallas; the line was
compteted to that place on August 22. From Dallas the levels were carried over the
Missouri, Kansas and Texas Railway to Shreveport, La. The distance between these
places is longer by this route than over the Texas and Pacific Railway, but the officials
of this latter railway refused permission for the party to use velocipede cars on their
tracks and the longer route was selected as the velocipede cars greatly facilitate the
leveling operations.

Ralph L. Libby, Aid, Coast and Geodetic Survey, was assigned to the party for
instruction in the methods of work, and reported for duty on October 1. After this
date Mr. Libby made the observations about one-half the time, with Mr. Burger as
instructor and recorder, and acted as recorder the rest of the time, while Mr. Burger
made the observations.

The line was completed to Shreveport, La., on November 18, when connection was
made with the permanent bench marks established at that place under the direction of
the Corps of Engineers, U. S. Army, and connected by the U. S. Engineers with the
Coast and Geodetic Survey levels at Little Rock, Ark., Vicksburg, Miss., the mouth of
Red River, and at other places.
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‘The leveling party then returned to Fort Worth, Tex., for the purpose of extending
the line along the Fort Worth and Rio Grande Railway from that place to Granbury,
Tex., en route to Comanche Peak, a station in the triangulation along the ninety-
eighth meridian. The work was continued until November 30, when 23 kilometers of
progress had been made. On this date Mr. Burger was relieved, and Mr. Libby was
placed in charge of the party, and the account of the work subsequently executed is
given under his name. The line was always leveled in both directions at least once,
and such sections as showed more than the allowed discrepancy between the results of
the forward and backward lines were leveled more than once.

Permanent bench marks were established at comparatively short intervals, with
additional temporary bench marks between them, for the purpose of comparing the
results obtained from the forward and backward lines.

Over half the distance from Bowie to Fort Worth, the route was through a rough
and heavily wooded section of ‘the country, and the railway has numerous curves and
heavy grades. In August, between Fort Worth and Dallas, the temperature was
unusually high, and the party suffered a good deal from the lack of water, as the refusal
of the railway company to permit the use of velocipede cars prevented the transporta-
tion of sufficient water for the use of the party, and the supply in that locality was
limited and could not be readily obtained. Between Greenville and Shreveport the
grades on the railway were very heavy and made the use of the velocipede cars very
laborious.

RECONNAISSANCE. NORTH DAKOTA. W. H. BURGER.
S16NAlL BUILDING. SOUTH DAKOTA.

SUMMARY OF RESULTS.

Reconnaissance:
3 9oo square miles area covered.
4o triangulation stations selected.
Signal Building:
16 signals erected.

The extension of the reconnaissance along the ninety-eighth meridian northward
from the vicinity of Mitchell, S. Dak., was assigned to Aid Burger. After making the
necessary preparations at the Office, he proceeded to South Dakota and reached Mitchell
on April 13. Signalman J. S. Bilby had been sent to Lampasas, Tex., in time to
procure the necessary outfit for the reconnaissance and signal-building parties, stored at
that place, and bring it north by rail. He also reached Mitchell on the 13th, and the
preparations for active field work were completed. The triangulation stations Freeman
and Wieters, established by Assistant F. D. Granger in 1901, were visited and found
undisturbed, and the line between them was used as the base from which to extend the
reconnaissance northward. After selecting two new stations the party returned to
Mitchell, and Signalman Bilby, with Foreman William C. Nohl, began the work of
building signals, while Aid Burger continued the work of reconnaissance. Signalman
Bilby remained with the building party a short time to train the men, and then joined
the reconnaissance party at Canova, S. Dak. The work of the building party proceeded
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steadily, and they erected signals at 16 triangulation stations, with an aggregate height
of 680 feet before the end of the fiscal year.

In the early part of the season extremely heavy winds constantly prevailed and
there was much cold weather. The condition of the roads made traveling difficult
and also delayed the work. The scheme of triangulation was gradually swung east-
ward and carried across the northeast corner of South Dakota and up the east side of
Red River. A base line was selected in Brown Valley, near the town of the same name,
in South Dakota, and the ends were marked with heavy masonry piers. Forty trian-
gulation stations were selected before June 3o, which extended the scheme of triangu-
lation from latitude 43° 30" north and longitude 97° 30" west to latitude 47° north and
longitude ¢6° 30’ west. Aid Burger reports the valuable assistance rendered by
Signalman Bilby and states that the work accomplished was due to a great extent to his
intelligent and unceasing labor. The work of reconunaissance and signal building was
in active progress at the close of the fiscal year.

LEVELING. NEBRASKA. W. C. DiBrELL.
WYOMING.

SUMMARY OF RESULTS.

387 kilometers completed line.
42 bench marks established.

On July 1 a leveling party was at work in Nebraska, under charge of Mr. W. C.
Dibrell, Aid, Coast and Geodetic Survey, extending a line westward along the Fremont,
Elkhorn and Missouri Valley Railroad, from a point 31 kilometers west of Chadron.
Rapid progress was made, and on August 4 the line was completed to Orin Junction,
Wyo., where a junction was made with the levels brought north from Cheyenne,
Wyo., during the previous season. This completed the large circuit Abilene, Kans.;
Denver, Colo.; Orin Junction, Wyo., via Cheyenne; Norfolk, Nebr.; Abilene, Kans.

The party then proceeded to Rock River, Wyo., to extend the levels westward
from Rockereek, formerly a station on the Union Pacific Railway, where the leveling
work ended in 1899. Since that date the route of the railway has been shifted to
straighten the road and improve the grades, and Rockcreek is now 11 kilometers off
the railroad. The work began on three bench inarks established at Rockcreek in
1899, two of which were found to have retained relative elevations determined when
they were established, and the line was carried across the country to Wilcox, a point on
the railroad 3 miles west of Rock River, and then continued along the Union Pacific
Railway to Red Desert, Wyo., a station 8o kilometers west of Rawlins, where the work
for the season was closed. The outfit was stored in the railroad-station building at
Creston, Wyo., the only available place within a reasonable distance of Red Desert,
through the courtesy of Mr. k. J. Krathmohl, the day telegraph operator at Creston,
and the Survey is indebted to him for this favor and many others extended by him to
the party.

The party was discharged October 135, except one man, who proceeded with the
Chief to Greenriver by rail, for the purpose of setting several stone bench marks
which had been distributed along the route as far west as that place. The return trip
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to Creston was made on a velocipede car and the work above mentioned was done en
route. Eleven stones were placed in position and two bench marks were cut on bridge
abutments, and the work closed on October 19. Velocipede cars were used by the
party throughout the season, except for a short time after leaving Rockcreek, when
there was some delay in securing the necessary authority. ‘The usual method of work
was followed and the line was leveled at least once in each direction.

Permanent bench marks were established at comparatively short intervals along
the route, and intermediate temporary bench marks were determined for the purpose of
comparing the results obtained from the forward and backward lines. The elevation
of the top of the rail on the track in front of each railroad station on the route was
determined. '

It was difficult to maintain the party at its full strength on account of the demand
in this region for labor and the prevailing high wages, and after July 1 the party was
shorthanded most of the time. Whenever one man was absent it was not practicable
to protect the instrument from the wind and sun at the same time, and the instrument
was used most of the time exposed to the wind, which was constant and very strong
on the line west of Rockcreek. Very rapid progress was made at times during the
season, and on one occasion 12.9 kilometers of double line were completed in one day.

Mr. Dibrell reports his appreciation of the service rendered by the members of his
party, and makes special mention of George W. Myers, rodman, who remained with
the party during the whole season. Mr. King joined the party on September 12 for
instructions in the method of work. He served until the close of the season, and used
the instrument nearly all the time during October.

T'RIANGULATION. NORTH DAKOTA. O. W. FERGUSON.
SOUTH DAKOTA.

SUMMARY OF RESULTS.

Triangulation:
918 square miles area covered.
9 stations occupied.
62 geographic positions determined.

The extension of the triangulation northward from the vicinity of Mitchell,
S. Dak., was assigned to Assistant Ferguson. The necessary preparations were made
at the Office and he started to the field on May 8, reaching Mitchell, S. Dak., on
May 11. A party was organized, the preparations for fieldwork were completed, and
the party went into camp at triangulation station Elm Springs on May 14. The
stations Wolf Creek, Silver Lake, Salem, Farmer, Reese, Canova, Owens, and Crane
were then occupied in the order named. The weather conditions were unfavorable for
observations in May on account of strong winds and heavy rains. ‘The conditions were
much more favorable in June, and more rapid progress was made.

The stations named above were included in two hexagons with central points as
shown on illustration 27, and the length of the lines varied between 6 and 18 miles.
Mr. E. R. Witman served as recorder, and Mr. E. E. Torrey as foreman in the party.
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LEVELING. TEXAS. R. L. LiBBY.
SUMMARY OF RESULTS.

386 kilometers of line completed,
46 bench marks established.

The extension of the standard levels of the Survey in Texas after December 1 was
assigned to Aid Libby, who was already engaged on this work under the direction of
Aid W. H. Burger. The account of the work of the party previous to that date is
given under Mr. Burger’s name. On December 1 Mr. Libby relieved Mr. Burger of
the charge of the party and continued the line between Fort Worth, Tex., and
the triangulation station Comanche near Granburry. Mr. Libby began work at a
point 21 kilometers south of Fort Worth, and completed it to Comanche, a distance
of 75 kilometers, on December 17. The route followed the Fort Worth and Rio
Grande Railway from Fort Worth to Granburry, and then across the country to
the triangulation station Comanche. The party then returned to Fort Worth and
extended the work southward to Temple, following the Missouri, Kansas and Texas
Railway, a distance of 199 kilometers. From Temple a line was leveled along the
Gulf, Colorado and Santa Fe Railway to Lampasas, a distance of 86 kilometers, to
determine the elevation of Lampasas Base. This line determined the elevation of the
triangulation stations Lampasas Northeast Base and Gilmore. The party returned to
Temple on March 27 and extended the line south along the Missouri, Kansas and
Texas Railway to Holland, Tex., a distance of 26 kilometers, where the work closed
on April 9. The line was leveled in both directions, and temporary bench marks
were established at short intervals to afford a means of comparing the results obtained
on each line.

MAGNETIC OBSERVATIONS. OKLAHOMA. ' F. M. LrrrLE.
TEXAS.

Stations occupied.

ORI, AHOMA.

GUYMON.
TEXAS.

AMARILY,O. FLOVADA. PADUCAH.
BOVINA. HANSFORD, PAMPA.,
CANADIAN. HARTLEY. ) PANHANDLE.
CanvoN CrIty. HEREFORD, PLAINVIEW,
CHANNING. HIGGINS. PLIMONS.
CHILDRESS. LEFORS. QUANAH.
CLARENDON, LIPSCOMB. SILVERTON,
CLAUDE. L UBBOCK. STRATFORD.
CROWELY,. MATADOR. TASCOSA.
DALHARY, MEMPHIS. TEXLINE.
DIMMITT. MIaMI. TuL1A.
DumMas. MOBEETIE. WELLINGTON,

EMMA., OCHILTREE,
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The work of extending the magnetic survey in Oklahoma and Texas was assigned
to Assistant Little. He reached Amarillo, Tex., on July 26, and made observations to
determine the three elements of the earth’s magnetism in Texas and Oklahoma at the
stations enumerated above. This work continued until December 25, except during
an interval of twenty-three days when work was prevented by illness. At most of the
stations a meridian line was established and marked. In nearly all the counties visited
the county authorities were anxious to have a meridian line established and willingly
furnished the necessary marks and the labor required. Field work in the Middle
Division closed on December 24, and was continued in the Western Division.

MAGNETIC OBSERVATIONS. KANSAS. E. D. PRESTON.
Stations occupied.
ANTHONY. GREENSBURG. NORTON.
ASHLAND. HiLry Crrv. OBERLIN.
BALDWIN. HoXxIE. OSBORNE.
BELLEVILLE. HUGOTON. PHILLIPSBURG.
BELOIT, ILIBERAL. SMITH CENTER.
CoLsyv. MANKATO. STOCKTON.
COLDWATER. MEADE. SYRACUSE.
COOLIDGE. MEDICINE LODGE. WELLINGTON.

GOODLAND. MINNEAPOLIS, WINFIELD.

A portion of the work of extending the magnetic survey in Kansas was assigned
to Assistant Preston, and he left Washington on September 3, proceeding to Baldwin,
Kans., where he tested his instruments by observations at the Magnetic Observatory,
the base station to which work in this region is referred.

The work continued until December 10, and during this period the stations named
above, except Coolidge and Syracuse, were occupied, and observations were made at
each to determine the elements of terrestrial magnetism. At several stations the work
was delayed by unfavorable weather. At nearly all the stations a meridian line was
established and marked, using stones and labor furnished by the county authorities.
At a few places the county surveyor was not a practical surveyor and showed no
interest in the work, and at these places a meridian line was not established, but the
bearings of all prominent objects in sight were recorded. About the middle of the
season the observer visited Baldwin and again tested his instruments at the observatory.
Field work in Kansas closed on December 10, and Assistant Preston proceeded to
Williams, Ariz., to continue work in the Western Division.

He returned to Kansas on April 8, after completing work for the season in the
Western Division, and occupied two stations, Coolidge and Syracuse. He completed
the work at the latter place on the 14th, and then proceeded to Washington, D. C.,
'~ to test his instruments at the Coast and Geodetic Survey base station.



90 " COAST AND GEODETIC SURVEY REPORT, 1903.

MAGNETIC OBSERVATIONS. ARKANSAS. W. F. WaLwL1s.
KANSAS.
NEBRASKA.
TEXAS.
S. J. BARNETT, Magnetic Observer. July 1 to Aug. 31
H. 1. Woobs, Magnetic Observer. Aug. 1to Sept. 1.
J. M. Kvenu~Ng, Magnetic Observer. July 1 to Sept. 2q.
L. B. SMmrrH, Aid. July 1 to May 25,
S. A. DL, Magnelic Observer. Sept. 20 to Jan, 23.

The charge of the magnetic observatory at Baldwin, Kans., was assigned to
Maguetic Observer Wallis, and he left Washington on July 1 for his station. He
reached Baldwin on July 3 and was engaged in instructing Magnetic Observer Barnett
and other duties until the 17th, on which date he assumed charge of the observatory,
relieving Magnetic Observer W. C. Bauer, who had charge July 1 to 17. ‘The regular
observations were continued throughout the year, and an almost continuous record was
obtained on the self-registering instruments. Absolute observations were made every
week except in August, when these observations were made only on the 4th and 15th,
the only days on which the proper instruments were available during that month.
Special observations were made on the 1st and 15th of each month and daily between
December 2 and 8, January 2 and 8, and February 3 and g, as a part of the Iuter-
national work undertaken during the absence of the polar expeditions.

L. B. Smith, aid, assisted in the work of the observatory July 1 to January 4, and
W. C. Bauer, magnetic observer, assisted in this work July 1 to 31 and at various other
times when his services were required for short intervals. In addition to the work at
the observatory, the magnetic observers named above were assigned to extend the
magnetic survey by making observations under the direction of Mr. Wallis, as members
of his party, and the following is a statement of the work performed by them:

Mr. S. J. Barnett began work at Baldwin on July 3, and then occupied the
following stations in Kansas:

CENTER. FREDONIA. OTTAWA.
EMPORIA, GIRARD, Paora.
ER1E. HOWARD. SEDAN.
EUREKA. INDEPENDENCE. WINFIELD.
ForT Scorr. Mounp Citv. YATES.

Magnetic observations were made at each of these stations, and they were marked
in a permanent manner by using stone posts for station marks, Mr. Wallis instructed
Mr. Barnett in the work at Baldwin, Mound City, Ottawa, and Paola. Mr. Barnett
closed field work on August 31.

Mr. J. M. Kuehne began work on July 1, and occupied the following stations in
Texas:

ANDERSON. CAMERON. HENDERSON.
ATHENS. CONROK. HovusToN.
BELLEVILLE. FRANKLIN, JACKSONVILLE.
CALDWELL. GATESVILLE. JEFFERSON.

CENTER. GEORGETOWN. KAUFMAN.,
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LA GRANGE. MCKINNEY. SAN MARCOS.
LIBERTY. MERIDIAN. SULPHUR SPRINGS.
LINDENAU. MINEOLA., TRINITY.
LIVINGSTON. MOUNT PLEASANT. WAXAHACHIE.
T PALESTINE. Waco.
MADISONVILLE. PARIS.

The necessary observations to determine the elements of terrestrial magnetism
were made at these stations, and they were marked in a permanent manner by using

stone monuments. The field work closed on September 29.

Mr. H. I. Woods reported for duty on August 1, and was instructed in the use of
the instruments and in the methods of work August 2 to 14. He made observations
at Baldwin, and then occupied the following stations in Kansas:

ABILENE.
ALMA,

ATCHISON.
OSKALOOSA.,

TOPEKA.
TRoOY.

Observations to determine the magnetic elements were made at these stations, and
they were marked in a'permanent manner by using stone monuments.
Mr. S. A. Deel was attached to the party from September 20 to January 23. Dur-

ing ten days of this time he was engaged on work at the Baldwin Observatory, and
twenty-nine days were spent on leave of absence. He began field work on October 6
by making magnetic observations at Baldwin, and then occupied the stations named
below, closing work on December 18 by again making magnetic observations at

Baldwin,

KANSAS.

BIrD Crrv.

NEBRASKA.
BEATRICE. HASTINGS. LINCOLN.
BENKELMAN, HAYES CENTER. NORTH PLATTE.
CULBERTSON. HOLDREGE, OGALLALA.
F1rwoob. IMPERIAL, STOCKVILLE.
FAIRBURG. INDIANOLA. TECUMSEH.
GENEVA. KEARNEY. WAHOO.
GRANT.

Maguetic observations were made at all the stations named above. From January
1 to 14 Mr. Deel was engaged in instructing L. B. Smith, Aid, in the use of the instru-
ments and the methods employed in making magnetic observations.

Mr. L. B. Smith, Aid, was relieved from the observatory work on January 5 and

began field work immediately.
occupied two stations in Arkansas

HARDY,

and closed work in the Middle Division on January r10.

He made magnetic observations at Baldwin and then

l\IARI(')N.

An account of his work during

the remainder of the season is given under the name of W. F. Wallis, in the Eastern

Division.



WESTERN DIVISION

. HYDROGRAPHY. WASHINGTON. E. F. DICKINS.

A, R. HUNTER, Waich Officer.
W. H. STaANFORD, Walch Officer.
D. R. JEWELL, Ad.

R. J. CHRISTMAN, Drafisman.,

SUMMARY OF RESULTS.

Hydrography:
501 miles lines sounded.
10 252 soundings made.
3 tide stations established,
2 hydrographic sheets completed.

The hydrographic survey of San Juan Channel and Griffin Bay was assigned to
Assistant Dickins. He made the necessary preparations and organized a party at San
Francisco early in March. On the 7th Aid Jewell was directed to proceed to San
Juan Island to obtain necessary local information, and on the 12th Assistant Dickins
and his party sailed for Seattle. The steam launch Fuca was put in order for the use
of the party, and on the 21st the launch Vixen was turned over to the party. On March
23 the party left Seattle on the launches Fuca and Vixen, and reached San Juan Island the
next day. The field work began immediately in Griffin Bay. Old triangulation stations
were recovered, the necessary signals were erected, and a tide staff was established at
Argyle wharf, where observations were made day and night from March 29 to May o,
The hydrographic survey of Griffin Bay was completed on May 4, and the party moved
to Richardson, where another- tide staff was established and connected with the one at
Argyle wharf by making simultaneous observations during three days. Tide observa-
tions were made at Richardson day and night between May 5 and 29. Triangulation
stations in this vicinity were recovered, the necessary signals were erected, and the
hydrographic work began on May 12. The work was continued whenever the weather
permitted until May 29, when the field work closed to enable the officers in the party to
report for duty elsewhere. On May 30 the party returned to Seattle, and was disbanded
on the 31st.

Assistant Dickins reports that special credit is due Watch Officers Hunter and
Stanford for the able manner in which the hydrography was done. Aid Jewell acted
as recorder in the hydrographic work.

92
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HYDROGRAPHY., OREGON. O. B. FRENCH.
RECONNAISSANCE. WASHINGTON.

TOPOGRAPHY.

TRIANGULATION.

SUMMARY OF RESULTS.

Washington—july 25 to November 20.

Hydrography:
35 square miles area covered.
452 miles lines sounded.
24 499 soundings made.
1 tide station established,
3 hydrographic sheets completed,
Reconnaissance: ,
50 square miles area covered.
33 triangulation points selected.
Topography:
12 square miles covered.
85 miles general shore line surveyed.
17 miles shore line of creeks surveyed.
2 miles shore line of ponds surveyed.
55 miles roads surveyed.
4 topographic sheets completed.
Triangulation:
50 square miles area covered.
33 stations occupied.
94 geographic positions determined.

Oregon—April 12 to June 30.

Reconnaissance::
15 triangulation stations selected.
1 base line located.
Triangulation:
1 station occupied.

The survey of Lake Washington, Washington, was assigned to Assistant French,
who reached Seattle on July 25 and organized a party immediately. A reconnaissance
of the lake was made, and the work of opening the lines and erecting the signals began
without delay. The instruments were not received as soon as expected, and no obser-
vations were made until August 15, when the chief ‘of the party began observing
horizontal angles. '

Mr. F. B. Loren, Aid, continued the erection of signals until that work was com-
pleted on the 19th, When he began observing, and Assistant French took up the topo-
graphic work. The triangulation was extended across the city of Seattle from the line
between Freeport and Alder 2, two stations in the Puget Sound triangulation. In
extending the work around the lake, single triangles were used, but all the angles were
observed. Nearly all the observations in the work covering the southern half of the
lake were made by Mr. Loren. The numerous geographic positions determined made
the topographic work comparatively simple, but the dense growth of brush, etc., along
the shore line made it impracticable to extend the topography far away from the shore
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line without too great an expenditure of time and money. A width of at least a quarter
of a mile was covered around the greater portion of the lake, and the contours were
sketched as far back as necessary to develop the elevations up to 10o feet, but the con-
tours are onuly accurate in a general way, as the woods and brush prevented their precise
location without unwarranted expense. All the topographic work was completed
between August 19 and September 22, and the work of sounding began on August 25
and was continued as rapidly as practicable until the survey was completed. The lake
may be described in a general way as a large basin with steep slopes near the shores,
and having a depth, in the main body, of about 200 feet. The bottom is much more
smooth than the relief of the surrounding country indicates, and with the exception of
a small ridge just west of East Seattle, the bottom of the lake is practically a smooth
trough with its sides parallel to the shores of the lake, and with its depth varying with
the width of the lake.

A tide staff was erected at Madison Park, and readings were made on it nearly
every day from August 13 to November 25 for the purpose of obtaining a plane of refer-
ence for the soundings There was a range in the depth of water during this period of
about 1 foot, but no effect due to the direction of the wind was observed. The hydro-
graphic work was completed on November 20, the party was disbanded immediately,
and Messrs. French and Loren proceeded to Washington, D. C.

The extension of the triangulation northward from the vicinity of Eugene, Oreg.,
was assigned to Assistant French, who made the necessary preparatious and left
Washington on April 1, and reached Eugene on the 12th, after stopping at San Francisco
long enough to select such outfit as was suitable for his work from the Survey property
stored at that place. The preparations for field work were completed and the work of
reconnaissance progressed asrapidly as the weather conditions permitted. A preliminary
examination was made between Eugene and Portland before the end of April. D. A.
Lewis, foreman, joined the party in the latter part of April, and rendered efficient
service in the reconnaissance work. Unfavorable weather prevailed during more than
two-thirds of the month of May and caused serious delay in the work. A building
party began operations on May 21, under charge of foreman ILewis, and visited and
prepared seven triangulation stations before the end of Jumne. This party marked the
stations, erected stands for instruments and lights, prepared camping ground for the
observing party, opened trails or roads to the stations, and collected information to
facilitate the work of the observing party. The observing party reached the foot of
Saddle Mountain, upon which Station Roman is located, on May 29. A trail 7
miles long was opened in order to reach the station. Owing to the difficulty of
procuring extra labor this work delayed the party until June g, when it was completed.
During the remainder of the month fogs and clouds prevailed most of the time, but the
necessary observations were obtained and the station was completed. The lack of
training and attention to duty on the part of the heliotropers also delayed the work.
The work was actively in progress at the close of the fiscal year.
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LEVELING. WYOMING. H. D. XING.
SUMMARY OF RESULTS.

110 kilometers of line completed.
13 bench marks established.

The extension of the standard levels west from Red Desert, Wyo., was assigned to
Mr. H. D. King, Aid, and he reached Rawlins, Wyo., on May 16,

A party was organized, the necessary preparations were made, and the field work
began at Red Desert on the 2oth. The work continued during the remainder of May
and during June, with the results shown above, and was in progress on June 30, on
which date it was completed to a point 13 miles east of Greenriver, Wyo. The route
followed the Union Pacific Railway, and velocipede cars were used as the means
of transportation. ‘The line was leveled at least twice, once in each direction.
Temporary bench marks were established at short intervals to afford a means of
comparing the results of leveling in Opposite directions, and these sections of the line
were releveled when the discrepancy developed exceeded the allowable amount.

LEVELING. UTAH., R. L. L1BBY.
SUMMARY OF RESULTS.

150 kilometers of line completed.
17 bench marks established.

The extension of the standard levels east from Ogden, Utah, was assigned to Aid
Libby. He reached Ogden on April 29, organized a party, and on May 2 began the
field work. ‘The route followed the Union Pacific Railway, and on June 30 the line had
been completed to a point a few miles from Spring Valley, Wyo. The heavy grades,
strong prevailing winds, and four tunnels on the line seriously delayed the work. Two
of the tunmnels were short enough to carry the line through them by using lanterns and
reflectors, but at each of the others it was necessary to carry the line over the moun-
tains, as repairs were being made in one tunnel and the other is nearly 2 kilometers
long. The mountains are rough and steep, and the wind on the western slopes was
unusually strong, rendering the work very slow and laborious.

MAGNETIC OBSERVATIONS. ARIZONA. F. M. LiTTLE.
NEW MEXICO.

Stations occupied.

ARIZONA.
BENSON. GILABEND, SAN CARLOS.
BowliE. GLOBE, SENTINEL.
CASAGRANDE, MARICOPA. SOLOMONSVILLE.
CRITTENDEN. MOHAWK SUMMIT. TOMBSTONE.
COCHISE. NAco. TucsoN.
DOUGLAS. NOGALES, WELLTON.
FLORENCE. PHOENIX. YunaA.
FORT THOMAS. REDROCK.

94—03 7
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NEW MEXICO.

ARID, DUNCAN. RODEO.
CLIFTON. HACHITA. SEPAR.
DEMING. LORDSBURG.

Magnetic work in the Western Division was assigned .to Assistant Little, and on
December 25 he started to Phoenix, Ariz., to make special observations in cooperation
with Assistant Preston, who had also gone to that place, for the purpose of comparing
the instruments in use. ‘These observations and the necessary computations extended
over the period January 2 to 12 and the office work continued until January 17. On
the 18th Assistant Little went to Yuma and began magnetic observations at the series
of stations assigned to him, which are included in the list given above. Work was
continued, except during twenty-six days, when he was not well enough to work, and
during thirty-eight days when he was engaged on computations. On May 16 magnetic
observations began at Lordsburg, N. Mex., and were madeat the series of stations named
above, and the field work for the season closed at Deming, N. Mex., on May 3o0.

MAGNETIC OBSERVATIONS. ARIZONA. E. D. PRESTON.
COLORADO.
NEW MEXICO.

Stations occupied.

ARIZONA.
ASHFORK. HoT SPRINGS JUNCTION. PEACH SPRINGS.
CONGRESS. JEROME JUNCTION. PHOENIX.
FLAGSTAFF. KINGMAN. PRESCOTT.
GRAND CANYON, KIRKLAND. SELIGMAN,
HACKBERRY. MAYER. WILLIAMS,
HoLBROOK. Navajo. WINSLOW.

COLORADO.
LA JUNTA. LAS ANIMAS. THATCHER.

NEW MEXICO,
ForsoM. LAGUNA.

A portion of the work of extending the magnetic survey in Arizona, Colorado, and
New Mexico was assigned to Assistant Preston, who reached Williams, Ariz., on
December 13. Magnetic observations were made at Williams and at Ashfork, and
the observer then proceeded to Phoenix. A snow storm at Williams delayed the work
at that place. At Phoenix special observations were made in order to compare the
instruments used by Assistant Preston with those used by Assistant Little, who was also
at Phoenix for that purpose. A special investigation was made to determine the most
suitable location for a magnetic observatory in the vicinity of Phoenix. A number of
stations were occupied and a desirable location was found. The special observations
were concluded on January 13.

A similar investigation was made in the vicinity of Flagstaff between February 24
and March 2, and detailed reports were made giving the results of these investigations.
Magnetic work was continued in Arizona until March 16, and the stations named above
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were occupied. On the r7th the observer started east and occupied stations in New
Mexico and Colorado, as stated, and closed field work in the Western Division on
April 8, at Las Animas, Colo., en route to Washington, D. C.

CHARGE OF SUBOFFICE. CALIFORNIA. Avuc. F. RODGERS
TiDE OBSERVATIONS.

‘The suboffice of the Survey in San Francisco was continued under charge of Assistant
Rodgers, who attended to numerous duties, many of them matters of routine, as the
representative of the Superintendent on the Pacific coast. He purchased and forwarded
outfit to the various parties in the field when requested to do so, and arranged for the
transportation of men between San Francisco and Manila. Many matters requiring
immediate action on the Pacific coast were referred to Assistant Rodgers by telegraph.
From December 11 to January 31, Assistant Rodgers was absent on other duty, and
Assistant Fremont Morse was in charge of the suboffice. Various officers were attached
temporarily to the suboffice during the year and others were on duty there completing
records of field work. On October 16 Assistant Rodgers inspected the Bluff Point
speed trial course, under telegraphic orders, and reported its condition to Capt. F. W.
Dickins, U. S. Navy. On October 27 William J. Diercks, messenger attached to the
suboffice, died suddenly, after many years of faithful service in the field and office,
H. S. Ballard continued on duty as tide observer at the Presidio Station, and rendered
faithful service in securing observations during the year. Mr. John S. Blough, writer,
served July 1 to September 27. Information of interest to the Survey was promptly
transmitted to the Superintendent. '

TipE OBSERVATIONS. WASHINGTON.

A self-registering tide gauge was kept in operation throughout the year at Seattle,
Wash. W. C. Meyer, observer.



DIVISION OF ALASKA.

HYDROGRAPHY. ALASKA. E. F. Dickixs, Commanding,
TOPOGRAPHY. Steamer Gedney.
TRIANGULATION. '

F. ¥. WELD, Assistant. .

W. M. ATKINSON, Walck Officer. Aug. g to Oct. 24.

CHas. R. PALMER, Waich Officer. July 1 to Aug. 17.

W. E. PARKER, Aid.
C. H. BOWKER, Assistant Surgeon.
W. H. STaAXFORD, Deck Officer.
E. B. SHaw, Aid.
SUMMARY OF RESULTS.
Hydrography:
147 square miles area covered.
556 miles lines sounded.
4 739 soundings made.
5 tide stations established.
I hydrographic sheet completed.
Topography:
177 square miles area covered.
157 miles shore line surveyed.
10 miles shore-line creeks and ponds surveyed.
3 topographic sheets completed.
Triangulation: -
7 stations occupied.
2 geographic positions determined.

On July 1 the steamer Gednrey, Assistant Dickins, commanding, was at Seattle,
Wash., completing preparations for a season’s work in southeastern Alaska.

The Gedney left Seattle on July 3 and proceeded to Icy Strait, Alaska, via Victoria
and Union Bay, British Columbia, where stores and coal were taken on board.

On July 1o signal lumber was taken on board at Ketchikan, Alaska, and the vessel
went to Fanshaw Bay and anchored for the purpose of determining the position of a
lighthouse which had been erected on southeast Five Finger Island. After considerable
difficulty some of the old triangulation stations in the vicinity were recovered and a
base was secured from which the geographic position of the light-house was determined.
The vessel continued her journey on the 14th, and about 7 o’clock that evening, while
steaming up Stevens Passage, the weather being perfectly clear and no drift logs or
floating ice in the strait, a sudden shock was felt, and an examination disclosed the fact
that the vessel had lost one blade of her propeller. The vessel proceeded to Juneau
with reduced speed and reported the fact by telegraph. While waiting for further

100
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instructions, Assistant Weld was sent to determine the geographic position of tlie new
lighthouse on Sentinel Island. He completed this work and returned to the ship on

July 19.
No. 30.
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Hy(irogrnphy and topography, Alaska.

The Gedney left for Sitka on the 22d and was detained there until the 3oth putting
the Cosmos and launch No. 117 in working order. The vessel reached Hooniah on
August 1, and the work in this vicinity began the next day. A tide staff was erected
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at Hooniah, and a reconnaissance was made of the upper part of Port Frederic. An
attempt was made to establish a tide staff in Bartlett Bay, but the floating ice prevented.
On August 6 the vessel left Bartlett Bay for Inian Cove, and in crossing the entrance
to Glacier Bay, where the ice floes were very thick, was caught in a heavy swirl and
was struck by a large berg, which smashed in three planks, an iron frame, and one of the
cabin portholes. The floating ice was thicker than usual, and caused considerable
trouble and delay during the season.

A tide staff was erected in Inian Cove on August 7, and tide observations began.
Mr. Weld was left in charge of operations at Inian Cove, and the commanding officer
returned on the Cosmos to Hooniah and made tide observations for three days in con-
nection with those at Inian Cove. While at Hooniah Mr. Atkinson, watch officer,
reported on board the Cosmos. The Cosmos left Hooniah on August 11, and an exami-
nation was made of Willoughby Cove and Mud Bay for the purpose of finding a location
for a tide staff and a safe anchorage for the Gedney, but the ice was too thick in both
places, and the Cosmos returned to Inian Cove. Good progress had been made in
erecting signals, and hydrographic and topographic work were begun at once. On
August 17 Mr. Palmer was relieved from duty and sent to Hooniah, en route to San
Francisco. The supply of coal and lumber was nearly exhausted, and on August 3o
the vessel proceeded to Juneau for a new supply. On September 1 the vessel was
beached near the Douglas Island wharf, and the propeller blade opposite the one that
was lost earlier in the season was cut off. The vessel left Juneau on September 5, and
returned to the working ground. A tide staff was erected in Mud Bay and connected
by simultaneous observations with the tide at Inian Cove. The work was continued
in the vicinity of Mud Bay until September 25, when a tide staff was erected in a small
cove on the east side of Idaho Inlet and connected by simultaneous observations with
the tide at Inian Cove. The hydrography and topography of Idaho Inlet were com-
pleted on October 3, and the vessel proceeded to Mud Bay. ‘The tide staff there was
verified in position, and another was erected in Flynn Cove and connected with Hooniah
and Mud Bay by simultaneous observations. A reexamination of Pleasant Island Reef,
which bares at low water, was completed on October 7, and on the following day the
tide staff was removed and the work of the season closed.

During the season the geographic positions of the light-houses at Five Finger Island
and at Sentinel Island were determined, and the hydrography and topography of Icy
Strait from Point Adolphus to the Inian Islands were completed, closing the gap
between the surveys made by the Patferson and the Gedney in 1901. A plane table
triangulation of Dundas Bay and Idaho Inlet was made, and the hydrography and
topography at these points were completed.

The hydrography was executed by Messrs. Atkinson and Stanford, using steam
launch No. 117, which was fitted with a wire sounding reel, the hand Jead being used
only when approaching the shore in shoal water and in developing reefs and shoals,

The sounding lines were generally about a quarter of a mile apart, and the position
of each sounding was determined. In approaching the shore the soundings were taken
often enough to develop the dangers thoroughly.

The topographic work was done by Messrs. Weld and Parker. Mr. Weld used the
ship’s launch and did most of the work in the vicinity of the anchorages, returning to
the ship at night; while Mr. Parker lived on board the Cosmos and did the work distant
from the ship, only returning once a week for coal and supplies.
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The shore line was carefully surveyed and many peaks visible from it were located
and their heights determined, but the ridges generally rise so abruptly from the shore
that the topography was necessarily sketched from the opposite side of the strait. The
country as a rule is densely timbered from the shore to an elevation of 1 500 to 2 cco
feet, above which the ridges are clear of timber and the mountains are capped with snow.

On October g the vessel left Hooniah for Sitka and reached there next day, having
left the Cosmos at Killisnoo. Launch No. 117 was hauled out and housed, minor
repairs were made, and the ship returned to Killisnoo on the 15th. The next morning
the Gedney, with the Cosmos in tow and with the MeArthur following, sailed for Seattle,
and arrived there on October 23.

Assistant Dickins refers to the work done by his officers and reports that he found
Mr. Weld ‘“an able assistant and a competent officer;’’ that Mr. Atkinson ‘‘ performed
all his work and duties in a creditable manner;’’ that he found Mr. Parker ‘‘a compe-
tent assistant and officer and that he performed all his duties cheerfully and well;’’ that
Mr. Stanford was ‘‘steady and industrious and performed all his duties cheerfully and
well,””  James Mitchell, assistant engineer in charge, the boatswain, master-at-arms,
and carpenter all receive favorable mention for the cheerful and creditable manner in
which they performed all their duties.

MAGNETIC OBSERVATIONS. ALASKA. H. M. W. EDMONDSs.

The magnetic work at the Sitka, Alaska, Magnetic Observatory, was continued
under the direction of H. M. W. Edmonds, Magnetic Observer. W. B. Keeling, Mag-
netic Observer, reported to Mr. Edmonds on July 16, 1902, and assisted in the work
after that date.

Necessary improvements were made to the buildings and grounds. The hard-wood
caps to the piers on which the instruments were mounted proved to be unsatisfactory
and marble was substituted. An astronomic station was established on the reserva-
tion near the magnetic station and the station previously used was marked by a concrete
block and two brass bolts marking the astronomic and magnetic stations.

The record of the declination and horizontal intensity obtained on the self-registering
instrumentswas practically continuous throughout the year. Observations for declination
and horizontal intensity were made twice a week to furnish the data necessary to reduce
the relative observations obtained from the record of the self-registering instruments,
Observations for dip and for relative total intensity with loaded dip needles were also
made twice each week. Special observations were made twice each month in accordance
with the plan for international cooperation in magnetic work in connection with the
expeditions sent out to the south polar regions. In connection with the magnetic work,
time and azimuth observations were made as required, meteorological couditions were
noted and maximum and minimum thermometer readings were made every day.

AsTrRONOMIC OBSERVATIONS. ALASKA. WILLIAM EIMBECK.
MAGNETIC OBSERVATIONS.

The duty of making the astronomic observations at St. Michaels, Alaska, which were
required in connection with the determination of the difference of longitude between
that station as a base and stations on St. Lawrence and Nunivak Islands by the chrono-
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metric method was assigned to Assistant Eimbeck. He proceeded to Seattle, Wash.,
and reported on board the Patlerson, Assistant J. F. Pratt, commanding, on July 10, for
duty en route to his station.

The ship reached St. Michaels on August 14, and the necessary material and outfit
were landed immediately. A station was selected and a concrete pier and wooden
observatory was erected under the direction of Assistant Pratt, this work being com-
pleted on August 16, and then Assistant Eimbeck assumed charge of the station as
chief of party, under his instructions from the Superintendent. The astronomical
transit was placed in position on August 17, and observations for time were made on
the same date and chronometer comparisons were made on shore and on the Pafierson.
The observations and comparisons were repeated daily whenever the weather conditions
permitted until the 23d, when the concrete pier began to settle unequally, due to heat
conducted to the frozen ground on which the pier was built, all ground in this region
remaining frozen continuously a short distance below the surface. The necessary
changes to secure permanency were made on the morning of the 24th, under Assistant
Pratt’s direction, and the ship left at noon. After the departure of the Fatterson to
carry the chronometers to the other stations, intercomparisons of the three chronom-
eters at the station were made daily and time observations were made whenever the
atmospheric conditions permitted. Four comparisons between the chronometers on
shore at St. Michaels and those on the Fafferson were made during the season, which
extended to September 27, when the FPatferson sailed from St. Michaels. During the
equinoxial period the weather was changeable and decidedly unfavorable for astronomic
work at night, while the afternoon hours were frequently clear. A star list suitable for
observing in daylight was prepared and observations were made whenever the weather
conditions permitted day or night, and thus nineteen sets of time observations were
secured, the last being made on September 24. The three chronometers at the station
were always compared before and after each set of observations for time. The passage
of the sun’s center over the meridian of the station was also observed a few times by
placing a screen over the object glass of the telescope in order to cover all of it, except
a quarter inch aperture or slit at the center.

The magnetic declination was determined at one station previously established and
at four new stations. These stations were referred to the astronomic station by triangu-
lation and tape measurement.

ASTRONOMIC OBSERVATIONS. ALASKA. FREMONT MORSE,.
BAaser MEASUREMENT.
TOPOGRAPHY.

SUMMARY OF RESULTS.

Astronomic observations:
1 azimuth determined,
1 latitude determined.
1 longitude determined.
Topography:
60 square miles area covered.
21 miles shore line surveyed.
1 topographic sheet completed.
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The duty of making the astronomic observations at Nunivak Island, Alaska, which
were required in conmnection with the determination of the difference in longitude
between St. Michael, as the base station, and Cape Mohican, the western point of the
island, by the chronometric method, was assigned to Assistant Morse.

On July 1 he was attached to the steamer Pafferson, Assistant J. F. Pratt, com-
manding, for duty en route to his station. On August 6 the ship reached Nunivak
Island, and a site for the astronomic station was selected at the nearest landing place
to Cape Mohican, about twelve miles to the eastward. A rough building coataining
a room for the observatory, with concrete pier for the transit, and rooms for the
officers and men was immediately erected under Assistant Pratt’s direction, and the
ship’s writer, two men, and the cabin steward were assigned to duty under Assistant
Morse to aid in the execution of the work under his charge. Solar observations
were made on August 7 for time and latitude, a comparison was made between the
chronometers at the station and those on board ship, and the ZFatferson sailed for
St. Lawrence Island the following night. Preparations were made immediately to
make astronomic observations on every clear night and to connect the station and Cape
Mohican by plane table triangulation. A base line was measured and progress was
made on every fair day. The necessary signals were erected and their positions and
elevations were determined previous to August 24. A survey of the shore within reach
of the station was made and as much interior topography was surveyed as the time
permitted (see illustration 3r). This work was very laborious, as no meauns of trans-
portation existed, and all material was necessarily carried by the men. Long distances
were traversed on foot, and work near Cape Mohican involved walking from ten to
twelve hours per day. In spite of all obstacles the desired connection was successfully
accomplished. Observations from time were made on every clear night, and observa-
tions were also made to determine the latitude and an azimuth. The Patferson returned
to the island on August 26, September 5, and September 23, and a comparison was
made on each occasion between the chronometers at the station and those on board
the ship. On September 5, Mr. A. L. Giacomini, deck officer, and a seaman, were
also assigned to duty under the direction of Assistant Morse, and aided in the work
after that date. On September 23, Assistant Morse and party were taken on board
the Patierson, and the work at Nunivak Island closed.

HYDROGRAPHY. ALASKA. J. F. Prarr, Commanding,
LoNGITUDE (CHRONOMETRIC). Steamer Patterson.

WiILLIAM EIMBECK, Assistant.

EDWIN SMITH, Assislant.

FREMONT MORSE, Assistant.

H. F. CAUFMAN, Waick Officer.

H. S. THROCKMORTON, Watch Officer.
G. N. McLOUGHLIN, Assistant Surgeon.,
A. L. GiacoMINI, Deck Officer-.

A. R. HHUNTER, Deck Officer,

DoN R. JEWELL, Aid.

H. M. HATHAWAY, Captain’s Clerk.

The work of determining the longitude of certain points on Nunivak and St. Law-
rence islands, from St. Michael, Alaska, by the chronometric method was assigned to
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the officers of the steamer Patterson, with Assistant Pratt in command. Assistants
Eimbeck, Smith, and Morse were instructed to join the ship, reporting to Assistant Pratt
for the purpose of performing such duties as were assigned to them while on board, and
upon teaching their destination to take station at St. Michael, St. Lawrence Island, and
Nunivak Island, respectively, and occupy astronomic stations as chief of parties while on
shore. At the end of the season these officers again reported to Assistant Pratt, and
served on board the ship on the voyage home. Details of the operations on shore at
the three astronomic stations mentioned above are given under the names of the three-
officers in charge of the stations.

The Patterson sailed from Seattle, Wash., on July 19 for Dutch Harbor direct and
reached that port on July 30. The voyage was uneventful except that the ship sailed
for a portion of one day through floating lava (pumice stone) 200 miles off the David-
gon Banks. While the ship was taking on coal and water at Dutch Harbor, time
observations were made at the astronomic station at Unalaska. On August 2 the ship
sailed for Nunivak Island and arrived there on the 6th. A site for the astronomic
station was selected at the nearest landing place to Cape Mohican, about 12 miles to
the eastward, and a rough building, containing a room for the observatory and rooms
for the officers and men, was immediately erected. The ship’s writer, two men, and
the cabin steward were assigned to Assistant Morse to aid in the work at this station.

On August 8 the ship proceeded to St. Lawrence Island and reached the Northeast
Cape at daybreak the next morning, and the vessel was anchored after making a careful
examination of the shores on the north and east sides. A site for the astronomic station
was selected about 214 miles to the southward from the extremity of Northeast Cape
and a building similar to the one at Nunivak Island was erected. Don R. Jewell, Aid,
two men, and the wardroom cook were assigned to Assistant Smith to aid in the work
at this station. ‘The ship started to St. Michael on August 13 and arrived there the
following day. 'The pier at the astronomic station alrendy established at this place was
not large enough to mount the transit which had been assigned to the station, and it
was necessary to remove the original pier, a cylindrical log-of wood erected in 18go by
Assistant Turner, and construct a concrete pier of larger size. An excavation was
made down into the ice, a concrete pier with an enlarged base was erected, and a small
wooden observatory was constructed around it. Assistant Eimbeck took charge of the
station without the detail of any men from the ship. The steamer Yukon was launched
and put in temporary condition and sent to Dutch Harbor under command of Watch
Officer Throckmorton. The ship then proceeded with the work of carrying chronome-
ters between the astronomic stations and the exchanges were made as rapidly as the
local conditions permitted, and resulted in the determination of the westerly end of
Nunivak Island and of the Northeast Cape of St. Lawrence Island three times from
Unalaska and four times from St. Michael. A hydrographic reconnaissance was made
along the routes of the ship between the astronomic stations by making 874 soundings
on 3 666 miles of route traversed. The soundings were plotted on three hydrographic
sheets. '

During the night of September 11, with the worst storm of the season prevailing,
the rudder stock was carried away. The ship was hove to under sail until daybreak,
when a temporary steering geer was constructed and the vessel proceeded to Dutch
Harbor for repairs. The weather had become so unfavorable that the vessel started
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north on September 20, to pick up the shore parties as soon as possible and return to
Seattle. All the men and material (including the remaining outfit which was stored at
St, Michael) had been taken on board by September 27, and on that date the vessel
started south. At Dutch Harbor five days were spent in laying up the steamer “Vukos
and the launches A/pha and Délta. On October 7 the vessel sailed for Seattle and
reached that port on October 16.

The following extracts are taken from Assistant Pratt’s report:

1 wish particularly to emphasize the great assistance Mr. Morse rendered me in organizing the
party and in equipping the expedition at the outset and in completing the details of office work at the

close of the season.

All the work pertaining to the shipping of men devolved upon Deck Officer Giacomini, and he
executed it in a most satisfactory manner.

Assistant Surgeon McLoughlin, in addition to his regular professional duties, intercompared the
chronometers on shipboard and assisted generally in the office work, and after the ship became short
handed he took regular day's duty as acting watch officer. Doctor McLoughlin is professionally
unusually well qualified for his position, and, due to his high, stable character and desire to assist
whenever he may be useful in the work, is a most desirable adjunct to the service.

Mr. Hathaway, acting captain’s clerk, proved to be a most excellent young man and became

efficient and perfectly satisfactory.

HyDROGRAPHY. ALASKA. J. F. Prarr, Commanding,
MAGNETIC OBSERVATIONS. Steamer Patterson.

H. W. RHODES, /lssistant.

A. L. Gracomini, Waich Officer.

A. R. HUNTER, Assistant Surgeon.

H. M. HaTHAWAY, Ading Deck Officer
D. R. JEWELL, .17d.

J. W. MILBURN, Aid.

H. L. Brck, Aid.

C. C. CRAFT, A4id.

P. C. WHITNEY, A7d.

R. J. CHRISTMAN, Drafisman.

SUMMARY OF RESULTS.

Hydrography:
320 miles of deep-sea soundings.
68 soundings made,
‘Magnetic observations:
3 stations occupied.

The survey of Controller Bay, Alaska, and of a portion of Prince William Sound
was assigned to Assistant Pratt, commanding the steamer APatferson. He was also
instructed to carry a line of deep-sea soundings from the entrance to Juan de Fuca
Strait to Sitka, Alaska, to obtain information desired by Gen. A. W. Greely, Chief
Signal Officer, U. S. Army, for use in laying a cable from Seattle to Alaska. All
necessary preparations were made, and the Patferson sailed from Seattle, Wash., on
June 17 via Union Bay and Victoria, British Columbia. The vessel reached Neah
Bay on the 22d, and was detained there by unfavorable weather until June 25, on which
date the work began. During the latter part of the 26th and first part of the 27th the
sea was running too high for sounding, and five hours were lost on the 28th as the
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result of a break in the wire; but with these exceptions the work continued regularly
day and night until the end of the fiscal year, when the vessel was at sea off the coast of
Moresby Island, Queen Charlotte Group, in 726 fathoms of water. The area indicated
by the signal officer for the cable bed was covered as well as practicable by a zigzag
line, as shown on the accompanying sketch. The weather was very unfavorable for
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Hydrographic reconnaissance for United States cable.

the work. Part of the time there was a rough sea and nearly all the time it was
cloudy and overcast, so that solar observations were not possible except at irregular and
uncertain intervals,

In his report Assistant Pratt calls attention to the satisfactory and successful
manner in which Assistant Rhodes performed the duties of executive officer.
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HYDROGRAPHY. ALASKA. H. P. RIT1ER.
TOPOGRAPHY. _

July 1 to September 3o.

SUMMARY OF RESULTS.

Hydrography:
125 square miles area covered.
406 miles lines sounded.
7 803 soundings made.
7 currents stations occupied.
I hydrographic sheet completed.

Topography:
20 miles shore line surveyed.
May 3 to June 3o0.

Hydrography:
30 square miles area covered.
161 miles lines sounded.
3 492 soundings made.
1 tide station established.

Topography:
15 miles shore line surveyed.

The survey of Prince William Sound, Alaska, was in progress on July 1 by a party
under the direction of Assistant Ritter, and the following statement applies to the work
of the whole season, but the statistics refer to the work executed between July 1 and
September 30, when the field work closed. On that date the weather had become
stormy, and after some delay on account of unfavorable weather the party returned to
Orca on the small steamer 7z4x, which had been used by the party during the season.
The outfit was stored and the boats were laid up, the 7akz being left under the charge
of a ship keeper. Assistant Ritter reports that the thanks of the Survey are due
to Mr. Walter Storey, the superintendent of Alaska Packers’ Association cannery, for
his kindness in extending facilities and aid to the party. The party left Orca on
October 15 and arrived at Seattle, Wash., on the 24th.

The area sounded covered the western end of Valdes Arm, from a point 2 miles
east of the narrows to Point Freemantle, including Jacks Bay, Galena Bay, the two
arms extending inland from the southern side of Valdes Arm, and the bay on the north
side of the arm, locally known as Sawmill Bay. This portion of Valdes Arm is about
18 miles long. At its western end it is 8 miles wide, and gradually narrows to 1 mile
at the narrows. Galena Bay extends inland about 7 miles and is from 1 to 134 miles
wide. Jacks Bay is 1 mile wide at the entrance and one-half mile wide at its upper end.
It extends inland about 7 miles. Sawmill Bay has an average width of about half
a mile and extends inland about 2 miles. From the western end of Valdes Arm the
soundings were extended in a southerly direction as far as the southern end of Bligh
Island. The area covered extends from the western shore of Bligh Island out to deep
water and includes the development of the submerged reef and shoal lying to the
westward of the island. Soundings were made between Bligh Island and the mainland
connecting Valdes and Fidalgo arms and the_adjacent bays, called Virgin, Cloudman,
and Boulder, and a few lines were extended out from the southern shore of Bligh
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Island. Assistant Ritter reports that Messrs. Henry Bernhardt, C. I. Rhodes, and
George B. Lorenz assisted in the hydrographic work, and states that much of the
success of the season’s work was due to their commendable proficiency and cheerful
cooperation in meeting the disagreeable conditions frequently met with in executing
field work in this section. Tide observations were made for the purpose of reducing
the soundings on tide staffs in Jacks Bay and at Rocky Point. A number of observa-
tions were made to determine the strength and directions of currents by using a weighted
pole, with 18 to 20 feet of its length immersed. This pole was allowed to drift and was
followed in a bhoat to determine its position at intervals of ten minutes, The topo-
graphic work consisted of the completion of the shore line along the northern, western,
and southern shore of Bligh Island, and on the southeastern end of Glacier Island, by
surveying between the isolated portions previously surveyed.

The survey in Prince William Sound and adjacent waters was continued, under the
direction of Assistant Ritter, in May, 1903. He left San Francisco with his party on
May 1 and reached Orca, Alaska, on the 17th. Necessary repairs were made to the
steamer Zakx and to the launch and boats assigned to the use of the party, and the
party went into camp at Snug Corner Cove. Hydrographic work began on May 28
and was in progress at the close of the fiscal year.

ASTRONOMIC OBSERVATIONS. ALASKA. EDWIN SMITH.
BAseg MEASUREMENT.
TOPOGRAPHY.

SUMMARY OF RESULTS.

Astronomic observations determined:
I azimuth,
1 latitude determined.
1 longitude determined.
Topography:
go square miles area covered.
25 miles shore line surveyed.
100 miles shore line crecks and ponds surveyed.
1 topographic sheet completed.

The duty of making the astronomic observations on St. Lawrence Island, Alaska,
which were required in connection with the determination of the difference in longitude
between St. Michael as the base station and Northeast Cape, on St. Lawrence Island,
by the chronometric method, was assigned to Assistant Smith. He proceeded to
Seattle, Wash., and reported on board the steamer Pafferson, Assistant J. F. Pratt,
commanding, on July 11, for duty, en route to his station.

The ship reached St. Lawrence Island on August 8, but the shores were uninviting
and'no landing could be made until the next day. A station was finally selected well
back from the shore and about 224 miles to the southward from the extremity of
Northeast Cape. Lumber, equipage, instruments, stores, etc., were landed, and a
rough building, containing a room for the observatory, with concrete pier for the instru-
ment, and rooms for the officers and men, was erected under Assistant Pratt’s direction,
and Mr. D. R. Jewell, Aid, two men, and the wardroom cook were assigned to duty,
under Assistant Smith, to aid in executing the work under his charge. Time observa-
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tions were obtained on August 12, and the Patterson sailed for St. Michael on August
13. Preparations were made to make a topographic survey of as much of Northeast
Cape and vicinity as could be reached from the station (see illustration 31). A
base line was measured and the signals necessary for the plane table triangulation were
erected. No means of transportation existed and long distances were traveled on foot,
which made the work slow and laborious. Mr. Jewell executed part of the topographic
work and deserves credit for the energy and ability displayed. Fogs prevailed a portion
of the time and delayed the work. Observations for time were made on 18 nights, and
for azimuth on 16 nights., The latitude was determined from observations made on
four nights.

The Patlerson visited the station on August 25, September g, 11, and 24, and a
comparison was made on these dates between the chronometers at the station and those
on board the ship. On September 24 the work closed and the party and outfit were
taken on board the steamer.

HYDROGRAPHY. ) ALASKA. F. WesTpAHL, Commanding,
MAGNETIC OBSERVATIONS. Steamer McArthur.
RECONNAISSANCE.

TOPOGRAPHY.

TRIANGULATION.

H. F. FLYNN, Assistant.

W. G. APPLETON, First Watch Officer.
JAMES SULLIVAN, Chief Engineer.

J. N. FoRrcE, Assistant Surgeon.

H. H. REES, Adling Watch Officer.
R. J. CHRISTMAN, Draftsman.

SUMMARY OF RESULTS.

Hydrography:
220 square 1miles area covered. .
580 miles lines sounded.
5 688 soundings made.
2 tide stations established.
2 hydrographic sheets completed.
Magnetic observations:
2 stations occupied.
Reconnaissance:
600 square miles area covered.
37 triangulation stations selected.
Topography:
135 miles shore line surveyed.
3 topographic sheets completed.
Triangulation:
600 square miles area covered.
12 stations occupied.
37 geographic positions determined.

A portion of the work of surveying Prince William Sound, Alaska, was assigned to
Assistant Westdahl, and on July 1 he was at Orca with the McArthur ready to begin
work, A reconnaissance was made and the line between the old triangulation stations

8
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Johnstone and Knowles Head was selected as the base from which to extend the trian-
gulation to the entrance of the sound. A self-registering tide gauge was established on
an island in Mosquito Bight on the southeast shore of Port Etches. On July 5 a con-
sultation was held with Assistant Ritter who was already at work in this locality, and
all available information concerning the waters with which he was familiar was obtained.
On July 12 a sufficient number of triangulation stations had been selected and prepared
and on that date the observation of angles began. On July 16 a topographic party
under Mr. Christman was organized on board the Schooner Olga, which was chartered
for the purpose and placed at work in the vicinity of Johnstone Point. On the 22d
Assistant Flynn was left in charge of the topographic party while the MeArthur went to
Orca for coal, but resumed work on the triangulation when the ship returned. All
branches of the work progressed as rapidly as the weather conditions permitted until
September 24, when the field work was closed for the season. Storms and thick weather
delayed the work considerably, and on some occasions it was necessary to get up steam
and leave an anchorage which had become unsafe from a change in the direction or force
of the wind. The results accomplished are shown in the statistics given above and
indicated on the accompanying sketch. The ship was ready to sail from Orca on Sep-
tember 28, but a gale caused delay until October 2, when the vessel proceeded to Flynn
Cove, Cross Sound, to consult Assistant Dickins, commanding the Gedney, who was
anchored there, While on the way examinations of reefs were made and information
was collected for use in the Coast Pilot. The vessel proceeded to Killisnoo, via Juneau,
and on October 16 sailed in company with the Gedney for Seattle, via Union Bay and
Victoria, and reached that place on October 24.

Assistant Westdahl in his report commends the officers in his party for the faithful
performance of the duties assigned to them, and mentions especially the skill and energy
displayed by Assistant Flynn in executing the triangulation.



OUTLYING TERRITORY.

SpPECIAL, WORK. HAWAIIAN ISLANDS. W. D. ALEXANDER.
T'1DE OBSERVATIONS.

The work in the Hawaiian Islands, except the Magnetic Observatory, was con-
‘tinued under the direction of Assistant Alexander. The preparation of the register of
the geographic positions determined by the triangulation of the islands, under the
direction of the Hawaiian government, before the annexation by the United States,
was continued. The portion of the register covering Kauai and Oahu was completed
and forwarded to the Office in December. A list of capes, rivers, towns, etc., in the
islands was prepared to supplement the list of Hawaiian geographic names already
furnished. A table of the magnetic declination at various stations in the islands
was compiled from the records of the Territorial survey. The register of geographic
positions and elevations on Molokai was completed. The automatic tide gauge at
Honolulu was kept in operation.

Assistant Alexander aided in conducting civil-service examinations and in rating
examination papers when required, and performed other special temporary duty in
addition to his regular work.

AsTRONOMIC OBSERVATIONS. HAWAII, EDWIN SMITH.
: FREMONT MORSE.

The completion of the submarine cable between San Francisco, Cal., and Honolulu,
Hawaii, furnished the means of adding this important station to the telegraphic
longitude system which has been extended over the continental portion of the United
States by the Coast and Geodetic Survey. Assistants Smith and Morse were instructed
to make the necessary preparations and take station at Honolulu and San Francisco,
respectively, to determine the difference in longitude between these places. Permission
to use the cable for this purpose was courteously granted to the Survey by Mr. George
G. Ward, vice-president and general manager of the Commercial Cable Company, and
the thanks of the Survey are due his company for this generous privilege. On a
previous occasion, many years ago, Mr. Ward had shown his interest in this important
work by doing all in his power to aid the observers in the determination of the trans-
Atlantic difference of longitude when he was an operator in the cable office at one end
of the line. Assistant Smith visited Mr. Ward in New York and secured much useful
information as to the best method of exchanging signals over the cable. Based on this
information, an apparatus for automatically recording signals over the cable was
devised and two sets were constructed at the Coast and Geodetic Survey Office. Other
necessary preparations were made, and Assistant Smith proceeded to San Francisco,
where he arrived on March 16, and was joined by Assistant Morse. The preparations
for work were completed at this end of the line by connecting the astronomic observ-
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atory with the cable office over a wire belonging to the Signal Corps, U. S. Army.
This connection was made by direction of ILieut. Col. James Allen, Signal Corps,
U. S. Army, who kindly placed the line at the disposal of the observers. The Pacific
States Telephone and Telegraph Company generously put’telephones in the cable office
and the observatory for the use of the party free of expense.

Observations for personal equation were made by Messrs. Smith and Morse, but
only two nights’ work could be obtained before April 2, when Assistant Smith sailed
for Honolulu. He arrived on the 8th and made an examination of.the ground before
selecting the location of the astronomic station, which was placed in the grounds of the
United States naval station, by the permission of the acting commandant, Lieut.
Commander Hugh Rodman, U. S. Navy, who facilitated the work in every way in his
power. ‘The location of the observatory of the Territorial survey was unsuitable for
the purpose in hand, and all other stations at which observations had previously been
made were unavaijlable. The observatory was connected with the telephone system
and all other preparations were completed before April 14, but unfavorable weather
prevented observations until April 20. On the 2gth the necessary observations had
been obtained and the observers were ready to exchange stations. Assistant Morse
left San Francisco on May 2 and reached Honolulu on the 8th, but it was necessary
for Assistant Smith to wait until the r3th for a steamer to San Francisco. During this
time the observers succeeded in obtaining observations to determine their personal equa-
tion on one night, observations being prevented on other nights by unfavorable weather.
Assistant Smith reached San Francisco on May 19, but unfavorable weather prevented
observations until June 2. On June 13 the necessary observations were completed and
preparations were made to determine the difference in longitude between Honolulu and
Guam and between Guam and Manila, P. I., which would soon be possible as the
result of the completion of the cable. Assistant Smith sailed for Guam, via Honolulu,
on June 21, He reached Honolulu on June 27, and at night the observers made
observations for personal equation. Assistant Smith was detained at Honolulu until
June 30, but no other observations were possible on account of unfavorable weather.
The following is quoted from Assistant Smith’s report:

I wish especially to mention the courtesy we have received from the cable officers in New York,
San Francisco, and Honolulu, who have advanced the work in every way in their power. I also wish

to state that with the apparatus for the automatic recording of cable signals we can now determine
longitudes over cables with as great accuracy as over land lines and with alinost as great facility.

MAGNETIC OBSERVATIONS. HAWAIIL WiLLIAM WEINRICH, Jr.

- The magnetic observatory at. Honolulu, Hawaii, was assigned to the charge of
William Weinrich, jr., Magnetic Observer, on July 1, and continued under his direction
until the close of the fiscal year. Differential observations were recorded on every
day in the year, and only a very small per cent of magnetograph records were lost.
Absolute observations were made every Monday during the year except on one day
when the suspension fiber in the magnetometer broke several times and the observa-
tions were made on the following day. Special observations were made in accordance
with the plan adopted for international cooperation during the absence of the polar
expeditions,

The instrumental outfit was the same as during the previous year, except that a
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seismograph, loaned to the observatory by Professor Milne, was in operation after
April.1. 8. A. Deel, magnetic observer, reported for duty on February 5, and assisted
in the work after that date. Various improvements in the buildings and grounds were
made as they became necessary in the progress of the work.

CoMBINED OPERATIONS. PHILIPPINE ISLANDS. G. R. Purnam.

The important work of surveying the coasts of the Philippine Islands was con-
tinued under the direction of Assistant G. R. Putnam, who remained in charge of the
suboffice at Manila, representing the Superintendent of the Coast and Geodetic Survey
in all matters of detail requiring immediate decision. In performing this duty he
adopted plans for the field operations, issued instructions for field work, compiled all
data secured, and prepared and published charts of the waters surveyed. Notices to
Mariners and Sailing Directions were prepared and published. He was aided in this
work by such advice and instructions issued from Washington as became necessary and
the conditions surrounding the work and the necessities of the case required. The
work continued under the plan of cooperation between the Philippine Commission and
the Coast and Geodetic Survey adopted in 1901 and stated in the Annual Report for
1go2. Field parties were at work almost continuously during the fiscal year under the
following chiefs of parties:

J. E. McGrath, Assistant (July 1 to June 30); astronomic determinations of base
positions; telegraphic longitude work (end of line occupied mention first); Pasacao-
Legaspi; Masbate—Calbayoc; Masbate—Carigara; Dumaguete-Iligan; Dumaguete—
Cagayan; Dumaguete-Vallehermosa; Dumaguete-Loon; Romblon-Boac; Romblon-
Batangas; Ormoc-Surigao. Latitude and magnetic observations were made at Romblon.

W. B. Fairfield, Assistant (January 28 to June 30); triangulation and topography
northwest coast of Luzon Island from Vigan to San Fernando.

William Bowie, Assistant (February 1 to April 24); triangulation of Manila Bay;
April 24 to June 6, hydrography of Lingayen Gulf. Reported to Assistant Denson on
June 6.

H. F. Flynn, Assistant (January 28 to June 30); triangulation and topography
northwest coast of Luzon, from Vigan to Cape Bojeador.

H. C. Denson, Assistant; surveys in vicinity of Aparri, north coast of Lwzon,
hydrographic survey of Lingayen Gulf, with additional triangulation and topography.

R. B. Derickson, Assistant, in command of the steamer Researc, surveys in Albay
Gulf and Rapurapu Strait, east coast of Luzon, survey of Puerto Galera and Varadera
Bay, Mindoro, general survey of vicinity of Mangarin and location of rock in north end
of Ilin Strait, south coast of Mindoro; hydrographic work at Danao, northeast coast of
Negros.

H. C. Mitchell, Assistant; astronomic determinations of base positions; longitude
work (end of line occupied mentioned first); Catbalogan-Masbate; Calbayoc—Masbate;
Tacloban-Carigara; Iligan-Dumaguete; Vallehermosa-Dumaguete. Latitude and mag-
netic observations were made at Catbalogan, Calbayoc, Iligan, and Vallehermosa.
Assistant Mitchell left Manila for Washington on March 28.

C. E. Morford, Aid; triangulation and topography in Sorsogon Bay; triangulation
and topography of Danao River entrance, Negros. Reported to Assistant Flynn on
January 28. Left Manila for San Francisco on April 10. :
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J. S. Hill, Aid; astronomic determinations of base positions; longitude work (end
of line occupied mentioned first); Masbate—Calbalogan; Carigara~Masbate; Carigara—
Tacloban; Cagayan-Dumaguete; Loon-Dumaguete; Masbate—~Romblon; Calapan-
Romblon; Boac—-Romblon; Batangas-Romblon; Surigao-Ormoc. Latitude observations
were made at Carigara, Cagayan, Loon, Calapan, Boac, and Surigao. Magnetic obser-
vations were made at Calapan, Boac, Batangas, and Surigao.

Additional details of the work of each field party are given under the name of its
chief,

J. C. Dow, Nautical Expert, was engaged in compiling Sailing Directions and
Notices to Mariners from all available sources, in verifying all new information of this
character, and in proof reading the Sailing Directions and Notices to Mariners published
at Manila. Mr. Dow also went to the field for the purpose of collecting information,
in September to Iloilo and in October to twenty-five Philippine ports and to Sandaken,
Borneo. He also made five voyages, as follows: To San Bernardino Strait, January
6-13; around Mindoro, January 28-February 8; to Paragua, March 6-29 and May 5-15;
and to northern Luzon, June 26-30. .

The following pamphlets of Sailing Directions were published during the year:

Section I. North and west coast of Luzon.

Section II. Southwest and south coast of Lzzon and adjacent islands.

Section III. Coasts of Panay, Negros, Cebu, and adjacent islands.

Section IV. Coasts of Samar and Leyfe and east coast of Luzon.

Section V. Coasts of Mindanao and adjacent islands.

Sections VI and VII were prepared and sent to the printer. ‘The seven sections
cover the Philippine Archipelago.

E. R. Frisby, chief Computer, was engaged in the examination of records from the
field, in making computations necessary for the construction of charts, and the prepara-
tion of the data to be retained in Manila when the original records are forwarded to
Washington. Mr. F. F. Pangan, junior Computer, assisted in this work after October,
and also took care of the self-registering tide gauge at Manila.

P. B. Castles, chief Draftsman, has continued in charge of the preparation of charts.
The force of junior draftsmen (Filipinos) numbered 8 in January, and was increased to
10 before the close of the fiscal year. These men are efficient, painstaking, and indus-
trious, and are interested in their work.

Fourteen charts were published in Manila by lithography during the year, as
follows: :

4253. Tabaco Bay.

4254. Subig Bay and Port Silanguin.
4255. Manila Bay and approaches.
4256. San Bernardino Strait.

4258. Matnog Bay, Ticlin Strait, and Port Gubat.
4259. Rapurapu Strait.

4260. Aparri anchorage.

4261. Legaspi anchorage.

4342. Halsey Harbor.,

4446. Ports (7) on coast of Samar.
4447. Cebu Harbor and approaches.
4448. Iloilo Strait and Harbor.

4449. Port Palapag and Laguan Bay.
4542. Jolo Island and vicinity.
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Eleven charts were in preparation at the close of the fiscal year, some of which
were nearly completed. On June 30, 1903, the force at the Manila suboffice consisted
of 17 persons, as follows: Assistant in charge, 1 chief computer, 1 nautical expert, 1
chief draftsman, 1 clerk, 1o junior draftsmen, 1 junior computer, and .1 messenger,
Various members of the field force were on duty at the suboffice for short intervals.
The steamer Researck was laid up from April 10 to June 22 having a new boiler installed,
the machinery overhauled, and repairs made. The Coast and Geodetic Survey steamer
Pathfinder, with Assistant Gilbert in command, reporting direct to Washington, con-
tinued at work until April g, when she sailed for Hongkong to have repairs made.
Assistant Gilbert completed very important work off the south coast of Samar and the
southwest coast of Leyle, and details of this work are given under his name. All possible
assistance was given to this vessel. At the request of the Director of the Philippine
Census assistance was given to his office, and a list of the islands in the Archipelago,
showing the area of each, was prepared for his use. :

' Those whom the work affects are becoming more interested in the Survey, and much
information was sent to the subofhice by the Engineer Officers of the Army, the officers
of the Division of Military Information, the Bureau of Coast Guard and Transportation‘
(including Light-House Service), Census Office, Customs Service, Army Transport
Service, Masters of merchant steamers, and others. Information was supplied by the
suboffice in response to numerous official and private requests.

AsTrRONOMIC OBSERVATIONS. PHILIPPINE ISLANDS. WM. Bowis.
BASE MEASUREMENT.

HYDROGRAPHY.

TRIANGULATION.

SUMMARY OF RESULTS. -

Astronomic observations:
1 azimuth established.
Base measurement:
I base line measured.
Hydrography:
425 square miles area covered.
709 miles lines sounded,
4 171 soundings made.
Triangulation:
19 stations occupied.
70 geographic positions determined.

The triangulation in the vicinity of Manila Bay was assigned to Assistant Bowie
and the work in the field began on February 3. A base line was located and measured
on the beach south of Manila and from this the triangulation was extended across and
down the bay, including the islands at the entrance. All prominent objects, such as
church spires, mountain peaks, etc., were observed upon from two or more stations.
Vertical angles were measured on the mountain peaks to determine their eleyation.
Observations to determine an azimuth were made at the northern end of the base line.
Except when working in the immediate vicinity of Manila a chartered steam launch
was used and the party lived on board. The work was completed on April 13. Prepa-
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rations for hydrographic work in Lingayen Gulf were then made and on April 24 field
work was begun at Dagupan., The party consisted of the chief, Observer Malcolm
Elliott, Recorder A. J. Godfrey, and three hands. A launch was chartered and the
party lived on board. Soundings began on April 29 and continued until June 5
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(except for four days, May 1z to 16), when the field work assigned to the party was
completed. The work is shown within the heavy dotted line on sketch 36. The
weather was favorable and soundings were only prevented on one day during the
season. On June 6 the party was disbanded and Assistant Bowie reported to Assistant
Denson for duty in the party under his charge.
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AsTrRONOMIC OBSERVATIONS. PHILIPPINE ISLANDS. - H. C. DENsoN
BASE MEASUREMENT.

HvyDROGRAPHY.

TOPOGRAPHY.

TRIANGULATION.

WM. BowiE, Assistant. June 6 to June 3c.
SUMMARY OF RESULTS.

Astronomic observations:
1 azimuth established.
Base measurement:
I base line measured.
Hydrography:
482 square miles area covered.
1 526 1miles lines sounded.
39 321 soundings made.
4 tide stations established.
6 hydrographic sheets completed.
Topography:
19 miles shore line surveyed.
1 topographic sheet completed.
Triangulation:
1§ stations occupied.
50 geographic positions determined. -

The survey of the entrance to Cagayan River at Aparri, northern Lzzon, was in
progress on July 1 by a party under charge of Assistant Denson. The work continued
until August 25, when it was completed, after much delay resulting from unfavorable
weather conditions and from sickness in the party.

On November 1 the hydrography of Lingayen Gulf was taken up by Assistant
Denson and was in progress at the close of the fiscal year. The party lived on shore
in tents, or houses when available, and the work was done with a steam launch.
During December, January, and February the prevailing winds in Lingayen Gulf are
from the northeast, and as the gulf opens to the north, there were many days during
this period when work was prevented in the open gulf. Unfavorable weather condi-
tions prevailed from November to March, but much progress was made by taking
advantage of the shelter afforded by the numerous islands along the west coast where
work was done when it would not have been practicable to work elsewhere. After the
middle of March the weather was favorable for the hydrographic work except on a few
days when a strong northerly wind prevailed and heavy seas rolled into the gulf.
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ASTRONOMIC OBSERVATIONS. PHILIPPINE ISLANDS. R. B. DERICKsoN, Command-

BAasE MEASUREMENT. ing, Steamer Research.

HYDROGRAPHY.

MAGNETIC OBSERVATIONS.

TOPOGRAPHY.

TRIANGULATION.
N. G. GRAYSON, First Watch Officer.
H. M. DaviE, First Watch Officer. July and August.
W. W. MARKOE, Surgeon.
E. E. ALLEN, Chief Engineer. July to October.
OwEN Durry, Chief Engineer. November to June,
H. O. PIX1LEV, Observer. July to August.
MaLcoLm ELLiorY, Observer. November to April.

SUMMARY OF RESULTS.

Astronomic observations:
3 azimuths established.
Base measurement:
2 base lines measured.
Hydrography:
729 miles lines sounded
21 o021 soundings made.
4 tide stations established.
8 current stations occupied.
Magnetic observations:
2 stations occupied.
Topography:
50 square miles area covered.
93 miiles shore line surveyed.
Triangulation:
132 square miles area covered.
37 stations occupied.

Surveys in various localities in the Philippine Islands were assigned to Assistant
Derickson, commanding the steamer Researckh, furnished by the Philippine Commis-
sion for use in the work. The work of the party, stated in the order of execution,
may be briefly summarized as follows:

Triangulation was extended on the shores of Albay Gulf and south end of Tabaco
Bay. A topographic survey was made of a portion of the shore line of Sula Pass and
the south shore of Albay Gulf. Hydrographic work was done in Sula Pass and Albay
Gulf, including tide and current observations. The magnetic declination was deter-
mined on the shore of Albay Gulf. Between November 20 and February 5 a survey
was made of Puerto Galera, including base measurement, triangulation, azimuth
observations, topography, and hvdrography (including tide observations). The trian-
gulation of this survey was connected with the church spire at Batangas, Luzon, and
the flagstaff at Calapan, Mindoro, two stations whose latitude and longitude had been
determined. The topography was extended along the south coast of the promontory
and around Varadero Bay. The inshore hydrography of Puerto Galera and around
Point Escarceo and Varadero Bay was done with the whaleboat and alco-vapor launch
under charge of Messrs. Grayson and Elliott. The offshore hydrography was done
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with the Research under charge of the commanding officer, sounding with lead out to
20 fathoms and in deeper water with the sounding machine. The work was delayed
by strong wind. ‘The northeast monsoon is drawn down by the high range of mountains
to the westward and sweeps the promontory with great violence.

On February 12 the survey of Mangarin Bay and Ilin Pass, #Mindoro, was taken up
and included base measurement, azimuth observations, magnetic observations, triangu-
lation, topography, and hydrography (including tide observations with a self-registering
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tide gauge). 'The inshore and offshore hydrography followed the plan adopted in the
survey of Puerto Galera, as stated above. Heavy wind again delayed the work, which
was not completed until April 7, when field work closed and the Researck proceeded to
Manila for repairs.

On June 21 the ship sailed from Manila to take up the survey of Danao River
entrance, Negros. 'T'he work began on June 23. A self-registering tide gauge was estab-
lished, and the work was in progress on June 3o.
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ASTRONOMIC OBSERVATIONS. PHILIPPINE ISLANDS. W. B. FAIRFIELD.
BAse MEASUREMENT.

TOPOGRAPHY.

TRIANGULATION.

W. C. DiBRELL, Aid.
SUMMARY OF RESULTS.
Astronomic observations:
1 azimuth established.

Base measurement:
2 base lineés measured.

Topography:
160 square miles area covered.
80 miles shore line surveyed.
243 miles shore line lagoons and rivers surveyed.
8o miles roads surveyed.
50 miles streets surveyed.
6 topographic sheets completed.
Triangulation:
54 stations occupied.
141 geographic positions determined.

The extension of the triangulation and topography along the west coast of Luzozn,
from Vigan to San Fernando de Union, to connect the astronomic stations at those two
places was assigned to Assistant Fairfield. The necessary preparations were made at
Manila, and on January 28 he sailed for Vigan and reached that place on the joth. A
party was organized, the necessaty outfit was secured, and on February 4 the field work
began. It was found impracticable to use ponies as pack animals, and the ordinary
bamboo ‘‘bull cart’’ of the country, drawn by a bull, was substituted. Two of these
were used during the season, one for the triangulation party and one for the topographic
party, and others were hired whenever necessary. A base line was measured at Vigan,
and azimuth observations were made at the longitude station. From the base line the
triangulation was extended to the south by Assistant Fairfield, and Aid Dibrell followed
with the topographic work. The difficulties of transportation and the necessity of using
native laborers, who were slow, and most of whom understood only their own dialect,
prevented rapid progress. The party lived in native buildings in the pueblos and bar-
rios along the coast, and procured supplies from the army and civil commissaries,

The triangulation covers a strip of the country adjacent to the beach from 2 to
4 miles wide, extending from the beach to the foothills, which are from 400 to 1 300
feet in elevation, and are covered with small trees and a dense growth of underbrush.
Beyond the foothills the mountains are high, abrupt, and difficult to ascend. At
Candon three old triangulation points were recovered and used in the work, these
being the longitude station and the ends of the base line measured at that place. At
San Fernando de Union six old triangulation stations were recovered and used. At
San Fernando a base line was measured and azimuth observations were made.

Mr. Dibrell rendered valuable assistance in the triangulation and did all the topo-
graphic work, which covered the coast line, the rivers, lagoons, creeks, ponds, and
roads along the coast, including pueblos and barrios, and covering the country within
an average width of 224 miles from the coast line.
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The weather was favorable and there was little delay on this account. On two
days observations were prevented during three hours in the morning and three hours
in the afternoon by flights of locust, which filled the air to such an extent that objects
300 meters distant could not be seen.

In his report Assistant Fairfield expresses his appreciation of the rapidity and
thoroughness with which Mr. Dibrell performed the duties assigned to him and of the
interest and efficiency shown by the recorder, Mr. Weigle.

TOPOGRAPHY. PHILIPPINE -ISLANDS. H. F. FLYNN.
TRIANGULATION.

The extension of the triangulation along the coast north of Vigan, Luzon, was
assigned to Assistant Flynn. He reached Vigan on January 3o and began field work
immediately. As the triangulation progressed a topographic survey was made of the
shore line and of a narrow strip of land in its immediate vicinity. The work was in
progress at the close of the fiscal year and at that time had reached Bangui, northeast
of Cape Bojeador.

No detailed report of this work had been received when this Report went to press,
and consequently no statistics are given.

ASTRONOMIC OBSERVATIONS.  PHILIPPINE ISLANDS. J. J. GILBERT, Commanding,
BAsE MEASUREMENT. Steamer Pathfinder.
HyDROGRAPHY.

MAGNETIC OBSERVATIONS.

TOPOGRAPHY.

TRIANGULATION.
C. C. YATES, Assistant.
J. T. GOLDSBOROUGH, Chic/ Engineer.
B. A. BAIRD, Aid.
C. W. FITZGERALD, Second Waich Qfficer.
R. H. HAWKES, Assistant Surgeon.
E. 8. DanIELs, Third Waich Officer.
1. H. WESTDAHL, Deck Officer, First Class.
C. ¥. DEICHMAN, Caplain's Clerk.
J. F. Prau, Draftsman. ' July 1 to Oct. 13.
SUMMARY OF RESULTS.

Astronomic observations:
2 azimuth stations occupied.
Base measurement:
2 base lines measured.
Hydrography:
I 356 square miles area covered,
3 834 miles lines sounded.
60 210 soundings made,
8 tide stations established.
4 current stations occupied.
8 hydrographic sheets completed.
Magnetic observations:
4 stations occupied.
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Topography:
264 square miles area covered.
397 miles coast line surveyed.
39 miles of roads surveyed.
13 topographic sheets completed.
Triangulation;
908 square miles arca covered.
79 stations occupied.
140 geographic positions determined.
No. 42

20

4
.,
Stawte Miles A
0 3 10
Nautical Miles
5 10
ilomet.

[ L) I 10 15 20 I
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On July 1 the steamer Pathfinder, Assistant Gilbert commanding, was at work on
the survey of San Bernardino Strait, and had gone to Masbate for coal and supplies.*
Coal was obtained, but it was necessary to go from there to Cebu for provisions,
Unfortunately cholera had recently appeared at Cebu, and this caused delay in getting
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supplies. The vessel returned to San Bernardino Strait on the 18th and resumed field
work. The survey was completed on August ¢ as far north a5 Bingay Point, at the
“entrance to Albay Gulf, and south to a junction with the Spanish surveys. After
consulting with Assistant Derickson, commanding the Research, the survey of the
southern shore of Albay Gulf was taken up by both vessels and completed on August
15. The Pathfinder then proceeded to Matnog, and a survey of that port was made.
On August 21 the vessel proceeded to Cebu for coal and supplies. Cholera still pre-
vailed and' a strict quarantine was established on board the ship, which caused delay.
The self-registering tide gauge at Cebu had become disabled, and it was dismounted
and taken on board, Coal and provisions were on board by September 1, and the ship
sailed that day, returning to Albay Gulf. Omn September 3 one of the whaleboats was
wrecked in an attempt to land on the rocky shore of Rapurapu Island. The topography
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of Rapurapu Island, and on the south shores of Batan and Cacraray islands, and the
inshore and offshore hydrography of Albay Gulf as far as Port Sulat was completed on
September 16, and the survey of Poliqui Bay was completed on September 25. On the
26th the vessel proceeded to Manila and remained there until November 13, when she
proceeded to Tacloban, Leyte Island. A self-registering tide gauge was established and
two triangulation stations of the harbor survey were recovered and the line between
them used as a base from which to extend the triangulation around San Pedro Bay.
The survey of this bay was completed and a survey of a small a ea at the south
entratce to San Juanico Strait was also made. Some hydrographic work was also done
in Cancabato Bay. .

On December 31 the triangulation under charge of Assistant Yates covered the
work in San Bernardino Strait, a portion of Albay Gulf, San Pedro Bay, and a small
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area at the entrance to San Juanico Strait. The topography covered all the coast of
Luzon Island from Matnog Bay to a junction with the work previously completed in
Albay Gulf; all of Poliqui Bay; the south coasts of Cacraray and Butan islands; all the
shore of Rapurapu Island, except that portion along Rapurapu Pass; all of the shores
of Samar and ILeyte islands bordering on San Pedro Bay, and a few miles of the shore
line at the entrance of San Juanico Strait.

After January 1 the survey was extended along the coast of Samar Island east of
Point Capines. 'The hydrography with the launch had been under charge of Watch
Officer Fitzgerald, but his health had become seriously impaired, and this work was
assigned to Deck Officer Westdahl. Assistant Vates continued in charge of the
triangulation and base measurement, and the commanding officer personally executed
the topography and the hydrography with the ship. The topography was very difficult
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work on account of the number of mangoe swamps encountered, and it was necessary to
do a great deal of the work while standing in the water.

As a result of the numerous bays, bends, and small islands, the distance of 30 miles
between Point Capiueé and Point Sungi includes 150 miles of shore line. ‘The
hydrography, on account of the numerous reefs, was nearly all done from the launches,
and much of it was done in a rough sea. Observations for azimuth were made at
Raton Island by Assistant Vates, who also made observations with the compass
declinometer at several stations. A self-registering tide gauge was maintained at
Tacloban from November 18 to March ¢, and staff gauges were established at
Binabasian and Raton islands, and the hydrographic work in the vicinity was based on
the plane of reference deduced from observations at these places. The work proceeded
without interruption, except on two occasions, when brief visits were made to Tacioban



136 COAST AND GEODETIC SURVEY REPORT, 1903.

No. 46.

40’ 124°| 45' 50’

Statate Miles-

) 4 3 Z 1 () ;5

IR, Nautical Miles

: x o —
Killometers

06’

§ % 3 2z 1 0 ) 70 =1

. |

Hydrography and topography, Philippine Islands.



APPENDIX NO. 1. DETAILS OF FIELD OPERATIONS. 137

for coal and provisions. Heavy seas breaking against the cliffs prevented the survey of
the outside coast of Calicoan Island. The work undertaken by the party was completed
on March 7 and the vessel returned to Tacloban. The sclf-registering tide gauge was
dismounted, and on the gth the vessel proceeded to Cebu for coal and provisions, and
while there established the self-registering tide gauge, and on the 13th proceeded to
make a hydrographic examination of some reefs and shoals in Cebu Strait and a survey
on the west coast of Leyte Island. ‘The vessel was anchored close to Canagoa Island,
a tide staff was established, and tide observations were made every day and during
three nights. A base line was measured on Leyte Island, from which the triangulation
was extended in both directions, and reached a point within 6 miles of Maasin. Obser-
vations for azimuth and magnetic observations were also made on Canagoa Island.
The topographic survey was extended from lilegos to the astronomic station at Maasin.
The hydrographic work was extended from Iilegos to a point within 3 miles of Maasin.
A careful search for Carmen Shoal failed to develop any indications of it in the position
where it had been reported. Careful search was also made for a reef reported near
Metalom, but it could not be found. 'The field work closed on March 28, and on that
date the vessel started to Manila, via Ormoc, and reached that port on April 1.
The following is quoted from Assistant Gilbert’s report:

I have only praise for all the officers associated with me during the past year.

Mr. Yates has attended to the triangulation, measured two base lines, occupied two azimuth
stations, taken observations with the compass declinometer, and assisted in the hydrography. With
some assistance he has made all field computations and inked and duplicated his records.

Mr. Baird, except when assisting in the base measurement and in the hydrographic work on a few
occasions when it was done with the ship, has been constantly engaged in plotting the hydrographic
sheets.

Mr. Yitzgerald, Watch Officer and Executive Officer, had the direction of the hydrographic work
with the launches previous to January 1, when the condition of his health became alarming and he
was excused from field work on the advice of the surgeon. He continued to attend to all other duties
until the middle of April, when he was relieved from all duty, and left for the United States on
April 25. Mr. Fitzgerald had been a most satisfactory officer and I was very sorry to part with him,

Mr. Daniels has proved to be an efficient and valuable officer.  Since the first of the year he has
been taking one angle and recording in the starboard launch, has generally had charge of the sound-
ing machine when sounding with the ship, and has taken current observations when practicable,

Chief Engineer Goldsborough has kept everything in his department in excellent condition, with
the result that we have required but few repairs.

Dr. Hawkes has been most commendably attentive to his duties. He has also responded most
clhieerfully to every call for other service, whether to take sextant angles or to assist in the office work,
I believe him to be thoroughly con:petent, and that he studies and he keeps up to date in his profession.

Mr. Deichiman, besides carefully and efficiently attending to his especial duties, has recorded and
taken one angle in launch and ship hydrography a large portion of the time, and is very efficient in
this work.

Mr. Westdahl has been in charge of the launch hydrography since the 1st of January and always
assisted Mr. Fitzgerald before that time. Since Mr. Fitzgerald was relieved about the middle of April
he has been acting executive officer of the Sathfinder, and has performed the duties of that important
office in a most intelligent and satisfactory manner.
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AsTRONOMIC OBSERVATIONS, PHILIPPINE ISLANDS. J. E. MCcGRATH.
MAGNETIC OBSERVATIONS. H. C. MITCHELL.
J. S. HivL.

SUMMARY QOF RESULTS,

Astronomic observations:
12 azimuths established
14 latitudes determined.
14 longitudes determined.
Maguetic ohservations:
8 stations occupied.

The determination of astronomic base positions was assigned to Assistant McGrath
and Aids Mitchell and Hill. This work was in progress on July 1, with these officers
in charge of cooperating parties. The longitude of the following places was determined
during the fiscal year:

Batangas, Luzon, base station Romblon.
Boac, Marindugue; base station Romblon.
Cagayan, Mindanao; base station Dumaguete,
Calapan, Mindoro,; base station Romblon.
Calbayoc, Samar, base station Masbate.
Carigara, Leyle; base station Masbate,
Catbalogan, Samar, base station Masbate,
Iligan, Mindanao, base station Dumaguete.
Loon, Bokol; base station Dumaguete,
Pasacao, Luzon, base station Legaspi.
Romblon, Komblon, base station Masbate,
Sorsogon, Luzon,; base station Legaspi.
Surigao, Mindanao,; base station Ormoc,
Tacloban, Leyfe; base station Qrmoc.
Vallehermosa, Negg#os,; base station Dumaguete.

On July 1 Assistant McGrath was at Pasacao," Luzon, determining the longitude
of this station. The place is situated at the mouth of a narrow gorge, which extends
inland about north and south, and the southerly monsoon drew into this funnel-shaped
opening with terrific force during July and August and unfavorable weather was almost’
continuous. ‘The observations to determine the longitude were completed on August 3,
and after waiting until September 1 without being able to make any observations to
determine the latitude the station was abandoned, and the observer sailed for Masbate Sep-
tember 2 on the quartermaster’s launch Zangor, through the courtesy of Maj. Arthur Wil-
liams, Twenty-sixth Infantry, U. S. Army. He arrived at Masbate on September 3 and
remained there until October 18. During this period observations for personal equation
between Messrs, McGrath and Hill were made and signals were exchanged with Calbayoc
and Carigara. After serious delay, on account of unfavorable weather, the necessary
exchanges of signals with the two stations named were completed on October 14 and the
observer proceeded to Manila on October 18. Assistant McGrath arrived at Dumaguete on
November 12 and was tendered the hospitality of the army officers’ quarters and mess.
His report expressed his appreciation of the kindness extended to him by Captain
Paine, U. S. Army, and the officers under his command, and Reverend Mr. Hibbard,
his wife, and Doctor Langheim, officials of Silliman’s Institute, a local educational insti-
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tution. ‘The work was delayed by unfavorable weather and by a break in the cable, and
the exchanges of longitude signals with Iligan were not completed until December 5.
After more delay on account of unsatisfactory conditions on the cable lines the necessary
exchanges of time signals with Cagayan and Vallehermosa were made on December 30.
The weather in January was very unfavorable, and the exchanges of time signals with
Loon were not completed until January 29. On February 28 Assistant McGrath reached
Romblon and determined the latitude and longitude, established an azimuth, and made
magnetic observations. He remained at Romblon until May 21, and during this period
the necessary time signals were exchanged with Calapan, Batangas, and Boac. On
June 16 he reached Ormoc and remained there until the close of the fiscal year. The
necessary exchanges of time signals were completed on June 27.

From July 1 to August 12, Aid Mitchell was at Legaspi, Luzon, occupying this base
station and exchanging time signals with the observers at Pasacao and Sorsogon. He
then occupied the following stations and exchanged the necessary time signals with
other observers between the dates specified and with the base stations named in the
list of stations determined:

Catbalogan, August 13 to September 18.

Calbayoc, September 18 to October 1g.

Tacloban, October 21 to November 2. (Reoccupied to close a loop.)
Iligan, November 6 to December g.

Vallehermosa, December 20 to January 14.

An azimuth was established at Catbalogan and Calbayoc and latitude and magnetic
observations were made at Catbalogan, Calbayoc, Iligan, and Vallehermosa. Aid
Mitchell closed field work in the Philippine Islands on January 14.

Aid Hill reached Sorsogon on July 11, and after that date occupied the following
stations and made the necessary exchanges of time signals, between the dates stated,
with the base stations named in the list of longitudes determined:

Sorsogon, July 11 to August 3.

Mashate (base station), August 15 to September 2.

Carigara, September 24 to October 27. (Used as a base station October 14 to 27).

Cagayan, December 15 to January 3.

Loon, January 10 to February 3.
Masbate (base station), March 2 to March 23.

Calapan, March 25 to April 7.

Batangas, April g to April 24.

Boac, May g to May 18.

Surigao, June 13 to June 2q.

Latitude and azimuth observations were also made at Sorsogon, Carigara, Cagayan,
Loon, Calapan, Batangas, Boac, and Surigao. Magnetic observations were made at
Calapan, Batangas, Boac, and Surigao. Observations to determine the personal equa-
tion between Messrs. Hill and Mitchell were made at Iligan, November 7 to 17. “The
unfavorable weather conditions and the absence of direct and rapid transportation

between the stations caused serious delay at all the stations.
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ASTRONOMIC OBSERVATIONS., PHILIPPINE ISLANDS. C. E. MORFORD.
BASE MEASUREMENT.

HvyDROGRAPHY.

MAGNETIC OBSERVATIONS.

TOPOGRAPHY.

TRIANGULATION.
SUMMARY OF RESULTS.
Astronomic observations;
1 azimuth established.
1 latitude determined.
. 1 longitude (chronometric) determined.
Base measurement:
2 base lines measured.
Hydrography:
1 square mile area covered.
12 miles lines sounded.
514 soundings made. .
1 tide station established.
1 hydrographic sheet completed.
Magnetic observations:
3 stations occupied,
Topography:
15 square miiles area covered.
31 miles coast line surveyed.
4 miles shore line of creeks surveyed.
8 miles of roads-surveyed.
1 topographic sheet completed.
Triangulation:
40 square miles area covered.
38 stations occupied.

The survey of Port Gubat, LZuzon, was in progress on July 1, under charge of Aid
Morford. ‘The work was almost completed during the previous fiscal year, and it only
remained to run a few miles of sounding lines and to reoccupy four triangulation sta-
tions to counect the work with the San Bernardino Lighthouse, a station in the trian-
gulation of San Bernardino Strait. Unfavorable weather prevented observations to
establish an azimuth.

On July 14 the party proceeded to Sorsogon to make a survey at that place. It
was difficult to secure laborers and boats, and the weather was so unfavorable that very
little progress was made in July. Considerable progress was made in August, and the
work was continued until August 30, ou which date Mr. John Bach, recorder, who had
been assisting in the work, was placed in immediate charge of the party, and Mr. Mor-
ford proceeded to Manila. 'Mr. Malcolm Elliott also assisted in the work as recorder.
On November 8, Mr. Morford, assisted by Mr. W. E. Gordon, Recorder, resumed field
work in Danao River, Negros, and made a survey which included observations for
azimuth, latitude and longitude (chronometric), magnetic observations, triangulation,
and topography. TUnfortunately, Mr. W. E. Gordon, Recorder, died, as the result of an
attack of cholera, on November 11, 1902, three days after the work began., It was
impracticable to do any hydrographic work, as the necessary assistance could not be
obtained. Field work closed at Danao on December g, and Mr. Morford returned to
Manila. ’
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MAGNETIC OBSERVATIONS. PORTO RICO. L. A. BAUER.
R. F. SoreR, Magnetic Observer. Dec. 19 to June 3o.

The duty of inaugurating magnetic observations at sea on board the vessels of the
Coast and Geodetic Survey was assigned to Assistant L. A. Bauer. He made the
necessary preparations for this work and to establish a magnetic observatory in Porto
Rico, and on January 19 reported on board the steamer Zlake, Assistant Faris,
commanding, with his assistant, R. F. Soper, and the necessary outfit for the work.
Assistant Faris was instructed to transport the party and outfit en route to Porto Rico,
and to afford Assistant Bauer all necessary assistance in carrying out the work assigned
to him. The Blake sailed from Baltimore on January 21, and arrived at San Juan,
P. R., on the 27th, and at Fajardo Roads on the 3oth. The vessel was swung three
times, in order to obtain the necessary deviation corrections due to the ship’s magnetism,
in Chesapeake Bay on January 21, at sea on January 24, and in Fajardo Roads on
January 3o. While the ARlake was at anchor in Fajardo Harbor, the necessary
magnetic observations on land were made on Obispo Cayo on January 31, and on
February 1 the magnetic declination was determined on the main island at Cueva, on
the west side of the harbor. The vessel proceeded to Port Mulas, Vieques Island, on
February 1, and landed the party and outfit for the magnetic observatory at Isabel
Segunda.

Hou. W. H. Hunt, governor of Porto Rico, courteously assigned to the Survey the
quarters necessary for the establishment of the maguetic observatory on the ground
floor of Fort Isabel, on Vieques Island. The work was facilitated by the commander of
the insular police, the mayor of the town, and by the corporal in charge of the fort, and
by others who were able to render assistance. During the period February 2-18, the
quarters were adapted for observatory purposes, the instruments were installed, the
necessary adjustments were made, the instruments were compared, and the constants
were determined. Under the direction of Assistant Bauer, the observatory was placed
in charge of Mr. R. F. Soper on February 19, and from that date to June 30 a
continuous record was obtained with the self-registering instruments. Observations for
absolute values were made once a week, and the regular international term day
observations were made on the 1st and 15th of each month. Special observations were
also made in cooperation with the expeditions sent out by foreign governments to the
polar regions. Assistant Bauer left Vieques Island on February 19 and made magnetic
observations at Aibonita, Caguas, and Mayaguez for the purpose of investigating the
conditions on the main island with the view of determining the final site for the
magunetic observatory. On February 25 he left San Juan and proceeded to do some
special work outside the United States.

HybproGraruy. PORTO RICO. R. L. Farrs, Commanding,
MAGNETIC OBSERVATIONS. Steamer Blake.

I.. M. FUuRMAN, First Walch Officer.
" 1. M. Horx1ns, Chief Eugincer,
THOMAS L. JENKINS, Second Walch Officer.
R. A. WARNER, Assistant Surgeon.
W. ¥. Grover, 7hird Walch Officer.
GEORGE OLSEN, Fourth Walch Officer.
F. B. LorEN, Aid.
W. T. CARPENTER. Aid.
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SUMMARY OF RESULTS,
Hydrography:
148 square miles area covered.
2 294 miles lines sounded.

2 tide stations established.

6 hydrographic sheets completed.
Magnetic observations:

5 stations occupied.

The continuation of hydrographic surveys and examinations in Vieques Sound,
Porto Rico, was assigned to Assistant Faris. After making necessary repairs and
preparations at Baltimore, he sailed for San Juan, P. R., on January 21, in command

of the steamer Rlake.
No. 47.

=

Hydrography, Porto Rico.

Assistant L. A. Bauer, Inspector of Magnetic Work, and R. F. Soper, a member
of his party, were taken on board with instruments and outfit for making magnetic
observations at sea en route, and for establishing a temporary magnetic observatory in
Porto Rico. An account of the magnetic work executed on board the ship under the
direction of Assistant Bauer is given under his name, and it is sufficient in this place to
say that all necessary assistance was rendered to Assistant Bauer by Assistant Faris and
the officers under his command.
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The Blake reached San Juan on January 27, and sailed for Fajardo Roads on the
3oth;, to complete the magnetic observations by swinging ship at that place, Assistant
Bauer’s party and outfit were landed at Port Mulas on February 2. On the same day
hydrographic signals were erected and a self-registering tide gauge was established at
Port Mulas.

A continuous tide record was obtained at this station from February 3 to May 25.
Simultaneous staff readings of the tide were made at this station and at Target Bay on
several days during the season, but no material change was noted in the time and range -
of the tide at the two stations.

Unfavorable weather retarded the progress of the work during the earlier part of
the season, when the weather was frequently too rough to permit sounding. ‘The shoals
in Port Mulas Harbor were resurveyed and the 18-foot spot immediately to the southward
of Corona Reef was examined. The area covered by the season’s work included all the
unsurveyed portion of Vieques Sound to Grampus Shoal, Barilles, and Harmanos .
Passage on the east, and to the north to a line along the reefs and islands forming the
north side of the sound. A number of special surveys of verification were made in the
vicinity of Target Bay at the entrance to Great Harbor; on Blake and Hodgkins shoals;
at Point Arenas bell buoy; at Mosquito Reef, and at Port Mulas. Especial care was
taken in the examination of Blake and Hodgkins shoals. In this work two leads were
used as usual and the channel sweep was also used. The sounding lines were run very
close together with thesshipef .the lowest speed which the necessity of controlling the
ship permitted. The passage between Culebra Island and Southwest Cay was also
carefully examined with the channel sweep.

Magnetic observations were made in several places about Vieques Sound during
the season and the three magnetic elements were determined at each station occupied.
On May 24 magnetic observations were made at a shore station and on the ship on the
25th for compass errors.  ‘The hydrographic work closed on May 25, and the ship sailed
from San Juan for Old Point Comfort, Va., on the 3oth, and arrived at that place on
June 5. On the trip from San Juan to Norfolk complete sets of magnetic observations
were made every day, and the ship was swung at sea about midway between San Juan,
P. R., and Cape Henry, Virginia. The result of the work was the determination of the
magnetic declination in nineteen different places between the points named above. The
compass observations were made by Watch Officers Furman and Jenkins, who performed
the work with much care and interest.

In his report, Assistant Faris expresses his hearty appreciation of the manner in
which the officers under his command cooperated with him in executing the work
assigned to the party, and makes spetial mention of the kindness and courtesy extended
to him by Capt. Andrew Dunlap, U. S. Navy, commandant of the San Juan naval
station.
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HYDROGRAPHY. PORTO RICO. W. E. PARKER.
SUMMARY OF RESULTS.

Hydrography:
40 square miles area covered.
657 iles lines sounded.
22 687 soundings made.
1 tide station established.
1 hydrographic sheet completed.

The extension of the hydrographic work on the south coast of Porto Rico was
assigned to Aid W. E. Parker, and Aid C. M. Sparrow was detailed to assist him in
the work. They proceeded to Porto Rico, and reached Ponce on January 11. Various
preparations were completed and the working ground was inspected. On January 27
five members of the party arrived at Mayaguez on the steamer Backe, and Mr. Parker
went there immediately, leaving Mr. Sparrow to bring the outfit from Ponce to Par-
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Hydrography, south coast of ’orto Rico.

guera. The steam launch Rudy was taken from storage and put in order, and the
party started in the launch to Parguera on February 2, reaching there next day after
being delayed all night at Cape Roja by rough weather. Mr. Sparrow joined the
party at Parguera with the outfit brought from Ponce, and a camp was established.
Old triangulation stations were recovered, and from these additional hydrographic
stations were determined when necessary. A tide staff was established and observa-
tions began at once.

Soundings were made February 12 to March 6, except during one week, when the
engineer was disabled as the result of accidental injury received in line of duty. On
March 6 the boiler gave out and was repaired, but after two days’ use it failed again,
on the 12th, and an examination showed that a large portion of the tubes had burned
out. New tubes were received from New VYork on April 16, but proper tools were
lacking, and the launch was not ready for use until April 25. From that date until
May 23, when the field work closed, the launch was in use continuously and did
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good service. While the launch was laid up the party used a whaleboat, manued by
native oarsmen, and during this period the work progressed very slowly on account of
the strong trade winds which prevailed. The hydrography from the limit of the work
previously completed by Assistant Flower off the entrance to Guanica Harbor to the
western end of Margarita Reef was well developed out to the 1o-fathom curve, except
over a 5-fathom patch 4 miles south of the town of Parguera, over which lines of
soundings were run 200 meters apart in one direction, but no cross lines were rumn,
because comparatively calm weather was needed for such work in a small boat, and
there was not enough of such weather available. North and south lines were run from
Margarita Reef 1 1mnile to the westward, but these lines had no lines run across them.
In closing his report Aid Parker expresses his appreciation of the faithful service ren-
dered by all the members of the party, and calls attention to the intelligence and zeal
displayed by C. M. Sparrow, Aid.

HYDROGRAPHY. PORTO RICO. P. A. WeLkER, Commanding,
Steamer Bache.

E. B. LaTHAM, cIssistant.
W. M. ATKINSON, Furst Iatch Officer.
G. . MARCHAND, Surgeon.
M. F. FLANNERY, Chief Engincer.
H. S. SMITH, Second Waich Officer.
WILLIAM SANGER, Caplain’s Clerk.
E. C. SasNgTr, Aid.

© G. A. BERRY, Deck Officer.

SUMMARY OF RESULTS,

Hydrography:
145 square miles arca covered.
895 miles sounded.
18 924 soundings made.
3 hydrographic sheets completed.

Hydrographic work on the west coast of Porto Rico was assigned to Assistant
Welker, commanding the steamer Backe, and he sailed from New York on January 13.
He reached San Juan on January 20, took on coal and supplies, and proceeded to
Mayaguez on January 26. The field work began immediately, and hydrographic
signals were erected and the positions determmined whenever necessary. Work was
continued until March 20, on which date the hydrography was completed. It reaches
from Mayaguez Harbor to Point Jiguero and extends about 10 nautical miles offshore.
Tourmaline Reef was developed, and also the region about a spot marked as possibly
dangerous to the northwestward of the reef. ‘The region was thoroughly sounded and
dragged and no dangerous rock was found, but there is an extensive bank at this point
which rises out of deep water to a depth of 13 fathoms, the least depth developed.
There were no indications of shoals in the immediate vicinity of the spots marked
‘“ Guadeloupe Bank’’ and ‘‘ Peregrina Reef,’’ though shoals were found within 1 or 2
miles of these places. Special examinations were also made whenever required. The
sounding lines were run at varying distances apart, in accordance with any necessity
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indicated by the soundings. These distances varied from 25 meters for close work to
1 600 meters in deep water (100 to 400 fathoms). The shoals in this region rise very
abruptly, and great care should be exercised in navigating these waters. It is not
unusual to have the depth change suddenly from 100 to 5 fathoms.

During the season the weather was almost continuously fair, but on account of the
strong trade winds which prevailed there were very few days available for close develop-
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ment of shoals, which required work with the launch and great accuracy. The steamer

sas engaged nearly every day and the two launches were used whenever the weather
permitted. ‘The field work closed on March 20, and on the 23d the steamer proceeded
to San Juan. Assistant Welker in his report expresses his appreciation of the faithful
and intelligent manner in which the officers and men under his command performed
their duties, and states that much of the success of the season’s work was due to their
efforts.



SPECIAL DUTY.
MAGNETIC OBSERVATIONS. L. A. BAUER.

Advantage was taken by Assistant Bauer of his presence on duty in Porto Rico to
return by way of San Domingo and Cuba, to secure magnetic observations in those
countries. He determined the elements of terrestrial magnetism in San Domingo at
San Pedro de Macoris and at San Domingo City, and in Cwba at Baracoa, Gibara,
Habana (two stations), and Santiago de Cuba. His report expresses his appreciation of
the courtesy extended to him by Father Gangoiti, who did all in his power to facilitate
the work.

SurvEY OF LouisiaANa OvsSTER BEDS. J. B. BAYLOR.

In response to a request for the survey of the natural oyster beds and reefs in the
State of Louisiana, made by the United States Commissioner of Fish and Fisheries,
Assistant Baylor was assigned to execute the necessary work in the field in cooperation
with the Iouisiana Oyster Commission, recently created by the State legislature. All
available material bearing on the work was collected at the Office, and on February 15
Assistant Baylor proceeded to New Orleans for consultation with the State Commission,
He made an examination of the region to be surveyed and returned to Washington on
March 2. On March 24 he went to Louisiana to begin the field work of the survey.
A small vessel and steam launch was provided by the Commission, and the necessary
men and outfit were provided by the Coast and Geodetic Survey. Extensive changes
have been made along the coast of Louisiana by wind and water since the former
survey, and most of the old triangulation points have been washed away. It was neces-
sary to use the line between Ship Island Lighthouse and Biloxi Island Lighthouse as
a base from which to extend the triangulation required in the work in hand. The new
positions of Cat Island Lighthouse, Murrell Shell Bank Lighthouse, Lake Borgne
Lighthouse, and St. Joseph beacon were determined, changes in the position of these
lights having been made when they were rebuilt. Eight new triangulation stations
were established and securely marked along the shores of Mississippi Sound and in
the Louisiana marshes. The positions of these points were determined and the work
progressed until June 12, when it was suspended for the suminer.

SURVEY IN GROUNDS OF AGRICULTURAL DEPARTMENT. O. W. FERGUSON.

In accordance with the request of the Supervising Architect of the Treasury, a
survey was made of the southern portion of the grounds of the Agricultural Depart-
ment upon which the new departmental building will be erected. This work was

147



148 COAST AND GEODETIC SURVEY REPORT, 1g903.

placed in charge of Assistant Ferguson, who began the field work on March 21 and
completed it by the end of the month.

The survey covers the portion lying between Twelfth and Fourteenth streets and
between B street and a line 500 feet to the north. This space was divided into squares
by a system of lines 5o feet apart, and the various buildings, etc., within the area were
located from fixed points on these lines. The elevation of a number of points within
the area was determined with a spirit level. After completing the field work a report
and a topographic sketch were prepared and forwarded to the Supervising Architect.

RESURVEY OF MASON AND DixonN’s LINE. W. C. HODGKINS.

The resurvey of Mason and Dixon’s Line, the boundary line between the States of
Maryland and Pennsylvania, was in progress on July 1 under the direction of Assistant
Hodgkins who had been detailed for this duty in response to a request from the joint
comunission established by the States named for an officer of the Survey to direct the
work which is done at the expense of the States.

The work during July and August included the survey of the boundary strip from
the summit of North Mountain to Sideling Hill Creek, a distance of about nineteen
miles, and the monuments were set as far west as the summit of Ragged Mountain.
The plan of placing monuments of cut stone at regular intervals of 1 mile was abandoned
by Mason and Dixon at the eastern foot of Sideling Hill, 132 miles west of the north-
eastern corner of Maryland, on account of the impossibility of taking wagous across the
mountains without building roads. A considerable number of stone monuments which
had been transported to the locality, now Washington County, Md., were also abandoned.
These stones were utilized by many of the farmers as door steps and window sills, and
some of them were broken in pieces for other purposes. A number of them, still in fair
condition, were secured and used as originally intended. Mounds of earth or stone,
placed at irregular intervals and generally upon the summits of the high transverse
ridges, were the only marks used on the line from the summit of Sideling Hill west-
ward to the end. Whenever the evidence established the authentic character of a
mound a monument was placed at its center and the mound was restored. As these
mounds were placed at intervals of 2 to 5 miles, it was necessary to establish additional
monuments between them, and these new monuments were located with reference to
the adjacent mounds on each side, on a line between them, with the curvature pre-
scribed by Mason and Dixon. The new monuments were placed at the most suitable
points without any attempt to make the intervals between them exactly equal, though
these intervals were made as nearly equal to 1 mile as the topography and other con-
ditions permitted. In November and December the work was greatly delayed by
unfavorable weather conditions and all work was suspended from December 20 to 3I.
On January 1 the party resumed work at Hagerstown, Md., and preparations were
made to complete the work from the Blue Ridge to North Mountain, across the Cumber-
land Valley. The weather was unusually severe during January aud February and
considerable delay resulted. The work progressed as rapidly as the weather conditions
permitted until February 18, when Assistant Hodgkins was ordered to other special
duty and the work was again suspended until early in March, when it was resumed by
Messrs, R. H. Blain, transitman, and E. R. Martin, foreman, working under instruc-
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tions from Assistant Hodgkins in his absence. Both of these men had previously
assisted in the work and had shown considerable interest in performing the duties
assigned to them. The work was continued until the end of May, when operations
were suspended until the end of June. Assistant Hodgkins was absent on duty con-
nected with marking the Virginia and Tennessee boundary July 13 to August 31, and
after February 18 on special duty, except for a short time, April 27 to May 4. During
his absence he directed the work by correspondence.

MARKING THE VIRGINIA AND W. C. HODGKINS.
TENNESSEE BOUNDARY. J. B. BAY1LOR.

The work of remarking the Virginia and Tennessee boundary, under an order of the
United States Supreme Court, was in active progress at the close of the previous fiscal
year, as stated in the Report for that year. Assistants Hodgkins and Baylor continued
the work as members of the Commission created by the court for that purpose and
good progress was made until September 16, when the field work of the Commission
was completed.

The work proceeded from Clinch River westward to Cumberland Mountain, on the
sharp summit of which the monument marking the extreme western end of the line
was placed in position in the latter part of August, and on Monday, August 23, the
working party was disbanded and Assistant Hodgkins started to Washington. Assistant
Baylor remained in the field until September 16, engaged in placing monuments on the
line and in inspecting monuments already in position. Cut-stone monuments weighing
over 500 pounds and lettered ‘“T' V'’ were placed on the line on all public roads and at
many other important points along the entire length of the line. Ninety-nine of
these monuments were used in addition to the distinctive marks cut on numerous trees
adjacent to the line throughout its length. The boundary line was referred to the
following triangulation stations, previously established by the Coast and Geodetic
Survey: ‘‘Damacus,”’ on Holston Mountain; “‘Dunn,’’ vicinity of Bristol; ‘‘Cloud,”’
on Holston River; ‘‘ Wildcat,”” on Clinch Mountain; ‘‘Powell,”” on Powell Mountain,
and ‘' Minter.”’ .

It is interesting to mnote that the Commission was able to find trees marked a
century before, which enabled them to reestablish the line beyond question. In many
instances the marks were found imbedded several inches inside the body of the tree,
with only faint indications of the original marks on the outside bark. The date when
the marks were made was verified by the Bureau of Forestry, Department of Agricul-
ture, and the marks were of the greatest importance in fixing the position of the
‘‘ Diamond’’ line as originally traced upon the ground.

After conclusion of the field work the necessary records and maps were prepared
and the final report of the Conunission was filed in the Supreme Court on January g,
1903. This report was confirmed by the court on June 1, 1903.

Assistant Hodgkins was absent from the party in the field July 1 to 12, and
August 25 to September 16 engaged upon other duty.
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Capre Cop SPEED T'rRiaL COURSE. H. L. MARINDIN.

The work of verifying the length of the trial course off Cape Cod, Massachusetts,
was in progress at the close of the previous fiscal year under the direction of Assistant
Marindin. The necessary range marks had been placed in position by the civil engi-
neers of the Fore River Ship and Engine Company, and it was found to be impracticable
to make a direct measurement of the distances between the range lines. A base line
was selected and measured, and the length of the trial course was determined by triangu-
lation from this base line. ‘The marks at both ends of the course were shifted to new
positions for the purpose of increasing the facility and accuracy of their use. This
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Cape Cod Speed Trial Course, Massachusetts.

work ‘improved the conditions at both ends of the trial course, but materially increased
the time estimated for the verification and the work was not completed until August 6.

Mr. Gershom Bradford, 2d, and G. S. Peterson, quartermaster from the steamer
Blake, served in the party, and Assistant Marindin expresses his appreciation of their
service.

In the latter part of September Assistant Marindin again visited the trial course,
this time at the request of the Navy Department, in company with Capt. C. J. T'rain,
U. S. Navy, President of the Board of Inspection and Survey, to make certain changes
desired by the Department. This duty was performed, and he returned to the Office on
October 3.
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SANDS PoINT SPEED TRIAL COURSE. H. I.. MARINDIN.
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Sands Point Speed Trial Course.

At the request of the Crescent Ship Yard Company, of Quincy, Mass., Assistant
Marindin was directed to establish a speed trial course in deep water in Long Island
Sound. A location was selected in the vicinity of Sands Point, Long Island, New
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York, and on October 15 he proceeded to the vicinity and inspected the location in

company with the president of the corporation, returning to the Office on October 18.
The trial course was then established and marked as requested, between October 20

and November 4, and Assistant Marindin returned to the Office on the latter date.
He reports the able assistance rendered him by Quartermaster S, L. Jensen, of the

steamer Blake, who was temporarily assigned to.his party.
H. L. MARINDIN.

PORT JEFFERSON SPEED TRIAL COURSE.
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In response to a request from the Navy Department for the establishment of a deep-
water speed trial course in Long Island Sound, in the vicinity of Bridgeport, Conn.,
Assistant Marindin was detailed to execute the necessary work in the field, under the
direction of the Board of Inspection and Survey.

After making the necessary preparations and consulting with Capt. C. J. Train,
U. S. Navy, President of the Board, he left Washington on February 23 and proceeded
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to Bridgeport, where lie boarded a navy tugboat, and after some delay, caused by thick
weather, made an examination of the waters between Stratford Shoal (Middle Ground)
and the northern shore of Long Island Sound. It was evident that the position of
buoys placed on the course could be determined in clear weather by using the trian-
gulation stations along the northern shore of Long Island, but from an examination of
the shore in this vicinity it was also evident that the unfavorable topographic features
made it impracticable to establish range lines on that shore. It was necessary to have
a number of signals determined on high points from which the trial course could be
located, and the Tesla tower, erected for use in wireless telegraph experiments, was
used as one of these, It is the most prominent object to be seen from the Sound in
this locality. Field Point Lighthouse was also used and four other points were selected.
These stations furnished the basis from whicl the position of the buoys on the trial
course were determined by sextant angles measured at the buoys.

Three buoys, one at each end and one in the center of the course, were established
and their positions determined. On account of unfavorable weather conditions and the
desire to use the trial course without delay, it was necessary to determine the position
of the buoys, marking the center and the east end by observations at night on the
lights in this vicinity. The work was completed on March 18.

MEMBER oF MississiPPl R1ivErR COMMISSION. H. 1.. MARINDIN.

Assistant Marindin continued his service as a member of the Commission and
performed such duties during the year as were necessary.

On November 6 he left Washington and proceeded to St. Louis, where he attended
a meeting of the Commission, which was followed by a low water inspection trip down
the river to New Orleans. He returned to the Office on November 1g. March 21 to
April 3 he was absent attending a meeting of the Commission at St. Louis and on a
tour of inspection of the improvements on the river between Cairo, Ill., and the Head
of the Passes. A considerable amount of time during the year was devoted to work inci-
dent to membership in the Commission whenever other assignments to duty permitted.

PoTrERO PoinNT SrEED TRIAL COURSE. FREMONT MORSE.

The work of establishing a speed trial course off Potrero Point, San Francisco Bay,
California, was assigned to Assistant Morse. ‘This trial course was established to
comply with a request from the Holland Torpedo Boat Company to the Secretary of
the Navy, and referred by him to the Secretary of the Treasury.

This course is located off the shore of the bay opposite thie southern section of San
Francisco, and extends from a point about half a mile off Potrero Point southeasterly
to a point about the same distance off Hunters Point. It is 2 miles long, and the
quarter and half mile points of the first mile from the northern end were indicated by
marks. Three stations of the bay triangulation were recovered and the lines between
them were used as bases from which to determine the points on the trial course. The
ranges were marked by rows of piles driven in the shallow water of the bay out to the
3-fathom course, as requested by the resident superintendent of the Holland Torpedo
Boat Company.



154 COAST AND GEODETIC SURVEY REPORT, 1903,

. No. 53.
22 7Y

122]24'

@Afisn’on Rock Verz

‘\

+ LT +

+
5

[$Barnal

A _P/‘Avl’fa.dam,

eom

R

L,

+ / : Nautical Miles ﬂ

/ Kilometers
Visitation Knobx™” M*xfiﬁ_éz
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TRIANGULATION OF THE Crry or New YORrRK. A.'T. MOSMAN.

In response to a request from Mr. Nelson P. Lewis, chief engineer of the board of
estimate and apportionment of the city of New York, as the representative of the board,
for the cooperation of the Coast and Geodetic Survey in completing the triangulation
of the city, Assistant Mosman was detailed to take charge of this work. The city
agreed to pay all the field expenses incurred in making the necessary observations to
complete this work, based upon the triangulation of the Coast and Geodetic Survey, and
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to follow the method prescribed for the work of the Survey. The city also agreed to

pay the expense of making the necessary computations and reductions under the
direction of the Office in Washington.

This work when completed will add numerous standard geographic positions to the

registers of the Survey, and duplicates of such records of the work as may Be necessary
will be furnished for the use of the Survey.

PECONIC BAY SPEED TRrRI1AL COURSE. JouN NELSON.
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A speed trial course in Peconic Bay, off New Suffolk, Long Island, New York,
was verified at the request of the Holland Submarine Torpedo Boat Company. This
work was assigned to Assistant Nelson, and he left Washington for New Suffolk on
November 3. Many of the principal triangulation points in this region could not be
recovered and proper transportation was not furnished, consequently the work required
much more time than was anticipated. The work of verification was com'pleted on
November 20, and Assistant Nelson returned to the Office on the 22d.

PEcoNic BAy SPEED TRriaL COURSE. : H. G. OGDEN.

In response to a request from the Navy Department for the determination of the
length of a new section which had been added to the Pecoriic Bay speed trial course off
New Suffolk, Long Island, Assistant Ogden was directed to execute the necessary work
in the field. He reached New Suffolk on May 17, and on the 22d had secured the
information desired by Capt. C. J. Train, U. S. Navy, President of the Board of Inspec-
tion and Survey.

BoUNDARY LINE BETWEEN' ESMERALDA AND C. H. SINCLAIR.
' NveE CounTIES. NEV.

In response to a request from the county authorities of Esmeralda County, Nev.,
for the determinaticn of a certain portion of the boundary line between that county and
the adjoining county of Nye, Assistant Sinclair was instructed to proceed to the locality
and execute the necessary field work at the expense of Esmeralda County.

He left Washington on August 1 and proceeded to Tonopah, Nev., via San Fran-
cisco, Cal., to procure an outfit, and Carson City, Nev., where observations were made
to determine personal equation with Mr. C. W. Friend, who kindly cooperated with
him in determining the longitude of Tonopah from the observatory at Carson City.
The telephone line from Candelaria was connected with that from Sodaville, and a
‘metallic circuit was thus secured over which signals were exchanged between Tonopah
and Carson City. The latitude of the station was determined by observations made on
four nights. A base line was then selected and a scheme of triangulation developed to
locate on the ground the intersection of the parallel of 38° north latitude with the
meridian in longitude 40° o7’ west from Washington, which point locates one end of
the oblique boundary line between the two counties named, and is about 6 miles south-
east of the astronomic station. Lone Mountain station of the transcontinental triangu-
lation was conmnected with the local triangulation for the purpose of comparing the
astronomic position of the astronomic station with its geodetic position. Between
September 10 and October 6 a base was measured and observations were made at the
18 stations of the triangulation. Lone Mountain station was visited and recovered,
but it was not occupied for observations, as the trail up the mountain was found to be
impossible for pack animals without extensive repairs. The geographic position of the
northwest terminus of the boundary at Hot Spring was determined by conmnecting it
through triangulation with Basalt (Pilot) Cone, a peak connected with the transconti-
nental triangulation. The azimuth of the boundary line was then computed and the
line was traced in the vicinity of the town of Tonopah, thus completing the work
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requested by the authorities of Esmeralda County. Magnetic observations were made
at Tonopah, Hot Springs, and Esmeralda Mill. The field operations were completed
on Qctober 28, and Assistant Sinclair returned to Washington and reported at the
Office on November 7.
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Boundary between Esmeralda and Nye counties, Nevada.

KENTUCKY-TENNESSEE BOUNDARY. C. H. SIiNCLATR.

In December, 1902, while on leave of absence, Assistant Sinclair made observations
to determine the latitude of a point near the Kentucky—Tennessee Boundary, in the
vicinity of Dover, Tennessee, for the purpose of definitely locating the bounding line of
some timber property which was in dispute. The work was done at the request of the
Bank of Commecrce of Cleveland, Ohio, and the expenses of the work were paid by
that corporation.
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NORTHWEST BOUNDARY. O. H. TITTMANN.

C. H. SINCLAIR, Assistant.

The necessity of remarking that portion of the boundary line between the United
States and Canada lying west of the summit of the Rocky Mountains having become
apparent, the Secretary of State of the United States was authorized by Congress to
take part in this work, and a Joint Commission was appointed by Great Britain and the
United States to have charge of the necessary work in the field. Mr. W. F. King,
Chief Astronomer of the Canadian department of the interior, was appointed Commis-
sioner to represent the British Government, and Messrs. O. H. Tittmann, Superinten-
dent United States Coast and Geodetic Survey, and C. D. Walcott, Director of the
United States Geological Survey, were appointed Commissioners to represent the
United States.

The Commissioners each assigned certain officers of their Bureaus to have charge of
the necessary work in the field. Assistant Sinclair was detailed for this purpose from
the Coast and Geodetic Survey, and Assistant Johin Nelson was assigned to duty in his
party. Numerous preparations, including the purchase of instruments and outfit, were
made before leaving Washington, and on May 27 Assistant Sinclair started with
Assistant Nelson to Seattle to complete the outfit and to organize the party. Gateway,
Mont., is the nearest railway supply point to the field of work, and at that place horses
were purchased and men engaged to complete the party. High water in the Kootenai
River flooded the railway and delayed the arrival of men and outfit. As there was no
ferry over the Kootenai River near Gateway, it was necessary to carry all the supplies
across in a small boat and then transport them by pack train to the westward more than
20 miles over a mountain trail. On June 3o two parties were at work on the line, one
on the west side of the Kootenai, opening a line across the summits along the chord
joining monuments, Nos. 11 and 12, 16.5 miles apart, and the other opening the line
across the summits along the chord joining monuments Nos. 7 and 8, 13 miles apart
(in the Wigwam Valley).

More details in regard to this work will be given in the next Annual Report.

AI.ASKA BOUNDARY. O. H. TI1rMANN.
W. C. HODGKINS.
A. L. BALDWIN.

In response to a request from the State Department, the Secretary of the Treasury
detailed Superintendent Tittmann, Assistant Hodgkins, and Computer Baldwin to
report to the State Department for duty in connection with the preparation of the
United States case for pi'esentation to the Alaska Boundary Tribunal, and a large
portion of the time of these officers during the last half of the fiscal year was devoted
to the performance of duties assigned to them in Washington and elsewhere. As these
officers aided in making the survey of southeastern Alaska in the vicinity of the
boundary in 1893, 1894-95, in cooperation with the Canadian parties and under the
direction of international commissioners, they were especially qualified to perform
the service required.



APPENDIX NO. 1. DETAILS OF FIELD OPERATIONS, 159

LouisIANA PURCHASE EXPOSITION. D. B. WAINWRIGHT.

The preparation of plans and material for the exhibit of the Coast and Geodetic
Survey at the Louisiana Purchase Exposition at St. Louis, Mo., in 1904, was assigned
to Assistant Wainwright, and he devoted such time as was necessary to this work at
intervals when his other duties permitted.

CABLE To FARALLON ISLANDS. F. WESTDAHL,.

In response to a request from the Weather Bureau for an officer to accompany the
cable ship while laying a cable from Point Reyes, Cal., to the Farallon Islands,
Assistant Westdahl was assigned to this duty and instructed to render all possible
assistance in the work. He went on board the steamer Argo at San Francisco on April
10, and navigated the ship while the cable was being laid, and afterwards plotted the
position of the cable, as laid, on a chart and furnished a copy of it to Prof. A. G.
McAdie, the representative of the Weather Bureau in charge of the work. The work
was successfully completed and Assistant Westdahl returned to San Francisco on April
14. Prof. Willis L. Moore, Chief of the Weather Bureau, has expressed officially his
appreciation of the service rendered by Assistant Westdahl.

CABLE TO ALASKA. F. WESTDAHI..

In response to a request from Gen. A. W. Greeley, Chief Signal Officer, U. S.
Army, for an officer to accompany the cable ship while laying a cable between Seattle,
Washington, and Sitka, Alaska, Assistant Westdahl was assigned to this duty and
instructed to render all possible aid in the work. He made the necessary preparations
and sailed from San Francisco on June 20, under orders to join the cable ship Burnside
at Sitka, Alaska, on July 1. On June 30 he was en route to his destination.
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DETAILS OF OFFICE OPERATIONS.

OFFICE OF THE ASSISTANT IN CHARGE.
ANDREW BRrAID, Assistant in Charge.

The Assistant in Charge of the Office has direct supervision of the work of ¢
different divisions of the Office.
The following persons were employed under his immediate direction:

Nameé, Occupation. I

e e R - —]
George A. Fairfield ......... ¢ Clerk. ‘
A.B.Simons ............... i Do. !
E.B. Wills................. : Do. |
Miss Kate Lawn ............ : Do. )
John S. Collins ............. | Stenographer and typewriter (Jan. 13 to |
June 30). i

The Miscellaneous Section is a part of the immediate office of the Assistant in
Charge, and the manifold and arduous duties pertaining to it were performed by Messrs,
H. C. Allen and C. W. Jones. The details of the work in this section are given
under the heading ‘‘ Miscellaneous Section’’ in this Appendix. The duties of the other
members of the personnel mentioned above were of the usual routine character.

The following extracts are taken from the report of the Assistant in Charge:

I have the honor to submit the annudl report of the oflice for the fiscal year ended June 30, 1903,
accompanied by the annual reports of the various divisions, namely: Computing Division, Division of
Terrestrial Magnetism, Tidal Division, Drawing and Engraving Division, Chart Division, Instrument
Division, Library and Archives Division, and Miscellaneous Section,,

The Computing Division continued under the charge of Assistant J. . Hayford, whose report
shows a large amount of work accomplished during the year, as follows:

1. The completion for publication of the reduction of the Lake Survey triangulation to the
United States Standard Datum.

2. A new adjustment of the precise level net.

3. The computation of all the triangulation in California south of Point Conception and its
reduction to the United States Standard Datum was nearly completed,

4. A new investigation of the form of the geoid in the United States.

5. The computation of the triangulation along the ninety-eighth meridian.

The routine work of the Division has received due attention, and the demand upon it in regard
to geographic positions and for copies of descriptions of stations, although smaller than during the
previous year, was quite heavy.
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The Division of Terrestrial Magnetism continued under the charge of Assistant L. A. Bauer, who,
as Inspector of Magnetic Work, is also charged with the supervision of the field parties engaged on
magnetic work. Much of his time while in the office was necessarily occupied with his duties in the
latter capacity. The correspondence and routine work and the distribution of magnetic information
have received prompt attention.

Among other works accomplished by the Division may be mentioned the discussion of the inter-
national magnetic observations made during the solar eclipse of May, 1901, the preliminary discus-
sion of magnetic observations made on the B/ake on her trip from Baltimore to Porto Rico, and the
making of observations to standardize various instruments, as occasion required.

The Tidal Division remained under the charge of Mr. I. P. Shidy, and his report gives full infor-
mation as to the work accomplished during the year. Mr. R. A. Harris has been engaged in the
study of tidal phenomena and has constructed a cotidal chart for the northern Indian Ocean. Similar
work is in progress for other regions, and a preliminary cotidal chart has been completed for the
Eastern coast of the United States. '

The Drawing and Engraving Division continued under the charge of Assistant W, W. Duffield,
and his report shows in detail the work accomplished in each of the five sections of the Division, and
gives the usual statistical information. I may here mention that a complete and thorough examina-
tion of all charts of various scales of the coast of Maine was made in view of the proposed naval
maneuvers on that coast. In the Drawing Section, under the immediate direction of Chief Draftsman
E. H. Fowler, a large amount of work has been accomplished during the year. The illustrations for
the Superintendent’s Annual Report also received due attention. It may be mentioned also thata
large amount of work was performed for the Alaska Boundary Tribunal, including the preparation of
two atlases and numerous special drawings and maps,

In the Printing Section, under the immediate direction of Foreman D. N. Hoover, the usual large
amount of work has been accomplished, over 80 oco impressions being the product for the year.

The demands upon the Photographing Section during the year have been very great and its
capacity has been taxed to the utmost.

In the Electrotyping Section the output has not been quite as large as during the previous year,
owing to the fact that for nearly three months work was suspended during the installation of the new
plant. The new plant is now working very satisfactorily, and the time lost during the installation
will soon be made up by the more rapid output that is now possible.

The Drawing and Engraving Division has also supplied information in response to a large
number of calls involving areas, shore lines, distances, tracings from original sheets, maps of obsolete
and canceled charts, and miscellaneous blue prints, etc.

The Chart Division, constituted by the Chart and Hydrographic sections, has remained under
the charge of Assistant Gershom Bradford, Inspector of Charts. The issue of charts for the year 1903
has been considerably larger than in any previous year. In the Hydrographic Section the work of
indicating chart corrections, preparing the monthly Notice, to Mariners, etc., was attended to in a
very satisfactory manner. The Section sustained a severe loss by the death on July 2, 1902, of Mr.
W. C. Willenbucher, the chief hydrographic draftsman. His successor, Mr. J. T\ \WWatkins, has attended
to the work in a very satisfactory and thorough manner. The Section has had the assistance from
time to time of field draftsmen when they were not engaged upon field work.

The Instrument Division continued under the charge of Mr. K. G. Fischer, the chief mechanician,
and the usual amount of work has been accomplished, which consists mainly of repairs to instruments,
the construction of such new instruments as are not obtainable in the market, the issue of instru-
ments, camp outfit, and general property to field parties, miscellaneous correspondence relating
thereto, keeping the necessary accounts relating to the distribution of instruments and general
property, etc. Among the special items mentioned in Mr. Fischer's report are the construction of 12
new plane table alidades, the reconstruction of 2 Gambey theodolites, the regraduation of a 10-inch
Gambey theodolite, the construction of g * Harbor and channel sweeps’' for discovering shoals,
rocks, etc., in harbors, and the construction of 12 pairs of telemeters with metallic (magnalium)
hacks. Valuable assistance was also rendered the Electrotyping Section during the installation of
the new electrotyping plant, ’

The Library and Archives Division has continued under the charge of Mr. E. I. Burchard.
Good progress has been made in the indexing of the library and special attention has been given to
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the arrangement, classification, and cataloguing of our valuable collection of foreign charts, The
compilation and preparation for publication of the ‘‘ List and Catalogue of Publications of the Survey,
1816-1902"" was completed, and progress made on the manuscript on bibliography of the Mason and
Dixon line,

The Miscellaneous Section, under the immediate direction of Mr. H. C. Allen, attended to the
purchase and distribution of supplies required for the Office, the making of requisitions for printing
and binding, the issue of stationery to field parties and office divisions, the custody of the publications

of the Survey, and the keeping of the records relative to their disposition.

Computing Division.

Personnel.

Name. Occupation.

J. H. Hayford Chief of Division,

M. H. Doolittle............. Computer.

A. L. Baldwin .............. Do.

Miss Lilian Pike'............ Do.
C.R.Duvall................ Do.

W.H. Dennis .............. Do.

O.M. leland............... Computer (July 1 to May 18).
¥. H. Brundage............. Computer (July 1 to Mar. 4).
Miss L. J. Harvie ........... Computer (Aug. 18 to June 30).

R. Y. Ferner Computer (Aug. 21 to Juue 30).

H. C. Mitchell.............. Computer (May 4 to June 30).

C.E. Everett ............... Computer (Apr. 3 to June 15).

Miss Sarah Beall............ Computer (June 20 to June 30).

J.H Milsaps ............... | Writer,

DETAILED TEMPORARILY. |

Miss H. S. Poole............ Computer. '
Mrs. L. J. Arbuckle......... I Do.

ElBieK. Foltz ............. © Writer,

R.S. Decker ............... Do.

Temporary details from field force.

Assistants.
O. W. Ferguson. Wi, Bowie.
Aids.,

Jose Vano Reyes. E. C. Sasnett,
C. G. Quillian. John C. Landers.
Paul C. Whitney. H. L. Beck.
H. D. King. J. W, Milburn.
E. W. Kramer. H. M. Trueblood.
W. H. Burger, C. C. Craft.
G. C. Baldwin. J. B. Miller.
B. D. Barker.

Temporary aids.
E. L. Scott. M. J. Wall.

L. A. Richards. W. G. Randall,

F. W. Gladding.
S. H. Graves.
W. H. Sligh, jr.
N. Harontun.
M. W, Hawkins.

W. R. Johuson.
R. F. Rohrer,
E. B, Shaw.

C. E. Foster.
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Waich officers.

R. Mc.D Moser, T. L. Jenkins.
Dectk officers.

J. W. Yates. J. H. Wood, jr.
Signalman.

J. 8. Bilby,

The average effective force of the Computing Division during the year was 17. This
force varied between the extremes of 11 in January and 21 in December, and was about
50 per cent larger than during the preceding fiscal year. The work of the Division
shows a corresponding increase in amount in spite of the fact that a considerable por-
tion of the increase in force comnsisted of aids holding temporary appointments and of
others who were assigned to the Division to acquire practical knowledge of the methods
in use.

The more important computations upon which the Computing Division has been
engaged during the year are as follows:

First. The completion for publication of the reduction of the Lake Survey Triangu-
lation to the United States Standard Datum. This work was completed in September,
1902.

Second. A new adjustment of the precise level net. The first adjustment was com-
pleted in 1goo. Since that time so much new leveling has been done that the new net,
as now adjusted, contains over 30 per cent of new leveling.

Third. The computation of all the triangulation in California and its reduction to
the United States Standard Datum. This was begun in August, 1902, and at the end
of the fiscal year it was nearly completed from the Mexican boundary northward to
the vicinity of Point Conception, near the west end of Santa Barbara Channel.

Fourth. On October 23, 1902, the work of making a new investigation of the form
of the geoid within the United States was commenced and good progress was made
before the end of the fiscal year.

Fifth. The triangulation along the ninety-eighth meridian in 1902, including the
occupation of 75 primary stations, covered about 6%° in length in latitude, or 444
miles. The field work was completed in October. ‘T'he computations, including all
secondary and tertiary points, as well as all computations of elevations, were completed
in June, less than eight months from the date of the last field work. This computation
is equivalent to about one-fourth the computations required in connection with the
whole Transcontinental Triangulation, and this makes a record of which the Com-
puting Division may be justly proud.

The routine work of furnishing information to the officers in the field and to
persons outside the Survey in response to requests for information was very heavy, and
is constantly increasing,

During the year the manuscript was prepared and the proof was read of Appendix
3 of the Report for 1go2, ‘‘Triangulation in Kansas,”’ which puts in printed form all
the information available in regard to the triangulation in Kansas. The manuscript
of two more appendices was nearly completed at the end of the year, namely, an
appendix on precise leveling, and an appendix on the ninety-eighth meridian triangu-
lation in 1902, both of which are printed as appendices to this Report.
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The following extracts are taken from Mr. Hayford’s report:

During the first three months of the year Mr. T, Russell, assistant engineer, Mrs. M. E. C. Walker,
Miss B. M. Chase, and Miss K. R. Macquecen were engaged for various periods in finishing the com-
putations of the Lake Survey Triangulation, these being persons who were paid by the Survey of the
Northern and Northwestern Lakes, and who were doing the work under my direction in the Com-
puting Division.

Mr. A. L. Baldwin acted as Chief of the Division during my absence therefrom, September 4-30,
December 14-18, December 22-January 3, March 11-14, and March 26-April 8, He was engaged
during the last half of April, more than half of May, and all of June on special work. This wasa
serious loss to the Computing Division, as the Chief of the Division depends upon him as his first
assistant, he being the only person in the Division having the necessary training and experience in
both office and fieldwork to make him fully capable of taking charge during the absence of the chief,
or of sharing in all parts of the chief’s work when the chief is present.

Of the members of the Computing Division, individually and as a group, I may reiterate with all
sincerity what was said in my last annual report, namely, that with a ‘‘great deal of pleasure, and
perhaps with soine pride, I may state that on the whole each member of the Division has rendered
zealous, efficient, and interested service throughout the year.”

Mr. M. H. Doolittle, the oldest computer in the Division, in rapidity of computation and
especially in rapidity and accuracy in making complicated and difficult least square adjustments, is
still unexcelled by any of the younger computers. :

Miss Lilian Pike supervised all computations during the year connected with precise leveling and
the adjustment of the precise level net, and has also done much in the way of editing and proof read-
ing. In both of these lines of work, and especially in the latter, she has shown marked ability, and
has saved the Chief of the Division from a great deal of the attention to detail which would otherwisc
have been necessary.

During the last two and a half months of the fiscal year, while Mr. Baldwin was available for com-
puting duty but a small portion of the time, Mr. C. R. Duvall has been depended upon as my first
assistant, to have direct supervision over various computations in progress in the hands of the com-
puters. He has shown steady improvement in ability in that direction, which is making him of great
value to the Division.

Miss Lelia J. Harvie, appointed August 18, 1902, hias been given a rather unusual opportunity, for
a new computer, to learn the methods of complicated least-square adjustments during the first year of
her service. During the greater part of this year she has been working under the immediate direction
of Mr. Doolittle, in cooperation with him on least-square adjustinent., She has risen to the oppor-
tunity and has become an adept in making such computations.
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Division of Terrestrial Magnetism.

LPersonnel.

Name Occupation. I
J.A.Bauer ................. Chief of Division. i
D.L.Hazard................ Computer. i
C.J.Houston ............... Do. '
Miss J.E.Haslup ........... Writer.

Temporarily detailed.

S.ADeel .................. Magnetic observer (July I to July §5; July 26

to Sept. 15). I
H.LWoods ................ Magnetic observer é]uly 7 to July 26).
G.B.Pegram ............... Magnetic observer (July 15 to Aug. 1).
G.EKing ................. Comiputer (July 1 to July 31).
JJA Fleming ............... Aid ?Aug. 11 to Sept. 8).
R.W.Walker............... Aid (July 1 to Oct. 26; Nov. 13 to Jan. 4).
W.T. Carpenter. ........... Aid (Dec. 22 to Jan. g9).
R.E.Nyswander............ Aid (Jan, 17 to Mar, 31).
JoW.Milburn............ ... Aid éMay 4 to May 19).
L.B.Smith................. Aid (May 25 to June 30).
José Vaifi6 Reyes............ Aid (June 8 to June 26).
T.L.Jenkins................ Watch officer (Dec. 22 to Jan. g
A H Wise.................. Assistant surgeon (Jan. 28 to June 30).
J H. Egbert ................ Assistant surgeon (Jan. 3¢ to June 13).
G.CBallard................ Assistant surgeon (Feb. 24 to May 6).

I

The revision of the computation of the magnetic observations made by the field
parties was kept nearly up to date and was practically completed at the close of the
fiscal year. Two appendixes, ‘‘ The Magnetic Observatories of the United States Coast
and Geodetic Survey, in operation July 1, 1902,”” and ‘‘Results of Dip and Intensity
Observations’’ (1897—1902) were prepared for publication in the Annual Report for
ra02, and the proof of the United States Declination Tables for 19o2 was read.

A discussion of the magnetic observations made by several nations during the soiar
eclipse of May 17-18, 1901, was completed and the results published; also, a prelimi-
nary discussion of the magnetic observations made at sea on board the Coast and
Geodetic Survey steamer Blake between Baltimore and Porto Rico was completed. The
Division prepared compass data to be used on 87 charts and for 20 places on the coast
of Maine and 12 places on the coast of Massachusetts, to be used in the preparation of
the Coast Pilot. The routine correspondence work of the Division was 20 per cent
larger than during the preceding fiscal year. Mr. L. A. Bauer was absent on field duty
during the greater portion of July, from September 15 to November 13, and from
January 19 to April 16. A large portion of his time while in the Office was occupied
by the duties assigned to him as Inspector of Magnetic Work.

During the absence of the Chief, his duties were performed by Mr. D. L. Hazard,
computer. Mr. C. J. Houston, computer, was absent on field duty from April 19 to
June 30. Numerous temporary assignments to the Division were made, usually for the
instruction of the persons assigned in the use of instruments and in the methods of
computation, so that they did not materially advance the progress of the work in hand.
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Tidal Division.

Personnel.

Name, ‘ Occupation.

L.P.Shidy................. Chief of Division.

R.A. Harris................ Computer.

J.C. Hoyt..................! Computer (July 1 to Sept. 3).
Artemas Martin............. ¢ Computer.

Miss C. C. Barnum.......... i Do.

John M. Brooks............. , Computer (Aug. 26 to May 31).
Maurice J.Wall............. I Computer (Oct. 6 to June 30).
Paul Schureman ............ Computer (June 15 to June 30).
Miss A. G. Reville.......... Clerk.

Miss V. E. Campbell........ Writer,

Luke A, Cole...........0uue Writer (Sept. 20 to June 30).

Temporarily delailed.

B. W. Bembry .. .......... | Writer (July 1 to July 7).

Miss M. L, Handlan ........ Writer (July 1 to Julfy 23).

T.C. Bradley............... Writer (at intervals from July 1 to Oct. 9).
Parke Hutchinson .......... Computer (July 14 to Aug. 12).

I. W. Thompson ............ Aid (July 7 to Aug. 3).

W. C. Shephard ............ Aid (July 1 to July 5).

JW. Hart........ooovinnn. Aid gAug. 11 to Sept. g).

E. H. Henderson............ Aid (Dec. 26 to Jan. 24).

E.B.Shaw................. Aid (Jan. 31 to Feb, 14).

Harmonic analyses were completed for a year each of hourly heights at 4 stations,
and also for ten shorter series. This work, together with that in progress at the close
of the fiscal year, is equivalent to the complete harmonic analyses of eight years of
continuous record. Nonharmonic reductions were made for 82 stations, at one of
which six years were reduced, and four years at another, while the other series ranged
from two years down to half a month. This work is equivalent to first reductions for
twenty-six years of continuous high and low waters.

The plane of reference for the reduction of soundings was determined for 69
stations. About twenty-eight years of self-registering tide-gauge records were. tabu-
lated as high and low waters, and also as hourly heights of the sea. ‘Tide notes were
prepared for 236 stations upon 56 chartsand 68 original hydrographic sheets. Tidal
information was furnished to the field parties and in response to requests from indi-
viduals not connected with the Survey in 297 instances, involving the preparation of
descriptions of 563 bench marks, tidal data for 1 588 stations, and current data for 21
stations.

There were received, examined, and registered an aggregate of about nineteen
years of record from self-registering tide gauges at 16 stations, together with about five
years of record from box and staff gauges, consisting of 104 original and 59 duplicate
volumes of tide observations made by 34 hydrographic parties at 71 stations.

Tidal records from outside sources were received as follows: July 1 to March 31,
with self-registering tide gauge at Reedy Island, Delaware, maintained by the Phila-
delphia Maritime Exchange; six years' records of observations at the entrance to St.
Johns River, Florida, were loaned to the Survey by the Corps of Engineers, U. S. Army,
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and one month’s record of observations on Culebra Island, Porto Rico, by the Navy
Department. ‘

Copies of the predicted tides for Wellington and Port Russell, New Zealand, with
tidal differences for 8o subordinate ports, were prepared and furnished in response to a
request from the Secretary of the Marine Department of New Zealand.

Some questions connected with the flow of water under the action of gravity were
studied by Mr. R. A. Harris. These relate chiefly to the velocities of tidal streams
over their entire cross sections at various depths from the surface and at different
distances from the center of the stream. He also constructed a cotidal chart for the
northern part of the Indian Ocean. His studies of this region show that the tides there
are primarily due to local oscillations. Waves progressing at nearly the rate due
to depth occur in most of the shallow arms of this ocean. Such is the case in the
Persian Gulf, in the Gulf of Kutch, in Palk Strait and Bay, in the Gulf of Cambay, in
the Gulf of Martaban, in the western part of Malacca Strait, in most of the gulfs and
bays along the northern coast of Australia, and in Sharks Bay.

Similar work is in progress for other oceans, and a preliminary cotidal chart for the
eastern coast of the United States was completed.

The Tide Tables for the year 1904 were prepared for printing, and the proof was
read, before the close of the fiscal year. These tables contain current diagrams for
Boston Harbor, Nantucket and Vineyard sounds, Delaware Bay and Chesapeake Bay,
in addition to those for New York Harbor which were given last year. The sunrise
and sunset table was recomputed and arranged according to the sun’s declination, with
the approximate corresponding date as a rough argument when desired.

Drawing and Engraving Division.

Lersounel.
Name. Occupation.

W. W. Duffield ............. Chief of Division.
James M. Griffin............ Clerk (July 1 to Aug. 2).
E.Meads................... Clerk.
Edwin H, Fowler........... Chief Draftsman.
Harlow Bacon .............. Draftsman.
J.N.Baker................. Draftsman (July 1 to 6).
R.S. Baker ................ Draftsman (Dec. 18 to June 27).
Chas. H. Deetz ............. Draftsman.
F.C.Donn................. Do.
E.P. Ellis.................. Do.
P. Von Erichson............ Do.
F.B.Essex................. Draftsmat (Oct. 3 to Mar. 17).
C.M.Hahn ................ Draftsman.
R. Hansen ................. Draftsman (July 28 to Sept. 15).
D. M. Hildreth ..... ....... Draftsman.
Jas. P. Keleher ............. Draftsman (July 1 to June 26).
A. Lindenkohl.............. Draftsman.
H. Lindenkohl ............. Do.
J. W. McGuire.............. Do.
C. F. McKenney............ Draftsman (Dec. 22 to June 30).
S.B.Maize................. Draftsman,
H.L.Simmons.............. Draftsman (Apr. 18 to June 30).
E.J.Sommer ............... Draftsman.
T.J.Walsh ................. Draftsman (Nov. 13 to Dec. 12),

D.C.Crain ................. Engraver (Sept. 29 to Oct. 28).
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Drawing and Engraving Division—Continued.

Personnel—Continued.

I. E. Williamson........
A. A, Meredith..........

Temporarily assigned.

G. C. Ballard ,..........
P.Betts ................
J. H. Simpson ..........
F. B. Thompson ........
P. C. Whitney ..........

Name Occupation.
W.H.Davis ................ Engraver
H.E.Franke ............... Do.
R.H.Ford................. Engraver (Oct. 14 to June 30).
P.H.Geddes................ Engraver.,
F.Geoghegan............... Do.
Geo, Hergesheimer.......... Do.
W.H.Holmes .............. ) Do.
H.M.Knight. .............. Do.
Wm. Mackenzie............. ; Do.
W.F.Peabody.............. : Do.
A H. Sefton................ Do.
EH.Sipe ...........c...... Do.
H. L. Thompson ............ Do.
J.W. Thompson............. Do.
W, A.Van Doren............ Do.
Theo. Wasserbach........... Do.
F.G. Wurdemann........... Do.
D.N. Hoover ............... Foreman of printing.
E.F.Campbell.............. Plate printer.
R.J.Fondren............... Do.
Eberhard Fordan ........... Do.
C.J.Harlow ................ Do.
C.J].Locraft ................ Do.
R.V.H. Jama.............. Printer’s helper,
W. W. Kirby ............... Do.
E.M.Kline................ Do.
R.FLeMat................ Printer’s helper (July 1 to Dec. 17).
W.B. Mehler............... Printer’s helper,
V. E. Torney ............... Printer’s helper (Feb. 2 to June 30).
C. F. Blacklidge ............ Photographer and electrotyper.
L.P.Keyser................ Assistant photographer.
Roy Thomas................ Assistant electrotyper.
George Newman ............ Messenger.
JW.Brown................ Laborer (Nov. 8 to June 30).
C.W. Hawkins............. Laborer (absent Nov. 5 to Apr, 27).
H Murray.......ooooeeenen. Laborer.

e Do.
....| Laborer (Apr, 1 to 26).
Extra laborer,

....} Aid (Oct. 15 to 27).

....| Deck officer (Apr. 21 to May 15).
....| Deck officer (Apr. 4 to 14).

....l Aid (Oct. 20 to Jan. 26).

Assistant surgeon (May 6 to June 3).
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This Division is divided into five sections—the Drawing, the Engraving, the Print-

ing, the Photographing, and the Electrotyping sections.

FEach section executed the

work indicated by its title, and the combmed result is shown by the charts published

and issued by the Survey.

During the year 332 requests for information were received and answered in the
Division. These involved the measurement of areas and shore line and distances
between various points, the preparation of tracings from original topographic and
hydrographic sheets, copies of old and canceled charts, and the construction of special

maps.
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Two of the new charts published, those of San Francisco Bay, are intended as
examples of the method used in producing them. They were made up from engraved
plates showing the hydrography, contour curves of the bottom, soundings, etc., and
the topography was added by photolithography from drawings made on a larger scale
and reduced to fit the chart. Color was used on the charts published by lithography
to a greater extent than ever before, and extended in many instances to the water areas
to distinguish areas of the same depth. The preparation of plates by the heliogravure
process was continued and five plates were completed. From May 1 until June 20,
Mr. E. H. Fowler served as Acting Chief of the Division during the absence of the
Chief. .

Drawing Seclion.

During the year the following drawings were completed for photolithographing or

engraving:

C‘{}grl Titte. Scale,
112 | Vineyard Sound and Buzzards Bay ................... ... ..., 1-80 000
901 Mona Island to Mayaguez ..........cooviiniiiin et ... 1-100 000
go2 | Guanica Light to Point Tuna Light ............................... 1-100 000
go3 | North coast of Porto Rico.......cooiii i, ] 1-100 000
914 | Culebra Island and Approaches.....................oiiiii 1-20 00O
915 | TargetBay and Vicinity ......... .. ... i i 1-10 00O !
916 | Port Mulas and Approaches................ ... ... i I-10 000
929 | Guanica Harbor ...... ... ... i i i i 1-10 000
i 931 Mayaguez Bay and Approaches................... ool L I-15 000
} 4711 Northern Part of Luzon Island. ... ............... .. ...... ... ... Mercator,
4712 | West Coast of Luzon Island.............. ... oo, Mercator.
4713 { East Coastof Luzon Island ............ ... ... ... i, Mercator.
4716 | Paragua Island, P.I......... . ... . . i Mercator.
4717 | Cuyos and Cagayanes Islands................. ..., Mercator.
4720 | Straits of Balabac and Approaches ................................ Mercator.
Pog721 JJoloSea, P. ..o Mercator.
5531 San Francisco Bay, southernpart ................................. 1-40 000
I 5532 | San Francisco Entrance . .............cotiiiimeinerniineenen 1-40 000
i 5534 Suisun Bay, Cal......... ... i e 1-40 000
" 6443 | Port Orchard, Wash...... ... . ... i i, 1-20 000
i 8094 | Tongass River and Hassler Harbor ...................... ... ... 1-20 000
! 8105 | Behm Canal, Alaska.... ..., Varying.
i 8285 Killisnoo Harbor, Alaska.......... ... i, 1-10 000
i 9382 | Golofnin Bay, Alaska.... ...l 1-40 000
i 9385 i Port Clarence and Grantley Harbor ..................... .. ... ... ! 1-80 000

In addition to the foregoing 514 charts were revised (including second and third
revisions of the same chart), corrected and verified for new editions or new prints.
Twenty-one projections for topographic sheets and 35 for hydrographic sheets were
constructed for the use of the field parties or in the Office. Three hundred and fifty-
four topographic and hydrographic sheets were inked, lettered, plotted, revised, or made
ready for the approval of the Office.

A large number of illustrations (more thau 100) were prepared for publication in
the Annual Report of the Superintendent for rgoz, and 4o illustrations were prepared
for the Report for 1903.

A great deal of work was done at the request of the State Department in aiding in
‘the preparation of the United States’ case for presentation to the Alaska Boundary
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Tribunal. This work included the preparation, verification of the maps in two atlases,
and general supervision over the publication of the same, one of which contained 25
sheets and the other 3o. In addition to the large maps, numerous special drawings
and maps were prepared, including four bromide enlargements (4 by 1o feet). The
work of the Drawing Section was under the immediate direction of Mr. E. H. Fowler,
Chief Draftsman, who deserves great credit for the efficient manner in which the work
has been carried on and the introduction of time and labor saving methods. The
Chief of the Division reports that the men of this section have shown steady improve-
ment in their work, and, being faithful and attentive, deserve credit for the high
standard maintained and the amount of work completed.

Engraving Section.

The following original plates were completed:

Chart Title, Scale.
i —
252 | New Bedford Harbor and Approaches ................ ... .. ..., ! I~20 000
518 | Calcasieu Pass (heliogravure). ........ ... ... i ., ! I-20 000
go3 | North Coast of Porto RicO........ooiiiiiiiiii i iiiiiiinan, 1-100 000
921 | Fajardo Harbor and Approaches ................ .. ... . ......... : 1-10 000
1000 | Cape Sable to Cape Hatteras.................. .. ... .. ... ..... ! Mercator.
1001 | Chesapeake Bay to Straitsof Florida.............................. ! Mercator.
5651 . Fort Ross Cove (heliogravure).............. i, i 1-6 000
5773 | Shelter Cove, Cal. (heliogravure) ................................. 5 I-15 000
9381 | Port Safety, Alaska (heliogravure)..............c.oviiiieieenenn.. ! 1-15 000

The following plates were corrected for new editions of charts:

L] RO ——Y

CI}:':TQ Title. Scale.

S | San Francisco to Bering Sea.............oo i | 1-3 600 000
I11 Nantucket Sound and Eastern Approaches ........................ : 1-80 ooo
120 | New York Bayand Harbor ............... ... ... ... o ... 1-80 ooo
124 Delaware Entrance. . .. oo ittt it e e 1-80 000
170 | Key West to RebeccaShoals. ...l oL, 1-80 ocoo
184 | St. Josephs and St. Andrews Bays............. ... i, 1-80 ooo
320 | Rockland Harbor........... . oovivii it e, { 1-20 000
345 | Robinsons Hole and Quicks Hole............ ... ... ... .. ... 1~10 000
346 Edgartown Harbor, Marthas Vineyard ............................ l 1-30 000
359 | New London Harbor and Approaches ............. ... ... ...... 1-20 000
369 | New York Bayand Harbor..............oooiiiii i, 1-40 000
400 | Hampton Roads to Norfolk............cooooiiiiiin ool 1~-20 000
453 | Fernandina Entrance ..........oouiiiiiiiiiiiiiiiiiiiieeeiinnen. 1-20 000

5106 | San Diego Bay, Cal........c.ooiiriiieiiiiiiiiiiiii s I-40 000
5523  San PabloBay, Cal .. ... ..ottt e s 1-50 000
5524 | Petaluma an Napa Creeks............... e e e e 1-30 000
6140 | Columbia River. Entrance to Upper Astoria ...................... 1-40 000
8800 | Alaska Peninsula ........coiiiiiiiiiin i i i e I1-1 200 000
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The following miscellaneous plates were completed:
Plate
No.
2792. Charleston Exhibition platé of Calais, Me.
2793. Standard letters, transfer plate.
2794. Field Sheet Notes, transfer plate.
2801. Plate of squares, centimeter graduations.
2810. Alphabet plate, slanting letters.
2814. Notes for hydrographic sheets, transfer plate.
2820. Bureau of Immigration plate.
2822. Alphabet plate, upright letters.
2823. Alphabet plate, upright letters.
2824. Alphabet plate, slanting letters.

Recapitulation.

Recapitulation of the work done in the Engraving Section:

Number.
Original plates commenced............ ... .o iiiiiiiin il 5
Original plates completed . .. ... ... ... .. . 9
Original plates unfinished . .. ..... ... ... . .. . .. .. 23
New editions commenced. .. ....... ... ... .. 13
New editions completed...... O 18
New editions unfinished. .. ...... ... ... ... . . . L 12
Miscellaneous plates finished ........... ... ... .. il 10
Plates corrected for printing.......... .. ... . ... 797

During the year there was a considerable increase in the number of new charts
engraved as compared with the preceding year. A large portion of the time of the
engravers was used in making extensive corrections to the printing plates, and, while
the number of plates corrected for printing is not so large as during the previous year,
the corrections have generally been more extensive. On all the plates for new editions
of charts the form of the notes was changed to accord with the standard in use at present,
and this involved a great deal of work. The continued use of the standard alphabet
plates insured uniformity in all titles.

Printing Section.
Number
Impressions made for the Chart Section .................. ... cociviiiia, 75 518
Impressions made for proofs. .. ..... ... i 4 197
Impressions made for standards. ........... .. .. ... .ol L, 341
Impressions made for transfers (lithographs) ........................... e 193
Impressions made for transfers (Drawing Section) ..................... ....... 193
Impressionsmadeonbond ............. ... ... ... ool I 266
Total impressions. ... ... . ... .. ... . i 80 708

Of the charts printed for the Chart Section, 1 365, namely, Nos. 369, 380, and 381,
required two impressions, and 38 District of Columbia charts required four impressions,
leaving 74 039 charts delivered to the Chart Section. The file of bond proofs was kept
up to date. '
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in addition to the number of charts printed in the Printing Section, the following
charts have been published by photolithography and sent to the Chart Section for
distribution:

New charts.

Clggft Title. Scale,
go2 | South Coast of Porto Rico.......ccoviiveiiiiii it 4-100 000
915 | Target Bay and Vicinity......... ... .o il 1-10 000
916 | Port Mulas and Approaches................... ... oo il 1-10 000
931 | Mayaguez Harbor and Approaches ... ........... ... ... ... .. ... 1-15 000
4711 | Northern part of Luzon Island. ..............c.. ... ... ... Mercator.
4712 | West Coastof Lmzon Island................ ... ... oo e Mercator.
4713 | East Coast of Luzon Island ...... .......... ... . ..., Mercator.
4716 | Paragua Island, Philippine Islands................ .. ..oooie Mercator.
4717 | Cuyos and Cagayanes Islands........................... ... ..., Mercator.
4721 | Jolo Sea, Philippine Islands.................... e e Mercator.
5532 | San Francisco Entrance ..........cocooviiiiiiiiiiiiiiiiiiie.., 1-40 000
5534 | Suisun Bay,Cal............... e e e e e 1-40 000
8094 | Tongass River and Hassler Harbor......................o. oo 0, Varying.
8285 | Killisnoo Harbor, Alaska. .........c.oiiiniiniiiiiinn e, 1-20 000
9385 | Port Clarence and Grantley Harbor .............. ... ... ... ... 1-80 ooo

New editions.

Chart Title. Scale.
T. General Chart of Alaska............ ..ottt 1-3 600 000
109 | Boston Bay and Approaches............... .. . o0 oo : 1-80 000
244 | Salem Harbor..................... ... e e 1-20 000
249 | Buzzards Bay, MASS .. .......ttetie it e e 1-40 000
274 [ Harlem River.......... ... it i i 1-I0 000
356 | BlockIsland .. ... it 1-10 000
577 Fernandina to Jacksonville..................... .. ... o ... 1-40 000
904 | Virgin Passage to Vieques Sound ........... ... L I-100 000
- go8 [ San Juan Harbor, P. R i I-10 000
G20 | POrtORICO. ..o v vt Mercator.
928 Guayanilla Harbor, P.R ... | I-10 000
4100 | HawaiianIslands ............. .o vt e i 1-600 00O
4202 {GuamIsland........ ... ... ottt 1-80 000
8050 | Dixon Entrance to Head of Lynn Canal ........................... 1-600 000
8302 | Lynn Canal, Entrance to Port Sherman ......... .. .. .. ... ... ... 1-80 000
9380 | Norton Sound, Alaska..........coovviviiiiiiiii i, I-400 000
9381 | Entranceto Port Safety ... ...l 1-15 000

94—903

12
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New prints.
Chart Title. Scale.
79 | Chesapeake Bay........ ..ottt 1-200 000
79 | Chesapeake Bay...........cciuiiiiiiiiiiiiiiii i I-200 000
79 { Chesapeake Bay............coouiuiieronreernneneneenanenannnuennn. 1-200 000
109 | Boston Bay and Approaches.............. ... ...l 1-80 000
249 Buzzards Bay, Mass ... ...uuietitin et I1-40 000
293 | New Bedford Harbor and Naval Station ........................... I1-10 00O
297 | Cuttyhunk Harbor ... ... ..o, I-10 00O
376 | Delaware and Chesapeake Bays .............c..oooiiiiiiiiainia.. 1-400 000
413 Pensacola Bay Entrance .......... ...ttt 1-10 000
549 | Baltimore Harbor ....... ... ... . it e 1-40 000
571  Port Royal Sound......... ... ..o 1-40 000
911 Ponce Harbor, P.R ..ot i i 1-20 ©OO
920 | POrto RICO ... .oiin i s Mercator,
922 | Ensenada Honda, P. R........ ... ... i, 1-10 000
1000 | Cape Sable to Cape Hatteras................oviiiiiviiiiiinnae, Mercator.
i 1002 | Straits of Florida and Approaches ........................ ... . ... Mercator.
1007 | Gulf of Mexico ... ... it e Mercator.
4243 | Manila and Cavite Anchorages.................. ...l 1-30 000
4246 | San Fernando Harbor, P.L...... ... . ... 0ot vuunn. 1-15 000
4251 Port Bolinao, Luzon Island ...... .. ... ... ... . i ... 1-20 000
4252 | Santa Cruz Harbor, Luzon Island ................. e I1-30 OCo
4441 Tacloban Harbor, P. L. .. ... ..t 1-20 000
5002 | San Diego to Port St. George............coiiiiiiiiiiiiiiii. Mercator.
6400 | Seacoast and Interior Waters of Washington....................... 1-300 000
6445 | Seattle Harbor, \Vashingrton ..... e e e e e e e 1-20 000
8050 | Dixon Entrance to Head of Lynn'Canal ........... ..., 1-600 000
8521 Port Valdez, Prince Williams Sound ... ........ ... .c....coviii... 1-40 000 !
8860 | Unimak and Akutan Passes............coviiviviriinenianeeiene. . Mercator. |

The total number of impressions made in the Printing Section was nearly 12 ooo
more than during the previous year, and over 16 ooo more charts were printed as the
result of completing the bond proof file for office use.

Fhotographic Section.

Number,
Glass negativesmade. . ......... ... ... i 304
Paper negativesmade ... ... ... e e 62
Velox printsmade ......... ... .. i 1952
Vandyke printsmade. .......... ... 228
Bromide prints made .. ..... ... . e 89
Blue printsmade......... ... .. e 592
Silver prints made ... ... ... . ... i 10
Lantern slidesmade. ... ... ... .. ... . . . . . e 40
Transparencies Made ... ......... .ottt e e I
Negatives developed. .. ... .. ... ... . ... il 482
Prints mounted ... ... L e 513

The output of this section was much larger than during the previous fiscal year
and the details of the work are stated in the table given above,

FElectrotyping Section.

Number
Kilograms of copper deposited ................... e e 696
Square decimeters on which deposited................ v it 4757
Altoplatesmade ... ... ... ... ... e e 39

Bassoplatesmade . ... ...t e 22
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The work completed in this section is less than during the previous year, the result
of three months enforced idleness of the plant while new machinery was being installed
and repairs were being made. The plant is an excellent one and the facilities for work
have been largely increased.

Chart Division.

Personnel.

Name, Occupation.

Inspector of Charts and Chief of Division.
Chief of Chart Section.

Draftsman (July 1 to July 2).

Draftsman.

Gershom Bradford
Miss L. A. Mapes
W. C. Willenbucher
J. T. Watkins

E.H. Wyvill......... .| Chart corrector.
H.R. Garland......... .... Do.
J B.Quinlan............... Clerk.

A. B. Simpson
Miss C. Willenbucher

- Buoy colorist.

| Buoy colorist (July 12 to Sept. 11; Sept. 24
to Oct. 23).

| Buoy colorist (Apr. 27 to June 30; July 21
to June 30).

Miss Irine Roeth . Buoy colorist (Aug. 18 to Oct. 17).

Lucien White............... . Buoy colorist (Aug. 26 to Aug. 30).

Edward Sasnett............. | Buoy colorist (Aug. 26 to Aug. 27).

S.A. Reynolds ............. | Buoy colorist (Oct. g to Apr. 22).

A. P. Breeden Buoy colorist (July 1 to Nov. 7).

Archie Upperman | Map mounter.

-J. H. Mason Messenger,

John G. Allee

Temporarily detailed.

_Swepson Earle
Reinert Hanssen
Williams Welch
J. C. Landers

Draftsman (Nov. 10 to June 30).
Draftsman (Sept. 16 to May 25).
i Draftsman (July 1 to July 7).
Aid (Dec. 23 to Jan. 3).

G. T. Rude
F. B. Thompson

Deck officer gjan. 20 to Feb. 3).

Deck officer (Apr. 14 to Apr. 27). !

The Chief of Division supervised the two sections into which the Division is
divided, gave personal attention to the inspection of new charts and new editions of
charts in their various stages of progress, and prepared a new edition of the chart
catalogue for publication.

Chart Section,

In this section all letters relating to the sale of charts and tide tables were prepared,
the accounts with the sales agents were kept, the buoys on the charts were colored, and
other routine work was done.

A few changes in the list agencies for the sale of charts were made and 10 additional
agencies were established, bringing the total number in existence on June 30 up to 190.

Editions of 16 new charts, printed by photolithography, were issued during the
year. Thirty-four new editions of charts, 19 printed from copperplate and 15 by
photolithography, were also issued. Charts were received as follows:

From Drawing and Engraving Division 74 039
From lithographers ...... e e 23 089

From Manila suboffice 4 165
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The following table contains a list of charts which were prepared, published, and
issued from the suboffice of the Survey at Manila, P. 1. coples of which were received
for issue at the Washington Office during the year:

f re- .

Dageof re- |Catglogue Tite,

1902.
Aug. 6] 4444 | Ormoc Bay,
Aug. 6] 4341 Paluan Bay.
Aug. 6| 4445 | San Juanica Strait,
Aug. 28! 4446 | Ports on the Coast of Samar.
Oct. 23| 4342 | Halsey Harbor.
Nov. 7| 4253 | Tabaco Bay.
Nov. 7| 4254 | Subig Bay.
Dec. 6| 4447 | Cebu Harbor and Approaches.

1903.
Jan.. 16 | 4255 | Manila Bay and Coast of Luzon to Capones Island.
Feb. 3| 4448 | Iloilo Strait and Harbor (Subsketch Iloilo River).
Apr. 9| 4258 | Matnog Bay and Ticlin Strait; Port Gubat.
May & | 4256 | San Bernardino Strait and Approaches
June 1] 4259 | Rapurapu Strait,
June 1| 4260 | Aparri Anchorage and Part of Cagayan River,

Charts were issued as follows:

Sales agents .. ... ... e e e e 39 350
Sales by Office and Chart Section ............. .. ... ... il 1 526
Congressional account. . ....... .. ...t 3 766
Hydrographic Office, United States Navy................cooieeeiiiL, 30 109
Light-House Board. ... ... ... ... .ottt aiaes 3 235
Coast and Geodetic Survey Office ....... ... ..ot 6 746
‘Coast and Geodetic Survey suboffice, Manila....................... ... ..., 3 100
Executive Departments ... ... ittt i 7 730
Foreign GOVErnments. .. ...ttt ittt i 500
Labraries . ..o e e 546
Miscellaneous ... ......... .ttt 1 101

30 97 709

A comparison of the total issue of charts for the fiscal year with the issue in
previous years, except for the years 1898 and 1899, when the issue for governmental
purposes was abnormal, shows the total to be much larger than that of any other
year, or 54 per cent larger than the average annual issue, and 32 per cent larger than
the issue for the previous fiscal year. ‘The above statement does not include the charts
published and issued at the suboffice in Manila, except those sent to Washington for
distribution.

Hydrographic Section.

The work of indicating the chart corrections and preparing the monthly Notices to
Mariners was performed with marked ability by Mr. Wyvill. Mr. Watkins was employed
in plotting and verifying field sheets, in the revision and verification of proofs, charts, -

.and drawings, and on other miscellaneous work, which included the supervision of the
work of various draftsmen temporarily detailed to duty in the Division.
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Statistics of work.
Originalsheetsplotted........... ... ..o i i 4
Soundings plotted .. ...t e 53 495
Angles protracted. ... .. (... i e 15 025
Sheets verified andinked....... ..ol e 9
Sheets verified . ... ...t e 4
Soundings verified and inked ............ ... ... oo L s 69 o19
Soundings verified ......... .. 93 892
Angles, protraction verified. ......... ... o i 50 893
Charts, corrections verified. ............ .. ... ... ool e 125
Projections made ...... ... i e 3

On July 2, 1902, the Division was deprived, by death, of the services of the chief
hydrographic draftsman, Mr. W. C. Willenbucher, who entered the service in 1873, and
rendered faithful and efficient service until death closed his useful and honorable career.

Instrument Division.

Personnel.
Name, Occupation,

E. G. Fischer............... Chief of Division.
W. C. Maupin............. Clerk.
OttoStorm ................. Instrument maker,
C. Jacomini ...... . Do.
W. R. Whitman . ... Do.
M. Lauxman ......... . Do.
C. F. Zimmisch Instrument maker (Sept. 20 to June 30).
H. G. Fischer .............. Instrument maker.
H.O.French............... Carpenter.
G.W.Clarvoe.............. Do.
C.N.Darnall............... Do,
Jere Hawkins............... Messenger.

“The energy of the Instrument Division during the year was largely devoted to
repairing the numerous instruments in use by the field parties of the Survey. During
the year 1 024 instruments were cleaned, adjusted, and sent to the field. Work on
new instruments was done whenever more pressing duties permitted and the 12 new
plane.table alidades begun during the previous fiscal year were completed.

Twelve pairs of telemeters were made, using a joint piece of improved design, made
of magnalium, an alloy of aluminum and magnesium, Telemeters, with metallic
backs, made in this way are as light as those made of wood and are sufficiently strong
and rigid to resist very rough usage in the field without losing their usefulness. The
difficulties arising from the oxidation and corrosion of the silver films on sextant mirrors,
as the result of their use in the hydrographic work, was overcome by coating the mirrors
sent to the Office for repairs with a mercury-tin amalgam. Various instruments were
remodeled and repaired. A working design for a channel and harbor sweep, based on
suggestions made to the Chief of the Division by officers of the Survey, was made and ¢
of the sweeps were constructed for use on the vessels of the Survey. A description of
this apparatus is given in Appendix 6 to this Report. The preparation of a design
for a quick-sounding machine was undertaken in accordance with suggestions from
officers of the Survey, and good progress was made in perfecting such a machine. A
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considerable amount of work was done in repairing and improving the magnetic instru-
ments of the Survey. Considerable progress was made in the construction of a new
tide-predicting machine.

The usual routine work, including the verification of property returns and inven-
tories of instruments and general property, was kept up to date.

The Chief of the Division was assigned to special duty on several occasions. In
July he took part in the experiments with wireless telegraph apparatus, made for the
purpose of testing the availability of the Marconi system for use in the longitude work
of the Survey, as described in Appendix 1 to this Report, under the name of Assistant
Wainwright. He made the arrangements necessary for the installation of an electrical
tide indicator in the office of the Maritime Association of New York; examined an
8-inch alt-azimuth instrument belonging to the Trigonometrical Survey of Trinidad,
British West Indies, at the request of the officer in charge, after extensive repairs had
been made; supervised the construction of a leveling instrument of the same design as
that used in the Survey, at the request of the Baltimore and Ohio Railway Company,
and arranged for placing a contract for the construction of a tape base apparatus for the
Brazilian Government, at the request of the authorities of that country. The continued
applications made to the Superintendent for the service of experts to supervise the
construction and repair of instruments of precision in this country, belonging to foreign
governments, are gratifying evidences of the feeling of high esteem with which the Coast
and Geodetic Survey is regarded abroad and of the confidence felt in the officers and
methods of the organization. In closing his report Mr. Fischer states that—

The conduct of the employees of the Division, whose work is of a much higher class than that

given to employees in the same class of work in private establishments, is worthy of praise. They
have shown zeal and conscientious interest in the performance of the duties assigned to them.

Library and Archives.

Personnel.

Name. . Occupation.
Edw. L. Burchard .......... Librarian,
AF. Zust .................. Writer.
E. K. Foltz ................. Writer (July 1 to Aug. 6).
Mrs. M.A.Grant .......... .. ' Writer.
J.G.Maupin................ ! Writer (absent five months).
Miss M. L. Handlan......... Weriter.
S.B.Little.......... ....... Writer (July 16 to Aug. 9).
L.H. White ................ Writer gSept. 26 to June 30).
W.H.Butler................ Messenger.

The routine work in the library was kept up to date. The records of observations
made in the field were indexed as they were received. The Chief of the Division
completed the compilation of the ‘‘List and catalogue of the publications of the Survey,
1816—-1g02,”’ and read the proof of this publication. He was detailed to the Depart-
ment of Commerce and Labor on June 10 for the purpose of organizing the Department
library. In his absence Mr. A. F, Zust performed his duties as acting librarian.
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Accessions.
Items. Purchased.| Donated. Exchauged.! Total.
BoOokS ......ooovviiiiiiin. 121 60 172 353
Pamphlets.................... 17 105 208 330
Serials ........... il 149 201 771 1 121
Mapsand charts .............. 122 227 2 622 2 971

Issued for temporary use.

Books and pamphlets ..................... e e 2 244
Serials ............. P 720
RECOTAS L vttt et ittt ettt e i et it e 4 779
Original sheets ... ... ... oot it it 3 722
Mapsand charts ... e 2 406

The following list shows the original records received:

Subject. ’ Volumes. Cahiers. Sheets.
i .
AStronomy ... U | 46 1. ..... U T
Geodesy.........oviiiiiii i NP 108 [....... B P
Hydrography ........ ... ... ol : 303 |eeeiennnnt 47
Hypsometry ..............ccocoiiit Y S T
Magmetism ... 90 947 |oovinnn
Tides ..o vr e 90 I P
Topography « ... ..ottt e 63 29
Total.......0 vt | 771 1 013 76
Photographs: _ T
Prints...... ... . o0 i i ! ) & 2 I IR
Negatives ..........iiiiiiiiiiiiieaain, |' b (o N PO P I
Miscellaneous Section.
LPersonnel.
Name. Occupation.
H.CAllen ................. Clerk and Chief of Section.
CW.Jones................. Clerk.
Thomas McGoines .......... Messenger.

The routine work of this section was kept up to date and was larger in amount
than during the previous fiscal year. The money available for the Office expenses was
larger than usual and a greater number of publications were received and issued, as
shown in the following lists. The issue of the monthly Notice to Mariners, involving
1 600 addresses, was assigned to this section on July 1, and they were mailed promptly
as soon as received from the printer. The use of an addressograph, purchased for the
purpose, greatly facilitated the work of mailing the publications of the Survey and
rendered it possible to accomplish the large amount of work performed by those engaged

upon it,
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In reporting upon the work of the section Mr. Allen states his pleasure in com-
mending Mr. C. W. Jones, Clerk, and Thomas McGoines, Messenger, for their faith-
fulness and attention to duty. _

The following publications were received from the Public Printer:

Report of the Superintendent of the Coast and Geodetic Survey, showing the

progress of the work from July 1, 1901, to June 30, 1902 .. ...........couv..., 2 000
List and Catalogue of the Publications issued by the United States Coast and

Geodetic Survey, I816-102. . ... ..ottt 3 006
United States Declination Tables and Isogonic Charts for 1902 and Principal

Facts Relating to the Farth’s Magnetism.............c.ooiviiiiiiion ... 4 000
United States Coast Pilot, Atlantic Coast, Part VI, Chesapeake Bay and Tribu-

taries. Second Edition ..ottt it e I oII
Cotalogue of Charts, Coast Pilots, and Tide Tables, 1902........c.oiiiuinnn.... 2 039
Tide Tables for the Year 1903 . .. ..cuuetuurtireuneeaneernrenteanrennenannnans 1 525
Tide Tables for the Year 1004. ... ...t oiiiieneeriinneenneneernnnnenn.s 1 400
Tide Tables for the Atlantic Coast of the United States, including Canada and

the West Indies. Reprinted from Tide Tables for 1g03...............c...... 1 000

Tide Tables for the Pacific Coast of the United States, together with a number
of foreign ports in the Pacific Ocean. Reprinted from Tide Tables for 1go3.. 7 060

Geodesy. Triangulation in Kansas. Appendix No. 3, Report for 1g902......... 500
Terrestrial Magnetism. Magnetic Observatories of the United States Coast and

Geodetic Survey in Operation July 1, 1902. Appendix No. §, Report for 1go2. 500
Terrestrial Magnetism. Magnetic Dip and Intensity Observations, January,

1897, to June 30, 1902. Appendix No. 6, Report for 1902.................... I o50
Geography. Hawaiian Geographic Names. Appendix No. 7, Report for 1902.. 100
Geodesy. A Bibliography of Geodesy. Second edition. Appendix No, 8,

Report for 1902 {paper bound)................. e 700
Geodesy. A Bibliography of Geodesy. Second edition. Appendix No. 8,

Report for 1902 (clothbound) .......... . it 99
Supplement to the Third Edition. United States Coast Pilot, Atlantic Coast,

Part IV. From Point Judith to New York. March 26, 1903................. 700

Supplement to the Reprint of Second Edition. United States Coast Pilot,
Atlantic Coast, Part V. From New York to Chesapeake Bay Entrance,

March 28, 103 . .ttt ittt et e 400
Supplement to Second Edition. United States Coast Pilot, Atlantic Coast, °
Part VII. From Chesapeake Bay Entrance to Key West. July 15, 1902...... 500

Supplement to Second Edition. United States Coast Pilot, Atlantic Coast,
Part VIII. Gulf of Mexico, from Key West to the Rio Grande. December 23,

b= PP 500
Notice to Mariners, Nos, 286 to 2g8, inclusive, June, 1902, to May, 1903,
including one Index, 4 500 each number. .....cooovin it iiiiiiiiiinennnn.. 58 500

The following publications were received from Manila, P. I1.:
Bulletin: Philippine Islands. Sailing Directions for the North and West Coasts

of Luzon, from Cape EnangotoManila Bay .......ccovveerrniiiiennnnnnnnns 120
Bulletin: Philippine Islands, Section II.~ Sailing Directions for the Southwest

and South Coasts of Luzon and Adjacent Islands...................... e 200
Bulletin: Philippine Islands. Section III. Sailing Directions for the Coasts of .

Panay, Negros, Cebu, and Adjacent Islands .............covviiiiinn.n 200
Bulletin: Philippine Islands. Section IV. Sailing Directions for the Coasts of

Samar and Leyte and the East Coast of Luzon .....oovvviieinneiinniiinnen, 200

Bulletin: Philippine Islands. Section V. Sailing Directions for the Coasts of
Mindanao and Adjacent Islands .........c.oeuvineiintiinieren it 200
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Catalogue of Charts, Sailing Directions, and Tide Tables of the Philippine

Islands. . ..ot e e i i i eeieeit i eaaeaan 99
Philippine Islands Notice to Mariners, No. I. ...ttt 100
Philippine Islands Notice to Mariners, NO. 2. ... ....oiiiiiiireteiieenennnenss .t 10I
Philippine Islands Notice to Mariners, NO. 3....c.cciiitivs iiiiinnennenn.. 100
Philippine Islands Notice to Mariners, NO. 4. ..o.ovvveiiiiiiiiiiiiie .., 102
Philippine Islands Notice to Mariners, NO. §..........ooiiiiii i in.... 100

The following publications were undelivered and returned to the Office:

‘Reports of the Superintendent between the years 1848 and 1902, inclusive ., ..... 147
List and Catalogue of Publications issued by the United States Coast and
Geodetic Survey, I8I16-1002. . ...\ vuiuttueienneverieint ot tnnenearanenennns 8
- United States Declination Tables and Isogonic Charts for 1902 and Principal
Facts Relating to the Earth’s Magnetism...........oooiii it e, 11

Bulletin No. 40. Fourth Edition—with additions and changes. Alaska. Coast
Pilot Notes on the Fox Islands Passes, Unalaska Bay, Bering Sea, and Arctic

Ocean, as far as Point Barrow. ........cooviit ittt (3¢
Special Publication No. 2. Bibliography. Descriptive catalogue of publica-

tions relating to the Coast and Geodetic Survey............................. I
Special Publication No. 3. The Philippine Atlas. (Furnished from the Treas-
Ury DePArtmIEnt.) .. . ottt sttt et e e, 180
Special Publication No. 7. Geodesy. The Eastern Oblique Arc of the United

States and Osculating Spheroid.......oviiiieiiiiiii ittt 5
United States Coast Pilot, Atlantic Coast, Part IV. From Point Judith to New

York., Third edition ... ..iiviiiiiiiiiioniititiiieit i iinineeneannnns 5
United States Coast Pilot, Atlantic Coast, Part V. From New York to Chesa-

peake Bay Entrance, Second edition (reprint, with supplement)............ 3
United States Coast Pilot, Atlantic Coast, Part VI. Chesapeake Bay and Tribu-

taries, TFirst edition (obsolete).........ccooviiiii il 1
United States Coast Pilot, Atlantic Coast, Part VIII. Gulf of Mexico, from

Key West to the Rio Grande. First edition (obsolete)... .................. I
Pacific Coast. Coast Pilot of - California, Oregon, and Washington. Fourth

edition (entirely rewritten), I889 .......oiiiiii it i i i I
Geodesy. A Bibilography of Geodesy. Second edition. Appendix No. 8.

Report for 1902 (paperbound) .....oviriiri i i e e 6
United States Coast Pilot, Atlantic Coast, Part VII. From Chesapeake Bay

Entrance to Key West. Second edition................. . ..., 2

The following publications were issued by the Oﬁice:

Annual Reports (covering the years 1851 to 1902):
Domestic distribution—

Individuals. ... ..ottt e e 1 987
Institutions. ... ... .. ittt e e 1 416
Foreign distribution—
Individuals. .. ... ..o it i e e e 341
TOStEUtIONS. o ottt e e 577
4 321
Appendices to Annual Reports. .....o.ooviiii it i 2 400
BUlletins . oot i e e e e s 469
Tide Tables, Complete, one each for 1892, 1898, 1899 .......................... 3
Tide Tables, Complete, two for Ig00. .. vvovt et i, 2
Tide Tables, Complete, IGOX .. .uuttnrnririanr ettt ittt iaiinennennnnss 4
Tide Tables, Complete, 1902 ... ..o vvirintir e iniiinniiineiiienen., s 63
Tide Tables, Complete, Ig03 . ... ... ovvrervnnieenieenniin,iae. e e 1 167

Tide Tables, Complete, 1904 ... .. e et e e i i et v iaaaas 114

185
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Tide Tables, Atlantic Coast, 1895 ... ... i i iii e 2
Tide Tables, Atlantic Coast, TQOT .. ..euvnnt et orurninrar et eneeananenn, U .3
Tide Tables, Atlantic Coast, 1902 ... ...uut ittt ittt 119
Tide Tables, Atlantic Coast, 1903 .....ovvr it i 780
Tide Tables, Pacific Coast, 1895...........covviienn . e e e I
Tide Tables, Pacific Coast, IQOI. .. uvuvuuitinen et iueunmneroiieeeieeneeeenn. 2
Tide Tables, Pacific Coast, 1602, .. ....ot ittt ittt 175
Tide Tables, Pacific Coast, 1903 . ... uuru it ittt ittt ciieeeneaeeans 6 495
United States Coast Pilot, Atlantic Coast, Parts I-TT..............coovvieen..., 14
United States Coast Pilot, Atlantic Coast, Part IIT ..................0vuviunn... 67
United States Coast Pilot, Atlantic Coast, Part IV.............. ... .. ..., 359
United States Coast Pilot, Atlantic Coast, Part V......... ... ..., 248
United States Coast Pilot, Atlantic Coast, Part VI, first edition................. 2
United States Coast Pilot, Atlantic Coast, Part VI, second edition.............. 586
United States Coast Pilot, Atlantic Coast, Part VII................ ... ... ... 214
United States Coast Pilot, Atlantic Coast, Part VIII.................c.ccoo.... 261
Pacific Coast Pilot, California, Oregon, and Washington....................... 69
United States Coast Pilot, Pacific Coast, Alaska, Part I, edition of 1869......... 2
United States Coast Pilot, Pacific Coast, Alaska, Part I, edition of 1883......... I
United States Coast Pilot, Pacific Coast, Alaska, Part I, fourth edition.......... 101
Supplement to United States Coast Pilot, Atlantic Coast, Parts I-II, III, VI, VIII,

FebrUary, TQOO. c .ttt ittt et i i et s 54+
Supplement to First Edition United States Coast Pilot, Atlantic Coast, Parts I-1I,

February 12, I900. ..ottt i it it e i 15
Supplement to First Edition United States Coast Pilot, Atlantic Coast, Part III,

September 22, 1899, .. ... e e e 69
Supplement to First Edition United States Coast Pilot, Part IV, March 26, 1903. . 128
Supplement to the reprint of Second Edition United States Coast Pilot, Atlantic

Coast, Part V, December 19, I900 ... ...uuuutrunr i irereruinineruneeenn. 182
Supplement to the reprint of Second Edition United States Coast Pilot, Atlantic

Coast, Part V, March 28, 1003 ... ... .o i 97
Supplement to First Edition United States Coast Pilot, Atlantic Coast, Part VI, -

February I3, IG00. ... .uuttu ettt ettt et it et e 2
Supplement to Second Edition United States Coast Pilot, Atlantic Coast, Part

VI, July 15, 1902, .. ittt ittt it it e 221
Supplement to Second Edition Umted States Coast Pilot, Atlantic Coast, Part

VIII, December 23, 1902 .« .ot ttrunnitunn s teoraneeeeanneenoneeannnsnnian.ss 159
Catalogue of Charts, Coast Pilots, and Tide Tables, 1902.........ooo i nn, 1 864

Special Publication No. 1. California, Bay of San Francisco. Magnetic Ranges
for Determining the Deviation of the Compass, with Short Explanations of
How to Find the Deviation and Error of the Compass.......... ............ 13
Special Publication No. 2. Bibliography. Descriptive Catalogue of Publications
Relating to the United States Coast and Geodetic Survey, 1807 to 1896, and the

United States Standard Weights and Measures, 17goto'1896 ................. 4
Special Publication No. 3. The Philippine Atlas ................ ... ..., .. 42
Spec1a1 Publication No. 4. The Transcontinental Triangulation and the Amer-

ican Arcof the Parallel . ... ... .. ... i ittt 56
Special Publication No. 5. Geodesy. Tables for a Polyconic Projection of

Maps, Based on Clarke’s Reference Spheroid of 1866, second edition......... 72
Special Publication No. 6. Notes Relative to the Use of Charts................ 50
Special Publication No. 7. Geodesy.. The Eastern Oblique Arc ¢f the United

States and Osculating Spheroid ............... ... . i 1 610
List and Catalogue of Publications of the Coast and Geodetlc Survey, 1816-1901. 2 076
United States Declination Tables, Ig02 .........cciiuriiieliiiiiiiueriaasnenes 3 993

Notices to Mariners, printed at Washington ...............iiiiiiivireenen.. 54 952
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Notices to Mariners, printed at Manila ..............oo i
Catalogue of Charts, Sailing Directions, and Tide Tables of the Philippine

IS1ands. . oot e e e
Bulletin: Philippine Islands. Sailing Directions for the North and West Coasts

of Luzon, from Cape EnangotoManilaBay ................................
Bulletin: Philippine Islands. Sailing Directions for the Southwest and South
Coasts of Luzon and Adjacent Islands. SectionII..........................
Bulletin: Philippine Islands. Sailing Directions for the Coasts of Panay, Negros,
Cebu, and Adjacent Islands. Section III .......... ... ... ... viiiiinenn.
Bulletin: Philippine Islands. Sailing Directions for the Coasts of Samar and
Leyte and the East Coast of Luzon. SectionIV............................
Bulletin: Philippine Islands. Sailing Directions for the Coasts of Mindanao and
Adjacent Islands. Section V........ooiviiiiiiii it it
Tables for Converting Customary and Metric Weights and Measures. .. .........
Treatise on Projections, Craig ........oooiei i,
Deep-sea Soundings and Dredgings, Sigsbee.......... ... ... ... ...
Rules Governing Routine and Discipline Aboard Ship ........................
General Instructions to Hydrographic Parties ................................

Laws and Regulations Relating to the Coast and Geodetic Survey of the United
B S . Lttt e e e e
General Statement of the Administration and Work of the Coast and Geodetic
Survey, with Historical Sketch, from 1S07to 1898 ..........................
Instructions and Memoranda for Descriptive Reports to Accompany Original
LS L .ttt e e e e
Methods and Results. General Properties of the Equations of Steady Motion. .
Laws of General Application for Use of the United States Coast and Geodetic
U Y vttt e e e
Field Catalogue of 983 Transit Stars. Mean placesfor 1870 ...................
Efforts made by the Navy Department to Obtain Control of the U. S. Coast and
Geodetie STV . oottt et e e e e
The Star-Factors A, B, C, for reducing Transit Observations. 1874 ............
Logarithms of Numbers and Antilogarithms, form 260 ........................
Table of Factors for Computing Differences in Elevation (in feet). Table of
Corrections for Curvature and Refraction (infeet) ..........................
Table of Factors for Computing Differences in Elevation (in meters). Table of
Corrections for Curvature and Refraction (inmeters) .......................
Table Showing the Height (in meters), Corresponding to Given Angles of Eleva-
tion and Distances (in meters) ...................... e
Table Showing the Height (in feet) Corresponding to a Given Angle of Elevation
and a Given Distance (intmeters) .........oooviiii i
Table of Coefficients for Reducing Inclined Sights on Vertical Rod to Horizontal
DEStANICE ..ottt ittt e e e e e e e
Descriptive leaflets of the United States Coast and Geodetic Survey, its general
plan of operations, methods, and results. Printed for distribution at the Pan-
American Exposition at Buffalo, N. Y., and at the West Indian Exposition at
Charleston, S, Gttt e i e
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PRECISE LEVELING IN THE UNITED STATES, 19001903, WITH .\ READJUST-
MENT OF THE LEVEL NET AND RESULTING ELEVATIONS.

By JoHN F. HAVF¥ORD, /uspector of Geodetic Work, ssistant, Coast and (Jeodetic Survey.

GENERAIL STATEMENT.

This appendix is a supplement to Appendix No. 8 of the Report for 1899, entitled
‘““ Precise Leveling in the United States.”’ The purpose of that appendix was, as stated
in its introduction, *‘To bring the publication in detail of the results of precise leveling
by the Coast and Geodetic Survey as nearly as possible up to date; to set forth the
methods employed in making a general adjustment of the precise level net covering the
eastern half of the United States and involving leveling by other organizations as well
as by the Coast and Geodetic Survey; to put into print in convenient form for ready
reference a concise compilation of the corrected elevations resulting from this general
adjustment; and, finally, to make available in form for general use, examination, and
criticism the more important items of information and opinions in regard to precise
leveling which have been acquired during the course of a long and careful investigation
of the problem of making such an adjustment and of securing the highest degree of
accufacy in future precise level observations consistent with a reasonable degree of
economy and rapidity.”” ‘The purpose of the present appendix is to furnish such
additions and corrections as will bring the information in regard to precise leveling in
the United States up to 1903.

Four new lines were run by the Coast and Geodetic Survey in i1goo, with an
aggregate length of 1 525 kilometers (948 miles). One of these lines extends from
Cincinnati southward through Kentucky, Teunessee, and Alabama to Birmingham. It
connects at Knoxville, Tenn., with the thousand-mile loop of precise levels which had
been run in 1896-1898 by the United States Geological Survey from Morehead City,
N. C., to Brunswick, Ga., via Raleigh, Asheville, Knoxville, and Atlanta. It also
connects at Decatur and at Birmingham with the lines Corinth to Decatur and Meri-
dian to Birmingham, respectively, which are shown in Appendix No. 8 of the Report
for 1899. ‘This line, together with the Geological Survey line with which it connects,
serves then to break up the single large circuit, Washington—Hagerstown—Odin—
Biloxi—Washington, of the precise level net of 1900 (see sketch opposite page 424,
Report for 1899) into five smaller circuits, and to furnish accurate elevations for the
sotttheastern group of States. A second line was run in 19oo from Norfolk, Nebr., to
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Sioux City, Iowa. It served to add a new circuit, Kansas City—Sioux City—Norfolk—
Abilene—Kansas City, to the precise level net of 1900. The two other lines run during
1900 by the Coast and Geodetic Survey were from Norfolk, Nebr., to Page, Nebr., to
connect with the Page Base, and from Solomon, Kans., to Anthony, Kans., to connect
with the Anthony Base.

Three new lines were run by the Coast and Geodetic Survey in 1go1 with an
aggregate length of 851 kilometers (529 miles). Two of these lines, namely, from
the Page Base westward to Chadron, Nebr., and from Cheyenne, Wyo., to Orin Junction,
Wyo., served to bring a new circuit of the level net nearly to completion. The third
line was from Decatur, Ala., to Corinth, Miss. After the level line of 1goo had been
run from Cincinnati, Ohio, to Birmingham, Ala., by way of Decatur, it became evident
that there was a large error of 0.7 meter or more in some one of the level lines in
Alabama and Mississippi. The evidence indicated that the error was probably in
the line Corinth to Decatur, which had been run under the direction of the Corps of
Engineers in 1895. It was determined, therefore, to relevel this line, even though it
was run originally with great care by an excellent method and with good instruments.
The releveling of this line developed a discrepancy of 1 meter near the western end
of the line, as set forth later in this publication.

Four new lines were completed by the Coast and Geodetic Survey in 19o02.
The aggregate length of these lines is 2 ooco kilometers (1 243 miles). The line
from Dobbs Ferry, N. VY., to Greenbush, N. Y. (now Rensselaer), as used in the
adjustment of the level net in 1899, was known to be of an iiferior degree of
accuracy. In view of the facts that a large amount of new water leveling and precise
leveling was being done in the region of the Great Lakes by the United States Lake
Survey, that the officers of that Survey were very desirous of securing as high a
degree of accuracy as possible in the determinations of the absolute elevations of the
Lakes, and that any uncertainty in the elevation at Greenbush affected directly all
of the assigned elevations throughout the Great Lakes, it was determined to rerun the
line Dobbs Ferry to Greenbush and supersede the old line, and this was done early in
the summer of 1go2. )

The second line of 190z was from Chadron, Nebr., westward to Orin Junction,
Wyo. It served to complete the great circuit, Abilene, Kans.-Norfolk, Nebr.—Orin
Junction, Wyo.—Cheyenne, Wyo.-Denver, Colo.~Abilene, Kans., and thus to secure
fully checked accurate elevations connected with the net as far westward as Cheyenne
and Denver. '

The third,line of 1902 (finished in 1903) reaches from the Anthony Base in southern
Kansas southward to Bowie, Tex., and eastward to Shreveport, La., with spur lines to
Bowie Base and by way of Temple to Lampasas Base and to Holland, Tex. ‘This
line is connected with the ninety-eighth meridian triangulation at various points
between Anthony, Kans., and Lampasas, Tex., in addition to those named. The
portion of the line from Anthony, Kans., to Shreveport, La., by way of Bowie, Tex.,
and Fort Worth, Tex., forms the west side of a great circuit, Monroe, La.-Little
Rock, Ark.-Harrisonville, Mo.-Holliday, Kans.—Abilene, Kans.-Shreveport, La.—
Monroe, La.

The fourth line of 19go2 was from Rockreek, Wyo., the former western terminus
of the precise leveling, to Red Desert, Wyo. It is proposed to continue this line
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westward, via Ogden, to Seattle, where it will connect with sea level on the Pacific
Coast.

Besides the above new lines by the Coast and Geodetic Survey, the following lines
run by other organizations have been added to the precise level net:

First. The loop of precise levels run by the United States Geological Survey from
Morehead City, N. C., to Brunswick, Ga., via Raleigh, Asheville, Knoxville, and
Atlanta, 1 674 kilometers (1 040 miiles), has been already referred to in connection
with the Coast and Geodetic Survey line in 1900 from Cincinnati to Birmingham,
"with which it is connected at Knoxville by a Coast and Geodetic Survey spur line.

A line by the United States Geological Survey from Cleveland, Tenn., to Chatta-
nooga, Tenn., connects the loop again with the Cincinnati-Birmingham line at Chatta-
nooga. Ten lines of the Geological Survey in New VYork, Pennsylvania, and Ohio,
with an aggregate length of 1 128 kilometers (701 miles), were also added.

Second. The line from Biloxi, Miss., to Fort Adams, Miss., via New Orleans and
Baton Rouge, 407 kilometers (253 miles), was run under the direction of the Mississippi
River Commission in 1897—98 and 1g9oo. This line enters directly into the level net,
superseding the lines between those points formerly run by the Coast and Geodetic
Survey and the Mississippi River Commission. ‘T'here can be little doubt that the
earlier leveling should be superseded, partly because the later leveling is probably of a
higher degree of accuracy and partly because there are good reasons for supposing that
the elevations of many of the intermediate bench marks have changed since the earlier
leveling.

Third. The line Pittsburg, Pa., to Lawrenceburg, Ind., 791 kilometers (491 miles),
was run under the direction of the Corps of Engineers in 1896-97 and 18g9g~1900 in
connection with surveys of the Ohio River. This line is continued westward beyond
Lawrenceburg to Petersburg, Ky. The line Pittsburg to Lawrenceburg crosses and
is connected with the line Grafton to Cincinnati, at Belpre, Ohio, and it therefore adds
two new circuits to the level net,

Fourth. The lines Brainerd to Lake Itasca, 205 kilometers (127 miles), and Cass
Lake to Grand Rapids, 98 kilometers (61 miles), both in Minnesota, run under the
direction of the Corps of Engineers, were added to the net as spurs.

Fifth. ‘The line Lima to Monaca in Ohio, 380 kilometers (236 miles), run by the
Pennsylvania Railroad Company, was furnished for incorporation in the net by the
United States Geological Survey. It divides one circuit of the former net into two.
The line Harrisburg to Williamsport, by the Pennsylvania Railroad Company, was also
incorporated into the net from their bench mark book.

Sixth. The new line of levels run by the Baltimore and Ohio Railroad in 1go2 with
instruments and methods similar to those now in use by the Coast and Geodetic Survey,
from Washington, D. C., to Foley, Pa., 283 kilometers (176 miles), was incorporated
in the net. It is connected with the leveling formerly used in the net at Hancock,
W. Va., and Cumberland, Md., as well as at Washington, D. C.

Seventh. The United States Lake Survey made the most important addition to the
level net received from outside the Coast and Geodetic Survey. It furnished a new line
of precise levels from Greenbush, N. Y., to Oswego, N. Y., 313 kilometers (194 miles),
several short lines between the Great Lakes, and a series of new or revised water levels
covering the whole region of the Great Lakes. ‘The water levels are in part a revision
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of old observations and in part new observations, and supersede all the water leveling
on the Great Lakes formerly used in the level net. The Greenbush-Oswego line super-
sedes all former lines between those points in so far as the adjustment of the level net
is concerned. This contribution by the Lake Survey of 4 275 kilometers (2 656 miles)
of water leveling, and of 564 kilometers (350 miles) of land leveling lines, nearly all of
the highest degree of accuracy, serves to strengthen greatly all that portion of the level
net between Greenbush, N. Y., and Tibbetts Point, N. Y., on the castern, and Chicago
and Duluth on the western portion of the net.

Eighth. Certain lines run by the Board on Deep Waterways and by the New York
State Barge Canal Survey in New York, which were connected at both ends with lines
of the level net, have been used to furnish the elevations of certain permanent bench
marks established along them. They have not, however, been used in the adjustment
of the level net. 'The proper corrections have been applied to make them fit the net,
and the corrected elevations have been introduced into the list of published elevations,
In each case the lines used in the level net between the same end points are of a much
higher degree of accuracy than these levels.

There has thus been added to the level net since it was adjusted in 1899, 4 300 kilo-
meters (about 2 700 miles) of precise leveling by the Coast and Geodetic Survey and
3 200 kilometers (about 2 coo miles) of leveling by other organizations. Of these lines
only the last two in Minnesota are on spurs from the net.  All the other lines form links
or parts of links of the net and are therefore concerned in the adjustment.

When there is added to such a level net as that which was fully and carefully
adjusted in 1899, so much new and accurate leveling as is indicated above, it is not easy
to decide upon the best course of procedure. It is a great convenience to have fixed
assigned elevations for bench marks—standard elevations, so to speak—to which all
other elevations in surrounding regions shall be referred. Every change in the assigned
elevations of the principal bench marks is apt to cause inconvenience by making exten-
sive changes necessary in computations based upon these assigned elevations. On the
other hand, however desirable it may be to have fixed values for the elevations of the
principal bench marks, it does not seem possible to decide upon a final standard eleva-
tion for any bench mark, unless it is known positively that no more precise leveling
connected with the net is to be done, or else that, if done, it will not be utilized to
improve existing assigned elevations. If all new leveling is to be utilized to the fullest
extent in securing elevations of the highest degree of accuracy in every part of the net,
then whenever new leveling forming links in the net is secured the whole net must be
readjusted and the old adjusted elevations must be completely superseded by tle new.

A conservative procedure intermediate between the two radical plans indicated
above—namely, that of holding all old elevations without change and merely fitting new
leveling to the old, and that of superseding all old elevations by new ones—seems to be
best and has been followed in this appendix. Whenever a new adjustment of a net is
made on account of the introduction of new lines of levels the changes in the old eleva-
tions and differences of elevations are necessarily greater in the vicinity of the new lev-
eling than in regions more remote. At any junction point in the net for which the
change in the assigned elevation required by the new adjustment is very small, or, in
other words, for which the elevations from the old and new adjustments agree closely,
it seems best to hold the old assigned elevation. Especially does it seem certain that
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whenever the change called for by the new adjustment is considerably smaller than
the uncertainties in the new adjusted elevations no change should be made. So also
when for any link of the uet the new adjustment gives a difference of ‘elevation for its
two ends which agrees with the old adjusted difference of elevation within the limits
of uncertainty of the new adjusted difference it seems that the old difference of elevaticu
should be held without change, even though a constant correction to the elevations
along the line be found necessary.

It happens that the new leveling introduced into the net in the 1goz adjustment
supersedes the two most important connections with mean sea level—namely, at New
York from the northward and at Biloxi from the westward—and that in each case the
effect is to increase the assigned elevations of points in the interior. Hence, it was
found in applying the above principles to the adjustment of 1903, that very few of the
elevations could be held without change. It was found, however, that some of the
differences of elevations could be kept unchanged, or, in other words, that there was a
group of lines for which simply a constant change in the elevations was required to
bring them sufficiently near to the theoretically best values. ~

The composition of the level net as adjusted in rgo3, including all spurs, but
excluding all superseded lines, is as follows:

Kilometers. Miles.
Leveling by the Coast and Geodetic Survey previous to 1899, ......... 7 154 4 445
Leveling by the Coast and Geodetic Survey in 1899 and later . ..... ... 5 549 3 448
Leveling by thie Corps of Engineers with Kern levels, excluding Lake
Survey leveling........... ... it RPN 7 0ob 4 354
Leveling by the United States Lake Survey, of which. 4 275 kilometers
iswater leveling . ... ... iviiiiiii e 5 284 3 283
Miscellaneous lines of leveling,of which 103 kilometers is water leveling. 6 796 4 223
Total. ... .. e 31 789 19 753

The new leveling added since the adjustment of £89g was made constitutes more
than zo per cent of the net as now adjusted. '

The adjustment of 1899 fixed the elevations of/ 4 200 bench marks. The 1903
adjustment fixes the elevations of 6 goo bench marks, all published in this appendix.

The complete list of elevations as adopted for the present is published in this appen-
dix. It is believed that these adopted elevations are substantially as good as any that
can be deduced from the leveling available at this Office up to date (July, 1g903).

Descriptions are published in this appendix for all bench marks introduced into the
net for the first time, and revised descriptions or additional notes to descriptions are
introduced as a result of information acquired since the last publication, or to correct
mistakes in that publication.

Aside from acknowledgments made at other points in this publication, the author
feels that he should acknowledge here his indebtedness to Miss Lilian Pike, Computer,
for her supervision of the computations of the leveling for 1901 and 1go2 of the Coast
and Geodetic Survey and of the preparation of the new list of elevations of the bench
marks for the whole net, for a portion of the work of adjustment, and for much verbal
assistance in preparing this text; to Mr. O. M. Leland, Computer, for aid in the adjust-
ment of the level net, and to Mr. W. H. Burger, Aid, for supervision of the computa-
tions of the Coast and Geodetic Survey level lines of rgoo, and assistance in gathering
some of the material for this text.
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THE NEW PRECISE LEVEL.

Commencing with the summer of 1900 a new type of precise level was put into use
in the Coast and Geodetic Survey, and a method of observation was adopted which has
remained unchanged except in unimportant details since that time. Three seasons of
leveling have furnished a thorough test of the instrument and method. The train of
events leading up to the change is of little importance now. The justification of the
present instrument and method must be found in the accuracy, rapidity, and cheapness
of the recent leveling. Hence, in this appendix, the first official publication in which
the results of these three seasons of leveling appear, it is appropriate that ‘detailed infor-
mation in regard to the degree of success attained in the leveling since the change was
made should be fully set forth. .

"T'he following description * of the new instrument is reproduced, with a few and
unimportant changes, from a description written by Mr. E. G. Fischer, Chief of the
Instrument Division, Coast and Geodetic Survey, and the designer of the instrument.

When it became necessary to provide additional instruments for carrying out the
geodetic leveling planned for the season of 19oo, opportunity arose to embody in a new
design the fruits of the deliberations of the committee on precise leveling of 1898-99,
whose conclusions had been tried and proven with the three geodetic levels Nos. 1, 5,
and 6, remodeled in the instrument shop of the Survey in the spring’of 1899 and used
in the field during the whole of that season., A careful study of the results obtained
with these instruments proved conclusively that the use of the new alloy of iron and
nickel, which was first applied in their reconstruction, and the reduction of the distance
between the level and the line of collimation were decided improvements and practically
eliminated errors due to temperature effects. '

" These facts were kept in view in designing the new instruments. As the newly
adopted method of observation obviated the use of the reversible stride level and the
rotating telescope, the distance between the level and the line of collimation could be
reduced to a minimum by placing the former in an opening cut into the telescope and
the latter could be placed within a tube-shaped support, at one end of which two pivot
screws provide a horizontal axis around which the telescope can be rotated and the line
of collimation put into the horizon by means of a fine motion or micrometer screw
mounted at the other end. By making the support for the telescope tubular, it was not
only given the strongest and lightest form, but it could be made to serve at the same
time as a protection to the level mounted in the telescope. The level-reading device, in
principle the same as that used in the reconstruction of levels Nos. 1, 5, and 6, being
mounted at the side of the telescope at binocular distance from it, offers, with the excep-
tion of a small mirror, which is almost horizontal and fastened neither to the level nor
the telescope, no additional surface to wind pressure and enables the observer to stand
with head and body erect while observing the rod with one eye and the level with the
other.

As has been done in designs of other instruments made for the Survey, the legs of
the instrument were put as high up on the center bearing as possible and the lower part

*This description was originally published as Appendix 6 of the Report for 1goo, but is now
(July, 1903) out of print as a separate appendix.
t See page 352 of Appendix 8 of the Report of 189g.



201

PRECISE LEVELING IN THE UNITED STATES.

APPENDIX NO. 3.

MDIA OPIS JYSLI ‘0061 JO [2A3] ISIIJ




202

COAST AND GEODETIC SURVEY REPORT, 1903.

-

e 7
-
2

Precise level of 1900, left side view.
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of the latter disposed of within the head of the tripod; thus not only affording room
for an unusually long and therefore more durable and rigid center, but also bringing
the center of gravity of the instrument much nearer to the plane of support.

THE MATERIAL IN THE NEwW LEVEL.

For all those parts upon which depend the coustancy of the relation between the
line of collimation and the level—-the telescope, the tube incasing the level vial, the draw-
tube, reticle ring, and the supporting cylinder—the material selected is the same as that
used in the reconstruction of geodetic levels Nos. 1, 5, and 6 in the spring of 1899.

The nickel-steel alloys brought out by Dr. Ch. Ed. Guillaume,* of the International
Bureau of Standard Weights and Measures, had attracted considerable attention by
reason of their low expansion coefficients (down to o.0ooco1 per degree centigrade).
Inquiry established the fact that tubing and castings, almost indispensable in the con-
struction of instruments, could not be obtained, because attempts to produce them had
not yet been successful. Mr. George T. Ennis, of Washinton, D. C., who furnishes the
brass castings required in the shops of the Survey, was persuaded to undertake a series
of trials in 1899 of alloying various kinds of steel and iron with nickel. A quantity of
what in the trade is called ‘‘machinery steel’’ and commercially pure nickel was
weighed off in the proportion of 64 of steel to 36 of nickel, the same from which
Dr. Guillaume obtains a coefficient of less than one-millionth per degree centigrade.
The furnaces of brass founders being supplied with air only by natural draft, it was
with considerable difficulty that sufficient heat could be developed to melt the steel,
and when mixture with the nickel was finally accomplished the temperature was still
too low to allow impurities to rise freely to the surface and leave the casting sound and
solid. In another attempt steel turnings from the large gun forgings being assembled
at the Washington ordnance yard were used, but the trial castings also proved porous.

The coefficients of these specimens, as determined from the temperatures of 0° and
about 60° C., were, however, quite low, namely, three-millionths, nearly. The melting
point of cast iron being much Jower than that of wrought iron or steel, a trial was
made with it, using the same proportion. But while the castings were now sound and
free from pores the coefficient had increased to nearly five-millionths. The results of -
Dr. Guillaume’s investigations showing that but a slight variation from the above
given proportion caused a change of several units in the sixth place of the coefficient,
it was thought likely that a loss of one or the other of the two metals by oxidation
during the melting and mixing was the cause of this increase. For this reason a
number of alloys were made of different proportions, of which one of 6624 parts of a
medium-grained cast iron, furnished by the Brown & Sharpe Manufacturing Company,
of Providence, R. 1., and 334 parts of which is called ‘‘grain nickel’’ was finally
adopted. It can be cast free from sand and blowholes, and has a coefficient of 0.000004.

No thorough tests as to strength, etc., were made of this alloy, but so far as shop
practice reveals its physical properties it can be said to be rather brittle, easily worked
in the lathe and with the file, entirely unmalleable, and behaving practically like the
better and softer grades of cast iron.t It can readily be brazed and soldered, and,

*These alloys are protected by patents.

t As soon as nickel-steel tubing can be obtained the instruments may be considerably improved by
its use. Such material will not be brittle, like the material here described, and moreover will probably
have a much lower coefficient of expansion.
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-unlike cast irom, very easily takes an exceptionally fine polish, resembling that of
nickel. The smoothness with which it wears against itself, even under considerable
pressure, should be particularly mentioned.. For instance, the nickel-iron drawtubes
of the three remodeled instruments of 1899, though moving in bearings of the same
metal, do not show the slightest wear or looseness, though they were used in running
200, 300, and 600 miles of leveling line, respectively.

None of the acids except aqua regia will readily attack it. A rectangular piece
submerged in water for twelve days showed formation of what resembled iron oxide, but
only along the sharp corners and without pitting, while the surfaces remained bright.
A rough test proved the specific gravity of the alloy to be between that of iron and of
nickel, but below that theoretically deduced from their proportions. The nickel used
in these experiments was purchased at a cost of 42 cents and the iron at 6 cents a pound,
making the cost of the two-to-one alloy 18 cents per pound, which is 2 cents less than
that of good brass.

The pointed screws pivoting the telescope, the screws holding in place the level tube
and by ‘which the level is adjusted, the screws holding and adjusting the reticle ring,
and the fine-motion micrometer screw, upon all of which depends the constancy of the
relation between the line of sight and the plane tangent to the middle point of the level
vial, and which require to be of a material much harder than the casting above described,
are made of nickel steel, with a coefficient of 0.c00001, obtained from theSociété Anonyme
de Commentry-Fourchambault, 26 Place Vendéme, Paris. This alloy is well adapted
for screws of all kinds, and should now entirely replace steel in the manufacture of all
measuring screws, such as micrometer screws for astronomic and surveying instruments,
micrometer calipers, gauges, etc., used in mechanical engineering, provided, of course,
that the nuts into which such screws are threaded are made of the same material, for it
is obvious that a screw with a coefficient of 0.000001 could be made to fit closely in a nut
of brass whose coefficient is 0.000018 only at one certain temperature.

The material used in the construction of other portions of the instrument will be
named in the description of those parts.

THY TRIPOD OF THE NEW LEVEL.

The tripod is of the usual form. The three legs, separating some distance above
the feet into two rectangular rods, pivot in the head by means of bolts about 1°™ diam-
eter at points forming a regular hexagon. The feet consist of pointed hollow sockets
about 14°™ long and 334°™ diameter at the top, fitted and fastened by screws to the legs.
They are made of 10 per cent aluminum bronze, an alloy but little inferior to steel in
hardness and toughness. The two rods forming the leg are made of black walnut, 2™
by 334°™, and fastened together at two points by walnut braces which are screwed
between them. The tops of the legs are brass bound to guard against the splitting out
of the bolt holes. In obtaining the length of the legs, which should be made to suit the
observer’s height, their normal angle with the ground was taken to be 60°, the vertical
distance between the bolt holes in the head of the stand and the line of collimation begin
13°™. The head of the stand, also of black walnut, is 4%4°™ thick and carries sunk into
its upper surface the three V-grooved plates forming the supports for the foot screws of
the instrument. In a circular recess in the lower surface is held by a ring-shaped plate
inarked « in fig. 1, a washer, 4, shaped so as to form a seat for the convex shoulder of
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the nut ¢, which is threaded on the screw d. This screw, 1°™. 3 in diameter and of a pitch
of 8 threads per centimeter, enlarges at its upper end to a cup-shaped nut, which can be
screwed upon the lower end of the center socket of the instrument. The washer & is
not confined in its recess so closely but what it can move laterally and adapt itself to
any position the vertical axis may assume in relation so the head of the stand. When
the instrument is set upon the stand the lower end of the center socket will come to rest
upon the cup-shaped nut before the foot screws can touch their supports, thus leaving
it in an unstable position and making it practically impossible for the observer to forget
to secure the instrument to the stand before it is carried to the place of work. The nut¢
is loosened before observing, and tightened only when the instrument and stand are to
be carried from station to station.

THE INSTRUMENT BASE AND CENTER.

The instrument base, designated by ¢ on the diagram, is a single piece of hard and
fine-grained cast iron, furnished by the Brown & Sharpe Manufacturing Company. In
its three legs, at a radial distance of ¢”", are threaded the foot screws f, of glg™™
diameter and 15 threads per centimeter, and having a bearing of 2°".3. The screws are
of such length as to permit a motion of 6™ above and below the normal position, thus
allowing the instrument to be leveled even under unusual inclination of the head . of
the tripod. No position of the foot screws can prevent the fine-motion or micrometer
screw from freely passing over them. The ends of the legs are split in the usual
manner and provided with milled-head screws for clamping the foot screws. “The
clamp arm g, with its clamp screw £, is fitted into a groove near the top of the center
socket, and carries at the outer end the fine-motion screw 7 for moving the telescope
horizontally in azimuth. The central portion of the instrument base is bored out
conically and affords a bearing throughout its length for the unusually long center
(10°™), which is made of the hardest grade of tool steel, Sanderson’s No. 6. It
is secured against being withdrawn by a small nut screwed to its lower end. Upon its
upper end is fastened permanently, by screwing and riveting, a disk or flange 7, of 5.8
diameter, made of hard cast iron, which forms the base of the supporting cylinder.

THE: SUPPORTING CYLINDER OF THE THILESCOPE.

This, indicated in figs. 1, 2, and 3 by 4, is a nickel-iron casting, as stated above.
Its length is 21°™.6, its outer diameter 5.9, its inner diameter 5°™. 4, leaving a thickness
of wall of 2™™.5. At its middle point is a cylindrical boss or hub (/in figs. 1, 2, and
3), of the same diameter as the flange of the center, to which it is firmly fastened
by four steel screws. ‘T'wo lugs, 7 in fig. 2, are threaded to receive the pivoting screws
2, which are made of nickel steel, and, with their points 2™™.6 below the center of the
supporting cylinder, form a horizontal axis for the telescope. At a distance of 19" 2
from the rear end and below is fastened, by two screws, the nut o (fig. 1), made of
nickel iron, which carries the fine-motion or micrometer screw p. ‘This latter, of 39
threads per centimeter nearly (100 per inch) and 7™™ diameter, is provided at its upper
end with a small tip of glass hard steel, and carries, below, an adjustable micrometer
head of white zylonite ¢, which is 4°™.1 in diameter and is divided into 100 parts. A
hard rubber disk with milled edge, projecting beyond the micrometer head, not only
protects the graduation from the fingers, but, by reason of its large diameter, facilitates
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the setting of the sensitive level. An index for reading the micrometer head is
provided.

The supporting cylinder carries a removable eccentric ring » inserted into its
forward end (figs. 1 and 2), of which the inner diameter is such as to permit the
telescope pivoted between the screws 7z to rotate slightly without touching. A similar
ring s (figs. 1 and 3) at the rear end, however, is cut out so as to permit the telescope
to move up and down, above and below the normal or horizontal position, by about
2™ while the sides of the ring permit of no lateral play, but form a guide for that
amount of vertical motion.

Directly in front of the micrometer screw is fastened to the supporting cylinder a
small case holding an eccentric which can be rotated by a lever handle at the right side
of the instrument. When the lever handle is turned up the eccentric pushes against
the telescope, lifts its weight off the micrometer screw, and presses it gently against a
spring sunk into the upper part of the ring s. In this position the instrument can be
carried without the risk of jarring the telescope and thereby disturbing the level
adjustment. This device is not shown in the diagrams but can be seen in the
photographic view (fig. 4).

Against the hub /, on the right side of the instrument, is fastened a bracket
carrying a small universal level, which is easily observed from the eye end of the
telescope by means of a mirror mounted above it at an angle of 45° (see fig. 4).

At the forward end of the supporting cylinder and below is mounted a post /
(fig. 1), reaching downward between the horizontal pointing screw 7 and the spring
case of the clamp arm g.

The upper part of the supporting cylinder has cast into it a rectangular opening
with a framing « surrounding it. A piece of plate glass, fitted into this framing by
dovetail grooves, closes the opening against dust or air currents, hut can quickly be
moved forward for the purpose of adjusting the level by loosening a small milled head
screw (see fig. 4), and turning up a hinged locking piece. Over this opening and
against the sides of the framing is mounted by brass arms v the glass mirror u,
arranged so as to permit of a small rotary adjustment for the purpose of adapting the
level reading device to individual observers. It may be stated lere that the opening in
the supporting cylinder was placed as near as possible to its rear end and away from
the middle of the instrument, because the level could at that place be put closer to the
line of collimation without entering the cone formed by the apertures of the objective
and the reticle ring.

Small grooves around the ends of the supporting cylinder afford the means of
fastening, by wire rings or narrow metal bands, the leather cones x (fig. 1). They
are fastened to the telescope in a similar manner, and effectively shut out dust and air
currents without in the slightest degree preventing the telescope from assuming the
position determined by the pivoting screws at one end and the micrometer screw at the
other end of the supporting cylinder.

THE TELESCOPE OF THE NEw LEVEL,

The tube with the objective head and drawtube bearings, forming the telescope, is
cast of nickel iron in one piece and bored and turned in the lathe. Its outer diameter
being 4°".37 and the inner 4°".05, gives a thickness of wall of 1™™.6. Immediately at
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the eve end and at a distance of ¢“" from it are two constrictions forming the bearings
» for the drawtube. A ring z is fitted and soldered into the telescope at the place
where the 60° points of the pivoting screws 2 are bored into it (28°™.g from the eye
end) for the purpose of strengthening it to resist strains caused by undue tightening of
these screws. i

The drawtube, cast solid of nickel iron and bored out, is fitted closely into its
bearings, and carries within an enlargement at its outer end, by means of four nickel-
steel screws, the nickel-iron reticle ring. Great care was taken to fit the threads of
these screws very tightly to insure, as much as possible, invariability of the position of
the reticle. Omne vertical and three horizontal spider threads of the finest grade
obtainable are mounted upon the reticle ring. The horizontal threads are equidistant
and the upper and lower embrace a space of 30" at a distance of 100™. T'wo Steinheil
eyepieces, of 12™™.5 and g™™. 5 (one-half inch and three-eighths inch), equivalent focus,
to suit different weather conditions, are supplied. The objective lens is mounted in a
cell cast of nickel iron. It is held in place by a spring ring, fastened with three small
screws, in such manner as to hold it firmly in position, without restraining it from
expanding and contracting with changes of temperature. It has a clear aperture of
4°™.2 and a focal length of 41°™, giving a magnifying power of 32 diameters with the
12™, 5 and of 43 diameters with the ¢™™.5 eyepiece. The drawtube is moved into focal
distance in the usual way, by means of a rack and pinion, and has sufficient range to
enable the observer to point on an object as near as 3.5 neters.

Just within or under the leather cones ' the telescope carries two enlargements or
collars, which are turned to equal diameters, and serve the purpose of placing the point-
ing line into the geometric axis of the telescope. This adjustment is made in the shop
permanently. It is done by laying the telescope, with these collars, upon two metal
wye supports provided with leveling foot screws. Pointing on an object and rotating
the telescope in the wyes reveals any want of parallelism between the axis of the two
collars and the line connecting the intersection of the vertical and middle horizontal
thireads and the optical center of the objective. This is corrected by means of the four
screws holding the reticle ring. Since the spider threads move with the drawtube, it
also must move in a line parallel to the axis of the collars, in order to preserve true col-
limation in any position required by focusing upon the rod at different distances. To
insure this parallelism, great care was taken in making the telescopes. The objectives
were centered with special care, and the collars were turned true at the same chucking
under which the drawtube bearings were bored. Inasmuch as any error of collimation
enters into the result of leveling only to the small amount due to differences between
back and fore sights, it may be said that these instruments, as far as collimation error
is concerned, are practically faultless.

In the same wye supports above mentioned, the level attached to the telescope is
adjusted so that its axis is parallel to the vertical plane containing the line of collimation.
This adjustment eliminates what is commonly called the ‘* wind”’ of the level, and can
not readily be made in the field.

The position of the forward drawtube bearing and that of the micrometer screw
were selected with the view to sufficient rigidity of that part of the telescope which rests
upon the micrometer screw. The point of contact with the hardened tip of the screw
is a small hardened steel plate a,, fastened into the telescope at the forward drawtube
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bearing. The distance between the axis of the micrometer screw and the axis of 10tation
formed by the pivoting screws 2 is 19°™.15 nearly, which, with the screw pitch of 39
threads per centimeter, gives a value of about 2.6 per division of micrometer head.
The distance between the axis of rotation of the telescope and the vertical center is g™.8.

THE LEVEIL V1Al OF THE NEW INSTRUMENT.

The level vial was made by A. Pessler, and is of the chambered type. It is 115
long, 1°".5 in diameter, and carries a graduation 8" long in 2™™ spaces. The length
of the bubble used is about 25 div., or 5™.0. T'he value of a division of the level vial is
1”.94 for level No. 7 and 1”.86 for No. 8. The mounting of the vial has been attended to
with special care, with the aim of securing the greatest possible constancy of adjustment.
The glass-vial rests within a tube of nickel iron upon the ends of four small screws &,
piercing the tube, two at each end of the vial, 120° apart. A small tip ¢, at the end of
a flat spring fastened to the tube and also piercing it, presses with sufficient force upon
the vial at each end, exactly over the supporting screws, to hold it firmly in place and
yet permit it to expand and contract independently of the tube. Longitudinally the vial
is confined by two cork rings d,, one at each end, which, however, leave a small clearance,
so that the vial is free also in that diréction. This is the manner in which all level
vials, excepting only the smaller ones, have been mounted in the shops of the Survey
for the past thirteen years. The level tube, with the vial thus supported, is secured to
the telescope, sunk through an oblong opening close to the cone formed by the apertures
of the objective and reticle ring. At the forward end it is held by a screw holding it
down to a rounded support ¢, screwed to the telescope, upon which it can be moved
laterally by two opposing screws for adjusting the ‘‘wind.”” 7The other end is made
adjustable in the vertical for the purpose of keeping the level parallel to the line of
collimation. This is the only adjustment required on the part of the observer in the
field. A square-headed vertical screw f,, of about 27 threads per centimeter and fitting
closely in the level tube end, is threaded tightly into that part of the telescope forming
the forward drawtube bearing. Two strong helical steel springs, one on each side, press
the level tube tightly upward against the shoulder of the screw f,. A socket wrench,
with a lever arm 7.5 long, permits of applying rotary force to the screw without
exerting any othier pressure against the instrument and thereby displacing the pointing
of the telescope, as is the case when using a screw-driver or capstan bar, so that this
delicate adjustment is made quickly and with ease, and seldom requires to be repeated.

As already stated, the adjustment of the reticle is made permanently in the shop,
the observer having no means of testing it in the field. It is of great importance,
therefore, that the reticle ring should not be disturbed, but that, when necessary, the
level be moved into parallelism with the pointing line.

In the instruments as originally constructed the heads of the four screws holding
the 1eticle ring were exposed in the ordinary manner, as shown in illustration 4.
Now (1903) the design has been so improved that the heads of these screws are com-
pletely inclosed in a protecting case and are inaccessible to the observer in the field.

The observer, carrying the instrument from station to station, readily learns to hold
it in such position as to prevent any change of the length of the bubble by establishing
communication between the chamber and the interior of the vial. .In the vials used for
these instruments the openings in the chambers are not at the bottom, but slightly to
the side.
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The first of the new instruments to be used in the field was put in adjustment
at Washington and sent by express to a point in Kentucky. The observer there, on
beginning work with it, found it still in adjustment and continued to use it for one
and one-half months, during which time the angle between the tangent to level vial
at its middle point and the line of sight defined by the three horizontal lines never
exceeded 3. - At the end of that time the angle suddenly became ¢” and the instru-
ment was adjusted. After constant use for nearly one and one-half months more
the record showed the greatest value of this angle to be 3”.6. The mean algebraic
value of the angle during this time was a little more than 1”. 'This behavior in the
matter of holding adjustment has been frequently approached in later work with instru-
ments of this type. The constancy with which these instruments retain their adjust-
ment testifies to the fine work put upon them, for which credit is due to Mr. C. Jacomini
and O. Storm, iustrument makers. '

THE LEVEL-READING DEVICE,

The operation of reading the position of three fine lines, the spider threads, pro-
jected upon the graduation of the level rod, is a trying one under the best conditions,
and subjects the observer, when the air is hazy or unsteady, to severe strains. As it is
of the highest importance that these readings be taken only at the instant when the
level indicates horizontality of the line of sight, the instrument should be designed
particularly with a view to the observer’s comfort, so as to enable him to observe the
rod and the level as nearly as possible simultaneously. It is thought that the level-
reading device provided for thése instruments fulfills all requirements, since only the
time required for transferring mental attention from one object to another need elapse
between the two observations., It is a modification of that used by Berthélemy, of
Paris, in his precise level,* which consists of two adjustable prisms mounted upon
the stride level and three prisms mounted in a casing fastened to the wye support
of the telescope, with a short tube immediately on the side of the latter reaching as far
as the eyepiece. Besides the objectionable feature of the overloaded stride level, the
design has the fault of requiring the observer to shift his head between observations
upon the rod and the level.

The modified form here described was applied in the spring of 1899, when precise
levels Nos. 1, 5, and 6 were remodeled, and it was amply tested in the field during the
season of that year. In designing an entirely mew instrument it was possible to
improve greatly upon the manner of its application. Two clamp rings g, fig. 3,
support an aluminum tube with an eye end reaching back to a point even with the
eyepiece of the telescope when focused for an average distance. Against this tube is
screwed a dovetail bar %, (illustrations 6 and 7) upon which move, within the tube, two
slides 7, and 7, carrying the prisms 4, and /,. These slides are connected by arms with
a lever mounted upon a stem with a milled head », the rotation of which moves the
prisms equally toward or away from a central point between them. This motion is
provided to adjust the distance of the prisms accurately to the length of the bubble,
which, during the day’s work, may vary by reason of temperature changes. Those
faces of the prisms which are directed toward the eye are ground to such curvatures

*See page 423 and illustration opposite, in Appendix No. 8, Report for 189y, Precise Leveling
in the United States,

94—03
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as, with the aid of a lens mounted between them and the eye end, to reduce to that of
distinct vision of the normal eye the distance from the end of the hubble to the eye, by
way of the mirror w, the reflecting faces of the prisms £ and /, and the lens. For the
benefit of the observer required to use glasses the eye cap of the level-reading tube
is arranged to hold such a lens as he may require to enable him to observe without

spectacles.

Prisms of level reading device; vertical section.

The distance between the level-reading tube and the telescope can be changed to
suit each individual observer, and provision is made for the rotary adjustment of the
prisms and the mirror necessary in consequence of any such change, as can be seen in
fig. 3. ‘The appearance of the field of view of the level-reading device is also shown
in fig. 3. ‘The prisms are put in such position by means of the milled head 72, that the
ends of the bubble and the graduation marks above them are brought into view, appear-

Prisms of Level Reading Device
Fie. 7

- ===

77
(o4
X

\.
/\h -

my,

Prisms of level reading device; horizontal section.

ing as if the bubble were very short. The lines forming the graduation upon the level
vial are marked by small dots in such manner that symmetrical lines, or lines equidistant
from the center of the graduation, are readily distinguishable, thus relieving the observer
of any strain in guarding against mistakes.

THE FINISH AND WEIGHT OF THE NEwW LEVELS.
The telescope throughout its length—with the exception of the eye end of the draw
tube and the two collars turned to equal diameters—the supporting cylinder, and the

level tube were covered with a heavy coating of cloth dust of a bluish-gray color. This
coating is put on by painting the parts with a mixture of Japan varnish, turpentine, and
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linseed oil, which is colored with white lead, lampblack, and ultramarine blue, to the
same shade as that of the cloth dust; the latter is sifted over the freshly varnished pieces
through a hair screen and pressed in with the hand. After allowing it to dry for two
days and brushing off all loose cloth dust, a coating of a dilute solution of bleached
shellac in alcohol is applied. ‘The finish has the appearance of a fine quality of cloth,
and affords considerable protection against sudden and temporary changes of temperature.

Other parts of the instrument, as the instrument base, mirror frame, level-reading
tube, etc., are finished in black enamel of the kind introduced so extensively through
the bicycle industry. It is heavy, hard though elastic, and surpasses in appearance and
durability any of the black lacquers heretofore used in the art of instrument making.

The weight of the instrument is 5**.2. No doubt this can be considerably reduced
when tubing made of nickel steel is obtainable in the market. The thickness of the cast
tubing—about twice as great as would be necessary if wrought metal could be substi-
tuted—is considered as small as is safe to use in view of the loose texture of the alloy.

The weight of the tripod, 7"¥.2, is somewhat greater than that of stands formerly
used for the same class of instruments. This is due to the much greater length required
in order to enable the observer to stand erect, which is considered of sufficient advantage
to warrant a small sacrifice in the matter of weight.

RODS AND ROD SUPPORTS.

The rods and footplates need not be described in detail here, as they are the same
that were formerly in use and have already been described.*

The only important change made with reference to rod supports has been that
hardened steel pins having a broad head carrying a spherical cavity similar to that in
the old footplates have been put into use,t and have steadily gained in favor. During
the season just ended the footplates were used but little by Coast and Geodetic Survey
leveling parties. ‘The cross section of one of these pins is shown in illustration 8.
Some of the first pins were made of tool steel and turned down to shape. The more
recent ones were made of machinery steel and tool steel, as indicated in the illustration.
The pins are driven with a wooden mallet.

INSTRUCTIONS FOR PRECISE LEVELING.

The general instructions issued to the leveling parties in 1902 are given below.
Those issued in 19oo and 1901 differ from these only in minor matters and in not being
so complete.

In order that the reader may comprehend fully the spirit of the general instruc-
tions shown below, it may be well to call special attention here to three main points in
regard to the new instrument:

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

* See Appendix 8 of the Report for 189g, Precise Leveling in the United States, PP- 418—419, and
Transactions of the American Society of Civil Engineers, Vol. XLV, June, 1901, pp. 133-134.

+These pins were introduced into use in the Coast and Geodetic Survey by Assistant O. W.
Ferguson.
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of being rotated about its axis of figure. The level vial is fixed relatively to the tele-
scope, except that the small range necessary for adjustment is provided. This makes
it necessary to test the adjustment by a modification of the well-known peg method, as
indicated later in the instructions. The simple instrument is used, as will be seen
later, with an extremely simple programmnie of observation,

Second. A device for reading the bubble has been supphed 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 being 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 LEVELING.

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

2. The distance between successive bench marks shall nowhere exceed 15 kilo-
meters. The line of levels is to be broken up by temporary bench marks into sections
from 1 to 2 kilometers long, except where special conditions make shorter sections
advisable.

3. It is desirable that the backward measurement on each section should be made
uuder different atmospheric conditions from those which occurred on the forward meas-
urement, 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 ditference of conditions between the forward and backward meas-
urements as is possible without materially delaying the work for that purpose.

4. On all sections upon which the forward and backward measures differ by more
than 4™™.0v/ K (in which A is the distance leveled between adjacent bench marks in
kilometers), both the forward and backward measures are to be repeated until two such
measures fall within the limit.

5. If any measure over a section gives a result differing by more than 6 millimeters
from thie mean of ail 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.

6. Whenever a blunder, such as a misreading of 1 decimeter or of 1 meter, or an
interchange of sights (the backsight 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.

7. 'The programme 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 milli-
meter (estimated), and bubble being held continuously in the middle of the tube (i. e.,
both ends reading the same), As soon as possible thereafter read the three lines of the
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diaphragm, 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.

8. At each rod station the rod thermometer is to be read to the nearest centigrade
degree and the temperature recorded.

9. 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.

1o. THe maximum difference in length between a foresight and the corresponding
backsight is to be 10 meters. ‘The actual 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.

11. 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
bench marks. 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 shall not be allowed to
differ by more than a quantity corresponding to a distance of 20 meters.

12. Once during each day of observation the error of the level should be deter-
mined 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 of the instrument, read the
rod, move the instrunient to a position about 1o meters behind the front rod, read the
front rod, and then the back rod. 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)
~ (sum of distant rod intervals) — (sum of near rod intervals)’

The level should not be adjusted if C is less than o.cos. If C is between o.005 and
o.o10 the observer is advised not to adjust the level, but if C exceeds o.010 the adjust-
ment must be made. If a new adjustment of the level is made, C should at once be
redetermined. It is desirable to have the determinations of level error made under
the ordinary conditions as to length of sight, character of ground, elevation of line
of sight above the ground, etc.

13. Notes for future use in studying leveling errors shall be inserted in the record;
indicating the time of beginning and ending of the work for 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; and such other notes as may be of value
in studying errors.

14. The instrument shall be shaded from the direct rays of the sun, both during
the observations and the movement from station to station.

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

16. At the beginning and end of the season, and at least twice each month during
the progress of the leveling, the three-meter interval between metallic pltigs on the
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face of each level rod shall be measured carefully with a steel tape, which shall be
continuously kept in the party throughout the season for that purpose. ‘The rod
temperature at the time of each of these measures must be recorded. The purpose of
these measures is to detect changes in the lengths of the rods rather than to determine
the absolute lengths. ‘The absolute lengths are determined at the Office between field
seasons. _

17. The field computations and abstracts are to be kept up as the work: progresses.
As soon as each book of original record is out of use it is to be sent to the Office by
registered mail, and the corresponding abstracts are to be retained in the field until the
observer is informed of the receipt of the original record. No duplicates of the original
record are to be made, except of the descriptions of bench marks, of which the duplicate
is to be kept in a separate volume.

It should be added, in justice to the observers, that in verbal discussions of the
manner in which precise leveling should be done they were urged to keep the length of
sight great enough to make it necessary to do a moderate amount of re-running. The
accidental errors seem to increase rapidly as the length of sight is increased, under given
conditions, beyond that at which the apparent vibration of the graduation on the rod
becomes sufficient to make accurate estimation to millimeters difficult. If an observer
is extremely cautious and confines all his observations to sufficiently short sights to
insure easy reading of the rod, it is possible to work month after month almost without
re-running, but thé 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 re-running and the progress would not be rapid. The writer’s
opinion, frequently expressed to the observers, is that the maximum speed cousistent
with the required degree of accuracy will be secured by continually keeping the length
of sight such that the percentage of re-running will be from 5 to 15, and that an extremely
small percentage of re-running is sufficient evidence of excess of caution on the part of
the observer. The occurrence of a moderate amount of re-running on each line is
due, therefore, to an attempt on the part of the observer to attain the maximum speed
consistent with the required degree of accuracy, and not to inability to secure such
observations that little or no re-running would be necessary.

The observers have found a convenient rule in fixing the length of sight to be to
shorten 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 fixes the limit
from his own experience by noting the relation between such a provisional limit and the
amount of re-running found to be necessary while using it. Such a rule is based upon
the idea that the additional errors which are encountered when the length of sight is
increased are in the main those due to increased accidental errors in reading the rods.

It should also be noted that although there is no limit placed in the instructions on
the rate of divergence between forward and backward lines, the writer has urged the
observers to watch the rate of such divergence continually, and to make an effort to keep
it small. It has been the opinion of the writer, and many of the observers, that a
large steady rate of divergence is in general due to a systematic rising or settling of rod
supports, either foot plates or pins. This opinion has been frequently expressed to all
the observers. The usual practice has been for the observer, when he noticed a steady
tendency for his lines to diverge rapidly, to study the manner in which the foot plates or
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pins were handled, and to make tentative changes until the tendency to rapid divergence
disappeared. Sometimes the change from foot plates to pins produced the desired effect,
or from placing the rod supports between the railroad rails to placing them at the edge
of the ballast, or even out on the undisturbed ground beyond the ballast. In one case
it was found that as soon as a certain rodman was relieved and another put in his place
the tendency to divergence promptly disappeared. For observations with the present
methods and instrument the writer has been unable to find any explanation of a steady
divergence between forward and backward lines which is quantitatively sufficient, except
that indicated above, based upon the supposition that foot plates or pins have a system-
atic tendency to rise or settle, according to the manner in which they are handled
and the character of the ground on which they are placed. The writer has noted that
of the observers who have come under his observation those who have acted upon this
theory most consistently have had the greatest success in preventing rapid divergence.

EXAMPLES OF RECORD AND COMPUTATION.

A specimen* of the determination of C 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-}mnd page.
R - | ._...__._..___‘__..._._ A
Thread - | Thread o
" Numt T'hread : I'hread
of ;;2;12;1:! b;ecl;.{lx]glit Mean. 5 im‘er::n(l. l Rod. ; f:;zg;;ﬁt | Mean. imel;c\?ul.
S R e i_____,
1515 | : 13 i 0357 ; 105 |
A 1528 1528.3 - 14 w | 0462 |  0461.7 104
: 1542 . 27 ! ! 0566 | 209
! : i | i
: 2252 1035 ‘ 1276 12
B : 2357 2357.0 105 "W 1288 1288. 3 13
: 2462 ; 210 | I 1301 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

Only the distant rod readings need he corrected for curvature and refraction, and the two correc-
tions 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 subtrac-
tions are made right side up.

Do not carry C 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 lower-
ing one end of the level vial and no? 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 so 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:

*The unit of length used in t]ns specimen is the nulllmeter




APPENDIX NO. 3. PRECISE LEVELING IN THE UNITED STATES. 217

ILeft-hand page. Right-hand page.
SPIRIT LEVELING. :
Date: August 29, 1900, Forward-Baekward. From B, M.: 68 To B. M.: G.
Sun: C. (Strike out one word.) Wind: 8. T.
f o s 1
i - : L
No.of | Thread Thread . S ¢ | Rod | Thread thread | Sum of
_str?tigu. b;ce:a(s’x‘g? L Mean. int]erre\?al. .iml.‘el:'lvgls.! t;‘l‘g) l f;:zgg]}ﬁ Mean, intex;'?a!. iml.lel;]\'xolls.f
- _.___| - | { R ISR N
| a3 | ob7al ! 99 v 68y 99
: 0773 0773.0 99 38 2782 2782. 3 100
o872 198 ‘ ' 2882 199
44 0925 106 i W 2415 103 |
1031 1030. 3 104 i35 2518 2518.0 103
1135 210 408 il i 2621 206 405
Il :
45 0484 93 R 2510 96 i
0582 0582. 3 99 to35 | 2606 2606. 0 96 | :
0681 ! 197 605 |- ! 2702 |, : 192 597 I
. ; H : |
46 ! 0398 97 A 2859 96
0495 | 0495.0 97 34 2955 | 2954.7 95 R
0592 194 799 b : 3050 191 788
I
47 1027 26 -V 1006 29
1053 1053. 3 27 34 1035 1034. 7 28
1080 53 852 1063 57 345
! 3933.9 : 11895. 7 :
| -7961. 8
! i 2:25 p. 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 consecu-
tively throughout the day. A rod once placed at a point stays there, both for the
foresight and backsight, each rodman thus being front and rear rodman alternately.

. To carry out the requirement of the general directions, 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 state-
ment that one particular rodman must always show his rod first after each placing of
the instrument. The position of the rod is indicatéd in the record on the foresight
only. The temperature is read by the rear 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 a 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



218 COAST AND GEODETIC SURVEY REPORT, 1903.

three is the correction to be applied with the proper sign to the middle thread reading
to give the mean of the three.

But little explanation is needed in connection with the computation form shown
below. 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 correction being necessary when the corresponding sights are exactly
equal. ‘The correction is usually inappreciable and seldom exceeds o.1 millimeter
under actual conditions. It may be applied very quickly by the use of properly pre-
pared tables and a rapid inspection of the record books. It is important to note that
this is 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 the general directions for leveling) times the value in the
sixth column of the left-hand page. Its sign is fixed by the signs of the two factors.
This correction will very seldom exceed o.3 millimeter under actual conditions, and
will not sensibly differ from zero on most sections, since the instructions require (para-
graph 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 gives the correction due to the excess of length of the rod at zero
degrees, this particular rod being o0.28 millimeter too long on each meter. The
examinations of the rods 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 observa-
tion, computed with the known coefficient of expansion of the rods, namely, 0.000004
per degree Centigrade. The sum of the quantities in the third and fourth 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 colummns will always have the same sign as the measured difference of
elevation.

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 indi-
cated in the last column, have no fixed relation to each others The two runnings are
sometimes made on the same day, 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.

In the comparatively rare cases in which it is necessary to apply an index correction,
to take account of the fact that the zero of graduation and the foot of the rod are not
exactly coincident, it should be entered in the second column of the right-hand page of
the computation, no separate column having been provided for it. .



Left-hand page. Right-hand page.
COMPUTATION OF PRECISE LEVELS,

Line: Somerset, Ky., to Knoxville, Tenn, Observer: W. H. B. Year: 1900.
; — - — i - — - - Coy J— e e
i 1 é " z é o Mean rod readings. | Y E II Corrections. Dlﬁex;e;;icgl:f ele- PE o
! g a - &M i : o H @ 5 :

! - .2 5 H ‘y:[ : . 2 | Ve ’ o g 5 !
oo e B2 | sk Approxi- 15 1 3 % ZlE S
Bench % | @ ol T e . Y& i TRk o e Date and
mark:! g1 % & T E difference - 2% & o |2 N g iyl o hour.
TT| & s Y& i b33 SF of AR i © | gg | Each Mean £ Pz
I B 3 b 9= = = I elevation. | = . Za! . = &8 line. B : S - .
| p = - < = ! g lg&: 2 1 %18 b 1 = =
; g Z 2 % 3 ; § MEE| P g i E sz . g 1 E
: W 2| & 1A | R ' LB ERERE , 8.~ & | B
Y A I S B = 7 - 7 7 T P ; yET A s E
mm. mm. m. . m. i .i mm. mm.§ mm. | mm. | m. : m. mm. | ! |
6566 | F | 9| 36601 1219 +5° 106532 19.0087 | — 8.3555 | 37 ¢ : —2.4]-1.2.— 8.3501 j— 6.3593 o4 L |, 8 | ¢ ! 828 gus
. B 7 3675 +9! 15. 1650 6.8087 |+ 8.3363 26 ito.1 I—o.x +2.4 +0.8 [+ 8.3505 i C C | 829- g0
L6667 F 81! 3738 | 1.302| 412 17.6667 10.4370 | + 7.2297 | 32, [—o.1 421 ‘40.9 |+ 7.2326 [+ 7.2332 i+1.2 ¢ . ¢ | 8291105 |
B 7 3739 —23 7.8223 15.0537 — 7.2314 23 {40.1 :+0.2 i -2.1 '—0.6 |-- 7.2338 ¢ ¢ | 820~ 7145 i
67-68 F 13 4198 ¢ 1.464 : + 4 15.5276 31.8222 | —16.2946 33 —4.6 I—2.1 —16.3013 |-—16.3008 [+1.0| T. |S&C C 8/29- 1:30 '
B ! 8 4206 —24 21.5524 5.2587 | +16.2937 28 |[+o.1 jto.1 j+4.6 I+x.8 +16. 3003 C C | 828 5:00
68-G F 5 1697 | o0.590 1 + 7 : 3.9339 11.8957 | — 7.9618 35 —o.1 —2.3 .—I.1 |—~ 7.9653 |— 7.9647 |+1.2 C S E 8/29~ 2:15
B 6 1691 -5 12.5587 } 4.5979 ¢ + 7.9608 3t +2.3 |[+1.0 4 7.9641 Cc C i 8i31- 9:10
G469 F 11 51267 1785 — 2 28.4990I 5.8171 +22.6819 30 +6.5 |+2.7 i+22.6011 (+22.6910 '—0.3 R. [S&C| TS | 8f29- 3:15
B 1 5120 +14 6. 3550 29.0368 | —22.6818 27 | 1—6.5 |—2.5 | —22.6908 C F M | 831- 833
69-70 F 12 4589, 1.602 | —23 17.7855 22.5719 | - 4.9864 22 |+0.1 [—0.1 —1.4 ;—0.4 |— 4.9832 |— 4.9901 | 3.8 [ C 830~ 78
B 9 4607 i -9 17.5312 12.5410 + 4.9902 22 :+r.4 40.4 -+ 4.9920 Cc ¢ 8:30- 4:30
70-71 ¥ 10 5000 1.740 | + 6 6.9331 27.1772 ; —20.2441 25 " i_S'S E—z.o {—20.2519 | —20.2530 \—2.2 C C 830~ 85
B 10 4987 -5 26. 9183 6.6720 420, 2463 24 |+o.1 |+5,8 l+x.9 i +20. 2541 C C 8/30- 3:30
71-72 ¥ 10| 4076 | 1.420| + 2 10. 5955 26.0830 : —15.4875 [ 33 I—4-4 |20 |—15.4939 —15.4932 |+1.4 | L. S c 8i30- gus
B 8 4073 +3 21.0375 5.55T0 _  +15.4865 26 4.4 +1.6 ;+15.4925 Cc IS 8/30- 2340
. . : i ) i
Abbreviations: $§=cunshine, C=cloudy. $ & C=alternate sunshine and shade. :Ahbrcviatibns, direction of progress relative to sun:

Abbreviations, strength of wind: S=strong. M=moderate. C=calm. toward n Tr_toward
from © Fr~ from

than 435° to right. ;I_:{--ditto with sum to left.

;;:within 45° of directly sun, but at an angle of more

}(--sun to E%tm and nearly at right angles to line. ‘I'he same abbreviations also
apply to the direction of progress relative to the wind.

'€ "ON XIAN"IddV

'SHILVILS A9LINA HHIL NI ONITIAHT ASIDIAd

612
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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, and is
substantially the form in which the results are published:

Ieft-hand page. Right-hand page.

ABSTRACT OF SPIRIT-LEVEL RESULTS.
sState: Tennessee, Instrument: Level No. 8. Rods: V. & W. . Observer: W. H, B. Computers: W, H. D,
W. H. B,
. iff J ation. | Discrep v i
! . Dis Difference of elevation Discrepancy Distance! Eleva-
" From | tance rotal | No h;;nlx tti’on
;B M. in : . Total © ] B.M. above .
Date. 74! kilo- | Forward. a‘;‘:‘}‘d’ ! Mean, | PAT-| accu- BO,{( at > | mean Locality.
' B. M. me- line. | line C eatl. tial. mu- * 70 Ludlow, sea
. ters. : to lated. | Ky. level.
' | ”. m. i m, mm, mmt. km. .
Aug, 28-29 . 6566 ' 1.279 |— 8.3501 + 8.3595 |— 8.3593 [—0.4 [+108.7 66 | 365.848 | 424.5262
,' zg_ 6667 : 1,302 {+ 7.2326 = 7-2338 [+ 7.2332 1+1.2 [+109.9 67 | 367.150 | 431.75 !
28-29 67-68 | 1.464 |—16.3013 '+16.3003 —16.3008 |+1.0 |+110.9 68 | 368.614 | 415.45
29-31  68-G | 0.500 [— 7.9653 .+ 7.9641 — 7.9647 |+1.2 |+112.1 G | 369.204 | 407.4939 | Stone post at Sun-
i . | | : bright, Morgan
: : | | I County, Tenn,
: 2g-31  G-69 | 1.785 |+22.6911 |—22.6908 +22.6910 {—~0.3 |+111.8 69 | 370.989 | 430. 1849
30 169-70 ; 1.602 |— 4 y882 '+ 4.9920 — 4.9901 |—3.8 [+108.0 70 | 372.591 | 425.1948
| 30 . 70-71 | 1.740 [—20.2519 |+20.2541 '—20.2530 [—2.2 |+105.8 70 | 374.331 | 404.9418
i 3 |71-72 i 1.420 |—15. 4939 i+15.49‘~*5 | ~15-4932 +1.4 |+107.2 72 | 375.751 | 389.4486
; | :

CORRECTION TABLES.

For convenience there are inserted here three tables which are useful in making

the foregoing 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 vefraction.

Correction Correction
Distance. to rod read- | Distance, to rod read-
ing. ! ing.

. m. . . mm,

oto 27 | 0.0 160 —1.8
28 to 47 -0, 1 170 2.1
48 to 60 --0.2 180 -~2.3
61 to 72 —0.3 190 --2.6
73 to 81 ~-0.4 i 200 —2.8
82to go —0.§ 210, --3.0
91 to 98 —0.6 220 —3.3
99 to 105 --0.7 230 --3.7
106 to 112 —0.8 ! 240 --4.0
113 to 118 --0.9 | 250 —4.3
119 to 124 —I.0 l 260 —4.7
125 to 130 —I.1 270 —5.0
131 to 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 —1.5 |

|

The table for the differential correction for curvature and refraction is for use in
deriving tbe corrections shown in the first column of the right-hand page of the com-
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The table is computed upon the assumption that the coefficient of expansion

putation indicated on page 219.
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refract

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.
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2 c0c000 ©0000 00900 000090 ©0000 90000 OoOfn .~ smman
» | 00003 00000 00000 00900 00000 96005 069000 oolxwx
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The table of temperature correct
fourth column of the right-hand page of the computation indicated on page 219, the

length of the rod at zero degrees Centigrade having been used in deriving the third

column.
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The sign of the correction

is always the same as the sign of the measured difference of elevation unless the -

of the rod is four parts in a million per degree Centigrade.
temperature is below the Centigrade zero.

Correction for temperature (in millimeters).
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STATISTICS OF NEW COAST AND GEODETIC SURVEY LEVEI LINES.

The principal items of information in regard to the Coast and Geodetic Survey
level lines are given in tables below, which have been arranged in such a manuner as to
be conducive to comparisons between the lines. The details in regard to the lines will
be given later.

Instruments Nos. 7, 8, and g are of the new type; instruments Nos. 1 and 6 are
the modified instruments which were the immediate predecessors of the new type, and
which involve many of the essential features of the new instruments. ‘The method of
observing was substantially the same with these instruments as with the new instru-
ments. For a description of these instruments and the method of observing used with
them, see Appendices 5, 6, and 7 of the Report for 18gg. )

The rods used in the leveling of 1900~1903 are all alike and are of the type referred
to on page 211,

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 bench marks.

The speed has been obtained by dividing the total length of the lines run by the
interval in months from the date of the first leveling to the date of the last, inclusive.

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

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

7"'=0.6 \/Ed’
=0.074 4_3

in which & is the discrepancy between the forward and backward leveling over a
section, and s the number of sections. The probable error for 1 kilometer, 7,

was derived by assuming that the average length of a section is to 1 kilometer as
(") is to » 2.
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Observer............

Instrument ......... :

Rods ...............
Date of first leveling.

Date of last leveling.

Length of main line,
km., ’

Length of side lines,
km.

Total length, km. ...

Total length, miles ..

Number permanent
bench marks.

Average distance be-
tween permanent
B. Ms., in km.

Speed, km. per
month.

Speed, miles per
month.

Percentage run more
than twice.

Discrepancy (B--F),
total, mm,

Discrepancy (B—F),
in mm. per km.

Probable error for 1
km,, in mm.

Velocipede cars used.

*Includes the line to Meltor

Knoxville being 240 km. X X L N .
t Includes the line to Gunter triangulation station, 15 km., the length of the main line from Harriman Junction to
Woodville being 247 km.

Cincinnati,
Ohio, to
Somerset,
Ky.

Somerset,
Ky.. to

Kuoxville, *
Tenn, |

Harriman
unction,
‘enn., to

Woodville, |

Ala. i

o.W.r. 'w.H. B

1and 7
T&U
June 6,
1900
Aug. 31,
1900
263

7
270 |
65 :
4.0

94 |

59 i

3
+4-58.8 |
--0.23 !
+0.5 |
No. ’

8
V&WwW |
July 23,

1900
Nov. 3,

1900 '
*260 i

27 )

287
178
41

6.3i

84

52 i

8.
-i-100. 9 {
-+ 0.42 l
+0.8 |
No. |

O. W. F.
7
T&U
Sept. 4,
1900
Dec. 3,

1900
1262 |

4l

266 ‘
165 |
66

4.0 !
89 !
55

4

+-30.7
--0. 12 '
+0.8

No.

Woodville,
Ala., to
Birming-

ham, Ala.

W&V
Nov. 7,
1900
Jan. o,
1901

219

2

221

137 .

43

10§

65

9

+161.4
+0.74
=+0.8

No.

Norfolk - ~ Solomon
* | Norfolk, :
oheRTats | Nebrotd | Xana to
|| Iowa. Puge,Nebr.l! Kans.
W.H.B.' B.E.T.| B.E.T. ' B.E. T.
8 ; 6 ' 6 6
R.&S . R, &S | R &S
May 8, | June 22, 1 July 31,
1900 ! 1900 i 1900
June 20, . July 27, = Oct. 12,
1900 | 1900 1900
132 107 | 241
2 I 7
134 ! 108 248
83 | 67, 154
19 14 | 42
6.9 7.6 | 5.7
93 ' wol 102
58 - 56 | 63
| :
25 I 18 | 18
+37.4 1 +s0.3, 496.9
+0.28 | to0.47: +0.39
| 1
0.7 | +0.§ . *o0.7
Yes. | On one- i VYes
! half.

COAST AND GEODETIC SURVEY REPORT, 1903.

1 triangulation station, 20 km., the length of the main line between Somerset and
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Page Nebr, | Cheyennc, | Decator, | Dobls, | Chadron, | BowieTex.,
° C}_mg- Orin junc- Corinth, to green- Orin Junc- | Anthony,
ron, Nebr. tion, Wyo. .Miss. bush, N. Y. | tion, Wyo. Kans,
Observer ............ooovvuunn. O.E.C.& W.CD.IW.CD |WCD. | WCD. (W.HB
G.E. S. :
Instrument .................... 8&6 7 7 7 7 8
Rods............oooviine, V&W R, S. &T| R.&T R, &S R, &S V&W
Date of first leveling ........... July 13, | July 31, | Oct. 24, | Apr. 16, | June 24, | Apr. 3,
1901 1901 1901 1902 1902 1902
Date of last leveling............ Nov. 23, | Oct. 15, | Dec. 9, | June 13, | Aug. 1, | July 11,
1goI 1901 1901 1902 1902 1902
Length of main line, km ....... 426 | 245 169 215 203 *449
Length of side lines, km........ 8 3 o 4 2 g6
Total length, km .............. 434 248 169 219 205 485
Total length, miles............. 270 154 105 136 127 301
Number permanent B, Ms ... ... 46 26 40 86 24 94
Average distance between per-

manent B. Ms.in km ........ 9.3 9.4 4.2 2.5 8.5 4.8
Speed, km. permonth ......... | 99 98 t110 111 158 147
Speed, miles per month ........ 62 61 168 69 98 91
Percentage run more than twice. 20 14 116 6. 14 11
Discrepancy (B—F), total, mm .. “+42.4! —32.9 | i+413.3 +67.1 —5.4 | —46.9
Discrepancy (B—F), mm. per km| +-o.10 -—0.13 { }+4o0.18 +o0. 31 —0.03 | —o0.1I1
Probable error for 1 km in mm. . +0.7 +o0.6 t+o0.6 0.7 #+o0.7 +0.7
Velocipede carsused ...... .... Yes. Yes. No. No. Yes. Yes.

Bowie, Ft. Worth, | Ft. Worth, ‘Temple, Rock Creek,
Tex., to ‘Tex., to Tex., to ‘Tex.. to Wyo., to
Shreve- Comanche | Lampasas, Holland, Red Desert,
port, La. A, Tex. ‘Tex. Tex. Wyo.
Observer................................_| W.H.B. | RRL.L. | RLL | RRL.L | W.C.D.
Instrument .............. ... 8&g 9 9 9 7
ROAS ..ovviivis viiiiie i V&W | VEW | V&EW | V&W R, &S
Date of first leveling ..................... July 14, | Nov. 22, | Dec. 20, | Mar. 27, | Aug. I1,
1902 1902 1902 1903 1902
Date of last leveling...................... Nov. 18, | Dec. 18, | Mar. 25, | Apr. 9, Oct. 13,
1902 1902 1903 1903 1902
Length of main line, km ................. 533 75 287 26 212
Length of side lines, km ..... .., ....... 14 3 4 2 2
Total length, km......................... 547 78 291 28 214
Total length, miles....................... 340 48 181 17 133
Number permanent B. Ms ................ 72 11 35 7 30
Average distance between permanent B,

Ms.inkm......ooooiiiiiiiiii i, 7.4 6.8 8.2 3.7 7.1
Speed, km. permonth ................... 131 87 91 60 102
Speed, miles permonth ........... ... ... 81 54 57 37 63
Percentage run more than twice ....... ... 10 8 13 34 14
Discrepancy (B——Fg, total, mm ....... ... —384. 2 —23.2 —48. 5 —8.41 +37.5
Discrepancy (B—F), mm, perkm...... .. —o0.16 —o0. 31 —o0. 17 —0.32 +o0.18
Probable error for 1 kminmm............ +0.7 +o0.7 +o0. 7 =+0.9 *+o.
Velocipede carsused ............... ... Yes. Yes, Yes. Yes. Yes

433 km.
11t should be noted that of 169 km. on this line but 103 km. was double line, the remaining 66 being single line,

*Includes the line to Bowie Northwest Base, 16 km,, the length of the main line between Anthony and Bowie being

The total length is therefore equivalent to 136 k. (= 103 +6—f) of double line, and the speed per month in terms’of double

line is 89 km,, or 55 miles.
1 Computed from the portion Decatur to Tuscumbia, the portion Tuscumbia to Corinth being as a rule a single line,
The length of the line Decatur to Tuscumbia is 72 km.

94—03——15
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CINCINNATI-SOMERSET LINE.

This line of levels was run by Assistant O. W. Ferguson, between June 6 and
August 31, 1900. Level No. 1, one of the modified levels which immediately preceded
the present type of level, was used up_ to July 23, after which level No. 7, one of the
new type, was used to the end of the season. This line forms the first section of .the
line from Cincinnati to Birmingham, the purpose of which was to strengthen the south-
eastern portion of the level net. It connected with the triangulation of the eastern
oblique arc and with the thousand-mile loop of precise leveling in North Carolina,
Tennessee, and Georgia by the U. S. Geological Survey, and entered the large area
in the southeastern group of States in which there was no precise leveling by the
Coast and Geodetic Survey. The line runs over the Queen and Crescent road, as
indicated in the illustration opposite. It starts from bench marks Y,, Z, and A,, in
Cincinnati, Ohio, and Ludlow, Ky., which had been fixed by the leveling from
Gibraltar to Cincinnati in 18g9. It connects at Somerset, Ky., with the next section
of the line which was run by Aid W. H. Burger in 1g9oo. The velocipede cars were
not used during this leveling.

Rods T and U were used by Assistant Ferguson and rods V and W by Aid W. H.
Burger on the lines between Cincinnati and Birmingham throughout the season of 1goo.

The index corrections of the rods T and U at the close of the season of 1899 were

—o0.3 millimeter for T and —o.4 millimeter for U, the zero of the graduation being
below the bottom of the rod. At the end of the season of 1900 these rods each had a
correction of —o.5 millimeter. The average correction for rod T was therefore —o.4
millimeter and for rod U —o0.45 millimeter. ‘Thus the correction for index error is
practically zero and was not applied except in the cases where a reading was taken on a
bench mark without the use of the rod. In these cases a correction of 0.4 millimeter
was applied in such a way as to affect only the height of the one bench mark. Another
reason for not applying these very small corrections is that they are largely compensating
in character and would change the final elevations very little. No separate colummn is
provided for the index correction on the computation form shown on page 219, as it
seldom needs to be applied. When it must be applied it should be entered in the
second column of the right-hand page of the computation.
' The index correction for rod V at the beginning of the season was zero and at the
end of the season was —o.1 millimeter, with an average of —o0.05 millimeter. For rod
W the same values respectively were zero and —o.2 millimeter, with an average of
—o.1 millimeter. As these corrections were very small they were not applied at all in
the office revision of the work. _

‘While in the field the rods were measured by means of a steel tape, graduated to
millimeters, used direct and reversed, and read with the aid of a pocket reading glass.
The temperature of the rod thermometer was always noted in comnnection with these
measures. Care was taken that the rods and tape should be at the temperature of the
atmosphere so that reliable comparisons could be made, These measurements were
made in order to detect, if possible, any change in the length of the rods during the
season.

The results of these measures are given in the accompanying table. The part of
the rod measured was between the fine lines on the silver plugs at the first and thirty-
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No. 9.
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first decimeter graduations. These measurements are made comparable by reducing
the lengths as observed to 20° C., both the coefficient of expansion of the tape and that
of the rod being taken into account when reducing.

Field measurements of rods,

Reduced to 20° C.

Date. Rod T. Rod U. Date. Rod V. Rod W,
1Goo. m. m. 10O, M. m.
June 9 3.00I0 | 3.0007 July 12 3.0006 | 3.0009

26 3.00II | 3.0009 23 3.0007 | 3.0009
July 23 3.0012 | 3.00I0 24 3.0006 | 3.0010
Aug. 8 3.0011 3. 0008 26 | First group 3. 0005 3. 0008
Sept. 6 3.0012 | 3.00IL 30 3.0008 | 3.00II
27 3.00I11 | 3.0009 Aug. 9 3.0007 | 3.0010
Oct. 16 3.00I0 | 3.0009 22 3.0007 | 3.0009
29 3.0009 [ 3.0006 —-
Nov. 23 3.0010 | 3.00I0 Mean 3.0007 | 3.0009
Dec. 4 3.0008 | 3.0008 B
Sept. 10 3.0009 | 3.0012
Mean 3.00I0 | 3.0009 Oct '*I’Z g gig ggg;g
’ 23 Second group 3. 0009 3: o014
Nov. 5 3.0007 | 3.00I1
13 3.0009 | 3.0013
Mean 3.0009 i 3.00I3
: Nov. 22 3.0013 3. 00-1—7
- Dec. 6 3.0012 | 3.0016
19 . 3.0014 | 3.0021
: 1901. Third group
' Jan. 3 3.0010 { 3.0016
16 3.0012 | 3.00I6
Mean 3.0012 | 3.00I7

The values given in the table are relative only, as the correction to the tape was
not applied.

As far as rods T and U are concerned no change in length is noticed, the measure-
ments at no time differing by more than o.2 millimeter from the mean, with o.4 milli-
meter as a maximum range.

Rods V and W show apparently a very decided change in length, a maximum
range of 0.9 millimeter in the former and 1.3 millimeters in the latter. Furthermore,
the change seems to have been a gradual change throughout the season, the rods becom-
ing longer. At the periods August 22 and November 22, there appear slight jumps in
the series, These two breaks divide the total series into three parts and for computa-
tion purposes, namely, correction for length of rod, a corresponding division was made.

The total absolute changes in the lengths of the rods, as indicated by the measure-
ments in the Office of Standard Weights and Measures before and after the season of
leveling, are shown in the following table.

The coefficient of expansion used in the reduction to 0° C, was o. ooooo4 per Cen-
tigrade degree.
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Measurements of rods in Office of Standard Weights and Measures.

Leugths at o?o C.

Date. Rod T. Rod U. Temp. Rod T. Rod U.
”, . o m, .
Dec. 22, 1899 3. 001774 3.001545 25.50 C.  3.00I504 3. 001275
Jan. 21, 1901 3.001644 3. 001461 25. 25 3.001361 3.001158

3.001432 3. 001216

Lengths at o.oo C.

Date. Rod V. Rod W. Temp. Rod T, Rod U.
», m. 4 . m.
June 16, 1900 3.001073 3.001254 V—25.8 3. 000763 3. 000944
jan. 22, 1901 001840 002233 { V72325 1 5 oo1s6; 00196
. 22, 190 3 3. 33 \W—22. 38 3 5 3. 3

3.001162 3.001454

Rod T shows a shortening of o.143 millimeter and rod U of o.117 millimeter
between December 22, 1899, and January 21, 19o1. This shortening is very slight. In
making the corrections for length of rod a mean value for the two rods of 3.001324 was
taken. Therefore the correction applied was 0.441 millimeter per meter of difference
of elevation and numerically increased the difference of elevation between bench marks
in every case.

Both rods V and W show an increase in absolute length by the measurements of
the Office of Standard Weights and Measures, a confirmation of the results of measure-
ments by tape in the field; and as these field measurements seemed to show the change
to have been gradual, with but the two above-mentioned breaks, it was decided to use
for computation purposes a mean of the June values for the period up to the first
break in the series, or from July 23 to September 1,to use a mean of the January
values for the period from November 20 to January 9, and a mean of the two means for
the middle period. These values are, respectively, 3.000854, 3.001762, and 3.001308.
Expressed as corrections for length of rod, they are +o.285, +0.587, and +0.436
millimeter per meter of difference of elevation between bench marks.

This slight increase in the length of rods V and W during their first season of use
is in accordance with previous experience with paraffined rods on this Survey. The
general tendency is for the rods to increase slightly in length during the first season and
to preserve nearly a constant length thereafter.
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The elevations in the following tabulation are based upon the elevations published
in Appendix 8, Report for 1899, for bench marks A, and Z,, as indicated in detail in the
note at the foot of the first page of the tabulation:

Results of precise leveling from Cincinnati, Ohio, lo Somerset, Ky., 1900.

- Bench marks. Dis- Distance Difference of elevation. Discrepancy, B—F.
tance from Elevation
bseutcv::;n bel:“:h t above
s 3 b sea
From To bs;;."eh mf;dlgvsv‘.‘ l‘ol?r\lr:rd Baﬂ:}vzard Mean. Partial, Total. ufg\lr::ls.
marﬁs. Ky. ’ ’
km. knt. »i. m. . mmn. mm., m.
A 0.000 0.0 | *162. 3489
A (f 0. 258 0.258 |— 0.3667 [+ 0.3658 |— 0.3662 | +0.9 | + 0.9 | t161.9827
Y, $(0. 000) 0.0 | *168.4273
Y, Z; 1.084 | 1(1.084)—18. 9783 |+18.9782 |--18. 9782 +o.1| 4 o.1 149. 4491
Z, *149. 4506
Z, A | 0.834 | 1(1.918)|+ 6.5926 |— 6.5916 |4~ 6.5921 —I1.0| — 0.9 | t156.0427
A | U.S.E.| o.322 | {(2. 240)|— 3.6590 — 3.6590 t152. 3837
A 2| I.3r0| $(3.228 I— § 6953 |+ 5.6975 |— 5.6964 | —2.2 3.1 | 150.3463
2 B | 0.689 | $(3.917)+ 6.0549 |— 6.0546 |+ 6.0548 | —o0.3 | — 3.4 | t156.4011
B 31 1.106 [ 1(5.023)— 7. 2386{2-}— 7.8493 |— 7.8497 | +o0.8 2.6 | 148.5514
) — 7.8g01
3 4| 1.400 | (6.423)i+ 1.6319 |~ 1.6281 |4- 1.6300 | —3.8 | — 6.4 | 150.1814
4 C| o.806 | 1(7. 229)i+11.8120 [—11.8113 |+11.8116 | —o0.7 | — 7.1 | t161.9930
C 0,258 | + 0.9 | t161.9831
C I 1.709 1.967 |+4-16. 1745 |—16.1801 |+16,1760 | +4.8 | + 5.7 178. 1591
+16. 1728 |—16. 1766
1 5| 2.072 4.039 |+23. 6272 |—23.6264 [+23.6268 | —0.8 | + 4.9 | 201.7859
5 6| 1.052 5.091 |4+12.6126 |—12.6153 [+12.6140 [ +2.7 | -+ 7.6 | 214.3999
6 D[ 1.966 7.057 |+22.9235 |—22.9238 [+22.9236 | +o.3| + 7.9 | 237.3235
D 7| 2.074 9. 131 |+19.8958 |—19.8995 |+4-19.8976 | +3.7 +11.6 | 257.2211
7 E | 2,360 I11.491 |+421.6426 [—21.6433 |+21.6430 1 +0.7 | +I12.3 278, 8641
E 8| 1.394 | 12 885 |—r0. 1143 [410. 1169 |—T0.1156 | —2.6 | + 9.7 | 268 7485
8 9| 1.018| 13.903 |— 4.4933 |+ 4.4965 |~ 4.4949 | —3.2 | + 6.5 264.2536
9 10| 1.387 | 15.200 |+ 7.8821r |— 7. 8821 [+ 7.8821 oo| 4 6.5 272.1357
10 F 1.924 17.214 |4+ 9. 7179 |— 9.7159 [+ 9.7169 | —z2.0 + 4.5 281, 8526
F Ir | 2. 145 19.359 |4+ 4.2321 |— 4.2315 |+ 4. 2318 —0.6 | + 3.9 | 286.0844
11 12| 2,317 | 21.676 |— 0.4773 |+ ©0.4743 |- 0.4758 | +3.0| + 6.9 [ 285.6086
12 13| 1.643 | 23.319 |— 5.7671 [+ 5.7669 |— 5.7670 | +o.2 [ + 7.1 | 279 8416
13 G| 0.424 | 23.743 %—{- 6. 1567 |— 6.1565 .+ 6. 1566 | —o.2 | + 6.9 | 285.9982
13 14| 2.374 | 25.693 |+ 3.1866 |-— 3.1864 |4- 3.1865 | —o.2 | + 6.9 | 283.0281
14 15 | 1.312 | 27.005 i+ 5.7290 5.7303 |+ 5.7296 | +1.3| + 82| 2887577
15 16| 1.707 | 28.712 |— 8.4138 |+ 8.4124 |— 8 4131 +1.4| 4 9.6 | 280, 3446
16 H | 0.608| 29.320 |— 1.9637 [+ 1.9644 |— 1.9640 | —o0.7 | + 8.9 278. 3806
H 17 1.142 | 30.462 |— 4.9801 |- 4.9787 |— 4.9794 | +1.4 | —-10.3 | 273.4012
17 18| r.162| 31.624 |4+ 3.2312 |— 3.2229 |+ 3.2262 | —4.8| + 5.5 276.6274
+ 3.2261 |— 3.2248
18 19! 0.894 | 32.518 |4+ 2.2746 |— 2.2737 i4- 2.2742 | —0.9 | I 4.6 | 278. 9016
19 20 | 2.161 34.679 |+ 4.1595 |— 4.1574 |+ 4.1584 —2.1| 4 2.5 283, 0600
20 21 2.294 | 36.973 |— 3.0819 |+ 3.0918 |— 3.0861I —5.0| — 2.5 | 279.9739
— 3.0852 |-+ 3.0854

*These values are from p. 492, Appendix 8, Report for 1899. .

+ The two values for the elevation of C, derived from Ag and Z, respectively, differ by 10. millimeters. This differ-
ence was distributed proportionally to the distance along the line between Z, and As. Benc marks A, U.S. K., B, and
C received corrections of —1.3, —1.3, —4.6, and —g.g millimeters, respectively, giving for their adjusted elevations 156.0414,
152.3824, 156.3965, and 161.9831, respectively. .

The distances in parentheses are reckoned from Y.
¢ Rejected.
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Results of precise leveling from Cincinnati, Ohio, lo Somerset, Ky., 19oo—Continued.

Bench marks, Dis- Distance Difference of elevation. Discrepancy, B—F.
b}!@?fe‘in from Elevation
! succes- m: at:,in;h at nl:}l)!olv:ea
From To bse‘xgh Lu;‘l{loa', Foﬁ::.rd B“g}‘n‘:f"d Mean., Partial. Total. level.
marks. Y.
ke, ke, m. e, m. mmn. mm. m.
21 I| o513 37.48 {— 7.0874 |+ 7.0880 |— 7.0877 | —0.6} — 3.1 272. 8862
21 22 1. 807 38. 780 |— 0.4695 {4+ 0.4697 |— 0. 4696 —0.2 | — 2.7 279. 5043
22 23 1. 091 39. 871 i_ 0. 3816 |4 o.3814 0.3815 | +o0.2|.— 2.5 | 279.1228
23 J| o0.148 | 4o.019 [+ 2.2900 [— 2.2902 {+ 2.290L +d 2| — 2.3 281 4129
23 24| 1.636| 41.507 |+ 2.3107 |— 2.3153 [+ 2.3130 | +4.6 | + 2.1 | 281.4358
24 25 1.954 | 43.461 [— 1.4955 |4+ 1.4986 |— 1.4970 | —3.1{ — 1.0 | 279.9388
25 K| 1.736| 45.197 [+ 4.7994 |— 4.7987 |+ 4.7990 | —o.7 | — 1.7 | 284.7378
X 26 | 2.469 | 47.666 |+ 2.9048 |— 2.8985 |4 2.9016 | —6.3 | — 8.0 | 287.6394
26 27| 2.370| 50.036 |4 0.9571 [— 0.9531 |+ 0.9551 —4.0 | —12.0 | 288.5945
27 L | o0.952] 50.988 i+ 3.2621 |— 3.2647 |+ 3.2634 | +2.6 | — 9.4 | 291.8579
L 28 | 1.846 | 52.834 |+ 0.4647 |— 0.4651 |4- 0.4649 | 40.4 | — 9.0 | 292.3228
28 29| 1.656| 54.490 |— 0.0829 |+ 0.0814 |— 0.0822 | +4o0.5| — 8.5 292 2406
29 M| 2.18 | 56.676 |4+ 4.6726 |— 4.6689 |+ 4.6708 | —3.7 | —12.2 | 296.9114
M 30| 2.472| 59.148 |—11.8938 |411.8932 |—11.8935 | +0.6 | —11.6 | 285.0179
30 31| 1.847 | 60.995 [+ 3.2728 {— 3.2745 |+ 3.2736 | +1.7| — 9.9 | 288.2015
31 32| 2.213 ] 63.208 |— 4.7562 |+ 4.7561 |— 4.7562 | 4o.1| — 9.8 | 283.5353
32 N | 1.068 | 64.276 |— 4.7804 |+ 4.7804 |— 4.7804 o.o{ — 9.8 278.7549
N 33| 1.772 | 66.048 [+ 4.7362 |— 4.7344 |4 4.7353 | —1.8 | —11.6 | 233.4902
33 34| 1.958 | 68.006 [+ 1.9139 |— 1.9I18 |+ 1.9128 | —2.1 | —13.7 | 285 4030
34 O'| 1.964 | 69.970 |+ I.4158 |— 1.4142 [+ 1.4150 —1.6 [ —15.3 | 286. 8180
0 51 0.905 | 70.875 (+ 3.2854 |— 3.2840 |4 3.2847 | —1.4| —16.7 | 290.1027
35 6| 0.936 | 71.811 |4 2.1491 |— 2.1450 |+ 2.1466 | —1.6 | —18.3 | 292.2493
+ 2.1457 |— 2.1467
36 37| 1.198 | 73.009 |— 0.4721 |+ ©0.4739 |— 0.4730 | —1.8 | —20.1 291. 7763
37 38| 1.464 | 74.473 |+ 0.4023 |— 0.4041 |+ 0.4032 | +1.8 | —18.3 | 292.1795
38 P | o.091 74.564 {— 0.0616 |4+ 0,0617 |— 0.0616 | —o0.1 | —18.4 | 292.1179
2
38 39| 1.514| 75.987 |— 2.5254 |+ 2.5250 |— 2.5252 | +o.4 | —17.9 | 289.6543
39 40| 1.766.| 77.753 \+ 1.8937 (— 1.8930 -+ 1.8934 | —o.7 | —I18.6 | 291.5477
40 Q| 2.174! 79.927 |— 1.0971 |+ 1.0932 |— 1.0952 | 3.9 | —I4.7 | 290.4525
Q 41 1.591 | 81.518 |— 6.8868 [+ 6.8853 |— 6.8860 | +1.5| —13.2 | 283. 5668
41 42| 1.780.1 83.298 [~ 9.8170 |+ 9.8165 |— 9. 8168 | Ho0.5 | —12.7| 273.7497
42 43| 2.352 | B85.650 |—11.0966 [+11.1008 |—11.0987 | —4.2 | —16.9 | 262.6510
43 R | 2.215| 87.865 |— 1.1027 [+ 1.1071 |— 1.1049 | —4.4 { —21.3 | 261.5461
R 44 | 1.532 | B89.397 (4 8.6332 |— 8.6350 |+ 8.6341 | +1.8| —19.5| 270.1802
44 45| 1.997 | 91.394 |+ 6.1896 |— 6.1906 |+ 6. 1901 +1.0| —18.5 | 276.3703
45 46 | 1.948 | 93.342 |— 1.4467 |+ 1.4473 {— 1.4470 | —0.6 | —IQ.I | 274.9233
46 S| 0.358 | 93.700 |—I1,2330 |+1I.2353 |—I1.2342 | —2.3 | —21.4 | 263.6891
— —e
46 47 | 1.592 | 94.934 |4 2.0429 |[— 2.0435 [+ 2.0432 | 0.6 —18.5 | 276.9665
47 48| 1.665 | 96.599 |— 3.7351 |+ 3.7320 |— 3.7336 | +3.1 | —I5.4 | 273.2329
48 49 | 1.401 | 98.000 |4 6.9059 |— 6.9081 [+ 6.go70 | +-2.2 | —13.2| 280.1399
49 T | 0.275 | 98.275 |— 4.8965 |+ 4.8966 |— 4.8966 | —o.1 | —13.3 || 275. 2433
49 50 | 2.416 | 100.416 |—11. 5665 -+11.5672 [—11.5668 | —o.7 ! —13.9 [ 268.5731
50 U | 2.475 | 102.891 |—13.6569 |+ 13. 6581 |—13.6575 ] —1.2 | —I5.1 | 254.9156
U 51 1.092 | 103.983 |— 2.4090 |4+ 2.4098 |— 2.4094 | —o0.8 | —15.9 | 252.5062
51 52 1. 768 | 105. 751 |4+ 5.0594 [— 5.0517 (4 §5.0568 —I1.5( —17.4 257. 5630
+ 5.0559 |— 5. 0605
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Results of precise leveling from Cincinnati, Ohio, to Somerset, Ky., r9oo—Continued.

Bench marks.

Dis-

Difference of elevation.

| Discrepancy, B—F.

tance Difsrt;?‘ce Elevation
b:ﬂ‘;z;" m :relzllc&: at 3 mig?lv:ea
From To bselx:,ceh Lu}glow, F olli-:'g. rd | B aclli‘l;'zl.“d Mean. Partial. | Total. level,
marks. Y-
km. k. m. . m. . mn, m,
52 V| 2. 296 | 108.027 |4- 3.1308 |— 3.1302 |4- 3.1305 | —0.6 | —18.0 260. 6935
\' w 1. 110 | 109. 137 |4 6.4777 {— 6.4764 |+ 6.4770 | —1.3 | —19.3 | 267.1705
w 53 1.077 | 110.214 [+ 3.3309 [— 3.3335 |+ 3.3322 [ +-2.6 | —16.7 | 270.5027
53 54 1.164 | 111.378 |~ 0.5279 |+ 0.5255 |— 0.5267 | +2.4 | —1I14.3 269. 9760
54 55 .ol | 112.389 {— 4.13852 |-+ 4.3819 |— 4.3836 | +3.3 | —IL.o| 265 5924
55 56 | 2.103 | 114.492 |+ 0.6231 |— 0.6277 [+ 0.6254 | +4.6 | — 6.4 | 266, 2178
56 X | o.714 | 115,206 |— 0.9697 |+ 0.9704 |-~ 0.9700 | —0.7 | — 7.1 265. 2478
X 57 1.167 | 116,373 |+ 7.0192 |— 7.0232 |+ 7.0212 | +4.0 ¢ — 3.1 272. 2690
57 58 | 2.468 | 118.841 |+ 12. 5980 |—12. 6011 |+12.5996 | -}-3. I 0.0 | 284.8686
58 59 1.694 | 120.535 |+ 1.7124 |— 1.7086 |+~ I1.710§ —3.8] — 3.8 286.5791
59 Y| o0.349 | 120.884 |— 1.4849 |+ 1.4861 |— 1.4855 | —1.2| — 5.0 285. 0936
59 60 | 2.048 | 122.583 |4 2.0635 |— 2.0607 |+ 2.0621 | —2.8 | — 6.6 | 288.6412
60 Z | 0.353 | 122.936 |— 2.4420 |+ 2.4427 |-- 2.4426 | —0.1 | — 6.7 | 286, 1986
Z 61 1.098 | 124.034 |+ 2.6449 [— 2.6454 |- 2.6452 | 10.5| — 6.2 288. 8438
61 62 1.842 | 125.876 |— o.7602 |+ 0.7618 |— 0.7610 | ~1.6 | — 7.8 288. 0828
62 631 2.086 | 127.962 || 5.7999 |— 5.8065 |+ 5.8036 | +3.7 | — 4.1 293. 8864
+ 5.8036 |— 5.8045
63 A | 0.748 | 128.710 [+ 4.5258 |— 4.5271 |+ 4.5264 | +1.3 2.8 | 298.4128
63 64 | 2.134 | 130.096 |4 3.3035 |— 3.3001 |+ 3.3018 | —3.4 7.5 1 297.1882
64 65| 2 110 | 132.206 |414.7786 |—14.7780 [+14.7783 | —0.6 | — 8.1 | 3IL 9665
65 B, 1,920 | 134.126 |[— 3.9562 |+ 3.9547 |-— 3-9554 4-1.5|] — 6.6 | 308. 0111
B, 66 | 1.984 | 136.110 |+ 3.6513 [— 3.6580 |4+ 3.6536 | 1.2 | — 5.4 311.6647
4- 3.6548 |— 3.6503
66 67| 1.547 { 137.657 |4 3.7714 |— 3.7725 |+ 3.7720 | -Lr. 1| — 4.3 | 315.4367
67 C. | o.470 | 138.127 |— 2.0653 [+ 2.0654 |— 2.0654 | ~0.T | — 4.4 | 313.3713
C,; 681 o.800 | 138.927 |-- 3.2993 |+ 3.2979 |— 3.2986 | -}-1.4 { — 3.0 | 310.0727
68 D, 1.929 | 140. 856 |—13.0332 |+13.0299 |—13.0316 | 3.3 + 0.3 297. 0411
D, 69 { ©0.724 | 141.580 |+ 7.4010 |— 7.4008 |4 7.4009 | —0.2 | + O.1 304. 4420
69 70 | 2.175 | 143.755 |[— I.1674 (4 1.1651 |— 1.1662 [ +2.3 + 2.4 | 303.2758
70 71 | 1.283 | 145.038 |— 8.5223 |4 8.5198 |— 8.5210 | -+2.5 | 4+ 4.9 294 7548
71 E, 1.304 | 146.342 |— 4.9939 |+ 4.9929 |— 4.9934 | 1.0 : + 5.9 289.7614
E, ¥, | o.862 | 147.204 |— 1.2639 |+ 1.2610 |— 1.2624 | -}2.9 | + 8.8 | 288. 4990
E, 72 1.808 | 148.450 |—11.3602 |-+11.3604 |[—11.3603 | —0.2 | + 5.7 278. 4011
72 73 | 1.686 | 149.836 |—12. 1789 |+12.1843 [—12.1816 | -—5.4 | 4- 0.3 266. 2195
73 G| ©0.598 | 150.434 |+ 3.5583 |— 3.5593 |+ 3.5588 | +1.0| + 1.3 269. 7783
G, 74 | 1.698 | 152.132 |4 2.4539 — 2.4550 + 2.4544 | +1.x | 4+ 2.4 272.2327
74 75 | 1.518 { 153.650 |— 4.4768 \+ 4.4724 |— 4.4746 | +4.4 | 4 6.8 | 267.7581
75 H. | 1.121| 154.771 |— 0.2429 |+ 0.2448 |[— 0.2438 | —~1.9{ + 4.9 | 267.5143
H, 76 1. 630 | 156.401 |4+ 1.9512 |— I.9525 |4 1.9518 . +-1.3 } + 6.2 | 269. 4661
76 I, | 1.835 | 158.236 [+ 3.8029 |~ 3.7989 |+ 3.8009 | —4.0 | +- 2.2 | 273. 2670
1, 77 1 ©0.964 | 159.200 |— 9.6477 |+ 9.6508 {— 9.6492 | —3.1 | — 0.9 263.6178
77 78 | 1.634 | 160.834 |—17.3218 |4+17.3179 |—17.3198 | +3.9 | + 3.0 246. 2980
78 J: 1.636 | 162. 470 |—13.6231 |+13.6185 [—13.6208 | +4.6 | - 7.6 | 232.6772
It K,| 0.414 | 162.884 |+ 1.8507 |— 1.8539 |+ 1.8524 | +1.1| - 8.7 | 234. 5296
+ 1.8530 [— 1.8519
K; 79 | 1.201 | 164.085 |+ 9.2466 |— 9.2456 |+ 9. 2461 | —1.0 | 4+ 7.7 | 243.7757
79 80 | 1.750 | 165.835 |+16.3095 [—16.3100 |16, 3098 | 0.5 | + 8.2 | 260, 0855
8o 81 2,018 | 167.853 |+16. 8019 [-—16. 7994 |+16. —2.51 4 5.7 | 276.8861
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Results of precise leveling from Cincinnati, Ohio, to Somerset, Ky., r9oo—Continued.

Difference of elevation.

Discrepancy, B—F.

Bench marks. Dis- Distance |
b;z:::f:een frome I —_—— Klevation
succes- m:})rﬁ?.ih at] 4. m:éggvscea
From To bscll‘l’gh Lu}({lloév, ¥ oﬁgg.rd Bacﬁ‘“‘zf“d Mean, Partial. | Total, level.
marks. Y-
k. k. Mm. m. ne. mne, mne. m.
8o L, 1.304 | 167. 139 [+ 4.7461 + 4.7461 264. 8316
81 L. | o0.759 | 168.612 |—12, 0558 —12.0558 264. 8303
81 82 1.654 | 169. 507 |[4- 6.1030 |— 6.1074 |-+ 6.1052 | +4.4 | -}10. 1 282. 9913
82 M, 2,146 | 171.653 |— 8.4712 |+ 8.4710 |— 8.4711 | 0.2 | +-10.3 274. 5202
M, N; | 0.264 | 171.917 {— 1.16g0 |+ 1.1687 |— 1.1688 | +o0.3 | +10.6 | 273.3514
M, 83 2,107 | 173.760 |4 2.5021 '— 2.5040 |+ 2.5030 ; +1.9 | +12.2 | 277.0232
83 84 1.587 | 175.347 |+ 2.8474 |— 2.8529 [+ 2.8492 | -+2.8 | +15.0 | 279.8724
+ 2.8482 .— 2.8483
84 O, 1.716 | 177.063 [— 8.8121 |+ 8.8143 |— 8.8132 | —2.2 | +12.8 | 271.0592
O, 85 ! 1.920{ 178.983 |+ 3.011T — 3.0124 |+ 3.0118 | +1.3 | 414.1 | 274.0710
85 P, 1. 251 | 180.234 |+ 6.6444 ]— 6.6446 |+ 6.6445 | +0.2 | +14.3 280. 7155
P, 86 | 2,068 | 182.302 |-} 7.2741 |— 7.2770 |4- 7.2756 | +2.9 ( +17.2 | 287.99II
86 87 1. 629 | 183.931 [+ 2.6912 [-— 2.6959 (-} 2.6936 | 4-4.7 | ~+2I.9 | 290.6847
87 Q. | ©0.268 | 184. 199 |-}-10. 4437 |—10. 4439 |{-10.4438 | +0.2 | +22.1x | 3or.1285
87 88 1. 502 | 185.433 |—10.8040 \+10.8029 |—10.8034 | --1.1 | +23.0 279. 8813
88 89 1.410 | 186.843 [+13.8154 (—13.8179 [+13.8166 | 4-2.5 | -+25.5 293. 6979
89 go | 1.502 | 188.345 |+ 8.6920 [ 8. 6901 [+ 8.6910 | -~1.9 | +423.6 | 302.3889
90 R, | 1.178 | 189.523 [410.7768 —10, 7752 |+10.7760 | —1.6 | +22.0 | 313.1649
R, 9I 1. 472 | 190. 995 |—14. 1806 |+14. 1791 |—14.1798 | 4-1.5 | +4-23.5 | 298.9851
91 S; | 1.872 | 192,867 |— 9.6025 |+ 9.6035 |— 9.6030 | —1.0 | -4-22.5 | 289.3821
S 92 1.548 | 194.415 |+ 8.9893 ,— 8.9911 |4 8.9902 | +1.8 | -+24.3 | 298.5723
92 T: 1.644 | 196.059 (+ 4.5228 |— 4.5235 |4 4.5232 | 4-0.7 | +25.0 | 302. 8955
T, 93 | 0.815 | 1g6. 874 |- 4.6610 |— 4.6627 |+ 4.6618 | 4-1.7 | --26.7 307. 5573
93 94 1. 596 | 198. 470 |+ 14.5667 |—14.5621 |4+14.5644 | —4.6 | +22.1 322, 1217
94 Ui 1.931 | 200. 401 |+411.2178% —11.2099 (+11.2088 | +4.1 { +26.2 | 333.3305
+11. 2067 |—11., 2116
U, 95 | 1.754 | 202,155 [—16. 5960 [+16.5972 |—16.5966 | —1.2 | -}25.0 | 316.7339
95 96 1.534 | 203.689 |--14. 8535 |+-14. 8558 |—14.8546 | —-2.3 | +22.7 301. 8793
96 Vi 1.069 | 204.758 |— 9.9538 |+ 9.9530 |— 9.9534 | +-0.8 | +-23.5  291.9259
\A 97 | 2.356 | 207. 114 |4 8.7914 — 8.7886 |4 8.7900 { -—2.8 | --20.7 | 300.7159
97 W; | 1.214 ) 208.328 |+ 7.3973 |— 7.3977 I+ 7.3975 | +0.4 | -+21.1 ! 308.1134
W, 98 | 1.609 | 209.937 |—17.8586 |-}17.8547 |—17.8566 | 4-3.9 | +25.0 | 290.2568
98 | X, 1.648 | 211.585 | —11.9867 |4+11.9857 |—11.9862 | -i-1.0 | +26.0 | 278.2706
X, 99 | 1.620 ) 213.205 |+ 8.8857 |— 8.888r + 8.8869 [ 4-2.4 | +28.4 | 287.1575
99 | 100 | 1.560 | 214.765 |[+12.1113 —I2. 1125 |4-12. 1119 | +1.2 | +26.6 | 299. 2694
100 Y, ! 0.636 | 215.401 |+ 5.6098 |— 5.6116 |+ 5.6107 | 4-1.8 | +31.4 304. 8801
Y, 101 1. 490 | 216. 891 |4-16.6775 |—16.6769 |+16.6772 | —0.6 | +30.8 | 321.5573
101 102 | 1.583 | 218.474 |+16.2792 [—16.2756 |4+16.2774 | —3.6 | +-27.2 | 337.8347
102 Z, 1. 456 | 219.930 |+15.3123 [—15.3132 [4-15.3128 | +0.9 | <428 1 353. 1475
7, 103 | 1.540 | 221.470 (- 5.3111 [— §5.3112 |4 §.3712 | }o0.1 | +28.2 358.4587
103 104 | 1.642 | 223. 112 |+ 9.9415 |— 9.9448 |4- 9.9432 | -+3.3 | +31.5 | 368. 4019
104 10§ 1.689 | 224.801 |4 5.1844 |— 5.1858 |+ 5.1851 { 4+1.4 | +32.9 | 373.5870
105 A, ! o0.741 | 225.542 |— 4.2321 |4 4.2312 [— 4.2316 | 4-0.9 { +33.8| 369.3554
A, 106 | 1.800 | 227.342 [+ 3.4978 |-~ 3.4958 |-+ 3.4968 | —2.0| +31.8 | 372.8522
106 107 1.650 | 228.992 |— 1.5509 i+ 1.5529 |— 1.5519 | —2.0 | +429.8 | <37I.3003
107 B, | 1.647 | 230.639 |—15.3291%4-15. 3196 |—15.3214 | +2.1 | +31.9 | 355.9789
—1§. 3224 |4-15. 3210
*Rejected,



234 _ COAST AND GEODETIC SURVEY REPORT, 19o3.

Results of precise leveling from Cincinnati, Ohio, to Somerset, Ky., ropoo—Continued.

_ Bench marks, taD‘i,Sc:e Difsr‘gr’l‘fe L Difference of clcvation._ - Discrepancy, B—F, i
between bench ’ :ggvleon
succes- k A N s
From To bselr‘;f:h nii:dlowsv?l ¥ O{i::rd Baclgcl::nrd Mean, Partial. | Total. nlfg‘!,leiea
marks. Ky. ’ ’
N |
km. k. . . m. min. mm, m, |
B, 108 | I.340 | 231.979 |— 1-4338 + 1.4876 |— 1.4896 | +4.0 | +35.9 | 354.4893
— 1.4593
108 109 | 2.518 | 234.497 |— 6.2561 [+ 6.2549 |— 6.2555 | +1.2 | +4-37.1 | 348.2338
109 C:| 0.463 | 234.960 |— 7.9946 |+ 7.9944 |— 7.9945 | +0.2 | +37.3 | 340.2393
C, 110 1.395 ; 236.355 [+ 2.0523 |— 2.0520 {4 2.0522 | —0.3 | +37.0 | 342.2915
110 111 1. 392 | 237. 747 |+10. 1696 |—10, 1707 |+T0. 1702 | 1.1 | +38.1 352. 4617
111 112 1. 390 | 239. 137 |—11.8328 [+11,8316 |—11.8322 | +1.2 | +39.3 | 340.6295
112 D, | o.296 | 239.433 |— o.2218 [+ ©.2217 \— o. 2218 ‘ +o.1 | +39.4 | 340.4077
I12 113 [ 0.933 | 240.070 [+ 2.4498 i— 2 4529 |+ 2.4514 | +3.1 | +442.4 | 343.0809
113 114 1.772 | 241.842 |4- 1.1019 |— I.1027 |+ I1.1023 | +0.8 | +43.2 344. 1832
114 115 1. 565 | 243.407 |— 4.0210 |+ 4.0184 |— 4.0197 | +2.6 | 445.8 | 340.1635
! 115 E. | o.190 | 243.597 |+ 2.5810 (— 2.5817 i+ 2.5814 '; +o0.7 | +46.5 | 342.7449
115 116 | 1.622 | 245.029 |4- 8, 3698 {— 8. 3698 |+ 8. 3698 0.0 | +45.8 | 348.5333
116 F, 3.098 | 248.127 |—21. 7423 |+21.7404 |-—21.7414 | 4+1.9 | +47.7 326. 7919
F, 117 | I1.314 | 249. 441 |— 9. 8859 i+ 9.8807 |— 9.8834 | +3.1 | +50.8 | 316.9085
— 9.8839 4 9.8830
117 118 1.277 | 250. 718 {—12, 2401 |+12. 2394 |—12.2398 | +0.7 | +5I.5 | 304.6687
118 G, | 1.332 | 252.050 |—12.5859 |4-12. 5872 |—12.5866 | —1.3 | +50.2 | 292.0821
G, 119 | 1.166 | 253.216 |—13.0453 |+13.0417 |—13.0435 | +3.6 | +53.8 | 279.0386
119 As | 1.563 | 254.779 |—17.1761 {4-17.1713 [—17.1736 | +4.5 | +58.3 | 261.8650
—17.1754
Ag By | 0.384 | 255.163 |4 5.9804 |— 5.9809 |+ 5.9806 ; +o.5 | +58.8{ 267.8456

The following elevations are for the top of rail in fromut of the railroad station
named unless otherwise stated. They are part of the preceding tabulation, and each
one is subject to the correction that is finally applied to the bench mark from which it
is determined:

From . Difference 3
lr;f:rclr. Station. elevglli(c)fx.Of Elevation.
w. .
ClLudlow . ..o e en + 1.58 | 163.56
D | Crescent Springs..................ooinennnn + 1.87 | 239.19
E | Erlanger* . ... ... .. . i — 3.2I | 275.65
FlDixon.................... I + o0.35 | 282.20
12 | Richwood ................. ... .. .......... — 2.51I 283. 10
15 | Crossing of Queen and Crescent and Louis-
ville and Nashville railroadst ............ ~- 0,23 | 288.99
16 | Walton.. ... ... .. i — o0.22 | 280.12
20 (Bracht ......... ... ... . il — 0.39 | 282.67
23 | Crittenden. ..............ccoiiiiiiiinenns — o0.14 " 278.98
Ki{Sherman ......... ... — 1.60 | 283.13
L |DryRidge.......oovveiiiiiiniini e — 1.10 | 290,76
30 | Williamstown ................ ... 4- 4.08 | 289, 10
i

*West rail, 101 rail of the Queen and Crescent Railroad.
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From . Difference of
Ele;:’ih . Station. . elevation. Elevation.
n. .
B B U £ -7 o N PR + 4.50 | 283.25
35| Blanchett.............. .. .. il + 1.09 | 29I.19
38 Corinth ... ool — 0.04 | 292.14
Q| Hinton® ... ... ... i e, — 1.63 | 288.82
R | Sadieville .............cociiiiiiiiiinn. .. + 1.01 | 262.56
49 | RogersGap........oovviiiiiiii i — 0.58 | 279.56
so| Kinkaid................ ..o ool — 4.64 | 263.93
W | Georgetown .............. .. ... L., — I1.29 | 265.88
57 | Domerail ......... ... Lo, — 2.31 | 269.96
59 | Greendale ..................c.c i, 4+ 1.36 | 287.94
63 Lexins;ton ................................. — 0.03 | 293.86
E, | Nicholasvillet ...................... ....... + 0.79 | 290.55
E, | Nicholasville ................. ...t — 0.60 | 289.16
67 |'Brannon.... ... .o — 0.10 | 315.33
H, [ Wilmore ................ it — 0.74 | 266.77
J, i High Bridge.................. oo il + 0.59 | 233.27
87 | Danville.............ooiiiiiiii + 1.19{ 291.87
or | JunctionCity$...........ooiiii i, -+ 1.09 | 300. 07
U, | Moreland..............coiiivr ciiivinnnn, — 1.62 | 331.71
W, [ McKInney......oovovivieniineeiinann — 0.56 ] 307.55
Y, | Trestle over South Forkg................... + 1.45 | 306.33
Z, | KingsMountain .............. ...c.oviian. + 3.22 | 356. 36
105 | Waynesburg...........c..ooiiii i, — 2.66 [ 370.93
109 [ Floyd . ... oo e — 1.87 | 346.36
By [ Eubank .....ooo it + 1.31| 357.29
112 [ Pulaski. ....... ... i 4+ 0.99 | 341.62
11§ | Science Hill ............. ... ..o i, — 0.06 | 340.10
FgiNorwood ....ooooiviiiiiiiiiiiiiiinnn,, +15.38 | 342.17
By | Somerset......... ..., — 3.27 | 264.57

*Presumably on rail in front of station, i
At intersection of south rail of Louisville and Atlantic Railroad and east rail of the Queen and Crescent Railroad.
At railroad crossing, on top of east rail of Queen and Crescent Railroad, in center of Louisville and Nashville

Railroad track, .
4 Top of rail opposite P. B. M. Y; on south end of trestle.

SOMERSET-KNOXVILLE LINE.

This line was run by Aid W. H. Burger between July 23 and November 3, 1900,
using instrument No. 8, one of the new type. The portion Somerset to Harriman
Junction, of this line, is the second section of the line from Cincinnati to Birmingham,
of which the purpose is indicated under the heading ‘‘ Cincinnati-Somerset Line.’’ The
portion from Harriman Junction to Knoxville was run for the purpose of connecting
with the Geological Survey loop in the vicinity of Knoxville. The route of the levels
is over the Queen and Crescent to Harriman Junction, and thence over the Southern
Railroad to Knoxville, as indicated on illustration ¢, page 227. A side line about 20
kilometers long was run from the vicinity of Elverton, Tenn., to Melton triangula-
tion station for the purpose of controlling the elevations determined by measurements
of vertical angles along the eastern oblique arc triangulation. This side line was run
over ordinary roads and across country, and some very steep grades were encountered.
The velocipede cars were not used on any portion of the line from Somerset to
Knoxville.

The lengths and index corrections of rods V and W, used on this line, have already
been given on pages 229, in connection with the line Cincinnati to Somerset.
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The line from Cincinnati to Birmingham ran through very mountainous sections of
Kentucky, Tennessee, and Alabama, over railroads with many high trestles, heavy
grades, and sharp curves. An interesting feature of the work was the fact that of the
28 tunnels encountered on the-line, 24 of them were in the section of g8 miles from
Somerset to Harriman Junction. In general, the topography of the surrounding
country was such as to render it impracticable to carry the levels around, and so the
line was run through all tunnels but one, this one being considered too dangerous to
permit working through it. The problem of illuminating the rods in the tunnels,
many of which were long and dark, gave the observers some trouble. Several methods
were tried, such as lighting by lamps, candles, and lanterns, but the best results were
obtained by using an acetylene bicycle lamp. On clear days, and when the form of the
tunnel permitted this, very satisfactory results were had by placing a mirror at the end
of the tunnel and throwing a beam of sunlight upon the rod. With the latter method
the rods could be accurately read at a distance of 120 meters.

The elevations given in the tabulation which follows are in continuation of those
shown in the Cincinnati-Somerset line, and are therefore based upon the elevations
printed in Appendix 8 of 1899 for bench marks A, and Z,, in the vicinity of Cincinnati.

The two short side lines, 10 kilometers each, at the end of the tabulation, viz,
from Knoxville to Caswell and from Knoxville to Wright, were run for the purpose of
securing checks on the connection at Knoxville with the Geological Survey line.

Results of precise leveling from Somerset, Ky., to Knoxville, Tenn., rgoo.

Bench marks. lla)tllSC-e Difit:r:ce Difference of elevation. D'(sgx:ip;.’;cY Elevation

between bench above

su:ic:es- mark Agat mean

From To "tl’:"_’]:‘g I'“,g;,‘?w’ F(’l‘;:’:'d Bacllii:f;rd Mean. |Partial| Total, | °¢2l€vel

km. kmn. m. ", . mme, | . m.

A, 254.779 261. 8650%
B, : 255. 163 267. 8456%

B, Cs | 0.340 | 255.503 | - 4.1044 [ — 4. 102 5| + 4.1034 |—1._9 +56.2 | 271.9490

|

As 1| 0.291 + 4.3997 | — 4.4019 | + 4.4008 '+2, 2 266. 2658
B, 1| 0069 | 255232 | — 1.5767 | + 1.5774 | — 1.5770 !—o. 7 | +58. 1 |266. 2686
Mean= | 266. 2672

1 D, | 1.170 | 256.402 | 4+ 1.9357 | — 1.9375 | + 1.9366 |+1.8 | 59.9 {268. 2038
Dy 2| 1.673 | 258.075 | — 6.2510 | + 6.2460 | — 6.2485 5.0 | +64.9 | 261.9553
2 3| 1.462 | 259.537 | —10.4462 | +10.4449 | —10.4456 |+1.3 | +66.2 | 251. 5097
3 4| 2.089 | 261.626 | + 4.8689 | — 4.8630 | - 4.8660 j—5.9 | +60.3 |256.3757
4 5| 1.215 | 262,841 | — 1.8832 | + 1.8798 | — 1.8815 3.4 | +63.7 |254. 4942
5 E; | 0.854 | 263.695 | — 5.4779 | + 5.4750 | — 5.4764 \1-2.9 | +66.6 | 249.0178
Eq 8 0.767 | 264.462 | — 8.2731 | + 8.2676 | — 8.2688 {+1.6 | +68.2 | 240. 7450

— 8.2661 | + 8.2684
6 6a | 0.736 | 265.198 | — 9.2086 | + 9.2065 | — Q.2076 |+2.1 | +70.3 | 231. 5414
6a 7 1 0.958 | 266,156 | — 6.3340 | + 6.3334 | — 6.3337 |+0.6 | +70.9 | 225. 2077
7 F, (| 0.901 { 267.057 | -+ 9.9638 | — 8.75921| 4+ 9.9651 {41.2 | +72.1 {235.1728
+ 9.9652 | -~ 9.9657 :
¥, 8| 0.613| 267.670 | 4- 6.4604 | — 6.4595 | + 6.4593 |-+1.4 | +73.5 | 241.6321
!+ 6.4559 | — 6.4604
8 g | 1.894 | 269. 564 ! +20.1236 | —20. 1263 | +20, 1250 |+2.7 | +76.2 | 261.7571

* These elevations are from the line Cincinnati to Somerset, 1900, t Rejected.
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Results of ;)?ccz'se leveling from Somerset, Ky., to Knoxville, Tenn., 19oo—Continued.

Dis- . : ot Discrepancy
Bench marks. | tance les:g;l\lce Difference of elevation. (B.—F.) [ Klevation
tbetweent  poop above
s‘figzs' ‘mark A at | mfrm1
From To ! ’E’&‘,‘_ﬁ}; Luﬁl;w. F "1‘{::':"(1 i Ba:i‘ﬁ\gzrd Mean., partial.! “Total. sea level.
| |
l k. km. m. m. m. mm, | mm, m,

9 10! 1.109 | 270.673 | + 6.3461 | — 6.3462 | 4 6.3462 |4-0.1 |+ 76.3 |268. 1033
10 11 ' 1.935 | 272.608 | +19.4609 | —19.4631 | +19. 4620 |+-2.2 |+ 78. 5 | 287. 5653
II Gy ! 1.749 | 274.357 | — 7.2861 | 4 7.2853 | — 7.2857 |4-0.8 '+ 79. 3 | 280. 2796
G; 12  2.037 276.394 | — 4.4973 | 4+ 4.4970 | — 4.4972 [+0.3 |+ 79.6 1275.7824
12 H, ' 1.274  277.668 | +14.1154 { —14.1164 | +14.1159 {4-1.0 |+ 80.6 | 289. 8983
H, 15 § 1. 11§ ] 278.783 | +12.2681 | —12.2652 | +12.2666 {—2.9 -4~ 77.7 | 302. 1649
15 16 [ 0.889 | 279.672 | +10.5182 | —10. 5223 | --10.5185 |[+o0.2 |+ 77.9 [312.6834

' +10. 5186 | —10. 5150
16 17 | 0.688 | 280,360 ! + 8.3052 | — 8.3112 | + 8.3066 |+4.0 4+ 8I.9 [320.9900
-+ 8.3041 | — 8.3059

17 18 | 1.241 | 281.601 | 4-14. 3945 | —14.3972 | +14.3958 |--2.7 |+ 84.6 |335.3358
18 19a | 0.405 | 282.006 | + 4.3746 | —~ 4.3757 | + 4.3752 [+1I.I 14 85.7 |339.7610
192 1gb ; 0.687 | 282.693 | + 8.2465% — 8.2359 | 4- 8.2343 |4-1.8 |+ 87.5 |347.9953

4 8.2334 | — 8.2346
19b I, | 1.432 | 284.125 | +15.3584 | —15.3604 | -+15.3594 |+2.0 |+ 89.5 |363. 3547
I 20 | 1.589 | 285.714 | 4-17..9299 | —17.9399 | +17.9355 (+3.4 ;+ 92.9 | 38r. 2902
+17.9376 | ~17.9346
20 21 | 1.881 | 287.595 | —13.7561 | +13.7596 | —13.7578 |—3.5 |- 89.4 | 367.5324
21 22 | 0.929 | 288.524 | -+ 7.7039 | — 7.7053 | + 7.7046 |+1.4 |+ go0.8 {375.2370
22 22a - 1,201 | 289,725 | + 2.6693 | — 2.6694 | - 2.6694 |+o.1 |4 90.9 |377.9064
22a 23 1,02l | 290.746 | — 9.5228 | 4 9.5219 | - 9.5224 |4-0.9 |+ 91.8 | 368. 3840
23 24 . 1.302 | 292.048 | 4+14.8797 | —14.8810 | 4+-14.8804 |3-1.3 -+ 93.1 |383. 2644
24 25 J 2,080 | 294. 128 | 4-12.6309 | —12.6327 | +12.6318 [41.8 |+ 94.9 |395. 8962
25 Js | 0.602 | 294.730 | — 2.5057 { 4- 2.5052 [ — 2.5054 |+0.5 |- 95.4 (393. 3908

Js 23 | 1.577 | 296.307 | — 3.0155 | + 3.0155 | — 3.0155 | 0.0 |4- 95.4 |390.3753
26 27 | 1.690 | 297.997 | — 1.5309 | &~ 1.5353 | — 1.5331 |—4.4 [+ 91.0 |388.8422
27 28 | 1.085 | 299.082 ) — 1.7128 | - L7114 | — 1.7121 |[4+1.4 |4- 92.4 | 387.1301
28 29 | 1.535 | 300.617 | +15.2289 | —15.2278 | 4-15.2284 |—1.1 |4 9I.3 |402. 3585
29 30 | 1.528 | 302.145 | + 1.4736 | — I.4741 | - 1.4738 {+0.5 |+ 9I1. 8 | 403. 3323
30 K ‘ 0.397 | 302.542 | — 2.4477 | + 2.4460 | — 2.4468 |-F1.7 |- 93.5 |401. 3855
K, 31 | 1.159 | 303.701 | -+ 3.9066 | - 3.9102 | + 3.9084 [43.6 [+ 97.1 |405. 2939
31 32| 1.773 | 305.474 | 4- 0.3255 | — 0.3262 | + 0.3258 |4-0.7 |+ 97.8 | 405.6197
32 | 33 1 2.133 | 307.607 | -- 2.1436 [ — 2. 1380 | -+ 2.1408 |—5.6 |+ 92.2 |407. 7605
33 34 | 1.697 | 309.304 | + 9.7980 | — 0.7975 | + 9.7978 |—0. 5 |+ 9X.7 |417. 5583
34 35| 1.775 ; 311079 | + 8.5565 | — B.5616 | + 8.5590 |4-5.1 |4 96.8 |426.1173
35 Lg | 1.674 { 312.753 | + 3.9304 | — 3.9317 | + 3.9310 {+1.3 14- 68.1 {430.0483
L, 36 | 1.220 ! 313.973 | — 4.3447 | + 4.3429 | — 4.3438 |4-1.8 |+ 99.9 |425. 7045
33 37 | 2.348 | 316,321 | — 4.6092 | 4- 4.6044 | — 4.6068 [+4.8 |[+104.7 |421.0977
37 33 | 1.149 ; 317.470 | + 8.7235 | — 8.7265 | 4 8.7250 |+3.0 | +107.7 |430.8227
38 M | 1,224 318.694 | —14.6754 | +14.6773 | —14.6764 :—1.9 |+105.8 [ 415. 1463
M; 39 | 1.070 | 319.764 | — 9.2893 | + 9.2928 | — 9.2910 |—3.5 |+T02. 3 [405. 8553
39 40 1 1,594  321.358 | — 1.2731 | + 1.2739 | — 1.2735 (—0.8 |+ 101.5 |404. 5818
40 At 1.665 ' 323.023 | — 8.4932 | 5- 8.4937 [ — 8.4934 |—o.5 |+101. 0 |396.0884
A 41 | 1.995 . 325.018 | 414. 5091 | —14.5097 | +14.5094 ,-{—0.6 +101. 6 | 410. 5978
41 42 | 1.757 326,775 | --20.2455 | —20.2412 | +20.2434 '—4.3 4 97.3 | 430. 8412
42 43 | 1.864 | 328.639 | 4-10.3076 | —10.3053 | +10.3064 |—2.3 |+ 95.0 | 441.1476
43 44 | 1.793 . 330.432 | +17.6088 | —17.6089 | +17.6088 +-0.1 |4~ 95.1 |458.7564
44 ‘ 45 | 1.618 ' 332.050 | —14. 1541 | +14. 1496 | —14. 1518 |+4.5 + 99. 6 | 444. 6046
45 46§ 1.416 | 333.466 | — 5.6563° + 5.6807 | — 5. 6840 |+3.9 |+103.5 |438. 9206

! ! | — 56857 | + 5.6835 ’
46 ] B | 0. 101 | 333.567 | — 0.4996 | 4- 0.4986 | — ©.4988 [+o.3 +103.8 | 438. 4218
i i — 0.4982 | -}- 0. 4985 I
t

* Rejected.
tFirst bench mark established in Tennessee. The permanent bench marks established by the Survey are now
designated in each State by the letters of the alphabet, repeating the letters with numerical subscripts when necessary.
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Bench marks. Jm)x‘]sc-e Distance
between bf:ﬁg;l
s:ci‘c]c;s- m{lré&l Agat
udlow,
vrom|  To | beneh | M
&me. km
46 47 | 0.462 | 333.928
47 48 | 2.018 | 335.946
48 49 | 1.589 | 337.535
Lo49 50 | 1.485 | 339.020
50 51 | 1.827 | 340. 847
51 C | 1.605 | 342.452
c 52 | 0.474 | 342. 946
52 53 | 1.069 | 343.995
53 54 | 1. 193 | 345.188
P54 55 | 1.109 | 346.297
55 D | 2.048 | 348.345
D 56 | 0.607 | 348. 952
56 57 i 1.670 | 350. 622
157 58 | 0.683 | 351. 305
58 59 | 1.475 | 352. 780
59 60 | 0.851 | 353.631
60 E ! 1.630 | 355. 261
E 61 | 1.622 | 356.883
61 62 | 1.657 | 358. 540
62 F | 1.699 | 360. 239
F 63 | 1.134 | 361.373
63 64 | 1.933 | 363.306
64 65 | 1.263 | 364.569
65 66 | 1.279 | 365.848
66 67 | 1.302 | 367. 150
67 68 | 1.464 | 368.614
68 G | 0.590 | 369. 204
G 69 | 1.785 | 370.989
69 70 | 1.602 | 372. 591
70 71 | 1.740 | 374. 331
71 72 | 1.420 | 378,751
72 H | 1.227 [ 376.978
H 73a | 1.662 | 378. 640
73a 73b | 1. 221 | 379.861
73b 74 | 0.893 | 380,754
74 75 | 1.089 | 381.843
75 76 | 1.840 | 383.683
76 I} o0.780 | 384. 463
I 77 | 0772 | 385.235
77 78 | 1.987 | 387.222
78 79 | 1.772 | 388.994
79 8o | 1. 155 | 390. 149
8o 81 | 1.519 | 391.668
81 82 | 0.644 | 392.312
82 83 | 1.515 | 393.827
83 84 | 1. 261 | 395.088
84 85 : 0.869 | 395. 957
85 J | 1.322 | 397.279
] 86 | 1.923 | 399,202
86 87 | 1.683 | 400. 885
87 88 | 1.580 | 402. 465

Difference of etevation. Di?%‘:e_pi’}.f‘)c)' ; Elevation
: above
. mean
Folri:'g'rd Bacl;;“;“d Mean. Partial.| Total. sea level.
. 7. ”, n. wine, m.
— 2.0067 | -} 2.0065 | — 2.0066 |+0.2 [+103.7 |436.9140
~+17.2674 | —17.2647 | +17.2660 |—2.7 \-+101.0 i454. 1800
+ 6.5534 | — 6.5516 | 4+ 6.5525 |—1.8 |+ 99.2 !460. 7325
—13.9256 | +13.9273 | —13.9264 |—1.7 |+ 97.5 |446.8061
—17.8369 | +17.8404 | —17.8386 |—3.5 |+ 94.0 |428.9675
— 6.2027 | 4+ 6.2000 | — 6.2014 |+2.7 |+ 96.7 |422.7661
4 2.3626 | — 2.3630 | + 2.3628 [+0.4 {4 97.1 |425. 1289
—11.9424 | +11.9453 | —11.9430 |—4.5 |+ 92.6 | 413. 1859
~—1I1.9392
—12.5559 | 4-12.5517 | —12.5538 |+4.2 |+ 96.8 | 400. 6321
—13.2091 | +13.2116 | —13.2104 |—2.5 |+ 94.3 |387. 4217
—20. 5070 | +-20,5084 | —20.5077 |—1.4 |4 92.9 |366.9140
~+ 5.7494 | — 5.7487 | + 5.7490 '—o0.7 |+ 92.2 | 372.6630
~4-19. 4300 | —19. 4299 | +19.4300 {—0.1 |+ 92.I |392.0930
+ 7.3900 | — 7.3915 | + 7.3908 |+1.5 |+ 93.6 | 399. 4838
+16, 7887 | —16.7927 | +16.7907 i4-4.0 |+ 97.6 | 416.2745
+ 0.8877 | — 0.8851 | + 0.8855 —0.8 |+ 96.8 | 417. 1600
+ o. 8841
- 2.1144 | — 2.1139 | 4 2.1142 |—0.5 |+ ¢6.3 1419.2742
4+ 1.6684 | — 1.6708 | + 1.6696 |+2.4 !4 98.7 | 420.9438
—18.6508 | +18.6489 | —18.6498 i+1.9 [+100.6 |402.2940 ¢
-—13.3179 | +13.3139 | —13.3152 '4-2.5 |+103.1 | 388.9788
—13. 3148 i
+ 9.1013 | — ¢. 1010 { + 9. 1012 |—0, 3 |4-102.8 | 398, 0800
+22,9007 | —22.9047 |"+22.9027 ;+4.0 |+106.8 | 420. 9827
+11.9016 | —11.9039 | +-11.9028 |+2.3 |[4109. I |432.8835
— 8.3591 | + 8.3595 | — 8.3593 |-—0.4 [+108.7 |424. 5262
+ 7.2326 | — 7.2338 | + 7.2332 (+1.2 |4-109.9 |431. 7594
—16. 3013 | +16.3003 | —16.3008 |41.0 |+110.9 |415.4586
— 7.9653 | + 7.9641 | — 7.9647 |+1.2 |4-112. 1 | 407. 4939
-+22. 6gn —22,6908 | +22.6910 |—o0, 3 |4111.8 |430. 1843
— 4.9882 | + 4.9920 | - 4.9901 |—3.8 |4-108. 0 | 425. 194
—20. 2519 | +20. 2541 | —20.2530 ;—2.2 |4105.8 404. 9418
—15.4939 | +15.4925 | —-15.4932 |41.4 [+107.2 | 389. 4486
—14. 1127 | 4-14. 1114 | —14. 1120 4-1.3 |4108.5 | 375. 3366
+ 5.4510 | — §.4527 | + 5.4518 |4-1.7 |4-1710.2 | 380. 7884
4+ 7,3264 | — 7.3249 | + 7.3256 (—1.5 |+108.7 |388 1140
— 9.7027 | + 9.7013 | — 9.7020 |4-1.4 |+110.1 |378. 4120 -
—12.8003 | +12.7978 | —12.7990 |+2.5 |+112.6 |365. 6130
— 0.6586 | 4- 0.6550 | — 0.6568 |+3.6 [4116.2 |364.9562
— 5.1989 | 4+ §.1974 | — 5.1982 |+1.5 :4-117.7 |359.7580
— 8.0787 | + 8.0759 | — 8.0773 |+2.8 |4120.5 | 351. 6807
—23.0552 | 4-23.0538 | —23.0545 |+1.4 |+121.9 | 328. 6262
—20. 2762 | 420.2819 | —20.2790 |—5.7 [+116. 2 |308. 3472
—13.3620 | +13.3606 | —13.3613 \41.4 [+117.6 |294. 9859
—15.1371 | 415, 1320 | —15. 1349 |+3.0 |+120.6 |279. 8510
—15.1358 | -+15.1349
— 2.2491 | -+ 2.2481 | — 2.2486 {+1.0 |+121.6 |277. 6024
— 7.9116 | + 7. — %7.9107 +1.8 |[4+123.4 | 269. 6917
— 6.2533 | 4+ 6.2538 | — 6.2536 [-—0.5 |+122.9 |263. 4381
— 4.4295 | + 4.4264 | — 4.4280 |+3.1 [+126.0 | 259.0101I
— 4.1745 | 4+ 4.1737 | — 4. 1741 |+0.8 |4126.8 | 254.8360
— 1.1188 | + 1.1295 | — 1.1236 |—6.0 |[+120.8 |253. 7124
— r1.1223 | + I1.1238
— 5.0475 | + 5.0506 | — 5.0490 [—3.1 |+117.7 |248.6634
— 1.5664 | + 1.5642 | — 1.5653 [+2.2 |+119.9 | 247. 0981
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Results of precise leveling from Somerset, Ky., o Knoxuville, Tenn., rgoo—Continued.

I
Dise | e . . Dis 'S .
Bench marks. bg:s:;:enll lee:_tonltrllce Difference of elevation. lzge_p:n)c) Klevation
i succes- lm;)rel?that — ?nb:::
F ' T bgi‘rceh Ludlow, | rorward Backward Mean Partial.| Total sea level.
rom ! ° marks. Ky. line, line. 4 . o Lotak
[ NN S R R MU, _
l k. l ke, . . . mm, | . m.
88 89 | 1.488 | 403.953 |— 4.0724 |+ 4.0709 [— 4.0716 |41.5 |-4+121.4 |243.0265
89‘ K- | 1.785 | 405.738 |— 1.8356 [+ 1.839r {— 1.8374 {—3.5 [+117.9 |241. 1891
K | L | 0. 199 | 405. 937 I+ 0.6620 |-- ©0.6617 |4+ 0.6618 |—o.3 |{-117.6 | 241. 8509
B | .
: - |
89 ! L | 1.955 . 405.908 i—- I. 1806 — 1.1806 241. 8459
| 1. ' ! Mean=| 241. 8484
L go | 1.713 | 407. 650 l+ 0.6456 |— 0.6470 |4+ 0.6463 |4+1.4 |4119.0 |242. 4947
90 | 91 | 0.933 | 408.583 |— 4.7913 |+ 4.7920 |— 4.7916 [—0.7 I-+118.3 | 237. 7031
91 I 92 | 1.937 | 410.520 |— 1.833¢4 '+ [I1.8379 (— 1.8356 |—4.5 |+113.8 |235. 8675
92 ] 93 ] 1.484 | 412.004 |+ 4.3178 |— 4.3168 |4+ 4.3173 {—1.0 |+112.8 |240. 1848
I |
93, A, | 0.171 | 412. 175 i~ 6.0091 |4+ 6.0080 |— 6.0086 |--1.1 |4-113.9 |234. 1762
—_ — | | —_
93 i 94 | 1.577 | 413.881 |— 2.4914 |+ 2.4935 |— 2.4924 {—2.1 +110.7 {237.6924
94 B, i 0.145 | 413.726 i+ 4.2360 !—— 4.2366 [+ 4.2363 !+o.6 4-T11.3 | 241. 9287
B, C. ! 0.326 | 414.052 |— 0.6056 |4- 0.6057 |— 0.6056 |—0.1 +111.2 |241. 3231
C, City ' 0.064 | 414. 116 |— 1.9161 |+ 1.9165 |— 1.9163 i—o0.4 4-110.8 |239. 4068
1 ! ! J j ) ) 39
94 95 If 2.097 | 415.678 | — g gg?gJi 3.3122 — 9.3108 ;——2.3 +4-108. 4 | 228. 3816
- 9 | . 3119
95 96 i I 846 | 417.524 —_{; 12. gggs — 12. ggg3*+ 14. 8881 |‘+1.6 1310, 0 | 243. 2697
' I14. 1 I— I4. 9
g6 97 | 0.840 | 418.364 [— 9.9726 i+ 9.9699 |— 9.9712 ]+2.7 +112.7 |233. 2985
97 98 ' 1.757 | 420. 121 |4+ 3.5349 |— 3.5352 [+ 3.5350 |F0.3 |+113.0 |236. 8335
a8 goa! 1,024 | 421.145 -+ 4.6049 |~ 4.6073 4+ 4.6061 4-2.4 |4115.4 |241.4396
99a g9b' 1.839 | 422.984 (— 9.958I |+ 9.9582 {— 9.9582 '—o.1 |+115.3 | 231.4814
99b M , 1.861 | 424.845 |+ 17.2965 i~ 17.2939 |+ 17.2952 |—2.6 |4-112.7 |248. 7766
M 100 | 1.299 | 426.144 [4- 9.2988 — 9.2968 |4+ 9.2978 {—2.0 (4-110.7 |258. 0744
100 101 | 1.674 | 427.818 i 3. 1471 i~ 3. 1533 +  3.1488 i+5.9 +116.6 | 261, 2232
' 3. 1447 i— 3. 14 !
Beginning of line to Melton triangulation station.
101 102 | 1.628 | 429. 446 |— 17.2405 [+4- 17.2366 |— 17.2386 [+3.9 |4+120.5 [ 243. 9846
102 103 | 1.619 | 431.065 |— 16.0949 (4 16,0926 |— 16.0938 {4-2.3 |+122. 8 | 227. 8908
103 104 | 0.831 | 431.896 4 11.5804 [— 11.5824 |4+ 11.5814 [+2.0 |+124.8 |239. 4722
104 105 | 1.464 | 433.360 |— 7.9346 |4 7.9372 |— 7.9359 [—2.6 |+122.2 |231. 5363
105 106 | 2.032 | 435.392 ,+ 10, 7844 |— 10.7837 |+ 10.7840 |—o0.7 |4-121.5 | 242. 3203
106 107 | 1.252 | 436.644 l—}— 23. 7426 [— 23.7415 [+ 23.7420 [—1.1 (+120.4 [266.0623
107 N | 0.556 | 437.200 i+ 6.4795 |— 6.4780 |+ 6.4788 |--1.5 i+118.9 |272.5411
107 108 | 1.718 | 438.362 !— 7.9525 |+ 7.9532 |— 7.9528 |—o0.7 |+119.7 |258. 1095
108 108a| 0. 791 | 439. 153 |j— 30.9731 |— 30.9281 + 30.9702 |—2.7 |4-117.0 [ 289. 0797
4- 30.9701 {— 30.9697
108a 109 | 0. 856 | 440.009 [— 39. 8366 [4- 39.8391 |{— 39.8379 |—2.5 |+114.5 | 249.2418
109 110 | 1.584 | 441.593 |+ 2.1167 |— 2.1193 |+ 2.1180 |+2.6 [+II7.T |251.3598
110 111 | 1.583 | 443.176 ,—— 2.5555 |+ 2.5555 |— 2.5555 | 0.0 |+117.1 |248.8043
111 112 | 1. 801 | 444.977 |— o0.7069 {4- ©0.7072 |— o0.7070 |—0.3 i4-116.8 [ 248, 0973
112 113 | 1. 332 | 446. 309 '+ ©0.7423 |— 0.7426 |4+ 0.7424 |40.3 |4+ 117.1 | 248. 8397
113 | Melton. A | 1.286 | 447. 595 [4+164. 1049 |—164. 1010 |+ 164. 1030 |—3.9 [+ 113.2 |412. 9427
End of line to Melton triangulation station.
101 114 | 1.574 | 429.392 |+ 2.1726 |— 2.1719 |4+ 2.1722 |—o0.7 |4+115.9 [ 263. 3954
114 115 l 2.028 | 431.420 |[— 7.7548 [+ 7.7567 |— 7.7558 |—1.9 [+114.0 |255.6396

*Rejected.
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Di . . . Discrepanc
Bench marks. b;?xsiiu ansrtgrx:lce Difference of elevation. (B.—pp,) Y Elevation
bench above
Sl;:‘c,:& mark As at mean
From To z?ni?lcc}: L“,g‘;’,w' Folxi':lv:rd Bagﬁ:zf;rd Mean. Partial| Total. | % level.
km. k. . m. m. mm., | mm. m.
11§ 116 | 1.685 | 433. 105 | + 9.9747 | — 9.9750 | + 9.9748 |+0.3 |+114.3 .265.6144
116 117 | 2.074 | 435. 179 | —15.2783 | 4-15. 2749 | —15.2766 |+3.4 (+117.7 |250. 3378
117 118 | 1.846 | 437.025 | —12.3639 | +12.3596 | —12. 3618 |4-4.3 [+4122.0 |237.9760
118 O] o.122 ! 437.147 | + 0.8097 | — 0.8097 | + 0.8097 | ©0.0 |+122.0 |238. 7857
118 119 | 1151 | 438.176 | 4+ 9.4590 | — 9.4597 | + 9.4594 |+0.7 [+122.7 |247. 4354
119 120 | 0.927 | 439.103 | +10.4804 | —710.4838 | +-10. 4821 |+3.4 +126.1 |257.9175
120 121 | 1.210 | 440.313 | — 7.7249 | + 7.7224 | — 7.7236 {+2.5 +128.6 |250. 1939
121 122 | 1. 100 | 441.413 | + 5.6548 | — 5.6542 | + 5.6545 |—0.6 |4-128.0 |255. 8484
122 123 | 2.055 | 443.468 | + 1.6480 | — 1.6509 | + 1.6494 |+2.9 |+130.9 |257. 4978
123 124 | 1.513 | 444.981 | +17.0741 | —17.0741 | -+17.0741 0.0 |4130.9 |274. 5719
124 125 | 1.346 | 446.327 | + 2.4253 | — 2.4260 | - 2.4256 |40.7 [+131.6 276. 9975
125 126 | 1.658 | 447.985 | —19.3206 | -+19.3128 | —19. 3170 |+5.7 {+137.3 |257. 6805
—19, 3192 | 19,3156
126 127 | 1.705 | 449. 600 | 4- 2. 1695 | — 2.1700 | 4 2.1698 |-4-0.5 |+137.8 |259. 8503
127 1.241 , 450.931 | +15.7749 | —15. 7715 | 4-15.7732 i—3.4 |+134.4 |275. 6235
P 128 | 1.850 | 452. 781 | +23.8157 | —23.8202 | +23.8180 |—4.5 [4-138.9 [299. 4415
128 126 | 1.524 | 454.305 | + 5.2988 | — 5.3011 | 4- 5.3000 [+2.3 |+141.2 |304. 7415
129 130 | 1.553 | 455.858 | — 4.0417 | + 4.0401 | — 4.0409 ;+1.6 [+142.8 |300. 7006
130 131 | 1.646 | 457.504 | — 5.5953 | + 5.5909 | — 5.5931 |+4.4 |-+147.2 | 295. 1075
131 132 | 1.572 | 459.076 | —17.8g00 | +-17.8g05 | —17.8902 |—0.5 |4-146.7 (277.2173
132 133 | 1.573 | 460.649 | —19.8940 | +4-19.8949 | —19.8944 |—0.9 +145.8 |257. 3229
133 Q| 0.489 | 461.138 | — 3.9849 | + 3.9849 | + 3.9849 [ 0.0 |+145.8 |253. 3380
Q 134 | 1.307 | 462.445 | + 1.6236 | — 1.6224 | 4 1.6230 |~—~1.2 |{4-144.6 |254. 9610
134 135 ‘ 1.668 | 464. 113 | + 4.6619 | — 4.6542 | + 4.6568 |--2.5 I4-142. 1 |259. 6178
+ 4.6543 | — 4. 6570
135 136 | 1.523 | 465.636 | +16,7028 | —16.7076 | +16.7052 |4-4.8 |+146.9 |276. 3230
136 137 ‘ 1.685 | 467. 321 | +10.4530 | —10.4566 | +10.4548 |+3.6 |4-150. 5 |286.7778
137 138 ; 1.006 | 468.417 | 4+13.5959 | —13.5963 | +13.5961 |--0.4 |+150.9 |300. 3739
138 139 | 1.778 | 470.195 | ~4-13.4941 | —13.4927 | 4-13.4930 |-2. 1 [4-148.8 |313. 8669
—13.4914
139 140 ! 2.049 | 472. 244 | —25.7965 { +25.7984 | —25.7974 |~ 1.9 |+146.9 |288. 0695
140 R ' 0.739 | 472.983 | —13.4124 | +13.4180 | —13.4145 |—3.0 |+143.9 | 274. 6550
—13.4136 | +13.4140
R 141 | 0.860 | 473.843 | —12.0372 | +12.0378 | —12.0375 |-—0.6 |-+-143. 3 | 262.6175
141 142 | 1.392 | 475.235 | + 9.1874 | — 9. 1886 - 9.1880 |+1.2 |4+144.5 | 271. 8055
142 143 | 1.981 | 477.216 | 431 1166 | —31. 1209 | +-31. 1188 [4-4.3 (+148.8 |302. 9243
143 144 | 1.118 | 478.334 | +20.8437 | —20. 8412 -20. 8424 | ~2.5 |+146. 3 | 323. 7667
144 145 | 1.808 | 480. 142 | — 6.4068 | + 6.4059 | — 6.4064 |-+o0.9 |4147.2 |317. 3603
145 S| 1.146 | 481.288 | —14.5485 | 4-14.5501 | —-14.5493 |--1.6 |4+145.6 |302. 8110
S 146 | 0.771 | 482.059 | — 3.6538 | 4- 3.6536 | — 3.6537 |4-0.2 |4-145.8 |299. 1573
146 147 | 1.552 | 483.611 | 4 7.8580 | — 7.8631 | +- 7.8606 |45.1 |+150.9 |307.0179
147 148 | 1.391 | 485.002 | + 7.5615 | — 7.5635 | + 7.5625 i4+2.0 |4-152.9 |314. 5804
148 149 | 1.379 486. 381 | +18. 5445 | —18. 5454 | +18. 5450 i4-0.9 [+4-153.8 :333. 1254
149 T | 0.534 | 486.915 | + 2.7881 | — 2.7904 | + 2.7892 |4-2.3 |4-156. 1 |335.9146
T 150 | I.325 | 488.240 | —15.2601 | +15.2590 | —15.2596 |4+1.1 [4157.2 |320.6550
150 ISI | 1.945 | 490.185 | -~17.8393 | 4-17. 8411 ; —17.8402 |—1.8 |4155.4 |302. 8148
151 152 | 1. 468 | 491. 653 ‘ —17.8809 | +17.8810 | —17.8810 {—o0.1 |+155.3 |284.9338
152 153 | 1.364 | 493.017 | —16.0957 | +16.0944 | —16.0950 |+-1.3 |+-156.6 |268. 8388
153 154 | 1.252 | 494. 269 I + 2.3934 | — 2.3941 | + 2.3938 |+0-7 +-157.3 | 271.2326
154 933 MC | 1.093 i 495. 362 I +-12. 6842 ‘ —12. 6859 | +12, 6850 ;—}<1.7 -l~l--159.o 283.9176
Side line, Knoxville to Caswell,
154 155 | 1. 691 | 495.960 | 4+ 1.0918 | — 1.0938 | + 1.0928 |4-2.0 [4159.3 |272. 3254
155 156 | 1.756 | 497. 716 | +-14.0333 | —14.0376 | +14.0354 [+4.3 |+163.6 | 286. 3608
! I
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Results of precise leveling from Somerset, Ky., to Knoxville, Tenn, rgoo—Continued.

Dis- . : Discrepancy
Bench marks, tm‘lsce ansrt:;ce Difference of elevation. (B—F). Rievation
between bench above
' “sive |mArkAsall L erd | Backward a level,
u; , orwar ac T N L
From To x;b]ear;il; Kyc.)w line. Tina? Mean. [Partial.| Total. | 562 leve
[ d
km, ke, m. m, m. mm. | mm, m.
156 157 | 1.566 | 499.282 | 4 0.4042 | — 0.4064 | + 0. 4053 |+2.2 [{-165.8 | 286, 7661
157 158 | 1.532 | 500.814 | — 4.3214 | + 4.3246 | — 4.3230 |[—3.2 [4-162.6 | 282, 4431
158 | . 159 | 1.598 | 502.412 | —13.6955 | +13.6944 | —13.6950 {+1I.1 |[4-163.7 |268. 7481
159 160 | I.747 | 504.159 | + §.1889 | — 5.1850 | + §5.1870 |—3.9 |4-159.8 | 273.9351
160 867 MC | 1.245 | 505.404 | --10.0946 | 4-10.0957 | —10.0952 |—1I.1 {4-158.7 |263.8399

Side line, Knoxville to Wright,

154 161 | 1.835 | 496.104 | — 4.5996 | 4 4.5996 | — 4.5996 | 0.0 +157.g 266, 6330
161 162 | 1.812 | 497.916 | — 7.1475 | -+ 7.1450 | — 7.1462 |+2.5 |[+159.8 |259. 4868
162 163 | 1.722 | 499.638 | +10. 4056 | —1I0.4037 | 410. 4046 {—1.9 |4+157.9 | 269.8914
163 164 | 1.388 | 501.026 | + 6.4194 | — 6.4183 | 4+ 6.4188 |—1.1 |4156.8 | 276, 3102
164 . 165 | 1.566 | §502. 622 ) — 8.1433 | + 8.1434 | — 8.1434 |—o.1 |-+156.7 [268. 1668
165 166 | 1.677 | 504.299 | 4-10.8553 | —I10.8574 | +10.8564 (+2.1 |[+158.8 |279. 0232
166 940 MC | 1. 598 | 505.897 | 4 7.0601 | — 7.0613 | + 7.0607 |4-1.2 |+4160, 0 |286.0839

The following elevations are for the top of rail in front of the railroad stations at
the stations named unless otherwise stated. ‘They are part of the preceding tabulation,
and each is subject to the correction that is finally applied to the bench mark from
which it is determined:

From
ll;c;ﬁg Station. Dg:::gg’;f’f Elevation.

I Somerset .....coiiiiiiiiiiiii it — 1.69 | 264.58
Fg |Burnside ........ . ciiiiiiiiiiiiiiinnaee, -— I,I2 | 234.05
10 | Tateville .......oo oo il — 2,33 | 26s.77
G; | Sloans Valley — 2,83 | 277.45
T | Greenwood ... ivi i + 1.34 [ 364 gg

228 | Cumberland Falls + 77| 379
Js | FlatRock .....oooiiviiiviiiiiiin i, 4 1.23 | 394.62
L | PineKnot.....ooooviiiiiiiniininnnnns + 0.68 | 430.73
39 |-Isham........... i i + 2.01 | 407.87
Alwinfield ..o e 4 5.78 1 401.87
44 [ Flat Gap¥®... ... . o ittt + 1.32 | 460.08
461 Omeida..... ..ol + 0.08 | 439.00
49 | Mile ﬁost “Cin 209"t e 4+ 1,05 | 461.78
DiNewRiver ....... ......ciiiiiiiiia e — 0.67 | 366.24
60 | Robbins......ooi i iiiiinannens + o0.31 | 417.47
FlGlen Mary ...ooveiiiiiieinnnnneneinenans — 0.13 | 388.85
61 | RugbyRoad........... ..ot + 2.96 [ 423.90
G |Sunbright ............. i + 2.62 | 410.11
HjAnnadel.......... ... 000 coiiiiiiiiinn., + 0.97 | 376.31
IlLancing ..o oviiiiiiiiniiiiiiiiiiiiianat, + 1.29 | 361.08
LlOakdale.......ccoiiiiiiiiiiiiiiiiininnen + 2.20 | 244.05
93 | Harriman ]unction% ....................... — 0.20 | 239.¢8
93 | Harriman Junctiond ................ ... ... — 0.32 | 239.86
94 | Harriman ......oooiiiiiiiiiiiii i ~+ 1.04 | 238.73
De Armond. ... oo iiiiereniirineerenecnnnes 4 2,11 | 238.94
M EIverton ......ooviiiiiniiiiiienirennernans 4+ 0.79 | 249.57
115 [ Scandlyn.cooiiiiiiiiiiiiiiiiiiiiieenae., + 1.66 | 257.30

* Top of rail at highest point in Flat Gap, near Oneida. )
On rail at milepost; said to be highest point on Queen and Crescent Railroad.
Southern Railroad.
Queen and Crescent Railroad.

16
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:I:};?E‘ ! Station. Déie\:’:{:g;‘)f Elevation,
118 | Oliver Springs . .......... ....ooiiiivioin. +- 0.61 | 238.59
122 | Donovan ... i 3.85 252. 00

QI ClHnton. ...t -t- 2,60 | 255.94
127 | IVy o e — 1.62 | 258.23
PlDossett.... oot + 0.63 | 276.25
129 | Laurel* ... . ... i 5.66 | 299.08 |
137 | Peak*............... e e — 2.31 284.47 !
141 | Heiskell........ ..o i -t-12. 38 | 27§.00
146 | Powell oo +4- 2.85 | 302.01
148 | Dante ... -4 2.77 | 317.35
154 | Knoxville ...... ..o oot - 0.24 | 271.47
160 | Caswell ... ... .o - 4.19 | 269.75

HARRIMAN JUNCTION—WOODVILLE IINE.

This line, which forms the third section of the line from Cincinnati to Birmingham,
the purpose of which is explained on page 226, was run by Assistant O. W. Ferguson
between September 4 and December 3, 1900, using level No. 7, one of the new type.
The leveling followed the Queen and Crescent Railroad from Harriman Junction to
Chattanooga, and thence over the Nashville, Chattanooga and St. Louis and Southern
railroads to Woodville, Ala. (See illustration g, p. 227.) A side line from Woodville
to Gunter triangulation station, about 15 kilometers long, shown at the end of the tabu-
lation, was run to control the elevations determined by measurements of vertical angles
along the triangulation of the eastern oblique arc. Velocipede cars were not used on
any portion of this leveling. -

The lengths and index corrections of rods T and U used on this line have already
been given on page 226 in connection with the line Cincinnati to Somerset.

The elevations in the following tabulation are based upon the elevations of A,, B,
and C, at Harriman Junction, as determined by Mr. Burger on the Somerset—-Knoxville
line, and therefore depend upon the elevations published in Appendix 8 for bench marks
in the vicinity of Cincinnati.

Resulls of precise leveling from Harriman junction, Tenn., to Woodville, Ala., rg9oo.

I
Bench marks, Dis- Difference of etevation. Discrepancy
plance | PO (B—F). Elevation
_ etween| yopeh | above
5‘;?525' marz‘: Agat! a ward | mfnu ;;en
Py # 3 w & tt H 2 e 21,
From To 111)1e;;lc<2. L“KI}SW‘ ! E 01';"3_'" Ih?i“\z:\r Mean, . |Partial.| Total. eve
: i
| i
km. k. me. . | m, mme. | e, m.
A, 412.175 +113.9 | 1234. 1762
A, B, | 1.831 | 414.006 |4- 7.7571 |— 7.7578 l{- 7.7574 |40.7 |4+114.6 | 241.9336
B, . t241. 9287
B, ) Mean={ 241.9312
B, C, | 0.336 | 414. 342 |-~ 0.6077 [-i- 0.6074 {— 0.6076 [40.3 [+174.9 | 241. 3260
C. | t241. 3231
C, ! Mean=| 24I. 3246
C, 1| 0.802 | 415.144 |-~ 6.5895 |-*- 6.5878 |— 6.5886 |41.7 |+116.6 | 234.7360
I

*On rail at siding.
tSee abstract of Somerset to Knoxville, 1900.
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Results of precise leveling from Harriman Junction, Tenn., to Woodville, Ala.,
7g9oo—Continued.
Bench marks. Dis- is Difference of elevation. Discrepancy
b:vf‘\tg:n ° fg’}g’l"‘ce (B—F). Elevation
e e e [ D€ 3 bench - o e e —— e above
"’us.cis?' n}aré:lA:,ati N a Back dl mlennlsen
N P . ’ s ‘orwar 3 S vel,
From To 111)1e'\]x"i}; lleo.W | 0{‘““: nclix:?.“ } Mean Ilnr}xnl. Total, eve
k. k?)l. . . KL ! ne. YIAUN 1w, N
I 23 I1.115 | 416.259 |+37. 1148 |—37. 1269*!4-37. 1190 (—2.1 {4114.5 | 271.8550
-L37. 1213 |—37. 1201
2 D, | 1.455 | 417.714 |—17. 2236 {+17.2300 [—17.2278 —o.1 [4-114.4 | 254.6272
--17.2318 |+17. 2255 i
D, 3| 1.110 | 418.824 -— 7.8590 (4 7.8580 (— 7.8585 _|+I.o +115.4 | 246. 7637
3 4 | 1.600 | 420,424 |—11. 5048 |4-11.4961 :--11.4992 +6.4 |+121.8 | 235.2695
{—11, 5000 +11.496o|
4 5| 1.701 | 422,125 |- 3.4831 |— 3.4791 - 3.4811 i—4.0 |+117.8 | 238.7506
5 6 - 1.583 | 423.708 |4 2. 3228 |— 3.3252 |-1— 3.3240 |4-2.4 |4+120.2 | 241.0746
E, | 0.268 | 423.976 [4- 0.6692 |— 0.6684 {- 0.6688 |—0.8 |1-119.4 | 241.7434
E, 7 ‘ 1. 300 | 425.276 |+10. 3016 |—10.3059 '410.3038 [+-4.3 |-+123.7 | 252.0472
7 8 1.321 | 426.597 '+ 9.6273 |— ¢.6280 |- 9.6276 |+0.7 |+124.4 | 261.6748
8 9 l 1.555 | 428. 152 |+12. 2895 |—12.2892 |[+-12.2894 —0.3 |+124.1 | 273.9642
9 10 i 1.615 | 429. 767 |— 8.0370 |+ 8.0351 |- 8.0360 |+1.9 |+126.0 | 265.9282
10 ¥, j 0.370 | 430.137 |4- 1.6346 |— 1.6348 |- 1.6347 i+0.2 +126.2 | 267. 5629
10 G, | 0.376 | 430.143 |+ 2. 1440 |— 2. 1442 |+ 2.1441 !H-0.2 {126, 2 | 268.0723
10 I1  1.416 | 431. 183 |— 3.9517 |4 3.9555 |— 3.9536 |—3.8 {-+122.2 | 261.9746
1| 12 1.508 | 432.691 |— 1.8486 |+ 1.8541 |— 1.8518 '‘—2. 5 |4-119.7 | 260. 1228
— 1,8525 |+ 1.8521 | I
12 13 | 1.254 | 433.945 |— 9.9171 |4 9.9199 |— 9.9185 | —2.8 4_—116.9 i 250. 2043
13 14 I| 1.226 | 435. 171 [—- 4.7036 1- 4.7011 |— 4.7024 2.5 [5-119.4 | 245. 5019
14 15 1.238°| 436.409 [— 0.g680 |< 0.9639 |— 0.9660'|4-4. T |+123.5 | 244.5359
15 H, 1.738 | 438.147 |— 2. 0606 |-i- 2.0612 -~ 2.0609 |—0.6 |4-122.9 | 242.4750
H. 16 | 1.788 | 439.935 |— 3.1186 |4 3.7190 |— 3.1188 i—0.4 [4-122.5 | 239. 3562
16 17  1.324 | 441.259 |— 1.8556 |+ 1.8519 |— 1.8538 |+3.7 |+126.2 | 237. 5024
17 18 | 1.362 | 442.621 |— 4.6944 |+ 4.6899 |— 4.6922 -4-4.5 |+130.7 | 232. 8102
18 I, i 1.049 | 443. 670 |+ 2.295I |— 2.2949 {4~ 2.2950 |—o0.2 |T130.5 | 235.1052
1, 19 ' 1.634 | 445.304 |-- 6.6884 |— 6.6894 |-1- 6.6889 {+-1.0 [+131.5 | 241.7941
19 20 . 1.478 | 446. 782 |4- 8.3141 |— 8.3138 |4~ 8.3140 |—0.3 |4-131.2 ' 250. 1081
20 21| 1. 545 | 448. 327 |- 8.5589 {— 8.5616 |{- 8.5602 |4-2.7 [+133.9 i 255.6683
21 J2 ; 1.500 | 449. 827 |—14. 0944 |+14.0895 |—14.0920 |1-4.9 +138,8| 244. 5763
Ja 22 | 1.409 | 451.236 |— 5.4453 |+ 5.4478 | — 5.4466 |—2.5 |+136.3 } 239. 1297
22 23 | 1.377 | 452.613 |— 2.8073 |-- 2.8037 |--— 2.8055 [+3.6 (+£139.9 [ 236. 3242
23 K, | 1.386 | 453.999 |— 3.0783 |+ 3.0764 — 3.0774 |+1.9 |+141.8 | 233. 2468
K, 24 1.745 | 455.744 |+ 0.1575 |— 0.1636 |+ 0.1602 |+-1.3 --143.1 | 233.4070
. + 0.1617 |— o.1582
24 25 | 1.303 | 457.047 |+ 1.8140 |- 1.8155 |4 1.8148 |-i-1.5 4-144.6 | 235.2218
25 26 | 1.822 | 458.869 |4- 6.3128 [— 6.3140 |+ 6.3134 |+1.2 |[4-145.8 | 241.5352
26 27 | 1.767 | 460.636 |-i- 8.0525 {— 8.0592 |4 8.0565 [+2.6 |- 148.4 | 249.5917
+ 8.0578 |— 8.0564
27 Lo | 1.966 | 462.602 {— 1.%823 4 1.7830 |— 1.7826 |—o0.7 |+147.7 | 247.8091
I, 28 | 1. 678 i 464. 280 |—10. 0228 +10.0260 |—10.0244 |—3.2 |+144.5 | 237.7847
28 29 ! 1.995 | 466.275 {<- 2.0792 |— 2.0782 |4~ 2.0787 |--1.0 |4+143.5 | 239 8634
29 30 | 1.268 | 467.543 |4+ 9.2033 i— 9.2039 i1- 9.2036 [4-0.6 [+144.1 ; 249 o670
30 31 | 1.320 | 468.863 |—11.0440 |4-11.0433 |—11.0436 |+0.7 |[+144.8 | 238.0234
31 M. | 1.287 | 470.150 |— 6.8751 4 6.8731 [— 6.8741 |4-2.0 |-+-146.8 | 231.1493
M, 32 | 1.282 : 471.432 |- 1.9626 |4 1.9619 |— 1.9622 |4-0.7 |4+147.5 | 229. 1871
32 N, l 1.338 | 472.770 |— 2.9077 |4~ 2.9070 |— 2.9074 [10.7 +148.2 | 226.2797
N, 33 5 1.714 | 474.484 |— 0.6569 i+ 0.6544 |— ©.6556 |4-2.5 |+150.7 | 225.6241
33 34 | 2,121 | 476.605 |— 7.1971 |4 7.1955 [— 7.1963 |+1.6 +152.3 218. 4278
34 35| 1.576 | 478.181 |— 2.4164 [+ 2.4157 |— 2.4160 +o0.7 |[4+153.0 | 216.0118
35 36 | 1.454 ' 479.635 |[4- 1.0714 [— 1.0734 |- 1.0724 |+2.0 |--155.0 217. 0842
36 37 | 1.860 | 481.495 |— 3.1705 i+ 3.1732 |— 3.1718 |—2,7 |4+152.3 | 213.9124

*Rejected.
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Results (y' precise leveling from Harriman Junction, Tenn., to Woodville, Ala.,
r900—Continued.

Bench marks. Dis- i Difference of elevation, Discrepancy
b t;mce lesrga;ce (B—F). Elevation
etween; poo b above
S‘;‘.l:‘c’,g‘r" mar:lclA(,at F a Back 4 mol:an isea
. vel,
¥rom To lggx;]c‘l; LuKy(?w, Oﬁ::.r a?in‘:.m Mean, |Partial.| ‘Total. eve
k. km., T, . . mmn. | mm, m.
370 0, | 0.616 | 482. 111 ;4 1.3541 |— 1.3529 |+ 1.3535 [—1.2 |+ISL 1 | 215.2659
37 P, | 0.410 | 481.905 |4 ©.0146 |— 0.0139 |+ 0.0142 |—0.7 |+I51. 6 213.9266
37 38 | 1.596 | 483.091 |+ 7.0680 |— 7.0683 |+ 7.0682 H 0.3 |+152.6 | 220.
38 39 | 1.554 | 484. 645 |+11. 7877 [—11.7882 |+11.7880 i-+o.5 [+153.1 | 232. 7686
39 40 | 1.896 | 486. 541 |+ 11.9056 [—1I.9050 |+1I.9053 l—o 6 |+152.5 | 244.6739
40 Q, | 1.002 | 487. 543 |—12.1375 |+12. 1369 |—12.1372 |+0.6 [4-153.1 | 232. 5367
Q. 41 | 0.700 | 488.243 |— ©0.5362 |+ 0.5337 |— ©.5350 |[+2.5 |-+155.6 | 232.0017
41 42 | 1.610 | 489.853 |—T1X.1434 |+II. 1458 |—IIL 1446 |—2.4 |+153.2 | 220 8571
42 R, | 1.221 | 491.074 |— 5.1080 |+ 5.1099 |— 5.1090 i—1.g |+151.3 | 215.7481
R, 43 | 1.318 | 492.392 |+ 2.0449 |— 2.0448 |+ 2.0448 |—o0.1 I4151.2 | 217.7929
43 44 | 1.590 | 493.982 |— 5.7507 |+ 5.7526 |— 5.7516 |[—1.9 1+149.3 | 212.0413
44 45 | 1.580 | 495. 562 13.2621;‘3; — 3.2559 |+ 3.2578 |-3.7 |+145.6 | 215. 2991
3.25
45 S, | 1.390 | 496. 952 |+ 8.0810 [— 8.0802 [+ 8.0806 |—0.8 |+144.8 | 223.3797
S, 46 | 1.664 | 498.616 |+ 7.5091 |— 7.5126 |+ 7.5108 |4-3.5 |+148.3 | 230.8905
46 47 | 1.661 | 500.277 |— 0.5664 |+ o.5640 |— 0.5652 |+2.4 |+150.7 | 230.3253
47 48 | 1.736 | 502.013 |— 7.2477 |+ 7.2476 |— 7.2476 |4o0.1 |+150.8 | 223.0777
48 T, | 1.208 | §503.221 [— I.1940 [+ 1.1953 [— 1.1946 |—1.3 4149.5 | 221.8831
T, 49 | 1.959 | 505. 180 |4+16.7497 |—16. 7502 |+16. 7500 |+0.5 |4150.0 238. 6331
49 50 | 1.128 | 506.308 |— 0.9369 |+ ©.9333 |— ©0.935I |+3.6 (4-153.6 | 237.6980
50 51 | 1.308 | 507.616 |— 7.7581 |4 7.7625 |— 7.7603 |—4. 4 |4+149.2 | 229.9377
51 U, | 1.240 | 508.856 [+ S.1791 |— 5.1754 |+ 5.1772 |—3.7 |+145.5 | 235.1149
U, 52 | 1.644 | 510.500 [+ 5.7799 |— 5.7790 |+ 5.7794 |—0.9 |4-144.6 | 240.8943
52 53 | 1.374 | 511.874 |— 6.4848 |+ 6.488r |— 6.4864 |~3.3 +I4I'§ 234. 4079
53 V. | 1.990 | 513.864 |—14.8854 [4-14.8859 |—14. 8856 |—0.5 [4-140. 219. 5223
V. 54 | 1.455 | 515.319 [— 7.7905 [+ 7.7895 |— 7.7900 |+1.0 |4+I41.8 | 211.7323
54 55 | 1.554 | 516.873 |— 2.2372 |+ 2.2339 |— 2.2356 |4-3.3 |4145.1 | 209.4967
55 56 | 1.166 | 518.039 |+ 0.7945 |— ©0.7949 |+ 0.7947 |4-0.4 (4-145.5 | 210.2914
56 W, | 1.068 | 519. 107 |— 3.8382 |+ 3.8340 |— 3.8361 [4-4.2 -4+149.7 | 206. 4553
W, 57 | 2.014 | 521.121 |+ 1.4284 |— I.4253 [+ I.4268 | —3.1 [4-146.6 | 207. 8821
57 58 | 1.296 | 522.417 |— 0.3286 [+ 0.3285 |— 0.3286 j+-0.1 |{146.7 | 207.5535
58 X, | 0.959 | 523.376 |— 0.6309 [+ 0.6320 |— 0.6314 |—I.1 |4-145.6 | 206. 9221
X, 59 | 0.876 | 524.252 |+ 1.9781 |— 1.9760 |+ I.9770 [—2.1 |4143.5 | 208.8g91
59 60 | 1.152 | 525.404 |[— ©.7861 [+ ©0.7870 |— 0.7866 |—0.9 |4+142.6 | 208.1125
60 61 | 1.330 | 526.734 |— 2.2483 |+ 2.2485 |— 2.2484 |—o0.2 [+142.4 | 205.8641
61 V, | 1.340 | 528.074 (4 1.3075 |— 1.3063 |4 1.3069 |—I1.2 |[4141.2 | 207.1710
Ya 62 | 2.468 | 530.542 |— 2.5047 |+ 2.5078 |— 2.5062 |—3.1 |4+138.1 | 204.6648
62 Z, | 1.236 | 531.778 |+ 5.1576 |— 5.1597 |+ 5.1586 |4-2.1 |+140.2 | 209. 8234
Z, A; | 0.574 | 532.352 |— 0.0272 |4 0.0269 |— ©0.0270 |+0.3 |4140.5 | 209.7964
Aj 63 | 1.864 | 534.216 |— 2.9947 |4 2.9932 [— 2.9940 |+1.5 |+142.0 | 206, 8024
63 64 | 1.761 | 535.977 |+ 0.3822 [— 0.3864 |+ 0.3843 |4-4.2 |+146.2 | 207.1867
64 65 | 0.740 | 536. 717 |— 5.3289 |+ 5.3279 |— 5.3284 |+1.0 |4-147.2 | -201. 8583
65 ?g 1.843 | 538. 560 [+ 1.8623 |— 1.8628 |- 1.8626 |4o0.5 [+147.7 | 203.7209
B, 1.552 | 540.112 [+ 4.8638 |— 4.8673 [+ 4.8656 |4-3.5 |4151.2 | 208, 5865
66 67 | 1.310 | 541.422 |+ 6.2467 |— 6.2489 |+ 6.2478 [+2.2 (+153.4 | 214.8343
67 68 | 1.178 | 542.600 [—10.6526 |+ 10.6524 |—10.6525 |+-0.2 [+153.6 | 204.1818
68 698 N | 0.747 | 543.347 |+ 6.8196 |— 6.8230 |4 6.8213 [43.4 '—{—157.0 211.0031
68 C; | 1.034 | 543.634 {+ 1.9100 |— 1.9085 |4 1.9092 !|—1.5 [4-152. 1 | 206.0910
G Gauge | 0.375 | 544.009 |— 0.7722 |4~ 0.7722 |— 0.7722 | 0.0 [+152. 1 | 205.3188
68 69 | 1.320 | 543.920 |— I.2118 |4+ 1.2130 |— I.2114 I-}0.8 [+154.4 | 202.9704
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Results of precise leveling from Harrviman Junction, Tenn., to Woodville, Ala.,
rgoo—Continued,
Bench marks. Dis- | ... ) Difference of elevation. stcrip:'mcy
bmnce leslf.g;nce : (B=F). Elevation
__|between| o h above
S mar(liclAsat a cward mesn sea |
“ \ g : vel,
From To n};f;l;)i};, L“K)f?w rol‘;:’:r B“%“‘:‘r Mean. Pan.ml; Total, eve |
l ;
k. ke, i . m, m. mm, | mne, . '
69 70 | X.405 | 545.325 |— 0.0583 |+ 0.0592 |— 0.0558 |—o0.9 |4-153.5 | 202.9116 !
70 D, | 0.780 | 546. 105 = 1.6700 |+ 1.6708 |- 1.6704 |—0.8 |4152.7 | 201.2412 |
D, 71 | 1.081 | 547.186 l-i— 1.2802 — 1.2787 -+ 1.2794 |—I.5 |-+151.2 | 202 5206 |
71 72 | 1.428 | 548.614 '+ 0. 4874 .. 0.4908 [4- 0.4892 i4-3.4 |[+154.6 | 203.0098 |
72 73 | 1.427 | 550.041 !— 0.1129 |+ o0.1123 [— 0.1126 |+0.6 |+155.2 | 202, 8972 |
73 674 N | 1.649 | 551.660 |- 0. 7214 |— 0.7202 |4+ 0.7208 |—1.2 |+154.0 | 203. 6180
674 N 74 | 1.302 | 552.992 [4-12.0634 |~—12.0604 |4-12.0619 |—3.0 |+151.0 | 2:5.6799
74 75 | 1.306 [ 554.298 |-+13. 3425 i 3384 |+-13.3404 [—4. 1 |4-146.9 | 229.0203
75 76 1 1.464 | 585.762 |+-11.7557 |—11.7537 |411.7547 i—2.0 |+144.9 | 240.7750
76 77 | 1.393 | 557.155 [-+-11.2465 [—11.2484 [+11.2474 +1.9 {+146.8 | 252.0224
77 E§ 1.138 | 558.293 |+ 8.9784 j— 8.9786 |+ 8.9785 [4+0.2 |+147.0 | 261.0009
E,; 78 | 0.872 | 559. 165 [+ 9.8074 {— 9.8087 |- 9.8080 |+1.3 [+148.3 | 270.8089
78 79 | I.401 { 560.566 [+12.7789 |—12. 7775 |12, 7782 |—1.4 |4+146.9 | 283, 5871
79 974 N | 1.472 | 562.038 |-+12.0979 |—12.0972 |{-12.0976 |—o0.7 |~;-146.2 295. 6847
974 N 80 | 1.606 | 563.644 |—15.7844 [415.7853 |—15.7848 \—0.9 H-145.3 | 279. 8999
8o ¥; | 1.452 | 565.0096 |—17.5133 [4+17.5148 j—17.5140 |—1.5 [4-143.8 | 262.3859
¥y 81 | 1.354.| 566.450 |— 7.0735 |+ 7.0708 |- 7.0722 |4-2.7 [+146.5 | 255.3137
81 82  0.880 | 567.330 |— 7.1357 |-+ 7.1357 |— 7.1357 | 0.0 ;+146.5 | 248. 1780
82 83 | 1.350 | 568. 680 |—11.8644 |-+11.8664 |—11.8654 |—2.0 |4+144.5 | 236.3126
83 84 | 1.372 | 570.052 |—13.3324 |-+13. 3367 |—13.3346 |—4.3 |+140.2 | 222,9780
84 85 | 1.310 | 571.362 j—10. 8481 |-+10.8509 |—10.8495 |—2.8 |+137.4 | 212.1285
85 86 | 0.559 | 571.921 {— 4.8586 |- 4.8597 |— 4.8592 {—1. 1 {+136.3 | 207. 2693
86 639 N | 1.314 | 573.235 |—13.4864 |+13.4823 |—13.4844 |4-4.1 |+140.4 | 193. 7849
639 N 87 | 0.972 | 574.207 |— 2.g601 |4 2.9602 [— 2.9602 |—o0. 1 |+140.3 | 190.8247
87 88 | 1.112 | 575.319 |— 0.1722 |-+ 0.1735 |— 0.1728 |—1.3 |-4139.0 | 1go. 6519
88 89 | 1.256 | 576.575 |— ©.1275 |+ ©.1279 |— 0.1277 |—0.4 |+138.6 | 1g0.5242
89 U. 8. [ 0.939 { 577.514 |~ 0.7732 |+ 0.7734 |— 0.7733 (—o0.2 |+138.4 | 180, 7509
U. S. G; | 0.553 | 578.067 |— 0.7397 |+ ©.7396 |— 0.7396 |01 +138.5 | 189.0113
G, 90 ¢ I.250 | 579.317 [+ 1.5944 |— 1.5918 |+ 1.5931 |—2.6 [{135.9 | Igo.6044
go 91 | 1.262 | 580.579 |+ §.2480 |— 5.2452 |4- 5.2466 :—2.8 |4-133.1 | 195. 8510
91 92 | 1.220 | 581.799 |4- 6.4996 |— 6.4972 |+ 6.4984 |—2.4 |-+130.7 | 202.3494
92 665 N | 0. 108 | 581.907 {— 0.7763 (4- 0.7760 |— ©0.7762 '+4-o0.3 |4+131.0 | 201, 5732
665 N 93] 2-552 | 584.459 |— 3.3877 4 3.3883 |— 3.3880 |—0.6 |-+130.4 | 198, 1852
93 94 | 1.368 | 585.827 |— 9.5937 [+ 9.5949 |— 9.5943 |[—1.2 |+129.2 | 188. 5609
94 C | 1.510 | 587.337 |+ 0.6702 ’—- 0.6721 |- 0.6712 |4-1,9 [+131.1 | 189, 2621
C 679 N | 2.223 | 589. 560 [4-16. 4366 |—16. 4404 |4-16. 4385 1+3.8 [+134.9 | 205. 7006
c U. 8. E. | o.021 | §87.358 |+ 0.0033 |— 0.0034 |4 0.0034 |+0.1 {4-131.2 | 189. 2655
679 N 95 | I.221 | 590.781 |4+ 5.9805 :— 5.981I |4 5.9808 |40.6 |4+135.5 | 211.6814
93 96 | 2.447 | 593. 228 |+ 4.0577 |— 4.0573 |+ 4.0575 |—o0. 4 +135.1 | 215.7389
96 D | 2. 872 | 566. 100 |—27, 9903 |+27. 9913 |—27. 9908 |—1.0 J4+134.1 ] 187, 7481
D 625 N | 1.374 | 597-474 |4+ 1.5008 :— 1.5019 |4 1.5014 |41.1 |4+135.2 | 189. 2495
625 N 97 | 1.492 | 598.966 |+ 0. 2536 [— 0.2550 |+ ©.2543 {-+1.4 {4136.6 | 189. 5038
97 98 | 1.432 | 600.398 |4 4.1351 |— 4.1354 |+ 4.1352 |[40.3 |+136.9 | 193.6390
98 99 | 1.440 | 601.838 |— 6.7233 |4 6.7198 |— 6.7216 [+3.5 [+140.4 | 18B6.9174
99 100 { 1.275 | 603. 113 |4- 7.8032 — 7.8015 |-}- 7.8024 |—1.7 |4+138.7 | 194.7168
100 627 N | 1. 223 | 604.336 |— 4. 6605 IT 4.6636 \— 4.6620 |—3.1 |4-135.6 | 190.0578
627 N E | 1.676 | 606.012 |— 5.6523 i 5.6553 |— 5.6538 (—3.0 |+132.6 | 184. 4040
E 101 | 1.913 | 607.925 |4 ©.5224 |— ©.5203 |+ 0.5214 |—2.1 |4+130.5 | 184.9254
101 F | 1.576 | 60g. 501 |-i- 0.1842 |— 0.1830 |4 0.1836 [—1.2 |+129.3 { 185. Iogo
F 102 | 2,128 ) 611.629 |4 7.8308 :— 7.8300 |4+ 7.8304 |—0.8 |[+128.5 | 192. 9394
102 103 | 1.876 | 613.505 |— 7.5347 |+ 7.5334 |— 7.5340 |+1.3 |4-129.8 | 185. 4054
103 104 | 1.604 | 615.109 [+ 0.4031 |— 0.4028 |4 0. 4030 (—0.3 |+129.§ | 185.8084
104 G | 1.120 | 616.229 |— 2.6339 -} 2.6316 |— 2.6328 |+2.3 |+131.8 | 183.1756
G H | 1.757 | 617.986 |+ 0.9931 l— 0.9955 |+ ©.9943 [+2.4 4-134.2 | 184. 1669
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Results of precise leveling from Harviman Junction, Tenn., lo Woodville, Ala.,

r9oo—Continued.

Bench marks. tall)x::e Difsrtglllzce | Difference of elevation. I)nzflrix;’l)nc) levation
between| g 0h oo c—— - e e — | Tabove
sx;f\cgs- mark Agat| mean sea

From | To ;’S;ﬂ; Lu}(él;w, Polx;:vg.rd Bacﬁcl:zz.\rd Mean, PartinLi Potal. level.
I o B o o
: k., k. m. m. m. mwe, | M. 2.

H[ 105 | 1.422 | 619.408 |— o0.0711 |4 0.0718 |- o.0714 |—0.7 |+133.5 184. 0985
105 106 | 1.290 | 620.698 |-i- 4.5419 |-— 4.5427 |-- 4.5423 1-0.8 +134.3 | 188.6408
106 107 | 1.447 | 622.145 '-+10.0519 |--10.0529 |+10.0524 |4-1.0 |4-135.3 198. 6932
107 108 | 1.239 | 623.384 | — 1.8451 |+ 1.8454 |— 1.8452 [—o0.3 {4-135.0 196. 8480
108 I| 1.196 | 624.580 |— 1.8561 |+ 1.8544 |— 1.8552 |-41.7 |1-136.7 | 194.9928

I 109 | 1.569 | 626. 149 I~ 3.0855 |+ 3.0833 {— 3.0844 ;i2.2 +138.9 | 191.9084
109 110 | 1. 169 | 627.318 !— 3.5721 |4 3.5705 |— 3.5713 [+ 1.6 |4+140.5 | 188.3371
110 111§ 1,117 | 628,435 |+ 3.3794 |— 3.3803 | {- 3.3798 |-0.9 T141.4 | 19I.7169
111 J | 1.020 | 629. 455 ’+ 0.1886 [-- 0.1892 [4- 0.1889 .--0.6 |+ 142.0 | 191.9058

J 112 | 1.002 | 630.457 |4— 3.8585 |— 3.8585 |4- 3.8585 | 0.0 +142.0 | 195. 7643
112 113 | 1.159 | 631.616 |+ 5.5824 [— 5.5842 [ 5.5833 |+1.8 +143.8 | 201.3476
113 114 | 1.447 | 633.063 ‘— 2.8972 |+ 2.8970 |— 2.8971 |+-0.2 +x44.o 198. 4505
114 K | 0.342 | 633.405 |-}- 0.0677 |— 0.0675 |+ 0.0676 ;--0.2 143.8 | 198. 5181
114 115 | 1.782 | 634.845 - 6.1539 |+ 6.1548 |— 6.1544 |—0.9 |-+143.1 | 192.2961I
115 116 | 0.973 | 635.818 i— 3.7274 |4 3.7270 |— 3.7272 |-+0.3 [+143.4 | 188.5689
116 117 | 1. 188 | 637.006 '— 0.2287 |1 0.2229 |— 0.2234 |-1-3.9 |-i-147.3 188. 3455

i— 0, 2221 |+ 0. 2201
117 118 | 1.324 | 638.330 |+ 1.7483 |— 1.7536 [+ 1.7512 | {-2.0 |4-149.3 | 190. 0967
4- 1.7520 |-— 1.7507

118 I, | 1.481 | 639.811 |+ 8.0786 — 8.08o01 !-- 8.0794 ‘—5-1.5 +150.8 | 198.1761

L 119 | 1.077 | 640.888 |— 5.5175 |+ 5.5179 |— 5.5177 |=~0. 4 ~+150.4 | 192.6584
i19 120 | 1.033 | 641.921 |— 3.3518 |4 3.3552 |— 3.3535 [—3.4 |i'147.0 | 189.3049
120 M | 1.038 | 642.959 |— 2.0376 |+ 2.0361 i~ 2 0368 |-4—1.5 +148.5 | 187. 2681
M 121 | 0.811 | 643. 770 [--- 0.7739 |4+ ©0.7754 |— 0.7746 -1.5 !--147.0 186. 4935
121 122 | 1.617 | 645. 387 |— 2.3955 [+ 2.3994 \— 2.3974 |—3.9 --143. 1 1 184.0961
122 123 | 1.647 | 647.034 |-+ 1.5617 |— 1.5634 i1~ I.5626 7 +144.8 | 185.6587
123 N | 2.096 | 649. 130 |4 1.5281 |— 1.5226 |+ 1.5254 .—5.5 [+139.3 | 187.1841

N 124 | 1. 645 | 650.775 6. 4879 |- 6.4891 |4- 6.4885 |--1.2 |4-140.5 | 193.6726
124 O | 0.744 | 651.519 |+ 9.2785 |— 9.278g |+— 9.2787 '+ 0.4 [+140.9 | 202.9513

O 125 | 1.684 | 653.203 |— 6.1534 |4 6.1513 [— 6.1524 2.1 |4-143.0 | 196.7989
125 126 | 1.452 | 654. 655 |— 8. ogoo |-+ 8.0904 8.0902 |-~0.4 |+142.6 | 188. 7087
126 127 | 1. 424 | 656.079 |— 2.2261 + 2.2245 | - 2.2253 '4 1.6 |[+144.2 | 186.4834
127 128 | 1.287 | 657.366 |— 2.9383 i4- 2.9379 |-— 2.9381 4-0.4 [+144.6 | 183.5453
128 Ja | 1. 281 | 658.647 |- 3.6277 |— 3.6274 |+ 3.6276 |-~-0.3 |+144.3 | 187.1729

J2 K, | 0.193 | 658.840 14+ 1.3678 |-~ 1.3681 I-1- 1.3680 |5-0.3 14-144.6 | 188. 5409

Side line to tnaugulatxon station on Gunters Mountain,

Js 129 | 2. 146 | 660. 793 5.2494 — 5.2482 |+ 5.2488 |—1.2 1+143.1 | 192.4217
129 130 | 0. 888 '= 661,681 {— 1.4266 -|- 1.4244 |— 1.4255 |+2.2 [+145.3 i 1g0. 9962
130 : 131 | 1.381  663.062 |4- 2.4603 —- 2.4630 |+ 2.4616 |+2.7 —i—148.o| 193. 4578
131 : 132 | 0.984 664.046 |-i- 5.6731 — 5.6701 [-}- 5.6716 |—3.0 4-145.0 | 199.1294
132 133 | 0.880 664.926 |--16. 1625 -+-16. 1660 —16.1642 |—3.5 [+141.5 | 182. 9652
133 134 | 0.922 | 665. 848 |+-45. 4095 '—45. 4132 |+45.4114 |4-3.7 |4-145.2 © 228. 3766
134 135 | I.210 | 667.058 |—15.7056 --15.7088 |—15.7072 |—3.2 |+142.0 . 212. 6694
135 P | 1.147 | 668.205 |}- 6.6271 — 6.6224 |4 6.6243 |—4.2 +137.8  219.2937

|- 6.6257 '-- 6.6219 .

P 136 | 0.371 | 668. 576 |--38. 6441 —33.6457 [138. 6449 |-i-1.6 |+139.4 | 257.9386
136 137 | 0.272 | 668.848 |4-39. 3576 —39.3586 |+-39. 3581 |+1.0 +-140.4 | 297. 2967
137 138 | 0.321 ' 669. 169 '+-38. 1407 !—38. 1411 |-4-38. 1409 |--0.4 [-+140.8 | 335.4376
138 139 | ©.538 669. 707 -}30.7132 '--30.7161 |+30.7151 [4-0.6 |+141.4 | 366. 1527

: a i4-30. 7165 —30. 7147

139 140 i 0.942 - 670.649 |+33. 1555 |—33. 1582 |+33. 1568 (+2.7 |+144. I I 399. 3095

140 Q 1.113 671.762 |+14. 3936 '—14.3952 |4-14. 3944 (+1.6 |+145.7 I 413. 7039
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Results of precise leveling from Harviman Junction, Tenn., fo Woodville, Ala.,
1900—Continued.
K ' ! bi ] T
Bench marks. Dis- | p Difference of elevation. 1serepancy
bt::::%ee Y }s‘fg,’,’fe (B=T). Elevation l
Stcces- bench 7 above i
qlsive mﬁ:rlglAs at F a " a l mlean lsea .
R , | F Back : o el
From To ’ll)lil: il; “Ky(?w °l‘a:'g.r “(i neT ! Mean, |Partial| Total. eve :
i | | - |
l I kws. ko, »e, »e. i me. mm. | ., Loom, '
Q 141 | 1.OIT | 672.773 | +4. 2290 | +4.2293 | —4.2292 |+0.3 |4+146.0 | 417. 9331 '
141 | Gunter A ! 0.854 | 673.627 | —5.8284 | +-5.8293 | —5.8288 |—0. 9 |+-145. 1 | 412, 1043
Gunter A | Gunter N | 673. 629 | 4-0.1598 412. 2641 |
Gunter A | Gunter 8§ | 673.629 | +o0.0958 412. 2001 !
Gunter A | Gunter E 673.629 | 40,1028 412. 2071 |
Gunter A , GunterW 673.629 | -0, 0980 | I 412, 2023 |
[ 1

The following elevations are for the top of rail in front of the railroad stations named

unless otherwise stated.

They are part of the preceding tabulation, and each is subject

to the correction that is finally applied to the beuch mark from which it is determined:

From Difference
bench Station, of Elevation,
mark. clevation.
. m.
A, ! Harriman Junction..................o ot +5.96 | 240,14
B, | Harriman ..............c.iiiiiiian. oun —3.29 | 238.64
Dy, Emory Gap............o ittt —2.82 | 251.81
61 Cardiff ... ... ... +0.04 | -241. 11
10 Rockwood...... ... ... ... ... ... .. .... +0.06 | 265.99
H, | GlenAlice............... ... it +4.86 | 247.34
ISTRoAdy ..ot +1.57 | 234.38
Jo | Lorraine® . . o Lo —1.06 | 243.52
K, | Spring City.................o i “+0.28 | 233.53
27 V Sheffield........ ... . .. o +5.79 | 255.38
32 | Evensville. ... o ool —o0.08 | 229,11
37 Dayton............. RN —o0.53 | 213,238
42 | Graysville....... ... ..ol 0.00 | 220.86
44 | Coulterville...... ... .. ... iviiiiinnn. +0.39 | 212,43
S,;]S8aleCreek ............ .. iiiieeei, +2.17 225.55
U, | Rathburn, or Soddy........................ +0.86 | 235.97
48 1 REro ..ot e —+0. 29 223.37
X, ' IIFisy ..................................... —0. 52 212.22
A IXOI. oot e —o0.73 ;| 206,
By | Citico Junction ............... ... .00 +3.35 | 207.07
64 P Boyce ... e +o0.27 | 207.46
68 | Chattanooggat......... ... ... ... ... .c...... —o0.27 | 203.91
Eg i Hooker, Ga................ooviiiiiiia 4-1.93 [ 262.93
674N : Wauhatchie ... ... .. ... +4-2.10 | 205.72 .
Fg | Whiteside ... +3.47 | 265.86
679N | Bridgeport....... ... .. . i i —3.88 | 201.82
D j Bolvar........ooooiieiiiiii i +0.94 | 188.69
627N | Stevenson ... ... i —1. 14 188. g2
104 I Fackler ......... ... . i il {-0. 27 186. 07
I | Hollywood ...... ... ..., —0.63 | 194.36
114 | Scottsboro.... ...l +o0.33 | 198,78
120 | Larkinsville .......... ... ..ol -+0.36 | 189.66
N LimRock ......ooooiiiiiii +0.59 | 187.77
Jo I Woodville ... ..o +o0.67 : 187. 84

!

*Top of railin’front of mail crane.

1+ On west rail of first track east of Central Depot.
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WOODVILLE-BIRMINGHAM LINE.

The line forming the last section of the line Cincinnati~Birmingham, of which the
purpose is explained on page 226, was run by Aid W. H. Burger between November 7,
1900, and January g, 1901, using level No. 8, one of the new type. The line followed
the Southern Railroad from Woodville to Decatur and the Louisville and Nashville
from Decatur to Birmingham, (See illustration g, page 227.) It is connected at
Decatur with the line Corinth—Decatur, run under the direction of the Corps of Engi-
neers in 1895, and at Birmingham with the line Meridian-York-Birmingham, run under
the direction of the Corps of Engineers in 1897-98. Both of these lines have already
been published.*

The lengths and index corrections of rods V and W, used on this line, have already
been given on pp. 229 in connection with the line Cincinnati to Somerset.

The elevations in the following tabulation are based upon those determined at
Woodville by the preceding sections of the Cincinnati~Birmingham line, and therefore
depend upon the elevations published in Appendix 8, Report for 1899, for bench marks
in the vicinity of Cincinnati.

Results of precise leveling from Wooduville to Birmingham, Ala., 1g900.

Bench marks. txxl)xii-e Distance Difference of elevation, 1"?%’51;?)‘ch l )
between! jrom Elevation
succes. | bench above

sive |mark Jaat) . mean sea

From To ;eax;i}; ‘Vo?\c};f“c’ l'olxi-:;r:.rd Baclﬁ;’:rd Mean. |Partial.| ‘Total. level.
| S |
km, . km, m. m. . m, ‘ mnt. m,

Ja ' o.000 l 187. 1729}

I. K. | 0. 193 0.193 {+ I.3685 — 1.3673 |- 1.3679 |—1.2 | — 1.2 |188. 5408%

2 L, | 1.221 1. 414 [— 0.9779 |+ 0.9792 (— 0.9786 |—-1.3 | — 2.5 | 187, 5622

I, | T.B.M.1 | 1.672 3.086 |— 3.7294 |4 3.7289 |— 2.7292 [4+o0.5 1 — 2.0 [183.8330

T.B.M. 1 2 | 1, 161 4.247 |— 2. 8615 |4 2.8660 |— 2.8638 |~4.5 | — 6.5 | 180. 9692

2 1. 552 5.799 |+ 5.3583 |— 5.3538 |+ 5.3560 |—4.5 | —1I1.0 |186.3252

3 M. | 1.835 7.634 |— 4.4309 |+ 4.4318 |— 4.4314 |[—0.9 | —11.9 | 181.8938

M, 4 | 1.587 9. 221 |-} 1.0349 |— 1.0357 |+ 1.0353 |+0.8 | —11.1 | 182. 9201

4 51 1.912 | 11,133 |4 0.4870 |— 0.4822 |+ 0.4846 |—4.8 | —15.9 | 183.4137

5 6 | 1.456 12. 589 |4-11. 0414 |—11.0390 [-11.0402 |--2.4 | —I8.3 | 194.4539

6 N. | 1.834 | 14.423 |4+ 1.5042 |— 1.5043 |+ 1.5042 |+o.1 | —18.2 | 1695, 9581

N, 71 1. 223 15.646 |— 6.8473 |+ 6.8486 |— 6.8480 |—1.3 | —19.5 | 18g. 1101

71 T.B.M.8 | 1.360 | 17.006 |— I.4651 |4 1.4638 |— 1.4644 |+1.3 | —18.2 | 187. 6457

T.B.M. 8 9] 1.675 | 18.681 |- 0.9522 |+ 0.9539 |~ 0.9530 |—I.7 | —19.9 |186.6927

9 10 | 1.772 | 20.453 |+ 9.9357 |— 9-9372 [+ 9.9364 4-1.5 | —18.4 [196. 6291

10 1r | 1.817 | 22,270 |— 5.0014 |4 5.0043 |— 5.0028 |—2.9 | —21.3 | 191.6263

11 11a | 0,658 | 22.928 |4 1.3367 |— I1.3341 {+ 1.3354 |—2.6 | —23.9 | 192. 9617

11a O, | 0.040 | 22.968 |— 0.3049 |4 0. 3048 ;— 0.3048 |+-0.1 | —23.8 | 192.6569

17a | T.B.M.12 | 0.809 | 23.737 |+ 4.0615 |— 4.0621 |4 4.0618 :-+0.6 | —23.3 | 197.0235
T.B.M.12 13 | 1.478 | 25,215 |4-12.8879 |—12.8926 | }-12.8gor |42.6 | —20,7 |209.9136 |
-+12. 8896 |—12. Sgo2 l ]

13 14 | 0.976 | 26,191 |— 0.4153 |+ 0.4163 |— 0.4158 |[—1.0 | —21 7 |209. 4978

14 15 | 1.695 27,886 |+ 4.2086 |— 4.2068 !4 4.2077 |—1.8 | —23.5 | 213.7055

15 16 | 1.842 | 29.728 {— 7.3781 [+ 7.3829 I— 7.3805 |—4.8 { —28.3 {206.3250

*Chief of Engineers’ Report, 1899, Part 2, pages 1770-1781, and Appendix 8 of the Coast and Geodetic Survey
Report for 1849.
{From abstract of Harriman Junction to Woodyille, 1900.
The elevation of B. M. K3, as determined on line Harriman Junation to Woodville, was 188.5409 meters,
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Rusults of precise leveling from Woodville fo Bivmingham, Ala., ropoo—Continued.

Bench marks. Dis- [ 10y Difference of elevation, Discr:pf_mcy
b;?v,:f:een f"gge - (B=F). Elegglion
Q. {34 ——

Tsive Woodvdite| Forward | Backward m?a"vx:ea

N y orwar s ) .

¥rom To r};zr;‘c{};. e e, e Mean, |Partial| ‘Total. eve

k. ke, . . m. ma. | M, ne,
16 17 | 1.898 | 31.626 |+15.3217 {—1I5.3183 |4+15.3200 |—3.4 | —31.7 |221,6450
17 18 | 1.306 | 32.932 |+10. 7180 |[—10. 7239 [4-10.7197 |+2.4 | —29.3 |232.3647

-+10. 7190 :—10. 7179
18 P, ) 1.820 | 34.752 |+12.0370 |—12.0360 |412.0365 |—1.0 | —30.3 |244 4012
P, 19 | 1.667 | 36.419 |—17.7626 -L-17.7587 [—17.7606 |+3.9 | —26.4 |226.56406
19 20 | 1. 369 | 37.788 |—10.9079 |410.9029 |-—10. 9054 |4-5.0 | —21.4 |215.7352
20 21 | 1.893 | 39.68r [—18.9224 |4+18. 9179 |—18.9202 |+4.5 | —16.9 |196. 8150
21 22 | 1.347 { 41.028 [~ 7.8281 ({- 7.8276 [— 7.8278 |4o0.5 | —16.4 |188. 9872
22 Q. | 0.666 | 41.694 |+ 5.5836 i— 5.5817 |4+ 5.5826 |—1.9 [— 18.3 |194. 5698
Q. City — 0.9370 193. 6328
I |
22 23 [ 1.754 | 42.782 |4 0.5949 |— ©.5943 |+ ©.5946 {—0.6 | —17.0 {189.5818
23 24 | 2.033 | 44.815 |+10.2948 |--10.2956 |+7T0.2952 |4-0.8 | —16.2 |199. 8770
24 25| 1.799 | 46.614 |— 7.0871 |4- 7.0878 |— 7.0874 |—0.7 | —16.9 |192.78g6
25 26 | 1.283 ] 47.897 |+ 4.9238 |— 4.9257 {4 4.9248 }+1.9 | —15.0 |197. 7144
26 27 | 1.488 | 49.385 |+ I1.6219 |— 1.6206 |4- 1,6212 |—I.3 | —16.3 |199.3356
27 R, | 2.761 [ §2.146 {—10.6I1g |<-10.6074 (—I0.6096 (+4.5 { —11.8 |188. 7260
R, 28 | 0.803 | 52.949 |4+ 4.0805 |— 4.0802 [+ 4.0804 {—0.3 | —12.1 |192. 8064
28 29 | 1.536 | 54.485 |+12.7295 {—12.7298 {+12.7296 |4-0.3 | —11.8 |205. 5360
29 30 | 1121 | 55.606 |+ 4.3472 |— 4.3471 |+ 4.3472 |—0.1 | —11.9 | 209. 8832
30 31 | 0.980 [ 56.586 |— 4.4867 i+ 4.4868 |— 4.4868 |—o0.1 | —12.0 |205.3964
31 32 { 0.92I | 57.507 |— 3.0558 {4 3.0533 {— 3.0546 {+2.5 | — 9.5 |202. 3418
31 S, | 0.038 | §6.624 |— 0. 1709% 205. 2255
32 S, | 0.883 +- 2. 8849% 205. 2267
S, Mean= | 205. 2261
32 33| 1.171 58,678 |— 4.3214 |+ 4.3209 [— 4.3212 |+0.5 | — 9.0 | 198, 0206
33 34 | 1.927 | 60,605 |+ 7.6048 |— 7.6064 -+ 7.6056 |+1.6 | — 7.4 |205. 6262
34 35 | 1.465 | 62.070 |—13.6716 |4-13.6708 |—13.6712 |+0.8 | — 6.6 | 191. 9550
15 T, | 1.720 | 63.790 :—13.6227 |-+13.6236 1—13.6232 |—0.9 | — 7.5 |178.3318
T, 3671 1.683 | 65.473 |+ 6.9379 :— 6.9367 |+ 6.9373 |--1.2 | — 8.7 | 185. 2691
36 37 | 1.648 | 647,121 i— 3.4141 ]+ 3.4147 |— 3.4144 |—0.6 | — 9.3 |181.8547
37 | T.B.M. 38 ; 1.305 | 68.426 |— 3.6438 '+ 3.6443 |— 3.6440 |—o0.5 | — 9.8 | 178. 2107
T.B.M. 38 U, | 0.913 | 69.339 |+ 4.6799 |«— 4.6772 |4- 4.6786 |—2.7 | —12.5 | 182. 8893
U, | TM.B.39 { 1.374 | 70.713 (— 8.4107 l+ 8, 4066 [— 8.4086 |+4.1 | — 8.4 | 174. 4807
T.B.M. 39 40 | 1.177 | 71.8g0 |+ 7.8632 |— 7.8640 |4- 7.8636 |[+0.8 | — 7.6 |182. 3443
40 41 | 1.813 | 73.703 {— I1.3710 i+ 1.37I3 |— 1.3712 |[—0.3 i — 7.9 |180.9731
41 42 | 1,303 75.006 |4 0.5976 |— ©.5934 |+ 0.5955 |—4.2 | -—12.1 | 18I. 5686
42 43 | 1.405 | 76.411 i— 6,0885 |-+ 6.0842 {— 6.0864 |+4.3 | — 7.8 |175. 4822
43 44 | 1.736 ; 78.147 |— 3.5210 |+ 3.5160 |— 3.5185 |4+5.01 — 2.8 | 171. 9637
' 44 | P.B.M. 52 | 1.097 79.244 |+ 1.0597 |— 1.0622 |4 1.0610 [+2.5 | — 0.3 |173.0247
P.B.M.s2 | P.B.M.51 | 0. 447 1 79. 691 i~ ©-779% 4+ 0.7808 :— 0,7800 [—1.7 | — 2.0 |I72.2447
P.B.M. 51 U.S. | + 0.6164 172. 8611
I

P.B.M. 51 45 | 0.140 | 79.831 [+ 2.091I |— 2.0912 [+ 2.0912 [+0.1 | — 1.9 |174.3359
45 | P.B.M.50 ; 0.128 | 79.959 [~ 4.9085 '- 4.9001 |— 4.9088 |—0,6 | — 2.5 | 169. 4271
45 46 | 1.440 | 81,271 |4 o0. 6699 l—— 0. 6713 !—f— 0.6706 [+174 [ — 0.5 {175. 0065

* S, was a rod station of bench 31-32, and was not touched upon in the backward running. The two readings to Sg
combined make --3,0558, the forward measure of 31-32.
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Results of precise leveling from Woodville to Birmingham, Ala., 19oo—Continued.

g e e

* Rejected.

Bench marks, 4 Dis- Distance | Difference of elevation. Dl??{irif;‘my
b'c.';::r‘f:cen from : Elevation
bench - — above
Sus(‘ZsyzG mark J? at . neat sea
From To 1?;2;1}; Woodvﬂle‘ Polx;';:elr(l fB:ul:ll;vz:ard Mean. Partial.| Total. level.
— | |
km., kb, m. . . mme. | mm. m.
46 47 | 2. 429 83. 700 . 1555 |+ 0.1525 |— 0.1540 +3.0 | + 2.5 |174. 8525
47 48 | 1.854 | 85.554 0. 5507 |— 0.5563 |4- 0.5535 i+5.6 | + 8.1 |175. 4060
48 49 | 1.597 i 87.151 0.2507 |— 0.2531 |+ 0.2519 [+2.4 | +10.5 |175.6579
49 50 | 1.567 | 88 /13 i— 3 3308%4- 3.3193 |-- 3.3222 !4+-2.3 | -+12.8 1172, 3357
-~ 3.3233 |+ 3.3227 i |
50 51 | 1.634 | 90.352 ‘-+— 0.8794 , -~ 0.8850 |4- ©.8836 :+-2.8 | +15.6 |173.2193
+ 0.8349 '
51 s51a | 1.214 | 9r.566 ii- 1.6525 |— 1.6516 - 1.6520 |—0.9 | +14.7 |174. 8713
51a V. | 1271 | 92.837 |— 1.9351 |4+ 1.9347 |— 1.9349 |[+0.4 | +15. 1 |172.9364
V, 52 0.837 | 93.674 :— 0.6187 |4 0.6166 |-- 0.6176 |+2.1 | +17.2 |172. 3188
52 53 | 1.539 | 95.213 |—{- 0.2204 |— o0.2224 |4 0.2214 |+2.0 . -+19.2 |172. 5402
53 54 | 1.618 | g6.831 i+ 6.5444 |— 6.5499 |+ 6.5456 '+2.9 ; +22.1 ! 179. 0858
: {T 6.5441 |— 6.5443 i
54 55 ] 1.447 | 98.278 |4+10. 4881 |—19.4976%|+19. 4908 |+5.7 | +-27.8 | 198. 5766
4-19. 4843%. —19. 4930 i
; +19. 4877 |—19.4943
55 56 | I.321 99. 599 |-|An. 1088 |—11.1107 |4-11.1098 |4-1.9 | +29.7 |209. 6864
56 57 | 1.129 | 100.728 \— §5.1063 |4- 5.1042 |— 5.1052 |4-2.1 | +31.8 |204. 5812
57 W, | 0.313 | 101.041 .— 3.5689 [+ 3.5669 |— 3.5679 |+4-2.0 | 4+33.8 |201.0133
W, 58 | 1.410 | 102. 451 |~ 2. 1380 |4- 2.1352 2.1366 i+2.8 1 4-36.6 ;198. 8767
58 59 | 1.651 | 104.102 i~ 8.5163 |+ 8.5149 |— 8.5156 4-1.4 +- 38.0 | 190. 3611
59 |T.B.M.60 | 2.000 | 106.102 — g.4687 [+ 9.4650 |— 9.4668 |-4-3.7 '4- 41.7 | 180.8943
T.B.M. 60 61 | 1.393 ' 107.495 + 1.6309 |— 1.6383 |[4- 1.6363 [L3.6 |- 45.3 | 182. 5306
|+ 1.6381 |— 1.6379
61 62 | 1.397 | 108.892 '— 1.7252 |4- 1.7226 |— 1.7239 \+-2.6 |4- 47.9 ' 180. 8067
62 X, | 2.399 | I11.291 | |- 2.2504 (— 2.2523 |4 "2.2514 --1.9 |+ 49.8-] 183. 0581
X, 63 | 1.746 | 113.037 ‘- 0.4514 |— 0.4540 |+ 0.4527 (+2.6 |+ 52.4 | 183. 5108
63 64 1.548 | 114.585 + 2.6669 |— 2.6710. |4 2.6690 |44.1 |+ 56.5 |186.1798
64 65 | 1.514 | 116.099 |+ 2.5858 |— 2.5867 |- 2.5862 |4+0.9 |+ 57.4 |188. 7660
65 VY, | 2.339 | 118.438 |-1-16.8416 |—16.8482 |+16.8449 |-1-6.6 |+ 64.0 ' 205.6109
Y, 66 | 1.545 | 119.983 +18. 2170 |—18. 2206 |{-18.2188 +3.6 + 67.6 |223. 8297
66 67 | 1.154 | 121.137 !-{-15. 4258 [—15.4295 |+15.4276 -1-3.7 .+ 71.3 |239. 2573
67 68 | 1.419 | 122.556 +17.1587 |—17.1580 |--17.1584 i_o.7 i+ 70.6 | 256. 4157
68 69 | 1. 340 | 123.896 |12.8686 |—12.8710 [-+12.8698 |5-2.4 [+ 73.0 |26, 2855
69 70 | 1.598 | 125.494 '+ 1.0840 |— 1.0832 | 1.0836 |—0.8 |4 72.2 :270. 3691
70 Z, | 2.105 | 127.599 I— 9.1698 |+ 9.1644 |— 9.1671 :+5.4 4+ 77.6 | 261. 2020
Z, 71 | 1. 469 | 129. 068 |— 7.9392 |4- 7.9402 \— 7.9397 i—1.0 - 76.6 |253.2623
71 72 | 1.344 | 130. 412 |— 1.2744 |-l 1.2707 1— 1.2726 |+3.7 . 8o.3 |251. 9897
72 73 | 1.601 | 132.013 |— 7.9379 {4 7.9318 |— 7.9352 --4.9 .+ 85.2 244.0545
i — 7-9373 14+ 7.9336 \
73 A, | 0.852 | 132.865 |+ ©0.4298 |-~ 0.4336 |+ 0.4317 |4-3.8 +4- 89.0 ;244. 4862
Ag 74 | 1.457 | 134. 322 |—15.2608 |1+-15.2513 |—15.2575 |--4.4 '+ 93.4 |229.2287
: —15.2607 +-15.2543 ; ; ;
—15.2576 !4 15. 2602 ‘ :
74 75 | 1.069 | 135.391 |—10. 0822 l-}~lo. 0818 j--10.0820 |[Lo.4 + 93.8 219. 1467
75 76 | 1.616 | 137.007 |— 4.4586 '+ 4.4553 |— 4.4570 |=-3.3 ;- 97.1  214.6897
76 771 1.820 | 138.827 |+ 3.9259 — 3.9306 |4- 3.9282 |-}-4.7 i+101.8 "218.6179
77 78 | 1.500 | 140.327 |—13.8956 4-13.8938 (—13.8947 |4-1.8 |4-103.6 j204.7232
78 79 1 1.475 | 141.802 {4- 9.5317 |— 9.5361 '4- 9.5339 .+-4.4 |+108.0 |214.2571
79 B, | 1.737 | 143.539 [—16.1664 i-| 16.1694 |—16.1679 |—3.0 +105.0 | 198, 0892
B, 80 | 1.390 | 144.929 |— 3.0053 |+ 3.0006 |— 3.0030 |+4.7 [4-109.7 |195.0862
8o 81 | 1.465 | 146.394 |--15.7606 |+15.7595 |—15.7600 |+1.1 |+110.8 |179. 3262
81 82 | 1.469 | 147. 863 |—14.8052 |-} 14. 8025 —14. 8038 [4-2.7 |+113.5 | 164. 5224
82 83 : 1.307 | 149.170 |+ 5.5133 |— 5-5141 - 5.5137 +o 8 14+114.3 | 170. 0361
83 C, | 1.397 | 150.567 |— 8.5058 |+ 8.5034 5— 8. 5053 [+3.8 {+118. 1 |161. 5308
' — 8.5085 II
) |
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Results of precise leveling from Woodville to Birmingham, Ala., rooo—Continued.

[

l
i
|

1

1

!

Bench marks.

From

99

99
100

101

1,
102
103

I
104
105
106

T.B.M.107

108
109
110

K,
111
112
113
114

lgiz; Di?(ance Difference of elevation. i D‘f%‘f‘g‘i‘“' ) )
between rom Elevation
L I T i R o
To bz-‘t:ceh Woodville,| Forward | Backward | pro IP’lrlial: ‘rotal Tevel.
marks. Ala. | line, line. ! N I :
o e ! )
i ) | =
( , kae, o k| ne. m. ! mn. mmn., , min. m.
84 j 1.047 | 151.614 |+ 5.2108 — 5.2112 lj‘- 5.2110 [40.4 |+118 5 | 166. 7418
85 | 1.562 | 153.176 :—15.5228 +15.5225 .~15.5226 |+0.3 .+4-118.8 | 151, 2192
86 | 1.589 | 154.765 |—15.7750 !+15.7734 |—15. 7742 |4-1.6 '4-120.4 | 135. 4450
Dy i 0.526 | 155.291 — 5.5006 4 5.3013 |~ 5.5010 |—0.7 |+119.7 !129. 9440
87 1 1.053 i 156. 344 |+ 12.6039 [—12. 6073 !4-12,6056 |+3.4 -123.1 [ 142 5496
88 | 1.664 | 158.008 |+ 0.5053 .— 0.5093 |4 0.5073 |+4.0 '-127.1 | 143.0569
89 . 1.612 ' 159.620 :*Hs. 9386 (—1s5. 94@1 +15.9436 [+5.1 |4-132.2 { 159. 0003
| : ~15. 9434 | —15.9401 :
go  1.276 | 160.8¢6 |- 5.2320 — 5.2356 |4 5.2338 |+3.6 '+135.8 | 164. 2343
E; | 2.126 | 163.022 |—~25. 6392 1+25. 6389 |—25.6390 |-+-0.3 i+136. 1 l138. 5953
91 1.799 | 164.821 |—710.5588 +10.5637 |—10.5612 |—4.9 ;4-131.2 : 128, 0341
1", 1 0,820 | 165.641 |~ 3.9560 |- 3.9556 i— 3.9558 i~ 0.4 |—{-131.6 124. 0783
92 | 1.831 | 167.472 [+ 9.5485 |— 9.5448 |+ 9. 5466 !—3-7 |+127.9 '133. 6249
93 1 1.770 | 169. 242 |+11.2091 |—-II.2090 +11.2090 j—o.1 +127.8 [144. 8339
94 | 1.620 | 170.862 |+19. 1480 |~—19. 1454 |+19.1467 —2.6 I—}—125.2 |163. 9806
Gy ; 1.652 | 172.514 [4-15.1385 [—15.1387 |+415.1386 |-Lo. 2 |+125.4 |179. T1g2
g5 l 1.474 - 173.988 |--14. 4010 {--14. 4037 |+-14. 4024 |-}-2.7 :-+128.71 | 193. 5216
96 | 1.749 | 175. 737 |—2I. 1089 [4-21.1073 !—27.1081 |41.6 j-}-129.7 | 172.4135
97 | 1.594 | 177. 331 j—20. 33)9213 'j:zo. 3321 —20. 3360 [+4.7 i-.4-13;4-4 £152. 0775
—20.3370 |-20. 3343 I
98 1.885 | 179. 216 [—— 0.3524 -+ 0.3516 |-— 0.3520 +0.8 |+135.2 i151.7255
99 l 1.726 | 180. 942 -+-14. 7181 ’—-14. 7212 |4-14. 7196 )—}-3. 1 .+138.3 1166, 4451
— - - . = ——— E— —— e e . |
H, ! 0.096 | 181.038 |4 0. 3282 ’— o, 3282 I—{- 0,3282 | o.0 E»{--13S.3 1166, 7733 |
= e - | e — e
100 : 1.648 | 182. 590 |—14. 5221 !+14.5215 |—14.5218 [4-0.6 l4-138.9 |151.9;:33
1or | 1.286 | 183. 876 i—16. 3339 |+16. 3341 '—16.3340 '—o0. 2 l+l38' 7 lx35.5b93
10 1.023 | 184.899 — 9.9792 |+ 9.9760 1— 9.9776 |+-3.2 -+ 141.9 | 125.6117
102 1.378 | 186. 277 !—l-xo. 7790 |—10. 7798 | 10. 7794 [4-0.8 i-{-142.7 1136. 3911
103 ! 1.188 | 187.465 |— 0. 1504 |4- 0.1485 .— ©0.1494 j4-1.9 14+144.6 | 136. 2417
Ji | 1.570 | 189.035 |--10. 3394 [+'10. 3377 [—10.3386 (4+1.7 +146.3 |125. 9031
104 | 1.679 | 190,714 |—11. 0274 11,0276 ,-—11.0275 l—o.2 ;3 136.1 | 114.8756
105 i 1.362 | 192.076 |+ 0.0832 |— 0.0869 -+ 0.0850 |+3.7 L. 149. 8 | 114. g606
106 . 1. 328 | 193. 404 (— o. 2618 |4 O, 2611 ,— 0. 2614 +-0.7 Litso. s | 114. 6992
'1‘.]3.M.1o7l 1.654 | 195.058 |4- 5.8139 |— 5.2132 -+ 5.2(1)86 ‘—o0.7 |+149.2 '[120.5128
108 | 1.572 | 196.630 :4- 2,6082 [— 2.6102 |<- 2,6092 ‘<-2,0 4151.8 | 123.1220
109 = 1.947 | 198.577 |+lo.0152 l—I0.0IOS 410.0130 |—4.4 [+147.4 ,133. 1350
110 | 1.851 | 200. 428 l+u.8043 —11. 8058 |-{-n.8050 I+1.5 4+ 148.9 | 144. 9400
K, | 2.019 | 202,447 [+ 12. 4942 ||~—12. 4943 +:12.4942 [+ o0.1 4 149.0 | 157. 4342
111 | 1.047 | 203.494 '+ 4.5838 — 4.5536 |+ 4.5837 ,—o.2 |-~148.8 |162.0179
112 | 1.653 | 205. 147 |-+ 8. 5305 |— 8.5308 |+ 8.5306 [4-0.3 {--149.1 [170.5485
113 | 0.974 | 206, 121 — 1,4518 :~- 1.4491 |— 1.4504 ,--2.7 +151.8j169.0981
114 | 1.981 | 208. 102 !4-13. 7542 !-—13. 7531 [4-13.7536 [—1.1 [4150.7 ' 182.8517
115 | 1.547 | 209. 649 ;—16. 9490 -+16.9497 |—-16.9494 —o0.7 |--150.0 | 165. 9023
116 | 1.446 | 211.095 '— 4.3824 '4- 4.3789 |— 4. 3806 '+3.5 +153.5 | 161. 5217
117 | 1.299 | 212.394 !:-11.3142 [—11.3179 |411.3160 [+3.7 +157.2 | 172. 8377
118 | 1.626 | 214.020 ' 4.7195 — 4.7257 {4 4.7246 -}7.0 |4-164.2 | 177. 5623
I+ 4.7228 |— 4.7306 { |
I; | 0.052 | 214.072 +4- 0.3730 (—— o, 3721 '4- 0.3726 l!—0.9 +163.3 | 177.9349 |
e T B — R B R
119 | 1.656 | 215.676 i— 0.1278 |4 0.128 I 0,1283 --1.0 |4163. 2 | 177- 4340
120 | 2.010 | 217.686 +10. 7474 '|---10. 7483 1+-10.7478 |4-0.9 [-+164.1 leS, 1818
P.B.M. 2! 1.318 | 219.004 '— 6.8293 ‘4 6,8316 |— 6. 8304 [—2-3 -+161.8 1181. 3514
P.B.M. 3 | 0.257 | 219. 261 |— 1. 1000 i—+— 1. 1004 |— 1.1002 '—0.4 |+161.4 | 180. 2512
i i .
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The following elevations are for top of rail in front of the railroad stations named,
unless otherwise stated. They are part of the preceding tabulation, and each omne -
is subject to the correction that is finally applied to the bench mark from which it

is determined.

From .
nt:gllc:i Station, Dg:";g:’ig;f)f Elevation.
.

J2 | Woodville +o. 64 187. 81
M, | Paintrock +o0. 55 182. 44
N, | Gurley +1.22 197.18
11a | Brownsboro +o0.18 193. 14
P, | Fearns —2, 64 241. 76
22 | Huntsville ~+o0.02 189. 01

S, | Madison +o0.02 20§5. 25
36 | Greenbrier +1.59 186. 86
U, | Bellemina +-o0.12 183. 01
45 | Decatur +1.35 175. 69
46 | New Decatur —1I1.0I 173. 99
51 | Flint -+o0.76 173.98
57 | Hartselle +o0.17 204. 75
60 | Leesdale +5.05 185. 94
62 | Falkville —+2.79 183. 60
63 | Lacon —+o0. 08 183. 59

70 | Holmes Gap -+8. 54 278.91
A; | Cullman —o. 23 244. 26
B, | Johnson ~+o0. 23 198. 32
82 | Hanceville +o0. 28 164. 80
85 | Garden City —2, 02 149. 20
91 | Blount Springs -+1.86 129. 89
88 | Bangor —0. 42 142, 64
99 | Warrior +o0.78 167. 23
102 | Jefferson —o0. 64 135.75

Js | Morris —o. 67 125. 23
109 | Cunningham ~o. 10 133. 24
K; | Newcastle —o.19 157. 24
118 | Boyles —o. 17 177. 39

NORFOLK-SIOUX CITY LINE.

This line was run by Aid B. E. Tilton between May 8 and June 20, 1900, using

level No. 6, one of the intermediate type.

The purpose of this line was to complete

No. 10.

Kilometers

o3 m—————— w———
105 0 10 20 30 40 50

NEBRASKA

Leveling route, Norfolk, Nebr., to Sioux City, Iowa, and l'age, Nebr.
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the circuit Norfolk—Abilene~Kansas City-Sioux City—Norfolk. ‘The line was run over
the Chicago, St. Paul, Minneapolis and Omaha Railroad. Velocipede cars were used.

Rods R, and S were used. Their lengths at zero degrees centigrade, before and
after the leveling, as determined at the Office of Standard Weights and Measures, were
as follows:

Rod Ra. Rod S.

m. mm, m. mm.
October, 1899 3+1.09 3+1.53
November, 1900 3+41. 22 3+1.57

The mean of all is 3™ + 1™™.35, or an excess of length of 0™™.45 per meter.
The lengths of the 3-meter intervals on the rod as measured in the field were as
follows:

2
Date. rerafngéhlg ’;5% C. re(Ii‘:g:g(:lu:oo:s% C.
1900. 1. .

May 9 3. 0009 3. 0014
24 3. 0005 3. 0008
June 12 3. 0008 3.0009
26 3.0006 3. 0009

July 10 3. 0008 3. 0009
’ 25 3. 0008 3. 0009
Aug. 7 3.0008 3.0013
21 3.0008 3. 0010
Sept. 6 3. 0007 3. 0010
19 3. 0010 3.0014

Oct. 4 3. 0010 3. 0015
12 3. 0009 3.0013

These field measurements are made merely to determine whether the rods change
in length. They are not directly comparable with the Office measures, made with great
care to determine the absolute lengths.

These measurements show that the rods retained so nearly a constant length
throughout the season that it was decided to use the mean of the rod lengths, as meas-
ured at the Office of Standard Weights and Measures, in making the computation, the
correction for length being therefore 0™™.45 per meter.

The index corrections to the rods in November, 1899, were: For R,, 0.0 milli-
meter; for §, —o.2 millimeter; and in January, 1goi, for R, —o.2 millimeter; for S,
— 0.6 millimeter.

The elevations given in the tabulation are based upon those printed in Appendix 8,
Report for 1899, for the bench marks N, O,, and P, at Norfolk, of the line Abilene-
Norfolk, run by A. L. Baldwin’and B. E. Tilton in 1899. (See Appendix 6, Report
for 1899.) 'The line conunects at Sioux City with bench marks established on the line
St. Joseph—Sioux City, which was run under the direction of the Corps of Engineers in
1892.

The elevations in the tabulation for stations marked thus: (Sta.-Norfolk), refer to
the top of rail in front of the railroad station named.
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Results of precise leveling from Norfolk, Nebr., to Stoux City, lowa, rgoo.
Bench marks, Dis- R Difference of elevation. Discrip::u)cy
tance | Distance (B—F). Elevation
between{from bench iee e e e—| T above
susqces‘ n::g}i el:l’ea" | mean sea
X sive 1e, % d Back d . level,
From To rl;?;i}; Kans. 01';:'3" acli““g“ Mean. |Partial| Total. l eve
k. k., m, m. M. mne, mne, . m.
N, 467. 122 +-242. 7% 464. 3781t
N; 1} 1.587 | 468. 709 |+ 1.0204 4- 1.0204 465. 3985
1 2 | 1. 191 | 469.900 |-— 1.8375 — 1.8375 463. 5610
O, 465. 53461
O, 2| 0,512 — 1.9667 — 1.9667 463. 5679
P 464. 77041
Py 2 | 0.638 — 1.2047 — 1.2047 463. 5657
2 Mean | 463. 5649
2 * Sta. Norfolk + o0.18 463. 74
. i ! 3
2 3| 1.606 | 471.506 ii- 1.4946 |— 1.4939 + 1. 4942 |—o0.7 |4242.0 }!465. 0591
3 Q: i 2.222 | 473.728 |+ 9. 0005 |— 8. 9996 4 9.0000 [—0.9 |+24I. 1 |474.0591
Q: 4 | 1.627 | 475.355 - 4. 1033 |— 4.1040 |- 4.1036 {+0.7 '+241.8 478, 1627
4 5 | 1.616 | 476.971 |{- 6.2804 — 6.2871 |4~ 6.2829 |44.2 '+246.0 |484 4456
. -4- 6.2812 |— 6.2828 ;
5 6 | 1.624 | 478.595 |+ 5.6364 ~— 5.6388 1+ 5.6376 +2.4 --248.4 5490. 0832
6 7 | 1.023 | 479. 618 |- §.48371 — s 4863 |+ 5.4847 +3.2 |+ 251.6 1495. 5679
7 8| 1.590 | 481.208 |+ 4.5776 i~ 4.5793 |- 4.5784 |+1.7 |+-253.3 ' 500. 1463
8 R; | 2.005 | 483.213 {+ 8. 4007 ;— 8.4106 |- 8.4048 |+7.9 {+261.2 |508. 5511
: -{- 8.3989 :~- 8. 4068
X - 8.4027 ‘
R, |Sta.Haskins ; — o.71 | 507. 84
R, | 9 ! 1.571 | 484.784 |- 4. 1820 i— 4.1823 |+ 4.1822 |+0.3 |4-261.5 |512.7333
9 10 | 1,605 | 486.389 [+ 4.5636 [— 4.5617 |1- 4.5628 |—2.2 |3-250.3 ' 517. 2661
- + 4. 5642
10 11 | 1.856 | 488. 245 |--13.3143 |—13.3173 |-1-13.3158 —§ 3.0 |4262.3 : 530.6119
11 S: | 1.407 | 489.652 |+13.9049 |—13. 900 |+13.9025 |—4.8 [4+257.5 |544. 5144
Se 12 | 1.680 | 491.332 |—18.2392 |+18.2430 |—18. 2411 |—3.8 4-253.7 .526.2733
12 13 | 1.594 | 492. 926 |—19.7987 |--19.8018 |--19.7994 |1-3.7 {+257.4 | 506.4739
—1I9. 8039 |+-19. 7935 |
I3 14 | 1.715 | 494.641 [—14.3530 [+14.3542 |—14.3536 —L2 +256. 2 | 492. 1203
14 15 | 1.677 | 496.318 |— 9.1586 |+ 9.1597 |— 9.1583 [--3.4 ,+259.6 !482.9620
— 9.1613 |4 9.1535 . : |
15 16 | 1.598 | 497.916 [— 4.5677 |4 4.5679 |— 4.5678 |-+2.8 -}-262.4 |478. 3942
— 4.5706 |+ 4.5650 .
16 T: | 1.593 | 499.509 |— 1-2434 4 1.2433 1— 1.2448 |+3.0 i-+-265 4 (4771494
— 1.2482 : |
T, | sta. Winside +org | | g
T, 17 | 1.577 | 501.086 |— s. §3ooi }- 5. 8412 |~ 5.8414 [+4-0.3 §:+265.7 §47r.3680
— 5.8415 : .
17 18 | 1.630 | 502.716 |— 4.4544 |4 4.4518 |-~ 4.4531 |+2.6 |-1 268. 3 | 466. 8549
18 19 | 1.584 | 504.300 |— 4.2964 |+~ 4.2929 |— 4.2946 |--3.5 +271 8 |462 5603
19 20 | 1.606 | 505.906 |— 1.7326 |+ 1.7359 |— I1.7342 {—3. 3 ~+-268. 5 | 8261
20 21 | 1.893 | 507.799 |— 5.7471 |+ 5.7509 |— 5.7468 |—I.5 14-267. 0 455 0793
— 5.7537%4 5. 73451 !
— 5.7450 i+~ 5.7441 l
: |
* From B; at Abilene. + From Appendix 8, Report for 18g9, page 490. 1 Rejected.
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Results of precise leveling from Norfolk, Nebr., to Sioux City, lowa, rgoo—Continued.

l .
Bench marks, tg:z; Distance Difference of clevation. D‘?gi%f‘)’.‘cy Kievatio
between [from bench nbov; "
sug?ces- m:gillcel!x:eut mean sea
From To ‘l;i%lcilsx Kans. | Fol?x:':.rd Bacl];‘;‘;“rd i Mean. |Partial! Total. level.
|
k. km. m. m. . . | mm. m,
21 22 | 1,645 | 509.444 |— 3.8998 |+ 3.9012 |— 3.9005 |—1.4 [+265.6 |451.1788
22 23 | 1.535 | 510.979 |— 3.7377 |+ 3.7380 |— 3.7378 |—o0. 3 |1265.3 | 447. 4410
23 24 | 1.797 | 512.776 |— 3.3385 |+ 3.3344 |— 3.3364 |+4.1 |4269.4 |444.1046
24 25 | 1.801 | 514.577 |— 1.9028 |4- 1.g022 = 1.9025 {40.6 [+270.0 | 442. 2021
25 | Sta. Wayne 4+ 1.36 443. 56
25 U | 0.493 | 515.070 [+~ 2.9095 {— 2.9106 |- 2.9I100 {+X.T |+271. 1 |445. 1121
25 26 | 1.597 | 516.174 |— 1.2713 |4 1.2762 |— 1.2738 |—4.9 |4-265. 1 |440.9283
26 27 | 1.658 | 517.832 |— 4.6622 |+ 4.6630 |— 4.6626 |—0.8 14-264.3 |436. 2657
27 28 | 2.027 | 519.859 i— 2.8788 |4 2.8812 |— 2.8786 | —4.8 |-+250. 5 {433. 3871
. — 2,8735 |+ 2.8808
28 29 | 1.534 | 521.393 |— 1.4136 [+ 1.4119 {— 1.4128 [41.7 |4-261.2 |431.9743
29 30 | 1.716 | 523.109 !— 2.3825 |+ 2 3863 {— 2.3848 |4-2.0 [+263.2 |429. 5895
— 2.3891 |+ 2. 3813
30 31 | 1.571 | 524.680 |— 2.7200 |+ 2.7249 |— 2.7224 |—4.9 |+258.3 | 426. 8671
31 32| 1.598 | 526.278 |— 1.9273 |4 1.9244 |— 1.9258 |+2.9 |4261.2 |424.9413
32 33 | 1.670 | 527.888 |— 2.0989 |4 2.1015 |— 2.1004 |—2.1 |+259.1 |422.8409
— 2.0998 [+ 2.0917*
33 34 | 1.669 | 529.557 |+ 0.1477 |— ©0.1454 |+ ©.1466 |+2.4 |+261.5 |422.9875
+ o0.1430 |— ©.1502
34 | sta. \anke- |+ 0. 14 423.13
¢
— , _
34 V. | 0.191 | 529. 748 |+ 8.3780 |— 8.3788 '+ 8.3784 |+0.8 |{-262.3 431. 3659
34 35 | 1.524 531.081 - 1.2055 ‘—'r 1.2015 '-— 1.2035 |4-4.0 |+4-265.5 l421. 7840
35 36 | 1.607 | 532.688 | — 2.7269 |+ 2.7234 {— 2.7252 |-i-3.5 [4+269.0 ' 4r19.0588
36 37 | 1.661 | 534.349 0. 1498 |— 0.1496 |+ ©.1497 ,—o0.2 |-268.8 |419. 2085
37 38 | 1.660 | 536.009 |+ 6.8194 |— 6.8179 i4- 6.8186 |—1.5 |4267.3 ;426.0271
38 39 | 1.640 | 537.649 { :-11.2532 |—1I1. 2572 ‘-}-11.2552 +4.0 +271.3 |437. 2823
39 40 | 1.638 | 539.287 |+15.0314 \—15.0319 --15.0316 |+0.5 |+271.8 1 452. 3139
40 W, | 0.896 | 540. 183 | +-11,0030 [—1I1.0048 (+11.0039 (<-1.8 |-}273 6 1463.3178
S — . | e
W, | Sta. Ridge 1.07 | |462. 25
| i
W, | 41 | 1.674 | 541.857 —18.551,8 +18.5527 |—18.5508 '+2.3 |-4-275.9 |444. 7670
—18. 5531 [+18. 5467
41 42 | 1.604 | 543.461 |—11.3721 |--11.3740 ,—11.3730 ;—[.9 ,4+274.0 | 433. 3940
42 X, | 1.111 | 544.572 I+ 1. 6000 |— 1.6020 |+— 1. 6010 |+2.0 ‘—} 276. 0 | 434. 9950
X_x. "Stn Emerson } i_ 0. 34 l ‘434, 66
X, I 43 | 1.623 | 546. 195 -14. 1393 [—14. 1410 l+14. 14902 |+1.7 +277.7 I449. 1352
43 | 44 | 1.692 | 547.887 |—18.8273 |+18, 8277 |—18.8276 |—0.7 |+277.0 : 430. 3076
X —18. 8367%+18. 8283
44 45 ] 1.653 | 549. 540 |—14.5657 |4-14.5650 |—14. 5654 |4-0.7 |4-277.7 {415. 7422
45 46 1.638 | 551.178 |— 8. 1552 |+ 8.1530 [— 8. 1541 |+2.2 [+279.9 [407. 5881
46 47 | 1.637 I 552. 815 |+15.3163 |—15. 3130 |+15.3146 |—3.3 [-+276.6 | 422.9027
47 Y, | 0.534 | 553.349 + 6 6388 | — 6.6388 |- 6.6388 ; 0.0 [+276.6 | 429.5415
Y, 48 I I. 579 l 554.928 |—13. 0429 |+o0. 2 ]-}—276 8 [ 416. 4986

0430 |+13.

0428 |—13

*Rejected,
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Results of precise leveling from Norfolk, Nebr., to Sioux City, lowa, r9oo—Continued.

Bench marks. Dis- | . Difference of elevation. Dis%rig?"c"
tance | Distance > Elevation
betweenl!from bench| . “above
succes- |mark Brat
From To lgg?lc:: Kans. Folx;::'g.rd B“‘fi}il‘;f“d Mean. |Partial.| Total. level.
km. k. m, m, m. mm. | mm. m.
48 49 | 1.646 | 556.574 |—17.7012 |417. 7008 |—17.7010 |+0.4 --277.2 | 398. 7976
49 50 | 1.723 | 558.297 |—13. 1893 |+13.1890 (—13.1892 |40.3 |+-277.5 |385. 6084
50 S| 1.712 | 560.009 |— 9.3334 [+ 9.3376 |— 9.3355 |—4.2 :+273.3 |376.2729
51 52 | 1.647 | §61.656 |— 9.9186 |4 9.9168 |— 9.9177 |+1.8 |+275.1 | 366. 3552
52 53 | 1.707 | 563.363 |— 6.7094 |4 6.7055 |~ 6.7074 !+3.9 |+279.0 | 359. 6478
53 Z, | 1.647 | 565.010 |— 6.6624 |4 6.6601 |— 6.6612 |+2. 3 |+281.3 |352.9866
Z, [Sta. Hubbard — 0.23 | 352.76
- | :
Z, 54 | 1.678 | 566.688 {— 6.5802 |4 6.5806 i— 6.5804 |—0.4 +280.9 346. 4062
54 55 | 1.771 | 568.459 |— 6.9857 |+ 6.9844 |— 6.9850 |+1.3 :--282.2 |339. 4212
55 56 | 1.727 | 570.186 |— 2,4409 |+ 2.4378 |— 2.4414 |—1.2 |+281.0 |336.9798
— 2.4407 |+ 2.4463
56 57 { 1.106 | §71.292 {— 0.2502 |+ 0.2540 |— 0.2521 |—3.8 |+277. 2 | 336. 7277
57 A, | 0.896 | 572,188 |4 0.0808 |— 0.0769 {4 0.0788 |—3.9 |4273.3 | 336. 8065
A, | Sta. Coburn + o.23 ; 337.04
A, 58 | 1.628 | 573.816 |— 0.3549 |+ 0.3551 |— ©.3550 |—0.2 |+273. 1 |336. 4515
58 59 | 1.752 | §75.568 |— 0.0828 |4 0.0822 |— 0.0825 |+o0.6 (4273.7 |336. 3690
59 60 | 1.632 | §77.200 [— I1.1067 |4 I.1109 |— I.1057 | 0.0 |4273.7 |335.2633
— 1.1085 |4 1I.71018 i
— 1,1020 |- 1.1043
6o 61 | 1.993 | 579-193 |— ©0.3952%4- 0.3905 \— 0.3888 |—1.3 +-272.4 {334.8745
— 0.3769%4- o. 3885
— 0, 3881 [+ 0. 3893
61 | sta. Dakota + r.o8 | 335.95
City !
61 | M. R. C. | 1. 319 