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LETTER

FROM

THE SECRETARY OF THE TREASURY,

TRANSMITTING

The annual report of the Superintendent of the U. 8. Coast and Geodetic Survey.

DeceMier 11, 1888.—Referred to the Committee on Appropriations and ordered to be printed.

TrREASURY DEPARTMENT, December 10, 1888,

S1r : In compliance with the requirements of section 4690, Revised Statutes, 1 have the honor
to transmit herewith, for the information of Congress, a report addressed to this Department by
F. M. Thorn, Superintendent of the Coast and Geodetic Survey, showing the progress made in
that work during the fiscal year ended Junc 30, 1888, and accompanied by charts illlustrating the
general advance in the operations of the Survey up to that date.

Respectfnlly, yoars,
. 8, FAIRCHILD,

Secretary.

The SPEAKER OF THE HOUSE OF REPRESENTATIVES.
ii
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coast of Oregon, p. 66; of preliminary base-tine at Minneapolis,
Minn., observations for, p. B4

AZIMUTH MARK (new). Established at Los Angeles magnuetic
vbservatory, p. 59,

AZIMUTH STATIONS. Statistics of, p. 105,

B.

BABYLON. L. 1. Reference to, p. 37.

BABYLON AND DBALDWIN, L. 1.
tween, p. 37,

BACHE, C. M., ASSISTAXT. Topographic survey of the west
bank of the St.Creix River between Pleasant Point and Short-
lands Station, pp.20,21; engaged in office work in Philadelphia,
p.93.

Topography executed be-

BACHE, R. M., ASSISTANT. Employed on office work in Phila- |

delphia, p. 93.

GACHE (steamer). Use of and reference to, pp. 32, 47, 48, 49, 151, 152.

BAHIA HONDA KEY. Refereuce to,p.49.

BAIRD GLACIER, ALASKA. Reference to, p.75.

BALCH. Triangulation station in California. Reduction of transit
observationa at, p. 93.

BANDON, K0OS COUNTY, OREGON. Refereuce to, p. 67,

BARABOQ, WIS. Reference to, p,82.

BARATARIA (steamer), p.155.

BARBADOES. Reference to, p.48.

BARKER, J. H. Chart division, pp- 91, 129.

BARNARD, A.P. Services in Eansas, p. 85.

BARNARD, Pror. LOUIS H, ACTING ASSISTANT. Reconnais-
sance for connecting the triangulation in the southern part of the
Stgsw of Peansylvania with the primary triangulation in Maryland,
p-38.

BARNSTABLE, MASS. Meridian line connected with triangula-
tion and azimuth determined, p. 26.

BARNSTABLE AND PLYMOUTH COUNTIES, MASSACHU.
SETTS. Triangulation in connection with tpwn boundary sar-
vey, p- 3¢

BARREN INLET, N.C. Reference to, p. 46.

BARTLE, R.F. Engraving division, pp. 119, 122,123,124,

BARTLE, R.F., J=. Engraving division, pp. 118, 122, 123,124,

BARTLETT.GEORGE A. DISBURSING CLERK, TREASURY
DEPARTMEXT, pp. 92, 147.

BASE-LINE, American Bottom, 1llinois, p. 82; examination of site
for a, in Frederick Sound, Alaska, p. 74; selection of site near
Point Agassiz, and measurementof, p. 74; preparation of base-bars
for a, at Los Angeles, pr. 93, 84; measured between Bogue and
Bear Inlets, N. C,p. 46; (preliminary) meaxured at Minneapolis,
Minn., and site for final primary base-line selected, p. 83;: at San
Pedro, Cal., reference to, p. 58; site for, near Los Angeles, Cal., p.58.

BASE-LINES, atatistics of, p. 105.

BASE-LINE (check) measured at Sloop Point, N. C., p. 46; meas-
ured at Thomas Bay, Alaska, p. 75; measured for survey of Dun-
can Canal, Alaska, p. 75; measured on shores of Sau Diego Bay,
Cal., p. 87; measnred on the Soukhei Islands, Alaska, p.74; near
New River Inlet, p. 46.

BASSETT,R. T. Miscellaneous division, p. 138.

BATCHELDER TIDE GATGE, use of referred te, p.50.

BAUER, LOUIS A. Computing division, pp. 116, 118.

BAUMANN, W. Drawing division, pp. 125, 128.

BAY OF FLORIDA. Reference to, p. 48,

BAY XEYS. Reference to, p.49.

BAYARD, R H. Services in Section I. Referred to, p. 20.

BAYLOR, TAMES B, ASSISTANT. Magnetic observationsat sta-
tions in Maine and Massachusetts, pp. 23, 24; gravity observations
at Smithsonian Instivution ; magnetic determinationa (annusal) at
a station on Capitol Hill, Washington, D. C., p. 42; services in
computing division, pp. 116, 118.

BAYOU BEUF, La. Reference to, p. 54.

BAYOU LA BOVI. Reference to, p. 55.

BEAN. Station in triangulation of Tennesses, p. 79.

BEAER BANKS. Reference to, p.46.

BEARD. Station in triangulation of Indiana, p.81.

BEAUFORT AND CAPE FEAR, N. C. Additional sarveys be-
tween, pp. 45, 46.

BEBE MOUND. Station in triangulation in Kansas, p. 84.

BECK, J. Printiug room, p. 20.

BEECHER, A. M., ENSIGN U.8. N, Serviees in Alaska, pp. 73-77.

BEECHER PASS, ALASKEA. Reference to, p.76.

BEDFORD,IND. Reference to, p. 81.

BELEOFFSKY ISLAND, ALASKA, p.77.

BELL, J. A, ENSIGN U.S.N. Services on coast of Washington
Territory, p. 70.

BELLE ISLE. Station in triangulation of Louisiana, p. 54.

BELLINGHAM AND SAMISH BAYS AND THE ISLANDS IN
THEIR VICINITY. Triangulation and topography, of, pp. 72, 73.

BENCH-MARKS at Mitchell, Indiana. Keferenceto, p.80; at New
Haven, Missouri, p. 84; between Osage City and Moreau Creek,
Missouri, p. 84; established in Arkanaas, reference to,p.53; in
M husett tion of accurate series of by leveling,

Aot
aeter

p. 26.

BENICIA, CAL. Reference to, p.64.

BENNING'S BRIDGE. Reference to, p.43.

BENTON, W.H. Drawing division, pp. 125, 128,

BERGEN NECK, N.J. Reference to, p.38. .

BERING SEA. Reference to,p. 77.

BERRYHILL, T. A., ASSISTANT SURGEON U.S.N. Services
on steamer Blake, p. 48.

BIG POND. Triangulation station in North Carolina, p. 46.

BIG SPANISH KEY. Reference to,p.48.

BILLINGSPORT. Reference to, p. 40.

BISPHAM, H. A, ENSIGN U. 8. N. Services on coast of Flor.
ida, p. 50.

BITLER, R. 0., ENSIGN U.8.N. Service on coast of Maine, p.21;
services in hydrographic survey coast of Louisiana, p. 50.

BLACK FISH ROCK, near New Suffolk, Long Island. Reference
10, p. 36.

BLACKLOCK POINT (WORMERLY ROCKY POINT), OREGON,
Reference to, p. 66.

BLAIR, H. W, LATE ASSISTANT. Reference to, p.92.

BLAKE (stecamer). Uso of and reference to, pp. 32, 34, 47, 48, 152,
143-154, 15E.

BLOCK ISLAND AND POINT JUDITH. Hydrography be-
tween, p. 33. :

BLOCK ISLAND SOUTHEAST LIGHT. Reference to, p. 33.

BOARD OF PORT WARDENS, PHILADELPHIA. Reference
to, p. 92.

BOARD OF TRADE, PHILADELPHIA. Reference to, p. 92.
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BOAT HARBOR. Triangulation station in Washington Territory,
reference to, p. 72.

BOGUE INLET. Reference to, p.46.

BOGUE AND BEAR INLETS. Bage-line measured between, p. 46.

BONE ISLAND. Reference to, 44.

RORDA SCALES. Reference to, p. 83.

BORDEN SURVEY. Reference to, p. 25.

BOSTON PLATE OF CITY OF WASHINGTON. Supposed copy
of, referred to, p. 90.

BOUIS, C. ¢. Drawing divisien, p. 125.

BOUNDARY BETWEEN THE UNITED STATES AND CAN-
ADA. Determination of, in the vieinity of Burnt Island, Mich,,
p- 89.

BOUNDARY TREATY MAP. Reference to, p. 89.

BOUTELLE, C. O., ASBISTANT. OQuservations for latitude and
azimuth at a trigonometric station in Wisconsin. pp. 82, 83; em-
ployed in office work, p. 83; correspondence relative to State sur-
veys, D. 83: services in coumection wiih Cineinnati Exposition,
p. 83; continuation of geodetic operations preliminary to a trian-
gnlation of the State of Minnesota, pp. 83, 84.

BOUTELLE, JOHEN B. Computing division, p. 117,

BOWER, MISS GLORA B. Tidal division. p. 135; Coast Pilot
division, p. 157.

BOWSER, PROF, E. A., ACTING ASSISTANT. Reconnaissance
and trianguiation in the southern part of the State of Wew Jersey,
P.4l.

BOYD, C. H.,, ASSISTANT. Triangulation of Cobscook Bay,
Maine, and of the St. Croix River, p.19.

BRADFKORD, GERSHOM, ASSISTANT. Determination of bound-
ary lines of towns in the State of Massachusetts, pp. 24, 25, trans-
coutinental line of geodetic leveling carried westward from New
Haven, Mo, p. 8¢

BRADY, ROBERT, laborer, p. 138.

BRAID, ANDREW, K ASSISTANT. Reference to geodetic leveling
by, p. 38; reference to, pp. 80, 84; in charge of instrument division,
pp. 91,113, 114; annual report of, pp, 131-133.

BRAMHALL TILL, PORTLAND, ME. Magnetic station, p.24.

BRANDON, J.N. Tidal division, p.135.

BRANDYWINE SHOAL. Reference to, p.40.

BRANNER, PROF. J. C., DIRECTOR OF THE GEOLOGICAL
SURVEY OF ARKANSAS, p.53.

BRANT LIGHT. Triangulation station in Massachusetts; refer-
ence to, p. 31,

BRENNAN, A.J. Tide ohserver, Sandy Hook, N.J., p.39.

BRENTWOOD RCAD. Reference to, p.43.

BREWSTER, MASS. Referred to, p. 26.

BRIDESBURGII AND CHESTER. Observations of ice in Dela-
ware River between, pp. 39, 41.

BRIDGEHAMPTON, LONG ISLAND, N.Y. Survey extended to,
P. 35,

BRIDGETON. Triangulation station in New Jersey, p. 41.

BRISTOL BAY, ALASKA. Reference to,p.77.

BROWN, Mr. A. C. Reference to. p. 155.

BROWN, GEORGE E. Aid rendered in latitude and azimnth ob-
servations in Wisconsin, p. 83,

BROWN, MRS.J. B, p 24.

BROWN, J. H. laborer, p. 138.

BROWN COVE, ALASKA. Reference to; tidal observations at,
pB.74.

BROWNSON, LIEUT. COMMANDER W.H, U. 8. N.,, HYDRO-
GRAPHIC INSPECTOR. Amnnual report of, pp. 151, 166.

BRUCE,BANDY, Moessengor, p.138.

BRUNSWICK, GA. Reference to, p. 47,

BRYANT, NEIL. Offico of assistant and tidal division, p. 114.

BUCHANAN, PROF. A. H., ACTING ASSISTANT. Geodetic
operations; cccupation of stations for the connection of the trian-
gulation of the State of Tennessee with the primary triangulation
of the Const and Geodetic Survey in Northern Georgia and Ala-
bama, p. 79.

BUCKEYE CANOX,CAL. Reference to, p, 59,

BULLETINS. COAST AND GEODETIC SURVEY. Reference to,
p- 8,05,

BUNKER HILL, HOOVER'S HILL AND REFORM SCHOOL.
Triangalation points used in topographical survey of the District
of Columbia, p. 42.

BUREAY OF SURVEYS, PHILADELPHIA. Referenceto, p. 92,
BURLINGAME, KANS. Referenceto, p. 85

f

i
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BURNETT, LIEUGT. J. C., U. 8. N., ASSISTANT, Hydrographic
survey of Shoalwater Bay and its approachkes and off shore by-
drography berween that bay and Gray's Harbor, pp. 64, 70; aid
rendered by steam launch Cosmos, p.73; reference to, p. 153.

BURNT ISLAND, MICH. Surveys and examinations at, pp. 83, 89.

BURROWS BAY. Reference to, p. 71.

BUTLER, WILLIAM H. Chicf messenger, p.138.

BUTLER'S COVE. Reference to, p.72.

BUZZARD'S BAY. Reference to, p. 34,

BYRNES, WILLIAM, Ordnance sergeant, U.S. A., temperature,
dengity, and tidsl observat ons by,at Delaware Breakwater, pp.
40,41,

C.

CADEL, MISS F. Tidal division, and office of assistant in charge,
pp. 92, 114, 134. :

CALAIS, ME. Hydrography extended to, p. 21.

CALIFORNIA. Included in seciion X, p.56.

CALTFORNIA (southern). Priwary triangulation in, pp. 60, 62.

CALIFORNIA CENTRAL R. R. Reference to, p. 57.

CALIFORNIA, OREGON, AND WASHINGTON TERRITORY.
COAST PILOT OF, referred to. p. 04,

CAMBRIA, SAN LUIS OBISPO COUNTY, CAL. Reference to,
p. 60.

CAMERON, LA. Reference to, p. 55.

CAMP GROUNDS, MARTHA'S VINEYARD, MASS, p. 31.

CANADA, DOMINION OF, authority to occupy stations in ter-
ritory of, obtained, p. 21.

CANADAY, triangulation station in North Carolina, p. 46.

CAPE CHARLES, VIRGINIA, hydrography, in vicinity of, p. 45;
siteof old light-house at, p. 44; triaugulation completed in vicinity
of, pp. 44, 45.

CAPE CHINIAK, ALASKA, reference to, p.77.

CAPE COD LIGHT-HOUSE TO LONG POINT, base line, refer-
ence to, p. 25.

CAPE COD LIGHT-TOUSE TO WOOD END LIGHT-HOUSE,
base line, reference to, p. 25.

CAPE COD PENINSULA, determination of township boundary
lines on, p. 25; plysical bydrography of, memorandum relating to,
. 26.

CAPE CORRIEN TES, reference to, p. 85.

CAPE FANSHAW, ALASKA, latitude, longitude, and magnetic
variation determined at, pp. 74, 75.

CAPE FEAR RIVER, N. €., engraved plate of, completed, p. 80.

CAPE GREGORY, reference to, p. 73.

CAPE HENLOPEN, roference to, p. 40.

CAPE LOOKOUT, OREGON, examination for light-house site

near, p. 67.
CAPE MEARES, OREGON, examination of site for light-house
at, p. 67.

CAPE MENDOCINO PASSAGE, establishment of buoys in, rec
ommended, p, 94, .

CAPE ORFORD, OREGON, (formerly known as Cape Blanco),
reference to, pp. 66, 67.

CAPE POGE, changes in shore line, p. 20.

CAPE POGE POND, reference to, p. 29.

CAPE ROMANO, reference to, p. 48.

CAPE SAN MARTIN, CAL, reference to, p. 59,

CAPE SEBASTIAN, OREGON, ext of, r ai
pp. 66,67,

CAPITOL HILL, WASHINGTON, I. C., magnetic station, p. 42.

CARBONDALE, KEANS. Reference to, pp. 84, 85.

CARLISLE, MISS FLORENCE. Services in Library, p. 143

CARLSBAD, CAL. Reference to, p.56.

CAROLINA BEACH. Refsrence to, p. 46.

CARR-LITTLE. Line in triangulation of Cobscook Bay, Me., p 19.

CASCADE HEAID, OREGON. Reference to, p.67.

CASCO BAY,ME. Exzaminations ip, p. 23.

CATALOGUE OF ENGRAVED PLATES. Preparation of, p. 90,

CAVENDISH. Reference to,p.85.

CENTRE MORICHES, LONG ISLAND, N.X. Reference to, p.35.

CENTREVILLE, CAL. Reference to, p. 65.

CENTREVILLE SLOUGH,CAL. Reference to, p. 85.

CHAMCOOK. Triangulation station in New Brunswick, p. 20.

CHAPMAN, D.C. Electrotypist and photographer, reference to,
pp- 80, 113,119, 120; annual report of, pp. 121, 122,

CHANNEL, throngh Southwest Pass, Vermilion Bay, p. 56.

to,
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CHAPPAQUANSETT, or TASHMOO POND, p. 3L

CHAPPAQUIDDICK ISLAND. Reference to, p.29.

CHART CORRECTIONS, Change made in system of supplying
Referred to, p. 19.

CHARTS COMPLETED OR IN PROGRESS DURING THE
YEAR. Tabular statement of, pp. 126-128.

CHARTS, new. List of, p.130.

CHARTS PUBLISHED BY PHOTOLITHOGRAPHY. Statistics
of, p. 106.

CHARTS PUBLISHED BY PHOTOLITHOGRAPHY WITH.

DRAWN FROM CIRCULATION. Statistics of, p. 106.

CHARTS, report of issue of, pp. 130, 131; statement of sales of, pp.
136, 137.

CHART DIVISION. COAST AND GEODETI( SURVEY, OF-
FICE, Assistant W. H. Dennis, assigued to chargo of, p.37; An-
nunal report of Aasistant W. H. Depnis, in charge of, pp. 129, 131;
general uotice of work of, pp. 90, 91.

CHASE, A. W. Reference to work by, p. 66.

CHATHAM NORTH LIGHT, MASS. Reference to, p.27.

CHEMOFFSKY, UNALASHEKA 1SLAND, ALASKA, p. 7.

CHENI1ERS (The). Topographical survey of, p. 55.

CHERRY ISLAND FLATS. Xeforenco to, p. 40.

CHESAPEAKE BAY. Refercuce to, p. 44,

CHESAPEAKE BAY, VICINITY OF CAPE CHARLES. Prog-
ress in hydrography of, referred to, p. 152.

CHESTER, PA. lefvrence to, p. 40.

CHESTER AND NEW CASTLE. Observations of ice in Dela-
ware River between, pp. 39, 41

CHILTON, W. B. Clerk to the supe;intendent, p, 92.

CHINA GULCH-YELLOW HILL. Line in tiiangulation of Cali-
fornia, p. 60.

CHINCOTEAGUE INLET AND BAR. Resurvey of, p. 44,

CHINIERE LE LIGNE. Relerence to, p. 55.

CHINCOTEAGUE BAY, MARYLAND. Reference to, p. 44.

CHIPUTNETICOUK LAKE, MAINE. Triangulation extended
to, p. 2.

Clmfsrw, A. 8. Chief of tidal division, reference to, pp. 91, 114;
annuaal report of, pp. 133-135.

CHUCKANUT BAY. Reference to, p. 72.

CHUCKANUT ISLAND. Reference to, p. 72.

CINCINNATL EXPOSITION. Relerence to, p. 80; exhibit of
woights and weasuves ut the, referred to, p. 92.

CINCINNATI LIMESTONE. Referenco to, p. 80.

CITY ENGINEER, FALL RIVER, MASS. Referred to, p. 25.

CITY ENGINEER'S OFFICE, PHILADELPHIA. Referenco
to, p-93.

CLARK, Dr. J. J. Adjuster of weights and measures, pp. 92, 147.

CLARK'S COVE, MASS. Bench-mark, p. 25.

CLARK'S KNOB. Triangulation station in Penasylvania, p. 30,

CLARVOL, G. W. Carpenter shop, p. 133.

CLATSOP COUNTY COURT. Reference to, p. 69.

CLATSOP COUNTY JAILL. Bench-mark established at, p. 69.

CLEVELAXND PASSAGE, ALASKA. HReference to, p. 76,

CLIFTON, STATEN ISLAND. Reference to, p. 38.

CLOVER, LIEUL. RICHARDSON, U. 8. N., ASSISTANT. Ref
eronce to, p. 74.

COAST AND GEODETIC SURVEY. Letter of the Secretary of
the Treasury transmisting to Cougress the annual report of p.
iii; report of progress in work of, submitted to Secretary of the
Treasury, p. 1; progress in work refcrred to, p. 1; aunual report
of, gemoral form and arrangement of parts, 1; maps of geueral
progress and index maps accompanying roport, reference to, p 1;
general statement of progress in fieid work, pp. 4-7; in oftice work,
p. 7; discoveries and developments, pp. 7-8; balleting, p. 8; special
scientific work, pp. 8-11; explanation of estimates for, p. 11; eati-
mates in detail, pp. 12-17; summary ot field and office work for fiscal
year ending June 30, 1888, pp. 18, 19; tabular atatements of naval
ohiivers attached to during the fiseal year and on June 30, 1888, pp.
163-165; vessels in the service of, their names, tonaage, etc., p.
163; number of men attached to vessels of, p. 162.

COAST AND GEODETIC SURVEY OFFICE. Work of suruwar.
ized, p.7; assistaunt in charge, reforence to, p. 7; detailed notice
of operations of at elose of Part 11, referred to, p. 7; publication
aud distribution of charts from; notices to marivers, tide tables,
amd coast pilots, publication and issue of, p. 7; distribution of an.
nual reports of the superintendent from, p. 7; statement of work
of, during fiscal year, pp. 8392,
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COAST OF LOUISIANA. Hydrography of. Referred to, p. 153.

COAST PILOT DIVISION. Reference to, p. 154; annual report of,
pp. 156, 157.

COAST PILOT OF ALASKA. Reference to, pp. 77, 78.

COAST PI1LOT OF CALIFORNIA, OREGON, AND WASHING-
TON TERRITORY. Manuscript of, fourth edition of, transmitted
to the Coast and Geodetic Survey Otfice by Prof. George Davidson,
p. 94

COAST PILOT WORK, p. 94.

COAST RANGE. Reference to, p.67.

CGOBB ISLAND. Reference to, p. 44.

COBSCOOK BAY, ME. Hydrographie shect of, p. 21 ; topegraphy
of, p.22; triangulation of, pp. 19, 20.

COBSCOOK FALLS, ME., p. 22,

COCCLES BAY, LONG ISLAND. Iuner shore-linesurveyed, p.36.

COFFMAN, DE WITT, LIEUTENANT, U. 8. N, Services in
Alaska, pp. 73-77.

COLLINSVILLE, CAL. Reference to, p.64.

COLONNA, B A, ASSISTANT IN CHARGE OF OFFICE AXND
TOPOGRAPHY, p. 114; Annual Repoit of, pp. 113-115; refervuce
to do., p. 89.

COLORADO,STATE OF., Included in Section XV, p.86.

COLSON. Triangulation station in New Jersey, p. 41.

COLUMBIA RIVER. Placing of a fog-signal ship oif the bay of,
recommended, p. %4 ; reference to, p. 69,

COLUMBIA RIVER TO PORTLAND. Ingraved plate of; com-
pleted, p. 90,

COLUMBIA RIVER BAR. Observations for indicating roughness
of, p. 69. .

COMMENCEMENT BAY, WASH. Examination for diserepancy
in triangulation of, p. 73.

COMOTIERRA, HAWAIIAN ISLANDS. Refereunce to, p. §7.

COMPLETION OF THE RECORD OF TIDAL OBSELVATIONS
ATTHE AUTOMATIC TIDAL STATION AT PULPLIY CUVE,
NORTH HAVEN ISLAND, PENOBSCOT BAY, M., p. 20,

COMPLETION OF THE TCPOGRAPHICAL RECONNAILS-
SANCE OF THE COAST OF OREGON BETWEEN YAQUINA
RIVER AND TILLAMOOK BAY. EXAMINATION OF
SITES FOR LIGHT-HOUSES AT CAPE LOOKOUT AND
CAPE MEARES, p. 67,

COMPLETION OF THE TOPOGRAPHICAL RECONNALS-
SAXCE OF THE COAST OF OREGON FROM YAQUINA BAY
TO CAPE ORFORD, AND THENCE Tu CAPE SEBASTIAN,
pp. 66, 67.

COMPLETION OF THE TRIANGULATION IN THE VICINITY
OF CAPE CHARLES, VA, pp. 44, 45.

COMPUTATIONS. Statistivsof, p. 1u6.

COMPUTING DIVISION. General notice of work of, p. 88; An-
nual Report of €. A.Schott, Assistant in Charge of, pp. 116-118,

CONE PEAK. Triangulation statiou in Calitornia, p. 59,

CONNECTICUT, State of, Included iu Sectivn 11, p. 34.

CONNECTION OF OLD WITH NEW TRIANGULATION ON
THE COAST OF NORTH CAROLINA, AND RESURVEYLS
ON THAT COASY FROM MASONBORO INLET TOWARDS
NEW RIVER, p. 46, 47.

COXXNESS, Trinugulation station in Caiifornia, p. 61

CONSTABLE'S HOOK, N.d. Tide-gauge and bench-mark st, refer-
ence to, p. 38,

CUNSTANTS QF SCOUR OF CURRENTS OVER BANDY
HOOK BAR. Referred to, p. 37.

CONTENT KEY. Reference to, p.49; tides observed at, p. su.

CONTINUATION OF THE DETAILED TOPUGRAPHICAL
SURVEY OE THE DISTRICT OF COLUMBIA, p.42-44,

CONTINUATION OF GEODETIC OPERATIONS PRELIMI.
NARY TO A TRIANGULATION OF THE STATE OF MIX-
NESOTA, pp-83. 84. '

CONTINUATION OF PHYSICAL HYDROGRAPHIC SUR-
VEYS IN NEW YURK BAY AND HARBOR, pp. 37, 38.

CONTINUATION OF THE RECONNAISSANCE AND TRI
ANGULATION FOR CONNECTING THE PRIMARY TRI-
ANGULATION NEAR ATLANTA WITH THAT OF THE
GULY, pp. 5,52

CONTINUATION OF TIDAL BECORD FROM AUTOMATIC
TIDE-GAUGE AT 8ANDY HOOK, N. J,,p.3%.

CONTINUATION OF TIDAL RECORD AT THE AUTO-
MATIC TIDAL STATION AT SAINT PAUL., KADIAK
ISLAND, ALASKA,p. 7.
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CONTINUATION OF THE TOPOGRAPHICAL SURVEY OF
THE SOUGTH AND NORTH BRANCHES OF COBSCOOK
BAY, ME, p. 22

CONTINUATION OF THE TREANGULATION AND TOPOG-
RAPHY OF BELLINGHAM AND SAMISH BAYS AND
THE ISLANDS IN THEIR VICINITY, pp. 72,73.

COUNTY SURVEYOR. LAWRENCE COUNTY, IND., p. 80

COOPER-CHAMCOOK. Primary base-line in Maine, p. 19,

CO-OPERATION OF GOVERNMENT DEPARTMENTS IN
WORK OF COAST AND GEODETIC SURVEY. Referred to,
p. 95.

COPECUT. Triangulation station in Massachusetts, p. 25.

CORDELIA SLOUGH. CAL. Roference to, p. 64.

COSMOS (steam-launch). Use of and reference to, pp. 73-77; sepa-
rated from steamer Patterson by breaking of hawser, p.73.

COTAMY BAY, MASS. Changes in New South Inlet, p. 29; refer-
ence to, p. 31,

COTTAGE CITY. Reference to, p. 3l.

COURTENAY, E. H. Computing Division, pp. 113, 117.

COVINGTON, KENTUCKY, reference to, p. 117.

COWIE,G. W., Jr., PASSED ASSISTANT ENGINEER, U.S. N.
Services on steamer Blake, 48.

COX, J. P. Engraving Divisien. pp. 118,123,

CRAPOSUNKEN ROCK. Reference to, p. 58.

CRATUFURD, G. B. Printing room, p. 120.

CROMSET NECK, MASS. Bench-mark, p. 25.

CROSRBY, F, H.,, LIEUTENANT, U. 8. N., ASSISTANT. Hydro-
graphic survey of 8t. Croix River, Me., completed and hydrogra-
phy of Cobscook Bay begun, p. 21; hydrographic surveys on
coast of Louisiana, p. 55; referenco to, pp. 20, 151, 153.

CROSS LEDGE SHOAL. Refetence to, p. 40,

CULVERWELL,J.G. Watchman, p.38.

CURRENTS. In Frederick Sound, Alaska, p. 76; on coast of Louis-
iana, pp. 55, 56.

CURRENT METERS. New form of, devised by Messrs. Ritchie
and Haskell, reference to, p. 27,

CURRENT OBSERVATIONS. In approachesto New York Har-
bor, p. 35; in the Gulf Stream, pp. 47, 48.

CURRENT STATIONS OCCUPIED. Statistics of, p. 106,

CUTTYHUNK, reference to, p. 33.

CUTTYWAUGH LEDGE. Establishment of buoy recommended,
p. 33.

CYPRESS ISLAND. Reference to, pp. 71, 72.

D.

DAISY (steamer). Use of and veference to, pp. 23,34, 151, 155, 157.

DAKOTA, TERRITORY OF. Included in Section XV, p. 83.

DAMARISCOTTA, ME. Magnetic observations at, p. 3.

DAMRELL, MAJOR A. N, U. 8. ENGINEERS, Acknowledg-
wment of assistance rendersd by, p. 52.

DANFORTH, ME. Magnpetic observations at, p. 24.

DARK HARBOR,ME, p.21.

DARNALL,C,N. Carpenter-shop, p. 133.

DARTMOUTH TOWNSHIP, MABS. Reforance to, p. 25.

DARWIN, PROF.G. H. Reference to report by, on the harmonic
analysis of the tides, p.91.

DAVIDSON, GEORGE, ASSISTANT. Direction of examination
of base-line site at Los Angeles, Cal., p.58; direction of special
hydrographic examinations in California, p.58; general charge of
the land work upon the Pacific coast, the main triangulation of
Southern California, and inapection of field parties, etc., pp. 69, 66;
directing resurvey of Eel River entrance and of Salt River, Cal.;
p.85; in charge of the suboffice San Francisco, p.93; prepara-
tion of base bars for the Los Angeles base, pp. 93, 8¢; coast pilot
work, p. 84 ; recommendations as to aids to navigation,p.94; ad-
dition to ficld catalogue of stars, p. 94; transmits to Coast and
Geodetic Survey office the manuscript of the fourth edition of the
Pacific Coast Pilot,p. 94; exawmination of esrly explorations of
the Paeific const, .85 ; Teference to, p, 153,

DAVIES, PROF.J. E, ACTING ASSISTANT. Geodetic operations
continued in State of Wisconsin, p. 82; services in connection with
latitade sud azimuth observations at a station in Wi in, p. 83,

DAVIS, W.H. Engraving division, pp. 119, 123,

DAVIS NEW SOUTH SHOAL LIGHT-SHIP. Referencs to, p. 33,

DEADENING. of trian of T , p. 9.

DEADMAN'S ISLAND. Referonce to, p. 58,

DECEPTION PASS ENTRANCE. Reference to, p. T2.

Qbati Tods
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DEEP-SEA CURRENT STATIONS OCCUPIED.
of, p 106.

DEEP-SEA SOUNDINGS. Statistics of, 106,

DEEP-SEA SOUNDINGS ANDOCEAN CURRENTS. Reference
to, p. 153,

DEEP-SEA SUB-CURRENT OBSERVATIONS.
p. 106,

DEEP-SEA SURFACE CURRENT OBSERVATIONS.
tistics of, p. 106.

DEEP-SEA TEMPERATURE OBSERVATIONS.
p. 106.

DEEP-WATER POINT. Reference to, p. 40.

DEER ISLE. Trianguelation station in Louisiana, p.54; latitude
and azimuth determined at, p. 54.

DEER ISLAND-BELLE ISLE. Linein triangulation of Louisiana,
p- 54.

DEFLECTION OF THE PLUMB-LINE AND VARIATIONS
OF GRAVITY IN THE HAWAIIAN ISLANDS. Paper in
relation to, prepared by Sub-Assistant E. D. Preston, reference
to, p. 88.

DELAWARE, STATE OF. Included in Section 11, p. 34.

DELAWARE BAY ANDNEW YORK HARBOR. Prompt pab-
lication of resurveys of, p. 90.

DELAWARE BREAKWATER. Reference to, p. 40.

DELAWARE ENTRANCE. Eagraved plate of, completed, p. 96.

DEL CORRALL, F.J. Drawing Division, pp. 123, 126.

DEL MAR, CAL. Reference to, p. 56.

DENTIS, VICENTE. San Francisco sub-office, p. 93.

DENNIS, W. H, ASSISTANT. Topographic resurvey on the
south coast of Long Island from near Babylon to the weatward
and soundings in Fire Island Inlet, p. 37; engaged in iuking plane
table shests, p. 37; in charge of Chart Division, pp. 37, 90, 91, 114;
annual report of, pp. 128-131.

DENNYSVILLE, ME. Triangnlation station at, p, 19.

DENSITY AND TEMPERATURE OBSERVATIONS. At Del-
aware Breaikwater, p. 40.

DENT, BAINE C,, EXSIGN, U.8.N. Services on schooner Eagre.

DEPARTMENT OF STATE. Request for survey of Portland
Canal and Pearse’s Channel, p. 76 ; special survey requested by, p.
89: letter of thanks for report made by Coast and Geodetic Survey
office, p. 89; reference to rpecial survey requested by, p. 83,

DEPARTMENTS OF THE GOVERNMENT. Co-operation of, in
work of Coast and Geodetic Survey referred to, p. 85; information
furnished to, ete. (Appendix Ne. 8), p. 107111,

DEPARTURE BAY. Rsference to, p.74.

DERMOTT MAP. Reference to, p. 90.

DESCRIPTIVE REPORTS, Of hydrography, coast of Lonis-
iana, p. 55; to eccompany topographical sheets of Bellingham and
Samish Bays, and the islands in their vicinity, reference to. p.72;
to accompany bydrographic sheets of Rosario Straits and Padilla
Bay. reference to, p. 72; to accompany original sheets of survey
of Eel River entrance. Cal., raference to, p. 65.

DETERMINATION BY EXCHANGE OF TELEGRAPHIC
SIGNALS FOR LONGITUDE OF THE LINE SALT LAKE
CITY-WALLA WALLA, FORMING PART OF THE TELE-
GRAPHIC CIRCUIT SALT LAKE CITY-SAN FRANCISCO,
PORTLAND-WALLA WALLA-SALT LAKE CITY, p. 8.

DETERMINATION OF BOUNDARY LINES OF TOWNS IN
THE STATE OF MASSACHUSETTS, p. 24,25.

DETERMINATIONS OF GRAVITY AT SAN FRANCISCO
AND AT MOUNT HAMILTON, CALIFORN1A, p. 63,64,

DETERMINATIONS OF GRAVITY ON THE HAWAIIAN IS.
LANDS, AT SAN FRANCISCO, ON MOUNT HAMILTON,
AND AT WASHINGTON, DISTRICT OF COLUMBIA, pp 87,88,

DETERMINATIONS OF GRAVITY AT THE SMITHSONIAN
INSTITUTIO -, WASHINGTON, IN CONNECTION WITH
SIMILAR DETERMINATIONS IN THE HAWAITAN IS.
LANDS, AND IX CALIFORNIA, p. 42,

DETERMINATIONSOFLATITUDE AND GRAVITY FORTHE
HAWAIIAN GOVERNMENT, Appendix No. 14, pp. 471-563.

DETERMINATIONS OF LONGITUDE BY EXCHANGES OF
TELEGRAPHIC SIGNALS BETWEEN YAQUINA AND
PORTLAND, OREGON, AND BETWEEN PORTLAND AND
SEATTLE, WASHINGTON TERRITORY. OBSERVATIONS
FOR LATITUDE AND THE MAGNETIC ELEMENTS AT
YAQUINA,AND FOR THE MAGNETIC ELEMENTS AT
PORTLAND, pp. 68, 69.

Statistics

Statistics of,
Sta-

Statistics of,
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DEVIL'S BRIDGE, reference to, p. 32.

DEVIL'S LAXKE, station in triangnlation of Wisconsin, p. 82

DIABLO, triangulation station in Californin, p. 61.

DICKINS, E. F., ASSISTANT, completion of the topographical
reconnaissance of the coast of Oregon, from Yaquina Bay to Cape
Orford, and thence to Cape Sebastian, pp. 66, 67.

DICKSON, JAS.¥. Printing room, p. 120.

DIFFERENTIAL METHOD OF COMPUTING THE APPAR-
ENT PLACES OF STARS FORDETERMINATIONS OF LAT-
ITUDE, APPENDIX No. 13, pp. 465-470.

DIGHTON, MASS, referenco to, p. 25.

DIRECTOR OF PUBLIC WORKS, PHILADELPHIA, assistance
from, acknnwledged, p. 41. )

DISBURSING CLERK, TREASURY DEPARTMENT. p. 82.

DISBURSING OFFICER, for Coast and Geodetic Survey, necessity
for, p. 92.

DISCOVERIES AND DEVELOPMENTS during the year, pub-
lisked in Notices to Mariners, pp. 7, 8.

DISTRIBUTION OF THE PARTIES OF THE COAST AND
GEODETIC SURVEY UYON THE ATLANTIC, GUL¥ OF
MEXICO, AND PACIFIC COASTS, AND IN THE INTERIOR
OF THE UNITED STATES DURING THE FISCAL YEAR
ENDING JUNE 30, 1883, Appendix No. 1, pp. 99-104.

DISTRICT OF COLUMBIA, inclnded in section III, p.42; topo-
graphical survey of the, pp. 42,44 ; topography, cost of, p. 43.

DIVISIONS OF COAST AND GEODETIC SURVEY OFFICE,
reference to annual reports of chiefs of, p. 89.

DODD, A. W., ENSIGN, U.8. N, Service on coast of Maine, p. 21.

DODGE, F. 8. Hawaiian Goverument Survey, aid rendered by, in
gravity observations, p. 88.

DONN, F.C. Hydrographie draughtsman, pp. 158, 159,160, 161, 162.

DONN, JOHN W., ASSISTANT. Continuation of the detailed
topographical survey of the District of Columbia, pp.42,43; en-
gaged in office work, p. 43.

DOOLITYLE, M. H. Computing division, p. 113.

DOUGAL, W.H. Engraviag division, p.119.

DRAWING DIVISION. Annual report of (Appendix No. 4), pp.
124-128; general notice of work of, p. 90.

DRAKE, SIR FRANCIS. Reference to, p.95; magnetic observa
tions by (1578), reference to, p. 63.

DRY RIDGE. Station in triangulation of Kentucky and Ohio, p. 78.

DRY STRAIT, ALASKA. Tidal observations at, p. 74,

DUDLEY. Examination of charts of, by Prof. George Davidson,
p. 95.

DUESBERRY,J. M. Library and archives, p. 143.

DUNCAN CANAL, ALASKA. Reference to,p. 75. ; tidal obser-
vatiou at, pp. 74, 75.

DUNN,J. L. Pay yeoman on steamer Bache, p. 50.

DUTCHESS OF PONTCHARYRAIN (ship). Magnotic observa-
tions by, referred to, p. 82.

DYER, HORACE. Fireman,p.138.

E.

EAGLE HARROR,PUGET SOUND. Reference to, p.71.

EAGRE (schooner), Use of, and reflerence to, pp. 32, 34, 151, 152.

EARLY EXPLORATIONS. On the Pacific Coast, investigations
of, by Prof. George Davidson, p. 95.

EARNEST (schooner). Use of and reference to, pp. 70, 71, 72.153.

EAST BAHIA HONDA EEY, p.48.

EAST BASE STATION, DUNCAN CANAL, ALASKA. Deter-

" 1ninations of latitude and lon gitude, and magnetic variation, p. 75.

EAST CAPE. Reference to, p. 40.

EAST CHOP, VINEYARD HAVEN HARBOR. Changes inshore
line, p. 20,

EASTPORT, ME, Geographical positions located in, 19; hydro-
graphic examinations carried to, p. 23; hydrograpby extended
from, to Calais, p. 21; magnetic observations at, p. 24,

EASTPORT, ME., AND DELTA OF THE MISSISSIPPI. Hydro-
graphy completed between, p. 48.

EASTSWASH AND MAIN SHIP CHANNELS, New York Har-
bor. Current observations in, p. 87.

EASTVILLE, MARTHA'S VINEYARD, MASS,, p. 3L

ECKMAN. Station of triangulation in Kansas, p. 84.

EDEN. Triaugulation station in Washington Territory, p. 72.

EDGARTOWN HARBOR. Reference to, §. 31.

EDGARTOWN VILLAGE, MASS. Reference to, p. 20

EDISON INCANDESCENT LAMP. Used to illuminate axis of
telescope, p. 81.

EDMONDS AND PEMBROKE, ME.
cated at, p. 19.

EDMOXNDS, FRANK W, Secrvices in San Francisco sub-office, p.
95,

EDWARDS, W. B. Pay yeoman schooner Earnest, p. 7.

EEL RIVER, CALIFORNIA. Changes in entrance to, p. 60.

EEL RIVER ENTRANCE, CALIFORNIA. Resurvey of, pp. 65,
66.

EIMBECEK, WILLIAM, ASSISTANT. Engaged in office work,
p. 86; occupation of stations for the oxtonsion eastward of the
transcontinental friangulation near the thirty.ninth parallel in
Utah, p. 86.

EICHHOLTZ, H. G. Chart division, pp. 91, 129.

ELECTROTYPE AXD PHOTOGRAPH ROOMS AND PLATE
PRINTING OFFICE. General notice of work of, p. 0.

ELECTROTYPIST AND PHOTOGRAPHER. Referenceto, p.9u.

ELECTROTYPE PLATES. Machine for filing backs of, devised
by 1.C. Chapman. Reference te, p. 80; statistics of, p. 106.

ELEPHANT BLUFF. Stationoftriangulation of Wisconsin, p. 82

ELEVATION. Station of triangulation in Xansas, p. 85.

ELEVATIONS DETERMINED TRIGONOMETRICALLY.
tistics of, p. 105.

ELIZA ISLAND. Reference to,p.72.

ELLICOTT, EUGENE, ASSISTANT. Services in Section I re-
ferred to, p. 20; topographical survey of Cobscook Bay, Maine,
p.22.

EMORY, LIEUT. COMMANDER W. H., U.S.N.
tide station, Kadiak Island, Alaska, p. 77.

EMPIRE CITY, OREGON. Reforence to,p.67.

ENCINITAS, CAL. Reference to, p. 56.

ENDEAVOR (steamer). Use of and reference to, pp. 23, 45, 152, 155,
157,

ENGINEER OFFICER IN CHARGE OF IMPROVEMEN’lb
AT MOUTH OF COLUMBIA RIVER,p.69.

ENGRAVED CHARTS WITHDRAWN FROM CIRCULATION.
Statistics of, p. 106,

ENGRAVED PLATES FOR COAST AND GEODETIC SURVEY
REPORTS. Statistics of, p. 106.

ENGRAVED PLATES OF COAST PILOT CHARTS. Statis-
tica of|, p.106.

ENGRAVED PLATES OF COAST PILOT VIEWS. Statistics
of, p. 106,

ENGRAVED FLATES OF MAPS AND CHARTS. Tabular
statement of, pp. 122-124.

EXGRAVING AND PRINTING. Statistics of, p. 106,

ENGRAVING AND ELECTROTYPING AND PRINTING DI-
VISIONS. Annual Report of Assistant H.G.Ogden, in charge
of, pp. 118-124.

ENGRAVING DIVISION. General notice of work of, p. 90,

ENTHOFFER.E.J. Engraving division, p. 119.

ENTHOFFER, JOSEPH. Eugraving diviston, pp. 119, 123, 124.

ENTWISTLE, J.C. Engraving division, pp. 119, 124,

ERICHSEN, P. Drawing division, pp. 124, 126, 127, 128.

ESHLEMANX, E. Instrament division, p. 132,

ESTIMATES, COAST AND GEODETIC SURVEY FOR FIS-
CAL YEAR ENDING JUNE 30, 1880, pp. 12-17; explanation of
estimates, p. 11; entimate for party expenses, pp. 12-14; for
Alaska boundary survey, p. 14; for repairs and maintenance of
vessels, p. 14; for pay of field officers, p. 14; for contribntion to

tional Geodetic A n, p. 14; for pay of office force,
pp. 15-16; for office expenses, p. 16; for rent of offide buildings. p.
16; for publishing observations, p. 17; for printing and binding,
p. 17; for annual report, p.17; for office of construction of stand-
ard weights and measures, p. 17,

ESUIMATES FOR FIELD WORK. Increase in, approved by
Secretary of the Treasury, p. 95.

EUROPEAN STEAMERS bound to New York, currents in track
of, p. 35.

EVANS, G. R., ENSIGN, U. 8. N.
ida, p. 50.

EVARS, H. C. Engraving division, pp. 119, 122, 123, 124.

EXAMINATION OF COAST CURRENTS IN THE AP
PROACHES TO NEW YORK HARBOR, p. 3%

EXAMINATION OF SITES FOR LIGHT-HOUSKS ON CQASY
OF OREGON, p.67.

Triangulation siations lo-

Sta-

Inspection of

Inter iati

Servioces on west coast of Flor-
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EXAMINATION OF THE SITE SELECTED FOR THE MEAS,
TUREMENT OF A PRIMARY BASE LINE NEAR LOS AN-
GELES, CAL,, p. 58.

EXCHANGES OF TELEGRAPHIC SIGNALS FOR LONGI-
TUDE BETWEEN SAN FRANCISCO, CAL., AND PORT-
LAND, OREGON, p. 63.

EXECUTIVE DEPARTMENTS. Distribution of charts to, p. 81

EXPLANATION OF ESTIMATES, p. 11.

EXTENSION OF THE TRANSCONTINENTAL TRIANGULA-
TION NEAR THE THIRTY-NINTH PARALLEL 10 THE
EASTWARD IN THE STATE Of INDIANA, p. 80.

EXTENSION TO THE WESTWARD OF THE TRANSCON-
TINENTAL TRIANGULATION NEAR THE THIRTY-

. NINTH PARALLEL IN OHIO AND XENTUCKY, p. 79.
EXTENSION WESTWARD OF THE TRANSCONTINENTAL

TRIANGULATION NEAR THE THIRTY-NINTH PARAL-

LEL IN KENTUCKY AND OHIO, pp. 78, 79.

¥.

FAIRFIELD, G. A, ASSISTANT. Ext of the tr: ti-
nental triangulation near the thirty-ninth parallel o the east-
ward in the State of Indiana, pp.80-82; employed on office duty,
p.82; services in computing divisien, 116, 118.

FAIRFIELD, W. B. Extra observer, services in Alabama, p.51;
services in Kentucky and Ohio, p. 78; reconnaissance in Indiana
and Kentucky, pp. 79, 80 ; services in Indiana, p.81.

FAIRHAVEN, WASH. Reference to, p. 73. -

FAIRHAVEN TOWNSHIP, MASS. Reference to, p. 25.

FAIRVIEW. Triangulation station in Maryland, p. 39.

FALL RIVER, MASS. Bench-mark, p. 25.

FALL RIVER TOWNSHIP, MASS. Reference to, p. 25.

FALLS ISLAND, ME., p. 22. .

FALMOUTH ISLAND. MASS. Topography of, p. 30.

FALMOUTH, KY. Reference to, p. 78.

FALSE BAY, CAL. Reference to, p. 56.

FARMINGTON, ME. Magnetic observations at, p. 24.

FARQUHAR, HENRY. Computing division, p. 117.

FIDALGO BAY. Reference to, p. 72,

FIELD AND OFFICE WORK. Statistics of, Appendix No. 2, p.
105-106.

FIELD CATALOGUE OF STARS. Additions to by Prof. George
Davidson, p. 94.

FIELD, H. A., ENSIGN, U.S.N. Services on steamer Bache, p. 33.

FIELYD OFFICERS. KEstimate for pay of, p. 14.

FINISHED CHARTS. Published from engraved plates, statistics
of, p. 106.

FINLEY KNOBS. Reference to, p.80.

FINLEY-MILLER. Line in triangulation of Indiana and Ken-
tucky, p. 80.

FINN'S POINT. Reference to, p. 40.

FIRE ISLAND AND BARNEGAT. Observations of currents
between, pp. 34, 35.

FIRE ISLAND INLET. Additional soundings in, p.37.

FISCHER, E.G. Chief mechanician, pp, 91, 113, 132,

FISCHER, L. A. Instrument division, p. 132,

FISHERIES OF ALASKA. Reports on, by Prof. Geor&e David-
son, referred to, p. 93.

FISHERMAN ISLAND. Reference to, p. 44.

FISHER'S POINT. Reference to, p.40.

FITZSIMMONS. Statioo in triangulation of Wisconsin, p, 82

FITZSIMMONS TO ARLINGTON. Asimuth of line determined,
p. 83,

FLAUGN. Trisngalation station in Kentucky, p.78.

FLEMER, J. A., AID. Services in District of Columbis, p. £2;
services in fleld work in L p. 54 ; refe to, p. 55.

FLETCHER, W. B., ENBIGN U.8. N. Service on coast of Maine,
p-21. .

FLORIDA PENINSULA. Included in Section VI, p.47.

FLORIDA. Topography on west vomst of, pp. 50, 51.

FLORIDA BAY, CONTENT KEY TO NORTHWEST PASSAGE
LIGHT-HOUSE. Hydrographic sheet, p. 50,

FLORIDA BAY, NORTHWEST CAPE TO CONTENT KRY.
Hydrographioc ahest, p. 50.

FLORIDA BAY, PAVILION KEY TO NORTHWEST CAPE.
Hydrographic sheet, p. 50. '

|
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FLORIDA BAY, PAVILION KEY 7O NORTHWEST PAS.
SAGE LIGHT-HOUSE. Hydrographie sheet, p.50.

FLUSHING BAY, LONG ISLAND. Refereuce to, p. 37.

FLYNN, MRS. 8. E. Laborer, p. 138.

FOERSTER, PROF. Reference to, p. 148.

FOGARTYVILLE, FLORIDA. Reference to, p. 51.

FORDAN, EBERHARD. Rodman in District of Columbia survey,
p. 43.

FOREIGN STATIONS OCCUPIED FOR GRAVITY
URES, STATISTICS OF, p. 105.

FOREST FIRES IN INDIANA AND ILLINOIS, p. 81.

FORNEY, STEHMAN, ASSISTANT. Tertiary triangulation and
topography on the south coast of California, pp. 58, 60; engaged
in office work, p. 60.

FORSE, LIEUT, C.T., U.8.N,, ASSISTANT. Hydrographic sur-
veys in Rosario Strait and Padilla Bay, Washington Territory,
p. 71, 72; reference to, p. 153.

FORT DELAWARE. Reference to, p. 40.

FORT LEE, NKAR SALEM, MASS. Magnetic observations at,
Pp- 2.

FORT (BRIEN, ME. Referred to, p. 24.

FORT SULLIVAN, EASTPORT, ME. Referred to, p. 24.

FORT WRANGELL, ALASKA, Reference to, p. 74; tidal observa-
tions at, p. 74.7

FOUNTAIN STATION. In triangulation of Indiana, p. 81.

FOWLER, E. H. Drawing division, pp.124, 126, 127, 128.

FOX AND RICHARDSON'S SHOALS, CHINCOTEAGUE IN-
LET BAR, p. 44.

FEEDERICK SOUXD, ALASKA. Tides and currents, p. 76; ex-
amination for base-line site in vicinity of, and at Dry Strait, and
selection ol wite on vastern shore of Sound, near Point A gassiz, p.74.

FREDERICK SOUND STATION, SOUTH BASE, ALASKA.
Geographical position determined, and magnetic variation ob-
served at, p. T4

FREETOWN, MASS. Reference to, p. 25.

FRENCH, H. O. Chief carpenter and model make, pp. 91, 113,
132, 123.

FRENCH, DR. WILLIAM B. Executive and accounting clerk,
office of Assistant in Charge, pp. 92, 115.

FRENCHMAN'S BAY, ME. Examinations in, p. 23.

FUCA (steam-launch). Use of and reference to, pp. 72,73,

FULLERTON, COL. Reference to, p. 58,

FUQUA, JOSEPH. Library, p. 143,

GAMBEY VERTICAL CIRCLE. No. 57. Reference to, p. 61.

GANNETT ROCK, LIGHT.-HOUSE. Triangulation to determine
position of, p. 21. i

GAY HEAD. Referencs to, p. 33.

GEDNEY (steamer). Use of and reference to, pp. 21, 55, 154, 152-
153, 155.

GEDNEY'S CHANNEL. Hydrographic examination in, p. 32.

GENERAL CHARGE OF THE LAND WORK UPON THE PA.
CIFIC COAST: THE MAIN TRIANGULATION OF S0UTH,
ERN CALIFORN]IA; INSPECTION OF FIELD PARTIES,
ETC., pp, 80, 63. '

GEODESIC LEVELS, Constrncted in instrament division, p. 91.

GEODESIC MICROMETER LEVELS, NOS. 2 AND 3. Refercnco
1o use of, p. 84.

GEODETIC LEVELING. In Arkansas, pp. 53,54

GEODETIC LREVELING. Continuation of transcontinental line
of, p. 84.

GEODETIC LEVELING FOR THE CONNECTION OF THE
TIDE.GAUGES AND BENCH-MARKS IN NEW YORK BAY
AND HARBCR AND VICINITY, p. 38

GEODETIC OPERATIONS—CONTINUATION OF RECON-
NAISSANCE AND TRIANGULATION IN THE SOUTHERN
PART OF THE STATE OF NEW JERSEY, p. 41.

GEODETIC OPERATIONS CONTINUED IN THE STATE OF
WISCONSIN, p. 82

GEOCDETIC OPERATIONS—OCCUPATION OF STATIONS FOR
THE CONNECTION OF THE TRIANGULATION OF THE
STATEOF TENNESSEE WITH THE PRIMARY TRIANGU.-
LATION OF THE COAST AND GEODETIC SURVEY IN
NORTHERN GEORGIA AND ALABAMA, p. 79.

GEODETIC RECORDS AND COMPUTATIONS. Received dur-
ing the year, p. 130, '

GEOGRAPHICAL POSITIONS DETERMINED BY TRIANGU-
LATION. Statistios of, p. 105

MEAS-



xvi

GEOGRAPHICAL POSITIONS IN THESTATE OF CONNECTI-
CUT. Appendix No. 8.

GEOLOGICAL SURVEY OF ARKANSAS, Director of, p-33.

GEORGIA. Incladedin Section V,p. 47.

GERHARDS, THEODORE. Instrument division, pp. 114, 133.

GIBBS POND. Triangulation station in Massachusetts. Refer
ence to, pp. 30, 31.

GIBRALTARBLUFF, Stationin triangulationof Wisconsin. p. 8%

GILBERT, J.J., ASSISTANT. Continaation of the triangulation
and topography of Bellingham and Samish Bays and the islands
in their vicinity, pp. 72, 73: engaged in office work, p. 73.

GLASCOCK, R. R. Property clerk, 91,132

GLOUCESTER,N.J. Reference to, p. 40.

GOLDEN, MAURICE. Machinist, steam launch Cosmos, p. 73.

GOLD MINES IN SOUTHERN CALIFORNIA. Refercnco to,

p. 60.

GOODFELLOW, EDWARD, ASSISTANT. Preparation for pub-
lication of Anpual Reports and Appendices thercto and editing of
Bulletins, p. 95,

GOOSEBERRY NECK. Reference to, p. 32.

GOVERNCOR OF MINNESOTA. Reference to, p. 83.

GRAND CHENIER. Reference to, p. 55.

GRAND MANAN ISLAND. Determination of light-houses and
other points between coast of Maine and, p. 2L

GRAXND MANAN. Primary triangulation station, p. 21.

GRANGER, F.I) ASSTISTANT. Occupation of stz tions for extend.
ing to the westward the transcontinental triapgulation near the
thirty-ninth parallel in Kanaas, pp. 84 85; employed on office dnty,

p- 8. 3

GRAVITYDETERMINATIONS. At Washington, D. €., p.42; on
the Iawaiian Islands and at stations in the United States, pp.
87,88

GRAVITY MEASURES, Statistics of, p. 150.

GRAVITY, OBSERVATIONS. At San Irancisco and Aflt. [lamil-
ton, pp. 63,64,

GRANTSVILLE, UTAH. KReference to, . 86.

GRAY,EMMET. Tidai observer at Saucelito; p.63.

GRAY, J. H, SUB-ASSISTANT. ‘Topographical survey of the
south and north branches of Cobscook Bay, Me.; p,22; services ip
Flarida referred to. p.22; services on West coast of Florida, pp.
50, 51.

GREAT BAIRD GLACIER, ALASKA. Reference to,p.75.

GREAT HILL. Triangulation station in Masgachusetts ; p. 25.

GREAT POINT, NANTUCKET SOUND. Changes inshore line;
.28,

GREAT POINT LIGHT. Triangulation stationin Massachusetts.
Referenee to, pp. 30,31

GREEN, F.R. Miscellaneons division; p.91.

GREENVILLE, ME. Magnetic observatious at, p. 24.

GREENVILLE, MISS Reference to, p.53.

GRIZZLY ISLAND,CAL. Refere¢nce to, pp. 64, 65.

GRIZZLY SLOUGH. Refercnce to, p. 64,

GUEMES ISLAND. Rererence to, p. 72.

GULF OF GEORGIA. Reference'to, p.73.

GULF STREAM. Explorations, 1888,

OBSERVATIONS OF CURRENTSOUTSIDE OF THE BAHAMA
ISLANDS; BETWEEN THE GREAT BAHAMA BANK AND
CUBA; INTHE WINDWARD CHAXNEL:; INTHE MONA,
ANEGADA, AND WINDWARD ISLAND PASSAGES, AND
IN THE EQUATORIAL STREAM BETWEEN BARBADOES
ANXD TOBAGO. Pp. 47,48,

GUNBOAT DRAIN. Reference to, p. 44.

HADLOCK, WASHINGTON TERRITORY. Reference to, p. 74.

HAIKU. Latitude and gravity station in Hawaiian Islands; pp.
87,88,

HALEAKALA. Voleano on Island of Maui, Hawaiian Islands;
pendulam observations on, p. 87.

HALESPASSAGE. Reference to, p. 72,

HALPINE,N.J, L. T.,,ENSIGN, U. 8. N. Serviceon coastof Maine;
P- 21; services on schooner Eagre; p.32; services in Gulf Stream
explorations; p.48.

HALTER,R.E, ASSISTANT. Magoetic record continued at the
self.registering magnetic station at Los Angeles, Cal. Absolute
meanares of the magnetic elements made monthly ; pp.58, 59.

HAMMOCK. Triangulation station in North Caroling ; D. 46.

HAMILTON RANGE. Reference to, p. 61,
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HAMMONTON. Triangalation station in New Jersey, p. 41.

HANA. Latitnde statjon. Hawaiiau Islands, p. 88,

HANA AND KA LAE O KA ILIO. Hawaiian Islands, latitude
observed at, p. R7.

HANATEL Latitude station, Hawaiian Islands, p.88.

HANDKERCHIEF EIGHT-SHIP. Tidal carrent observed at, p.
27

HARBOR COMMISSION, PHILADELPHIA. Refersnce to, p. 93.

HARBOR ISLAND. Reference to, p. 49.

HARDING'S BEACH, MASS. Reference to, p. 26.

HARDING'S BEACH LIGHT-HOUSE. Reference to, p. 27.

HARMONIC ANALYSIS OF TIDES. Reference to, 91.

HARRISON, H. W., ENSIGN, U. S. N. Services on schoiner
Eagre, p. 32. :

HARRISON, MRS. VIRGINIA. Tidal division, pp. 114,135

HARRODSBURG, IND. Reference to, p. 81,

HARWICH, MASS., Referred to, p. 26.

HARWICH EXCHANGE, MASS. Referred to, p. 26.

HARVEY. Stationin triangulation of Tennessee, p. 79.

HARVEY, R. M. Office of Assistant in charge, p.115.

HARVIE, MISSS. B. Office of the Assistant in charge, pp 92,114,

HASKELL E. E. Physical hydrography, Cape Cod, p. 27.

HASSLER (steamer), p. 155.

HAWAIIAN ISLANDS. Gravity determinations on the, pp. 87,
88; reference to latitude and gravity determinations on, p. €3.

HAWAIIAN GOVERNMENT. Reference to, p. 63; surveys for,
pp. 87, 88,

HATUPT, PROF. T. M. Reference to, p.92.

HECETA HEAD. Reference to, p. 66.

HEIGHTS FROM SPIRIT-LEVELING OF PRECISION BE-
TWEEN ARKANSAS CITY, ON THE MISSISSIPPI RIVER,
AND LITTLE ROCK, ARK., Appendix No. 12, pp. 455464,

HEIGHTS FROM SPIRIT-LEVELING OF PRECISION BE-
TWEEN MOBILE, ALA.,, AND OKOLONA, MISS. Appen
dix No. 10, pp. 409-426.

HEIGHTS FROM SPIRIT-LEVELING OF PRECISION BE-
TWEEN NEW ORLEANS, LA, AND ARKANSAS CITY,
ARK., Appendix No. 11, pp. 427-453.

HEIGHTS OF BENCH-MARKS BY SPIRIT-LEVELING. Statis.
tics of, p. 105.

HELENA, ARK. Reference to, p.53.

HEN AND CHICKENS LiGHT-SHIP. Reference to, p. 33.

HENRY, N. G, PAY YEOMAN, U.8. N. Services on Steamer
Blake, p, 48.

HERGESHEIMER, EDWIN, ASSISTANT. Incharge of Drawing
Division, pp. 90,113; annual report of, pp. 124-128,

HERGESHEIMER, JOSEPH, ASSISTANT. "Reconnaissance for
counecting the triangnlation in the southern part of the Stat- of
Pennsylvania with the primary triangalation in Maryland, p.39;
topographical survey of the swest coast of Florida between Pavilion
Key and Cape Romano, pp. 50, 51.

HIGH POINT. Station in triangulation of Alabama, p.79.

HIGHLAND LIGHT AND RACE POINT, p. 29.

HILGARD,J.E.,,LATE SUPERINTENDENT. Referenceto, p.92.

HILL,CHAS.B. Services in primary triangulation of California,
p. 61; services in gravitation work, San Francisco, p. 63; services
in San Fgancisco snboffice, p. 95.

HILO, HAWAIIAN ISLANDS. Latitude station, defiection of
piumb line at, p. 88.

HISTORICAL REVIEW OF THE WORK OF THE COAST
AND GEODETIC SURVEY IN CONNECTION WITH TER-
RESTRIAL MAGNETISM. Appendix No. €, Part IL

HITCHCOCK (steamer). Use of, and reference to, pp. 54, 55.

HOAG, Pror. W. R, ACTING ASSISTANT. Geodetic work in
Minnesota, pp. 83, 84.

HODGKINS, W. C, ASSISTANT. Continuation of the detailed
topographieal survey of the District of Columbia, p. 43; additi
to the triangulation, topograpby, and hydrography on the coast of
North Carolina between Beaufort and Cape Foar, pp. 45, 40,

HOG BAYOU. Reference to, p.55.

HOG ISLAND. Reference to, p. 40.

HOLDEN, PROF.E. 8, DIRECTORLICK OBSERVATORY. Ref-
erence to, p. 64,

HOME STATIONS OCCUPIED FOR GRAVITY MEASURES.
Statistics of, p. 105. i

HORSE SHOE (The). Reference to, p. §0.




ALPHABETICAL INDEX.

HOSMER, CHARLES, ASSISTANT. Tnspection of topographieal
work upon the coast of Maine, p. 22; death of, p. 22; topographical
work on Long Island referrsd to, p. 36.

HONOLULU, HAWAIIAN ISLANDS. Reference to,p. 87; lati-
tude station at, p. 88.

HOOPER, NEAR THE SHORE OF GREAT SALT LAKE,
TUTAH. Tide-gauge and bench-mark established at, p. 85.

HOOVER,D.C. Printing room, p. 120,

HORIZONTAL DIRECTIONS. Observed at Macho triangula-
tion station, California, p.61.

HORN. Triangulation station in Alabama, p. 51.

HORN CLIFFS, ALASKA. Refarence to,p. 75.

HOULTON, ME. Magnsetic observations at, p. 24.

HUDSON RIVER. The under-run of the, p. 37.

HUGHES, R. M., ENSIGN, U. 8. N. Services in Gulf Stream ex-
plorations, p.48.

HULME, W. O., ENSIGN, U. 8. N. Services on steamer Bache,
p.33; services on west coast of Florida, p. 50.

HUMBOLDT COUNTY,CAL. Reforence to, p. 65.

HUMPHREYS. Triangulation station in North Carolina, p. 46.

HYDROGRAPHIC CHARTS. Originals, statistics of, p. 106.

HYDROGRAPHIC DIVISION, COAST AND GEODETIC SUR-
VEY OFFICE. Reference to, p. 154; annual report of the, pp.
158-162.

HYDROGRAPHIC EXAMINATIONS ¥OR THE COAST PILOT
ON THE SOUTHERN COAST OF MASSACHUSETTS, IN-
CLUDING NANTUCKET AND VINEYARD SOUNDS AND
BUZZARDS BAY, p. 34; in Gedney's Channel, 32; in Stoning-
ton Harbor, Connecticut, p. 34; on the coast of Maine for the At~
lantio Coast Pilot, p. 23; ou the south coast of California, p. 58.

HYDROGRAPHIC EXPLORATIONS IN WESTERN ALASEKA,
pp. 77, 78.

HYDROGRAPHIC INSPECTOR, COAST AND GEODETIC SUR.
VEY. Annual repert of, pp. 151, 186. (Appendix No. 5.)

HYDROGRAPHIC OFFICE, NAVY DEPARTMENT. Distribu-
tion of charts to, p. 61.

HYDROGRAPHIC PARTIES. Statistics of, p. 105.

HYDROGRAPHIC RESURVEYS IN VINEYARD SOUND AND
IN THE CHANNELS ANDISLANDS ADJACENT, p. 32,

HYDROGRAPHIC RESURVEYS IN VINEYARD AND NAN-
TUCKET SOUNDS, p. 34.

HYDROGRAPHIC SHEETS. List of, received during the year, p.
141,142; of Frederick Sound and vicinity, southeastern Alaska,
reference to, p. 75; of Padilla, Fidalgo, and Samish Bays, reference
to, p. 72; of Resario Strait and Bellingham Channel, reference to,
P-72; of Vermilion Bay, reference to, p. 55; list of, plotted, veri-
fied, and inked during the year, pp. 1569, 160; of west coast of
Florida, p, 50,

HYDROGRAPHIC SOUNDINGS AND ANGLES. Original and
duplicate records. Statistios of, p. 106.

HYDROGRAPHIC S8URVEY OF SHOALWATER BAY AND
ITS APPROACHES, AND OFF-SHORE HYDROGRAPHY BE-
TWEEN THAT BAY AND GRAY'S HARRBOR, pp. 69, 70.

HYDROG6RAPHIC SURVEY OF ST. CROIX RIVER, MAINE,
COMPLETED, AND HYDROGRAPHY OF COBSCOOK BAY
BEGUN, p. 21.

HYDROGRAPHIC SURVEY OF ST. SIMON'S BAR, GRORGIA,
p. 47.

HYDROGRAPHIC SURVEYS IN FREDERICK S8OUND AND
VICINITY, SOUTHEASTERN ALASKA, pp. 13-77.

HYDROGRAPHIC SURVEYS IN ROSARTO STRAIT AND PA.
DILLA BAY, WASHINGTON TERRITORY,pp. 7], 72.

HYDROGRAPHIC SURVEYS IN THE VICINITY OF CAPE
CHARLES, VIRGINTA, p. 45.

HYDROGRAPHIC SURVEYS OF SARATOGA PASSAGR,
HBOLMES HARBOR, AND OF THE NORTHWEST COAST OF
WHIDBY ISLAND,p.71.

HYDROGRAPHIC SURVEYS ON THE COAST OF LOUISI-
ANA, BETWEEN ISLE DERNIERE AND BIG CONSTANCE
BAYOU, INCLUDING VERMILION BAY, pp. 55, 56,

HYDROGRAPHIC SURVEYS ON THE WEST COAST OF
FLORIDA FROM PAVILION KEY TO CAPE SABLE, AND
THENCE TO SANDY KEY AND KEY ‘WEST, pp. 48,49.

HYDROGRAPHIC WORK. Records of received during the
year, p. 140.

HYDROGRAPHY. Coast of Maine, reference to progress in, p.
15); complete from Eastport, Me. to delta of the Mississippi,
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p-48; of Eel River entrance, Cal., pp. 65, 66; off-shore soundings
between Montauk Point and Phelps Bank, p.31; of the Atcha.
falaya River, pp. 54, 55; of the Mobile River, Ala.,p.52; on coast
of Louisiana, pp. 55 56; Pacific coast (coasts of Oregon and
Washington), referencs to, p. 153 ; statistics of hydrographby,p. 105;
verification, revision, and correction of reduced drawings, p.
161; miscellaneous draughting done during the year, p.162; in
vicinity of Cape Fanshaw, Alaska, p. 75.

X.

TARDELLA, C. T, ASSISTANT. Rerurvey of shore-lineon Long
Island from Hog Neck to Riverbead,including the shoreline of
Noyack, Little Peconic and Great Pecouie Bays: also of the
ocean-shore from Amagansett westward; oftico duty at Washing-
ton, p. 36.

IBEPAH. Station in triangulation of Utah, p. 86.

1CE-BOATS, PHILADELPHIA. ZXeference to observations of ice
in Delaware River by, p. 39.

JDAHO. Pacific Mail Company's steamer, reference to, p. 75.

ILLINOIS. State of, included in Section XIV, p.79.

INDIAN. Triangulation station. Massachusetts.
p- 30.

INDIANA. State of, included in Section XIV, p.79.

INDIANA AND KENTUCKY. Triangulation in, pp. 73, 80.

INFORMATION FURNISHED TO DEIFARTMENTS OF THE
GOVERNMENT in reply to special requests, and to individuals
upon application, during the fiscal year ending Juno 30, 1888.
Appendix No. 3, pp. 107-11L

INSPECTION OF TOPOGRAPHICAL WORK UPON THE
COAST OF MAINE, p. 22,

INSTRUMENT DIVISION.
annual report of, pp. 131, 133.

INSTRUMENT STAND TUSED BY SUBASSISTANT
MARR, p. 45.

INTERIOR STATES. Field-work in, general statement of prog-
ress, p. 6.

INTERNATIONAL COMMITTEE ON WEIGHTS AND MEAS.
TRES. Expenses of attendance of American member at general
conference of, eatimate for, p. 17.

INTERNATIONAL GEODETIC ASSOCIATION. Estimate for
contribution to, by the United States. p. 14.

IOWA. State of, included in Section XV, p. 83.

ISAACS ISLAND. Reference to, p. 44.

ISLE DERNIERE AND BIG CONSTANCE BAYOU.
raphy of coast between, p. 55.

Reference to,

Genceral notice of work of, p. 81,

R. A

Hydrog-

5.

JACK ISLAND. Reference to, p. 72.

JOHNSON, ATLEE, Foreman. Services on west coast of Florida,
p. 50 ; temporary services in library, p. 143.

JOENSTON, M., EXSIGN T. 5. N. Service on coast of Maine,
p. 21 :

JONES, CHARLES H. Packor and folder, p. 138.

JOXNES, H. P, ENSIGN U. 8. N. Services on steamer Bache,
p. 33.

K.

KADIAX, ALASKEA. Reference to,p.77.

KAHBUKU. Latitude station, Hawaiian Islands, p. 88

KAILUA. Latitnde station, Hawaiian Islands, p. 88

EKANAWAKA, Station of triaugalation in Kansas p. #4.

KANSAS. State of, continuation of triangulation in, pp. 84, 85; in-
cluded in Section XV, p. 83.

KARLUK STRAITS, ALASEA, Reference to, p. 77.

KASHEGA, UNALASHKA ISLAND, ALASKA, p. 77.

KAUPO. Latitude station, Hawaiian Tslands, apparent difference
between astronomical and geodetic latitude of, p. 88.

KEARNEY, 8. A. Instrument Division, p. 133.

EKEELER, J. B. Assistant at Lick Observatory, reference to, p.
84.

KEITH, W. H. Watchman, p. 138.

KELLETT. Reference to, p. 95.

KELLOGG. Triangulation station in New Jersey, p. 41.

KENTUCKY. State of, included in Section X111, p. 78.

KENTUCKY AND OHIO. Triangulation in, pp. 78, 79.
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KEYSER, L. P. Electrotyping Division, p. 119,

KILL VAN EULL. Refsrence to, p. 38,

KING, R. E. Office of Hydrographic Inspcctor, p. 155.

KING PLATS. Reference to, p. 90.

KNIGHT, H. M. Engraving Division, p. 119.

KNIGHT, H. T. Epgraving Division, pp. 119, 122, 193, 124.

ENIGHT KEY AND XNIGHT KEY CHANNEL. Reference to,
49.

KOHALA. Latitude station, Hawaiian islands, deflection of plam-
line at, p. 88.

KOLOA. Latitude station, Hawaiian Xslands, p. 88.

KROLL, G. F. Drawing Division, p. 125.

KUMMELL, CHARLES II. Computing Division, p. 117.

KUPREANOFF ISLAND, ALASKA. Reference to, p. 75.

KYSKA, KYSKEA ISLAND, ALASKA, p.77.

L.

LA BALLONA, CAL. Hydrographic examinations at, p. 58.

LAFAYETTE PARK, SAN FRANCISCO. Latitude station, p.
62; pendalum observations at, p, 63; reference to, p. 93.

LAGOON BEIGHTS, MARTHA'S VINEYARD, MASS,, p. 3L

LA JOLLA, CAL, Reference to, p. 56.

LAKE SHORE BENCH. Station in trisngulation of, Utah, p. 86;
magnetic elements determined at, p. 88.

LA LAE. Latitude station, Hawsiian Islands, p. 88.

LANMAN, W. H. Accounting Division, p. 82; Office of Hydro-
graphic Inspector, p. 155.

LAST ISLAND. Azimuth determined at, p.54.

LATITUDE. Determined at a point near the Stats University,
Minneapolis, p. 84 ; determined at Cape Fanshaw, Alaska, pp. 74, 75;
determined at East Base station, Duncan Canal, Alaska, p.75; de-
termined at Mt. Nebo, Utah, p. 86; determined at South Base, Fred-
erick Sound, Alaska, p. 74 ; determined at station Minerva, in Ken-

tucky, p. 78; determined at Thomas Bay, Alaska, p.75; determined

at Walla Walla, Wash., pp. 67, 68; determined at Yaquina, Oregon,
1D. 68, 89; obrervations for approximate determination of, on coast
of Oregon, p. 56: observations for, at Macho triangulation station,
Californis, p. 61; observed at Hana and Ka Lae o Ka Ilio, Ha-
waiian Isiands, p. 87; obsorved at Lafayette Park station, San
Francisco, p. 62; observed at station Fitzsimmons in Wisconsin,
pp- 82, 83,

LATITUDE AND AZIMUTI. Determived at Deer Island, coast
of Lonisiana, p. 54,

LATITUDE SPATIONS. Statistics of, p. 105, .

LAUREL. Triangulation station in A'abama, p. 51

LAUXMAN, M. Instrwment Divigion, p. 133.

LAWN, MISS K. Office of tho Asaistant in charge, pp. 92,114,

LAWRENCE, KANS. Reference to, pp. 84, 85.

LAWSON, JAMES S, ASSISTANT. Occupation of a station in
continuation of the primary triangulation of southern Calitornia,
pp. 61,62 ; engaged in office-work, San Francisco, p. 62; latitnde
observations, San Francisco, p. 62; preparation of base bars for the
Los Angeles base, pp. 93, 94.

LECOMPTON, KANS. Reference to, p. 84.

LE CONTE GLACIER, ALASKA. Reforence to, p.75.

LEDBERRY INLET, N C. Reference to.46.

LEMON KEY. Reference to, p.49.

TENGTH OF GENERATL COAST. Statiatics of, p. 105.

LENGTH OF ROADS. Statistics of, p. 105,

LENGTH OF SHORE LINE. Statistics of, p. 105,

LEONARD, Btationin trinngulation of, Indiana, p.81.

LEONARD, 8 H. Assistant Engineer, U. 8. N. Services on
ateamer Bache, p. 50.

LEVELING. From tide-gange at Robbinston, Me., to Chamecook
triangulation station, p.20; (geodetic) from Sandy Hoeok towards
‘Hagerstown, Md., reference to, p. 38; (geodesic) methods used in
Arkansas, p. 53 ; (geodesic) in Arkunsas, pp.53,54; in conunection
with physical hydrography of Cape Cod Peninsula, p. 26; in con-
pection with topographical survey of District of Columbia, p. 43;
in Massachusetis for determination of accurate series of bench-
murks, p.26; in vicinity of New York Bay and Harbor to conpect
tidal bench-marks, p. 38; to connect bench-mark at Hooper, Utah,
with water-level of Great Salt Lake, p.86; to determine difference
in elevation between triangulation station, Rariden, and bench-
mark at Mitchell, Ind,, p. 81; transcontinental line of geodetic,
continuation of, p. 84,
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LEUCADIA, CAL. Reference to, p. 56.

LICK OBSERVATORY, MOUNT HAMILTON, CAL. Refereuce
to, pp. 61, 63.

LIGHT-HOUSE, CAPE CHARLES, VA, Old position of, p.44

LIGHT-HOUSE (old) at Southwest Pass, Vermillion Bay, La.,p.
56; recommendation for establishment of new, p. 56.

LIGHT-HOUSE BOARD. Assistance from, acknowledged, p.41.

LIGHT-HOUSE KEEPERS. Observations by, of ice in Delaware
River and Bay. p.40.

LIGHT-HOUSES. On ceast of Maine determined by triangulation,
p.21.

LIGHT-BOUSE SITES. Examinpation for, on coast of Oregon,
p. 67,

LINDENKOHL, A. Drawing division, pp. 80, 124, 126, 127, 128,

LINDENEKOHL, H. Drawing Division, pp. 124, 126, 127, 128.

LINES OF GEODETIC LEVELING RUN BETWEEN THE
MISSISSIPPI RIVER AND LITTLE ROCK, ARK., pp. 53, 54.

LIXES OF SPIRIT-LEVELING. Statistics of, p.105.

LIST OF NAVAL OFFICERS ATTACHED TO THE COAST
AND GEODETIC SURVEY DURING THE YEAR, pp. 164-166.

LITTLE, F. M. Computing Division, pp. 116, 118. :

LITTLE ASSOWOMAN BAY, DEL, - Reference to, p. 44

LITTLE INLET. Reference to, p.44.

LITTLE ROCK AND ARKAXSAS CITY, ARE. Lines of lev-
eling between, p. 53.

LITTLE ROCK, ARK. Referonce to, pp. 53, 54.

LITTLE ROCK, MISSISSIPPI RIVER AND TEXAS RAIL-
ROAD. Lines of leveling along, p. 53.

LIVERMORE, CAL. Reference to, p.61.

LONG, W.M. Janitor, p. 138,

LONG BEACH, CAL. Reference to, p. 58,

LONG BRANCH, N.J. Reference to, p. 37.

LONG ISLAND. Topography of south coast, p.37.

LONG ISLAND RAILROAD. Topograpky extended to line of,
Pp. 37,

LONG ISLAND SQUND. Examination of coast currents at en-
trance of, pp. 34, 85.

LONGITUDE DETERMINATIONS. In Oregon and Washing-
ton, pp. 68, 69; in Oregon, California, and Utak, p. 86; in Oregon,
Washington, and Utah, pp. 67, 68.

LONGITUDE. Determined at Cape Fanshaw, Alaska, pp. 74, 75;
determined at East Base station, Dumncan Canal, Alaska, p.75;
determined at South Base station, Frederick Sound, Alaska, p. 74;
determined at Thomas Bay, Alaska, p.75.

LONGITUDE STATIONS. Statistics of, p. 105.

LOS ANGELES, CAL. Baseline site, p. 58; magnetic observa-
tions at, pp. 58, 59.

LOS ANGELES BASE. Preparation of basc-bars for, pp. 93, 4.

LOSTMAN'S KEY. Reference to, p. 49.

LOSTMAN'S RIVER. Referouce to, p. 49.

LOUISIANA. S8tate of, included in Seetion VIII, p. 51; detached
purveys on the cosst of, pp. b4, 55; tepograpby aud hydrography
of the coast of, pp. 55, 56.

LOUISVILLE, NEW ALBANY AND CHICAGO RAILROAD.
Refercnce to, p. 81.

LOWELL. Station in triangulation of Wisconain, p. 62.

LOWNDESBOROUGII, ALA. Referenco to, p. 5L

LUBEC, ME. Goographical position located, p. 19.

LUMMI, ISLAND. Refersnce to, p. 72

LUMMI. Triangulstion station in Washington 'Forritory, p. 72

M.

MABON. Station in triangulation of Kansas, p. 84

MACHIAS, ME. Inspection of topegraphy in vieinity of, p.22

MACHIAS SEAL ISLANDS. Elevation of light-houscs deter.
mined from, p. 21

MACHIASPORT, ME. Magnetic ohservations at, p. 24,

MACHO. Triangulation station in Oalifornis, p.81; records of
field work at, p. 93.

MACHO CANOXR, CAL. Reference to, p. 61

MACHO TO MOUNT TOROQ. Line in the triangulation of Cali
fornia, p. 61.

MAEDEL, E. A, Engraving division, pp. 118, 124,

MAGNESIUM LIGHT. TUse of, intriangulation in Indiana, p. 81.

MAGNETIC DECLINATION, Remarkable variations in, on
the Hawaiian Islands, p. 87.
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MAGNETIC DETERMINATIONS (ANNUAL) AT A STA-
TION ON CAPITOL HILL, WASHINGTON, D.C,, p.42.

MAGNETIC ELEMENTS (the). Determioed at Lake Shore Bench
station in Utab, p.86; determined at Mount Guyot station, Utab,

*  p.86; determined at Mt. Nebo, Utah, p. 85; determined at Ya-
quina and Portland, Oregon, pp. 88, 69 ; observed at Temple Block,
Salt Lake City, Ttab.

MAGNETIC LAVA. Found on velcanic peaks
Islands, p. 87.

MAGNETIC OBSERVATIONS., At Macho triangulation station.
California, p. 61; at station near the Presidio, San Francisco, p. 61;
at Portage Bay, Alagka, p. 74; at stations in Maine and Massachu-
setta, pp. 23, 24; at Walla Walla, Wash. Ter., pp. 67, 68; by Drake,
reference to, p. 62; by ship Dutchess of Pontchartrain, p.62; orig-
inal records, statistics of, p. 106.

MAGNETIC PARTIES. Statistics of, p.105.

MAGNETIC RECORD CONTINUED AT THE SELF-REGIS.
TERING MAGNETIC STATION AT LOS ANGELES, CAL,,
ABSOLUTE MEASURES OF THE MAGNETIC ELEMENTS
MADE MONTHLY, pp. 58, 59.

MAGNETIC STATIONS OCCUPIED. Statistics, p.105.

MAGNETIC VARIATION. Determined at Cape Fanshaw,
Alaska, pp. 74, 75; determined at South Base Station, Frederick
Sound, Alaska, p. 74; determined at East Base Station, Duncan
Canal, Alaska, p. 75; information relative to, cbtained from charts
of early explorations on the Pacific coast, p. 5.

MAGNETIC WORX. Records of, received during the year, p.
140 ; statistics of, p. 105.

MAHON, C. Drawing division, pp. 124, 126, 127,128,

MAIDEN ISLAND. Reference to, p. 40.

MAINE. State of, included in Section I, p.19.

MAKUSHIN, UNALASHKA ISLAND, ALASKA, p.77.

MALLOWS, SETH. Reference to, p.27.

MANATEE, FLORIDA. Referencs to, p. 50.

MATES, MISS L. A. Chart division, p. 129.

MAPLE HILL, KANS. Refereuce to, p.85.

MAPS AND CHARTS. Statistics of, p. 106,

MARCUS HOOK. Reference to, p.40.

MARE ISLAND NAVY.YARD. Reference to,p. 73.

MARINDIN, H. L., ASSISTANT. Physical hyarography of Cape
Cod Perinsula, pp.26,28; services with U. S. Advisory Commis-
sion for port of Philadelphia, p.27; on office duty at Washington,
p-27; contipnation of physical hydrographic survers in New
York Bay and Harbor, pp. 37,38; reference to, p. 153; referenceof
tide-gaugo and staff to bench-marks at Horse-Shoe, Sandy Hook,
P38,

MARION TOWNSHIP, KANS. Reference to, p. 84.

MARION TOWNSHIP, MASS. Reference to, p. 25.

MARR, R. A.,, SUBASSISTANT. Triangunlation of Nantncket and
Vineyard Sounds, pp. 28, 31; office work, p. 30; completion of the
triangulation in the vicinity of Cape Charles, Va., pp. 44, 45; longi.
tude work in Oregon and Washington Territory, pp. 08, 69.

MARSH, CHAS. C., ENSIGN U, 8. N. Services in Alaska, pp.
73-71.

MARTHA'S VINEYARD. Changes in east shore, p. 29.

MARTHA’S VINEYARD ISLAND. Resurvey of shoros of, p. 31,

MARTIN, ARTEMAS. In charge of archives and library, pp. 91,
114 ; annual report of, pp. 139143,

MARTIN'S HILL. Station of triangulation in Kansas, p. 85.

MARYLAND HEIGHTS. Triangulation Station in Maryland,
p.- 39 -

MARYLAXD. Btate of, inclnded in Section T1T, p. 432.

MASONBORO INLET AXD NEW RIVER. Resurveys on coast
between, p. 468.

MASSACHUSETTS. State of, included in Section I, p. 19,

MASSACHUSETTS STATE SURVEY. Connection of .Aassist.
ant H. L. Whiting with, p. 29.

MASSACHUSETTS AND RHODE ISLAND, HYDROGRAPHY
OFF THE COASTS OF, p. 32

MATTAPOISETT TOWNSHIP, Mass. Reference to, p. 25.

MATTAWAMEKEAG, ME. Magnetic obeervations at, p. 24.

MATUPIN, WILLIAM C. Compating division, p. 118,

MAXWELL, W, J., ENSIGN U. 8. N. 8ervices in Section I, p.
23; reference to, p. 157,

MAYO, LIEUT.H. T., U. 8. N. ASSISTANT. Hydrographic sur-
voys of Suratogs Passage, Holmes Harbor, and of the northwest
coast of Whidbsy Yeland, p. 71 ; referonce to, p. 158.

in Hawaiian
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MAYO'S KEY. Reference to, p. 49.

MAYSVILLE, KY. Reference to, p. 78.

McARTHUR (steamer). Use of and reference to, pp. 69, 70, 73,
153, 155.

MCARTHUR, JOHX, J&.
phia, reference to, p. 92.

McCLELLAND, D. Reference to, p. 121.

McCORKLE, 8. €., ASSISTANT. Physical hydrography : forma-
tion and movementof ice in Delaware Bay and River as observed
during the winter of 1887 and 1888. pp.39,41; in charge of sub-
office at Philadelphia. p. 02.

McDONALD, JOHN D.,ENSIGN, U. 8. N. Services in Alaska, pp.
73-77.

McGRATH, J. E., SUBASSISTANT. Geodetic leveling for the
connection of the tide-gauges and bench-marks in New York Bay

-and Harbor, and vicinity, p.38; engaged in office work at Wash-
ington, p.38; lines of geodetic leveling run between the Missia.
sippi River and Little Rock, Ark., pp. 53, 54; topographical sur-
vey of the site of the Awmerican Bottom Base, Illincis, p. 82;
transcontinental line of geodetic leveling carried westward from
New Haven, Mo., p. 81.

MoGUINNESS, J. P., ENSIGN, U, 8. N. Services on coast of
Washington Territory, p. 70.

McHENRY,JOHN. Iaymaster's yeoman, steamer Patterson, pp.
73-77. '

McLAXNE, W.R. Driver, p.138.

MCMILLAN. Triangulation station in North Carolina, p. 46.

MEIGS,R.J., RECORDER. Services on west coast of Florida, p. 50;
services in Kentucky and Ohio, pp. 78, 79.

MEMBERS OF CONGRESS. Distribution of charts to, p. 91.

MEMPHIS, TENN. Reference to, p.53.

MENDAL. Triangulation station in Massachusetts, p. 25.

MEXDELL, COL. GEORGE H., U.S. ENGINEERS. Reference to,
p. 63.

MENEMSHA BIGHOT. Tide-gauge at; reference to, p.32.

MERMENTAU RIVER, LA. Refsrence to, p. 55.

MERIDIAN INSTRUMENT No. 16. Reference to, p. 61.

MERIDIAN MONUMENTS, Nantucket Island. Reference to,p. 30.

MERIDIAN TELESCOPE No.7. Reference to, p. 78,

Architeet of new city hall, Philadel-

MERIDIAN. Triangulation station in Massachusetts; reference
to, p. 30.

METEOROLOGICAL WORK. Records of, received during the
year, n. 140.

METRE PENDULUM. TUsed in gravity determinations on the
Hawaiian Islands, p. 87.

METHROD of leveling in Arkansas, p. 53.

MICHIGAN. State of, included in Section XIV, p. 79.

MIDDLEBOROUGH TOWNSIIP, MASS., Reference to, p. 25,

MIDDLE CATE. Reference to, p. 49.

MIDDLE GROUXND, STONINGTON HARBOR.
p. 34

MILLBRIDGE, ME. Magnetic observations at, p. 23.

MILES OF DEEP-SEA SOUNDINGS BUN. Statistics of, p. 106,

MILES, W. P. Scrvices at Los Angeles, Cal., p.59.

MILLER. Station in triangulation of Indiana, pp. 80, 81.

MINERVA. Triangulation station in Kentucky, time, latitude and
azimuth determined at, p. 78.

MINNEAPOLIS, MINN. Preliminary base-line measurement, and
selection of site for final primary base-line, p. 83; refereuce to, p. 82,

MISCELLANEQUS DIVISION. General notice of work of, p.91;
annual report of the, pp. 135, 138.

Reference to,

MISCELLANEOUS DRAUGHTING (hydrographic). Done dur-
ing the year, p.162.

MISSISSIPPI. State of, included in Section VIII, p. 51.

MISSISSIPPI RIVER. Reference to, p. 54.

MISSISSIPPI RIVER AND LITTLE ROCK, ARK, Lines of

leveling betwoen, p. 53, 54.

MISSISSIPPL RIVER COMMISSION. Roference to, p. 53.

MISSISSIPPI VALLEY. Referenee to, p. 80.

MISSOURI PACIFIC RAILROAD. Reference to, p.84.

MISSOURIL. State of, included in Section XV, p. 83.

MITCHELL, BENRY, ASSISTANT. Memorandum relating to
physical hydrography of Cape Cod Peninsnla, p. 26 physical hy-
drography of New York Bay and harbor; the under.run of the
Hudgon River; its relation to New York Bar, p. 37.

MITCHELL, IND. Reference to, p. 80.

MOPRILE, ALA. Reference to, p. 52
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MOBILE RIVER. Survey of the, pp. 52, 53.

MOLKOW, E. Drawing division, pp.124, 127.

MONK'S HILL. Triangunlation station in Massachusetis, p. 25,

MONOMOY POINT, MASS. Reference to changes near, p. 28

MONTAUK POINT AND AMAGANSETT LIFE-SAVING STA.

TIONS. Survey of shoreline between, p. 36.

MONTAUK POINT AND NANTUCKET SHOALS. Currents
in vicinity of, p. 35.

MONTAUK POINT AND PHELP'S BANK. Off.shore sound-
ings betwoen, p. 31

MONTEZUMA CREEK, CAL. Reference to. p.64.

MONTEZUMA SLOUGH, CAL. Reference to, pp. 64, 65.

MOORE, F. Foreman, in charge of plate printing, Coast and Geo-
detic Survey Office, pp. 84, 90,120,

MORGAN CITY, LA, Reference to, pp. 54,55,

MORGAN STEAMSHIP CO. Reference to, p.54.

MOREAT CREEK, MO. Referenceto, p.8%.

MORICHES BAY LONG ISLAND, X.¥. Reference to, p. 35,

MORSE, FREMONT, SUBASSISTANT. Examination of the site
aelected for tho measurement of a primary base-line near Los An-
peles, Cal., p. 58; other service in California, pp. 61, 62; latitude
observations San Francisco, p. 62; emplosed on office work &t San
Francisco, p. 93 ; latitude and time observations Lafayette Park,
San Francisco, p. 93; preparation of base bars for the Los Angeles
base, pp. 93, 9¢.

MORTON, PROF. HENRY, President Stevens Institute of Tech-
nology. Reference to, p. 148.

MOSELY, N. S, ENSIGN U. S, N. Services on coast of Washing-
ton Territory, p. 70; death of, p. 70; reference to, p. 153.

MOSER, J, F,, LIEUTENANT, U.8. N, ASSISTANT. Off-shore
and in-shore hydrography of the western end of Vineyard Sound
to Buzzard's and Narragansett Bays, snd totheeastern end of Long
¥sland Sound, p. 82; hydrographic surveys on the west coast of
Florida, from: Pavilion Key to Cape Sable, and thence to Sandy
‘Key and Key West, pp. 48,40; reference to, pp. 151, 152.

MOSMAN, A. T, ASSISTANT., Triangulation on the south
coast of Long Island and determination of the geographical posi-
tions of light houses on the coasts of Conuecticut and Rhode
Islang, pp. 35, 36 ; extension westward of the trans.continental tri-
angulation near the thirty-ninth parallel in Eentucky and Ohio,
pp. 78, 79; engaged in affice work.p. 78; instruected to take up tri.
angulation upon Long Island from Montank Point westward,p. 79.

MOUNT DIABLD RANGE. Reference to, p. 61.

MOQUNT GUYOT. Station in triangulation of Utah, p.86; mag-
netic elements determined as, p. 86.

MT. HAMILTON, CAL. Gravity observations at, pp. 63, 64, 87.

MOUNT NEBO. S$tation in triangulation of Utah, p.86; latitude,
azimuth, and magnetic elements determined, p. 86.

MQUNT OLIVET CEMETERY. Reference 1o, p.43.

MOUNT QUIRATUK. Triangulation station in Maryland, p. 39,

MT. VERNON LANDING, ALA. Azimuth observed at, p. 52.

MURRAY, HARRISON. Fireman, p.138

MUSCATUCK RIVER. Reference to, p. 80.

MUSKEGET CHANNEL AND TUCEERNUCK ISLAND.
Changes in since laat survey, p.29.

MUSKEGET ISLAND. Topography of, p.28.

N.

NAKAT INLET. Of Tongass Island, Alaska, location of rock
npear, p. 75.

NAMES OF VESSELS, THEIR TONNAGE, ETC., IN THE
SERVICE OF ''HE COAST AND GEODETIC SURVEY DUR-
ING THE YEAR, p.163.

NANAIMO, p.73.

NANTUCKET AND MARTHA'S VINEYARD. Triangulation
and topography of, pp. 28, 31.

NANTUCKET AND VINEYARD SOUNDS. Triangunlation and
topography of, pp. 28, 31

NARRAGANSETT BAY. Coast-pilot examinations in, p. 34; refer.
enco to, p.33.

NARRAGANSETT PIER. Reference to, p.33.

NARROW RIVER LEDGE. Establishment of buey recommended,
P 33

NARROWS, THE, NEW YORK HARBOR. Referencs to, p. 38,

NATALL MR. Apent Morgan Steam-ship Co., p. 54.

NAUSET BEAGH, MASS. Referred to, p.26.

NAUSET HARBOR, CAPE COD,MASS. Referenco to, pp. 26, 27.
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NAUSET THREE LIGHTS, MASS. Referred to, p.26.

NAUSHON ISLAND, MASS. Topography of, p. 30,

NAVAL OFFICERS. List of, attached to the Coast and Geodetic
Survey during the year, pp. 164-166.

NAVY, OFFICERS AND MEN OF THE. On eoast-survey duty,
p. 163.

NEBRASKA. State of, inclnded in Section XV, p. 83.

NELSON, JOHN, AID. Services in New York, p.39; services in
geodetic leveling party in Arkansas, pp. 53, 54; servicesinsouthern
California, p. 60.

NELSON.R. E.,JR. Levelmanin Districtof Columbiasurvey, p. 43.

NES, D. 8., ENSIGN U. 8. N. Bervices in hydrographie sarvey,
coast of Louisiana, p. 56.

NESBITT, MRS. M. E. Office of Assistant in charge and Tidal
Division, pp. 114, 13¢.

NEVADA. State of, included in Seetion X VT, p. 86.

NEW BEDFORD, MASS. Reference to, p. 34.

NEW BEDFORD COURT-HOUSE. Triangulation station in Mas-
sachnsetis, p. 25.

NEW BEDFORD TOWNSHIP, MASS. Reference to, p.25.

NEW BRIGHTON, STATEN ISLAND. Reference to,p.38.

NEW CASTLE, DEL. Referencec to, p. 40; extension of United
States pier at, recommended, p. 40.

NEW CASTLE AND CAPE HENLOPEN. Obaervations of ice
in Delaware Bay between, pp. 39, 41.

NEWFIELD. Triangnlation station in New Jersey, p. 41.

NEW HAMPSHIRE. State of, included in Section I, p. 19.

NEW HAVEN, MO. Line of geodetic levels continned from, p. 84.

NEW IBERTA LA. Reference to, p.56.

NEW JRRSEY. State of included in Section 11, p.34; triangula-
tion and reconnsaissance in, p. 41,

NEW JERSEY CENTRAL RAILROAD BRIDGE. Near mouth
of Hackensack River, tide.gauge on, p.38.

NEW MEXICO. Territory of, included in Section XVI, p. 86.

NEW ORLEANS, LA. Reference to, p. 54.

NEWPORT, R.I. Reference to, p.33.

NEWPORT AND SAN PEDRO BAYS, CAL. Hydrographic ex-
aminations at, p. 58.

NEWPORT LANDING, CAL. Tideobservations at, p. 58.

NEWPORT NEWS. Reference to, p.47.

NEW RIVER, N. C. Reference to, p. 46.

NEW RIVER INLET. Base-line near, p.46.

NEW SOUTH INLET, COTAMY BAY, MASS., Changes shown
Ly resurvey, p- 29.

NEW TOPSAIL INLET, N. C. Reference to, p. 46.

NEW YORK. State of, included in Section IT, p. 34.

NEW YORK AND LONG BRANCH R. R. Leveling along line
of, p. 38. i

NEW YORK BAY AND HARBOR. FPhysical hydrography of,
P.37.

NIAGARA LIMESTONE. Reference to, p.80.

NIBLACK, A. P., ENSIGN U.S.N. Services in Alaska, pp. 73-77;
in charge of steam-launch Cosmos en voyage from San Francisco
to Port Townsend, pp. 73-74.

NICHOLS, LIEUTENANT-COMMANDER H. E., U. 8, N, AS.
SISTANT. Hydrographic explorations in western Alaska, pp.
77,78 ; inspection of tide station, Kadiak Island, Alaska, p. 77; ref.
erence to, p. 154,

NOBSKA POINT. Reference to, p. 29,

NO MAN'S LAND. Reference to, p. 33.

NG MAN'S LAND, ROCK ISLAND AND MONTAUK POINT,
Cuarrent statiens in vicinity of, p. 35.

NOOKSACHT RIVER. Reference to, p. 72.

NOON-STOUT. Line in triangulation of Indiana rnd Kentucky,
p. 80,

NORTH BASE STATION, FORT WRANGELL, ALASKA. COec.
capation of astronomical station at, p. 74.

NORTH BREAKER SHOAL. Reference to, p. 47.

NORTH CAPE. Reference to, p. 49.

NORTH CAROLINA. State of, included in Section IV, p.45.

NORTH CAROLINA SOUNDS, Iuvestigation of oyster beds in,
referred to, p. 152,

NORTHWEST BASE. ‘Los Angeles, Cal., reforence to, p, 8.

NORTHWEST CHANNEL. Key West, reference to, pp. 48, 49.

NORTHWEST HARBOR, LONG ISLAND. Resurvey completed,
P- 36.

NORTON SOUND, ALASKA. Referonce to, p. 77,
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NOTICE TO MARINERS NO. 92.
NOTICE TO MARINERS NO. 03.
NOTICE TO MARINERS NO. 95.
NOTICE TO MARINERS NO. 97. Referencs to, p. 35.

NOTICE TO MARINERS NO. 99. Reference to, p. 32.

NOURSE CREEK (OR SLOUGH), CALIFORNIA, Reference to,

. 64,
N(?)YES ROCKS, STONINGTON HARBOR. Referencse to, p.34.
NUMBER OF DEEP-SEA SOUNDINGS. Statistics of, p. 106.
NUMBER OF MILES GEOGRAPHICAL RUN WHILE SOUND-
ING. Statistics of, p. 105,

Reference to, p. 75.
Referred to, p. 32.
Reference to, p. 33.

NUMBER OF OFFICERS AND MEN OF THE NAVY OXN

COAST SURVEY DUTY, pp. 163-166. ‘
NUMBER OF VESSELS IN COAST AND GEODETIC SUR-
VEY, p. 163.

0.

QOAHTU, HAWATIAN ISLANDS. Apparent difference between
astronomical and geodetie latitude, p, 88.

OAX BLUFFS, MARTHA'S VINEYARD, MASS,, p. 31

OBLIQUE ARC OF THE MERIDIAN. Extension of, towards the
Gulf of MexTco, p. 51

OBSERVATIONS FOR LATITUDE AND AZIMUTH AT A
TRIGONOMETRIC STATION IN WISCONSIN, pp. 82, 83.

OBSERVATIONS FOR THE LATITUDE OF THE LAFAY-
ETTE PARK STATION, SAN FRANCISCO, IN CONNEC-
TION WITH THE MAIN TRIANGULATION, p. 62,

OBSERVATORY HILL. Statiom of triangulation of Wisconsin,
p- 82.

OCEAN KING (ship). Wreck of referred to, p. 73.

OCEANSIDE, CAL. Reference to, pp. 56,57

OCCUPATION OF A STATION 1IN CONTINGATION OF THE
PRIMARY TRIANGULATION OF SOUTHERN CALIFOR.
NIA, pp. 60, 62.

OCCUPATION OF STATIONS FOR EXTENDING 10 THE
WESTWARD THE TRANSCONTINENTAL TRIANGULA-
TION NEAR THE THIRTY-NINTH PARALLEL IN KAN.
SAS, pp. 84, 85. '

QCCUPATION OF STATIONS FOR THE EXTENSION EAST.
WARD OF THE TRANSCONTINENTAL TRIANGULATION
NEAR THE THIRTY-NINTH PARALLEL IN UTAH, p. 86.

OCCUPATION OF THE STATION PRESIDIO OF SAN FRAN.-
CISCO, FOR MAGNETIC OBSERVATIONS, pp. 62,63

OFFICE OF COAST AND GEODETIC SURVEY. Statement of
work of, during fiseal year, pp. 89 92.

OFFICE OF CONSTRUCTION OF STANDARD WEIGHTS
AND MEASURES. Estimate for expeuses of, p. 17.

OFFICERS AND MEN OF THE NAVY, ON COAST SURVEY
DUTY. Number of, pp. 163, 166.

OFFICE EXPENSES. Eatimate for, p. 16.

OFFICE FORCE. Estimate for pay of, pp. 15, 16.

OFF-SHORE HYDROGRAPHY BETWEEN SHOALWATER
BAY AND GRAY'S HARBOR, pp. 60, 70.

OFF-SHORE AND INSHORE HYDROGRAPHY OF THE AP-
PROACHES T0 THE WESTERN END OF VINEYARD
SOUND, TO BUZZARDS AND NARRAGANSETT BAYS,
AND TO THE EASTERN END OF LONG ISLAND SOUXND,

OEEF«SHORE SOUNDINGS BETWEEN MONTAUK POINT
AND PHELPS BAXNK, p. 31

OGDEN, H. G., ASSISTANT. In charge of Engraving Division,
pp- 90, 113; annual repors of, pp. 118-124,

OGDEN. Station in triangulation of Utah, p. 86.

OHIO. State of, included in Section XIV, p. 79.

OHIO AXD KENTUCKY. Triangulation, p.79.

OHIO RIVER. Reference to, p. 80.

OLBERG, J. Drawing Division, p. 125.

OLD COLONY RAILROAD. Line of levels connecting stationa of,
p. 26,

OLD MAYN ROCK. Reference to, p. 32.

OLD PROPRIETOR LEDGE BEACON. Triangulation to deter-
mine position of, p. 21.

OLD TOPSAIL INLET, N. C. Reference to, p. 46.

OLINDA, HAWATIIAN ISLANDS. Reforence to, p. 87.

OLIVER, J. H., ENSIGN, U, 8. N. Sorvices on coast of Washing-
tom, p, T0.
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OREGON. State of, included in Section X1, p. 66; longitude work
in, pp. 67, 68; survey of coast of, pp. 66, 70; topographical recon-
naissance of coast of, p. 67.

ORIGINAL HYDROGRAPHIC SHEETS PLOTTED, VERIFLED,
ANDINKED DURING THE YEAR. List of, pp. 159, 160.

ORLEANS, MASS. Referred to, p. 6.

OSBORN, Station in triangulation of Indiapa, p. 80,

OSAGE CITY, MISSOURI. Refersnce to.

OYSTER BEDS. Survey of, for State ot North Carclina, p. 45.

OVER, C. H. T., MESSENGER, p. 138.

OWEN, Station in triangulation of Tennessee, p. 9.

P,

PACIFIC COAST. Field workon: general statement of progress,
p. 6.

PACIFIC COAST PILOT. Reference to, p. 67.

PADILLA BAY. Hydrography of, pp. 71, 72.

PAGE, PETER, messenger, p. 138,

PAINE, S. C,, LIEUTENANT, U, 8. N., ASSISTANT, in com-
mand of Schooner Eagre, p. 34 : hydrographie resurveys in Vine-
yard and Naotucket Sounds, p. 34; bydrographic examination in
Sterington Harbor, Copnn., p. 34; reference to, pp. 151, 152,

PAKAOAQ. Station in the triangulation of the Hawaiian Islands;
pendalum observations and time and latitude determined, pp. 87, 88;
apparent difference between astronomical and geodetic latitude of,
p. 88.

PALINURUS (schooper). Use of and reference to, pp. 37, 38,155.

PARKER, DAVID, WATCHMAN, p. 138.

PARMENTER, H. E, ENSIGN, U. 8. N. Services on steamer
Bache, p. 33.

PARSONS, F. H., SUBASSISTANT. Services in Indiana, p. 81;
services in Karsas, p. 85 ; services in weights and measnres office,
pD. 92, 147. R

PARSONS, JOHN W. In chargeof Accounting Division, pp. 92, 114;
annusal report of, pp. 143-147.

PARTIES (FIELD) OF THE SURVEY. Distribution of {Appen-
dix No. 1), pp. 99-104.

PARTIES DOING TIDAL WORK EXCLUSIVELY. Statistics
of, p. 106.

PARTIES DOING TIDAL IN CONNECTION WITH HYDRO.
GRAPHIC WORK. Statistics of, p. 1086.

PARTIES ENGAGED IN GRAVITATION WORK. Statisticsof,
p. 105,

PARTIES ENGAGED IN RECONNAISSANCE. Number of, p.
165.

PARTY EXPENSES. Estimates for, pp. 12-14.

PASSES OF THE MISSISSIPPI. Reference to, p. 54.

PATOS ISLAND. Establishmentof light-house and fog-signal at,
recommendaed, p. 98,

PATTERSON (steamer). Use of, and reference to, pp. 73-77, 153.

PATTERSON GLACIER, ALASKA. Reference to, p. 75,

PAY OF FIELD OFFICERS. Estimate for, p. 14.

PAY OF OFFICE FORCE. Estimate for, pp. 15-16.

PEAKED HILL, TRIANGULATION STATION, MASS., Refer-
ence to, p. 30.

PEMBROKE AND WEST PEMBROKE, ME. Incindedin topo-
graphieal survey, . 22.

PENDULUM OBSELYATIONS. Originaland duplicate records ;
statistics of, p. 106.

PENDULUM WORK. Records of, received during the year, p. 140,

PENINSULA OF FLORIDA, FROM ST.MARY'S RIVER,ON
THE EAST COAST,TO AND INCLUDING ANCLOTE AN-
CHORAGE, ON THE WEST (COAST, included in Section IV, p.
47.

PENNSYLVAXIA, State of, included in Section IT, p. 34.

PENOBSCOT BAY, ME. Examination of, p. 23.

PERKINS,C.P,,LIEUTENANT, U. 8. N,, ASSISTANT. Hydro-
graphic resurveys in Vineyard Sound and in the chaunels and
harbors adjacent, p. 32; reference to, p. 151.

PERKINS, F. W, ASSISTANT. Continuation of the reconnais.
aance aud triangulation for connecting the primary tiiangulation
near Atlanta with that en the Gulf, pp. 51, 52; reconnaissance for
the connectivn of the trismgulation of the State of Indiana with
the transcontinental triangulation near the thirty ninth parallel,
advancing to the eastward in Indiana and to the westward in
Kentucky, pp. 79, 80.
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PERMANENT MAGNETIC STATIONS OCCUPIED. Statistics
of, p. 105.

PERRY, ME. Triangulation station at, p.19.

PETERS, G. H, LIEUTENANT, U. 8. N, ASSISTANT, Hydro-
graphic examinations on the coast of Maine for the Atlantic Coast
Pilot, p. 23; hydrographic examination for the Coast Pilot on the
southern coast of Massachusetts, p. 34 ; in charge Coast Pilot Divig
1on, annual report of, pp. 156, 157 ; references to, pp. 154, 158.

PETERSEN, A. Engraving Division, pp. 119, 122-124.

PETERSEN, JENS, MASTER-AT-ARMS on steamer Blake, 48.

PETIT ANSE BAYOU, VERMILION BAY, LA. Reference to,
p. 56. :

PETTY'S ISLAND. Reference to, p.40.

PHILADELPHIA AND READING STEAM COLLIERS. Obser-
vationa of ice in Delaware River by, p. 39.

PHILADELPHIA MARITIME EXCHANGE. Observationsof
tides at Delaware Breakwater by, p.40; aid from acknowledged,
p. 41

PHOTOGRAPHIC PRINTS. System of mounting to scal devised
by D. C. Chapruan referred to, p. 90.

PHYSICAL HYDROGRAPHY. Coast of Cape Cod Peninsula,
p- 26,

PHYSICAL HYDROGRAPHY. FORMATION AND MOVE.
MENT OF ICE IN DELAWARE BAY AND RIVER, AS
OBSERVED DURING THE WINTER OF 1887-'88, pp. 39, 41.

PHYSICAL HYDROGRAPHY OF NEW YORK BAY AND
HARBOR. THE UNDER-RUN OF THE HUDSON RIVER;
ITS RELATION TO NEW YORE BAR,p.37.

PIEDRAS BLANCAS. Coast Pilot views obtained at, p, 94.

PILLSBURY, J.E. LIEUTENANT, U. S.N,, ASSISTANT. Off
shore soundings between Phelps Bank and Montauk Poiut, p. 325
examination of coast currents in the app:oaches to New York
Harbor, p. 35; hydrographic survey of St. Simon's Bar, Georgia, p.
47; Gulf Stream explorations, pp. 47, 48 : reference to, pp. 152-154.

PILOT PEAK. Station in triangulation of, Utab, p. 86.

PINE BLUFF, ARK. Reference to, p. 53.

PINEY MOUNTAIN. Triangulation station, p. 39.

PIRATE (steam-launch). Use of and reference to, p. 74

PITTSFIELD, ME. Magnetic observations at, p. 24.

PLANE-TABLE SHEETS OF BELLINGHAM AND SAMISH
BAYS AMD THE ISLANDS IN THEIR VICINITY. Refer-
ence to, p. 72.

PLANE-TABLE SHEETS OF COAST 0¥ OREGON. Referonce
to, p. 66.

PLATE-PRINTING OFFICE. General notice of work of, p. 90.

PLAYA MARIA BAY. Referenco to, p.95.

PLUM ISLAND, MASS. Magnetic observations at, p. 24,

POCHET ISLAND,MASS. Reference to, p.27.

POINT AGASSIZ, FREDERICK SOUND, ALASKA.
to, p. T4.

POINT ARENA TO CAPE MENDOCINQ. General chart of the
Pacific coast, engraved plate of, comploted, p. 50.

POINT AU ¥ER. Triangulation station, in Louisiana, p. 54

POINT BUCHON. Establishment of buoys off, recommended, p. 94.

POINT FRANCIS ISLAND. Reference to, p. 72

TOLLOCK RIP LIGHT.-SHIP. Tidal current observed at, p. 27.

PORTAGE BAY, KUPREANOFY ISLAND, ALASKA. Survey
of, magnetic station occapied, and tidal observations at, pp. 74, 76.

PORTAGE COVE, ALASKA. Tidal observations at, p.74.

PORTLAND, OREGON. Magnetic observations at, p. 68; refer.
ence to telegraphic longitude work at, p. 86,

PORTLAND CANAL AND PEARSE'S CHANNEL. Survey of,
pp- 76,77,

PORTLAND—~WALLA-WALLA. Differonce of longitude be.
tween, determined, pp. 67, 68.

PORT KENYON,CAL. Reference to,p.85.

PORT SIMPSON, BRITISH COLUMBIA. Observations for tino
obtained at, pp. 74, 75.

PORT TOWNSEND, WASH. Referenece to,p. 73.

POWDER HOLE, MONOMOY POINT, MASS,
p- 21

POWELL. Sation of triangulation in Xansaa, ]. 85.

PRATT,J.F., ASSISTANT. Topographical resurvey of the water-
front at Astoria, Oregon,and recovery and remarking of tidal-
bench marks, p. €9. )

PREPARATION OF BASE BARS FOR THE LOS ANGELES
BASE, pp. 93, 04.

Reference

Reference to,
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PRESIDIO ASTRONOMICAL STATION, SAN FRANCISCO.
Magnetic observations at station near, pp. 61-63.

PRESQUE ISLE,ME. Magnetic observations at, p. 24.

PRESTON, E.D,, SUBASSISTANT. Determinations of gravity
at the Smitbsonian Institution, Washington, in connection with
similar determinations in the Hawaiian Islands and in California,
p. 42; determinations of gravity at San Francisco and at Mount
Hamilton, Cal., pp. 63, 64; engaged in office work, p. 87.

PRIBILOFF OR SEAL ISLANDS, ALASKA, p. 77

PRIMARY BASE-LINES. Statistics of, p.105; length of, in statute
miles, p. 105.

PRINCE REGENT'S REDOUBT.
port, Me., p. 19.

PRINTED SHEETS OF MAPS AND CHARTS DEPOSITED
WITH SALE AGENTS. Statistics of, p.106. ’

PRINTED SHEETS OF MAPS AND CHARTS DISTRIBUTED.
Statistics of, p. 106.

PRINTING AND BINDING. Estimate for, p.17.

PROSPECT CHILMARK. Triangulation station, Massachusetts,
reference to, p. 30.

PROVINCETOWN AND CHATHAM, MASS.
between, referred to, p. 26.

PROVINCETOWN AND TRURO, MASS. Boundary monuments
between, referred to, p. 25.

PUBLICATIONS RECEIVED FROM PUBLIC PRINTER, p. 138,

PUBLISHING OBSERVATIONS. Istimatoe for.p.17.

PUGET SOUND AND ADJACENT WATERS., Progress of
hydrography of, referred to, p. 153.

PULIZZI, O. Recorder, services in Kansas, p. 85.

PULPIT ROCK. Triangulation station in Pennsylvania, p. 39.

PURCELL,J.L,, ENSIGN, U.8.N. Services on coast of Washing-
ton Territory, p. 70.

PUULOA. Latitude atation, Hawaiian Islands, p.88.

.

QUARANTINE STATION, SAN FRANCISCO. Report by Prof.
George Davidsen on location of, roferred to, p. 93.

QUEKEN INLET,N.C. Reference to, p. 46.

QUICK (schooner). Uso of and referencs to, p. 50.

QUICKSAND HILL. Reference to,p.33.

QUICK'S HOLL, MASS. Referred to, p. 32

QUODDY HEAD, ME. Inspection of topography in vicinity of,
p. 22,

Triangulation station at East-

Progress of work

».

RACCOON STATION, LAST ISLAND. Azimuth determined at,
p-54.

RARIDEN. Station in triangunlation of, Indiana, p. 80.

RARIDEN—LEONARD. Lipoe of triangnlation in Indiana, p. 79,

RARITAN BAY. Reference to, pp. 38,39,

READ,JOHNJ.,, COMMANDER, U.S8.X,, INSPECTOR FOURTH
LIGET-HOUSE DISTRICT. Reference to,p. 41,

READ, MAURICE L., ENSIGN, U. S. N. Services in Alasks,
pp. 73-77.

READY (schooner). Usec of and reference to, pp. 37, 38,

RECONNAISSANCE for triangulation in Kansas, p. 84; for triangu-
lation in Minnesota, p.84; in Alabama, pp. 5], 52; in New Jersey,
p.41; statistics of, p.105; (topographical) of coast of Oregon, pp.
66, 67,

RECONNAISSANCE FOR CONNECTING THE TRIANGULA-
TION IN THE SOUTHERN PART OF THE STATE OF
PENNSYLVANIA, WITH THE PRIMARY TRIANGULA.
TION IN MARYLAND,p. 10, : *

RECONNAISSANCE FOR THE CONNECTION OF THE TRI-
ANGULATION OF THE STATE OF INDIANA, WITH THE
TRANSCONTINENTAL TRIANGULATION NEAR THE
THIRTY.NINTHPARALLEL, ADVANCING TO THE EAST-
WARD IN INDIANA AND TO THE WESTWARD IN KEN-
TUCKY, pp. 79, 80.

REEDY ISLAND. Reference to, p.40.

RECORDS. Statisties of, p. 1086,

RECORDS AND COMPUTATIONS RECEIVED DURING FIS-
CAL YEAR. Tabular statements of, pp. 120, 140.

REESEVILLE, WIS, Reference to, p.82.

REFRACTION noted in line, Macho to Mount Toro, Cal, p. 8L

REID, R. 1., ASSISTANT ENGINEER, U. B. N. . Services on
steamer McArthar, p.70.

REPAIRS OF VESSELS. Referenceto, p. 154
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RENT OF OFFICE BUILDINGS. Estimate for, p. 16,

REPATRS AND MAINTENANCE OF VESSELS. Estimate for,
D.14.

REPORT (ANNUAL) of the Accounting Division, pp. 143-147; of the
Archives and Library, pp. 139-143; of the Assistant in charge of
Oftice and Topography for the year ending June 30, 1848, Appendix
No.4,113-149; of Bureau of Weights and Measures, pp. 147-149;
of the Clhart Division, 120-131 ; of the Computing Division, pp. 116
118; of the Coast Pilot Division, pp. 156, 157; of the Drawing Divis-
ion, pp 124-128; of the Engraving Division, pp. 118-124; of the
Instrument Division, pp. 131, 133, of the Hydrograpbic Division,
Pp. 158-162; of the Hydrographie Inspector, including reports of
the Coust Pilot aund Hydrographic Divisious, Appendix Nu. §, pp.
151,165 ; of the Miscellaneous Division, p. 135; of the Tidal Divis-
ion, pp. 133-185.

REPORT (ANNTUAL) OF THE SUPERINTENDENT FOR THE
FISCAL YEAR ENDING JUNE 30, 1884, transmitted by the
Secretary of the Treasury to Congress p.ui; introductory re-
marks, p. 1 ; arrangement of contents roferred (o, pp. 3, 18; ruview
of work of the year, pp.4-5. General statoment of progress: Field
work, pp. 5-7; otfice work, p.7; discoveries und developments, pp.
7-8; builetins, p. 8; special scientific work, pp. 8-11; explanation
uf estimates, p, 11 ; estimates, pp. 12-17.

REPORT (ANNUAL) OF THE SUPERINTENDEXT FOR
YKEAR ENDING JUNE 30, 1886, printing of, completed, p. 95;
distribution of copies, p. 137.

RESURVEY AT ASTORIA, OREGON, p. 69.

RESURVEYS AND EXAMINATIONS IN SAN DIEGO BAY
AND VICINITY; TERTIARY TRIANGULATION AND
TOTPOGRAPHY BETWEEN SAN DIEGO AND SAN PEDRO
BAYS, pp. 56,57,

RESURVEY OF EEL RIVER
RIVER, CAL., pp.G5, 66.

RESURVEY OF SHORE.LINE ON LONG ISLAND, FROM
HOG NECK 10 RIVERHEAD. INCLODING THE SHORE-
LINE OF NOYACE, LITILE PECONIC AND GREAT PE-
CONIC BAYS; ALSO OF THE OCEAN SHORE FROM AMA-
GANSETT WESTWARD, p.36.

RESURVEY OF SUISUN BAY AND TRIBUTARIES, CAL.,
pp- 64, 65.

REVILLE, MISS A.G. Tidal Division, p.134.

RHODE ISLAND. State of included in Section I, p.19.

RICH INLET, N. C. Reference to, p. 48.

RICHARDSON, A. Packer and folder, p.138.

RICHARDSON’S ROCK, OFF SAN MIGUEL ISLAND. Estab-
lishwont of light-bouse and fug-signal ou, recommended, p. 94.

RICHLAND. Triangulation station in, New Jersey, p. 41.

RISTEEN, ALLAN D. Compating Division, pp. 116, 117.

RITCHIE AND HASKELL. Current meters devised by, p. 87

RITTER, HOMER B, Physical hydrography, Cape Cod, p. 27.

ROARING RIVER, CAL. Reference to, pp. 64, 65.

ROBARTS BROTHERS, Re'erence to, p. 66.

ROBBINS'S ISLAND, CUPCHOGUE HARBOR, AND SHORE-
LINE OF LITTLE HO6 NECK, LONG ISLAND, N, Y, in-
cluded in resurvey, p. 36.

ROBBINSTON, ME. Tides observed at, p. 20.

ROBERT, H. M, LIEUTENANT-COLONEL, CORPS OF EN.
GINEERS, U. 8. A. Aid from, acknowledged, p. 41.

ROBINSON, MISS LIZZIE. Chart Division, p.129,

ROBINSON'S HOLL, MASS. Projection for hydrography of, re-.
ferred to, n, 32

ROCHESTER TOWNSHIP, MASS. Reference to, p. 25.

ROCEWELL, CLEVELAND, ASSISTANT. Survey south coast
California, reference 10, p. 59; completion of the topographical re-
counatasance of the const of Oregon between Yaquina River and
Tillamook Bay; examination of sites for light-houses at Caps Look-
out and Cape Meares, p. 67; engaged in office work, p. 67; prepara-
tion of views for new edition of Pacific Coast Pilot, p. 84.

ROCKY BUTTE. Triangulation station in Californis, pp. 59, 60.

RODGERS, A, F., ASSISTANT. Resurveys and examinations in
San Diego Bay and vicinity; tertiary trimgulation and topog-
raphy between Ban Disgo and San Pedro Bays, pp. 56, 57; engaged
in office work at San Francisce, p.57; reference to survey of Eel
River by, p. 65.

RQDGERS RIVER. Referonce to, p. 49.

ROETH,J.H. Drawing Division, p. 125; office of Hydrographo In.

-spoctor, p. 155.
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ROGERS, A. G., ENSIGN, U. 8. N. Services in Gulf Stream ex-
plorations, p. 48.

ROGUE RIVER, OREGON. Retference teo, p. 67.

ROSARIO STRAIT. Hydrography of, pp. 71,72,

ROSEVILLE, CAL, New wharfat, p.57.

ROSS, JOHN. Services in Section I referrod to, ¢3; services in
Coast Pilot party, p.34; Coast Pilot Division, p. 157,

ROUND TOP. Triangulation station in California, p. 61.

ROUND TOP. Triangulation station in Penunsylvania, p. 39.

ROUND TOP—PULPIT ROCK. Linein triangulation of, Pennsyl.
vania, p. 39.

ROY. Station in triangulation of, Tenncsse, p.579.

ROYAL NAVY. Survey by oflicer of the, p. 89,

RUSH (revenue cntter). Leferenco to, p. 94.

RYERS AND SIMMONS OR EADS ISLANDS, CAL. Reference
to, D, 64,

L2

SAGADAHOC (steam-launch). Use of and referenee to, p. 21

SAGAMORE, MASS, Referred to, p. 26.

SAG HARBOR, LONG ISLAND, N.Y. Reference to, p. 36.

SAG IIARBOR COVE, Resarvey of shore-line, p. 36.

SALMON CANNERIES AT ASTOKRIA, OREGON. Reference to,
p-69.

SALT LAKE CITY, UTAH. Telegraphic longitude work at, p. 86.

SALT LAKE CITY-WALLA WALLA, Difference of longitudo
determined, p. 86. :

SALT MINES ON AVERY'S ISLAND, LA, p.36.

SALT RIVER, CAL. Resurvey of, pp. 65, 66.

SAMISH BAY. Survey of, pp. 72, 73.

SAMISH FLATS. Reference to, p.72

SAMISH ISLAND. Referenco to, p. 72

SAN CARPOFORO CREEK, CAL. Refercnce to,p. 59,

SAN CARPOFORO CREEK TO WHITE ROCK NO. 2. Topo-
graphical sheet, p. 60.

SAN DIEGO, CAL. Rapid development of, p. 56.

SAN DIEGO AND SAN PEDRO BAYS, CAL.
between, pp. 56, 57,

SAN DIEGO BAY, CAL. Resurveys in, pp. 56, 57,

SANDY HOOK, N.J. Determination of mean half-tide level at,

Surveys of coast

p.91.
SANDY HOOK AND WILLET'S POINT. Line of levels be-
tween, p. 38.

SANDY HOOK BAR. Observations of eurrents over, p. 37.

SANDY HOOK TOWARDS HAGERSTOWN, MD. Lincof levels,
reference to, p. 38,

SAN FRANCISCO, CAL. Gravity observations at, pp. 65, 64, 87;
investigation of tidal data for, p. 91 : location of quarantine station
at, reforred to, p. 93 ; reference to telegraphic longitade work at, p.
86.

SAN JOAQUIN VALLEY, CAL. Reference to, p. 6l.

SAN JOSE, CAL. Reference to, p.64.

SAY JUAN CAPISTRANG, CAL.
graphic examinations at, p. 58.

SANKATY HEAD, MASS. Reference to, p. 28.

SANKATY HEAD LIGHT. Triangulation station in Massachu-
settg, reference to, p. 30. .

SAN MARTIN TOP—ALDER TOP. Line in triangulation of, Cali-
fornia, p. 60.

SANNAKH ISLAND, ALASKA, p. 7.

SAN PEDRO, CAL., p. 73.

SAN PEDRO BASE.-LINE. Reference to, p. 58.

SAN PEDRO BAY. Reference to, pp. 56, 57.

SAN SIMEON, CAL. Reference to, p. 59.

SAN SIMEON BAY, CAL. Reference to, p.- 59

SANTA LUCIA. Triangualation station in, California, pp. 59, 60.

Reference to, p.57; hydro-

SANTA ROSA CREEK TO SAN SIMEON BAY. Topographical
sheot, p. 60.

SARATOGA PASSAGE AND HOLMES HARBOR. Hydrography
of, p. T1.

SARGENT, FRED. Tidalobserver at Kadiak Island, Alaska, p. 77
SAUCELITO, CAL. Tide observations at, p. 63.

SAVOY, WILLIAM, Messeuger, p.138.

SAWYERKEY. Reference to, p.49.

SCHNEIDER, H.J. Drawing Division, p. 125,

SCHOONER LEDGE. Reference to, p.40.
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SCHOTT, CHARLES A. ASSISTANT. Inchargeof Computing
Division, pp. 89, 113, 115; magnetic determinations {anpual) ata
station on Capitol Hill, Washingten, D. C., p. 42,

SCHUYLKILL RIVER. ZXeference to, p.40.

SCORESBY (schooner). Use of and reference to, p. 152,

SEALISLAND LIGHT-HOUSE. Triapgulation to determine posi-
tion of, p. 21

SECONDPRINCIPAL MERIDIAN. Copnected with triangulation
in, Indiana, p. BO.

SECTION I. Progress of work in, pp. 19-41.

SECTION II. Progress of work in, pp. 34-41.

SECTION III. Progress of work in, pp. 42-45.

SECTION IV. Progress of work in, pp. 4547,

SECTION V. Progress of work in, p. 47.

SECTION VI, FProgress of work in, pp. 47-51.

SECTION VIII. Progress of work in, pp. 51-56

SECTION X. Progress of work in, pp. 56-66.

SECTION XI. Progress of work in, pp. 66-73.

SECTION X1I. Progress of work in, pp. 73-78.

SECTION XITL. Progress of work in, pp.78-79.

SECTION XIV. Progress of work in, pp. 79-83.

SECTION XV. Progress of work in, pp. 83-85.

SECTION XVI. Progress of work in, p. 86.

SENGTELLER, L. A., ASSISTANT. Resurvey of Suisun Bay and
tributaries, California, pp. 64, €5 ; oftice work, p. 64 ; services in pri-
wmary triangulation of California, p. 61.

SHARK RIVER. Reference to, p. 49.

SHAWAURKEMO. Triaugulation station, Massachusetts, reference
to, pp. 30, 31.

SHELL ISLAND, LA. Tides observed at, p. 54.

SHELTON, ROBERT. Printing reom, p.120.

SHELTON, 8. B. Tidal Division, p. 135.

SHEPHERD, CAPTAIN, U.S. REVENTE MARINE. Reference
to, . 94.

SHIDY, L.P. Tidal Division, pp. 91,114,134,

SHINDEL,J.E., ENSIGN, U.5. NAVY. Services in Gulf Stream
explorations, p. 48,

SHINGLE MILL WHARF, near mouth of Salt River, Cal. Tides
observed at, p. 65.

SHINNECOCK BAY, LONG ISLAND, N. Y. Reference to,
P.35.

SHINNECOCK LIGHT-HOUSE, LONG ISLAND, N. Y.
ence to, p. 35.

SHIP JOHN SHOAL. Reference to, p. 40,

SHIPLEY, JOHEN H., EXSIGN,U.8.N. Services in Alaska, pp.
73-97.

SHII* SHOAL LIGHT-HOUSE. Reference to,p. 54

SHOALWATER BAY. OREGON. Hydrography of, pp. 69, 70.

SHOALWATER BAY AND GRAY'S HARBOR. Off-shore hy-
drography between. pp. 68, 70.

SHORE-LINE CHANGES ON MARTHA'S VINEYARD.
pendix No 9, 1880.) Reference to, p.29.

“SHORTIS HOUSE". Triangulation station in, Qregon, p. 69.

SHORTLAND. Triangulation station in, Maine, p. 20,

SHOVELFUL LIGHT-SHIP. Tidal current observed at, p. 27.

SHREWSBURY RIVER, N.J. Reference te, p.39.

SHUMAGIN ISLANDS, ALASKA, p.77.

SIASCONET VILLAGE, MASS. Reference to, p.28.

SIERRA MORENA. Triangulation siation in California, p. 61.

SIGNAL SERVICE,U.8. ARMY. Observations of ice in Dela
ware River by, p. 38.

SILLIMAXN. Schooner, p, 155.

SILVER FIR TREES IN SOUTHERN CALIFORNIA. Refer.
ence to, p. 60,

SIMMONS. Station in triangulation of, Kansas, p. 84.

SIMMS, A.D. Watehman, p. 138,

SINCLAIR, C, H,, ASSISTANL. Triangulation, topography, and
hydrography of the Atchafalaya River and detached surveys on
the coast of Louisiana, pp. 64, 55; exchunges of telegraphic signals
for longitude between San Francisco, Cal., and Portland, Oregen,
p. 63; observations for latitude at Portland, Oregon, p.63; tele-
graphic longitnde determinations between Portland, Oregon, and
Walla Walla, Wash., and between Walla Wella and Salt Lake
City; determinations of latitude and the magnetic clements at
Walla Walla, pp. 67, 68; surveys and examinations st Burnt
Island, Mich., p. 8% determinations of lopgitude at Salt Lake

Refer-
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SINCLAIR, C. H., ASSISTANT-Continued.

City and Walla Walla, Wash., p. 86; special surveys and examina-
tions made at the reguest of the Department of State and with
the approval of the Secretary of the Treasary at Burnt lsland,
Mich,, p. 89; reference to, p. 153.

SINCLAIR EAST-—LUMMI ROCKS, Line in triangnlation of,
‘Washington, p. 72.

SINCLAIR HILL, ME., p.21.

SIPE, E.H. Engraving Division, pp. 119, 122-124.

SLOCUM, G. R., ENSIGN, U. 8. N, Services ou coast of Washing-
ton Territory, p. 70.

SLOOP POINT, N.C. Reference to, p.46; check-basc measured at,
p. 46.

SMITH, EDWIN, ASSISTANT, Exchanges of telegraphic signals
for longitude between San Francisco, Cal., and Portland, Oregon,
p.63; telegraphic longitude determinations between Portland,
Oregon, and Walla Walla, Wash., and Letween Waliz Walla, and
Salt Lako City; determinations of latitude and the magnetic
elements at Walla Walla, pp. 67, 68; determinations of longitude
by exchanges of telegraphic signals between Yaquina and Portland,
Qregon, and between Portland and Seattle, Wash.; observations
for latitude and the magnetic elements at Yaquina, and for the mag-
netic elemeuts at Fortland, pp. 68, 69; determinations of longitude
at Salt Lake City and Walla Walla, Wash., p. 86; preparation of
catalogue of eugraved plates, p. 90; reference to, p. 114 ; services
in Engraving Division, p. 120.

SMITH, J.L. Chart Division, p. 129

SMITH, MISS PAULA E. Accounting Division, pp. 92, 146.

SMITH’S ISLAND (Cape Charles). Reference to, p. 44.

SMITHSONIAN INSTITUTION. Gravity determinations at, p.
42 ; reference to, p. 90.

SMOOT,JOHN H. Clerk to Engraving Division, pp. 90, 120.

SNOW, A. S, LIEUTENANT COMMANDER, U.8.N. Reference
to, p. 75.

SOMERSET TOWNSHIP, MASS. Reference to, p. 25,

SOMMER, E.J. Drawing Divigion, pp. 124, 126-128.

SOUKHOI ISLANDS, ALASKA. Check-base measured on the, p.
4.

*SOUTH CAROLINA. Included in Section V, p.47.

SOUTH CHURCH SPIRE. Triangunlation station in Massachn.
setts, reference to, p. 30.

SOUTHERN PACIFIC RAILROAD. Reference to, p. 58,

SOUTHEAST BASE, LOS ANGELES, CAL. Reference to, p. 58.

SOUTHWEST HEAD LIGHT-HOUSE. Triangulation to detor-
wine positien of, p. 21.

SOUTHWEST PABS, VERMILION BAY, LA. Reference to, p.
54 ; greatest depth in channel, p. 56.

SOW AND PIG'S REEF. Reference to, p. 32

SPANISH KEY CHANNEL. Reference to, p. 49.

SPANISH RIVER. Reference to, p.52. )

SPAULDING,J.G. Tidal observer, Pulpit Cove,p.23; tidal ob-
server at Sandy Hook, N.J., p. 39.

SPECIAL HYDROGRAPHIC EXAMINATIONS AT S8AN
JUAN CAPISTRANO, LA BALLONA, AND AT NEWPORT
AND SAN PEDRO BAYS, CAL., p.58

SPECIAL HYDROGRAPHY FOR THE STATE OF NORTH
CAROLINA COMPLETED,p. 45.

SPECIAL OPERATIONS, pp. 87-89; reference to, pp. 6-7.

SPECIAL SCIENTIFIC WORK, pp. 8-11.

SPECIAL SURVEYS AND EXAMINATIONS, MADE AT THE
REQUEST OF THE DEPARTMENT OF STATE AND WITH
THE APPROVAL OF THE SECRETARY OF THE TREAS-
URY, AT BURNT ISLAND, MICH., p, 8.

SPECIMENS OF BOTTOM. Statistics of, p. 106.

SPRITE (steam-cutter). Tse of, and reference to, p. 21.

SQUASH2 MEADOW SHOALS, VINEYARD S8OUND. Refarence
to, p. 32.

STA;:g AND BOX GAUGES DISCONTINUED. Statistics of,
.

STAilJ(;F AND BOX GAUGES ESTABLISHED. Statistics of,
p. 108, .

STANDARDS OF WEIGHT AND MEASURE. Reference o re-
DoTt on construction and distribution of, p. 92.

ST. ANDREWS, NEW BRUNSWICKE. Posiiion of light-house
determined, p. 20,

8T. ANDREW'S BAY. Statistics of friangulation, p. 20,
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STANWORTH, C. S, ENSIGN, U. S. N. Services in Gulf
Stream explorations, p. 48.

STATE HOUSE OF KANSAS, TOPEKA. Observed upon,in tri-
angulation of, Kansss, p. 85.

STATE INSANE ASYLUM, TOPEKA, KANS. Observed upon,
in triangalation of, Kansas, p. 85,

STATE SURVEYS. Moreliberal appropriations desirable for, p. 41.

STATE UNIVERSITY, MINNEAPOLIS. Reference to, p.84.

STATEN ISLAND. Line of levels along the shore of, p. 38.

STATIONS (TRIANGULATION) OCCUPIED FOR HORIZON-
TAL MEASURES. Statistics of, p. 165.

STATIONS (TRIANGULATION) OCCUPIED FOR VERTICAL
MEASURES. Statistics of, p. 105.

STATISTICS OF FIELD AND OFFICE WORK OF THE COAST
AND GEODETIC SURVEY FOR THE YEAR ENDING JUNE
30,1888. Appendix No. 2,105, 106. . -

STATISTICS OF LATITUDE WORK, HAWAIIAN ISLANDS,
P. B8.

STATISTICS OF OBSERVATIONS AT MACHO TRIANGULA
TION STATION, CALIFORNIA, pp. 61, 62.

STATISTICS OF WORK IN THE ACCOUNTING DIVISION,
PD. 145, 148.

ST. CROIX RIVER. Triangulation of, pp. 19,20; topography of
west bank, pp. 20, 21; hydrography of, completed, p. 21.

ST. DAVID'S. Triangulation station in, Maine, p.10.

STEELE, J. M., PASSED ASSISTANT SURGEON, U. S. N.
Services on steamer Bache, p. 50.

STEPHENSON, HOLLAND N. PASSED ASSISTANT EN.
GINEER, U. 8. N. Services on steamer Patteracn, pp. 73-77.

STEVENS. Triangulation station iz, Kentucky, p. 78,

STONE, E. P. Recorder in physical hydrographic party, p. 28.

STONE, J. C., MASTER-AT-ARMS AND DRAUGHTSMAN,
steamer Patterson, pp. 73-77.

STORM, OTTO. Instrument Division, pp. 114, 181, 133.

ST. PAUL. A)aska Commercial Company's steamer, reference
to, p. T7.

ST. PAUL, KADIAK ISLAND, ALASKA,
at, p.77.

ST. PAUL AND MINNEAPOLIS, MINN,
triangulation, p. 83.

ST. PAUL HARBOR, EADIAX ISLAND, ALASEA. Reference
to, p. 7. :

STRAUSS, JOSEPH, ENSIGN, U. 8. N. Service on coast of
Maine, p.21; services in hydrographic survey, coast of Louisiana,

Tidal observations

Included in secondary

p. 56,

STREETS, THOMAS H., PASSED ASSISTANT SURGEON, U.
S. N. Services on steamer Patterson, pp. 73-77.

ST. SIMUN'S BAR, GA. Hydrographic survey of, p. 47.

ST. SIMON'S SOUND, GA. Resurvey of entrancc to, p. 152,

STUART INLET, CANAL DE HARO. Establishment of light
house and fog-signal at, recommended, p. 84.

STUMP INLET, N. C. Reference to, p.46.

SUBMARINE VALLEY, NEAR NEWPORT BAY, CAL. Ref
erence to, p. §8.

SUBOFFICES U.S.COAST AND GEODETIC SURVEY, p.92.

SUBORDINATE BASE-LINES AND BEACH MEASURES. Sta.
tistics of, p. 105,

SUESS, W. Instraoment Division, pp. 131-133.

SUGAR LOAF. Triangulation station in, Maryland, p. 39.

SUISUN BAY, CAL. Inkingand tracing of topographical sheets
of, p.93. Resurvey of, pp.64, 65.

SUISUN SLOUGH, CAL. Referonce, pp. 64, 65.

SUMNER STRAIT, ALASKA. Reference to, p. 75.

SURVEY OF THE MOBILE RIVER FROM SPANISH RIVER
TO THE JUNCTION OF ALABAMA AND TOMBIGBEE
RIVERS, pp. 52, 52.

SURVEYS AND EXAMINATIONS AT RBURNT ISLAXND,
MICH., p. 83.

SURVEYS AND INVESTIGATIONS NEEDED TO COMPLETE
SURVEY OF COAST OF THE UNITED STATES. Reference
to, p. 1.

SWAN POINT. Triangulsation station in, North Carolins, p. 46.

- SWANSEY, MASS, Refersnce to, 25.

SWIFT, FRANKLIN, ENBIGN, U. 8. N. Services on schooner
Eagre, p. 32; charge of steamer Daisy transforred to, p.34; serv-
ioes on west coast of Florida, p. 50.

|
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TABLE BLUFF,CAL. Reference to, p.85.

TACOMA, WASH. Reference to, p.73.

TALCOTT, E.M. Services in Section I referred to, p. 20, services
in Alabama, p. 52,

TALTAFERRO, MRS. 8. M. Accounting Division, pp. 92, 146.

TAMALPAIS. Triangulalion station in, California, p. 61.

TAMPA,FLA. Reference to, p.50.

TANEY, E. L., SUBASSISTANT. Topographical resurveys on
Nantucket Island, pp. 28, 31; topographical reaurvey of the shore
lines of Nantucket, Muskeget, Tackernuck, and the small islands
in their vicinity, p.31; services in fleld work in Lounisiana. p. 54 ;
topographic surveys on tho coast of Louisiana, between Vermil-
1o Bay and Calecasien Pass; tepographic survey of the Atcha-
falaya River, Louisiana, p. 55.

TANNER. Triangulation station in, Kentncky, p. §0.

TANNER.DRY RIDGE. Line in triangulation of, Indiana and
Kentucky, p. 80.

TARRY NOT (steam-launch). Use of, and reference to, p. 71.

TATE. Triangulation station in, Ohio, p.79.

TEBENKOFF. Reference to, p.77.

TELEGRAPH HILL, SAN FRANCISCO. Latitude station, refer-
ence to, p. 62.

TELEGRAPHIC LONGITUDE DETERMINATIONS BE.
TWEEN PORTLAXND, OREGON, AND WALLA WALLA,
WASH, AND BETWEEN WALLA WALLA AND SALT
LAKE CITY: DETERMINATIONS OF LATITUDE AND
THE MAGNETIC ELEMENTS AT WALLA WALLA, pp.67,68.

TEMPLE BLOCK, SALT LAKE CITY, UTAH. Astronomical
station connected with the triangulation and magnetic elements
observed at, p. 86; longitude station at, p. 68.

TENNESSEE,STATE OF. Incladed in Section XIII, p. 78; trian-
gulation in, p. 79.

TERTIARY TRIANGULATION AND TOPOGRAPHY ON THE
SOUTH COAST OF CALIFORXNTA, pp. 59, 66.

THEODOLLTE NO.113. Reference to, p. 84.

THEODOLITE. Report by Prof. George Davidson on plans for
a, referred to, p. 94.

THE SECULAR VARIATION OF THE MAGNETIC NEEDLE
IN THE UNITED STATES AND AT SOME FOREIGN STA-
TIONS (seventh edition). Appendix No. 7.

THE VALUE OF THE “ARCANO DEL MARE,” WITH REF.
ERENCE TO OUR KENOWLEDGE OF THE MAGNETIC DE(-
LINATIONINTHE EARLY PARTOF THESEVENTEENTH
CENTURY. Appendix No.§, part 1.

THETIS (steamer). Reference to, p. 77.

THOMAS, C. M. LIEUTENANT COMMANDER, U. S. N,, AS.
SISTANT. Hydrographic surveys in Frederick Sound and
vicinity, southeastern Alaska, pp. 73-77 ; survey of Portland Cansal
and Pearse’s Channel, pp. 76, 77; refcreuce to, p. 153,

THOMAS, MISS MARY. Chart Division, p. 120.

THOMAS, MISSMAY. Chart Division, p.128.

THOMASBAY, ALASKA. Check-base measured at, tidalobserva-
tions made, geographical position determined and sarvey com-
pleted, p. 75.

THOMPSON, HLL. Engraving Division, p. 119, 122-124.

THOMPSON, J.G. Engraving Division, p. 119, 122-124.

THOMPSON, W. A. Enpgraving Division, p. 119, 122-124.

THORN, F. M., SUPERINTENDENT COAST AND GEQODETIC
SURVEY. Conclusion of annual report, p. 95.

TIDAL AND CURRENT OBSERVATIONS. COriginal and dupli-
cate records, statistics of, p. 106.

TIDAL BENCH-MARKS, Recuvery and remarking of, at Astoria,
Oregon, p. 6.

TIDAL DIVISION. Annual report of the, pp. 133-135; general
notice of work of, p. 91.

TIDAL LEVELS AND FLOW OF CURRENTS IN NEW YORK
BAY AND HARBOR. Appendix No. 9.

TIDAL OBSERVATIUNS. At Astoria, Oregon, p. 69; at Bath,
L. T, p. 38; at Bogue Iniet, in copnection with topographic
and hydrographic surveys, p.46; at Brown Cove, Alasks, in con-
nection with surveys, p. 74; at Delaware Breakwater, p. 40; at
Eagle Harbor, Washington Territory, in connection with kydrog-
raphy, p. 7L ; at Guemes Island, Washington Territory, in connec-
tlu? with hydrography, p. 72; st Holmes Harbor, Washington
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Territory, p. 71; at Newport Landing, Cal,, in connection with hy-
drography, p. 58; at Portage Day, Alaska, p. 74; at Robbinston,
Mo, p. 20; at Sandy Hook, N. J., p.39; at Saucelito, Cal., p. 63;
at Shell Island, in connection with survey of coast of Louisi-
ana, p. 54; at St. Panl, Kadiak Island, Alaska, p.77; completed
at Pulpit Cove, Me., p. 23; in connection with hydrographic sur-
veys at Portage Cove, Duncan Canal, Woods Bay, north cnd of
Iyry Strait, and at Fort Wrangell, Alaska, p.74; in connection with
hydrographic survey in Duncan Canal, Alaska, p.75: in connee-
tion with hydrographic sarvey on west coast of Florida, p.50; in
connection with survey at Thomas Bay, Alaska, p. 75 in counce-
tion with sarveys at Wright's Island, N, C., p. 46; near mouth
of Balt River, Cal,, in connection with resurvey, p. 65.

TIDAL RECORD CONTINUED AT THE AUTOMATIC TIDAL
STATION AT SATUCELITO, SAN FRANCISCO BAY, CAL,
p. 83,

TIDAL STATIONS FOR WHICH REDUCTIONS IAVE BEEN
MADE. Statistics of, p. 106.

TIDE-GAUGE. At Astoria, Ovegen, p. 69; at Harding's Beach,
Mass,, reforred to, p. 27; at Iolmss Harbor, Washington Terri-
tory, p. 71; at Shell Island, La.. p. 54; trial of new form of, by
Assistant H. L. Marindin, p. 23; and bench-mark, established at
Hooper, Utab, p. 86.

TIDEYABLES FOR THE ATLANTIC AND PACIFIC COASTS.
«Reference to, p. 8l

TIDES. At St. Paul, Kadiak Island, Alaska, reference to, p. 77:
in Frederick Sound, Alaska, p. 76; in Vineyard Sound. reference
to, p. 32; on west coast ot Florida, p. 50; west Florida, Cat Istand,
and Biloxi and Puagot Seund, investigation.of, p. 91,

TILLAMOOK BEACH, OREGON. Reforence to, p. 57.

TILLMAN, E, H., ENSIGN, U. 8. N., ASSISTANT.
to, p. 154, 157, 158.

TIME. Determined at Station Minerva, in Kentucky, p. 78; deter-
nined at T'nion Bay, Alaska, p. 74; observations for, at Port Simp-
son, Britisk Columbia, . 75; observations for approximate deter-
mination of, en coast of Oregon, p. 66; observations for, at Macho
triangula tion station, California, p. 61; observations fur, at Port
Simpson, British Columbia, p. 74; observations for, at Station
Wrangell, North Base (1866), Alaska, p.74; and latitude deter-
mined at Pakaoao, Hawailan Islands, p.87.

TINICUM ISLAND. Referenco to, p. 40,

TITTMANN, 0. H., ASSISTANT. Triangulation for the determi-
nation of light-houses and other points between Grand Manan Ist.
and and the coast of Maine, p. 21; assigned to charge of Office of
Weights and Measures, p. 22; reference to work in Alabamna, p.
51; in charge Bureau of Weights and Measures, pp. 92, 114; an-
nual report of, p. 147-149.

TOLSMA, 8. F. Seizure of fishing net belonging to, by Canadian
authoritics, p. 89

TUOMBIGBEE RIVER. Reference to, p. 52.

TOM NEVERS POND. Reference to, p. 20.

TOPEKA, KANS. Referonce to, p. 85.

TOPOGRAPHIC AND HYDROGRAPHIC RESURVEYS ON
THE EASTERN SHORES OF DELAWARE, MARYLAND,
AND VIRGINIA, p. 44

TOPUOGRAPHIC MAPS, ORIGINALS. Statistics of, p. 106.

TOPOGRAPHIC RESURVEY ON THE SOUTH COAST OF
LONG ISLAXND, FROM NEAR BABYLON T0 THE WEST-
WARD, AND SOUNDINGS IN FIRE ISLAND INLET, p.37.

TOPOGRAPHIC SHEETS. List of, received during the year, p.
141

Reference

TOPOPOGRAPHIC SURVEY OF THE WEST BANK OF THE .

ST. CROIX RIVER BETWEEN PLEASANT POINT AND
SHORTLANDS STATION, p. 20,

TOPOGRAPHIC SURVEYS ON THE COAST OF LOUISIANA
BETWEEN VERMILION BAY AND CALCASIEN PASS.
TOPOGRAYPHIC SURVEY OF THE ATCHAFALAYA RIVER,
LA, p. 55

TOPOGRAPICAL PARTIES. Statistics of, p.105.

TOPOGRAPHICAL RECONNAISSANCE. Coast of Oregon, pp.
66, 67,

TOPOGRAPHICAL RESURVEY OF THE SHORE-LINES OF
NANTUCKET, MUSKEGEYT, TUCKERNUCK, AND THE
SMALL ISLANDS IN THEIR VICINITY, p. 31. .

TOPOGRATHICAL RESURVEYS OF THE SHORE.LINES
OF VINEYARD SOUND,MASS., p. 3L

ALPHABETICAL INDEX.

TOPOGRAPHICAL RESURVEY OF THE WATER FRONT A
ASTORIA, OREGON, AND RECOVERY AND REMARKING
OF TIDAL BENCII-MARKS, p. 6o,

TOPOGRAPHICAT SHEET OF BROWN COVE, ALASKA.
Referenco to, p. 4.

TOPOGRAPHICAL SHEETS OF COAST OF OREGON. Refer-
ence to, p. 67; of San Diego Bay, Cal, reference to, p. 57.

TOPOGRAPHICAL SURVEY of Cobscook Bay, Maine, p. 22; of
Massachusetts, referred to, p. 24.

TOIOGRAPHICAL SURVEY OF THE SITE OF THE AMERI-
CAN BOTTOM BASE, ILL., p. 82. -

TOPOGRAPHICAL SURVEY of the south and north branches of
Cobscook Bay, Me., coutinned, p. 22

TOPOGRAPHICAL SURVEY OF THE WEST COAST OF
FLORIDA BETWEEN PAVILION KEY AND CAPE -RO-
MANO, pp. 50, 51 .

TOPOGRAPHY of Bellingham and Samish Bays and the islapds in
their vicinity, pp. 72,73, of Cobsceok Bay, Me., p. 22; of Eel
River entrance, Cal., pp. 65,66; of Tortage Bay, Alaska. p.74; of
Suisun Bay, Cal., pp.64,65; of the Atchafalaya River, pp. 54, 55;
of the coast of Lonisiana, p.55; of the District of Colambia, pp.
42-44; of the shores of the Mobile River, Ala., p.52; on south
coast of California, pp. 59, 60; statistics of, p. 105.

TORO. Triangulation station in California, p. 61.

TORREY, E, K., foreman in party of Assistant Moswman, p. 36; serv-
ices in Kentucky and Ohio, pp. 78, 79; scrvices in Indiana, p.81.

TOWN BOUNDARY LINES, MASSACHUSETTS, pp. 24, 25.

TOWN BOUNDARY SURVEY, MASSACHUSETTS. Propgress
madse in, p. 30.

TRANSCONTINENTAL LINE OF GEODETIC LEVELING
CARRIED W ESTWARD FROM NEW HAVEN, MO, p. 84,

TRANSIT INSTRUMENT NO.3. Reference to, p. 62.

TREASURY, SECRETARY OF THE. Letter from,transmitting
annual report of Survey to Congress, p. iii, approval by, of increased
estimates for field work referred to, p. 95.

TRESCOT,E. A. Drawing Division, pp. 124, 126-128.

TRIANGULATION AND LEVELING PARTIES. Statistics of,
p. 105.

TRIANGULATION YOR THE DETERMINATION OF LIGHT-
HOUSES AND OTHER POINTS BETWEENGRAND MANAN
ISLAND AND THE COAST OF MAINE, p. 21

TRIANGULATION OF COBSCOOK BAY, ME, AND OF THE
$T. CROIX RIVER FROM THE PRIMARY TRIANGU-
LATION NEAR ITS MOUTH TOWARDS THE INITIAL
MONUMENT OF THE NORTHEASTERN BOUNDARY AT
1TS SOURCE, pp. 19,20,

TRIANGULATION OF NANTUCKET AND VINEYARD
SOUNDS AND TOPOGRAPHICAL STRVEYS ON NAN-
TUCKET AND MARTHA'S VINEYARD, pp. 28-31.

TRIANGULATION. In Alabama, pp.5l],52; iz Indiana and Ken-
tucky, pp. 79, 80; in Kentueky and Ohio, pp. 78, 79; in Minnesota,
PD. 83,84; in New Jersey, p. 41; in State of Wisconsin, p. 82; in
Tennesses, p. 79; in vicinity of Cape Charles, Va., pp. 4. 45: of
Bellingham and Samish Bays and the lslands in their vicinity, pp.
72,73; of Suisun Bay, Cal., pp. 64, 65; of the Atchafalaya River,
pp. 54,55; on coast of North Caroling, connection of old with new,
p. 46; on south coeast of California, pp.59, 60; original records, sta-
tistics of, p. 106; primary of southern California, pp. 60-62; statis-
tics of, p. 105; transcontinental, continued in Utah, p.86; transcon-
tinental, in Kansas, pp. 84, 85; tertiary, between San Diego and San
Pedro Bays, Cal., pp. 36, 57.

TRIANGULATION ON THE SOUTH COAST OF LONG
ISLAND AND DETERMINATION OF THE GEOGRAPH-
ICAL POSITIONS OF LIGHT-HOUSES ON THE COASTS OF
CONNECTICUT AND RHODE ISLAND,p.35.

TRIANGULATION, TOPOGRATEY, AND HYDROGRAPHY
OF THE ATCHAFALAYA RIVER AND DETACHED SUR-
VEYS ON THE CUAST OF LOUISTANA, pp- 54, 55.

TRINIDAD, ISLAND OF. Reference to, p.48.

TRINITY SHOAL. Reference to, p. 56.

TRIPPE JUNCTION, ARK. Referencs to, p. 53.

TROUTMAN, L. H. Printing room, p. 120,

TUCKERNUCK AND MUSKEGET ISLANDS, MASS. Triangu:
1ation of, p. 30.

TUCKERNUCK ISLAND. Topography of, p. 28.

TUCKERNUCK TELEGRAPH. Trixngulstion station in Maas-
achusetts, reference to, Pp--30.



ALPHABETICAL INDEX,

TULALIP, POSSESSION SOUND. Reference to, p. 71.

TURNBULL, MISS C. B. Tidal Division and office of Assistant in
charge, pp. 92, 114, 134,

TURNER, J. H., AID. Survey of the Mobile River from Spanish
River to the junction of* Alabama and Tombigbee Rivers, pp. 52,
53 ; services in Ttah, p. 86; subassistant, reference to, p. 153.

TWENTY-ONE MILE BLUFF, ALA. Azimuth observed at, p.
52.

“TWINS" (THE). Coast pilot views obtained at, p. 94,

TWIN PEAK BAY,CAL., Sunken rocks located in, p. 60.

U.

UNALASHKA, ALASKA. Reforence to, p.'77.

UNGA ISLAND, ALASKA, p. 77. .

UNIMAX, UNIMAK ISLAND, ALASKA, p. 77.

UNION BAY, CLARENCE STRAIT, ALASKA. Astronomiecal
station occapled, p. 74.

UNITED STATES ECLIFPSE EXPEDITION.
87.

UNITED STATES ENGINEERS BASE, NEAR LITTLE ROCK,
AREK. Reference to, p. 53.

UNITED STATES ENGINEERS. Referonce to work by, in North
Carolina, p. 46.

UNIVERSITY AVENUE, MINNEAYOLIS, MINN. Reference
to, p. 83.

UPPELR ASTORIA. Triangulation station in Oregon, p. 69.

UPPERMAN, ARCHIE. Chart Division, p. 91, 129.

UTAH, Torritory of. * Included in Soction XV, p. 86; continuation
of transcontinental triangulation in, p. 86.

Reference to, p.

\ g

VANCEBORO,ME. Magnetic observations at, p. 24,

VAN OKDEN, C. H., ASSISTANT. Determination of boundary
lines of towus in the State of Massachusetts, pp. 24. 20 ; services on
town boundary survey of Massachusetts, referred to, p.30.

VENDOVI ISLAND, Reference to,p.72.

VERIFICATION, REVISION, AND CORRECTION OF RE.
DUCED DRAWINGS OF HYDROGRAPHY FOR THE YEAR,
p. 161,

VERMILION BAY, LA. Hydrography of, p.55.

VERMILION BAY AND CALCASIEU PASS. Topography of
coast between, p. 55.

VERMONT, STATE OF. Iocluded in Section I, p.19.

VERNON AND GRAHAM FORKE, MUSCATUCK RIVER.
Refe-once to, p, 80, -

VERTICAL ANGLES. Obsarved at Macho triangulation station,
California, p. 61.

VESSELS, COAST AND GEODETIC SURVEY. List of, p. 162

VESTNER, GEORGE J. Office of Hydrographic Inspector, p.
155.

VIERBUCHEN, P. Instrument Division, p.132.

VIEWS OF THE COAST FOR NEW EDITION OF PACIFIC
COAST PILOT. Referonce to, p. 84,

VILLA CARON, CAL. Reference to, p. 60.

VILLAGE POINT. Triangalation station in Washington Terri-
tory, p.72.

VINAL, W. 1, ASSISTANT. Resurveysofshors-line and locali-
ties adjacent on Martha's Vineyard, Mass., pp. 28-31 ; office work,
p.81; on duty in DrawingDiv_ision, p-31; topographical resurveys
of the shore-lives of Vineyard Sound, Mass., p. 31; services in
Drawing Division, p.1¢5.

VINELAND, NEW JERSEY. Reference to, p. 41.

VINEYARD, BLOCK ISLAND, AND LONG ISLAND SOUNDS.
Examination of currents at entrances of, pp. 84, 35.

VINEYARD HAVEN. Reference to, p. 31.

VINEYARD HIGHLANDS, MARTHA'S VINEYARD, MASBS.,
P31

VINEYARD SOUND. Hydrographicresurveys in, p. 32; reference
to hydrographic work in, p. 151

VINEYARD SOUND LIGHT-VESSEL Reference to, p. 33.

VIRGINIA. State of, included in Bection III, p.42.

VITI ROCKS. Referencs te, p. 72.

VIXEN (steam-lannch). Use of and reference to, p. 74.

VON LOGAU, ¥. Engraving Division, pp. 119, 124,

VOYAGE OF STEAM-LAUNCH COSMOS FROM SAN FRAN-
CISCO TO PORT TOWNSEND. Accidentaily separated from
ateamer Patterson by breaking of haweer, p. 73,
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WADDILL, MRS. J. L. Copyist, p. 115.

WAIMEA. Latitude station, Hawaiian Islands, p. 88.

WAINWRIGHT, D. B, ASSISTANT. Topographic and hydro-
graphic resarveys on the eastern slhiores of Delaware, Maryland,
and Virginia, p. 44; engaged in office duty, p. 44; connection of old
with new triapgulation on the cvast of North Carolina and resur-
veys on that coast from Masonboro Inlet towards New River
Inlet, pp. 46, 47; reference to, p. 153,

WALL W. A,, HAWATIIAN GOVERNMENT SURVEY., Aid
rendered by, in gravity observations, p. 88,

WALLA WALLA, WASHINGTON TERRITORY. Tealegraphic
longitudo work at, p. 86.

WALLA WALLA-SALT LAKE CITY.
between, determined, p. 68.

WALLOP'S ISLAND. Reference to, p. 4.

WAREHAM, MASS, Referenco to, p. 34,

WAREHAM TOWNSHIP, BUZRARD'S BAY, MASS. Referred
to, p. 25.

WARE HOUSE. Triangulation station in Washington Territory,
P72

WASHINGTON, DISTRICT OF COLUMBIA. Gravity determi-
nation at, p. 87; tracings of Dormott Mup and King Plats of, made
for Attorney-General of Uuited States, p. 90; suppesed copy of
Boston Plate, reference to. p.90; Potomac Flaty, referenee to, p. 99.

WASHINGTON TERRITORY. Included in Section XI, p. 66;
longitude work in, pp. 67, 68.

WASSERBACH, T. Engraving Division, pp. 119,123, 124,

WEDEKIND, G. C. Recorder in physical hydrographic party, pp.
28, 125.

WEED PATCH. Station in iriapgulation of, Indiana, pp. 79, KI;
Miller line in trian gulation of, Indiana and Kentucky, p. 80,

WEEDER LIFE-SAVING STATION. Triangulation station in.
Magsachusetty, reference to, p. 30.

WELIGHTS AND MEASURES, BUREAU OF. Abstract of in-
formation furnished by, p. 149; annual report of, pp. 147-149; gen-
eral notice of work of, p. 92. :

WEIR, J. B, ASSISTANT. Service in Weights and Measuves
office, pp. 92, 147 ; service in Computing Division, pp, 116, 118.

WELEKER, P, A, SUBASSISTANT. Services in fleld work in
Louisiana, p. 54; services in California, pp. 61, 62; resurvey of
Suisun Bay, Cal,, p. 65.

WELLFLEET AND EASTHAM, MASS. Boundary monument
between, referred to, p.26.

WEOGUFEKA. Triangulation station in Alubama, p.51,

WEST, WM Messenger, p. 138.

WEST BAY HARBOR, LONG ISLAND. Survey of inner shore-
line, p. 36.

WEST BRIGHTON, STATEN ISLAND. Reference to, p. 38,

WEST COAST OF FLORIDA. Progress of hydrographic survey
of, referred to, p.152.

WEST CHUP, VINEYARD HAVEN HARBOR. Chauges in
shore line, p.29.

WEST CHOP LIGHT-HOUSE. Refereace to, p. 32.

WESTDAHL, FERDINAND, DRAUGHTSMAN. Special hydro.
graphic examinations at San Juan Capistrane, La Ballona, and at
Newport and San Pedro Bays, Cal., p.58; inspection of Saucelito
tidal astation,p.63; resurvey of Eel River entrance and of Salt
River, Cal,, p.65; engaged in office work, S8an Francisco, p. 66;
Coast Pilot work, preparation fur the Coast Pilot, p. 9¢; services
in San Francisco suboflice, p. 95 ; reference to, p. 153.

WESTPORT, CONN. Reference to, p.33.

WESTPORT TOWNSHIP, MASS. Reference to, p. 25,

WEST VIRGINIA. State of, included in Section 11T, p. £2.

WHARVES AT ASTOR1A, OREGON. Their effect on ehaunel of
Columbia River, p. €9.

WHIDBEY ISLAND. Hydrography of northwest coast of, p.71.

WHITAKER, J. W. Tidal Divisien, p. 134.

WHITE, MRS, A.E. Chart Divisien, p. 129.

WHITE, W. P., ENSIGN, U.S. N. Services on coast of Washing-
ton Territory, p.70.

WHITE (or DRIFTWOOD) RIVER. Reference to, p. 80.

WHITTIER, CAL. Refeience to,p. 58

WHITING, H. L., ASSISTANT. Services as Commissioner of
Topographical Survey, Massachusetts, p. 24; general supervision of
triangniation of Nantucketand Vineyard Soundsand topographical

Diffarence of longitude
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WHITING, H. L., ASSISTANT—Continued.
surveys on Nantucket and Martha’s Vineyard, pp.28, 31; service
in connection with Massachusstte State survey, referred to, p. 29;
marking triangulation points on Nantucket and Martha's Vine-
yard and No Man's Land, p. 30 ; office work, p. 30.

WHITNEY ISLAND, ALASKA. Reference to, p. 76.

WILKERSON’S LANDING, MISSISSIPPI RIVER. Reference
to, p. 53.

WILLENBUCHER,E. Hydrographic draughtsman, pp. 158-162.

WILLENBUCHER, W. C. Hydrographic draughtsman, pp. 158
162,

WILLIAMSTOWN. Triangulation station in, New Jersey, p. 41

WILLS, EUGENE B. Accountant, pp. 92, 146,

WILSON, LOULS. Tidal observations at Astoria, Oregon, p. 69.

WINCHELL, PROFESSOR. State geologist of Minnesota, p. 83.

‘WINDS. Influence of, in forming currents, p. 35; on coast of Louisi-
ana, prevailing direction of, p. 55.

WINES, M. W. Geuneral office assistant, p. 91; in charge of Mis-
cellaneous Division, p. 114 ; annual report of, pp. 135, 138.

WINSOR, HENRY, & CO. Reference to, p.92.

WINSOR LINE, PHILADELPHIA AND BOSTON STEAM.
SHIPS. Ice observations by, pp. 39, 41

WINSLOW, FRANCIS, LIEUTENANT, U. S. N, ASSISTANT.
Special hydrography for the State of North Carolina completed,
p. 45 reference. to, p. 152

WINSTON, ISAAC, SUBASSISTANT. Services on the south
coast of California, pp. 56, 57; services in leveling party in Mis-
souri, p. 84. -

WISCONSIN. State of, included in Section XIV, p. 79; geodstic
operations in, p. 82,

WOEWODSKI ISLAND, ALASKA. Reference to, p. 75.

WOOD, A. N, ENSIGN U. 8. N. Services in Alaska, pp. 73-77.

WOOD, M. L, LIEUTENANT U, 8. N,, ASSISTANT. Hydro-
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ERRATA.
Coast and Geodetic Survey Report for 1887,

Page 22, twenty-fourth line from top, for Cutter put Cutler.
Pape 81, nineteenth line from bottow, for ten feet and five-tenths put 105 feet.

ERRATA.

Coast and Geodetic Survey Report for 1888,

Page 43, tenth line from bottom, for tracks put tracts.

Page 61, fourteenth line from top, for Walker read Welker.

Page 81, fifteenth line from top, for Mossman put Mosman.

Page 91, tenth line from top, for Eickoltz put Eichholiz,

Page 91, sixteenth line from top, for 0. H. French put H. O. French.

Page 92. thirteeuth line from top, for Mills read Wills; and on page 146, eighteenth line from bottom, make same
correction.

Page 105, eighth line from top of table, for bench put beach.

Page 105, twenty-first and twenty-ninth lines from top of table, dele including two stations re-occupied,

Page 105, same lines in column of figures, change 6 to 8, and change 148 to 140, change 3 to 0, and change 22 to 19.

Page 113, eighth line from top, after eighteen hundred insert and fifty.

Page 114, seventh line from top, for Gerhard put Gerhards.

Page 119, nineteenth line from bottom, for oue put one.

Page 120, twenty-second line from top, for Crawford put Craufurd.

Page 123, seventh line from top, for 1 in right-hand column put 4.

Page 123, tenth line from top, after 1,3 in right-hand column insert 4.

Page 123, eighteenth line from bottom, in column of scales, for 1-80000 put 1-40000,

Page 124, seventh line from top, in columu of titles, for Cove read Core.

Page 127, No. 425, eleventh line from bottom, for Sommers put Sommer,

Pages 134 and 135—wherever the phrases, read maregrams, reading maregrams, etc.—oceur. substitute tabulated tidal
curves, or tabulating tidal curves.

Page 135, thirteenth line from top, for Glova put Glore, and on page 157, eleventh line from bottowm, make same
correction.

Page 135, twenty-sixth and twenty-seventh lines from top, dele increasing the establishment at Aatoria by 23™.

Page 142, eighteenth line from top of list, dele Ratz Harbor before Coffman’s Cove.

Pago 142, twenty soventh line from top of list, after longitude 83° 35 insert to Barataria Bay.

Page 153, twenty-6ifth line from top, for Stephan’s Sound and Frederick Passage put Stephens Passage and Frederick
Sound.

Page 160, twenty-third line from top, for Suison put Swisun.

Page 161, thirtieth line from bottom, for Harbor of Beaufort, Sachem’s Head put Harbors of Branford, Sachem's
Head, ete.

Page 161, twenty-seventh line from bottowm, for Davenport Island put New Rochelle.

Page 161, twelfth line from botvom, insert 609in column of chart numbers and dele Bay.

Page 161, second line from bottom, for 1-20000 put 1-200000.

Page 161, last line, for 1-300000 pnt 1-3000000.

Page 164, nnder heading ‘‘ Lieutenants Junior Grade,” for Dewitt put De Witt.

Page 165, under heading “ Atlantic and Gulf Coasts,” dele Passed before Assistant Engineer Samuel H. Leonard, jr.



REPORT.

U. S. CoasT AND GEODETIC SURVEY OFFICE,
Washington, D. C., December 10, 1888,

SR : In accordance with law and with the regulations of the Treasury Department, I have
the houor to submit herewith a report of the progress and state of the work of the Coast and
Geodetic Survey during the fiscal year which ended June 30, 1888, with a view to the same being
1aid before the President and Cougress.

The report is accompanied by a map of general progress, upon which is shown graphically
the advance made in the several operations of the survey up to the close of the fiscal ycar. As
the scale of this map does not admit of showing the extended coast line of Alaska, a separate
map exhibits the progress of the work in that Territory.

During the past year the work has made most satisfactory progress in cvery direction of its
development as a geodetic survey, intended for purposes of commerce and defense upon the coasts
of the United States, and intended also to establish accurate bases for State surveys by chains
of triangulation so connected as to form “ a frame work inte which all local surveys wust rigor-
ously fit.”

To complete the work upon the Atlantic and Gulf coasts there are still needed surveys and
investigations, which, though less urgently demanded than have been others of more immediate
bearing upon the interests of commerce and navigation, are yet essential to a complete survey of
the coasts of the United States.

These are chiefly the finishing of the survey of the coast of Maine to the Northeastern Bound-
ary; the continuation of the investigations in physical bydrography relating to harbors and bars,
with special reference to the study of shoal formations, the laws governing the action of currents,
and the movement of ice and its effect upon navigation; the continuation of off-shore soundings
in the North Atlantie, and of eurrent and temperature observations in the Gulf Stream; the con-
tinnation of the survey of the western coast of Florida between Cape Sable and Cape Romano;
the surveys of Pensacola and Perdido Bays and their tributaries, and their connection with the
main triangulation; the survey of Lake Pontchartrain and of the coast of Louisiana from Bara-
taria Bay to Sabine Pass, with such off-shore hydrography as may be required; the connection of
points on the Gulf of Mexico by lines of geodetic leveling with the transcontinental line of level-
ing of precision, and the survey of the Rio Grande River to the head of ship navigation.

From time to time there will be needed also such resurveys as may Le demanded to determine
local changes in important harbors or highways of commerce and to keep the charts and coast
pilots corrected to date.

For geodetic purposes there will be needed a line of primary triangulation which shall connect
the triangulations upon the coasts of North or South Carolina with the primary triangulation
along the Blue Ridge, a line which shall complete the connection of the triangulations on the east
and west coasts of Florida by a series of triangles between Fernandina and Cedar Keys, and a
line which shall finish the connection between the main triangulation in Northern Georgia and
Alabama and that of the Gulf of Mexico. The measurement just named is now well advanced ;
its completion will carry an oblique arc of the meridian from the northeastern boundary to the
Gulf, and will sapply data of speecial value in determining the elements upon which depend our
knowledge of the size and fignre of the earth.

H. Ex. 22——1 1
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The sketch of general progress shows the belt of triangulation upon the results of which the
measurement of this arc depends; it shows also a belt, now advancing towards completion,
between the head of Chesapeake Bay and Lake Ontario, by which the Pamplico-Chesapeake-
‘Lake Ontario arc of the meridian will be carried four degrees farther north.

1t will be observed by an inspection of the map that the purposes of geodesy will be subserved,
and the more immediately practical results required in the State surveys will be secured, as prog-
ress is made in the lines of transcontinental triangulation, projected to connect the work on the
Atlantic and Pacific coasts. Upou the completion of these lines,two arcs of the parallel will have
been measured, one between Cape May and Point Arena, the other between Cape Hatteras and
San Luis Obispo. Incidentally there will have been determined geographical positions and eleva-
tions above sea level in twenty-one States and four Territories; the location of the principal meri-
dians of the General Land Office will have been checked by precise measurements, and means
furpnished for accurate determinations of State boundaries.

The northernmost of these lines, that on or near the thirty-ninth parallel, has now so far ad-
vanced that its early completion is looked forward to. When the measurement of this arc of the
parallel of forty-nine degrees—the longest ever obtained-—can be combined with the measurement
of a central arc of the meridian, carried along or near the ninety-ninth degree from the Rio Grande
to the northern boundary, geodesy will have secured the data desired to determine the elements
of the spheroid best adapted for discussing the final results of the geodetic survey of the United
States.

Upon the coasts of California, Oregon, and Washington Territory, the survey has so far ad-
vanced that charts of all the more important harbors and anchorages have been published, and by
these, and by the views and descriptions of the Coast Pilots, their approaches and entrances are
well known to navigators. Much work remains to be done in the triangulation and topography
of the less important stretches of coast, and much of the off-shore hydrography and observation of
ocean currents.

The primary triangulation near the coast in California, Oregon, and Washington Territory
should be completed and connected with the transcontinental triangulation, and such primary
bases of verification measured as may be necessary. The survey of the Columbia River should
be carried from the mouth of the Willamette to the Cascades, and the transcontinental line of
levels of precision should be pushed eastward from San Francisco. ’

Such determinations of gravity and the magnetic clements should be made upon the Atlantic
and Pacific coasts and in the interior as the progress of the survey requires. '

While changes from natural causes are perhaps less frequent upon the Pacific coast than upon
the Atlantic, those from artificial causes occur guite as often. Resurveys have lately been de-
manded of two of the most important harbors, San Francisco and San Diego.

An arc¢ of the meridian of the Pacific is now in course of development on or near the one
bhundred and twenty-third degree of longitude by the triangulation partly completed between
Monterey Bay and the Gulf of Georgia.

In Alaska, the more detailed surveys have been confined to those sections of the coast the
resources of which have had during late years such rapid development. Immediately upon the
acquisition of the territory, a geographical reconnaissance was carried from Sitka to Unalashka
Island, and detached surveys have since been made as far west as the Pribiloff Islands in Bering
Bea, Recent estimates give for the coast line of Alaska from the Archipelago Alexander to the
Chichagoff Islands, a length of seven thousand eight hundred and forty miles, and from the
Chichagoff shore of Icy Strait westward to Point Barrow, Wrangell Island, and Herald Island, a
length of eighteen thousand five hundred and twenty-four miles, making in all twenty-six thousand

- three hundred and sixty-four miles, which is but three thousand six hundred and forty miles less,
according to the same estimates, than the entire Pacific coast line of the United States. The map
shows that good progress has been made in surveys and explorations in the Alexander Archi-
pelago, between Dixon Entrance and Cross Sound, and that the coast line has been delineated
from near Cape Spencer to 1cy Bay. Other localities are indicated where detached surveys have
been made. :
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By recent Congressional enactment,* a preliminary survey of the frontier line between Alaska
and British Columbia in accordance with plans or projects approved by the Secretary of State has
been placed in charge of this Burean. Suach a preliminary survey, involving the determination of
a number of points in geographical position and their complete marking by permanent monuments,
will have to be carried from Cape Muzon through the Portland Canal to the fifty-sixth degree of
north latitude, thence northwestwardly, following as nearly as may be practicable the general
trend of the coast, at a distance of about thirty-five miles from it, to the one hundred and forty-
first degree of west longitude, and thence due north to the Arctic Ocean, a total distance of about
fourteen hundred miles.

Part I of this report gives a summary of the leading operations of the Survey during the
year, followed by general statements of progress in field and office work, by notices of discoveries
and developments and of special scientific work, by notices of bulletins, the publication of which
was begun duringthe year, and by an explanation of estimates and estimates in detail for 188390,

Part Il begins with an introductory statement, relating mainly to the offices of the Assistant
in charge and the Hydrographic Inspector; it then presents abstracts of the reports of chiefs of
field parties arranged in a geographical order, concluding with a notice of special operations, a sum-
mary statement of office operations, including those of the sub-offices at Philadelphia and San Fran-
cisco, and a final statement by the Superintendent.

Part III contains the appendices. Those from Nos. 1 to 5 inclusive show the work of the
Survey by tabular statements and the reports of the Asgistant in eharge of the Office and the Hy-
drographic Inspector ; the remaining appendices embody scientific papers presenting methods or
resnlts of the work in forms desirable for publieation.

* Sundry Civil Expenses Act, 1888-"39, page 12.



PART I.

During the past fiscal year the scale upon which the work has been prosecnted has been fully
commensurate with the means afforded by Congress.

Surveys involving triangulation and topography, astronomical and magnetic observations,
determinations of elevations by lines of geodetic leveling, and observations for the value of gravity
were carried on within the limits or upon the coasts of twenty-oue States, three Territories,and in
the District of Columbia. Hydrographic surveys, including observations of tides and currents,
off-shore and inshore soundings, observations of ice movement, and researches in physical hydrog-
raphy relating to harbors and bars, were prosecufed in the waters or off the coasts of fifteen States
and two Territories.

The necessity for connecting the extended series of triangulations of the Survey with other
works of similar character carried on by independent organizations and methods was not lost sight
of. Upon the northeastern coast of Maine, the connection of the island of Grand Manau with the
primary triangulation, and the advance towards completion of the triangulation of the St. Croix
River will ultimately join the Coast and Geodetic Survey work with the surveys of the Dowinion
of Canada and with the Northeastern Boundary Survey, which will thus afford a check to the coast
triangnlation. In Wisconsin, the geodetic operations in progress have effected another junction
with the work of the U. 8. Lake Survey, one having been previously made by the triangulation
crossing the State of New York. In Indiapa and IHlinois, the transcontinental triangulation, ad-
vauncing eastward near the thirty-ninth parallel, has been connected with the second and third prinei-
pal meridians of the General Land Office. The aceurate determinations of geographical positions
wade in the progress of the work, according to the most approved methods of modern geodesy,
whether on the coast or in the interior, continue to be freely communicated to the Geological Sur-
vey, and serve to check the approximate positions obtained in the course of its preliminary tri-
angulations. :

Among the more important field operations of the year may be mentioned the combined obser-
vations of preeise leveling, and of the direction and velocity of currents for ascertaining the sue-
cessivetidallevels in New York Harbor and therelation of the under-run of the Hudson River tothe
New York Bar; the continuation of the study of ice formation and movement in Delaware River
and Bay; the prosecation of the explorations of the Gulf Stream; the advance towards comple-
tion of the triangulation needed to extend the oblique arc of the meridian from Calais, Maine, to
Mobile, Alabama, and to unite the triangnlations of the Atlantic and Gulf coasts; the extension
of the line of transcontinental leveling from the Mississippi River to Little Rock, Arkansas; share.
line resurveys of important harbors on the Pacific coast; determinations of gravity at San Fran.
cisco and Mount Hamilton, California, and at Washington, D. C., in conneetion with similar de-
terminations made on the Hawaiian Islands, and progress made in the surveys of harbors and
channels in southeastern Alaska.

The special triangulation asked for by the Commissioners of the topographical survey of the
State of Massachusetts was continued; geodetic work in co-operation with State geological or
topographical surveys was carried on in the States of Pennsyl vania, New Jersey, Tennessee,
Arkansas, Wisconsin, and Minnesota ; additional determinations of geographical positions were

made by the longitude parties on the Pacific slope.
4 .
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By direction of the Secretary of the Treasury and at the request of the Secretary of State,
a special examination and survey was made of the boundary line between the United States
and Canada in the vicinity of Burnt Island, Lake Huron.

- In co-operation with the District Commissioners, unusually rapid progress was made in the
detailed topographical survey of the District of Columbia.

The geodetic work on the Hawaiian Islands, already referred to, was done by an officer of
the Survey, detailed for that purpose by direction of the Secretary of the Treasury and granted
leave without pay during the operations, which were undertaken at the request and expense
of the Hawaiian Government.

GENERAL STATEMENT OF PROGRESS.
L—FIELD-WORK.

ATLANTIC COAST.—During the fiscal year ended June 30, 1888, the following operations
were inciuded in the work of the Survey upon the coasts and within the borders of the New
England States:

Triangulation of the St. Croix River to connect with the Northeastern Boundary Survey,
continued ; topographical surveys on the right bank of the St. Croix River and Cobscook Bay;
hydrographic surveys in the vicinity of Eastport, Maine, in St. Croix River, and Cobscook Bay ;
triangulation upon Grand Manan and vicinity; inspection of topography upon the eastern
coast of Maine ; hydrographic examinations for the Coast Pilot upon the coast of Maine, between
Eastport and Portland; completion of the series of tidal records from the automatic tide-gauge
at Pualpit Cove, North Haven Island, Penobscot Bay, Maine; magnetic stations occupied in Maine
and Massachusetts; continuation of the determinations of town boundary lines in Massachusetts;
physieal hydrographic surveys continued on the coast of Massachusetts between Nausett and
Chatham; triangulation, shore-line, and hydrographic resurveys of Nantucket and Vineyard
Sounds; off-shore sonndings from Phelps Bank to Montauk Point; hydrographic resurveys
between Cuttyhunk and Point Judith; observations of currents in the vicinity of No Man’s
Land and Block Island, and hydrographic examinations for the Coast Pilot in Vineyard and
Nantucket Sounds and in Buzzard’s Bay.

Upon the coasts and within the limits of New York, New Jersey, Pennsylvania, and Dela-
ware, field operations included shore line resurveys on the north coast of Long Island, in Nyack
Bay and Great and Little Peconic Bays; triangnlation and shore-line topography at the east
end of Long Island and along the south shore to Great Point Bay; topographic resurvey of
the south coast of Long Island from Babylon to Woodsburgh, and soundings in Fire Island
Inlet; observations of currents in the approaches to New York Harbor, and pbysical hydro-
graphic sarveys in that harbor and approaches; connection of the tide-gauges and tidal bench-
marks on and near New York Harbor by lines of leveling of precision; continuation of the
series of tidal records from the automatic tide-gauge at Sandy Hook, New Jersey; geodetic
operations continued in southwestern Pennsylvania and in southern New Jersey, and observa-
tions of ice formation and movement in Delaware River and Bay continued.

Within the Distriet of Columbia and the State of West Virginia and upon the coasts and
within the boundaries of the States of Maryland, Virginia, North and South Carolina, and
Georgia, field-work included special observations for determinations of gravity at the Smith.
sonian Institation, Washington; annual determinations at Washington of the magnetic elements;
continuation of the detailed topographical survey of the District of Columbia; hydrographic
resurveys of Chincoteague Bay, Inlet, and Bar, coast of Virginia; triangulation and topography
on the coast of Virginia at Cape Charles and vicinity completed, and hydrographic resurveys
in that vicinity begun; special hydrography for the State of North Carolina continued in the
. sounds of that State; conneetion of old and new triangulations on the coast of North Carolina,
and hydrographic examinations at the entrance to St. Simon’s Sound, Georgia.

Upon the east and west coasts of Florida, in the approaches to these coasts, in the Windward
Island passages, and upon the coasts and within the limits of the Gulf States, the following-named
operations were in progress or completed : Explorations of the Gulf Stream continued by obser-
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vations of currents in the Windward Island passages and in the course of the Stream through the
Caribbean Sea ; hydrographic surveys on the west coast of Florida between Cape Sable and Key
West; topographic survey from Pavilion Key to Oape Romano, west coast of Florida; reconnais-
sance and triangulation continued for connecting the primary triangulation in northern Alabama
with that of the Gulf; survey of the Mobile River completed from Spanish River to the junction
of the Alabama and Tombigbee Rivers; reconnaissance, triangulation, observations for latitude
and azimuth, topography and hydrograpby on the coast of Louisiana, between Last Island and
Cote Blanche Bay ; topographic survey on that coast between Vermillion Bay and Calcasien Pass ;
hydrographic survey of Vermillion Bay and of the Louisiana coast from Ship Shoal towards the
Mermentau River. . '

Pacrric Coast.—Upon the coasts and within the boundaries of the States of California and
Oregoa, of Washington Territory and of Alaska, field operations in progress or completed, in-
cluded the completion of the tertiary triangulation and part of the topography between San Diego
Bay and San Mateo, California; the completion of the examinations for physical changes and
the shore-line resurveys in San Diego Bay and vieinity ; special examinations of the physical
hydrography of San Juan Capistrano, Newport Bay, San Pedro Bay, and La Ballona, California;
continunation of the series of magnetic observations with the self-registering magnetic apparatus
at Los Angeles, California, and examination of the site for a primary base-line near Los Angeles;
tertiary triangulation and topography from San Carpoforo Creek westward to Point San Martin;
views of the Pacific Coast Pilot obtained from Piedras Blancas to Peiut Pinos ; continuation of the
main triangulation of the coast of California, and observations for latitade in counnection with it
at Lafayette Park Station in San Francisco; magnetic observations at the station Presidio,
California; tidal observations continued at the automatic tidal station Saucelito, SBan Francisco
Bay; special determinations of gravity at San Francisco and at Mount Hamilton, California, in
connection with similar determinations on the Hawaiian Islands; observations for longitude at
the Lafayette Park station, San Francisco; resurvey of the shore lines in Snisun Bay and ad-
joining waters; hydrographic examinations in Eel River entranee, California ; topographical recon-
naissance and surveys with selection of sites for light-houses on the coast of Oregon from Cape
Sebastian to Cape Orford, from the Umpquah River to the Yaguina River, and from the Yaquina
River to Tillamook Bay ; longitude observations and determinations of latitude and the magnetic
elements at Portlaud, Oregon, and at Walla Walla, Washington Territory, also at Yaquina, Oregon,
and Seattle, Washington Territory; topographical resurvey of the water front at Astoria, Oregon,
and recovery and remarking of tidal bench-marks; hydrographic survey of Shoalwater Bay and
approaches, Washington Territory, and off-shore soundings between that bay and Cape Flattery ;
triangulation, topography and hydrography in Saratoga Passage and adjoining waters, Washing-
ton Territory ; hydrographic surveys in Rosario Strait; triangulation and topography in Bel-
lingham Bay and vicinity, and connection of the triangulations in that bay and Rosario strait;
trinngulation begun in the Gulf of Georgia; hydrographic surveys continued and examinations
for the Pacific Coast Pilot made on the coast of Alaska and the Aleutian Islands, and series of tidal
records with automatic tide-gauge continuned at St. Paul, Kadiak Island, Alaska.

INTERIOR STATES.—In the States between the Atlantic and Pacific coasts, field-work included
the extension to the westward of the transcontinental triangulation in Ohio and Kentucky, its
extension to the eastward in Indiana, and a reconnaissance to develop a schemefor the connection
of the triangulation in those States; the continuation of geodetic operations in aid of State sur-
veys in the States of Tennessee, Arkansas, Wisconsin, and Minnesota ; examination and survey of
the boundary line between the United States and Canada in the State of Michigan; topograph-
ical survey made of the site of the American Bottom base-line in Illinois ; lines of geodetic level-
ing carried from the Mississippi River to Little Rock, Arkansas, and in Missouri from the town of
New Haven to near Osage City; extension to the westward in the State of Kansas of the trans-
continental triangulation near the thirty-ninth parallel; longitude determinations at Salt Lake
Oity, Utah, and extension to the eastward of the transcontinental triangulation in the Territory
of Utah.

SPECIAL OPERATIONS during the year included the determination for the Department of
State, by direction of the Secretary of the Treasury, of the boundary line between the United



UNITED STATES COAST AND GEODETIC SURVEY. 7

States and Canada at Burnt Island, Lake Huron, and the completion of the determinations of
latitunde and gravity upon the Hawaiian Islands, made by an officer of the Survey at the request
and sole expense of the Hawaiian Government, with the approval of the Secretary of the Treasury

I1.—OFFICE-WORK.

Special attention was given during the year in the office of the Survey to the prompt publica-
tion of results of immediate value to the interests of commerce and navigation. Reference to the
notices to mariners issued from time to time is made under the following heading. The free dis-
tribution of upwards of thirty-five thousand copies of these notices shows that care was taken to
disseminate widely information of discoveries or developments made in the progress of the work.

Tide tables, predicting for the year 1889 the times and heights of high and low water at all
the principal ports on the Atlantic and Pacific coasts, were published. From the times and
heights at the chief ports, those for minor ports and harbors can be deduced by tidal differences
and ratios. A new Catalogue of Charts was published, with index maps, showing the limits of
the charts; also a new volume of the Atlantic Local Coast Pilot, covering the coast from Tybee
Roads to Jupiter Inlet. A third edition of subdivisions 6 and 7 (in one volume), including the
coast from Cape Ann to Monomoy, was in press at the close of the year, and a new Coast Pilot
volume, covering the coast from Point Judith to the East River, was practically completed at that
date,

The drawings of sixteen new charts were finished, and those of one hundred and twelve
charts were in hand to receive additions and correctious for the preparation of new editions and
for completion. Twelve new charts were engraved and the engravings of new editions of ten eharts
were finished. Twelve new charts were published from engraved plates and eleven from photo-
lithographs.* The total number of charts printed during the year was forty-four thousand and
ninety-three. Of this number twenty-five thousand two hundred and seventy-three were sent to
sale agents, two thousand four hundred and eighty-three supplied for the use of Congress, and
eleven thousand six hundred and eight for the several Executive Departments.

Pistribution was made as heretofore of the Annual Reports of the Survey and the appendices
to the same, of which extra editions were printed to meet the usual demands from educational and
scientific institutions and the public.

The annual report of the Assistant in charge of the Office and Topography, which appears as
Appendix No. 4 to this volume, gives full details of the progress made in the work of the office
during the year. A summary of this report will be found towards the close of Part II.

III—DISCOVERIES AND DEVELOPMENTS,

Discoveries and developments made in the progress of the survey which have a close bearing
upon the interests of navigation and commerce are published at the earliest date practicable in
the form of Notices to Mariners.

Since the beginning of the fiscal year a series of these notices has been published monthly
in pursuance of a suggestion made by the Hydrographic Inspector. These monthly notices give
a:l important corrections made on the charts during the month preceding their issue, including
all changes in buoys, beacons, or lights, and references to any special notices that may have ap-
peared ; also lists of charts saspended or condemned apd new charts issued. Special notices,
giving information of immediate value to mariners, are published as occasion may demand.

An abstract by number, date, and title of the fifteen notices published during the year is here
giveu. Thirty-five thousand five hundred copies were printed for free distribution :

No. 89, 1887, July 30. Chart corrections during the month of July, 1887.
No. 90, 1887, Angust 31. Chart corrections during the month of August, 1887,
No. 91, 1887, September 30. Chart corrections during the month of September, 1887.

* In addition to the eleven charts published by photolithography, and already received in the chart-room, there
were on June 30, 1888, in the hands of the photolithographer, complete for publication, the drawings of twenty
charts, the work upon which should be credited to the fiscal year 1887-'83.
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No. 92, 1887, October 31. Chart corrections during the month of October, 1887.

No. 93, 1887, November 8. Dangerous rock in Vineyard Sound, Massachusetts.

No. 94, 1887, November 22. Gulf Stream currents.

No. 953, 1887, November 30. Chart corrections during the month of November, 1887.

No. 96, 1887, December 31. Chart corrections during the month of December, 1837.

No. 97,1888, January 9. Coast currents, approaching Sandy Hook.

No. 98, 1888, January 31. Chart corrections during the mouth of January, 1888,

No. 99, 1888, February 29. Chart corrections during the month of February, 1888.

No. 100, 1888, March 31. Chart corrections during the mnonth of March, 1888,

No. 101, 1888, April 30. Chart corrections daring the month of April, 1888,

No. 102, 1888, May 31. Chart corrections during the month of May, 1888.

No. 108, 1888, June 30. Chart corrections during the month of June, 1888,

Among the references to new publications in No. 103 is one to a series of papers under the

title of Bulletins, the first number of which had been recently published. Further reference to
the bulletins appears under the next heading.

IV.—BULLETINS.

In May, 1888, in pursnance of a suggestion made by the Hydrographie Inspector and ap-
proved by the Superintendent, the publication of a series of papers under the designation of
Bulletins was decided upon. Their purpose is stated in the following explanatory note, which
accompanies each balletin:

Papers published by the Survey under this desiguation will appear from time
to time as material for them accumulates. They are intended to give early an-
nouncement of work accomplished or information of immportance obtained, and
will in many cases anticipate the usual means of publication afforded by the
annual reports. The pages will be numbered consecutively, and will be indexed
when their number demands it, thus augmenting their value for preservation
and reference.

Before the close of the fiscal year the manuscripts of five bulleting had been submitted
for publication, approved and revised for the printer. Two of these were published; No. 1, May
14, under title “ Recent Publications;” No. 2, Juno 20, ¢t Notes on Alaska from recent surveys.”

V.—SPECIAL SCIENTIFIC WORK.

THE VALUE OF THE “ARCANO DEL MARE” WITH REFERENCE TO OUR ENOWLEDGE OF THE
MAGNETIC DECLINATION IN THE EARLIER PART OF THE SEVENTEENTH CENTURY.

The discovery of a work appareutly overlooked hitherto, giving, for an epoch near the first third
of the seventeenth century, values of the magnetic declination for all regions then known to the
navigator, led Assistant Schott to examine carefully with a view to ascertain the trustworthiness
of its data and their bearing upon the secular variation of the magnetic needle in North America
and adjacent regions.

This work, published in Florence, Italy, in 1646, under the title ¢ Dell’ Arcano del Mare,” became
known to the Survey through Justin Winsor’s “ Narrative and Critical History of North America,
1886,” and by the courtesy of Mr. Winsor, in his capaeity as librarian of Harvard University, a copy
was temporarily placed at the disposal of the office.

In Appendix No. 6 Mr. Schott gives the results of his examinations of the declinations for North
America and adjacent regions which are recorded in the Arcano, referring to the method adopted
in that work for ascertaining thelongitude at sea by means of the observed changes in the magunetic
declination—though not a method original with this author, both Columbus in the fifteenth century
and Sebastian Cabot in the sixteenth, having anticipated him in suggesting it. The secoud volume
contains a series of charts notable for their boldness of outline and clearness of expression.

In the illustration (No. 19) which accompanies his paper, Mr. Schott has shown graphiecally the
declinations given in the Arcano for North America at theestimated epoch, 1630, plus or minus ten
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years, with the agonic or isogonic lines for that epoch, and in illustration {(No. 20) he shows the
gecular change in the position of the agonic line of the North Atlantic between 1500 und 1900, as
derived from comparisons of Hansteen’s and Halley’s data with those of the Areano and with mod-
ern observations.

THE SECULAR VARIATION OF THE MAGNETIC NEEDLE IN THE UNITED STATES AND AT SOME
FOREIGN STATIONS (SEVENTH EDITION).

But a few words are needed to explain the necessity for the publication of a seventh edition of
the paper by Assistant C. A. Schott on the Secular Variation of the Magnetic Needle in the United
States and at some foreign stations. (Appendix No. 7.)

Apart from the constant and inereasing demand for this paper, the additious to the material
for discussion and analysis derived from observations are of so marked a character as greatly to
improve many of the expressions given in the preceding editions. These additions consisted mainly
in bringing to light a number of variations recorded in the Arcano del Mare (just referred to),
and in the discovery of a number of records of the variation off the coast of Lower California made
by a French officer in the year 1714,

There is also urgent need of the issue of the map showing lines of equal magnetic declination
for the epoch 1890 in the United States. The value of this map must depend mainly on the ae-
caracy with which the secular variation of the magnetic declination is known. '

GEOGRAPHICAL POSITIONS IN THE STATE OF CONNECTICUT.

In pursuance of the plan of publishing from time to time the geographical positions determined
by the Survey in each State, there are given in Appeudix No, 8 the complete geodetic resnlts of the
various triangulations made by the Coast and Geodetic Survey in the State of Connecticut. (See
illustration No. 28.) Similar results for the States of Massachusetts and Rhode Island were pub-
lished in Appendix No. 8 to the report of 1885.

Forthe State of Connecticut, the latitudes, longitudes, and other geodetic data are given for
eight bundred and seventeen trigonometrical points, determined between the years 1833 and 1886.
All have been treated systematically and adjusted to the present standard data, geodetic and as-
tronomical. On account of the large number of separate field parties, and the consequent interlacing
of partial triangulations, the work of computaticn was one of great magnitude. Resurveys of
large portions of the coast had to be made, being required by the physical changes during half a
century, as well as by the demand for greater minuteness in the surveys of more recent years.

TIDAL LEVELS AND FLOW OF CURRENTS IN NEW YORK BAY AND HARBOR.

Data derived from extended series of tidal observations, made in 1886, and from heights of
tidal bench-marks determined by lines of precise leveling in 1886 and 1887, have enabled Assistant
Henry L. Marindin to show graphically the movements of the tide in filling and draining the tidal
reservoirs surrounding New York Oity, and the flow of currents at successive periods of the tide.

Mr. Marindin’s paper on this subject is published as Appendix No. 9 to this volume. The
twelve diagrams which illustrate it (Nos. 29-40) give vertical cross-sections of the height of the tide
above or below the line of mean sea-level at Sandy Hook (the datum line) for each lunar hour after
the moon’s transit, thus showing at intervals of about sixty-two minuates of civil time the eleva-
tions or depressions of the several tidal basins of the Hudson, the East River, and New York Bay
as compared with Sandy Hook.

Near low water, or at 0 hour, as will appear from an inspection of these diagrams, and the
tables given in the report, the level of the sea at Sandy Hook is very nearly 5 feet below the level
of the water at Willets Point, East River. Near bigh water, or at VI hour, these conditions are
reversed, the sea-level at Sandy Hook being about 5.4 feet higher than the level of the water at
Willet’s Point.

The results presented in this paper will contribute to the solution of many questions relating
to the respective values of the bays and flats in and about New York Harbor as tvidal reservoirs
in maintaining the channel ways through Sandy Hook, and keeping unimpaired the approaches to
the chief commercial city of the United States..
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HEIGHTS FROM SPIRIT-LEVELING OF PRECISION BETWEEN MOBILE, ALABAMA, AND OKOLONA,
MISSISSIPPI; BETWEEN NEW ORLEANS, LOUISIANA, AND WILKERSON'S LANDING, MISSIS-
SIPPI, OPPOSITE ARKANSAS CITY, ARKANSAS, AND BETWEEN ARKANSAS CITY AND LITYTLE

ROCK, ARKANSAS.

In the year 1834 the method of running two parallel lines of geodetic leveling simultancously,
alternate sections being run in opposite directions, was found to give results which failed to furnish
the complete or independent check and standard of accaracy required for this branch of the
Survey ; it was therefore abandoned, and for it was substituted the plan of running two indepen-
dent lines, one forward, the other backward, the work being carried on as often as practicable by
different observers, using different instruments. :

The results of lines of leveling of precision, run from Mobile, Alabama, to Okolona, Missis.
sippi; from New Orleans, Louisiana, to Wilkerson’s Landing, opposite Arkansas City, Arkansas,
and from Arkansas City (on Mississippi River) to Little Rock, Arkansas, are discussed by Assist-
ant Schott in Appendices Nos. 10, 11, and 12, to this volume. The first named line was run in the
years 1884, 1886, and 1887, the old method being employed in 1884, and the new one in 1886 and
1887, The second line referred to was run in 1879, 1880, and 1881 by officers of the Survey be-
tween New Orleans and Greenville, Mississippi, and by the Mississippi River Commission in 1880
and 1881 between Greenville and Wilkersen’s Landing, opposite Arkansas City, Arkansas, on the
Mississippi River. Between Arkansas City and Little Rock, Arkansas, the leveling was done in
1887 and 1888.

For all of the heights deduced in the discussiou; the plane of reference adopted is the mean
level of the Gulf of Mexico, as determined by tidal observations at Biloxi, Mississippi, and carried
forward by the results of geodetic leveling in 1885 and 1886 between Mobile and New Orleans.
(See Appendix No. 9, report for 1887.)

The primary bench-mark at St. Louis, Missouri, of the line of transcontinental geodetic level-
ing, near the thirty-ninth parallel, has already been connected by lines of leveling of precision
with the Gulf mean level at Biloxi, Mississippi, the work having been done partly by this Survey,
partly by the Mississippi River Commission, and partly by the United States Engineers. A more
direct line, and a check connection through Mobile, Alabama, Meridian and Okolona, Mississippi,
will be obtained as soon as one additional link in the chain can be completed—that between
Okolona, Mississippi, and Cairo, Illinois,

DIFFERENTIAL METHOD OF COMPUTING APPARENT PLACES OF STARS FOR DETERMINATIONS
OF LATITUDE.

In order to shorten the time and lessen the labor of computing the apparent declinations of
stars observed for latitude when quite a number of stations had been occupied during the season,
Mr. E. D. Preston, Assistant, made an investigation looking to the introduction of a differential
method.

Upon application of this method to the reduction of star places for fourteen stations oceupied
during 1887, it was found much preferable to the usval logarithmic one. An account of it, with
examples of the two methods for comparison, was prepared by Mr. Preston, and is published as
Appendix No. 13 to this volume.

DETERMINATIONS OF LATITUDE AND GRAVITY FOR THE HAWAIIAN GOVERNMENT.

In the course of the triangulation of the Hawaiian Islauds carried on under the direction of
Prof. W. D. Alexander, Surveyor-General for the Hawaiian Government, certain discrepancies
appeared between the astronomical and geodetic determinations of Iatitude, which indicated un-
usually large deflections of the plumb-line. It was decided therefore by the Hawaiian Government
to ask the co-operation of the United States in establishing a number of latitude stations apon
the four principal islands of the group, these stations to be so distributed north and south of the
high mountains as to develop the amounts of deflection of the plumb-line. The latitude deter-
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minations were to be supplemented by determinations of the force of gravity at a station on top of
one of the highest mountains, at a station at the sea-level, and at a station on Honolulu.

This project having met with the approval of the Secretary of the Treasury, Mr. E. D. Preston,
of the Coast and Geodetic Survey, was detailed by the Superintendent to execute it.

Assistant Preston’s foll and comprehensive report of his methods of observation and the results
of his work appears in Appendix 14 of this volume. The illustrations which accompany it add to
its value as a paper of general scientific interest—one that has been referred to by high scientific
authority as affording unexpected evidence on the doubtful questions relating to the density of
voleanic mountains.

EXPLANATION OF ESTIMATES.

The estimates submitted to the Department for the fiscal year ending June 30, 1890, were
accompanied by the following statement:

«T. 8. CoasT AND GEODETIC SURVEY OFFICE,
“ Washington, September 21, 1888.

Six: In transmitting for your approval the estimates of the appropriations reguired for the
U. 8. Coast and Geodetic Survey for the fiscal year ending June 30, 1890, I have the honor to
submit the following explanation:

Exclusive of the estimates for printing and binding, which are the same each year, the aggre-
gate of the estimates ($575,950) is larger than that for the carrent year ($359,885), an increase
which is more than accounted for by the single item of $25,000 for the preliminary survey of the
boundary of Alaska (frontier line between Alaska and British Columbia), a work originally esti.
mated for by the Hon. Secretary of State, but which Congress has directed to be done by this
Survey. With the Alaska boundary item omitted, these estimates would aggregate $8,935 less
than those for the cnrrent year.

For the considerations which have governed the estimates for field-work I respectfully refer
you to my letter transmitting estimates for the fiscal year ending June 30, 1883 (Appendix Gg,
page 291, Book of Estimates), in which such considerations are given in detail.

For a full explanation of the class of expenditures mentioned as ¢ party expenses,” as well
as the items in relation to the International Geodetic Association for the Measurement of the
Earth, and in relation to a slight increase in the force of the computers, draughtsmen, and en.
gravers, which matters have already been explained to and acted upon by Congress, I respectfully
refer to my letter of October 6, 1887, transmitting the estimates for the fiscal year ending June 30,
1859 (Appendix Ii, page 312, Book of Estimates).

Of the increased estimates for  pay of office force,” $2,000 is due to a transfer of an itewn for a
computer in * publishing observations” to *‘chief accountant” under the head of “office force.” The
residue of such increase ($3,065) is due to estimates for a few deserved promotions, for a change of

"a messenger to a clerkship, and for payment of regular salaries for two additional map-eolorists,
whose uecessary work has heretofore been paid for out of the item for ¢“extra labor” under the
sub-head of ¢ office expenses,” with the result of embarrassingly restricting the fund available for
the remaining items of the paragraph ¢ for miscellaneous expenses, contingenecies, office furniture,
repairs, etc.,” as well as for the “extra labor,” upon which constantly increasing demands are
made in the furnishing of charts, tracings, drawings, soundings, and a great variety of data and
information to the Engineers, U. 8. Army, the Hydrographic Office, Navy Department, the Geo-
logical Sarvey, and other departments and bureauns of the Government, State, and municipal ofi-
cers and individnals. '

An increase of $6,000 is estimated for in the second paragraph of the ¢ office expenses,” in
order to render possible the continnance of adeqaately prompt publication of the charts of the
Survey, as explained to you in my letter of January 20, 1888, transmitting a so-called ¢ deficiency
estimate ” for a similar parpose.

1
Bespeotfully yours, F. M. THORN,
Superintendent.
The SECRETARY OF THE TREASURY.
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" ESTIMATES.

For every expenditure requisite for and incident to the survey of the Atlantie, Gulf, and Pa-
cific coasts of the United States, and the coast of the Territory of Alaska, including the survey of
rivers to the head of tide-water or ship navigation, deep-sea soundings, temperature and current
observations along the coasts and throughout the Gulf Stream and Japan Streawm, flowing off the
said coasts ; tidal observations, the necessary resurveys, the preparation of the Coast Pilot, con-
tinuing researches and other work relating to terrestrial magnetism, and the magnetic maps of
the United States and adjacent waters, and the tables of maguetic declination, dip, and intensity,
usually aceompanying them, and including compensation, not otherwise appropriated for, of per-
sons employed on the field-work, in conformity with the regulations for the government of the
Coast and Geodetic Survey adopted by the Secretary of the Treasury; for special examinations
that may be required by the Light-House Board or other proper authority, and including travel-
ing expenses of officers and men of the Navy on duty ; for commutation to officers of the field force
while on field duty, at a rate to be fixed by the Secretary of the Treasury, not exceeding $2.50 per
day each; outfit, equipment, and care of vessels used in the Survey, and also the repairs and main-
tenance of the complement of vessels, to be expended in accordance with the regulations relating
to the Coast aud Geodetic Survey from time to time prescribed by the Seeretary of the Treasury,
and under the following heads: Provided, That no advance of mouey to chiefs of field parties under
this appropriation shall be made unless to a commissioned officer, or to a civilian officer who shall
give bond in such sum as the Secretary of the Treasury may direct:

FOR PARTY EXPENSES:
1. To complete the triangulation and topography of the coast of Maine in GCobs-
cook Bay and 8t. Croix River and to the International Bonndary monument
(Allmew WoOrk) . .. . ..t e i iiaaiaaa. $6, 000
2. For resurveys: For triangulation, topography, and hydrography in the vicinity
of the east end of Long Island, Block Island, Nantucket, Nantucket Shoals
and approaclies, and including Vineyard Sound and Connecticut River to Hart-
ford, Connecticut, and Hudson River to Troy, New York, and for current ob-

servationsoft Cape Cod....... . .. . ... . il 7,000
3. For current observations along the S8andy Hook and Coney Island shores, out-
side.. ... ... oLl e e et ieas et eeaaaaan 3, 000

4. For continuation of the comparison of the surveys of the Delaware River and
Bay below League Island, and for observing the movement, lodgment of, and
obstructions by ice, and alterations in the channels and bars cansed thereby. . 2,000
5. To continue to date corrections of former surveys of the Delaware and Schuyl-
kill Rivers on a new large scale chart of the same in the vicinity of Philadel-

phia and up the Delaware River to Trenton ...... ... .o .. .. ... ... 1,000
6. To continue physical research aund observation of the erosion by the sea on the
coast of Cape Cod, Nantucket, and Martha’s Vineyard, including reduactions. .. 2,700

7. For the hydrography of the inside waters and bars sonth of Absecon Light; for
necessary triangulation and for continuing the topography along the Atlantie
coast of New Jersey (nearly all of the hydrography is new work and the topog-

raphy is virtually so because of the great changes)..................... .... 3,000
8. For a hydrographic examination of Charleston, South Carolina,entrance and bar. 2, 000
9. To continue the primary triangulation from Atlanta towards Mobile . ......... ' 3, 000
10. For a geodetic junction of Fernandina with Cedar Keys, including a line of pre-
ciselevels . .. .. i 5, 000
11. For continuing the survey of the western coast of Florida from Cape Sable north
to Cape Romano, and for hydrography off the same coast, being all new work.. 12, 000

12, For continuing the survey of the tributaries of Pensacola Bay, or, if completed,
to run a line of standard levels from the bench-mark at Mobile to the bench-
marks along the Mobile River up to the vicinity of Mount Vernon Landing. .. 2, 000
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For the triangulation, topography, and hydrography of Perdido Bay and its
connection with the coast triangulation, and for resurvey of Mobile Bay en-
trance, and, if completed, to take up the survey of Lake Pontchartrain.......

For continuning the survey of the coast of Louisiana west of the Mississippi delta
and between Barataria Bay and Sabine Pass..... e e e aaeaaas
To make off-shore soundings along the Atlantic coast, and current and tempera-
ture observations in the Gulf Stream ... .. ... ... .. ..., .0 ...

For hydrography, coast of California, including San Francisco Bay and Harbor,
and necessary triangulation and topography..... .............. ... ...

For continuing the topographic survey of the coast of California, including
necessary triangulation and astronomical work in connection therewith ......
For continuing the primary triangulation of Southern California, and for con-
necting the same at Mount Conness with the transcontinental are, and for a pri-
mary base-line in the vicinity of Los Angeles._..__.. ... ..................
For continuing the survey of the coast of Oregon, including off-shore hydrog-
raphy, and to continue the survey of the Columbia River froin the mouth of
the Willamette towards the Cascades; triangulation, topography, and hydro-
graphy. (This amount is a necessary increase over last year’s estimate, to
meet the demands of the hydrography) ... ... il
For continuing the survey of the coast of Washington Territory. (This amount
is necessarily increased to meet the requirements of the hydrography)........
For continuing explorations in the waters of Alaska and making hydrographic
surveys in the same, and for the establishment of astronomical, longitude, and
magnetic stations between Sitka and the southern end of the Territory. (This
estimate decreased, because experience proves that we can get along with
BL0,000) - .. oo e e

. For continuing the researches in physical hydrography relating to harbors and

bars, including computation and plotting........... ... Lol
For examinations inte reported dangers on the Atlantic, Gulf, and Pacific
LT 7 T £
To continue magnetic observations on the Atlantic and Gulf slopes ..... e

. For continning magnetic observations on the Pacific coast, and at San Antonio

maguetic observatory. ... ... L.l

. For running an exact line of levels from Boston or Salem, Massachusetts, to

Blue Hill, Mount Monadnock, Mount Washington, Mount Independence, and
Lake Champlain. .. ... i i ittt ittt
For continuing the cxact line of levels from the point reached this year sonth
of Cairo southward to Okolona, Mississippi, and, if junction ismade, to con-
tinue the transcontinental line, beginning either in the vicinity of Kansas
City or San Franciseo. .. ... oot ot et e
For continuing tide observations on the Pacific coast, viz: At Kadiak, in Alaska,
and at Saucelito, near San Francisco, California .... .. ......._ . . .. ...,
To continne tidal observations on the Atlantic coast, at Sandy Hook, New
Jersey, and at Savannah, Georgia.... ............ ..ol

For a selfregistering gauge at Willets Point, Long Island, New York to co-
operate with the gange at Sandy Hook, New Jersey, in securing data for the
more complete study of the tides and tidal carrents of East River and New
York Harbor...... O
To continue gravity experiments, at a cost not exceeding 8500 per station, ex-
cept for special investigations and experiments aathorized by the Superin-
tendent at one or MOTe BtAtiONS. - . ... ... ... tiiir ot i

. For furnishing points to State surveys, to be applied as far as practicable in

States where points have not been furbished. .. ... .. ..o ..aiiiiiiiiaa...
For determinations of geographical positions, longitade partxes ..............
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34. For continuing the transcontinental geodetic work on the line between the
Atlantic and Pacifie Oceans, including a primary base in the vicinity of Salt

) $30, 000
35. To continue the compilation of the Coast Pilot, and to make special hydro-
graphic examinations forthesame ...... ... .. .. ... ...l 5, 000

36. For traveling expenses of officers and men of the Navy on duty, and for any

special surveys that may berequired by the Light-House Board or other proper

authority and contingent expenses incident thereto................ ... ..., 3,000
37. For objects not hereinbefore named that may be deemed urgent .............. 3,000
38. For contribution to the International Geodetic Association for the Measare- :

ment of the Karth, or so much thereof as may be necessary, $450, to be ex-

pended through the office of the American legation at Berlin; and for ex-

penses of the attendance of the American delegate at the general conference

of said association, or so much thereof as may be necessary, $550: Provided,

That such contribution and expenses of attendance shall be payable out of the

item “for objects not hereinbefore named,” and after the adhesion by the Gov-

ernment of the United States to the convention of October, 1866, of the In-

ternational Geodetic Association aforesaid.
39. And ten per centum of the foregoing amounts shall be available interchangeably

for expenditure on the objects named; in all, for party expenses . ............ 209, 200

ALASKA BOUNDARY SURVEY:

For expenses in carrying on a preliminary survey of the frontier line between
Alaska and British Columbia, in accordance with plans or projects approved by
the Secretary of State, including expenses of drawing and publication of map
or maps, $25,000, said sum to continue available for expenditure until the same
isexhausted ...... ... . ... ..l fmreeeeteeaai e . 25, 000

REPAIRS AND MAINTENANCE OF VESSELS:

For repairs and maintenance of the complement of vessels used in the Coast and

(€ 7eT0 76 (=1 ORI 11 b 2 25, 000
PAY or FIELD OFFICERS :

For pay of Superintendent, $6,000 perannum. ... .. ............ eeeeeeeaeaaaan 6, 000
For pay of two Assistants, at $4,000 each peranpum. .. ... . ... .. .......... 8,000
For pay of one Assistant, at 83,600 per annum. .......... oo iiiiiiiiiiiL... 3, 600
Tor pay of one Assistant, at $3,200 per annum. ...... ettt eeaa e 3,200
For pay of two, Assistants, at $3,000 each perannum ... ... ... 6, 000
For pay of two Assistants, at $2,800 each per annum ............ et 5, 600
For pay of three Assistants, at $2,700 each perannum......... .. .. .. ... .. .. 8, 100
For pay of three Assistants, at $2,400 each per annum...... ceens et aaaaaaan 7, 200
For pay of three Assistants, at $2,300 each perannum. ....... ... .. .......... 6, 900
Tor pay of five Assistants, at $2,200 each perannum..... ... __. e 11, 000
For pay of six Assistants, at $2,000 each perannum......... .. .. ... .. ....... 12, 000
For pay of nine Assistants, at $1,800 each peranmom._.... ... .. .._........... 16, 200
For pay of nine Assistants, at $1,500 each per annom ...... ... . ... et e 13, 500
For pay of three Subassistants, at $1,400 each per annum. ..... .. ... ...._.... 4, 200
For pay of two Subassistants, at $1,300 each perannum ... ... .. .. ... .. ...... 2, 600
For pay of four Subassistants, at $1,100 each perannum.. ... ... ... .. ........ 4, 400
For pay of three Aids, at $900 each perannum. ... ... . ... ... ........ 2, 700

Total pay in the field $121,200: Provided : That no new appointments shall be
made to the above force until the whole number of Assistants, Subassistants,
and Aids shall be reduced tofifty-two................. Semneeamamnaanaaaaas #121, 200
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PaY or OFricE FoRCE:
For additional compensation to the Disbursing Clerk of the Treasury Department
for the disbursement of the appropriations for the Coast and Geodetic Sar-

R $500

For one Chief Aecountant, at $2,000, in heu of compnter publishing observations at
B1,800. - oo e e e e 2, 000
For one Accountant, $1,800 . .. ... .. ... .ol il 1, 800
For one Accountant, 81,400 ... ... .. ... ieeeei ittt e e e 1, 400
For one General Office Assistant, $2,200. ... ... ... ... ... ... oL, 2, 200
For one Draughtsman, $2,350. ... ..o oen i i e, 2, 350
For one Draughtsman, $2,100. ... ... ... i i 2,100
For two Draughtsmen, at 2,000 €ach . ... ... coiitiiiininr iiio i 4, 000
For three Draughtsmen, at $1,800 each........... e e e 5, 400
For three Dranghtsmen, at $1,400each. ... .. ... ... . ... ... iio..... 4, 200
For one Draughtsman, 81,330, ... ... ..o oL 1,330
For one Draughtsman, $1,260. ... . ... ... . (el el i 1, 260
For three Draughtsmen, at 81,200 each..... . ... .. .. ... ... o0 o oeiaiian. 3,600
For one Draughtsman, $1,100. ... ... .. ... L., 1,100
For additional Draughtsmen, at not exceeding $900 each per annum............. 4, 500
For two Computers, at $2,000 each.......... ....... e eeeaiaeeiaaas 4, 000
_ For one Computer, at $1,600 ............ et e ieeeece meeiiieeeneeaeiteeee s 1, 600
For one Computer, $1,400 .. ... ... .. ot e 1, 400
For one Compunter, $1,260 . ... .. oot imeit e e 1, 260
For one Computer, $1,100. .. . .. ... 1, 100
For additional Computers, at not exceeding $300 each per year ... ... .._......... 2,700
For one tidal Computer, $2,000. . ... ... . il 2, 000
For one tidal Computer, at $1,600............. ... ..o i n. . 1, 600
For one tidal Computer, $3,250. .. ... voimn i i c i e 1, 250
For three Engravers, at $2,000. .o . oot i ittt i e 6, 300
For two Engravers, at $1,800 each. .. ...ttt it it e 3, 600
For two Engravers, at $1,600 each .. ............ . i 3,200
For one Engraver, 1,200 ......... T e e et eaaiaee s . 1, 200
For one Engraver, $000. . ... e e 900
For additional Engravers, at not exceeding $900 per annum each...... ......... 2, 700
For engraving to be done bycontract. ... ... i e 7,100
For one Electrotypist and Photographer, $1,800. .. ... ... ... .. ... ... ..... - 1, 800
For one Electrotypist Helper, $600.. .. ... .. ... it iiiiiiii i it 600
For one Apprentice to Electrotypist and Photographer, $600 .................... 600
For one Copper-plate Printer, $1,700. . ... .. ... o i i 1, 700
For two Copper-plate Printers, at £1,330each. ... ... ... ... ... .......... 2, 660
For one Copper-plate Printer, $1,250 ............ e e 1, 250
For two Plate Printer’s Helpers, at $700each. .. .. ... ... ... ... ........... 1, 400
For one Chief Mechanician $1,800 ... .. ... ... . ..... e e e 1,800
For one Mechanician, 81,5065 ... ... ..o it s 1,465
For one Mechanician, $1,330 ... ... ... . ... ... . ... i, e it 1,330
For one Mechanician, $1,250 ... ... ... . . .. i ieiiaaian, 1, 250
For one Mechanician, 81,200 ... .. ... ... .. e 1, 200
For one Mechanician, $1,000 ... ... ... .. . ... ... 1, 000
For one Mechamician, $600. ... ... ..o e i 600
For one Carpenter, 81,060 . .. ... .. ... ... 1, 565
For one Carpenter, 8900. .. _ ... .. .. . . . i e, 900
For one Carpenter and Fireman, $600 . .. ....7 .. .. ... ... ..o.iciiiis teaennn 600
For one Night Fireman, 8550 ... ... ......iieriie vavrrennnnnaineanaanearnns 550

For one Map-mounter, $1,020........ ... ... ceiineemenieancseneammanaaeacenans 1,020
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For one Librarian, 81,800, ... .. ..o iiiiiei i tiaa i a et e
TFor one Clerk, $1,650 .. ..... .. ... ........ e ettt ie e
For one Clerk, 81,500, .. .. ... ... ... ......... et i teeestieaeseneeaaaaaan
ForoneClerk, 81,400 . . ... i
For one Clerk, $1,350.......... e et diteieaaseereiaaanaeaenans
For three Clerks, at $1,200 each ... ... e ienrmnei it ieiraennascnnann
For three Clerks, at $1,000 each ...... ... .. i,
Forome Clerk, $900. .. ool i e
For one Clerk, $1,175. .. ...... . ... .. ....... e eaan e
For three Map-colorists, $720 each ... .. .covueemei e,
For one Writer, $840. . . ... ... iiiiea.. e eeeeietetesecieecaca e
Yor six Writers, at $720 each ... .. ... ... et e e e
For one Writer, 8600 ...... ... .. ... .. ... e e iaeaeeaiiaaon
For one Messenger, 8875, .. ... oot i et
For one Messenger, 8840. .. .. ... e,
For two Messengers, at $820 each. .. .. oo o il
¥or three Messengers, at $640 each . .... e e aaaeaaa.
Forone Driver, 8730, .. ... e i
For one Packer and Folder, $820. . . ... ... .t iiir et i et ee e iaeeaaeans
For one Packer and Folder, $630. .. ... .. ... ... . ...l
For two Laborers, at 8630 each .. . . ... . L L. L.l LlL.. e
For two Laborers, at 8550 each ... .. i i et aeaaanas
For one Laborer, 8315, . ... it it i e e e e eaas e
For one Laborer, $365. .. ................. O
For ove Janitor, 81,200, . .. ... . eiiiiieeeeie .
For two Watchmen, at $880 each ...... ... .. .. . i

1, 650
1,500

1, 350

Total pay of office force. .. .. ..ol i e

OFF1CE EXPENSES:

For the purchase of new instruments, for materials and supplies required in the in-
strument-shop, carpeuter shop, and drawing division, and for books, maps,
charts, and subseriptions - ... ... .. L Ll

For copper plates, chart-paper, printer’s ink, copper, zine, and chemicals, for elec-
trotyping and photographing; engraving, printing, photographing, and elee-
trotyping supplies; for extra engraving and drawing, and for photolithograph-
ing charts and printing from stone for immediate use .......... ... .. ... ...

For stationery for the office and field parties, transportation of instruments and sup-
plies when not charged. to party expenses, office wagon and horses, fuel, gas,
telegrams, iee, and washing ... ... ... L.

For miscellaneous expenses, contingencies of all kinds, office furniture, repairs, and
extra labor, and for traveling expenses of Assistants and others employed ih
the office, sent on special duty in the service of theoffice.............. ... ..

And ten per centum of the foregoing amounts for office expenses shall be available
interchangeably for expenditures on the objects named.

$140, 790

$9, 000

16,000

6,000

3, 500

—————————

Total general expenses of office ... ...... ... o0 Lol

RENT OF OFFICE BUILDINGS:
For rent of buildings for offices, work-rooms, and work-shops in Washington. .. ..
For rent of fire-proof building, No. 205 New Jersey aveunue, including rooms for
standard weights and measures; for the safe keeping and preservation of the
original astronomical, magnetic, hydrographic, and other records; of the orig-
- inal topographical and hydrographic maps and charts, of instruments, engraved
plates and other valuable property of the Coast and Geodetic Survey ........

$34, 500

$10, 500
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PUBLISHING OBSERVATIONS:
For one Computer, $1,600, and three Copyists, at 8720 each ; in all $3,760 -....... $3, 760
That no part of the money herein appropriated for the Coast and Geodetic Survey
shall be available for allowance to civilian or other officers for subsistence while
on duty in the office at Washington, or to officers of the Navy attached to the
Survey ; nor shall there hereafter be made any allowance for subsistence to
officers of the Navy attached to the Coast and Geodetic Survey.

PRINTING AND BINDING COAST AND GEODETIC SURVEY:

For all printing and lithographing, photolithographing, photo-engraving, and all
forms of illustration done by the Publie Printer, on requisition by the Treasury
Department, for the Coast and Geedetic Survey, namely: For Tide Tables;
Coast Pilot; Appendices to the Superintendent’s Annunal Reports published
separately; Notices to Mariners, circulars, blank books, blank forms, and mis-
cellaneous printing (including the cost of all binding and covering ; the neces-
sary stock and materials and binding for the library and archives); $10,435... 10, 435

ANNUAL REPORT:
For 4,900 copies of the Annual Report of the Superintendent (including regular
edition of 1,900 copies for Congress) viz: For composition, stereotyping, press-
work, folding, inserting plates, binding material, etc., $8,000. ......... TR 8,000
For photolithographing, lithographing, photo-engraving, and all forms of illustra-
tion by the Public Printer for the Annual Report, $2,500....................

S4
=]

00

»

A0 2 5 O $20,935
NoTe.—No engraving is done by the Public Printer for the Coast and Geodetic Survey.

The following letter of transmittal was sent to the Department with the estimates for the
expenses of the Office of Construction of Weights and Measures:

U, 8. CoasT AND GEODETIC SURVEY OFFICE,
Washington, September 21, 1888.
81k : Herewith I have the honor to transmit the estimates for the expenses of the Office of
Construction of Standard Weights and Measures.

Respectfully yours,
F. M. THORN,

Superintendent.
The SEORETARY OF THE TREASURY.

OFFICE OF CONSTRUCTION OF STANDARD WEIGHTS AND MEASUBES:

For construction-and verification ofstandard weights and measures, including metric
standards, for the custom-houses, other offices of the United States, and for the
several States, and mural standards of length in Washington, D. C.: One
adjuster, at $1,500 per annum; one mechanician, at $1,250 per annum; one

watehman, $720 per annum; in all $3,470. ... ... ... .l ... L .. $3,470
Contingent Expenses, Office of Standard Weights and Measures.—TFor purchase of
materials and apparatus, and incidental expenses, $500 ..................... 500

Provided, That such necessary repairs and adjustments shall be made to
tho standards furnished to the several States and Territories as may be requested
by the Governors thereof, and also tostandard weights and measures that bave
been or may hereafter be supplied to the United States custom-houses and
other offices of the United States, nnder Act of Congress, when requested by
the Secratary of the Treasury.

For expenses of the attendance of the American member of the International Com-
mittee on Weights and Measures at the general conference provided for in the
convention signed May 20, 1875, the sum of $600, or so much thereof as may
BB BOCEBEAITY « . s e it cecaneonn cnsaasassnnnes semaannsn seonnnseennnnnnn 600

H. Ex, 22—.2 : :



PART II.

Beginning at the St. Croix River, Maine, and following the Atlantic and Gulf coasts to the
Rio Grande, and beginning at San Diego and following a reversed geographical order on the
Pacific coast, this part of the report contains abstracts of field-work derived from the reports of
the chiefs of parties, including also those engaged in the States lying between the Atlantie and
Pacific. Appendix No. 1 presents in tabular form the several sections into which, for convenience
of reference, the coast and interior has been divided, states the nature of the several classes of
work, the names of the officers in charge of field parties, and the localities of their surveys.

Notices of speeial operations and of the work of the Coast and Geodetic Survey Office and the
sub-offices at Philadelphia aud San Francisco follow. .

The charge of the Office has been continued with Assistant B. A. Colonna. His annualreport
(Appendix No. 4) is accompanied by the reports of the chiefs of the several Office divisions, Mr.
Colonna, in closing his report, alludes to the high state of efficiency that has been maintained in
the Office, and expresses his thanksto the chiefs of the respective divisions and theirsabordinates.
He acknowledges also the cordial co-operation of the Hydrographic Inspector and the naval officers
associated with him,

Appendix No. 2 gives the statistics of field and office work of the Survey for the fiscal year,
and a summation of those statisties to June 30, 1888. Appendix No. 3 presents in tabular form
for the year the names of persons, associations, or Departments of the Government to whom in-
formation has been furnished, with a statement of the data or information supplied. The great
increase in the work of requests for transeripts of the records and priginal surveys, both from official
and personal sources in recent years, is one evidence of the increase in usefulness of the work and
of a wider appreciation of the value of its results on the part of the publie.

Lieat. Commander W. H. Brownson, U. 8. N,, has continued on duty as Hydrographic In-
spector of the Survey. In his annual report (Appendix No. 5) he reviews the progress of the
several classes of hydrographie work upon the Atlantic and Pacific coasts, refers to the advanece
made in the preparation of the Coast Pilot, and to the labors of the Hydrographic Division, states
the condition of the vessels of the Survey, and makes recommendations for their repair, and sub-
mits suggestions for examinations and resurveys required to keep the charts up to date.

Under the general direction of the Hydrographie Inspector the duties of the Coast Pilot Divis-
ion, which involved the execution of work both in the field and in the office, remained in charge
of Lieut. George H. Peters, U. 8. N., Assistant Coast and Geodetic Survey. The annual report
of this officer accompanies the report of the Hydrographic Inspector. The coliection, revision, and
verification of data as carried on in the field is reported under headings in Sections I and II of the
coast. A part of the large volume intended to include the whole of the Atlantie coast on a plan
devised by Lieutenant Peters, has been put to press. This part includes the coast from Point
Judith to the East River, and will be published as a special issue. Other portions of this volume
are in active preparation, and those most in demand will appear at as early a date as practicable.
Subdivision No. 21, Atlantic Loeal Coast Pilot, Tybee Roads to Jupiter Inlet (first edition), and
Sabdivisions Nos. 6 and 7, Cape Ann to Monomoy (third edition, in one volume), were published.

Ensign William J. Maxwell, U. S. N,, was engaged in both field and office duty in the Coast
Pilot Division up to the date of his detachment from the Survey, November 20, 1887. Ensign
Edwin H. Tillman, U. 8. N., served throughout the year; and as recorder and compiler,
Mr. John Ross. After April 18, 1888, the charge of the Hydrographic Division devolved upon

i8
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Lieutenant Peters in the absence of its chief. Upon his leaving the office for field duty, in May,
Mr. Tillman had immediate charge of the details of the office work of both the Coast Pilot and
Hydrographic Divisions until the close of the fiseal year. »

“The annual report of the Hydrographic Division is submitted by Lieut. M. L. Wood, U. 8. N,,
Assistant Coast and Geodetic Survey, who was in charge until temporarily detached, in April, 1838,
for hydrographic duty in the viecinity of Cape Charles, Virginia. Lieutenant Wood calls attention
to a change made in the system of supplying corrections to charts and in correcting copies of
charts for issue whereby material reduction has been accomplished in the liability to error and in
the labor of gpplying corrections. He suggests the possibility of making arrangements for print-
ing the monthly Notices to Mariners and such occasional notices as are needed, in the office build-
ing, so as to shorten the time now required between the date of sending eopy to the printer and
the date of issue.

A large amount of work was completed during the year by the hydrographic draughtsmen
attached to the Division, Messrs, E. Willenbucher, W, C. Willenbucher, F. C. Donn, and by
Mr. E. H. Wyvill, who were assigned as hydrographic draughtsmen December 10, 1887. Tabular
statements of their work accompany the report.

The clerical work in the Hydrographic Inspector’s office was performed by Messrs. George J.
Vestner, R. E. King, and W. H. Lanman until January 9, 1883, when Mr. J. H. Roeth was assigned
to this duty. In the Coast Pilot Division, Miss Glova B. Bower was temporarily assigned to duty
as copyist in April, 1888, and her work proving to be satisfactory she was employed in that
capacity as a part of the office force from May 1.

Appended to Lieutenant-Commander Brownson’s report are lists of officers of the Navy on duty
in the Survey during the fiscal year, with dates of assignment and detachment, lists of naval offi-
cers attached to the Survey June 30, 1888, a list showing the number of naval officers attached to
the several vessels and on office duty September 30, 1887, and March 19, 1888, and tabular state-
ments of the number of men in service on the vessels at four different dates during the fiscal year,
and of the names of the vessels, their tonnage, and complements of officers and men.

SECTION 1.

MAINE, NEW HAMPSHIRE, VERMONT, MASSACHUSETTS, AND RHODE ISLAND, INCLUDING COAST
AND SEA-PORTS, BAYS, AND RIVERS. (SgercuEes Nos. 1, 3, 17, and 18)

Triangulation of Cobscook Bay, Maine, and of the St. Oroix River, from the primary triangula-
tion near its mouth towards the Initial Monument of the Northeastern Boundary at its source.—At the
beginning of the fiscal year, Assistant C. H. Boyd had been in the field with his party since May
19, 1887, engaged in the triangulation of the north shore of Cobscook Bay, under instructions
issued in April of that year. Two stations, in the towns of Edmonds and Pembroke, had been
selected as forming a suitable base for beginning the work, these points having been carefully marked
by copper bolts sunk into rocky ledges when first occupied in 1860. But upon reaching the field
neither statiomcould be found; the bolts had been broken out of the ledges, and in so doing the
rock crushed and all traces of the drill holes destroyed.

Other station-marks searched for had similarly disappeared, so that ultimately the work had
to be started from the line Carr-Little of 1866, and having been prosecuted without interruption
until August, it was closed upon the station Prince Regent’s Redoubt in Eastport.

On the northern shore of Cobscook Bay forty-five geographical positions were loeated in the
towns of Edmonds, Dennysville, Pembroke, Perry, Eastport, and Lubec, intended to supply fully
the needs of the topographic and hydrographic parties soon to follow.

In August the triangulation along the St. Croix River was taken up from the primary base
Cooper-Chamcook. Station St. David’s, formerly determined from this line, had disappeared, the
owner of thie land having removed the station-mark and built a house over it. Prince Regent’s
Redoabt was therefore occupied, and the work pushed northward at every available opportunity.
Usnally, in this locality, the months of September and October afford the best long-line seeing of
the ‘year, northwest winds clearing away the fogs, but this year these winds brought clouds of
dense smoke from foreat fires in Canada, so that the observations were greatly delayed. )
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Early in October Mr. Boyd was instructed to determine certain light-houses and other aids
to mavigation in the vicinity of St. Andrews, New Brunswick, their geographical positions being
needed by the party engaged in the hydrography of the St. Croix River. This work involved
the ocenpation of station Shortland of the Passamaquoddy Bay triangulation in connection with
Chamcook. Lieutenant Orosby, U. 8. N., Assistant, in charge of the hydrographic party, hav-
ing established a tide-gauge on a whartf at Robbinston, which could be seen from Chameook Ly
erecting a signal upon the wharf-pile, this point was determined in position, and the reading of
the high water on the staff, as given by Lieutenant Crosby, was transferred to a ledge on the
Canadian side of the river near the base of Chameook Mountain. A line of levels yas then run
from this bench-mark to the station on Chameook. It being late in the season when this work was
undertaken, Mr. Boyd acknowledges the service rendered in facilitating its completion by Assist- -
ant Ellicott, who transferred his foreman, Mr. E. M. Talcott, temporarily to Mr. Boyd’s party.

Field-work was continued until November 21, when, in compliance with instructions, opera-
tious were closed.

Mr, R. H. Bayard, who was attached to the party during about half of the season, rendered
capable aud efficient service.

Mr. Boyd’s report is accompanied by sketches showing the progress of his work, and by sta-
fisties, of which the following is a summary : ’

COBSCOOK BAY,

Number of signalserected ...... ... . ... 37
Number of stations occupied .. ... . e, 14
Number of geograplical positions determined. ... . ..... .............. 45
Arey, in square statute miles, covered Ly triangulation.................. 70

ST. CROIX RIVER.

Number of signals erected ...... e eten e tememeaeeceec e baeanaanaan 12
Number of stations occupied .. ... .. e, 8
Number of geographical positions determined . .... ... .........oon... 22
Area of triangulation, in square statute miles (approximate) ............ 500
Number of stations at which measurements of double zenith distances for
differences of elevation weremade ....... ... ...... ... ... ...... 9
sT. ANDREW’S BAY.
Number of signals erected ... .. .............. e e eewe e 2
Number of stations oceupled . . ... .. ... L 3
Number of milesof levels run...... ... ... . . .o ... ciiiei.. 6

During the winter Assistant Doyd was engaged in office-work, and towards the end of April,
1888, was instructed to resume the triangulation of the St. Croix River from the limits of his work
of the preceding season.

Ou June 1 he resumed field-work, and was oceupied during the month in reconnaissance, re-
adjustment and erection of signals, opening views, ete. Two stations were occupied for the meas-
urement of angles, and the signals put up extended the scheme of triangulation to the foot of
Chiputneticook Lake.

Further report of this work will be made at the close of the next fiscal year.

Topographic survey of the west bank of the St. Croix River between Pleasant Point and Short-
lands Station—lnstructions bearing date of June 8, 1888, were issued to Assistant C. M. Bache,
directing him to proceed to Eastport, Maine, and organize a topographical party for the survey of
the coast between Pleasant Point and Shortlands Station, on the west shore of the St. Creix
River, extending the topography back from the shore line already completed, as far as necessary
for purposes of commerce or detense, and in conformity with the work heretofore executed.

The interval between Mr. Bache’s arrival at the locality of work and the end of the fiscal
year was too short to admit of bis doing more than to organize his party, put up the necessary
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signals, and make a beginning with the plave table. His progress will be further stated in the
next Annual Report.

Hydvrographic survey of St. Croix River, Maine, completed, and hydrography of Cobscook Bay,
begun.—Leference was made in the last Annual Report to the beginning of the hydrographic
survey of the St. Croix River, Maine, by the party in eharge of Lieut. F. . Crosby, U, 8. N,
Assistant Coast and Geodetic Survey, commanding the steamer Gedney. e had with him also
the steam-catter Sprite and the steam-launch Sagadahoc.

The hydrography of the St. Croix was executed on four sheets—seale 1-10000—the work ex-
tending from Eastport, Maine, to Calais, at the head of navigation, and oceupying the party from
the end of June till the middle of October, 1887. It was completed in accordance with instructions
issued by the Superintendent aud detailed instructions from the Hydrographic Iuspector. The
records and hydrographic sheets have been deposited in the archives of the Survey, and with the
sheets are filed valuable descriptive reports submitted by Lieutenant Crosby in compliance with
a recent circular. These reports give details of much loeal interest relative to the river ehannels,
best anchorages, dangers, tidal currents, names of places, light-houses and other aids to naviga-
tion, pilots, harbor regulations, etc.

Similar descriptive reports, though neceessarily less complete, accompany the single hydro-
graphic sheet of Cobscook Bay, the only sheet that conld be finished by Lieutenant Croshy’s party
before the close of the working season. This survey, begun September 21, in accordance with
instructions issued towards the end of August, was continned till October 19, )

The following named officers were attached to the party during the season: Ensigns A. W,
Dodd, N. J. L. T. Halpine, R. O. Bitler, W. B. Fletcher, M. Johnston, and Joseph Strauss, U. 8. N.

A general recapitulation of the statistics is as follows:

Number of miles run in sounding..... ... ... iiiiiiiaiiis . 1,311
Namber of angles measured. .. ... ... .. ... L., 18,193
Number of soundings._ ... ... . e 60, 415
Area of soundings, in sqnare miles........... et ieeeeaeieaaaiaaa. 59
Number of tide-gauges erected .. ..._.... .. ... ... ... o i 17
Number of specimens of bottom preserved ........... ... .. ...l 81
Number of stations occupied for observation of currents ... ........... 6

In December Lieutenant Crosby was instructed to proceed to the Gulf of Mexico to execute
hydrographic surveys on the coast of Louisiana, reference to which will be made under the heading
of Section VIIL ‘

Triangulation for the determination of light-houses and other points between Grand Manan Island
and the coast of Maine.—The determination of the geographical position of several light-houses in
the vicinity of Grand Manan Island having become desirable, and also the recovery of the primary
station mark on that island, Assistant O. H, Tittmann received instructions about the middle of
July, 1887, to execute that work, the requisite permission having been obtained from the Dominion
Government to enter upon their territory.

Mr. Tittmann reached Grand Manan July 24, and having made a reconnaissance to lay out his
work, occupied the station needed to determine the position of Seal Islaud Light-house, S. W.
Head Light-house, Gannett Rock Light-house, and the beacon on Old Proprietor Ledge. Clear
weather and a calm sea being essential conditions of the work, many delays were experienced in
its prosecution.

While occupying the Machias Seal Islands, measurements were made of the elevation of the
lights above an approximate high-water line, and as errors were found in the published lists affect-
ing the computed range of visibility, a special report was made by Mr. Tittmann on the subject.

The light-houses and the outlying-dangers to the south and southeast of Grand Manan were
connected properly with the triangulation on the coast of Maine,

During the course of the work angles were observed and measurements of distances made to
determine the location of Grand Manan primary station, which was snpposed to have been lost or
destroyed. It was finally found upon Sinelair Hill, on the southeast side of Dark Harbor, marked
by a triangle eut upou the top of the out-eropping rock.
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Field operations were closed September 19, and the records and computations of the work
forwarded soon after to the Office. :

Upon returning to Washington in Oectober, Mr. Tittmann was assigned to the charge of the
Office of Weights and Measures,

Inspection of topographical work upon the coast of Maine.—Towards the end of July, 1887,
Assistant Charles Hosmer proceeded to the coast of Maine, under instructions to inspect the topog-
raphy upon that coast in the vicinity of Machias, and thence to Quoddy Head and around the
eoast into Cobscook Bay, and upon the completion of that duty to take up a topographical survey
on Cobscook Bay.

Part of his inquiry was directed to a comparison of the shore line and other topographical
features, as delineated by recent surveys and by those made npwards of twenty-five years ago.

Mr. Hosmer had made good progress in the execution of this daty, and kept the field, though
suffering from ill health, until early in October, when, by the advice of his physician, he returned
to his home. On the 28th of that month he died.

As an officer of the Survey Mr. Hosmer’s record was one of faithful and honorable service
during thirty years.

Topographical survey of Cobscook Bay, Maine.—During the summer and autumn of 1887, Assist-
ant Eugene Ellicott continued the topographical survey of the westeru part of Cobscook Bay, refer-
ence to the progress of which was made in the last Annual Report. Field operations were begun
May 1 and closed November 14, the scale of survey being 1-10000.

Mr. Ellicott has submitted with his topographical sheet a descriptive report, in which he gives
much detailed information respecting the character of the country over which his survey extended;
its geological and topographical features, the proportions of arable and wooded land, the chief
industries, etc. The Cobscook Falls present a somewbhat remarkable physical feature.
Between the northwest coast of Falls Island and the main land in the town of Pembroke is a
Darrow passage, the rapid rise and fall of the tides through which causes a difference of level in
the inner and outer basins immediately adjacent of about 2.6 feet at flood tide in a distance of 130
feet. The noise produced by the rushing waters can be heard two miles off.

The statistics of Mr. Ellicott’s survey are as follows:

Miles of shore-line surveyed................... e eeecaiaenaaaes aeen 5
Miles of roads surveyed . ..o .. ... i enaae 28
Area of survey, in square miles ....... .. ... ... . ... liiiiaa, . 23

Duriug the following winter and spring Mr. Ellicott was engaged on office duty, and about the
middie of May took up, under instructions, the coutinuation of his work of the preceding season,
beginning with the topography of the north side of Cobscook Bay, in which were ineluded the
towns of Pembroke and West Pembroke, )

Between the time of resuming field operations and the end of the fiscal year, Mr. Ellicott
confined his efforts to the delineation of the more salient points of shore.ine, and to those parts
of the inland topography within easiest reach, He will make a detailed report at the end of the
season.

Continuation of the topographical surveyof the south and north branches of Cobscook Bay, Maine.—
At the beginting of the fiseal year Mr. J. II. Gray, Aid in the Survey, was iu the field in charge
of a topographical party organized for work upon the south branch of Cobscook Bay. This work
he had begun May 21. A reference to its progress up to June 30, 1887, was made in the last
Aunual Report. Field-work was carried on until October 18, when the party was disbanded and
operations closed for the season. The statistics from the beginning of the fiseal year are:

Miles of shore line surveyed. . .....c.inimmiei it i aaanns 31
Miles of roads surveyed..... e e e naans 21
Area of survey, in square miles...... et e e e e . 14

Mr. Gray has submitted a descriptive report, which has Leen filed with his topographical sheet
in the archives. ,

During the early part of the winter Mr. Gray was employed in office-work, and in January,
1888, was instructed to join the party of Assistant Jos. Hergesheimer on the west coast of Florida.
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Early in June, 1888, having returned from Florida, he proceeded, under instruetions, to the
coast of Maine, and organized his party for the survey of the north branch of Cobscook Bay.
Progress was less rapid than could be desired on account of the many ledges for which low-water
line had to be obtained. The statistics for the season will be given in the next Annunal Report.

Hydrographic examinations on the coast of Maine for the Atlantic Coast Pilot—At the beginning
of the fiscal year the steamer Endeavor was being refitted at the New York Navy-yard, the Coast
Pilot party, in charge of Lieutenant G. H. Peters, U. 8. N., Assistant Coast and Geodetic Sur-
vey, having been transferred to her from the steamer Daisy. Abount the middle of July the En-
deavor proceeded to Portland, Maine. Data for the Coast Pilot was eollected in Casco Bay and its
tributaries till August 8, when Lieutenant Peters proceeded eastward, making examinations daring
the rest of the month in Penobscot Bay and its numerous harbors, and in Frenchman’s Bay and
the waters adjacent. The work was then carried eastward as far as Eastport.

Leaving that port September 11 the Endeavor proceeded westward, devoting as much time as
practicable to points requiring further attention. On September 24 Lieutenant Peters left Port-
and, making some examinations to the sonthward when the weather would permit, At New
Haven, Connecticut, he received instructions to proceed to New York, where he arrived with the
Endeavor Qctober 8.”

Soon after the steamer was laid up at the New York Navy-yard, and the Coast Pilot party de-
tached to resume duty at the Office.

Daring the season special hydrographic examinations were made from time to time in conse-
gquence of information received while carrying on the regular work of the party. In cases where
these examinations developed dangers not already shown on the charts, or depths less than had
been indicated, the results were reported to the Hydrographic Inspector.

Fog interfered materially with the work, and during September an unusually smoky eondition
of the atmosphere ; but, upon the whole, the results of the season’s work were satisfactory, being
such as to warrant the immediate preparation of a volume now in hand, to cover the coast of Maine.

Lieutenant Peters acknowledges the zealous service rendered in the work by Ensign W. J.
Maxwell, U. 8. N., and Mr. John Ross.

Completion of the record of tidal observations at the automatic tidal station at Pulpit Cove, North
Haven Island, Penobscot Bay, Maine.—For the study of the characteristics of the tides of the Gulf
of Maine a self-registering gauge was established in January, 1870, at Pulpit Cove, North Haven
Island, Penobscot Bay, and placed in charge of Mr. J. G. Spaulding.

On March 28,1888, an almost unbroken record having been kept up throughout a lunar eycle,
the observations were discontinued, there being greater need of extended tidal series at other
stations on the Atlantic coast.

Daring the last year the observations were fully up to the standard of excellence maintained
by Mr. Spaunlding since the beginning of the series. His uniform faithfulness and efficiency in
duty deserves high commendation. In April he was transferred to the charge of the automatic
tidal statiom at Sandy Hook.

Magnetic observations at stations in Maine and Massachusetts.—Instructions issued to Assistant
James B. Baylor about the middle of July, 1887, directed him to occupy a number of magnetic sta-
tions in the New England States, at which magnetic observations had been obtained in former
years, in order to secure additional data for the determination of the secular variation of the
magnetic declination, dip, and intensity, and also to establish some new stations in those States,
and one in Washington, D. C.

Having executed the duty last mentioned, reference to which more in detail will be found under
the heading of Section IIT, Mr. Baylor proceeded to the State of Maine, and began his magnetic
work there by the occupation of a new station at Damariscotta, Lincoln County, establishing it in
an open lot in front of the Methodist church, Time, latitude, and azimuth were determined by
observations on the sun August 4, 5, and 7, and the magnetic declination, dip, and intensity on
August 5, 8, and 9. , .

A new gtation was next established at Millbridge, Washington County, Maine, on the hill
north of the Christian church. Time, latitude, azimuth, and the magnetic elements were deter-
mined here by observations made Aungnst 13,
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At Machiasport, Maine, a new station was established in the Government reservation at Fort
O’Brien. Time, latitude, and azimuth were determined August 19, and the magnetic elements
August 20,

The station of 1879, in the center of the parade-ground at Fort Sullivan, Eastport, was re-oc-
cupied for the determination of the magnetic elements on August 24 and 26. Time and azimuth
were determined August 23 and 26.

At Presque Isle, Aroostook County, Maine, a new station was established in the open park
in front of the Phair Hotel, on Main street. Time, azimuth, and the magnetic elements were
determined August 30 and 31.

At Houlton, Aroostook County, a new station was established over one of the granite piers
at Hancock barracks, just east of the town. Time, latitude, azimuth, and the magnetic elements
were determined by observations made September 5, 6, and 7.

At Vaneceboro, Washington County, a new station was established in the open lot north of the
Roman Catholic church. Time, latitude, azimuth, and the magnetic elements were determined by
observations made September 10, 12, and 13.

At Danforth, Washington County, a hew station was established on the hill in front of District
Sehool No. 5, and observations made for time, latitude, azimuth, and the magnetic elements on
September 15 and 16.

At Mattawamkeag, Penobsecot County, a new station was established in an open lot on Main
street, south of the postmaster’s house. Time, latitude, and azimuth were determined on Septem-
ber 17 and 18, and the magnetic elcments September 19.

A new station was next established at Greenville, Piscataquis County, its location being in
an open lot north of the Lake House and to the east of the south cove of Moosehead Lake. Time,
latitude, azimuth, and the magnetic elements were determined here on September 24.

At the Maine Central Institnte, Pittsfield, Somerset Connty, a new station was established in
the grounds of the Institute, southwest of the main building, and observations made for time,
latitude, and the magnetic elements, September 29 and 30.

A new station was established at Farmington, Franklin County, in the flats of Sand River,
and just north of Prescott’s factory, on Depot street. On Oectober 6 and 7 observations were
made for time, latitude, and azimuth, and the magnetic elcments,

It bad been intended to re-occupy one of the old stations on Bramhall Hill, Portland, Maine,
but it was found that a house had been built over the site of the station of 1864 and 1865 and
that the proximity of electric wires had made the stations of 1859 and 1863 unavailable. It be-
came necessary, therefore, to occupy a new station, and this was established in the grounds of
Mrs. J. B. Brown, as near the former station as practicable. Observations for time, azimuth, and
the magnetic elements were made here on October 13, 14, and 15.

At Plum Island, near Newbuaryport, Massachugetts, & station was established as near the
station of 1859 as the changed surroundings would permit. Time, azimuth, and the magneﬁc
elements were determined October 18, 19, and 20, -

At Fort Lee, near Salem, Massuchusetts, the station of 1855, in the center of the old fort,
was re-occupied. Time, azimuth, and the magnetic elements were determined October 22 and 23.

The funds available for the work having become exhausted after the occupation of the last
named station, Mr. Baylor was instructed to suspend field operations for the season, and take up
the computation of his observations. His records and resuits are now in the Office.

In December he was temporarily assigned to duty in connection with gravity work reference
to which is made.under a heading in Section III.

Determination of boundary lines of towns in the State of Massachusetis.—In connection with
the topographical survey of the State of Massachusetts, of which Assistant Henry L. Whiting is,
by special assignment, one of the Commissioners, the work of determining the boundary lines of
townships in the State was prosecuted during the season of 1887 under Mr. Whiting’s general
direction by Assistants Gershom Bradford and C. H. Van Orden.

Reference to this work, and to the instractions under which it was again taken up, in April,
1887, was made in the last Annual Report. Messrs. Bradford and Van Orden have each made
special reports of their surveys, abstracts of which are as follows:
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Beginning in Wareham Township, at the head of Buzzard’s Bay, in Plymouth County, Mr.
Bradford earried his work to the westward, and at the close of field operations, November 29, had
established in geographical position the boundary lines of Wareham, Marion, Mattapoisett, and
Rochester, in Plymouth County, and of Fair Haven, Acushnet, New Bedford, Dartmouth, West-
port, Fall River, and Somerset, in Bristol County, besides. incidentally determining parts of the
boundary lines of the townships of Middleborough, Freetown, Dighton, and Swansey, bordering
upon the above.

It was agreed by Messrs. Bradford and Van Orden to adopt a uniform method of numbering
the town corners by beginning at a southwestern corner and numbering consecutively from that
round by west, prefixing the name of the township, as Acushunet 1, and so on.

The heights of many of the stations were determined with a vertical circle, and were referred
to the ground and to high-water bench-marks upon rocks at Cromeset Neck, in Wareham and
Clark’s Cove, New Bedford. Elevations in Fall River, derived by the City Engineer from levels to
the-Coast and Geodetic Survey bench-mark there, were also made available.

For the triangulation, bases were generally obtained by lines joining points of the Coast and
Geodetic Survey and the Borden State Survey, the latter having been previously adjusted in the
office to conform to standard geodetic data. The principal base stations were Monk’s Hill, Alden,
Great Hill, Mendal, New Bedford Court-house, and Copecat.

Mr. Bradford observes that to determine in position marks placed with no reference to the
question of intervisibility, and often in wooded swamps, difficult of access, presented difficulties of
a peculiar nature. These were overcome, after a number of devices had been tried, by the use of
flagged poles in trees adjacent to the boundary marks. The poles were secured steadily in posi-
tion by guys, and elevations of one hundred feet above the ground were thus attainable, enough
to overtop the wooded Lills. To these poles the boundary marks were referred by a compass course
and a distance measured from a point plumbed under the part of the pole observed upon to the mark.
These compass courses were run by an engineer’s transit, with which direct and reverse bearings
were taken between the pole and the mark, measurements of distance being made with a steel
tape. Observations were, of course, made directly upon the boundary marks or upon signals
plumbed over them whenever praeticable,

Mr. Bradford furnishes the following statisties of his work from its beginning, April 20, till its
close, October 29 :

Number of township boundaries completed................. e 10
Number of township boundaries partially completed...... e 5
Number of triangulation stations identified. .. .... ... ... .. i 21
Number of new stations located . _...... ... ..ol 144
Number of stations occnpied for observing ....... P 79
Number of stations observed on ... ... .. . .. ...l 122
Number of signals built. .. ... .. e e e e 83
Number of boundary markslocated...... ... .. coiviii it 60
Number of points of triangulation marked permanently with stone monu-
11753 1 GG 19
Area of survey (approximate), in square miles ......... ... .. c.ia... 252

Mr. Van Orden having reported to Mr. Whiting April 26, was directed to take up the deter-
mination of township boundary lines on the peninsula of Cape Cod. Beginning at the northern
end of that peninsula, his first work was to find the six stone monuments between the towns of
Provincetown and Truro. The base lines Cape Cod Light-house to Wood End Light-house, and
Cape Cod Light-house te Long Point being available, and the country an open one, but little dif-
ficulty was experienced in connecting these monuments with the triangulation. The importance
of making this connection is shown by the constant danger to which the fifth and sixth stones
were exposed, of being covered up by the shifting sands or washed out by the encroachments of
the sea; and as & means of deciding upon changes in shore-line due to such encroachments the
securing of boundary stones on the peninsula or the practicability of reprodacing their positions
in the event of loss is very desirable. On the harbor side, the positions of boundary stones become
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of much importance to the fishing interests of townships. During the preceding season the location
of the bay-shore monument between Welifleet and Eastham had become the subject of a dispute
which was eventually brought before the State legislature.

From Provincetown to Chatham the work progressed rapidly, bat from Chatham to the Ply-
mouth line the boundary stones were generally in dense woods or hollows, and the eountry being,
as a rule, heavily wooded, with no promineut hills, Mr. Van Orden met with difficulties similar to
those already adverted to. But by availing himself of similar expedients in regard to signals, and
by laying out schemes of small triangles to reach the boundary stones, basing these triangulations
on points well determined by the Government and State Surveys, he was enabled to complete ali
of his determinations satisfactorily.

‘While at Barnstable, in compliance with a request from the Chairman of the County Commis-
sioners, and with the approval of Mr. Whiting, Mr. Van Orden examined the county meridian
line, connecting it with the triangulation and determining its azimuth.

In connection with the town boundary survey, it was decmed advisable by the State Commis-
sion to determine a series of accurate level bench-marks thronghout the State, and this work was
begun by Mr. Van Orden by running a double line of levels from Orleans station to Sagamore station
on the Old Colony Railroad, and a single line from there to the bench-mark of the Cape Cod tide-
gauge. A double line was also run from Harwich station to Harwich Exchange in Harwich
Center, and a single check-line from Barnstable station to assumed high water. Brewster station
was connected with the main line by a double line of levels. The whole line, so far run, is per-
manently marked by copper plates secured to the station and freight houses of the Old Colony
Railroad.

Field operations were closed December 2. For the season the statisties are:

Number of township boundaries completed..............cooiiimiaiaa 11
Number of township boundaries partly completed........................ 4
Number of stations oceupied ... ... . ... . .. il 118
Number of signals built ... ... .. i 166
Number of points determined, including 74 towncorners................... 296
Number of milesof levels run...........cceivieiniiininen et eeeaaaaan 82
Area of survey,insquaremiles.. ...l 390

Physical hydography, coast of Cape Cod Perinsula—Upon the completion of the physical
surveys in New York Harbor early in August, 1887, Assistant H. L. Marindin was instructed
to re-organize his party as a shore party, with a camp at the entrance of Nauset Harbor, Cape
Cod, and take up a survey, the object of which was defined in a memorandum furnished by
Asgsistant Henry Mitchell. The principal points of this memorandum were as follows:

1. Tidal observations and levelings for the determination of stages and slopes on the sill of
Vineyard Sound, and for planes of reference of both topography and hydrography.

9. To extend the shore-line and crest-line surveys along the outside shore of Cape Cod to the
limits of the shoal building supply, the work to include slopes of bluffs, sections of barrier sands,
and submerged contours out to four fathoms of water. -

The work as thus laid out was closely prosecnted throughout the season. On the 30th of
August the field-work proper began by the location of a longitndinal section of levelings along
the coast from the inlet into Nauset Harbor to Nauset Three Lights. This longitudinal section
was designed to form the back-bone of the cross-sections running out to seaward through the line
of breakers and normal to the shore. It was extended during the season by lines of precise
leveling along Nauset Beach to the bench-mark near the tide-gauge at Harding’s Beach, The
cross-sections were located and measured at an average distance apart of three hundred. meters
(984.3 feet). Each cross section was leveled and joined to the longitudinal section, which was
connected by precise leveling with the tidal bench-marks established daring the season. The
levels at each cross-section were carried out into the water at the time of low water or near it, and
the soundings taken on these sections were obtained as near the high-water stage as the cirenm-
stances would permit, with the object of overlapping the points reached by the level from shore.
By sounding at or near the time of high water, and backing the whale-boat almost on the breaker,
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the first sounding was obtained very near to, if not overlapping, those points where the strand
wag laid bare by the retreat of the tide.

It was proposed to show from the observations the position of the low-water line with the
ocean at rest; also the position of a mean-level line, and that of high water with the ocean at
rest. The high-water line as obtained by the plane-table is not the same as that noted above, but
rather a line defining the reach of the seas at the next preceding high water. The location and
heights at the foot of the bluffs were also to be given, these being the lines of greatest erosion
reached by the sea only during severe gales.

Permanent bench-marks were established at the inlet into Nauset Harbor, on Pochet Island,
"on Chatham North Light, on Harding’s Beach Light-house, on a fish-packing stand near the tide-
gauge on Harding’s Beach, and on a house belonging to Seth Mallows at tlie Powder Hole, Mon-
omoy Point. These benches, with the exception of the oue last named, were connected by two
lines of precise levels, run in opposite directions and aggregating a length of twenty-eight miles.
Numerons temporary benches were established in connection with the permanent ones.

The tide-ganges at Nauset Harbor, at Chatham Beach (outside), at Harding’s Beach, and at
Powder Hole were observed simultaneously night and day for eight days, and during the same
period the turning of the tidal current was observed at the Handkerchief, Pollock Rip, and Shov-
elful Light-ships.

The line of precise levels joining the tide-gauges at Harding’s Beach with those at Chatham
and Nauset HHarbor was completed early in November, aud on the 7th of that month the party was
disbanded.

Mr. Marindin acknowledges the efficient aid rendered in the work by Messrs E. E. Haskell
and Homer P. Ritter, experts in physical hydrography. His elaborate report, of which the fore-
going is only an abstract, is accompanied by a sketch showing the loeality of the survey and the
positions of the tide ganges and bench-marks. He will ultimately submit a deseriptive report to
accompany the two sheets of physical hydrography on which the results of the survey are
shown.

Reference will be made under a heading in Section II to Mr. Marindin’s work in New York
Harbor, which immediately preceded that on Cape Cod. The statistics which follow include the
surveys of 1887 in both localities:

Number of cross-sections located and measured........................ 54
Number of stations occupied for observations of carrents. .............. 45
Number of current observations registered................. ... ... ... 4,169
Number of observations of speecific gravity. ... ... .. .. .. ... ... 704
Number of soundings on eross-sections.. ... ... ... . ... ... ... 2,639
Number of angles taken for locating stations and soundings. ............ 1,032
Number of tidal stations established and occupied............._....... 5
Number of miles of levels of precisionrun............. . ... .. ... 28
Number of miles of spirit leveling............. . ... o il 15
Number of permanent beneh-marks established........................ 7
Number of specimens of bottom preserved. ... ......... e e 19

After the disbanding of the field party, Mr. Marindin joined the United States Advisory
Commission for the port of Philadelphia, in his official capacity as Secretary of that Commission
by special assignment under instructions from the Superintendent. He remained ¢n this duty,
with an interval of absence on leave, until early in February, 1888, when he reported for duty at
the Office. Messrs. Haskell and Ritter had reported at the Office iv November.

During the period from February 10 till early in June Mr. Marindin was occupied with the
computations and drawings required to show the results of physical hydrographic surveys in New
York Bay and Harbor and on Monomoy Shoals and the beaches adjacent. His elaborate report
on the tidal levels and flow of currents in New York Bay and Harbor, with drawings accompanying,
was submitted May 15, and will be published as Appendix No. 9 to this volume.

In June, this omce work having been completed, instructions for field-work received durmg
the precedmg months took eﬂ‘ect, and proceeding to Cape Cod, with Messrs. Haskell and Ritter
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as cxpert observers, and Messrs, Wedekind and Stone as recorders, Mr. Marindin went into camp
at North Chatham, Cape Cod, in order to close a gap between Lieutenant Pillsbury’s work of the
previons year and his own during the preceding season. Appropriate cross-sections were laid
ont three hundred meters apart, on which both levels inshore and soundings seaward would give
a mold of the beach from which sueh changes as would occur in the future could be accurately
ascertained.

The trials made of a new form of tide-gauge devised by Mr. Marindin for use on a coast sub-
jected to heavy ocean swells were not satisfactory, but the difiiculties which prevented its suceess-
ful working were carefully noted, and in the end it is hoped that they will be overcome.

At the close of the fiscal year work was still in progress. Up to that time the statisties re-
ported are :

Number of cross-scctions laid out and measured. ... ... ... .. ... R 8
Number of cross-sections laid out and leveled.. .. ... ... . ... .. .. .. 7
Number of elevations determined on cross-sections. ................... 166
Number of bench-marks referred by levels. ... .. ... it o.. 2
Number of tidal stations established. . .... ... ... .. caoiiiiiniaans 2

Triangulation of Nantucket and Vineyard Sounds and topographical surveys on Nantucket and
Martha’s Vineyard.—Resurveys on Nantucket and Martha’s Vineyard having become desirable by
reason of changes in the configuration of shore-line during periods ranging from thirty to forty
years, tho parties organized for that work during the summer and autumn of 1887 were placed
under the general supervision of Assistant Henry L. Whiting, by instructions issued towards the
beginning of the fiscal year. Assistant W.I. Vinal, Subassistant R. A, Marr,and Aid E. L. Taney"
were directed to report to Mr. Whiting by instructions issaed towards the end of June. To Mr.
Vinal he assigned the resurveys of shore-line and localities adjacent on Martha’s Vineyard, to
Mr. Marr the triangulation of Nantucket and Vineyard Sounds, and to Mr. Taney the topograph-
ical resurveys on the island of Nantucket.

From a general review of the results presented by the work, Mr. Whiting has submitted a re-
port based upon comparisons of these and former surveys.

Mr. Taney’s work, which, in addition to the resurvey of the Nantucket shore-line, included that
of the small islands of Tuckernuck and Muskeget, and the still smaller beach islands and
shoals surrounding them, called for but little interior topography, the features of the shore being
simpler in character than on Martha’s Vineyard, with fewer artificial details subject to change.
Almost the only exception was at Siasconset, where some cottages and larger buildings have been
added to the quaint settlement as it was forty years ago. The changes in the position of the im-
mediate shore, particularly along the south side and at the west end of the island, have, however,
been much greater in general results than on Martha’s Vineyard.

Great Point, the southeasterly headland of Nantucket Sound, that most important highway
for coastwise vessels, has, as Mr. Whiting observes, undergone important changes, according to -
history and trustworthy testimony, affecting in former years the navigable limits of the water way
between it and Monomoy Point. But now it is to be noted that the extremity of Great Point is in
almost the exact geographical position that it was forty-one years ago. The shaps of the point is
now somewhat less sharp. Abont one eighth of a mile sonth of the extreme point on the inner
side, the shore-lines of 1846 and 1887 coincide exactly.

After giving further details of changes in the shore-line, Mr. Whiting states thatin genera.l
terng the changes of Great Point indicated by the two surveys have resulted in the narrowing of
the southerly part with a broadening of the last three-fourths of a mile at the extreme end.
Along the eastern side of the island, and from Sankaty Head south and west there has been al-
ternately waste and gain, one of the most marked instances of the latter being in the form of a
long outward sweep or wave in the shore-line, extending for about two and a half miles, having 8
width at Sankaty Head of about one hundred feet; about one mile southwest of the Light-house
four hundred feet; off Siasconet Village two hundred and fifty feet, and leyond this again a
width of about three handred and fifty feet. Beyond the present point where the lines of waste
and accretion cross each other, and for about three-fourths of a mile sonthwest and westerly to
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about opposite Tom Nevers Pond, a former outward bend in the shore has been washed away, the
greatest waste in width being about six hundred feet.

Attributing these sweeps or waves to resultant effects of sea-dash and littoral currents, Mr.
Whiting remarks that the same character of formation and movement is observable along the
outer shore of Cape Cod, particnlarly between Highland Light and Race Point.

With regard to Muskeget Island and the beaches south of it, aud Tuckernuck Island, Mr,
Whiting refers to notable changes indicated by the last resurvey, the character of which indicates
a general receding to the northward and castward of the ocean boundary, and the driving back of
the high-water line by the forces which throw the sands up above high water. Details of these
changes are given in his report, which is accompanied by « tracing from the surveys of 1846,
1856, and 1887.

Along the east shore of Martha’s Vineyard the changes which have taken place within the
scope of Mr. Vinal’s survey in the interval of forty-one years since the first survey was made, are
not of special physical importance, and donot affect matters of navigation. The waste of the bluff
at the Kast Chop of Vineyard Haven Harbor has not been as much since 1871—the ratio not so
great as it was between 1846 and 1871. This is probably owing to the influence of the recent struct-
ures along this part of the shore, whereby the littoral movement of the sands has been arrested.
The same may be said of the ratio of change at West Chop.

The first survey of this point by the Coast Survey was made by Mr. Whiting in 1845; the next
one, in 1871, was made by Lim also.. A comparison of the results of these surveys with that of 1887
shows that some changes have taken place in the outline and material of the Chop, and of the sound
and harbor shores on either side of it.  After giving details of his comparisons Mr. Whiting states
that there is no evidence of extensive recent waste at West Chop by either wave or current ac-
tion, and that it is an important fact that at this most salient point on Martha’s Vineyard, mak-
ing the greatest contraction in the width of the sound between the shores of the island and the
main land at Nobska Point, but little, if any, change has occurred in the geographical position of
the high-water line since the date of the survey of 1845,

At the point of Cape Poge the waste of beach and bluff has been greater than at any other
place in this part of the island, being about three hundred and twenty-five feet. Along the shore
of Chappaquiddick Island, from the entrance to Cape Poge Pond to the long poiut of the island
opposite Edgartown Village, thers hias been no marked change.

A resurvey of the New South Inlet into Cotamy Bay, including a short reach of the shores on
either side of it, showed that a remarkable change had taken place in the position of this inlet
between the dates of the surveys of 1886 and 1887, a period of fifteen months. During this time the
position of the inlet has moved a distance about equal to its width, namely, about twelve hundred
feet, the point of beach forming the westerly chop of the inlet being now about where the easterly
chop was last year. “The easterly point has moved still farther eastward, so that the inlet is now
about five hundred feet wider than it was in 1886, being on October 26, 1887, about sixteen hundred
and forty feet in width. The general position of the beach west of the inlet does not seem to have
undergone much change, but east of it the mass of the beach has been beaten inward to the
north for about a mile, as far as the resurvey extended. The greatest movement was at the point
which was found to be about three hundred and tweny-five feet farther inward thau its position
in 1886, These changes gave an additional basis for Mr. Whiting’s prediction, referred to in the
last annual report, that the iflet would eventually work eastward. The rapidity of this move-
went has, however, been greater than was anticipated. At the same rate of progress the westerly
point of the inlet will reach the line of the fast land of Chappaquiddick in about six years, where
it will again be in the same condition and subject to the same forces that caused it to close in 1869.

It was thirteen years in making an equal previous movement. Mer. Whiting’s report on the
shore-line changes on Martha’s Vineyard {Appendix No. 9, 1886) is accompanied by a map showing
changes in Ootamy Beach from surveys made in 1846, 1856, 1871, and 1886, with special reference
to the opening and closing of former inlets.

Other duty assigned to Mr. Wlutmg, in connection with the Massachusetts State Survey, is
referred to under a separate heading in this section.

In addition to the duties here referred to, and those relating to the resurveys of town boundaries
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in the State of Massachusetts, Mr., Whiting was occupied, under instructions issued early in No-
vember, 1887, in continuing and completing the marking of the points of triangulation determined
by Mr. Marr on Nantocket and Martha’s Vineyard.

After the close of the work of the several field parties, he was authorized to retain and ink the
topographical sheets of Mr. Taney’s survey of Nantucket. This duty occupied him during the most
of the winter and spring, though occasionally interrupted by necessary service for Massachusetts
as Secretary of the Board of the State Commissioners. He had also office occupation in preparing
some samples for topographic representation of the rocky shores of the coast of Maine.

As preliminary to future field operations, he submitted on March 8, 1888, a scheme for con-
tinuing the topographieal resurveys of Vineyard Sound and vieinity. His first active duty in con-
nection with field operations was in conference with Mr. Van Orden, relative to his proposed contin-
uation of the town boundary work of 1887. Mr. Van Orden took the field May 27, in Barnstable
and Plymouth Counties, Massachusetts, to complete and close up the triangulation of 1887 in the
former county, and to connect with the work of 1885 in the latter. This work was in successful
progress at the close of the fiscal year.

In pursuance of instructions, Assistant Vinal reported for duty abont the middle of Juue, and
was assigned to the resurvey of Wood's Holl, harbors and passage way, with the connecting topog-
raphy in Falmouth and on Naushon Island on a scale of 1-5000. Reference to Mr. Vinal’s report
of this work is made under a later heading in this section.

Triangulation of Nantucket and Vineyard Sounds.—The triangulation incident to the resur-
veys on Nantucket and Martha’s Vineyard, and the adjacent islands, was assigned to Sub-assist-
ant R. A. Marr, by instructions issued June 20, 1887, and was executed in accordance with the
views and suggestions of Assistant H. L. Whiting. .

Upon Nantucket and its outlying islands, Tuckernuck and ’\'Iuskeget the triangulation was
carried forward from two of the old stations, Shawaukemo and Gibbs’ Pond, that had been recov-
ered by Mr. Taney ; it was connected also with the fixed points, Great Point Light, Sankaty Head
Light, South Church Spire, and Tuckernuck Telegraph. The interior points, Weeweeder Life
Saving Station and Meridian, were determined in order to have ready reference stations for future
use In case of marked changes in the island.

Meridian station is the south post of three which mark the prime meridian of the island of
Nantucket; these are handsome liexagonal granite posts, with bronze caps, bearing the cardinal
points, and were put up under contract for the State. Their connection with the triangulation
developed an error in the position of the north post, its bearing being 28 05 east of north
from the south post.

On Martha’s Vineyard the old stations of Indian and Prospect Chilmark were intact, and this
line was used as a base. The hydrographic signals which had been established on both shores of
the sound were determined in position as well as other points necessary for the topographical
surveys.

By means of a striding level attached to the telescope it was found that Peaked Hill was about
four feet higher than Prospect Chilmark, which has hitherto been supposed to be the highest ele-
vation on Martha’s Vineyard.

Under Mr. Whiting’s direction the stations on Martha’s Vineyard, Nantucket, and No Man’s
Land were marked with solid granite posts, or with drill holes in surface bowlders. The instruments
and stand were mounted at each station according to a plan devised by Mr. Marr and referred to
in the report of his work at Cape Charles, Virginia, under heading Section III.

The statistics of field-work, which was begun July 28 and finished October 31, are as follows:

Number of signals ereeted . ... ... ... i e 30
Number of stations occupied.. ... ... ... i, e 23
Number of objects observed upon.... .cocvevouiie i uanun... teeeeas. 98
Number of new points determined ............................. feecaae 60

During the winter Mr. Marr was engaged in office-work, and early in April was assigned to
the charge of one of the longitude parties on the Pacific slope. Reference to this duty will be made
under the head of Section XI,
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Topographical resurvey of the shore-lines of Nantucket, Muskeget, Tuckernuck, and the small
islands in their vieinity.—Reference bas been made under a yprevious heading in this section to
the assignment of Subassistant E. L. Taney to the charge of topographical resurveys on Nan-
tucket and the small islands in its vieinity under the general supervision of Assistant H. L. Whit-
ing, and an account of Mr, Taney’s work has been given as derived from the full report of Mr.
Whiting.

Points were determined for the plane-table survey from the old triangulation stations, Gibbs’
Pond and Shawaukemo, which Mr, Taney succeeded in recovering. From these and Great Point
Light and Brant Light, he made a plane-table triangulation of the part of the island east of the
town of Nantucket. For that part of the island west of the town and for the islands near by,
points were furnished by Subassistant Marr. Field operations were closed November 28,

The statistics are:

Miles of shore line surveyed .........coueiiiiiiiimiiienatiieneonnnns 107
Miles of creeks and ponds - ... oot ii it it ch e e acan e 4
Miles of railroads and streets .........ccviiiiiiiir it aea 14

Early in December Mr, Taney was ordered to join the party of Assistant Sinclair for duty on
the coast of Louisiana. Reference to this service will be found under a heading in Section VIII

Topographical resurveys of the shorelines of Vineyard Sound, Massachusetts.—Upon reporting
for duty under iustructions to Assistant Henry L. Whiting soon after the beginning of the fiscal
year, Assistant W, Irving Vinal was assigned to the immediate charge of the topographical resurvey
of part of the shore-line and details adjacent of Martha’s Vineyard Island.

The resurvey was mainly directed to those portions of the island where marked changes have
taken place during recent years. It included the eastern and western shores of Cotamy Bay and
Edgartown Harbor, and extended thence westward and northward along the coast, taking in Cot-
tage City and Vineyard Haven, and terminating at the entrance into Chappaquansett or Tashmoo
Pond.

At Cotamy Bay a junction was made with Assistant Whiting’s resurvey of 1886, Edgartown
is the oldest settlement on the island, dating back to 1642, Vineyard Haven is the most noted
roadstead for coasting vessels on the Atlantic coast, and affords perfect protection exeept in north-
east gales. Cottage City occupies the whole of East Chop. It has grown up within recent years,
and now includes the settlements or summer resorts of Oak Bluffs, Camp Grouuds, Vineyard High-
lands, Eastville, and Lagoon Heights.

Mr. Vinal gives in his descriptive report, which he has sent to the archives, many details of
interest, with regard to the geological formations on the island, its topographical features, means
of transportation, etec. He closed field operations November 10, 1887. The statistics of his survey
are:

Miles of shore-line surveyed ....oceeveeieeaiinrinuiarineoaecoaieaannes 42
Miles of roads, streets, and railroads surveyed. ....o.oo.viiiinriiaaiaaeas 95
Miles surveyed of creeks, ponds, and ditches .....ev.oovonn.. e .eanan 12
Area (approximate) of survey, in squaremiles. .. ..... ... iiiiiiiiiii.s 10

During the winter Mr, Vinal was engaged in office-work, completing his field-sheets and reports.
After reporting in person for duty at the office he was assigned to service in the Drawing Division,
and during part of the time was ocenpied in arranging and cataloguing the miscellaneous papers
of that Division, "Upon being relieved from office duty he was instructed to report by letter to
Assistant Whiting for daty under his direction on the coast of Massachusetts, and on the 18th of
June he organized bis party at Wood’s Holl, Massachusetts, and took up a shore-line resurvey of
Martha’s Vineyard Sound in that vicinity and to the northward. For this resurvey the topograph-
ical features are to be shown in minuate detail, the scale being 1-5000, Further mention of its progress
will be made in the next Annual Report.

OfFF shore soundings between Montauk Point and Phelps Bank.—For the further development of the
configuration of the sea-bottom between Phelps Bank and Montauk Point, Lieut. J. E. Pillsbury,
U. 8. N., Assistant Coast and Geodetie Survey, having organized his party aboard the steamer

'
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Blake, left Boston July 7, and proceeded under instructions to run lines of off-shore soundings
about five miles apart between the localities named.

During the first part of the season fogs prevailed almost continuously, so that not anfrequently
lines of sounding started with the most favorable weather wonld have to be abandoned in a few
hours. The work was pushed at every opportunity, however, and on August 21 was compieted.

The statistics are:

Number of positions occupied ......voever it iaann e 129
Number of miles of soundings .. .. ... vin it e e e o 1,786
Total number of soundings _...._... ..... e e 1,386

Under a subsequent heading in this section will be found a notice of Lieutenant Pillsbury’s
observations of currents in the approaches to New York Harbor, and under headings in Sections
V and VI reports of other hydrographic work executed by bim.

Hydrographic resurveys in Vineyard Sound and in the channels and harbors adjacent.—Under in-
structions issued about the middle of June, 1887, Lieut. C. P. Perkins, U. 8. N., Assistant Coast
and Geodetic Survey, commanding the schooner Eagre, took up the resurvey of Viueyard Sound
and adjacent waters soon after the beginning of the fiscul year.

His work was laid out on four projections: one of Vineyard Sound on a scale of 1-20000, one
to the east of the island of Martha’s Vineyard on a scale of 1-10000, one of Robinson’s Holl on
1-10000, and one of Wood’s Holl on 1-5000.

A descriptive report has been submitted by Lieutenant Perkins for file in the archives with his
bydregraphiec sheets. In this report are given many details in regard to the channels and harbors
incladed in the area under survey. He observes that the chaunel through the sound carries no
less than eight fathoms, and that through Quick’s Holl six fathoms. Robinson’s Holl is impracti-
cable, and Wood’s Holl dangerous, except for small eraft. He found the tides in the sound very
complex and much influenced by the wind. A determination of the zeros of the several tide-
gauges was made, and all were referred to the lowest plane, that at Menemsha Bight.

All known shoals and dangers were carefully developed ; among these, Squash Meadow Shoals,
Old Man Rock, Devil’s Bridge, and Sow and Pig’s Reef. Information having been received at the
Office through the Light-House Board of the existence of an uncharted ledge off the West Chop
Light-house, an examination of the locality by Lieutenant Perkins led to the development of two
dangers to navigation to the north and northeast of that Light-house; a rocky shoal-patch having
over it a least depth of seven feet, and a small rocky shoal with & least depth over it of sixteen and
one-half feet. Warning of the dangers was immediately given by the publication of Notice to
Mariners No. 93.

Lieutenant Perkins had the aid of Ensigns H. W. Harrison, N, J. L. T. Halpine, Baine C.

Dent, and Franklin Swift, U. 8. N. <
He reports the following statistics for the season, which closed November 10:
Miles of sounding lines ran...... .. ... . ..ol 2,086
Number of soundings. ......... oot i 107,531

During the winter Licutenant Perkins was engaged in preparing Lis records and hydrographic
sheets for transmission to the Office, and had charge of the vessels of the Survey that were laid up
in New York Harbor.

In January, 1888, he was directed to make an examination of certain lumps that had formed
at the inner end of Gedney’s Channel, having less depth of water over them than were found in the
survey of 1885. The results of this examination were published in Notice to Mariners No. 99,

On February 28, 1888, Lieutenant Perkins was detached from daty on the Survey.

Offshore and inshore hydrography of the approaches to the western end of Vineyard Sound, to
Buzzard's and Narragansett Bays, and to the eastern end of Long Island Sound.— After refitting the
steamer Bache at New York, her commander, Lieut. J. F. Moser, U. 8. N.,’Assistant Coast and
Geodetic Survey, left that port just before the beginning of the fiscal year to take up a hydro-
graphic survey off the coasts of Massachnsetts and Rhode Island, specially directed to the devel-
opinent, by close resurvey, of the approaches to the western end of Vineyard Sound, to Buzzard’s
and Narragansett Bays, and to the eastern entrance to Long Island Sound.
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Arriving on the field of work July 4, active operations were begun the next day. The scheme
of work was laid ount on a scale of 1-10000 for the inshore and 1-40000 for the off-shore hydrogra-
phy, and included in its limits the waters between Block Island and Point Judith, thence along
the coast of Rhode Island and Massachusetts to Gooseberry Neck; thence to Cuttyhunk, Gay
Head, and No Man’s Land, and seaward as far as a line from Block Island Southeast Light to
Davis’s New South Shoal Light-ship, and as much beyoud this line as would include the twenty-
fathom curve.

In executing the hydrography the ten-fathom curve was developed by uormal lines, seven to
the mile, and crossed by lines, five to the mile, except in the vicinity of Westport, where the ten
fathom curve is at such a distance off shore that this system was only carried to the eight-fathom
curve. The off-shore work, on a scale of 1-40000, was lapped over the 1-10000 work, and consisted
of a series of lines north and south, one-half a mile apart, for a distance of about six miles from
shore, and thence seaward one miie apart. This system was erossed by lines east and west, begin-
ning near the shore, one-half mile apart, and after continning this system for about six miles the
distance was increased gradnally until the outer seaward lines were one and one-half miles apart.

This was the general system of execution; such deviations were made at different points as
the nature of the work required. Where the ten-fathom curve impinged upon the shore the in-
shore system was carried beyond to a distance of about three-fourths of a mile.

As the work was a resurvey, the shoals and ledges already charted were carefully redevel-
oped, and great attention was paid to the soundings to note any irregularities of bottom, which,
when found, were re-examined.

The soundings being all on an exposed rocky coast, many difficulties were encountered and
no little anxiety felt at times in running the boat-lines on account of the continual swell breaking
over the rocks and ledges, the prevailing winds during summer blowing on shore and setting in a
heavy sea. Fogs retarded the work. During the month of September, when the sea was unusu-
ally quiet, no work could be done for a long period on account of a dense smoky atmosphere which
enveloped the whole coast, rendering objects invisible at a short distance. Lieutenant Moser
states that on several ledges now charted less water was found than previously recorded, and a
number of nncharted rocks and ledges were developed. In regard to these his reports give full
details. No opportunity was lost of consulting local authorities—pilots and especially fishermen—
whose knowledge of rocks is apt to be exceedingly minute.

He recommends a buoy to mark the Narrow River Ledge as a guide to vessels rnnning from
Newﬁort to Narragansett Pier and to vessels beating up to the western passage of Narragansett
Bay. Also one to mark the seaward end of the Cuttywaugh Ledge south of Quicksand Hill.
This buoy wonld serve not only as a warning to vessels beating up to this ledge, but as a general
guide to keep vessels from approaching this dangerous shore. He suggests also for considera-
tion, the placing of a buoy to mark the four-fathom ledge to the eastward of the Hen and Chick-
ens Light-ship. This buoy would be useful to vessels during heavy weather.

An error in the position of Vineyard Sound Light-vessel, as shown on the charts, having
been found, its correct position was determined by Lieatenant Moser, and announcement made in
Notice to Mariners No. 95.

He has transmitted to the Office, for file with his hydrographic sheets, two descriptive reports,
covering all the topics snggested for consideration in the instructions and memoranda for such re-
ports. (Appendix No. 11, 1887.)

The following officers were attached to the party: Lieut. E. E. Wright, U. 8. N.; Ensigns H.
A. Field, W. O. Hulme, H. P. Jones, and I. E. Parmenter, U. 8. N.

For the season, which closed early in November, the statistics are:

Miles (nautical) run in sounding. . ........ . ... ...l e 2,421
Numberof angles measured .. ... ... ... ... iiiiiinieicaoecnnannns 17,191
Numberof soundings. ... ... . .. ... .. iiiieienianenen e 60,113

After refmrning to New York the Bache was prepared for hydrographic work on the Flerida
coast. Duty assigned to Lieutenant Moser on that coast will be referred to nnder a heading in
Section VI. : ’

H. Ex. 223
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Hydrographic resurveys in Vineyard and Nantucket Sounds.—Under instructions dated April 27,
1888, Lieut. 8. C. Paine, U, 8. N., Assistant Coast and (teodetic Survey, proceeded to the Navy-
yard, New York, took command of the schooner Eagre, and put her in condition for active service,

Toward the end of May he arrived with the Eagre at Wood’s Holl, Massachusetts, and began
the hydrographic surveys in Vineyard and Nantucket Sounds, indicated as his work for the season
in detailed instructions from the Hydrographic Inspector. These surveys were in progress at
the close of the fiscal year, and further meuntion of them will be made in the next annual report.

Hydrographic ecaminations for the Coast Pilot on the southern coast of Massachusetts, including
Nantucket and Vineyard Sounds and Buzzard's Bay.—In order to test sailing lines and decide a
number of questions which had arisen in connection with the preparation of the Atlantic Coast
Pilot, Lieut. G. H. Peters, U. S. N., Assistant, was instructed towards the end of May, 1338,
to take command of the steamer Daisy and make hydrographic examinations of the harbors in
Vineyard and Nantucket Sonnds and neighboring waters.

Lieutenant Peters observes that these sounds form a great highway of commerce, being said
to rank in this respect next after the English Channel and the Straits of Gibraltar. The adjacent
harbors and anchorages have thus an importaunce resulting from their location far beyond that
arising from the local carrying trade. In planning and carrying out the work this fact was given
due consideration.

With regard to Buzzard’s Bay he remarks that it is mainly important, commercially, as an
approach to New Bedford and to Wareham, but the minor harbors along the shores of the bay
received all the attention necessary. Many changes having occurred since the survey of 1845, a
resurvey of the bay is exceedingly desirable.

Advantage was taken of a favorable opportunity to extend the examinations into Narragan-
sett Bay. Due effort was made throughout the work to make available the local knowledge of
persons familiar with the waters examined, and to verify data previously obtained by means of the
general forms of Coast Pilot interrogatories.

Mr. John Ross, of the Coast Pilot office party, served during the season and rendered valuable
assistance.

On July 7, in accordance with instroctions, the Daisy was turned over to Ensign Franklin
Swift, U. 8. N, and, field operations having been closed, the party of Lieutenant Peters returned
to the Office to resume their regular duties.

SECTION IL

CONNECTICUT, NEW YORK, NEW JERSEY, PENNSYLVANIA, AND DELAWARE, INCLUDING COAST,
BAYS, AND RIVERS. (SKETCHES NOS. 1, 3, 4, 17, AND 18.)

Hydrographic examinations in Stonington Harbor, Connecticut.— A letter having been received
from the general manager of the Stonington line of steamers, referring to a supposed shoaling in
the approaches to Stonington Harbor, Lieut. Sumner C. Paine, U.S. N., Assistant Coast and
Geodetic Survey, commanding the schooner Eagre, was instructed to make an examination of the
locality with special reference to the shoals known as Noyes Rocks and the Middle Ground.

This duty was accomplished between May 22 and 29, after which Lieutenant Paine proceeded
to Wood’s Holl, Massachusetts, and took up the regular work of the season.

Examination of coast currents in the approaches to New York Harbor.—In connection with the
off-shore soundings between Phelps Bank and Montauk Point, referred to under a previous head-
ing in this section, Lieut. J. E. Pillsbury, U. 8. N,, Assistant Coast and Geodetic Survey, com-
manding the steamer Blake, took up, under instructions, an examination of the currents in the
vicinity of the entrances to Vineyard, Block Island, and Long Island Sounds, and also between Fire
Island and Barnegat.

Before beginning to observe, he deemed it expedient to gather as much testimony as possible
respecting these currerts from the masters of ocean steamers bound to New York and from pilots
and fishermen, ete., s0 as to get a knowledge of the usual routes of vessels regularly approaching
the port. This decision was based upon the experience he had gained in his recent deep-sea
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sounding work from Montank to beyond Nantucket Shoals, where he had found & considerable
current setting on and off shore, and surmised that perhaps the currents at this point of the route
might, be'of more influence in deflecting vessels from their courses than those to the westward.

The testimony of the ocean steamship captains was, generally, that the allowances they made
for eurrents depended upon the winds. With a wind on shore they allowed a trifle off shore on
their courses. Two or three captaing made allowances for tide, a trifle off shore for the flood and
on shore for the ebb, ¥ishermen, as a rule, had not remarked a current, but of course made an
allowance for leeway. Upon this testimony, with his own experience, Lientenant Pillsbury decided
to multiply current stations in the vicinity of the openings to Vineyard Sound, Block Island, and
Long Island Sounds, and then observe the currents between Fire Island and Barnegat.

He found that the currents ab the nine stations first occapied in the vicinity of No Man’s
Land, Block Island, and Montauk Point were much stronger than those between Fire Island and
Barﬁegat. This he thinks would naturally be caused by the larger basins to be filled and emptied
in the sounds and bays of southern Massachusetts, Rhode Island, and Connecticut.

On all the stations there was a marked interference with the direction and veloeity of the cur-
rent, the cause of & part of which seems to be a variation in the strength of the tidal flow, which
is stronger at spring-tides than at neaps, and stronger after the highest declination of the moon
than it is after zero declination. But until much more extended series of observations can be
made, and under conditions more varied, the laws governing the action of these currents can not
be fully developed.

Lieutenant Pillsbury’s conclusions for the practical purposes of navigation were embodied in
a Notice to Mariners (No. 97). They are substantially as follows :

That off the entrances to Vineyard, Bloek Island, and Long Island Sounds there is a tidal eur.
rent which sets on shore with the flood and off shore with the ebb, its direction chaaging from one
to four hours after high and low waters at Newport, Rhode Island.

The velocity is greater at spring-tides than at neaps, varying from two-tenths of a knot toone
and a balf knots. The direction and velocity of the tidal currents is interfered with by what is
probably an inshore current setting to the westward, the influence of which is felt {be least the
nearer to the shore.

On the track of the European steamers bound to New York, the tidal current is most decided
in direction on and off shore at the time of spring-tides. Three days after the highest declination
of the moon the counter-current is strongest, setting to the southward and westward. The great-
est current found on this track has been about one knot per hour. In allowing for this current, the
state of the tides and the position of the moon should be taken into account.

Between Fire Island and Barnegat only a feeble current was found, generally but two or three
tenths of a knot, and at the time of spring-tides increasing to about one-half knot.

Lieutenant Pillsbury, in the closing part of his report, discusses the question as o the direet
effect of wind on the tide-water in forming a current, and adduces evidence tending to show that
short winds do not produce marked currents in deep water. On the question of the effect of long
continued winds, like the trades, he reserves his opinion till he has obtained further data bearing
upon the subject.

Higs explorations of the Gulf Stream currentg, which were continued during the following win-
ter and spring, are the subject of an abstract under the heading of Section V1.

Triangulation on the south coast of Long Island and determination of the geographical position of
Light-houses on the coasts of Connecticut and Rhode Island.—The triangulation required for the
shore-line resurvey of the bays on the south coast of Long Island having been assigned to Assistant
A. T. Mosman, as also the determination in geographical position of some light-houses on the
coaats of Rhode Island and Connecticut, by instructions dated April 30, 1888, Mr. Mosman organ-
ized his party early in May at Centre Moriches, Long Island, and began a search for two of the
old stations from which as a base to make a triangulation of Moriches Bay.

Upon the completion of this portion of the survey towards the end of June, the party was
transferred to Shinnecock Bay. The interval between their arrival and the end of the fiscal year
was spent in erecting signals and marking statiors on the bay, and beyond it to the eastward as far
a8 Bridgebampton, and on the 30th observations were begun at Shinnecock Light-house.
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Up to this date Mr. E. E. Torrey served as recorder in the party, and was then transferred to
the party of Assistant Fairfield, in Indiana.

Further account of Mr. Mosman’s progress is necessarily deferred till the next annual report.

The statistics to June 30th are:

Number of signal poles erected . ...... .o .iemeiiai i 20
Number of stations occupied for horizontal measures ..................._. 12
Number of geographical positions determined ................. e 27
Area of triangulation, in square statute miles.......... ... .o ol 59

Reference is made under the head of Section XIII to the extension westward of the transcon-
tinental triangulation in Kentucky and Ohio, conducted by Mr. Mosman earlier in the fiscal year.

Resurvey of shore-line on Long Island from Hog Neck to Riverhead, including the shore-line of
Noyack, Little Peconic, and Great Peconic Bays ; also of the ocean shore from Amagansett westiogrd.—
Soon after the beginning of the fiscal year, Assistant C. T. Iardella proceeded under instructions
to Sag Harbor, Long Island, where, having organized his party, he took up a resurvey of the shore-
line of Noyack Bay, from the limits of the work of the previous season executed by Assistant
Charles Hosmer. Proceeding westward he continued the shore-line resurvey of Little Peconic and
Great Peconic Bays, carrying the work as far as Riverhead on the west, and thence eastward to
include Robbins’s Island, Cutchogue Harbor, and the shore-line of Little Hog Neck.

The area surveyed presents no features of special topographical interest. The shores are gener-
ally long sand beachesdotted with small bowlders. There are two large bowlders which are visible
at quite a distance—one on the southeast end of Robbins’s Island, distant four hundred and fifty
feet from high-water mark ; the other, five hundred and twenty-five feet from high-water mark, is
nearly abreast of New Suffolk, and is known as Black Fish Rock; it stands about ten feet out of
water at high tide, and can be seen plainly for nearly half a mile by vessels runninginto the har-
bor. A short distance from this roek is another, just bare at low tide, where large quantities of
black-fish are caught.

On October 31 field operations were closed. The statistics of the topography, which was exe-
cuted on a scale of 1-10000, are as follows:

Miles of shorelinesurveyed..... ... it 70
Miles of marsh-line surveyed ...coo e iienmii i i 21
Miles of shore-line of ereeks and ponds. . .. .vovien i iieaneaiciaonranann. 18
Miles of roads................ et eeasec e, 5
Area of survey, in square mileS.......ciiiiiiiiiiis it ienrittii i 9

During the winter Mr. Tardella wasengaged in duty at the Office, and towards the end of April
was directed to organize his party for surveying the shore-line and adjacent topography at the
east end of Long Island, and the ocean shore-line from Amagansett westward.

On the 9th of May he reached Sag Harbor, Long Island, where he organized his party, and on
the 14th began a resurvey of the inner shore-line of Sag Harbor Cove. Having finished this work
May 22, he took up the resurvey of the inner shore-line of Northwest Harbor and completed it June 6,

Between that date and the end of the fiscal year the following surveys were made: the inner
shore-line of Coccles Bay, the inner shore-line of West Bay Harbor, the outer shore or beach-line from
Montauk Point to Amagansett Life-Saving Station, and the inner shore-line of Acabomack Bay.
The topographical sheets upon which this work was done were sheets that had been partially com-
pleted by Assistant Hosmer in 1882, 1883, 1854.

Mr. Iardella has included in his report deseriptions of the several harbors within the limits of
his work, which was executed on a seale of 1-1000.

For the fiscal year the statistics are

Topography :
Area surveyed, in square statute miles.... ... ...ttt iiiiiaai o 19
Length of general coast, instatutemiles.................oiiiiaiennsannn. 121
Length of shore-line of creeks, in statute miles................. e 9
Length of shore-line of ponds, in statute miles. .. . ... .......cccoovii.... 10
Length of roads, in statute miles. ... ... ... ... .. ... . ... . liceieiaae.. 7

Topographical sheets finished (scale 1-10000) ....... Ceetaetececiesaaan, -~ 9
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Topographic resurvey on the south coast of Eong Island from near Babylon to the westward, and
soundings in Fire Island Inlet.—In order to fill a gap in the topographical resurvey of the south
coast of Long Island, and to obtain additional soundings needed at Fire Island Inlet, Assistant
W. H. Dennis organized a party, under instructions, dated June 25, 1887, and began field-work
July 1, near Babylon, Long Island.

The topography was carried from the shore back to the line of the Long Island Railroad, from
Babylon to the westward, to and including Baldwin. The whole distance was almost a continuous
village.

On September 1, Mr. Dennis proceeded to Fire Island, made an examination of the bar at the
inlet, and resurveyed the shore-line, taking also such soundings as were needed. He then resumed
his topographical resurvey, and on the 7th of November completed it.

At Flushing Bay, Long Island, and at Long Branch, N. J., he delineated on plaune-table sheets
the newly constructed piers.

The statistics of the season are:

Miles of roads surveyed ....... ... it fereneeeas 147
Miles of creeks surveyed.... ... ... il i 79
Miles of marsh-line surveyed. ... . ... ... .o i e, 54
Area of topography, in square miles ... ... ... ... ... LL.iiLll.. e 34

Upon leaving the field, Mr. Dennis was ordered to complete the inking of his plane-table
sheets, and on December 15 was directed to report to the Assistant in charge of Office and
Topography for duty as chief of the Division of Charts.

Physical hydrography of New York Bay and Harbor.—The under-run of the Hudson River; its
relation to New York Bar.—In continuation of his investigations relating to the physical hydrogra-
phy of New York Bay and Harbor, Assistant Henry Mitchell has submitted a special report upon
the under-run of the Hudson River, its relation to New York Bar, and upon the courses of the
Hudson tides through New York Harbor. As the Annual Report for 1887 had not gone to press
at the time this paper of Mr. Mitchell's was presented, it was prepared for publication as Appendix
No. 15 of that report, and a synopsis of it given under the heading of special scientific work in Part
I. It is only necessary, therefore, to refer to it here as bringing the subject of these investigations
nearly to a close, leaving yet to be discussed the resalts of the physical surveys made by .Assistant
Marindin in New York Harbor in 1887.

Continuation of physical hydrographic surveys in New York Bay and Harbor.—At the beginning
of the fiscal year the physical hydrographic parties in charge of Assistant Henry L. Marindin had
been organized on board the schooners Ready and Palinurus, with two steam-launches attached,
and were engaged in making observations of the currents in the channels over Sandy ook Bar,
under instructions dated July 5, 1887. A report of the work accomplished by Mr. Marindiw’s party
before the beginning of the fiscal year was given in the last Annual Report, with statistics up to
June 30, 1887.

The plan of work has been fully set forth in a memorandum prepared by Assistant Henry
Mitchell. Tt was desired to have such observations of the currents over the bar at Sandy Hook
made as would serve to derive the “ Constants of Scour,” with their co-efficients, and ascertain the
‘‘control” of the several channels. In carrying out this plan, the velocities and directions of the
currents in the channel cross-sections were to be observed, paying most attention to the currents
flowing along the bottom. The instruments which had at first been used for this purpose were
found to have certain objectionable features, which ultimately led to their abandonment and to the
adoption, after several trials, of the new velocity and direction meters designed by Messrs. Ritehie
and Haskell.

These new meters combine, in one instrument,.a means of registering by electricity the
velocity of acurrent and the direction of its flow. The registration is made on the vessel’s deck
without removing the instrument from the water.

While following the memorandum as closely as possible, transverse curves of velocities were
obtained at the surface, mid-depth, and bottom in the fourteen-feet channel in the East, in the
Swash, and in the Main Ship Channels. These determinations were repeated wherever necessary,
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and the channels were also’occupied longitudinally in order to ascertain the relation, if any, of
velocity to profile of section.

During the progress of the work at Sandy Hook, Mr. Marindin was directed to communicate
with Subassistant McGrath, who was then engaged in ranning a line of leveling of precisionbetween
the tidal stations in New York Bay and Harbor, and to make arrangements to be present when
the reference of the tide-gauge and staff was to be made to the bench-marks at the Horseshoe,
Sandy Hook. This duty was performed by Messrs. Marindin and McGrath early in August.

Observations of the tides in connection with those at the Sandy Hook station were continued
during the season at the tide-gauge established on the steam-boat wharf, on Bath, Loung Island.
Data of a trustworthy character were thus secared for a discussion of the results of the work,

On the 10th of August, in anticipation of the speedy close of the survey in New York Harbor,
and of the transfer of his party to Cape Cod, Mr. Marindin laid vp the Palinurus and the launch
accompanying and devoted a few days, with reduced force, to re-rating the current meters in the
slack-water pond at West Brighton, Staten Island, so as to ascertain the change of rate, if any,
due to the use of the instruments duaring the months preceding.

The Ready, with the remaining launch, was then laid up, and on the 18th of August field opera-
tions were closed.

Statistics of Mr. Marindiv’s work in New York Harbor are included in those of his work off
Cape Cod Peniusula, a report of which has been given under a heading in Section I. 'With his
progress report of the New York Harbor work he has furnished a sketch showing the location of
the current stations, the lines of cross-sections sounded, and the location of the tide-gauges.

Geodetic leveling for the connestion of the tide-gauges and bench-marks in New York Bay and
Harbor and vicinity.—Reference was made in the last annnal report to the transfer of the charge
of geodetic leveling operations on New York Bay and Harbor and neighboring localities to Sab-
assistant J. Il. McGrath on June 7, 1837, At that time the party was quartered at Clifton, Staten
Island, and was engaged in running lines connecting the tide-gauges and tidal bench-marks on the
north shore of Staten Island with the main line of levels which was to extend from Sandy Hook,
New Jersey, to Willets Point, East River, New York, crossing from Staten Island to Long Island
at the Narrows.

From a bench-mark in the secordary line of levels which was run around the north shore of
Staten Island, a branch line was started which crossed the Killvan Kull at New Brighton, Staten
Island,and connecled with the tide-gauge and tidal bench-mark of 1886 at Constable’s Ilook, New
Jersey. Froma bench-mark on the Constable’s Hook line, conneetion was made by way of Bergen
Neck with the lower end of Jersey City and with the tide-gauge established in 2886 on the center
of the bridge of the New Jersey Central Railroad, which crosses the Hackensack River near its
mouth.

Details of other connections made with tide-ganges and tidal bench-marks established in 1885
and 1886 at points on the shores of the Kill van Kull and of Raritan and Sandy Hook Bays are
given by Mr. McGrath in his report. Also of the connections made with several beunch-marks of
the first section of the transeontinental line of geodetic leveling run by Assistant Braid in 1881
from Sandy Hook toward Hagerstown, Md. Upon the completion of the work in New Jersey, by
which trustworthy checks for all of the branch lines of leveling were obtained, the party was re-
moved to New York City and the work begun of connecting the tide ganges and tidal bench-marks
along the Hudson River with the line of precise leveling extending from Sandy Hook to Willets
Point. This was satisfactorily accomplished by the 5th of September, whereupon field operations
were brought to a close, and Mr. McGrath proceeded under instructions to the Office to compute
the resalts of his observations.

A tabular statement accompanies Mr. McGrath’s report, showing the points connected, the
distances run, and the probable error per kilometer. He observes that the great heat of the sea.
son delayed progress on some of the routes followed. Along the white sandy road-bed of the New
York and Long Branch Railroad the advance was necessarily slow, as on aecount of the unusual
refraction the length of sights on most of the working days between the hours of 9 a. m. and 3.30
p.m, had to bereduced to one-third or even one-fourth of the distances obtained under more favor-
able circumstances. The namber of water crossings also led to delay; these were the Narrows
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(with a width of 1,420 meters), the Kill van Kull, the Hackensack River, the Arthur Kill (crossed
twice),Raritan Bay, and the Shrewsbury River.

Mr. John Nelson was attached to the party as Aid, and rendered service which for faithfulness
and efficiency is highly commended. Mr. F. A. Young served acceptably as recorder.

Duty subsequently assigned to Mr. MeGrath is referred to under a heading in Section VIIL

Continuation of tidal record from automatic tide-gauge at Sandy Hook, New Jersey.—The pres-
ent series of tidal observations at the station established for a self-registering tide-gauge, December
1,1886, at Sandy Hook, was continued successfully throughout the year. Mr. A, J. Brennan
remained in charge until April 16, 1888, when he was relieved by Mr. J. G. Spaulding, an ob-
server of great experience and tried fidelity, who had just completed an eighteen-year series at an
antomatic tidal station in Penobscot Bay.

Reconnaissance for connecting the triangulation in the southern part of the State of Pennsylvania
with the primary triangulation in Maryland.—A preliminary reconnaissance had been undertaken
under instructions by Prof. Louis H, Barnard, Acting Assistant, soon after the beginning of the
fiscal year, looking to a connection between the triangulation in Pennsylvania to the south and west
of Harrisburgh and Gettysburgh with the primary triangulation in western Maryland.

Professor Barnard had outlined a connection between these triangulations as far as it could be
done without erecting any signals, and with an instrumental outfit consisting of a draw telescope,
azimuth compass, and azimuth barometer. In order to determine more definitely the conditions
upon which the proposed connection could be economically and satisfactorily made, Assistant
Joseph Hergesheimer was ‘instructed on the 28th of July to take charge of the party, relieving
Professor Barnard.

Mr. Hergesheimer, finding it expedient to go over the whole ground, bogan his reconnaissance
from the line Round Top-Pulpit Rock in Pennsylvania. Having rebuilt the tripod and scaffold at
Round Top and the tripod at Pulpit Rock, he opened the line from the last-named station to Sugar
Loaf. While engaged at Pulpit Rock, Professor Barnard, who had remained with the party, was
sent to Piney Mountain to put that signal in order for observing. The rest of the season Mr, Her-
gesheimer spent in visiting the points Clark’s Knob, Fairview, Maryland Heights, Sugar Loaf,
and Mount Quirauk to verify the intervisibility of the poiuts, measure reconnaissance angles, and
note the condition of the station marks. All of these stations, except the first named, are in Mary-
land.

Progress was greatly retarded by continuous thick, hazy weather, there having been but five
days of fairly good seeing during the season, which closed September 19. The scheme of trian-
gulation submitted presents a satisfactory connection between the Penusylvania and Maryland
systems, Mount Quirauk, just south of the Pennsylvania boundary, being the central point from
which the seven other stations of the seheme are all visible.

During the winter and spring, Assistant Hergesheimer was assigned to duty on the west coast
of Florida, reference to which will be made under a heading in Section V1.

Physical hydrography.— Formation and movement of ice in Delaware Bay and River, as observed
during the winter of 1887-'88,—It appears from the third annual report submitted by Assistant
Spencer C. McCorkle, in regard to the formation and movement of ice iu Delaware River and Bay
during the winter of 1887-’88, that the delays and dangers to navigation from this source were
of shorter duration and less in extent than in the previous winter; that they are gradually dimin-
ishing, and that the works of construction intended to deepen and widen the river channels tend
every year to make it easier for vessels to pass up and down theriver during the prevalence of ice.

For the purposes of his observations, which were undertaken in pursuauce of instructions
issued October 18, 1887, Mr, McCorkle divided the river and bay into three sections, the first
extending from Bridesburgh to Chester ; the second from Qhester to New Castle, and the third from
New Castle to Cape Henlopen.

In all of these sections were included observations made at Mr. McCorkle’s request by the
masters of city ice-boats, and by the captains of the Winsor line of Philadelphia and Boston
steam-ships.

In the first section were included also observations made by the Signal Service, U. 8. Army,
in Philadelphia, by the masters of the Philadelphia and Reading line of steam colliers, and by the
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light-house keepers near the Horseshoe, at the mouth of the Schuylkill River, at Billingsport, and
at Schooner Ledge.

In the second section, observations were made also by the keepers of light-houses at or near
Cherry 1sland Flats and Deep Water Point, and in the third section by the light-house keepers at
New Castle, Finu’s Point, Reedy Island, Ship John Shoal, Cross Ledge Sheoal, and Brandywine
Shoal; also by special observers at Fort Delaware and at Delaware Breakwater. Mr. McCorkle
made observatlons personally in each of the sections.

Ice began to form in the river on the 28th of December, but did not become much of an
obstruction to navigation until January 23. Between that date and February 20 there was-at
times heavy ice in the river and bay. On February 20 the city ice-boats were laid up, and there
was no ice of note after that date.

In the section of the river from Bridesburgh to Chester, Mr. McCorkle observed that during
the whole period of freezing weather, with searcely an exeeption, there was a clear streak of water
on the Pennsylvania shore, opposite the dike at Fisher's Point. As the ice was solid above and
below, this open water was doubtless due to the action of the dike in causing a greater rapidity
of the ebb current on the Pennsylvania shore. The channel to the eastward of Petty’s Island
was solid up to about February 20, From a short distance above the foot of Petty’s Island to
Gloucester the ice was nearly always in motion, and the city front was generally clear of ice. The
exceptions were very few.

From Gloucester to Chester the greatest obstructions were in the Horseshoe, as in previouns
years, and in the vicinity of Billingsport, where the channel decreases in width from about 3,300
feet above to about 750 feet at the head of Tinicum Island, and to about 2,100 feet below. The
engineer in charge of the improvements of the river suggests that the dike from Hog Island to
Maiden Island will probably have the effeet of removing a portion of the head of Tinicum Island,
and thereby increase the width of the channel.

In the second section, from Chester to New Castle, there were only parts of days when the
motion of the ice was suspended. The greatest difficulty found in this section exists chiefly in the
vicinity of Deep Water Point, where the river narrows and forms two channels on either side of
Cherry Island Flats. At Marcus Hook and New Castle, the ice-harbors afford good protection to
vessels entering, but at New Castle the capacity of the harbor is greatly lessened by shoal water.
Mr. McCorkle is of opinion that the United States pier at this place might be extended with
good results, and that it would be of much advantage to have the light-house depot established
here.

In the third section, from New Castle to Cape Henlopen, the chief obstructions from ice occur
in the eastern (or Ship) channel, above Fort Delaware, and in the vicinity of the Ship John Shoeal.
The ebb passes out through the western chaunel, where the ice during the season was in constant
motion, while in the eastern channel the aid of the ice-boats was frequently required, not, however,
for full-powered steam-ships.

Below Fort Delaware, to the capes, the ice was constantly in motion, and though unusnaily
heavy, steam.ships were constantly moving up and down. At Delaware Breakwater the harbor
was full of ice between January 22 and January 29, but no damage to vessels was reported.

Mr. McCorkle passed down the river on January 20 on a light-draught steamer, and found
considerable ice, but it caused little detention. He was informed by the superintendent of the
city ice-boats that the ice was at its worst on the 28th, 20th, and 30th of Jauuary, and between
Chester and Philadelphia. During these days, several vessels were injured by ice, and some of
them seriously.

The ice-boats, as well as the large steam-ships, go through the heaviest ice at almost full
gpeed.

Observations for the density and temperature of the water, for temperature of air, and of the
tides were made at Delaware Breakwater by an observer of the Philadelphia Maritime Exchange,
and at Fort Delaware by William Byrnes, ordnance sergeant, U. S. A, The observations at
Fort Delaware seemed to show that very little salt water gets that far up the river, bat in order
to determine the question, observations should be taken between the middle of August and the
middle of September.



UNITED STATES COAST AND GEODETIC SURVEY. 41

Mr., McCorkle acknowledges his indebtedness to Commander John J. Read, U. 8. N,,
Inspector of the Fourth Light-House District, and through him to the Light-House Board, for
co-operation in the work at twelve light-house stations on the river and bay. Also to Henry
Winsor & Co., of the Philadelphia and Boston Steam-ship Line, who furnished the log-books of
their ships for inspection. .

To the Director of Public Works of the city, to the superintendent and other officers of the
city ice-boats, and to the Philadelphia Maritime Exchange, he expresses his thanks for attentions
shown and facilities afforded in prosecuting his work.

Also to Lieat. Col. H. M. Robert, Corps of Engineers, U. 8. A., and through .him to
William Byrnes, ordnance sergeant, U. S. A., who made the observations at Fort Delaware,

The regunlar duties assigned to Assistant McCorkle in the charge of the Sub-office at Phila-
delphia during the year, are referred to toward the end of Part IT of this volume.

Geodetic operations.—Continuation of reconnaissance and triangulation in the southern part of
the State of New Jersey.—The geodetic operations referred to in the last annual report as in prog-
ress in southwestern New Jersey, under the direction of Prof. E. A. Bowser, Acting Assistant,
were continued after the beginning of the fiscal year until September 26, 1887. On the 1st of July,
but a few days’ observations were needed to complete the occupation of station Richland, which
had been begun on June 2,

On July 13, Richland station having been finished, the party and instruments were trans-
ferred to Newfield, a point about three and a half miles in anortherly direction from Vineland, N. J.
The signals at Hammonton and Kellogg were re-adjusted; a signal was erected at Richland; lines
were run from Newfield to Hammonton, Williamstown, and Bridgeton for locating vistas, and these
vistas were opened. At Bridgeton a signal was put up fifty feetin height, and the signal at Will-
jamstown was raised eight feet. A reconnaissance which had been partly executed at the outset
of the season was then resumed, its object being to determine a station twelve or fifteen miles to
the west of Newfield, that would see Bridgeton, Newfield, and Williamstown, and that wonld also
command a good view of the country to the north, west, and south.

Colson station was finally selected, and a signal erected there seventy-two feet high. Measure-
ments of horizontal angles were in the mean time countinued at Newfield whenever the weather
would permit,

On August 30, a granite monument was set to mark the station point. Thismonumentis four
feet long, dressed six inches square at one end for a length of six inches, and is set in hydraulic
cement to within six inches of the top. It has the letters U. 8. cut in each of the four faces, and
a triangle on top.

Upon the completion of the observations at Newfield toward the end of September, field-work
was discontinned for the season.

Professor Bowser reports that the reconnaissance for the selection of stations in the south-
western part of the State is very difficult, owing to the exceeding flatness of the country and the
extensive areas of thick, tall timber, much of it being ninety and one hyndred feet high. High
scaffolds will have to be built when stations Williamstown, Bridgeton, and Colson are occupied,
and lines of sight opened through the intervening woods. With a more liberal appropriation
for State surveys, the progress of the work would be more rapid and its cost in the end be less.

Between the beginning of the fiscal year and the close of the season there were taken twenty-
eight sets of observations upon four primary points, and two sets upon two tertiary points at
station Richland. Sixty-one sets of observations were takenat station Newfield upon six primary
points, and twenty-two sets upon twelve tertiary points. All of the stations occupied for observa-
tions of horizontal angles have been carefully marked.
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SECTION III.

MARYLAND, DISTRICT OF COLUMBIA, VIRGINIA, AND WEST VIRGINIA, INCLUDING BAYS, SEA-PORTS,
AND RIVERS. (Skercues Nos. 1, 4, 5,15, 17, and 18)

Determinations of gravity at the Smithsonian Institution, Washington, in connection with similar
determinations in the Hawaiian Islands and in California.—A full abstract is given under the head-
ing “Special operations,” and mention made under a heading in Section X of the gravity work
executed during the fiscal year by Subassistant E. D. Preston, at the Hawaiian Islands and in
California, the work at the Hawaijan Islands having Deen done in pursuance of a special assign.
ment to this duty, made at the request of the Hawaiian Government and by direction of the Sec-
retary of the Treasury.

Upon the completion of these observations at the stations in California, Mr. Preston pro-
ceeded under instructions to Washington, and early in December made preparations for a series
of comparative determinations of gravity by pendulum experiments at the station at the Smith-
sonian Institution. In this work, which was executed between December 9 aud 22, 1887, he had the
aid of Assistant J. B. Baylor.

Magnetic determinations (annuel) ar a station on Capitol Hill, Washington, D. C.—The reasons
which led to the abandonment of the locality occupied since 1877 on Capitol Hill, Washington,
for an annual determination of the magnetic elements, were stated in the last annual report. At
the new station, selected, under the direction of Assistant Schott, in the grounds immediately south
of the Coast and Geodetic Survey Office, determinations of the magnetic dip, declination, and hor-
izontal intensity were made by Assistant J. B. Baylor on July 28, 29, and 30, 1887, the direction
of the true meridian having been previously obtained by observations on the sun on three days.

To secure this point, it was marked by a solid white-oak post, driven flush with the ground, a
copper tack being driven into its center.

The position thus marked is within a few meters of the magnetic station occupied by Mr. Schott
in 18b6.

Ou June 19 and 20, 1888, the station was re-occupied by Mr. Baylor. The results show that
the observations are normal.

Continuation of the detailed topographical survey of the District of Columbia.—At the beginning
of the fiseal year, the field-work in continuation of the detailed topographical survey of the Dis-
trict of Columbia was divided between two parties, one of these being placed in charge of Assist-
ant John W. Donn, who had conducted the survey from the outset, and the charge of the other
being assigned to Assistant W. C. Hodgkins.

Mr. Donn began work July 1, 1887, in the northeastern section of the District, the triangula-
tion points upon which his survey in that locality depended being Bunker Hill, Hoover’s Hill, and
Reform School. Some new points had to be determined before the plane-table work could proceed
to advantage. On July 9 the topography was begun, and as the summer and fall were favorable
to progress, all of the open ground was completed before the trees were cleared of leaves, not only
in the section in which the season’s work was begun, but also in that to which the party was trans-
ferred later in the season, on the eastern branch of the Potomac.

There were several large areas of woods within the limits of the two sheets. One area of
one handred acres was exceedingly difficult, having been abandoned at the close of the civil war
to nature, which covered it with thickets of black pine, cedar, and bramble. In November it
became practicable to carry the work through this region. A still larger body of woods on the
west side of the Anacostia River could not be reached before tield operations were necessarily sus-
pended. During their progress, the preparation of section drawings for the photolithographer
was continued by Mr. Donn, and by his Aid, Mr. J. A. Flemer, at every favorable opportunity.
Two of these sections were finished, and about three-fourths of a third section.

In reference to the statistics of his survey, Mr. Donn observes that while he transmits them on
the usual forms he includes an item which he regards as the most important feature in large-scale
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work as well as the most difficult, namecly, the lengths of contour lines instrumentally determined.
Tor this he submits the following statement:

From the beginning to the end of the season, July 1 to December 13, one hundred and twenty-
five and six-tenths working days, a contoured area of one thousand seven hundred and eighty-
eight acres was delineated, involving two hundred and thirty-seven miles of contoured lines, an
average of one and eighty-eight one-hundredths miles per day. A cowparison of this result with
the work accomplished during the latter part of the preceding year, when the party was transferred
from the western to the eastern division of the district, is as follows: From March 16 to May 9,
thirty-eight working days, five hundred and forty-six and five-tenths acres, and seventy-two and
two-tenths miles of contour lines, a daily average of one and nine-tenths miles.

Average number of acres completed daily from February, 1881, to May, 1887, was nine and
three-tenths acres, at a cost of $1.96 per acre. For the period from July 1, 1887, to December 13,
1887, the average was twelve and six-tenths acres daily, at a cost of $1,123 per acre. Marshy
areas are not included in the estimates of averages, contour work only being cousidered. These
differences in the cost and in the results fairly show the relative difficulties of the work in the two
divisions, $1.96 per acre representing the western and $1.123 the eastern.

For the season which closed December 13, owing to the exhaustion of the appropriation for
field-work, the regular statistics reported are:

Signal poles erected for triangulation ...... ... . iiiiiiiiiiiiil il 3
Number of stations cceupied for horizontal measures ..........ccovn... 3
Geographical position determined .... ... ... ... iiiiiiiiiiiiiiiiia 1
Area surveyed, in square statute miles. . ... ... ... ... .ialil 3.3
Length of shore-line of rivers, in statutemiles ...... ....... ... ... .. ... 8
Length of shore-line of ereeks, in statate miles. ............. . ... ... ... 12
Length of roads, in statutemiles...... ...l 16

The scale of the survey is as heretofore, 1-4800.

During the rest of the fiscal year Mr. Donn was engaged in advaneing office-work on the field
sheets.

Continuation of the detailed topographical survey of the District of Columbia.—In the preceding
paragraphs reference was made to the placing of two topographical parties in the field at the
beginning of the fiseal year to continue the detailed survey of the District of Columbia.

The party of Assistant W. C. Hodgkins began work July 1 in the northeastern part of the Dis-
trict, extending from the Brentwood road to the left bank of the Eastern Branch. Operations of
a preliminary nature occupied almost entirely the month of July. Lines of levels were run to ob-
tain a sufficient number of bench-marks for ready use in the topography, and additional triangula-
tion points were determined where needed.

Intense heat during July and Angust somewhat retarded progress; delay was caused also by
the nécessity of training a new party to the special duties of this detailed survey. The field-work
was steadily prosecuted, however, until the .exhaustion of the appropriation, in March.

Several quite difficult areas of woods were included in the region surveyed, such as those on
the Brentwood and adjoining estates, and Mount Olivet Cemetery and surroundings, especially that
portion between Mount Olivet and the Eastern Braunch, which is very steep, broken into nnmerous
ravines, and densely wooded.

The marshy tracks above and below Benning’s bridge, although admitting of more rapid work
than the intricate contouring just mentioned, yet presented some special difficulties owing to the
extremely soft character of the mud, especially south of the bridge, where holding ground could
hardly be obtained for the plane table, while, on account of the width of the marshes, it was im-
possible to do all the work from the hard land.

These marshes, Mr. Hodgkins observes, are said to be increasing in elevation by deposit from
the stream, especially on the western shore of the branch at a point where the great intercepting
sewer empties itself.

Mr. R. E. Nelson, jr., as levelman, and Mr. Eberhard Fordan, as rodman, rendered faithful
service,
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Topographic and hydrographic resurveys on the castern shoves of Delaware, Maryland, and
Virginia.—Under instructions dated Auvgust 18, 1837, Assistant D. B, Wainwright took up
topographic work which involved a resurvey of the inland waters on the eastern shores of Dela-
ware, Maryland, and Virginia, beginning at Little Assowoman Bay, in Delaware, and extend-
ing to and including the upper portion of Chincoteague Bay, in Maryland, the resurvey of Chin-
coteague Inlet and Bar, and the resurvey of the bays and thoroughfares to a point twenty miles
below.

Mr. Wainwright has submitted a descriptive report to accompany the hydrographic sheet
showing the results of his resurveys.

With regard to the changes that have taken place at Chincoteague Inlet and vicinity since the
survey of 1881, he observes that the bar is somewhat north of its position at that date as shown
on the chart published in 1882. It is sitnated between the point of Fox and Richardson’s shoals,
which are separated here three-cighths of a mile, and consists of two channels and a middle ground.
The channel on the northeast side, adjoining Fox Shoal, has a depth at mean low water of from
eight and a half to nine feet. The other, on the southwest side, adjoining Richardson’s Shoal,
has a depth of seven feet. On the middle ground there is six feet.

The outer edge of the bar, especially near the middle ground, is quite steep, as it rises in
a short distance from depths of twelve and fourteen feet to seven and six. The bar is sub-
ject to frequent changes laterally, and consequently the buoys do not always show the best
water.

It iz generally reported that the bar increases in depth to at least one foot after a northwest
blow of several days’ duration. There are no pilots, as strangers rarely enter the inlet, and the
masters of the few small schooners trading in the vicinity keep themselves well informed as to
changes in progress.

Mr. Wainwright gives the following local names for insertion on later editions of the charts
of that locality: New Iulet, the mouth of the Eastern Channel; TFox Shoal, north side of
bar and channel; Richardson’s Shoal, south side of bar and chanmnel, and Gunboat Drain, a
slongh which makes out around the north point of Wallop’s Island.

On February 29, 1888, the survey having been finished, Mr. Wainwright was directed to
report at the Office for duty in completing his records. -

The statistics are:

Number of miles of shore-line sarveyed.............ccoiaviaiiian . 19
Number of miles of soundings run .... ... .. ... iiiiiiiiiiiiis 487
Number of angles observed ... ... ... ... .. oot 1, 851
Number of soundings ....... e e e 26, 930

Towards the end of March he was instructed to take up work for the conmection of certain
detached triangulations on the coast of North Carolina. This service will be referred to under
a heading in Section IV,

Completion of the triangulation in the vicinity of Cape Charles, Virginiu.—DBrief meution was
made in the last annual report of the progress of the triangulation of Cape Charles, Virginia,
and vicinity, which was in course of execution by Subassistant R. A. Marr under instructions issued
towards the close of April, 1887,

On account of the shifting nature of the outside islands, and the changes reported of the
inside channels and mud flats, Mr. Marr deemed it advisable to insure permanent points on the
main-land for future use by running a double chain of quadrilaterals on the sea-coast.

Some marked changes since the last survey were noted. Cobb Island has made out on the
south end, and lost on the middle and upper portions; Bone and Wreck Islands are con'nected,
the channel which divided them having filled without leaving an indentation in the sand ridge
to show where it had been; Little Inlet has shoaled and narrowed considerably ; Smith’s Island
(Cape Oharles) has lost a great deal ; the site of the old light honse is about one hundred and
ninety-seven feet at sea, and a break waver has been built to protect the new one; the Isaacs and
Fisherman Islands have made, and the Chesapeake Bay side has lost by erosion.
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Accompanying Mr. Marr’s report is a description with illustrative photograph of his instra-
ment and stand, showing his method of mounting both to attain greater stability. Three stubs,
about two feet long, were driven into the ground at equal distances from the center of a station
and at angles of inclination in the direction of the legs of the iripod. Pointed shoes were then
inserted in small holes in the tops of the stubs, and tapped until they stood firmly; then three
cross-pieces were inserted in the split legs of the tripod, and a large stone or a bag of sand placed
upon them. The weight of the stone or sand bag was far within the limit of strain, and a tew
light blows of the hand upon the stand before beginning to observe would reduce the strain to an
almost eonstant pressure.

By this method the center of gravity of the stand and instrument is brought below the center
of figure, and the stability of the stand at least is assured, especially if a platform is constructed
for the observer. This can be be made of three boards supported only at the eunds.

For the whole work, which was completed July 16, the following are the statistics:

Number of signals erected ..... .. ... . .. . ... ... 28
Number of stations occupied. ... . ..coov ottt e 15
Number of objects observed upon..... ... .. ... . ... . ... ... ..... 35
Number of points determined. . ... ... ... ... iieteeeiaaaaaan. 24

Duty assigned to Mr. Marr later in the summer is referred to under a heading in Section I,
and his assignment to the charge of one of the longitude parties on the Pacific slope in April, 1888,
will have further mention under a heading in Section XI.

Hydrographic surveys and examinations in the vicinity of Cape Charles, Virginia.—Under general
instractions from the Superintendent and detailed instructions from the Hydrographic Inspector,
bearing date of April 25,1888, Lieut. M. L. Wood, U. 8. N., Assistant Coastand Geodetic Survey,
was directed to take command of the steamer Endeavor, and proceed to Cape Charles, Virginia, to
examine reported changes in hydrography in that vicinity.

The Endeavor reached Cape Charles and began work May 1. Details will be givenin the next
annual report. Up to the close of the fiscal year the statistics are:

Hydrography :
Area sounded, in square geographical miles .. .......... ... oL.. 112
Number of miles (geographical) run while sounding............... R 593
Number of angles measured ... ....... ... . iiiemnneeennneesannns 6, 463
Numberof 80unding8. . voeeeeenerie ittt iiiiiiii i eer e caane, 24,713

SECTION 1V.

NORTH CAROLINA, INCLUDING COAST, somms,d SEAPORTS, AND RIVERS. (SkurcmEs Nos, 1,5, 6, 17,
and 18,)

Special hydrography for the State of North Carolina completed. —The surveys and explorations of
oyster beds for the State of North Carolina, made at the request of the State authorities, which have
been carried on since March, 1836, by Lieut. Francis Winslow, U. 8. N., Assistant Coast and Geo-
detic Survey, commanding the schooner Scoresby, were completed towards the close of the fiscal
Yyear. :

All of the natural beds have been located, and the examination of the important areas has been
finished. The attention called by the surveys to the value of oyster culture has led to the pre-
emption of the more valuable areas, and numerous inquiries and requests for information have
been received by Lieutenant Winslow. He reports that one result of his surveys has been to add
forty thonsand acres to the area of productive oyster fields.

Additions to the iriangulation, topography, and hydrography on the coast of North Carolina between
Beaufort and Cape Fear.—In accordance with instructions issued toward the close of March, 1888,
Assistant W, C. Hodgkins proceeded to Beaufort, N. C., and organized a party for supplying
. certain needed additions to the triangulation, topography, and hydrography on the North Carolina
coast between Beaufort and Cape Fear. ©
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Work was begun April 11 at Bogue Inlet. Much difficulty was experienced in recovering the
marks of the old triangulation. While this search was being prosecuted, advantage was taken of
favorable opportunities for making such topographic and hydrographic surveys as were required
to show the changes that had occurred. Tidal observations were also kept up at Bogue Inlet for
more than a month.

After two of the old points, “ Hammock?” and ‘ Humphreys,” had been recovered, they were
connected Dby quadrilaterals with a Dbaseline which was measured on the sca-beach between
Bogue and Bear Inlets, this portion of the coast being known as Bear Banks, At Humphreys
station observations for azimuth were made, and the mark connected with the triangulation,

Upoun the completion of work in this vieinity, Mr. Hodgkins transferred his party to New
River, North Carolina, where three of the old stations were soon recovered, signals erected, and
angles measured for connecting them with a check base-line laid out on the sand beach west of New
River Inlet. Station Canaday on the bluff bank, west side of New River,near the old station McMil-
lan, was occupied for observations of azimuth, and measurements made for connecting the mark with
the points of the triangulation.

As opportunity offered, a topographical resurvey of the inlet was executed to show the
ehanges that have occurred from the gradual shifting of the bar, and also the new canals that have
been cat through the marshes by the U. 8. Engineers.

A limited amount of hydrography was done also, to show the depth of water over the bar and
up the channel to the anchorage.

In this hydrography and also in the base-measnrement, Mr. Hodgkins had the co-operation
of Assistant D. B. Wainwright, whose work on anotlier portion of the North Carolina coast will be
adverted to in the next heading.

The New River work was practically finished at the end of June, but the preliminary com-
putations having shown unexpectedly large differences between the mcasured and computed dis-
tances, effort was at once made to discover the source of the discrepancies, and it was found that
the station occupied as Swan Point was not the old point, but one about twenty feet from if, estab-
lished by the North Carolina Oyster Survey. The necessary remeasurements were then made, and
the survey at New River completed July 14. During the stay of the party at New River continu-
ous tidal observations were kept up at Wright's Island, near the inlet.

Two other resurveys were made before closing field operationg, one at Brown’s Inlet and the
other at Bear Inlet. This last named work was finished July 23, and npext day the party was
transferred to Beaufort on the way north.

The work having been brought to a close but a few weeks later than the end of the fiscal year,
the entire abstract of its progress has been included in this year’s annual report.

Other duty executed by Assistant Hodgkins is referred to under a heading in Section IIIL.

Connection of old with new triangulation on the coast of North Carolina, and resurveys on that
coast from Masonboro Inlet torards New River Inlet—Early in April, 1888, Assistant D. B. Wain-
wright was instructed to proceed to the coast of North Carolina and organize a party to check the
triangulation in the vicinity of Masonboro Inlet, and thence northeastward in other localities to-
wards New River Inlet. Difficulty had been experienced the year before in recovering old stations,
and this year, immediately after arriving on the ground, Mr. Wainwright visited the sites of all
the old stations on the main shore, but without success until Big Pond, near what is now called
Carolina Beach, was reached. Here, having found twoof the former stations, hie laid out a scheme
of small triangunlation, and made the necessary angular measurements, combining them with a
base measure to join the scheme of the previons year, reference to which was made in the last
annual report. :

After completing this piece of work, he proceeded to check the triangulation at Sloop Peint,
where the two stations which were recovered were connected with a check base measured by wire
upon the beach, Observations for azimuth at one of the statious were made on three nights. The
shore-line in the vicinity of Barren, Queen, Rich, Ledberry, Old Topsail, New Topsail, and Stump
Inlets was resurveyed, and such soundings taken as were practicable.

Towards the end of June Mr. Wainwright went to New River Inlet toco-operate with Assistant
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Hodgkins in his resurveys in that locality, and upon completing that duty he discharged bhis
party and left for Washington June 30.
The statistics of his work are:

Length of beach measurements, inmiles.......cociieiioiaoneninianeiians 7
Number of stations occupied for horizontal measures..............co.ooo.n 24
Number of geographical positions determined . ... .. .......coivianemnan. 15
Number of nights of observations for azimuth......... ... ... cieiiea... 3
Length of general coast resurveyed, in statute milgs............ femereaann 30
Length of roads, in statute miles...... ... .. .. .. il 4

Field duty assigned to Mr. Wainwright earlier in the fiscal year is referred to under a head-
ing in Section ITI.

SECTION V.

SOUTH CAROLINA AND GEORGIA, INCLUDING COAST, SEA-WATER CHANNELS, SOUNDS, HARBORS
AND RIVERS. (Skrtcugs Nos. 1, 6, 17, and 18.)

Hydrographic survey of St. Simow's Bar, Georgin.—Lieut. J. B, Pillsbury, U. 8. N., Assistant,
commanding the steamer Blake, has communicated to the Office the results of his survey of St.
Simon’s Bar, Georgia, executed under instructions dated April 2, 1838.

He reports that the bar is changing rapidly, the North Breaker Shoal making to the sonth-
ward, and the lumps at the shoaler parts increasing in height. This movement he thinks is im.
mediately preliminary to the breaking out of & new channel at some point radically different from
that now in use.

Vessels of over fourteen feet draught should wait for a rising tide to cross the bar, and those
of twenty or twenty-one feet draught for high-water spring-tides.

The dredged channel to the port of Brunswick, Lieutenant Pillsbury states, is of but small
value now, as it seems to be filling up. Four passages through it on the Engincer’s ranges, which
are now used by the pilots, gave a depth at low water of not over eleven feet. The single through
cut of the dredge was originally made to fourteen feet, but it is so narrow that it is extremely diffi-
cult to find tho greatest depth that now remains on it. Atmost of the wharves of Brunswick there
is a depth equal to the draught of vessels crossing the bar.

This abstract is taken from a descriptive report submitted by Lieutenant Pillsbury to accom-
pany his hydrographic sheet.

The statistics of the survey are:

Number of miles (geographical) run while sounding .............ocvnite 146
Number of angles measured.................. .. Ceeeee Seet b, 2,426
Number of soundings - ......ccoiieit i 11,553

Other surveys execnted by Licutenant Pillsbury are referred to under headings in Sections I,
11, and VL.

SECTION VI.

PENINSULA OF FLORIDA, FROM ST. MARY’S RIVER, ON THE EAST COAST, TO AND INCLUDING
ANCLOTE ANCHORAGE, ON THE WEST COAST, WITH THE COAST APPROACHES, ‘REEFS, KEYS,
SEA-PORTS, AND RIVERS. (SkercHEs Nos. 1, 7, 17, and 18.)

Gulf Stream explorations, 1888.—Observation of currents outside of the Bakama Islands; between
the Great Bahama Bank and Cuba; in the Windward Channel; in the Mona, Anegada, and Wind-
ward Island Passages, and in the Equatorial Stream betweoen Barbados and Tobago.—For the farther
prosecution of his investigations of the currents of the Gulf Stream and the channels leading into
it, Lieut. J. B. Pillsbury, U. 8. N., Assistant Coast Survey, having re-organized his party on board
the steamer Blake, left New York December 28, 1887, and, after coaling at Newport News, steamed
to the eastward to begin his observations.
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The scheme laid out in his instructions included an examination in nearly mid-Atlantie, about
seven hundred miles northeast of Barbados Island, for the purpose of discovering whetheran Atlantie
flow exists outside of the limits of the trade-winds. After steaming nine days, the Blake reached
her objective point in about latitude 28° north and longitade 47° west. Here she laid-to four days
in a strong northwest gale and high seas, and, as the weather showed no signs of improvement,
the proposed examination was reluetantly abandoned, and the steamer headed for Barbados.

Within afew days after reaching that island, observations of currents in the Equatorial Stream,
between Barbados and Tobago, were begun, and seven anchorages were made in this passage.
Other anchorages were made between all the islands from Trinidad to Antigua, and in the Anegada,
Mona, and Windward Passages.

The results obtained at these varions anchorages were of such importance, and, at times, so
much at variance with preconceived ideas, that Lieutenant Pillsbury has deewmed it inadvisable
to complete their discussion until the results of a second year’s cruise in the same localities can be
made available. He will therefore postpone the preparation of a report upon the subject until he
has at his command the data derived from his observations during the season of 1889.

The officers who served on the Blake during the season were Ensigns N. J. Halpine, R. M.
Hughes, A. G. Rogers, C. S. Stanworth, and J. E. Shindal, U. S. N.; Passed Assistant Engineer G. W.
Cowie, jr., U. 8. N., and Assistant Surgeon T. A. Berryhill, U. 8. N.

Pay Yeoman N. G. Henry and Ship’s Writer W. W. Appleget rendered services as recorders,
and Master-at-Arms Jens Petersen as mechanician.

Following are the statistics of the cruise of 1888: Physical hydrography:

Number of anchorages (deep sea current stations)....................... 34
Number of soundings (deep-sea) . .............cooo.... e 56
Number of current observations with meter._...... ... .. ...... ... ... 2,763
Number of current observations with surface pole........... e eeteaeaas 1,304
Number of miles steamed ......_ .. .. ...l 9,936

Other duty executed by Lieutenant Pillsbury is referred to-under headings in Sections I
and II.

Hydrographic surveys on the west coast of Florida from Pavilion Key to Cape Sable, and thence to
Sandy Key and Key West.—The work executed by the hydrographic party on the steamer Backe,
on the west coast of Florida and approaches, in the winter and spring of 1888, forms the subject
of two descriptive reports submitted by Lieut. J. F. Moser, U. 8. N., Assistant. These reports
contain full information respecting the hydrographic characteristics of the area under survey, the
available anchorages, prevailing winds, effects of tides and currents, etc., and present also sug-
gestions in regard to surveys of the waters between the keys east of Key West, which will have
much weight a8 coming from an officer of Lieutenant Moser’s long experience in hydrographic
service and thorough comprehension of its requirements.

Having refitted the steamer at Baltimore, the party left in her for Key West January 3, ar-
rived at that port January 10, and after coaling and taking on board signal lumber and stores,
was ready a day or two later to proceed to the working ground. Delay was caused by a heavy
norther, but on January 16 the steamer reached Pavilion Key, and field ‘operations were begun.

The area to be covered by the survey was included in the limits from Pavilion Key (abont
twenty-one miles southeast of Cape Romano) to Cape Sable, thence to Sandy Key, erossing the
Bay of Florida to Lemon or East Bahia Honda Key, and from that point along the line of Bay
Keys to Northwest Channel at Key West, and seaward to the ten-fathom curve.

Over this area the work was prosecuted vigorously until its completion, May 10, thus finishing the
last gap remaining in the coast hydrography from Eastport, Maine, to the Delta of the Mississippi.
For the first four weeks the weather was favorable, and progress rapid, but during the rest of the
season there were frequent northers, and the intervals between these were filled in by strong
easterly winds, amounting at times to heavy gales,

The triangulation along the coast as far as Cape Sable- having been finished during the year
preceding, and most of the signals still standing, this was of mneb advantage in the prosecution
of the hydrography, but in making the connection between Cape Sable and the easternmost key
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of the group to the eastward of Key West, it became necessary to re-establish points on that group
from such marks of the triangulation of 1856-1858 as could be recovered. A few of these were
found after diligent search; their positions carefully re-marked and descriptions furnished for
office use.

Between Pavilion Key and Cape Sable there are several shallow tortuous.channels from four
to six feet in depth, leading between the keys towards the main-land; to these Lieutenant Moser
calls attention as perhaps deserving of development after the topogmphy has been done. The
most important of these are the entrances to Lostman’s River, Rodgers River, and Shark River.

The slope of the bottom is very regular between Pavilion Key and Cape Sable, or, as it is more
generally known in the locality, East Cape. The depths increase gradually to the ten-fathom
curve. Off East Cape the bottom becomes irregular, and this irregularity increases in a line
towards East Bahia Honda Key or Lemon Key. From thence to Content Key, and seaward to the
three-fathom curve it is very much broken. Shoals awash, or nearly so, at low water are numer-
ous, and extensive banks dry at low water may be found five and six miles from shore. Narrow,
tortuous channels intervene, ending in cul-de-sacs, or spread out over great areas of very shailow
water. There are also many holes with three or four fathoms of water.

The survey of these waters was difficult and laborious, as no land could be seen from the outer
shoals. lLieutenant Moser succeeded, however, in locating signals on the shoals, and, from these
and a few water signals, in fixing his lines of soundings.

From Content Key to the Northwest Passage at Key West the bottom again assumes a regu.-
lar form, the three-fathom curve approaching the shore line within a mile. Several shallow chan-
nels pass through the line of reefs connecting the Bay Keys. With regard to these Lieutenant
Moser observes that if it is desirable that these ehannels shonld be surveyed, it can only be done
advantageously from an inside position, and in a vessel adapted for the purpose. 'Whatever chan-
nels exist, run across the line of keys in a north and south direction, and do not communieate in
an east and west direction. There are two main channels running from the reefs to the Gulf,
which are used by small vessels, and which should be thoroughly surveyed. One called the Span-
ish Key Channel, which runs from Bahia Honda, west of Big Spanish Key and east of Harbor
Island into the bay, the entrance of which, as far as Big Spanish Key, was traversed by the party;
the other Kuight Key Channel, which runs west of Knight Key, and thence between banks, enter-
ing the bay east of Baiia Honda Key.

From the reefs to Mayo’s Key the Spanish Key Channel is broad, deep, and wide, but from
thence to the Gulf it varies in depth and becomes narrow and tortuous. About six feet can be
carried through this channel. The work did not touch upon the Knight Key Channel; it was
reported, however, that seven feet could be carried through it. From Pavilion Key to East Cape
the keys have a thick growth and are so blended that the appearance.is that of a continuous
shore-line, the entrances being apparent only on a very close approach. There are no marked
prominent features such as wounld enable a stranger to distinguish one portion of the coast from
another. Pavilion Key is more prominent on approaching from a westerly point, and has a sand
beach on the western side. On Lostman’s Key there is a beach along the entire Gulf face. A
beantifnl beach extends from North Cape to East Cape. There are several small buildings at
Middle Cape, with the roofs painted red and a prominent palm tree back of the houses. At East
Oape there are two small buildings with red roofs. Between Middle Cape and BEast Cape is a
dwelling, and back of it a grove of palms, which is conspicuons and a good land-mark.

The Bay Keys from Northwest Channel to the eastward are quite similar in appearancey
differing chiefly in size, but as these keys, as far as Content Key, can be approached very closely
with deep water, and as they are not so thickly clustered, their shapes are more readily made out.
The timber has been thinned out for nse at Key West. Sawyer Key has a sand beach along the
Gulf face.

The best guide on approaching the coast is the lead, and it is a safe guide, except on the
broken ground before referred to. .

A safe anchorage is afforded by the shallow water of the coast in any weather except a
hurricane. During the cruise of the Bache the prevailing winds were easterly and the heaviest
gales were northers and southeasters,

H.Ex. 22 —4
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With regard to the tides, Lientenant Moser observes that they form a very important factor in
the hydrography of that coast, and he urges the importance of establishing a permanent tidal
station at some well selected point; on the west coast of Florida.

Special attention was given to careful determinations of tidal action within the area of the
survey. At some point of the work, from the day of opening until the close of the season, a
continuous series of day and night tides was observed. Three principal tidal stations were estab-
lished, one on Lostman’s Key, one on Cape Sable (East Cape), and one on Content Key; at each
of these, observations were kept up during forty-six, forty-four, and twenty-nine days, respectively.
Five comparison gauges were established also, two of these being off-shore in five and seven
fathoms water.

At these off-shore stations a Batchelder pressure-gauge was used, which worked perfectly.
Observations for currents were made also.

Since the data obtained by the tidal reductions relate to a hydrographic survey covering an
area in which the extremes differed as much as four hours in time and several feet in rise and fall,
this area was laid out in blocks in order to make the reductions apply as accurately as possible,
each block having special reference to a central station. These blocks were graded one into the

- other, so that at no peints were the differences greater than one-half hour in time, or four-tenths
of a foot in rise and fall.

Lieutenant Moser has appended to his report full notes descriptive of each block, with the
methods of reduction employed; the limits of the blocks he hasindicated on ;he sounding sheets.

The abstract here given recites merely the salient points of the report with reference chiefly to
their bearing upon the immediate objects of the hydrographic survey; other topics of interest
discussed in it, relative to the geological formation of the coast, the fisheries, ete., must, for want
of space, be omitted.

The results of the season’s work are shown upon four hydrographic sheets, as follows:

No. 1., Florida Bay, Pavilion Key to Northwest Passage Light-House; scale, 1-80000,
No. 2. Florida Bay, Pavilion Key to Northwest Cape; scale, 1-40000.

No. 3. Florida Bay, Northwest Cape-to Content Key ; scale, 1-40000.

No. 4. Florida Bay, Content Key to Northwest Passage Light-House ; seale, 1-40000.

The statistics are:

Number of miles (geographical) run while sounding ............. ceeeee 3,791
Number of angles measured ....................... feerere e 10, 520
Numberof soundings. .. ... ..o o i e e e 90, 811
Number of specimens of bottom preserved ......... ... ...l 28
Number of current 8tations ... .. . ... ... il iiaai e 2

The officers attached to the party during the season were Ensigns Franklin Swift, W. O.
Hulme, . A, Bisphaw, and G. R. Evans, U..8. N.; Passed Assistant Surgeon J. M. Steele, U.
8.N.; and Assistant Engineer S. H. Leonard, U. 8. N. Mr. J. L. Dunn served as Pay Yeoman.

Lieutenant Moser expresses his especial appreciation of the services rendered by-Ensign Swift
as executive officer ; Ensign Hulme, who had charge of all the draughtiug, and Ensign Bispham, to
whom was committed the immediate charge of all details relating to the tides.

He commends also all the other officers for their interest in the work, and the thorough man.
ner in which it was executed.

Duty assigned to Lieutenant Moser earlier in the fiscal year is referred to under a heading in
Section 1.

Topographical survey of the west coast of Florida between Pavilion Key and Cape Romano—
The prevalence of yellow fever at Tampa and Manatee, on the west coast of Florida, in the auntumn
and early part of the winter of 1887, delayed the resumption of the topographical survey of that
coast till January, 18338. Under instructions dated towards the end of December, 1887, Assistant
Joseph Hergesheimer arrived at Manatee, Fla,, and organized his party on board the schooner
Quick. Messrs. J. H. Gray, Aid, R. J. Meigs, Recorder, and Atlee Johnson, Foreman, reported for
duty at Fogartyville, Manatee River, on January 18,

Having fitted the schooner for sea, the Quick reached the working ground Febraary 2, and
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was anchored off Indian Key. Plane-table work was begun February 4. The survey covered the
coast from Pavilion Key to Cape Romano, a distance of thirty-one statute miles, and included within
its limits the outside line of keys, with the adjacent bays and harbors for a belt of from one to two
miles in width. The line of reef or rocks on the outside islands was all surveyed at low water.

Mr, Hergesheimer reports that he found Mr. Gray to be a careful, correct, and rapid topogra-
pher. Tield observations were closed April 17. Following are the statistics :

Number of miles of shore-line surveyed ...... ... . c.ocioiiiaoii ... 167
Number of miles of coast-line surveyed ................. et e 31
Area surveyed, in square miles. .. ... .. . . i 34

After disbanding his party and laying up the schooner at Fogartyville, Mr. Hergesheimer re.
turned north in May, and was directed to hold himself in readiness to resume work ou the connec-
tion of the Pennsylvania and Maryland triangulations, progress in which he had made earlier in
the fiscal year, as reported under a heading in Section II.

SECTION VIII.

ALABAMA, MISSISSIPPI, LOUISIANA, AND ARKANSAS, INCLUDING GULF COAST, PORTS AND RIVERS.
(SkETcHEs Nos. 1,6, 8, 17, and 18.)

COontinuation of the reconnaissance and triangulation for connecting the primary triongulation
near Atlanta with that of the Gulf.—For the continuation of the reconnaissance and triangulation
for extending an oblique arc of the meridian towards the Gulf of Mexico by connecting the work
near Atlanta, Georgia, with that on the Gulf, Assistant F. W. Perkins took the field about the 1st
of February, 1888. Althongh his instructions had been issued the middle of December, it was
decmed inadvisable to begin operations until most of the unfavorable weather so prevalent in
that section during the winter had ceased. The reconnaissance was taken up in Alabama in
latitnde 33° 20/, and carried south by means of two figures of good condition to latitude
320 16. Mr. Perkins observes that the most laberious part of the work in the northern
figure had Deen done by Assistant Tittmann, who had had charge of the work during the pre-
ceding season. Lowndesborough, in Lowndes County, Alabama, was the most southern point
selected. From thence southward, although the country is very flat, figures of good size can
probably be obtained by eareful studies of its peculiarities.

Towards the end of March, heavy floods put a period to the reconnaissance, and retarded much
the work of preparing for occupation the stations that had been selected. The condition of the
roads and streams made such long detours necessary that observations were not begun until the
last week in April, a month having been consumed in work that, under more favorable circum-
stances, could have been done in a fortnight. Stations Laurel and Horn were completed, and
about one-half of the observations necessary at Weogufka had been made, when, on the 1st of
June, it became necessary to disband the party owing to the exhaustion of the funds available
for this survey.

Mr. Perkins expresses his obligations to Mr. W. B. Fairfield, extra observer, whose skill in
reconnaissance made his services of exceptional value.

The statistics reported are as follows:

Reconnaissance :
Area of, in square statute mlles ........................................ 3,260
Triangulation :
Area of, in square statute miles ... ... et eeeieaaceemtcaateeeaa e 1,050
Aggregabe length of linesof (Primary) ......ooeeiioieiioaaiiiinmnnnns. 400
Aggregate length of lines of (secondary) ...........coiievmiivianncnan 180
Number of days oecupied in opening and verifying lines of sight ... ..... 15
Number of stations oceupied..........cviuiineniiomencieeaaaaannn- 3
Number of points observed upon .............cccveecaceioianannencnnns 17
Number of angles measured ............ cccececeananeenansannesncnces 2;

Number of geographical positions determined ... . ... e bersemeemancanen
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Under a heading in Section X1V, reference is made to duty executed by Mr. Perkins earlier
in the fiscal year.

Survey of the Mobile Kiver from Spanish Rirver to the junction of Alabama and Tombigbee Rivers.—
In order to obtain data for a useful chart of Mobile River, Mr. J. H. Turner, Aid, was instructed
in January, 1888, to make a rapid survey of that river from the limits of the topographical sheets
at Spanish River, near Mobile, up to and including the junction of the Alabama and Tombigbee
rivers. The topography along the river banks only was to be delineated, all the bliffs and their
heights being shown, and special attention was to be given to the hydrography.

Mr. Tarner has submitted full reports of his survey, arranged as special and descriptive reports
relating to the triangulation, topography, and hydrography. The work was completed between
January 23 and April 30. Acknowledgment is made to Maj. A. N. Damrell, U. S. Engineers,
for his kindness in loaning a steamer speeclally adapted for the survey. Also to the people of
Mobile for the interest they manifested.

It had been originally intended to make the preliminary triangulation with the plane-table,
but this plan proved mpon examination not to be practicable, as the country bordering upon the
riveris, with few exceptions, a heavily wooded swamp, the trees overhanging the banks. Recourse
was accordingly had to a swmall triangulation, extending in a chain of quadrilaterals from the
Spanish River to the limits of the survey, the distances apart of the signals varying with the width
of the river, from forty to four or five hundred meters, the angles being measured by sextants;
short bases measured at intervals frequent enough to supply suitable checks, and azimuths carried
up the river by axial lines. All of the azimuth angles were measured with a six-inch theodolite,
and three stations were occupied for observatiouns for azimuth on the sun, one at Spanish River,
oune at Twenty-one Mile Bluff, and one at Monnt Vernon Landing. These observations were made
with a three-inch alt-azimuth. The length of river covered by the triangulation was forty miles.

As heavy and expeusive cutting would have been required in using the plane-table, it was
employed only where the Ligh pine lands touched the river, forming bluffs; these were carefully
mapped. Inotherpartsof theriver the shore-line being very regular, it was sketched in between the
stations, and all irregularities were noted. The various bayous were explored for short distances.

The hydrography was executed by running lines of soundings at right angles to the axis on
ranges from signal to signal, and at distances apart of one hundred meters, connecting these lines
by diagonals. This plan was carried out till towards the end of the season, when a limitation as
to time compelled the substitution of stream lines, with normals at greater intervals. The sound-
ings showed that, contrary to general report, the river was singularly free from shoals, the channel
being comparatively broad and sharply defined throughout its entire length. Between Spanish
River and the junction of the Alabama and Tombighee, but two bulwarks occur, and on these the
depth is seventeen feet. The shoals which oceur in the angles of the bends do not extend far enough
from shore to be dangerous to navigation.

Mr. E. M. Talcott served as Recorder in the party. Mr. Turneracknowledged his indebtedness
to him for faithful and energetic service, and for many valuable suggestions which contributed to
the accuracy of the work,

The statistics are:

Triangulation : .
Area of, in square statntemiles ... ... ... . ... ........ P PR 8
Number of signal poles erected. .. ..... ... ..o oiiviii ..., 596
Number of days occupied in opening and verifying lines of sight........ 15
Number of stations occupied for horizontal measures. .................. 575

" Number of geographical positions determined ... ............ e heaas 600
Number of azimuth stations . ....... . .. . L i i 3

Topography :

Area surveyed, in square statute miles. ... ... . ... ... ... ... ..... 15
Length of shore-line of rivers, in statute miles................. Aeemeean 85
Length of shore-line of creeks, in statute miles .....covevicvniinnenn.. 4
Length of shore-line of ponds, in statute miles........... ... .......... 3

&

Length of roads, in statute miles .................... ..., ... ... -

¢« v = . - - wnaan
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Hydrography :
Area sounded, in square geographical miles.................. .. ... 8
Number of miles (geographical) run while sounding .................... 135
Number of angles measured........................ e 2, 860
Number of soundings - ......ouimriiie i i it e 11, 300
Number of hydrographic sheets finished (scale, 1-5000) ........ e 9

The hydrography was plotted upon the topographic sheets; there are therefore nine sheets
in all.

During the first five months of the fiseal year Mr. Turner was on duty in the party of Assistant
Eimbeck, in Utah. Reference to his work there is made under a heading in Section XVI.

Lines of geodetic leveling run between the Mississippi River and Little Rock, Arkansas.—The or-
ganization of a party for connecting by lines of spirit leveling of precision the city of Little Rock,
Ark., with a bench-mark of the Mississippi River system of geodetic leveling, was intrusted to
Subassistant J. E. MeGrath by instructions issued towards the end of September, 1887. Upon
reaching Little Rock, he was directed to communicate with Prof. J. C. Branner, Director of the
Geological Survey of Arkansas, and consult with him with reference to the route to be followed, and,
before taking up the work, to make a thorough reconnaissance of the several routes by which the
river might be reached from Little Rock.

Mr. MeGrath arrived in Little Rock on October 16, and, after seeing Professor Branner, made an
examination of three routes, each of which would enable him to connect lines of geodetic leveling
from that city with a primary bench-mark of the Mississippi River Commission. The route finally
adopted was that of the Little Rock, Mississippi River and Texas Railroad from Little Rock to
Arkansas City, on the Mississippi River. This road runs through a high and rocky streteh of
country from Little Rock to Pine Bluff, a distance of about forty-three miles; it then descends
into the Jow lands, but in a belt which is entirely above overflow until Trippe Junction, a station
seven miles west of Arkansas City, is reached. From Trippe the road runs down to the river on
a well built, substantial embankment, one which has not been overflowed for three years.

The high grade of this line, its shortness (one hundred and fourteen miles), as compared with
the other two lines, its small amount of trestle-work, and the convenience it offered to the party
in getting to and from their work, made it the most favorable route, and its termination at a point
near Wilkerson’s Landing, on the Mississippi River, was also an advantage, as this point was
much nearer Greenville, the end of the Coast and Geodetic Survey line of precise leveling on the
Mississippi, than points at either Helena (Arkansas) or Memphis would have been.

Owing to the possible prevalence of wet and stormy weather late in the season, it was decided
to work westward after a crossing of the river had been effected. The first work done was in
compliance with Professor Branner’s request to make a crossing of the Arkansas River at Little Rock,
and connect the east monument of the U. S. Engineers’ base near the river bank with the primary
bench-marks in the city.

The party was then transferred to the east end of the line, and, having started at the per-
manent bench-mark of the Mississippi River Commission at Wilkerson’s Landing, Bolivar County,
Miss., connections were made with the secondary bench-marks of the Commission, and the river
was crossed into Arkansas, two methods being used, one that of simultaneous and reciprocal
observations, carried on by Mr. Mc¢Grath and by Mr. John Nelson, Aid in his party, and the other
by means of water-ganges, which were carefully observed and then comnected with the beuch-
marks of the line of precise leveling. The work was then carried westward.

At various times during the season, in accordance with instructions, Dr. Branner was fur-
nished with the heights and descriptions of such bench-marks us would be of use to him in con-
nection with the topographical and geological survey of the State under his direction, and at the
close of the season complete lists of bench-marks established by the party, with their heights and
descriptions, were communicated to him.

On February 11, the work having been completed, field operations were closed.

The method pursmed throughout was that of running two single lines of precise leveling in
opposite directions by different observers, Mr. McGrath taking the line in one direction and Mr.
Nelson in the other.
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Of Mr. Nelson’s services Mr, McGrath speaks in terms of high praise, both as regards the
accuracy and the rapidity of his work. Mr, F. A. Young, Recorder, was zealous and faithfal.

The observations have been discussed in the Office, and their results presented in Appendix
No. 12, to this volume. '

Other duty assigned to Mr. McGrath is referred to under headings in Sections IT and XV,

Triangulation, topography, and hydrography of the Atchafalaya River, and detached surveys on the
coast of Lowisiana.—In December, 1887, Assistant C. H. Sinclair, having reeceived instractions to
make certain surveys needed on the coast of Louisiana west of the Passes of the Mississippi, pro-
ceeded to New Orleans, and having had the steamer Hitcheock repaired and made ready for sea,
left in her for Morgan City by way of the Mississippi River and the Gulf.

An azimuth being required on Last Island, to give direction to the triangulation in that locality,
Mr. Sinclair stopped there and occupied Raccoon station on the west end of the island, placing an
azimuth mark abont a mile to the eastward, and referring it to Ship Shoal Light-House. He was
detained here a week by cloudy weather. Leaving Last Island Janunary 28, 1838, the steamer ar-
rived at Morgan City on the 30th, having stopped at Shell Island on the way to establish there,
by the kind permission of the owner, a depot for supplies of coal, lnmber, etec.

It had been intended at the outset to execute a survey of verification at Southwest Pass, Ver-
milion Bay, but as from circumstances over which they had no control, the officers assigned to
Mr. Sinclair’s party were unable to join him till much later in the season, he took up at once the
reconnaissance and triangunlation of the Atchafalaya River and its connection with the triangula-
tion on the Gulf coast.

As a base of operations the line Deer Island-Belle Isle was used; the reconnaissance and
erection of signals was pushed rapidly, and the principal part of the triangulation was completed
by the middle of March. On account of the tall marsh canes fringing the river, it was necessary
to put up observing tripods for even short lines. When the last quadrilateral was reached, it be-
came necessary to open lines across marsh that could not be passed over in a direct line, as it was
covered not only with tall cane, but crossed by ridges of willows from thirty to fifty feet high that
could only be reached by entering at certain places and getting on line by trial, the marsh being
_too soft to allow a line to be followed up from one end to the other on range.

North of the most advanced signals the cypress woods are very lofty, and it was not deemed
advisable to push the triangulation through them by cutting. Points enough had been deter-
mined by March 9 to start the topography, and work on the lower sheet was taken up by Mr.
J. A. Flemer, Aid in the party. Subassistant . L. Taney arrived Marech 24, and having organ-
ized a separate party, executed the topography on the upper sheet as far as Morgan City.

Meantime Mr. Sinclair went to the coast stations to measure the angles at Belle Isle, Point an
Fer, and Deer Island ; to examine the ground for a check base, and to have observations made for
latitude and azimuth. Latitude was determined at Station Deer Island by Subassistant I. A.
Welker on five nights with meridian telescope No. 6, and an azimuth measured by Mr. Sinclair,
using theodolite No. 82,

Upon the completion of the topography of the lower river, the hydrography was begun April
3. Mr. Flemer assisted with the hydrography till April 15, when he was recalled to Washington
for other duty. On that date Mr. Taney disbanded his own party and joined the steamer, and
after finishing the topography to Morgan City, aided in the hydrography till its completion.
During the hydrographic work, tidal observations were made at Shell Island, and the tide-guage
established there was referred to suitable marks.

Field operations were closed April 27, and the steamer was laid up at Bayon Beuf alongside
the property of the Morgan Steam-ship Company, Mr. Natali, agent of the line, having kindly
granted permission to this effect.

The statisties of the season are:

Triangulation :
Number of stations occupied for horizontal measures ............... ces 11
Number of geographical positions determined......................... 83
Latitude and azimuth work : ‘
Number of latitude stations ocenpied ... ... ... ... ... ... .. ... ....... : 1
Nimhar af arimnth ctatiana ananniad [
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Hydrography : .
Number of miles run while sounding . .. ... . ccoiemneenn i, 243
Number of soundings. .. ... .. ... ... 17,193

Other services performed by Mr. Sinclair are referred to under headings in sections X, XI, and
XVI, and also under ¢ Special operations.”

Topographic surveys on the coast of Louisiana between Vermilion Bay and Calcasiew Pass.—Topo-
graphic survey of the Atchafalaye River, Lowisiana.—A topographical survey of the chain of islands
known as the Cheniers, between Vermilion Bay and Calcasieu Pass, coast of Louisiana, was exe-
cuted by Subassistant E. L. Taney in the winter of 1887-'88 under instroctions dated December
22, 1887,

From Cameron, Louisiana, where the work was begun, it extended a distance of forty miles to
the end of a ridge on the coast beyond the crossing of the Mermentau River. This ridge finally
develops into a great number of small islands in the marsh, separated by deep “coups.” This
string of islands and coups was surveyed by chain and compass.

Returning to Grand Chenier, Mr. Taney hired a sloop and proceeded to complete the survey
of Mermentaa River from his point of crossing towards its mouth, to join Assistant Hodgking’
work of 1884, Hog Bayou and Bayou La Bovi were also surveyed, the work being done by the
aid of an azimuth compass, and the points checked as often as possible by bearings taken to sta-
tions of the triangulation.

After the completion of the topographical survey of this part of the coast, March 18, Mr.
Taney joined the steamer Hitchcook, reporting to Assistant Sinclair for duty March 22. He was
then detailed with a separate party to make a plane-table survey of the Atchafalaya River, and
completed the upper sheet of this work, to the railroad bridge at Morgan City, April 15, the lower
sheet having been finished by Mr. Flemer. He then aided in the hydrographic survey of the
river until April 27, when field operations were closed for the seasom.

The statistics reported are:

Topography for the Chenier Islands:

Area surveyed, in square statute miles......... ... il 117
Length of general coast-line (fast land) in statute miles.................... 122
Length of shore-line of rivers in statute miles ................. ... ....... 16
Length of shore-line of ponds in statute miles ........ et iteemeaaaan cee.. 30
Length of shore-line of bayous in statutemiles .................. ... .. 25
Topography for the Atchafalaya River:
Area surveyed, in square statute miles. .. ... .. ... ..o ... 24
Length of shore-line of river in statute miles. .. ....... ... oo in caon 24

Reference is made under a heading in Section I to oth er duty assigned to Mr. Taney.

Hydrographic surveys on the coast of Louisiana between Isle Dernidre and Big Constance Bayou,
including Vermilion Bay.—The hydrographic surveys executed by Lieut. F. H. Crosby, U. 8. N,,
Assistant Coast and Geodetic Survey, commanding the steamer Gedney, between February 1 and
May 24, 1888, included the hydrography of Vermilion Bay, Lonisiana, and the continuation of the
off- shore hydrography of Louisiana to the ten-fathom curve from Isle Derniere to longitude 91°
40’ west.

For the survey of Vermilion Bay, the scheme laid out comprised four hydrographic sheets,
each on a secale of 1-20000 and for the outside work two hydrographic sheets, each on a scale of
1-80000.

With these sheets, which have been completed and sent to the Office, Lieutenant Crosby has
submitted descriptive reports. The coast in the localities of his survey is very low, with occasion-
ally a clump of live oak trees, and at rare intervals a building.

At Chiniere le Ligne there is a small fishing settlement. During summer the prevailing winds
are southeast, the heaviest gales coming from that direction, except the hurricanes, which come
from the southwest, and only in September and October. In winter the heaviest gales or *“ north-
ers” come from the northwest. Wrecks are almost unknown. The currents set to the west-

-
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ward as a rule, but they are very sensitive to the action of the wind. With the exception of
Trinity Shoal, which is gray sand, and the numerous shell reefs nearer shore, the bottom is very
soft mud.

In the channel through Southwest Pass into Vermilion Bay, Lieutenant Crosby states that
the greatest depth of water is about one hundred and fitty feet, and the least seven and a half feet
on the outside bar. The channels are practically permanent. The bay is used chiefly in the trans-
portation of lumber and cattle; the former by light-dranght schooners and the latter by steamers.
There are extensive salt mines on Avery’s Island, about six miles up Petit Anse Bayou, from the
bay, but the salt is shipped by rail to New Iberia.

At the eastern point of the entrance to the Pass are the ruins of an old light-house Iying in
the water and showing white at u distance of three or four miles. Lieutenant Crosby observes
that a light-house or a tower at this point would greatly aid strangers in finding the entrance to
the Pass,

The officers attached to the party were Ensigns R. O. Bitler, Joseph Strauss, and D. 8. Nes,
U.S.N.

For the season the statistics are:

Arca sounded, in square geographical miles. ........ ... ... 959
Number of miles (geographical) run while sounding................... 2,513
Number of anglesmeasured.... ... ... ... .. ... ciiei i 9,353
Number of soundings._............... e 108, 266
Number of tidal stations established ....... ... .. .. ... ............ 6
Number of specimens of bottom preserved. ... .. ... ................ 59

Report is made of hydrographic surveys executed during the fiscal year by Lisutenant Crosby
upon the coast of Maine under a heading in Section 1.

SECTION X.

CALIFORNIA, INCLUDING THE COAST, BAYS, HARBORS, AND RIVERS. (8kercnes Nos. 2, 9, 10, 16, 17,
and 18.)

Resurveys and examinations in San Diego Bay and vicinity.— Tertiary triangulation and topog-
raphy between San Dicgo and San Pedro Bays.—Reference was made in the last annual report to
the progress of the trigonometrical determinations, shore-line surveys, and examination of changes
in San Diego Bay and vicinity by Assistant Aug. ¥, Rodgers, aided by Subassistant Isaac Wins-
ton. This work was completed at the end of July, 1887; its results were shown by tracings of
three topographic sheets, containing nearly fifty miles of shore-line, and by an abstract of cighty
new geographic positions. Towards the end of Augustthe tracings and computations having been
- finished, they were forwarded to Washington.

Mr. Rodgers refers in his report to some statistics which show the extremely rapid develop-
ment within a few years past of the city of S8an Diego, one item of whi¢h may be here mentioned—
the custom-house receipts, which in 1885 were 8,000, and in 1887, $257,000.

Between the end of August and the close of field operations in December, Messrs. Rodgers
and Winston were occupied in a reconnaissance for stations of a tertiary triangulation to connect
the San Diego Bay surveys with those brought southward from San Pedro; with the observations
of hiorizontal angles until a junction of the two surveys had been effected, and with a topograplic
survey laid out upon five plane-table sheets, scale 1-10000, including the shere-line and all of the
salient topographic features in sight from the coast, among these being the town sites and all
buildings in Oceanside, Carlsbad, Leucadia, Encinitas, Del Mar, and La Jolla. Great care was
taken to leave nothing undetermined within the limits of these sheets which could be of importanee
to the mariner or available for future hydrographicwork. The plane-table work was greatly strength-
ened and facilitated in execution by the numerous secondary objects which had been fixed in posi-
tion; these consisted of some thirty-eight buildings, church-spires, school-houses, hotels, and other
notable structures. )

In the course of a comparison which he made of part of the shore-line of False Bay, including
the sand-spit which forms its western boundary, Mr. Rodgers found no evidenceof marked change
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since the date of the first survey nearly forty years before. In addition to the five topographical
sheets already alluded to, a sixth, or supplementary sheet, was projected to complete the delinea-
tion of the connections of railroad and wagon-roads extending north from San Diego Bay and round
the limits of False Bay ; on this sheet was laid down also the pesition of the new wharf built at
Roseville upon the shore of San Diego Bay.

Upon the close of field operations, December 17, Mr. Rodgers disbanded his party and pro-
ceeded to San Francisco. From the date of his arrival, December 25, he was continuously occupied
until towards the middle of April in revising field computations, inking and tracing plane-table
sheets, and in preparing the results of his work for transmission to the Office.

Two of the original sheets of San Diego Bay were inked and traced, the tracings being filed
in the Sub-office, and the originals torwarded to Washington. A tracing of the third San Diego
sheet was forwarded, and the original retained for possible future use in determining ehanged loca-
tions of bar and whistling-buoys at the entrance to the bay. Tracings of the five original sheets of
survey of the coast-line for a distance of forty-five miles north of San Diego Bay were made and
forwarded, together with a tracing of the supplementary sheet, and all the records and results of
the triangulation.

On Febroary 23 Subassistant Winston was detached and ordered to other duty. His services
Mr. Rodgers refers to as having contributed greatly to the sucecess of the season’s work.

In April, instructions having been received to resume field operations in southern California,
Mr. Rodgers left San Francisco on the 27th off that month, and early in May began the erection of
signals for the interior topography north and south from Oceanside, San Diego County. On June
12 the progress of this topography was temporarily suspended by instruections directing him to
go to San Jnan Capistrano, and lay down upon the topographic sheet of that locality the new line
of the California Central Railroad. This was accomplished by the 20th instant, when the Ocean-
side work was resumed.

Subassistant John E. McGrath reported for duty June 21. At the close of the fiscal year
twenty square miles of interior topography north and south of Oceanside had been completed, and
the work was in active progress.

Following are the statistics reported for the fiscal year:

Reconnaissance :

Area of, in square statute miles ..... ... .. ... . ... o il 50
Lines of intervisibility determined as per sketch submitted........_ ... 393
Number of points selected forscheme.. ... ......_ ... . ... ... ... ..... 68
Triangulation :
Area of, in square statute miles ....... ... ... .. Lol 100
Number of signal poles erected ................... e 68
Number of stations occupied for horizontal measures ................. 68
Number of stations occupied for vertical measures. ... .. _........_... 35
Number of geographical positions determined........................ 191
Number of elevations determined trigonometrically................... - 76
Topography:
Area surveyed, in square statute miles. . ... ... ... ..ol ool 100
Length of general coast line, in statute miles (San Diego Bay and coast) 92
Length of shore-line of creeks, in statutemiles................. .. ... 15
Length of roads (including railroads), in statute miles ... .. e e 120
Number of topographic sheets showing coast-line and elevation........ 9
Scale of topographic sheets ... ... .. . ....c. ittt 1-10000

With regard to the tertiary triangulation and the shores of San Diege Bay and northward
therefrom, Mr. Rodgers obsgerves that it was checked at every stage of progress by providing double
determinations of every advanced base by means of diagonals, and that it was finally checked in
length and azimuth by establishing the first junction between two carefully measured bases, one
bundred miles apart, one on the shores of San Diego Bay, the other a few miles inland from the
roadstead of San Pedro.
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Special hydrographic examinations at San Juan Capistrano, La Ballona, and at Newport and
San Pedro Bays, California.—In accordance with instructions, and under the direction of Assistant
George Davidson, Mr. Ferdinand Westdall made a minute examination of the approaches and an-
chorage of San Juan Capistrano for the map already made. This was done in much detail, and
the soundings were reduced for the tide by comparisons with a tide-staff set up at Newport Land-
ing, where regular observations were continued. The weather at San Juan was adverse; fogs and
strong winds prevailed, and the landing through the surf was dangerous. The boat was capsized
twice. This work was all reduced, plotted, tracings made, and the sheets and records transmitted
to the Office.

At La Ballona the projected piers were determined in position by connecting them with the reg-
ular triangulation and topography. As the proposed dredging had not been oxecuted, there was
no need of a detailed examination.

At San Pedro Bay, the Crapo sunken rock, having seventeen feet of water upon it, was eare-
fully examined and two heads were discovered. TFurther examination was made to determine
whether there was any line of submerged rocks hence to Deadman’s Island, and also further out
in the anchomge No other danger was detected.’

Mr. Davidson had reported that four different vessels had been upon this rock before it was
buoyed. The rock was connected by observation with the regnlar work of the Survey and the lo-
cation of the buoys fixed. The city plans of Lonug Beach and Alamitos were reduced.

At Newport Bay, under Mr. Davidson’s direction, Mr. Westdahl made a special examination
of the physical hydrography off the beach to the west of Newport Bay entrance, where oue of the
great submarine valleys heads. This work was at once reduced, and the records and sheets sent
to the Office.

Other bydrographic work executed by Mr. Westdahl, under the direction of Mr. Davidson, is
referred to in a later heading of this section. ~

Examination of the site sclected jor the measurement of a primary base-line near Los Angeles, Cali-
Jornia.—An aceount was given in the Annual Report for 1836 of an examination made in May of
that year to obtain a site for a base-line to be used instead of the San Pedro base, one of the ter-
minal markings of which had disappeared.

A site was selected, but no funds for the measarement being immediately available, it was post-
poned. In June, 1888, it became probable that the measurement might soon be made; instruc-
tions were given, therefore, for a re-examination of the site with reference to its freedom from im-
pediments. This examination was made on June 9 by Subassistant Fremont Morse, under the
direction of Assistant George Davidson.

Mr. Morse drove over the line from its northeastern to its southwesternend. Near Northwest
Base he found the base site crossed by the new line of the Atchison, Topeka and Santa Fé Railroad,
which rans nearly parallel with that of the Southern Pacific, and erosses the base-line at about
the same angle, about half way between Northwest Base and the Southern Pacific crossing. But as
there is no fill at the point of crossing there is no obstruction to measurement of the base. Neither
do the few wire fences that have been put up south of the Southern Pacific crossing and between it
and the first ranch hounse offer any obstruection.

An early measurement is, however, as Mr. Morse reports, exceedingly desirable on account of
the great rapidity with which the country in the vieinity is being settled. An instance of this is
the growth of the town of Whittier, three or four miles north of Anaheim. When the base was
located in 1886 no snch town was in existence; it has now some 2,500 inhabitants. Another thriv-
ing town, still nearer the line of the base than Whittier, is Fullerton, built up entirely since 1886,

Towards Southeast Base the soil, which for some distance from Northwest Base is alkaline,
grows better and more adapted for agricultural purposes. The land which is not inclosed and
cultivated bears a heavy crop of natural grasses and wild mastard. The mustard stallks are from
eight to ten feet high, giving ample evidence of the fertility of the soil.

Magnetic record continued atthe self-registering magnetic station at Los Angeles, California.—Ab-
solute measures of the magnetic elements made monthly.—Assistant B. E. Halter has submitted a re-
port of his work at the magnetic observatory, Los Angeles, Ualifornia, for the fiscal year. At this
station a continnous record of the variations of the magnetic elements is kept up by means of the
Adie magnetographs, and absolute measures are made on three days of each month.
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Near the beginning of the year some changes were found necessary in handling the sensitive
paper and in other parts of the routine work; these were made with satistfactory results. A new
azimuth mark had to be established, a- house having been erected in line between thie observatory
and the mark first employed. In January, 1883, the Jower observatory used for absolute measures
was nearly widshed away by heavy rains; this made it necessary to raise the building and the
pier, which was done in time for the February determinations.

The usual semi-annual observations for scale values were made on December 29 and June 26.

On January 6 Mr. Halter found it necessary to re-balance the vertical-force maguet, the mag-
net spot being nearly off the cylinder, The scale value was again determined immediately after-
wards. '

During the month of October the clock was stopped by a mole or gopher, and seven hours’
record was lost, and on the 17th of May the vertical force lamp was extinguished by a bird or a
bat, and one hour’s record was lost. On June 12 the winding cord caught in the pendulum of
the clock, and seven hours’ record was lost. Hence the total loss of record during the year was
fourteen hours of the unifilar, fourteen hours of the bifilar, and fifteen hours of the vertical force.
The development of the traces throughout the year was remarkably good.

Absolute measures of the magnetic declination, dip, and intensity were made regularly on
the 14th, 15th, and 16th of each month without interruption. Observations for time werc made
on the 1st of each month, or as soon after as possible. The records, computations, and duplicates
were kept up to date, and forwarded every month to the Office.

In the routine work and with the records Mr. Halter was assisted by Mr. W. I, Miles,

For the fiscal year the statistics are:

Number of observations for time ..........o oo i, 384
Number of observations for temperature .. .......... ... ... .. ......... 4,750
Number of unifilar hourly scale readings........oeveeeeennn cmanaaan.. 8, 746
Number of bifilar hourly scale readings .................. e 8, 746
Number of vertical force hourly scalereadings............ ... . .. 8, 745
Number of observations for absolute declination........... ............ 1,440
Number of observations for absolute intensity..... e e 1, 584
Number of observations forabsolute dip........... ... .ooeii il 3, 580
Number of observations for azimuth ... ... ... ... .. ... .. ... ... 32

Number of observationsfor scale values of bifilar and vertical force magnets. 882

Tertiary triangulation and topography on the south coast of California.—An abstract was given in
the last annual report of the work of the party in charge of Assistant Stehman Forney on the south
coast of California in advancing the topographical survey on that coast towards San Simeon Bay.

A junction having been effected with Assistant Rockwell’s survey at San Simeon about the
beginning of the fiscal year, Mr. Forney moved his party and camp to San Carpoforo Creek, the
western terminus of Mr. Rockwell’s work, and took up a tertiary triangulation which he carried
westward to Cape San Martin, connecting it also with the primary triangulation stations Rocky
Butte, Cone Peak, and Santa Lucia. At the two stations last named he erected large signals.

By December 22 he had completed the topography of the coast to the limits of the first plane-
table sheet as far west as Buckeye Cafion. Field operations were then suspended for the season.

The statistics are:

For the triangulation :

Number of Stations 0CCUPIEA . . . ... on e e e e e et aaeeneeenaaeanenes 15
Number of signals erected ... ..........oviiuiimmnnnoraoneenaaeaetoonenn 17
Number of points observed apon .......ocvvreeneenecen nnn s vee. 22
For the topography : \
Number of miles of shore-line surveyed .. ...........ceeceeeeoaaaaioannnns 7"
Number of miles of roads surveyed .........cc.oeeeeerininrmonnans PO 29
Number of miles of creeks surveyed.......... eeemeemreecaiaeenans PO 32
Number of miles of FENCING &« o oevoneeie oot ie i iaaeacanaacnaannnnns 51
Number of miles of trails ................ [, U e 12

Area (approximate) surveyed in square miles ................. eerenesenne 29
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During the remainder of the winter and until the end of April, 1888, Mr. Forney was engaged
in completing his records and in tracing and inking his topographical sheets. Having received
instructions to resnme field-work, he left San Francisco May 1 and proceeded to Cambria, San
Luis Obispo County, where he organized bis party and took up the extension of the coast triangnla-
tion northwestward from the line China Guleh-Yellow Hill to the line San Martin Top-Alder Top,
and the topography from the mouth of the San Carpoforo Creek northwestward to Villa Cafion.
The work involved the ercetion of large signals at twelve stations of the triangulation close to the
coast, and at two stations, Rocky Butte and Santa Lucia, of the main triangnlation. In putting
up these signals much time and hard labor was spent, the country being rough and transportation
difficult. In compliance with instructions the contour curves for the topography were carried to
the summits of the coast range, which varied in distance from the ocean between one and a half
and four miles.

On Juune 17 and 20 Mr. Forney determined the positions of two sunken rocks in Twin Peak
Bay. ‘

The topographical sheet upon which he was occupied at the close of {he fiscal year included the
rich gold mines discovered a year ago, yielding three tons of ore per day, each ton producing gold
to the value of $600. Other mines have beer: opened in the vicinity, but have not as yet proved
productive. This mining region is on Alder and Willow creeks, and extends from the ocean to
the summnit of the coast range.

In Villa Cafion there is a fine grove of gilver fir trees, ¢overing about fifty acres of ground,
and containing about two thousand trees. Some of these are two hundred feet in height and four
feet in diameter at the base.

Further report of the progress of Mr.Forney’s work will be made in the next annual volume.
Mr- John Nelson rendered efficient service as aid in the party.

For the fiseal year the statistics are as follows:

Triangnlation:
Area of, in square statute miles...... ... ... ... ... 50
Number of signal poleserected .... ... .. .. ... ... .. . .oi........ 37
Number of stations occupied for horizontal measures ..................... 22
Number of geographical positions determined. ... ................... aee. 27
Topography :
Area surveyed, in square statnte miles........ ... ... .. ... ... 30
Length of general coast, in statnte miles. ... ... ... ... .. ... ... ....... 10
Length of shore-line of creeks, in statate miles...... ... ................ 34
Length of roads, in statute miles........... ... .. ... ... ... 24
Number of topographic sheets finished ................ ... .............. 2

These sheets were upon a scale of 1-10000, the first extending from the mouth of Santa Resa
Creek to San Simeon Bay, and the second from the mouth of San Carpoforo Creek to White Rock
No. 2, south coast of California. ,

General charge of the land work upon the Pacific coast ; the main triangulation of southern Cal-
ifornia ; inspection of field parties, etc.—During the fiscal year Assistant George Davidson con-
tinuzed in general charge of the land work upon the Pacific coast, and has reported upon the
progress of the several classes of operations incidental to and included in that assignment. He
has furnished to the Superintendent general plans for the work of the coming fiscal year for the
land parties, and has supplemented the instructions of the Superintendent by detailed instrue-
tions where it was deemed necessary. He has examined and reported upon the estimates of the
different parties, and commends the efforts made by their several chiefs to reduce expenses to a
minimum.

The summarized statements which follow relate to the various operations executed by Mr. Da-
vidson or under his direetion.
) Oqcuj)atiorz of a station in continuation of the primary triangulation of southern California.—The
immediate charge of the party organized for the continmation of the primary triangulation of
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southern California was assigned by Mr. Davidson to Assistant James S, Lawson, aided by Sub-
assistants P. A. Welker and Fremont Morse.

The station selected for occupation was Macho, one of the stations connecting the coast series
with the transcontinental triangulation, and necessarily one in the main series that will be devel-
oped eventually over the great valley of California. The mountain is in the eastern flank of the
Mount Diablo range, and overlooks the San Joaquin Valley. It lies thirty miles southeast of the
town of Livermore, and is reached by wagon and by pack-animals over a rough road.

- On the 22d of July, 1887, a lower camp was established in the Macho Cafion; a temporary
stable for the pack-animals made, a trail up the mountain laid out, and as rapidly as possible the
party and instruments were brought up to the station, which has an elevation of nearly 4,000 feet
above the sea.

The piers for the theodolite and meridian instrument were made of concrete, and both were set
up within the observatory, a wooden building with canvas roof. As the arrangements for observ-
ing approached completion Mr. Walker was sent to post heliotropers. At each of the stations
Round Top and Conness, on account of their great height and difficulty ot aceess, it was deemed
advisable to have two heliotropers stationed. Unfortunately, the first set of heliotropers deserted
their posts a few days after being stationed, and a second set had to be sent. Assistant L. A.
Sengtelier performed this duty. At the stations Toro, Sierra Morena, Diablo, and Tamalpais, Mr.
Charles B. Hill, who was familiar with the locality, posted the heliotropers.

Tor the observations at Macho the statistics reported are as follows:

Horizontal directions.—These measures were made with the twenty-inch theodolite No. 115,
using it in twenty-three positions; they were begun August 19 and finished October 30. Twelvg
bundred and forty-five observations were made on eleven objects, in connection with sixty-one bun-
dred and fifty-six readings of the ocular micrometer, the value of which was determined. The ob-
jects observed were eight heliotropes at stations of the triangulation, one direction mark, and
the two domes of the Lick Observatory, on Mount Hamilton. Eight secondary readings (single
pointings) were made on peaks in the Hamilton Range, to the north and south of the Lick Obser-
vatory. .

Vertical angles.—These were observed on twenty-one days on sixteen ohjeets by eleven hun-
dred and eighty observations. Seven of the objects were heliotropes; the instrument used was
the Gambey vertical circle No. 57.

Time.—The errors and rates of the chronometer, John Hutton, No. 207, which was used in
all of the astronomical work at the station, were determined by observations on eight stars on
twenty-three nights.

Latitude.—For determinations, both of time and latitude, meridian instrument No, 16 was
used. For latitude, observations were made on twenty-seven pairs of stars on seven nights.
Three hundred and eighteen observations upon « Urs@ Minoris were taken on six nights for value
of micrometer.

Azimuth.—Observations for azimuth were made with the theodolite in the same twenty-three
positions as for horizontal direction, @« Ursa Minoris being taken in twenty-two positions and
¢ Ursse Minoris in six positions on twenty-two nights. In each pesition, ten pointings (five direct
and five reversed) were made upon the mark and twelve upon the star, five hundred and thirty
observations being taken.

Magnetic observations.— Determinations of the magnetic declination and horizontal intensity
were made, for the former on four days and for the latter on three. After closing field-work at
Macho, the standard magnetic station near the Presidio, San Francisco, was ocecupied. Obser-
vations for the declination and horizontal intensity were made on five days and for dip on two
days.

The line from Macho to Mount Toro passed so close to the crest of the Hamilton Ridge, about
two miles south and east of the Lick Observatory, that the heliotrope at Toro, when no refraction
existed, showed through small oak trees and bushes. It was necessary, therefore, to remove the
trees and open an avenue. Af times very large refraction was noted on this line, the heliotrope
at Toro appearing twice the height of the tallest trees above the ground.

An intensely smoky -condition of the atmosphere prevailed in all directions, due to fires
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ranging over many square miles, not only in forests, but through agricultural disfricts, and caus-
ing great destruction. The smoke from these fires was at times so dense that only the faintest
outline of ridges barely half a mile distant could be seen, and it rose to an elevation far above the
line of sight to the Sierras.

After completing the field-work on Oectober 30 the party was disbanded, and Mr, Lawson
proceeded to San Francisco, where he completed his records and ecomputations and placed them
in the hands of Assistaut Davidson for- transmittal to Washington. In this duty he had the, aid
of Mr. Morse. On November 7 Mr. Welker was detached and instructed to report for duty to
Assistant Sengteller. .

Mr. Lawson expresses himself as indebted for very effective assistance to Messrs. Welker and
Morse in all of the operations of the season.

Observations for the latitude of the Lafayette Park Station, San Francisco, in connection with the
main triangulation.—The astronomical and telegraphic longitude station at Lafayette Park, San
Francisco, was oceupied for the observation of its latitude, in connection with the main triangula-
tion. It was important, moreover, to know whether there existed at this station a different station
error from that found at the Presidio astronomical station and Telegraph Hill latitude station, the
Lafayette Park observatory having been adopled as the primary telegraphic longitude station for
the Pacific coast. Ttis also the primary pendulum station for that coast. ,

It had been intended by Mr. Davidson to occupy the station for this work in October, and he
prepared a large list.of stars for it, but other pressing duties prevented his beginning the observa-
tions till January, 1888, when he took it up with the aid of Assistant Lawson, and at times with

. that of Subassistant Morse.

The instrument used was the old zenith teleseope No. 1. For time, observations were made
with transit instrument No. 3. The value of the zenith telescope micrometer was determined on
five nights by eight sets of observations on Polaris at western elongation and on B. A. C. 4165 at
castern elongation. Each series extended through thirty-three half-turus of the micrometer screw,
and observations were made at the quarter-turns to determine the mechanical defects of the
shoulder and collar of the serew-bearing.

Collimator observations for value of the level scale in terms of the micrometer were made on
three days.

The statistics of the work are:

Latitude:
Number of pairs of stars observed.............ccoviia.... teettneananeae 35
Number of nights, average ... .. ... . e 8
Whole number of observations ........... @t e e 595
Time:
Number of stars obDServed .. ou . oo e e 24
Number of nights of observation...... .. ... ... . ... ... .21
Number of observations.......... e e e e 108

Oecupation of the station Presidio of San Francisco for magnetic observations.—Mention has
already been made of the magnetic determinations at the primary triangnlation station Macho and
subsequently at the station Presidio of San Francisco. At this last-named station, where Assist-
ant Davidson began the Pacific coast series of magnetic observations in 1852, he had observations
made by Subassistant Morse on five days in November, 1887, for declination and horizontal in-
tensity, and on two days for dip. And again, by the same officer, in May, 1888, the declination,
horizontal intensity, and dip were observed on four days, the object being to maintain a close
watch for the epoch of maximum eastern variation.

The observations, which are very consistent, indicate that the epoch is very near at hand.

In this connection Mr, Davidson refers to his official communication of his discovery of aval-
uable series of magnetic variations in an old volume of Spanish explorations, in which were con-
tained observations by the ship Duchess of Pontchartrain,in 1714, at nine locations between Guada-
lupe Island and Cape Corrientes. He has called attention alsoto the valuable series of magnetie
observations given in Dudley’s “Arcano del Mare,” 1647, embracing the Atlantie coast, Gulf of
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Mexico, and Pacific coast. Later, he found in the original charts of Dudley magnetic observations
by Drake (1579) and by other authoritics, and communicated them to the Superintendent.

Under the heading ¢ Sub-office at San Francisco ” a summary is given of the duties involved
in the charge of that sub-office, which has been, as heretofore, with Mr. Davidson.

Tidel record continued ai the automatic tidal station at Saucelito, San Francisco Bay, California.—
Assistant Davidson has continued in charge of the Saucelito automatic tidal station, and has
attended to all the tabulations and sheets, examining the latter throughout before transmitting them
to the Office. The bench-mark reference to the zero of the staff has been re-examined by Mr.
Westdakhl, who makes monthly visits of inspection. Since Mr. Charles B. Hill resigned to accept
a position at the Lick Observatory, Mr. Davidson hasmade the observations at the Lafayette Park
station for error of the tidal chronometer. By authority of the Superintendent he furnished to Col.
George H. Mendell, U. S, Engineers, the half-hourly readings of the tide-gauge for two and a half
months for the reduction of his soundings in the bay of San Francisco. Mr. Emmet Gray remains
as the observer at Saucelito. The record which he keeps up is of standard excellence.

Exchanges of telegraphic signals for longitude beticeen San Francisco, California, and Portland,
Oregon.—Reference was made in the last annunal report to the occupation of the Lafayette Park
Station, San Francisco, by the longitude parties, and the progress of the telegraphic exchanges
for longitude between San Fraucisco and Salt Lake and San Francisco and Portland, Oregon, was
stated up to the close of the fiscal year.

On July 1, 1887, Assistant C. H. Sinclair, being in charge of operations at San Francisco,
and Assistant Edwin Smith at Portland, three nights of exchanges of longitude signals had been
obtained. Two more were required, and these were obtained July 5 and July 8, after which the
observers exchanged stations, and with Mr. Smith at San Francisco and Mr. Sinelair at Portland,
the determination was completed by the exchange of longitude signals on the nights of July 18,
August 12, 16,18, and 19. The unusudl length of time oceupied in getting these five nights was due
to very unfavorable weather at San Francisco chiefly, but partly at Portland also, and to difficulty
with the telegraph lines.

During July Mr. Sinclair determined the latitude of his station on six nights, making
one hundred and thirteen observations on twenty-three pairs of stars, The value of the micro-
meter of zenith telescope No. 2 was found by observations of ¢ and 6 Urse Miuoris at upper cul-
mination.

It had been planned to take up the determination of a number of stations to the north of Port-
land, but this being deemed inadvisable on account of the lateness of the season, it was decided
to take up the lines Portland-Walla Walla, Washington Territory, and Walla Walla-Salt Lake
City.

A report of the progress of these longitude exchanges will be found under headings in Sec-
tions XI and XV

Determinations of gravity at San Francisco and at Mount Hamilton, California.—In the annual
report for the preceding fiscal year an account was given of the progress of the observations for
latitude and determinations of gravity made by:-Subassistant E. D. Preston on the Hawaiian Isl-
ands, at the request of the Hawaiian Government and by special assignment with the approval of
the Secretary of the Treasury. “

Under the heading ‘¢ Special operations,” towards the close of this volume, the further prog-
ress of that work is reported up to date of its completion, August 30, 1887, when Mr. Preston’s
connection with the Hawaiian Government ceased, and he sailed for San Francisco.

Having arrived at that port September 6, Mr. Preston resumed his service with tho Coast and
Geodetic Survey, and on the next day began preparations for the comparative determinations of
gravity needed to supplement those made on the Hawaiian Islands. The first station occupied was
in the pendulum-house in Lafayette Park. Some few days’ delay was caused by the necessity
of passing the instrurents through the custom-house and of refitting the pendulum stand, which
had became warped from disuse. - Observations were begun September 12.

Mr. Preston acknowledges the effisient aid received from Mr. C. B. Hill, who was assigned to
him for this duty through the kindness of Assistant Davidson. Mr. Hill had experience in the
work, having taken part in the pendalum experiments of 1883, and with his help the swinging went
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on uninterruptedly night and day from the beginning to the end of the series, each observer
taking eight hours’ observations followed by eight hours’ rest. At Lafayette Park the last swing
was made September 21.

After dismounting the instrnments and forwarding them to Mount Hamilton, arrangements
were completed with the Director and Trustees of the Lick Observatory for the occupation of a sta-
tion there. “Before leaving San Franeisco, barometer and thermometer comparisons were made,
zero points determined, the records were duplicated, and the chronograph sheets read. These
duties, with some miscellaneons office-work, oceupied the time until October 9, on which day Mr,
Preston left for San José, and the next day reached the Lick Observatory. Preparations for the
pendulum swings were at once begun, and on the 13th instant the first observations were made.
No assistance beiug available for continuous work day and night here as at San Francisco, the
series proper, that is, twelve hours' observations per day, occupied Mr. Preston’s time from 6 a. m.
to about 7 p. m. daily. From 8 p. m. till midnight Mr. J. E. Keeler, assistant in the observatory,
who had volunteered to aid in the work, with the approval of the Director, Prof. E. S. Holden,
made one swing, and during this period observed the nsnal stars for time., The clock corrections
furnished by the observatory, it need hardly be said, left nothing to be desired.

Observations were finished October 27, and, after dismounting the instruments and sending
them to San Francisco, they were forwarded November 1 to Washington. On December 7, in
accordance with instrnctions, Mr. Preston arrived in Washington, and took up pendalum experi-
ments at the gravity station at the Smithsonian Institution, Reference to this work, in which he
had the aid of Assistant J. B. Baylor, is made under a heading in Seetion IIL

Resurvey of Suisun Bay and tributarics, California.—In continuation of the resurvey of Suisun
Bay and its tributaries, which, as stated inthe last annual report, had been brought to a close
April 19, 1887, by the exhaustion of the appropriation, Assistant Louis A. Sengteller was direeted
on September 12, 1887, to organize a party and report to Assistant George Davidson for detailed
instruoctions. {

Pending the approval of his estimates, he took the field as directed early in October, and hav-
ing recovered and rebuilt the necessary signals for the triangulation, as also the topographical sig-
nals requaisite, he prosecuted the resarvey till February 2, 1888. At this date, owing to the heavy
rains which had made the roads practically impassable, it was deemed advisable to close field
operations.

The work had included the shore-line of Suisun Bay from the mouth of Montezuma Creek to
the head of the bay; thence, passing the mouths of Grizzly Slough and Roaring River, to the
passage bounded by Ryers and Siimmons or Eads Islands, as also all the tributaries emptying into
the bay or streams above mentioned. It was further developed from aboutone mile northwardly of
Collinsville to the northwestward, so as to include Montezuma Creek and streams emptying therein
from Grizzly Island and the main shore. The marsh and main shore-lines, and such detail beyond
the latter as was found upon the old published chart orincluded within the area of projection far-
nished by the Office, were redetermined, or such portion thereof as was deemed of value to the
resurvey.

For the triangulation which was needed to insure the topographical aceuracy of 8o extended
an area, the points selected were as far as practicable such structures as house-chimneys, cupolas, or -
gables, rapid of determination and conspicuous by their height.

After disbanding his field party, Mr. Sengteller took up the inking and tracing of his plane-
table sheets, and was thus occupied until March 16, when he received telegraphic instructions from
the Superintendent to resume field duty, as also detailed instructions from Assistant Davidson.

Having then re-organized his party, he resumed plane-table work March 27, At the end of
the fiscal year the resurvey of Suisun Bay and its tributaries was still in progress, and it was ex:
pected would be completed in a few weeks. Up to June 30 the work accomplished included the
shore-line of the bay, beginuing about two miles northwardly from Benieia, up to and passing the
mouth of Suisun Creek to the mouth of Montezuma Creek, where connection was made with work
already done. The shore-lines of Cordelia, Suisun, Mcmtezuma., and Nourse Greeks or Sloughs were
surveyed to their heads of navigation.
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For the fiscal year the statistics are:

Triangulation :
Area of,in square statnte miles. ......... .. . il 65
Number of signal poles erected...... ... .. .. oo, 22
Number of stations occupied for horizontal measures.... .. .. .. ... ...... 13
Number of geographical positions determined.... ..... ... .. ......... 18

Topography :
Area surveyed, in square statutemiles . ... . ... ... . ... 58
Length of shore-line (Suisun Bay), in statutemiles . .........._....._.__. 20
Length of shore-line of creeks, in statutemiles .... ... ... ..... ... ... 290
Length of shore-line of ponds, in statute miles........ et 2
Length of lines of tule and marsh, marsh and main shores............_.. 64
Length of roads, in statutemiles ..... ... ... .. ... ... il L. 81
Length of dikes and ditches, in statute miles..... ... ... ... .. .... 109

Mr. Sengteller observes that the immediate shores of the bay and streams over which his sur-
vey was earried are practically of one character, being in the main composed of a line of tule (or
bulrush) generally well defined and gradually encroaching upon former water-ways, and in many
instances quiterapidly. This he found to be particularly noticeable along the shores forming the
bead of Suisun Bay, including the embouchures of Suisun, Montezuma, and Grizzly Sloughs, and
Roaring River. Grizzly Slough, which was formerly, and within twenty years, frequented by light-
draught steamers, and bad a width of from one hundred to one hundred and fifty meters, is now in
many places fordable, while at its mouth the tule has advanced one mile into the bay.

Sub-assistant P. A. Welker joined the party November 9, and served with great acceptance
till January 10, when he was ordered to other duty. Mr. C. M. Allen reported for duty as tempo-
rary recorder March 23, and was still in service at the close of the fiscal year.

Resurvey of Fel River entrance and of Salt Eiver, California.-—Eel River, which is the natural
outlet to the southern part of Humboldt County, California, was surveyed in 1869-70, by Assistant
A. F. Rodgers, but owing to the great changes that had taken place at the mouth of the river
since that date, and the rapid development of the trade and commerce of southern Humboldt, a
resurvey was demanded which should include the river from its entrance to 2 point about a mile
and three-quarters above, and the whole of Salt River to Port Kenyon, the present shipping point
for this region.

Instructions for this work having been issued to Assistant George Davidson in February,
1888, he directed Mr. Ferdinand Westdah!l to make a preliminary examination of the locality and
report upon the extent of the survey that would be desirable. Early in March, the plans for the
work having been decided upon, Mr. Westdahl proceeded to the mouth of Eel River and began a
search for the triangulation points of 1870. Although most of them had been destroyed, enough
were found to determine additional ones and carry the work forward. The banks of Salt River
had been surveyed in 1869 only as far as its junction with Centreville Slough, but as Port Kenyon
lies nearly two miles higher up, the topography was carried up to and beyond Port Kenyon. A
portion of the north and south points of Eel River entrance was also resurveyed.

After the topography was finished soundings were obtained ou the bar and in the entrance,
and the two rivers were sounded out to the limits of the topographical survey. The soundings
were referred to a plane of reference derived from the mean of the lower low waters of twenty-
seven days’ observations at a tide-gauge established at the Shingle Mill Wharf, near the mounth of
Salt River.

The results of the survey, both topographic and hydrographic, are shown on one projection,
scale 1-20000, which has been deposited in the archives. With it Mr. Westdahl has submitted a
full descriptive report of the work, which occupied him from March 12 to April 3,

Referring to the peculiarities of the streams and sloughs surveyed, he observes that Eel River
is a very long stream, and in period of freshets carries a large body of water to the sea. Its delta
extends from Table Bluff on the north to the hills back of Centreville on the south, a distance of
eight miles, and reaches inland to the first great bend, some nine or ten miles tothe ocean. In times

H. Ex. 225
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past, the river has formed this low land and its old channels still remain as sloughs. Some of
these have entirely dried up, but can be readily traced in driving across the country. The prin-
cipal slough to the southward of the river is called Salt River. Itis connected with Eel River,
about nine miles from the sea, only in periods of freshets, when the waters of the latter river run
into it by several small channels too shallow to adwmit the immense drift logs and snags which
abound in Eel River. Salt River is, therefore, comparatively deep and free from snags and offers
better facilities for shipping than the main river. Landings have been attempted on Eel River,
but the steamers lose their propellers by coming in contact with sunken snags.

During the last thirty-five years the location of the entrance to Eel River has varied from a little
south of its present position to about two miles to the northward. The tendency of the river
during freshets or after the first rains of the fall is to break straight ont opposite its mouth; as the
river current becomes less voluminous, the south point keeps advancing to the northward and
forcing the north point in the same direction, but with a continually narrowing opening between
them. This advance to the northward, Mr. Westdabl observes, is no dvubt caused in part by the
general movement of the sand to the northward by the inshore eddy current, but it is also mate-
rially assisted by the shape of the junction of Salt River with Eel River. The former is at all
times a tidal stream, almost equally active throughout the year, and its ebb caurrent meets the Eel
River current at right angles close under the south point of entrance, thereby tending to prolong
the point.

Mr. Westdahl’s report presents many statements of local interest with regard to the great
progress of the region during the last ten or fifteen years, with tables showing the present value of
its products, and suggestions for works of construction near the entrance to Eel River, so planned
as to accelerate and make more permanent the present favorable action of the river itself.

He acknowledges the very material assistance he received from the firm of Robarts Brothers,
of Ferndale and Port Kenyon, in the way of personal services and supﬁly of means of transporta-
tion.

Upon returning to San Franeisco, after having reduced and plotted his soundings and inked
his sheets of survey, Mr. Westdahl resumed his regular duties in the Sab-office.

SECTION XI

OREGON AND WASIHINGTON TERRITORY, INCLUDING COAST, INTERIOR BAYS AND SOUNDS, PORTS,
AND RIVERS. (SgercHEs Nos. 2, 11, 12, 17, and 18.)

Completion of the topographical reconnaissance of the coast of Oregon from Yaquina Bay to
Cape Orford, and thence to Cape Sebastian— At the beginuning of the fiscal year Assistant E. F.
Dickins bad been in the field since the end of May, engaged in a topographical reconnaissance of
the coast of Oregon between Cape Orford (formerly known as Cape Blanco) and the mouth of the
Yaquina River. As stated in the last annual report, ke had finished nearly one-half of this recon-
naissance July 1, 1887, having at that date reached Heceta Head, on his way down the coast
from Yaquina Entrance.

Intended to delineate the outline of the coast and its characteristic features, the plane-table
sheets upon which the results of the work were to be shown were laid out upon a scale of
1-40000. The reconnaissance was pushed forward at every opportunity available, and by October
22 had been completed, covering five topographical sheets, These have since been forwarded to
the Office, aceompanied by a full descriptive report,in which Mr. Dickins makes note of the pecul-
iarities of each portion of his survey, naming the towns and settlements, their means of communi-
cation, the facilities for navigation and the dangers thereto, and stating the distinctive topo-
graphical features of the coast live. The value of this report is much enhanced by eighteen views
of capes, head-lands, and entrances included within the limits of survey.

At Blacklock Point (formerly Rocky Point) a connection was made with the topography
executed by the party of Assistant Chase in 1869, Mr. Dickins checked the direetion of his
coast-line by observations on the sun for azimuth, at suitable intervals; approximate determina: .
tions were made also of time and latitude.
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During the winter Mr. Dickins was occupied in bringing up the results of his field-work, and
towards the end of March, 1888, was instructed to make a topographical reconnaissance from the
limits of the topography at Cape Orford towards Cape Sebastian.

Having re-organized his party at as early a date as was desirable for the work contemplated,
be left San Francisco on May 12, and proceeded by way of Empire City, Oregon, to Bandon, Koos
County, on the Coquille River, where he procured saddle and pack horses, and pushed forward to
Port Orford, arriving there May 24. The reconnaissance was immediately begun, but during June
was greatly retarded by bad weather, sixteen rainy days occurring during that month. The party
succeeded, however, in making fair progress over a very rough and rugged coast, and by June 30
had reached the mouth of the Rogue River.

The statistics of field-work for the fiscal year are as follows:

Topographical reconnaissance:

Area of, in square statute miles (approximate) ...................... e 70

Length of ocean shore-line, in statute miles......... ... ...t 107

Length of shore-line of creeks and rivers, in statute miles.................. 40

Length of roads, in statute miles. ... ......c. oLl 2
Time, latitude and azimuth :

Number of stations occupied........... ... .ca.0 et decrteeeseaasaaaas 3

Completion of the topographical reconnaissance of the coast of Oregon between Yaquina River
and Tillumook Bay.—Examination of sites for light-houses at Cape Lookout and Cape Meares.—At
the end of June, 1887, as stated in the last anunal report, the topographical reconnaissance of the
coast of Oregon between Yaquina River and Tillamook Bay, which had been committed to the
charge of Assistant Cleveland Rockwell, had reached Cascade Head. From this point the work
made good progress during the remainder of the season, and was finished August 8 on Tillamook
Beach.

The general direction of the coast shown upon the topographical sheet is straight, and about
west-northwest magnetic. Its topographical features are very broken and complex. The bhighest
summits of the Coast Range of mountains are not shown upon the sheet, as they are from twelve to
twenty miles back from the ocean shores. The most prominent topographical and geological feat-
ures are the great transverse spur ending in Cascade Head ; the high basaltic mass, terminating
in the long trap dike of Cape Lookout, and the isolated mass of hills ending in Cape Meares.

Mr. Rockwell has submitted full descriptive reports of the localities of his work, accompanied
by a note-book of sketches of prominent capes, headlands. and groups of rocks within the limits
of his survey. These records, with the original topographical sheets, have been deposited in the
archives.

‘While prosecuting his reconn aissance he made examinations at Oape Lookout and at Cape
Meares with reference to sites for a light-house proposed to be built at one or other of these points,
and has submitted a special report, with views and sketches, in which he states in detail the variouns
considerations bearing upon the construction, facility of access, and are of visibility of the proposed
light-house, and indicates Cape Lookout as a more desirable and useful point for the purpose than
Cape Meares. :

During the winter, and until April 25, he was engaged on office duty, and on that date was
instructed to report to Assistant Davidson at the Sub office in San Francisco, for duty in eonnec-
tion with the preparation for publication of the fourth edition of the Pacific Coast Pilot.

Telegraphic longitude determinations between Portland, Oregon, and Walla Walla, Washington
Territory, and between Walla Walla and Salt Lake City.—Determinations of latitude and the magnetic
elements at Walle Walla.—Reference has been made under a heading in Seetion X in this voluine,
to the progress of the work of the longitude parties on the Pacific slope in 1887 under the direction
of Assistants Edwin Smith and C. H. Sinclair.

Exchanges of signals for longitude having been completed towards the end of August between
Portland, Oregon, and San Francisco, Mr. Smith proceeded to Portland, and Mr. Sinclair to Walla
Walla, Washington Territory, where he established a station in the grounds of the Court-house.

Determinations of the difference of longitude Portlaud-Walla Walla were made on the nights
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of September 5, 6, 9, 10, and 13, after which the observers changed places, and a second series of
exchanges was obtained on the nights of September 15, 16, 19, 21, and 23, completing the deter-
mination.

On four days in this month Mr. Smith made observations to determine the magnetic declina-
tion, dip, and horizontal and total force at Walla Walla.

The longitude determination, Walla Walla-Salt Lake City, was taken up towards the end of
September, Mr. Sinclair cccupying the station at Walla Walla, and Mr. Smith the station in
Temple Block, Salt Lake City. In this position of the observers, longitude signals were exchaunged
on the nights of September 28, October 1, 4, 8, 11, and 12.

At Walla Walla the latitude of the station was determined by Mr. Sirelair with transit No. 6,
by observing twenty pairs of stars on five nights. For value of the micrometer, observations were
made on 25 Camelopardalis at lower culmination.

The observers having exchanged places, the longitude exchanges needed to finish the deter-
mination of the line Walla Walla-Salt Lake City, were obtained oun the nights of October 16, 17,
19, 20, 21, and 22, after which field-work was closed.

Preliminary computations show a satisfactory closing of the telegraphic circuit, Salt Lake
City-San Francisco-Portland-Walla Walla-Salt Lake City.

Determinations of longitude by exchanges of telegraphic signals between Yaquina and Portland,
Oregon, and between Portland and Seattle, Washington Territoyy.— Observations for latitude andthe
magnetic clements at Yaquina, and for the magnetic elements at Portland—Early in April, 1888,
Assistant Edwin Smith, having been relieved from duty at the Office, was instructed to continue
the determination of geegraphical positions on the Pacific slope, as soon as the new transit instru-
ments then under construction in the office could be finished. Subassistant R. A. Marr was at
the same time directed to report to him to take charge of the co-operating party, and, in order to
advance the work, proceeded to Yaquina, Benton County, Oregon, to get that station ready and
observe for latitude and for the magnetic declination, dip, and intensity.

The longitude of Yaquina was to be determined by exchanges of telegraphic signals with Port-
land, Oregon. Mr. Smith Jeft Washington May 4, after seeing to the completion of the new tran-
sits, and reached Portland May 10. At that station the weather during the month of May was
very favorable, but at Yaquina quite the reverse. Towards the end of May the weather at Port-
land became unfavorable, and after three nights snceessful exchanges had been obtained, May 21,
27, and June 4, it was deemed advisable not to attempt a second series of exchanges with change
of stations by the observers.

The line, Portland-Seattle, Washington Territory, was then taken up, Mr. Smith going to
Seattle and Mr. Marr to Portland.

At Seattle the station established in 1886 in the grounds of the University by Assistant Gilbert
was found to be in good condition. The two parties were ready for exchange of longitude signals
Junell. The successful nights of exchange were June 12,21,22, and 24; after which the observers
changed places, and in their new positions four more exchanges were obtained on the nights of
June 26, 28, and 29, and July 5.

In addition to the longitude work, Mr. Marr observed at Yaquina for latitude and for the mag-
netic elements, and at Portland for the magnetic clements. A large number of observations were
made at the three stations by both observers to determine the correction for inequality of pivots of
the new transit instruments.

For the work aceomplished up to the end of the fiscal year the statisties are:

Latitude, longitude, and azimuth work:

Number of latitude stations oceupied. ....ov oo o ..., ta e iemmarecana 1

Number of pairs of stars observed for latitade ......... ... ... ... .0 ceoiaieo.. 71

Number of longitude stations, telegraphic ... ._.... .. .. .. ... ... ... ........ 3

Longitude stations, telegraphic, number of nights of exchange of signals. ...... poeee 10
Magnetic work :

Number of stations occupied for observations of the magnetic declination........... 2

Number of stations occupied for observations of the magnetic dip ................ 2

Number of stations occupied for observations of the magnetic intensity.............. 2
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Notice of additional stations oecupied by the longitude parties will have place in the next

annual report.

Topographical resurvey of the waler-front at Astoria, Oregon, and recovery and remarking of tidal
bench-marks~—Marked changes having taken place in the water front of Astoria, Oregon, since the
survey of 1868, Assistant J. F. Pratt was directed to take up a topographical resurvey of the wharf-
lines, and in connection therewith to recover and remark the old tidal bench-marks.

Upon reaching Astoria, August 21, 1887, Mr. Pratt began a search for the four triangulation
stations given on a tracing of the original survey. But .one of these, “Shortis House,” could be
certainly identified. ¢ Astor Point” was, however, located sufficiently near for the purposes of the
survey, and the work was oriented by these two stations. All traces of ¢ Astoria flag-staff” Lad
disappeared, and but a portion of the signal of ¢ Upper Astoria” was found, the bluff upon which
it was located baving fallen away considerably.

About one-fourth of the ity proper, including one-half of the business portion, is built on piles,
standing over the water at high tide. Of the thirty most prominent wharves, twenty-four have
been constructed for the use of the salmou canneries—the principal industry of Astoria,

Mr. Pratt calls the attention to the need of a general system governing the construction of
wharves prajecting into navigable waters, one that would be applicable to many localities in Oregon
and Washington Territory. He observes that the channel of the Columbia River, on the Astoria
side, is quite nairow, and has always been close to the shore along the water-front of the business
portion of the city; it is now shoaling in front of wharves numbered 19, 20, and 21, and this, Mr.
Pratt thinks, is due to the construction of the long, projecting wharves between those numbered
1 and 19. .

While the topographical work was in progress, locations for the new bench-marks were selected,
and all three of the old bench-marks were found. The four new bench-marks were established in
localities but little likely to be disturbed, oue of them (No. 4, 1887) being a copper bolt let into a
basaltic bowlder buried below the surface of the ground, and another {No. 8, 1887) & copper bolt
let into one of the foundation-stones of the Clatsop County jail. Descriptions of Nos. 4 and b were
furnished to the Clatsop County court,and spread upon its minutes. Al of the bench-marks were
referred by carefal leveling to the Coast and Geodetic Survey plane of reference, which had been
determined in former ycars by the serics of observations at the self-registering tide-gauge at
Astoria. The former tidal observer, Mr. Louis Wilson, has in operation in the warehouse of his
firm two tide-gauges, one ot his own construction, for indicating the roughness of the Columbia
River Bar, and the other, of the Coast Survey pattern, which he attends to for the Engineer officer
in charge of the improvements at the mouth of the Columbia River. TField operations were closed
September 6. The statistics are:

For the topography:

Number of miles of shore-line surveyed............... ..... ............. 5
Number of miles of wharfline surveyed.............. ... ... ... ... 13
Number of miles of streets surveyed..... .. ... il 8
Approximate area of sarvey, in square miles ...... ...... ... .. ...l 2
For the tidal leveling:
Number of series of levels. . ..o ... it i 2
Number of stations toeach series. .. ......... ... ... .. . il 18
Number of bench-marks determined................... neeein e 7

Soon after the completion of the work at Astoriz, Mr. Pratt was instructed to resume the tri-
angulation and topography of Saratoga Passage and vicinity. Reference to this will be again made
under Section XI.

Hydrographic survey of Shoalwater Bay and its approaches, and off-shore hydrography betrween
that bay and Gray's Harbor.—At the beginning of the fiscal year the party of Lieut.d. C. Burnett,
U. 8. N,, Assistant Coast and Geodetic Survey, commanding the steamer McArthur, had been
engaged in making hydrographic surveys on the Oregon coast since early in May. On July 11,1887,
the inside hydrography of Shoalwater Bay was finished, and the hydrography of the approaches
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to the bay, on July 28. Lieutenant Burnett then took the steamer to Astoria for coal and stores,
and on August 11 began the outside hydrography between Shoalwater Bay and Gray’s Harbor.

Forest fires were raging in the vicinity, and the atmosphere was so thick that but little
progress could be made. During August but eight days’ work could be done, and in September
the weather was still more unfavorable. Heavy gales, fog, and rain prevailed and kept the vessel
at anchor for nearly three weeks. There being no indieation of a change of weather, and it being
the opinion of pilots and others acquaiuted with the coast that nothing more could be accomplished
during the season, Lieutenaut Burnett decided to suspend further operations, and on the 10th of
October returned to San Francisco.

He had succeeded, however, in developing the twenty-fathom curve from the northward of
Shoalwater Bay to within two miles of Gray’s Harbor. He is convinced that for work off this
coast the best months are May, June, and July, with possibly a portion of August.

At the beginning of the season the officers attached to the McArthur were Ensigns W. P.
‘White, J. A. Bell, and J. L. Purcell, U. 8. N.; R. L. Reid, assistant engineer, and E, W. Auzal,
assistant surgeon, U. 8. N. Ensign N. S. Mosely, U. 8. N, joined the party May 21, and Ensign
J. H. Oliver, U. 8. N, July 21. Ensign W. P. White, U. 8. N., was detached July 24, and Ensign
J. L. Parcell, U. S. N,, two days later. Eusign G. R. Slocum joined the party August 7, and
Augnst 9 Ensign J. . McGuinness, U. 8. N.  On the 18th of September a sad accident occurred,
the upsetting of a whale-boat, by which Ensign Mosely lost his life.

The statistics of the season’s work are:

Number of miles ron in sounding.... ... .. ..o ool il 950
Number of angles measured .......... .. ... ... .. il 9, 010
Number of soundings.. ... ... ... oo e 40,178

Ezxamination of Yaquina Entrance, Oregon.—In accordance with instruetions issned in March,
1888, Lieutenant Burnett made an examination of the entrance to Yaquina Bay, Oregon, and
found the least depth in the main channel to be 10 feet. He states that no directions can be given
for entering the bay, and vessels should never attempt it without a pilot. The changes are so
sudden and frequent that the pilots will not take a vessel in or out without first sounding across
the bar; this they do even if they had been over it but the day before.

Upon Lieutenant Burnett’s arrival off the entrance, and while waiting for high water, he made
frequent casts of the lead off-shore, but could find no indications of a change in depths as given
on the last publisbed chart.

Continuation of the triangulation and topography of Saratoga Passage, and the coast and harbors in
the vicinity —Immediately after closing operations at Astoria, Oregon, reference to which has been
made under a preceding heading in this section, Assistant J. F. Pratt proceeded under instructions
to Seattle, Washington Territory, on his way to resume the triangulation and topography of Sara-
toga Passage and the waters in the vicinity. Some progressin this survey had been made by Mr.
Pratt during the summer and autumn of 1886, as is stated in the last annual report.

More rapid means of transportation for the party, while on the working-ground, being needed
than were available last season, Mr. Pratt has been authorized to turn the whale-boat belonging to
the schooner Yukon into a steam-launch. Funds for this purpose being limited in amount, Mr. Pratt
had himself made all the working plans and had personally superintended and directed all the
details of arrangement and placing the machinery in position. After trial trips, during which the
lannch repeatedly made a run of sixteen miles in two hours, using as fuel drift-wood picked up on
the beach, the Yukon was gotten under way in tow of the launch October 18, and reached the
working-ground at Holmes Harbor, Washington Territory, October 24, 1887,

The triangulation and topography of the harbor were begun without delay, and prosecuted to
their completion November 8. The work was then taken up in Saratoga Passage.

On November 10, during the passage of the schooner to a more favorable anchorage, an un-
fortunate accident occurred. The steam-launch was capsized in Saratoga Passage and sunk in
thirty-five fathoms water, and the fireman drowned.

On account of the long distances that a great part of the work was from the most available
anchorages, it was not now feasible to execute the topography with no other means of transporta:
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tion than a row-boat; hence after the loss of the launch nothing but triangulation was attempted;
this was carried on till November 29, when the advance of the season indieated that it would be
advisable to close field operations.
Accordingly the Yukon was taken to Bagle Harbor, Puget Sound, where she was laid np, and
on December 6 the party was disbanded.
The statistics of the work are as follows:
Tor the triangnlation :

Number of signals erected . ... . ..oeee ittt it ieaencuennsean 23

Number of stations occupied .. ... it iieiiiiiieiiiiaierareancnnes 9

Number of angles measored .......c.cc.cvaen. fhaeeasserecnenssancus s 68
For the topography:

Number of miles of shore-line surveyed ..... ... ... ... ... . ... ... 11

Approximate area of topography, in squaremiles......................... 5

Hydrographic surveys of Saratoga Passage, Holmes Harbor, and of the northwest coast of Whid-
bey Island.—In accordance with instructions issued at the end of February, 1888, the schooner
Earnest and steam-launch Tarry-not were prepared for hydrographic work under the direction of
Lieut. H. T. Mayo, U. S, N., Assistant Coast and Geodetic Survey, and left Olympia April 10.
On the 11th they arrived at Seattle, and on the 21st anchored in Holmes Harbor, Washington
Territory. A tide-gauge was set up and observations begun the same day. During the progress
of the hydrography, comparisons were kept up for two days of the tidal levels at Holmes Harbor
with those at Tulalip on Possession Sound.

On May 31 the hydrography on the sheet of Saratoga Passage and Holmes Harbor having
been completed, that of the northwest coast of Whidbey Island was taken up. Allan Island was
reached June 5. The weather during the month of June was most unseasonable, and this in con-
nection with the distance of the anchorage (necessarily four miles) from the northern limit of the
work, and the difficalty of finding the old triangulation marks, led to much delay, so that up to
June 30 but four days of sounding work could be done.

For the season of 1888 up to the close of the fiscal year the statistics are:

Hydrography :
Area sounded, in square geographical miles. .. ........... ... ... .. ... 60
Number of miles (geographical) run while sounding ..... ............... 320
Nuomber of angles measured ... ... ... ... ... ... ... ...ii..o.. 1,963
Numbernf soundings. .. ... ..o . i i e 6,265

Ensign A. C. Almy, U. 8. N., was attached to the party. Mr. W. B. Edwards served as pay
yeoman.

Further reference to the progress of Lieutenant Mayo’s survey will be made in the next annual
report.

Hydrographic surveys in Rosario Strait and Padilla Bay, Washington Territory.—The schooner,
Earnest, having been prepared for hydrographic work, under the direction of her commander,
Lieut. C. T. Forse, U. 8. N., Assistant Coast and Geodetic Survey, left Olympia April 14, 1887,in
tow of the steam-launch Tarry-not. His instructions were to execute hydrographic surveys in
Rosario Strait and Padilla Bay and veighboring waters.

On the 21st of April Burrows Bay was reached and the Earnest anchored inside Allan Island,
and this anchorage upon investigation proved to be the best that could be found without going
too far away from the field of work. Much bad weather was experienced till near the end of May.
Even on days on which the wind was light, a heavy swell would be found in Rosario Straits, ren-
dering it unsafe to attempt crossing with the steam-launch. A tide staff was set up and tidal
observations were begun April 25. Soundings were begun May 13.

During the entire season great allowance had to be made for the tide currents. Advantage
was taken of the neap-tides to execate the deep-water work, and even then it not unfrequently
happened that but parts of days could be utilized.

On June 27 the schooner’s anchorage was shifted to Eagle Harbor near north end of (}ypress
Island. - A tide staff was set up and tidal observations begun the same day, an observer having
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been left at the Allan Island gange to keep up observations there so-that a comparison of ganges
might be obtained. The sheet, which ineluded the hydrography of Rosario Straits and Belling-
ham Chaunnel, from Deception Pass Entrance to a parallel passing through Viti Rocks (omitting
that portion of the straits west of Cypress Island), was finished July 30. There being a lack of
signals west of Cypress Island, it was deemed advisable not to spend the time then in such trian-
gulation as would be necessary, but to take it up later in the season.

On July 30 the Farnest proceeded to an anchorage on the east side of Guemes Island, near
the south end, this being a central position for work on the Padilla Bay sheet. A tide staff was
set up and observations begun. Smoke interfered greatly with the work during August and Sep-
tember, and there were occasional smoky days after the middle of October. On October 28 the
hydrography on the sheet embracing Padilla, Fidalgo, and Samish Bays was completed, and
further operations were suspended for the season, part of the crew being discharged on the arrival
of the schooner at Seattle October 30. The reduction of the crew was completed November 5 at
Olympia, and the Earnest laid uap in winter quarters in Butler’s Cove.

Daring the winter the party was engaged in office-work, before the completion of which
Lientenant Forse was detached from the Survey, and the records were finished by his executive
officer, Lieut. H. T. Mayo, U. 8. N. Lientenant Mayo has submitted descriptive reports to aceom-
pany the two hydrographic sheets of Rosario Straits and Padilla Bay. Also the following statistics
of the season: ’

Milesrun in sounding ..... .. ... L liiiiiiaiiaes 1,291
Anglesmeasured ..... ... ... .t 6,172
Number of soundings........... ... .. .. . ... il e 32,491

Continuation of the triangulation and topography of Bellingham and Samish Bays and the islands
in their vicinity.—At the beginning of the fiscal year Assistant J. J. Gilbert was actively engaged
in prosecuting the triangulation and topography of Samish and Bellingbam Bays, having been in
the field since the middle of April, 1887. Reference to his progress from that date till July 1 was
made in the last annual report. '

In the first part of the season he had as a means of trausportation the steam-launch Fuca,
but by an accident to the heater of her boiler, July 12, he had to rely after that date on small boats,
using sails whenever the winds were favorable. Aboutthe middleof July the usual smoky weather
began, and continued with varying density until late in September, when heavy rains put out
most of the forest fires. Fortanately the triangulation had been nearly completed before the smoke
set in,

Starting from the base Siunclair East-Lummi Rocks, the triangulation was extended into Samish
and Bellingham Bays and through Hale’s Passage.

The topography executed during the season is shown on six plane-table sheets, and includes
the shore-line of Guemes Island from station Boat Harbor to station Eden, and the following
islands complete: Samish, Jack, Vendovi, Eliza, Point Francis, and Chuckanut; the west shore of
Lummi Island as far north as Village Point station, and the east shore as far north as station
Lummi northeast; also the main-land from a point near station Ware House on the Samish Flats,
around the bays of Samish, Chuckanut, and Bellingham, and along Hale’s Passage to its north
entrance, together with about twelve miles of the Nooksacht River,

Mr. Gilbert has transmitted the records and computations of his triangulation to the archives.
He has forwarded also his topographical sheets, accompanying each sheet with a full descriptive
report and about twenty india-ink sketches of the localities under survey.

Tracings of the shore-l