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LETTER

THE SECRETARY OF THE TREASURY,

THE REPORT OF THE SUPERINTENDENT U. 8. COAST SURVEY FOR 1870.

Marcn 3, 1871.—Referrod to the Committee on Appropriations, and ordered to be printed.

TREASURY DEPARTMENT,
February 18, 1871,

Sig: I have the honor to transmif, for the information of the House of Representatives, a
report made to this Department by Professor Benjamin Peirce, Superintendent of the Coast
Sarvey, showing the progress in that work during the year ending November 1, 1870.

Very respectfully, yours,
GEO. 8. BOUTWELL,
Secretary of the Treasury.

IHon. JAs. G. BLAINE,
Speaker of the House of Representatives.
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REPORT.

CoAistT SURVEY OFFICE,
Washington, D. C., February 7, 1871.

Sir: I have the honor to present, in conformity with law and with the regulations of the
Treasury Department, this report, showing the progress made during the year preceding the 1st
of November, 1870, in the survey of the Atlantic and Gulf coasts, and of the western coast of the
United States.

The season generally was favorable for field-work on both sides of the countinent, and the
surveying parties being, by custom, ready for service as opportunities offer, the advance has been
highly satisfactory in the development of coast features. In proportion to the means, good progress
has been made also in the hydrography.

The means provided by Congress at the last session will, at an early day, supply facilities for
again pushing the off-shore work. Vessels are under construction to replace the schiooners which
are not now seaworthy, and two steamers have been contracted for, of size sufficient for hydro-
grapbic operations at exposed sites along the coast.

As early as possible in the progress of the survey, the coast was marked off into portions, to
De ultimately represented by engraved charts, uniform in scale; the series of sheets being continu-
ous for the Atlantic and Gulf coasts, This could not be done until many points along the sea-board
had been determined accurately in position. And, even with the best-defined shore-line; many dif-
ficulties would have been met in subdividing so as to give the greatest utility to the intended
publications. Of aids to navigation, and sea-marks, the greatest number possible should appear
on each of the sheets. This is but one of the desirable conditions. Though we have separate
harbopcharts, yet no harbor should be represented in part only on any of our coast-charts. By
careful study, however, with regard as well to the limitations just mentioned as to the positions of
ports, lights, and headlands, the difficulties have been adjusted as far as possible, and now each of
the coast-charts, not already engraved, only awaits the completion of field-work and hydrography
within the limits which it is to illustrate. Thus, for several years past, the arrangements for field-
work have been in part determined by the condition of the office-work. In some instances, as in
regard to the chart of Chesapeake Bay, and others which were issned as early as possible for gen-
eral uses, parties have since added material, to appear on new editions of the engraved charts.

Each succeeding year brings into view the practical wisdom of the plan npon which the survey
was conducted by my predecessor. Under his direction charts of the large seaports were pre-
pared early, to meet the most pressing wants of commerce and navigation. These were to be fol-
lowed, and have been followed, by the issue in recent years of charts bearing more intimately upon
the coast trade. At the same time the off-shore hydrography advanced, continuous observations
were made on the tides and on currents, and local surveys were prosecuted when their utility for
public purposes was clearly set forth,

It has thus resulted that, while the survey steadily went forward elsewhere, opportunity, as at
first intended, has been given for frequently examining the condition of the principal port entrances
and barbors. Incidentally, the more important channels have been several times reviewed,
and attention has been invited to them occasionally by the municipal authorities. Reports
were promptly made by the strveying parties after each examination. The charts of comparison
which accompanied these special reports soon enlisted the regard of city authorities for interests
that were manifestly liable to injury from artificial encroachment on the water spuces, as we!l as
from patural canses. As a consequence, local laws have been enacted in some cases, and it is
hoped that, under their operation, or under some protective law of Congress, our chief harbors
may be preserved from injury, as far as the laws of nature will permit. '

H. Ex. 112—1
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But the natural forces themselves, which are concerned in the formation and varying conditions
of our coast harbors, are within the domain of calculation, and the results from such studies must
bear ultimately upon the means adopted for preservation, Moreover, cognate questions of much
interest have recently arisen, one of which is in regard to expedients for the reclamation of tide-lands
for agricultural purposes. On this I will remark separately. The series of observations on cur-
rents and tides now on record in the office, furnish data which have already been employed in the
investigations needful for developing the effect of artificial or natural changes in situations subject
to tidal action. My personal attention is enlisted in the analytical treatment of the questions
which must arise in such investigations.

It will be seen by reference to Appendix No. 1 that the survey in one or other of its branches -
of work has been prosecuted within the year in all, excepting threc, of the sea-board States of the
Union. In Part II, short abstracts, arranged for convenient reference, will be given of the reports
from the field-parties. A brief statement, mentioning the sites of the operations, accompanied the
estimates which were submitted in September last, for continuing the work during the next fiscal year.
As all the parties were at that time yet in the field, the synopsis referred to will in general terms
be now recapitulated. On the coast of Maine, the harbor of Moose-a-bec Reach has been surveyed
and sounded ; progress has been made in Southwest Harbor, (Mount Desert Island), in the survey
of the TF'ox Islands, and in soundings at the approaches of Isle au Haut Bay ; also in the survey of
islands bounding Gilkey’s Harbor, (Penobscot Bay), and the western shore of the bay has been
mapped between Clam Cove and Ash Point. The banks and channels of the Kennebec have been
developed.between Richmond and Gardiner; the coast has been surveyed from Old Orchard Beach
southward to Cape Porpoise. Stations have been examined in New Hampshire and Vermont, for
bringing Lake Champlain iuto geodetic connection with the survey of the sea-board. On the coast
of Massachusetts, the operations include in-shore soundings between Portsmouth, New Hampshire,
and the mouth of the Merrimac River, and supplementary work in Plymouth Harbor and Duxbury
Harbor; astronomical observations at Cambridge, for determining the longitude of Burlington,
Vermaont, and the difference of longitude between Cambridge Observatory and Brest, in France,
the intermediate station being Duxbury, where observations were also made by telegraphic ex-
changes with Cambridge and with Brest. Examinations have been made in the vicinity of Marsh-
field and Scituate, to determine the éffect on mavigation of expedients proposed for reclaiming
tide-lands. On the shores of Narragansett Bay and Saughkonnet River the survey has been ac-
tively pushed, and one of the topographical parties has kept the field during the winter near New-
port. Tidal observations have been kept up at the established stations of the eastern coast, one
in Penobscot Bay, and the other at the Charlestown navy-yard, and a series of observations has
been recorded at New Haven, in connection with a review of the triangulation points adjacent.

Progress has been made ifi the systematic survey of Lake Champlain. Near New York, the
positions of all the buoys, lights, and sea-marks concerned in navigation have been determined
by angular measurement; and additional soundings have been made on Diamond Reef, off the
Battery, on the Oil Spot to the eastward of Sandy Hook, and on Flynn’s Xnoll, at the entrance to
New York Bay. Tidal observations have been continued at Governor’s Island. The currents in
East River have been further investigated. By lines of level and barometrical observations the
heights have been determined of the primary geodetic points between Hudson River and the
Delaware, and stations have been selected for connecting Barnegat Light-house with the main tri-
angulation. On the coast of New Jersey the topography has advanced southward from Great Bay
to Absecom and Atlantic City. A party is now at work in Delaware River. In Maryland and
Virginia, stations have been occupied for the main triangulation south of Washington City, the
operations including also observations for latitude and azimuth. The magnetic elements were de-
termined at Washington, District of Oolumbia, and at Harper’s Ferry. Progress has been made in
the triangulation of the James River, and the base-line near its entrance is now connected with the
triangulation of Chesapeake Bay. Many of the branches of that bay, of local importance, have
been surveyed and sounded within the year, as also the Broad Water on the sea-coast of Virginia,
north of Cape Charles. Along the sea-board of Nerth Carolina the hydrography hds advanced
southward to Cape Hatteras. In Pamplico Sound the survey includes the lower part of Pamplieo
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River; also soundings in Long Bay, and in the vicinity of Brant Island Shoal. The present con-
dition of the western entrance to the Cape Fear River has been developed by soundings for com-
parison with previous surveys. In view of taking up the plane-table survey, the station-marks
along the coast of South Carolina have been examined between Cape Roman and Charleston, and
the triangulation southward of that city is now connected with stations on the south side of Sa-
vannah River. Plane-table work in that vicinity includes parts of May River and Wright’s River,
with Bluffton and other districts on the sea islands of South Carolina. On the coast of Georgia
the work done embraces the topography of Saint Andrew’s Sound and Cumberland Island, with
hydrography connecting the two entrances, and also developing the tide-water passages between
Cumberland Sound and Saint Andrew’s. Baint Augustine Harbor has been sounded, in connection
with parts of the Tolomato and Matanzas Rivers. The principal keys in Barnes’ Sound and
Chatham Bay, near the southern end of the Florida Peninsula, have been mapped within the year,
and on the Florida Reef important hydrographic developments have been made in the vicinity of
Marquesas.

The survey on the Gulf includes Saint Andrew’s Bay, on the western coast of Florida; the
hydrography of Lake Borgne, the Rigolets, Lake Saint Catharine, and part of Lake Pontchartrain,
on the coast of Mississippi; the shores of Isle au Breton Sound on the coast of Louisiana, and the
survey of the banks of the Mississippi River, from Fort Jackson upward to Graund Prairie.

On the coast of California, by extending the main triangulation of the Santa Barbara Chan-
nel, that work is now partly connected with the survey of San Francisco Bay, the longitude of the
station at Los Angeles having been determined by the telegraphic method. The operations of the
year also define the coast features between Point Fermin and Point Vincente, and between Point
Gorda and San Bunenaventura. Westward of Santa Barbara, the sarvey now extends to the
Goleta. The harbor of San Bucnaventura has been sounded, as also the reef in the vicinity of
Piedras Blancas. In addition to the continuous tidal observations at San Diego and Fort Point, a
series was registered in July and August, from observations on the tidal cuarrents in San Fran-
cisco Bay. By angular measurement the positions of buoys for the navigation of San TIrancisco
entrance have been determined. At Punta Arena the operattons include the plane-table survey,
and observations for latitude, longitude, and the magnetic elements. Humboldt Bay has been
sounded ; its shores have been mapped, and the coast northward of the entrance as far as Gihon’s ~
Bluff. From Crescent City, California, the topography extends northward to Chetko River, on the
coast of Oregon. The topographical survey of the shores of the Columbia River is now coutinu-
ous from the entrance npward to Three Tree Point and Cathlamet Head. Tidal and magnetic
observations have been made at Astoria, and magnetic observations at Portland in Oregon. In
Washington Territory the work done defines the south shore of the Strait of Fueca from New
Dungeness to a point eastward of the entrance to Port Discovery, including Washington Harbor
and the shore in the vicinity of Point Wilson ; also that of Admiralty Bay on the western side of
‘Whidbey Island ; and the surface details of Smith’s Island and Minor Island south of the entrance
to Rosario Strait. While carrying on the triangulation a dangerous reef was discovered by sound-
ings in that vieinity. Bast and west of Fort Nisqually, the triangulation has beea extended to
conneet the important astronomical station at Muck Prairie with the survey of Paget Sound.

The operations of the Coast Survey Office, embracing the computation of observations, the
drawing, engraving, and publication of maps and charts, have kept pace with the field-work,
Eight new charts have been published, and twenty-three others have been advanced by adding the
additional results of the previous season’s field-work. Eleven new charts have been commenced,
and fifty-nine in all have been worked upon. Of the various engraved charts, twelve thousand
copies have been printed, and ten thousand four hundred issued. Seventy-two manuseript maps
have heen copied or traced for various departments of the public service. Tide-tables for the
ports of the United States for 1871 have been computed and published, and a new revised and
illustrated edition of the Pilot for the Pacific Coast has been issued.

The utility of the results of the survey for general uses,and the confidence which attaches
rightly to the product of systematic operations in geographical development, are evidenced in the
continued calls for information. Of several classes into which the data now on record in the office
might be separated, each has contributed items to meet corresponding requirements. In regard to
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matter thus given, the Treasury regulation enjoins merely that acknowledgment be made in the
publication, if the facts derived from the records of the survey are to be so embodied. The items
communicated in the course of the year are recapitulated in Appendix No, 2,

ESTIMATES,

In explanation of the objects contemplated under the estimates submitted at the end of last
September, for continuing work during the fiscal year 1871’72, I would state that, of the increase
proposed for the western coast, twenty-five thousand dollars would provide for the employment of
the new steamer now building for the survey of that coast. It would also, in the simplest and
readiest manner, provide for the special hydrographic development mentioned in the proviso.
The importance of this provision became known to me during an official visit to San Francisco in
July, when I learned that unmarked dangers to navigation exist on the sailing route of our steam-
ers between San Diego and Panama. The Chamber of Commerce of San Franeisco subsequently
took action on the subject, and tieir urgent memorial in regard to the survey of the route is now
in my hands. Itis hoped that Congress will sanction an object so important to the safety of our
citizens and their property in the line of transit betweer our eastern and western coasts. The
additional fifty thousand dollars of the estimate is intended for the survey of Alaska and the
Aleatian Islands, in conformity with the recommendation addressed from the Treasury Depart-
ment to the House of Representatives at the last session of Congress.

Contracts have been made for the building of several new steamers, for which the means was
appropriated at the last session. Hence the item in estimates, for the pay and rations of engineers,
has been restored to the amount which was allowed in formmer years, previous to the decay of the
vessels.,

The next item is also restored to the original estimate. 1Itisintended to pay for preparing the
manuseript récords and results for publication. This is a work demanding much labor of a special
kind, and it is hoped that adequate provision will be made for that object. .

A new item is proposed in the gstimates, small in amount, but of inestimable importance to the
scientific accomplishment of the survey. As suggested in the proviso which is attached to the esti-
- mate for the geodetic connection between the Atlanticand Paeific coasts, a collateral advantage will
result, which is also very great in comparison with the sum to be expended. It will give the Nationaj
(zovcrnment and incidentally to the several States of the Union, the best possible basis for all
accurate surveys which may hereafter be required. The points detexjmined by the triangulation
will be carefully marked to await the future wanfs of the several States. To some of them the
work already done furnishes these invaluable data for their ultimate surveys, and the proviso is
inserted in order that the same advantages may be impartially extended to the rest of the Union ;
first of all to the interior States which lie within the range of triangulation which must join the two
coasts ; and finally, under the authority of the proviso, it will be extended to all the States equally
without limitation.

ESTIMATES IN DETAIL.

For general expenses of all the sections, namely: Rent, fuel, materjals for drawing, engrav-
ing, and printing, and for transportation of instruments, maps, and charts, for mis-
cellaneous office expenses, and for the purchase of new instruments, books, maps,
and charts, Wil TeqUire .. ..o oot nee e ettt aeaeraaan $25, 000

SecTrioN 1. Coasts of Maine, New Hampshire, Massachusetts, and Rhode Island.—~FI1ELD-
woRK.—To continue the triangalation of the branches of Passamaquoddy Bay, and
to extend the work so as to include the northeastern boundary along the Saini Croir
River ; tocontinue triangulation for the survey of Lake Champlain ; to continue the
topography of the western shore of Passamagquoddy Bay ; the estuaries of Frenchman’s
Bay; that of Southwest Harbor,and of the islands and shores of Penobscot Bay ; that
of Saco Bay ; and the topography of the shores of Lake Champlain; to continue off-
shore sonndings along the coast of Maine, and the hydrography of Frenchman's Bay,
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Goldsborough Bay, Southwest Harbor, Penobscot Bay, and Isle au Haut Bay ; to make
soundings in Lake Champlain ; and to continue tidal and magnetic observations in
the section. OFFIOE-WORK.—To make the computations from field-observations; to
continue the drawing and engraving of General Coast-Chart No. 1, (Seal Island to
Cape Cod ;) to continue the drawing and engraving of Ceoast-Chart No. 4, (Naskeay
Point to White Head Light, including Penobscot Bay;) that of No. 6, (Kennebec entrance
to Wood Island Light ;) thatof No. 7, (Seguin Light to Cape Porpoise Light ;) and of
Coast-Chart No. 13, (from Cuitylunk to Point Judith, including Narragansett Bay ;)
to draw and engrave preliminary ehart of Moose-a-bec Reach and Southwest Harbor ;
to continue the drawing and engraving of the harbor and river charts of the coast
of Maine, and the chart of Narragansett Bay ; and to commence the chart of Lake
Champlain, willreqnire. . .. . .. $80, 000
SecrioN I, Coasts of Connecticut, New York, New Jersey, Pennsylvania, and part of Dela-
ware—~FIELD-WORK.—To make supplementary astronomical observations; to con-
tinue the triangulation of Connecticut River, and complete that of the vicinity of
Barnegat, New Jersey; to continuethe detailed topography of the coast of New Jersey,
and that of the shores of the Hudson River; to execute such supplementary
hydrography as may be required in the vicinity of New York Bay and Delaware
Bay; to continue the tidal observations. OFFICE-WORK.—To make the computations
and reductions of field-work; to continue the drawing and engraving of Coast-
Charts Nos. 21, 22, and 23, ( from Sandy Hook to Cape May,) will require.......... 15,000
SecTION IIL. Coast of part of Delaware, and that of Maryland, and part of Virginia.—
FI1ELD-WORK.—To continue astronomical and magnetic observations in this scction ;
to continue the primary triangulation parallel to the coasf, sonthward along the
Blue Ridge ; to continne the topography of the sea-coast and bays of Virginia,
north of Cape Charles, that of the shores of the James River, and the requisite tri-
angulation; to complete the hydrography of bays and inlets remaining unsur-
veyed in this section ; to continue tidal and magneticobservations. OFFICE-WORK.—
To make computations from ficld-work ; to continue the drawing aud engraving of
Coast-Charts Nos. 29 and 30, { from Chincoteague Inlet to Cape Henry ;) and of General
Coast-Chart No. 1V, (approaches to Delaware and Chesapeake Bays ;) and to continue
a chart of the lower part of James River, and engrave supplementary work on the
charts heretofore published, will require...... ... ... ... ... . ..l 33, 000
SrcTION IV. Coast of part of Virginia and part of North Carolina.—FIELD-woRK.—To
continne the triangulation of Pamplico Sound, and to make the requisite astronomical
and magnetic observations ; to continue the topography of the western shores of
Pamplico Sound and complete that of the vicinity of New River Inlet ; to continue
the off-shore hydrography of the section, and that of Currituck and Pamplico Sounds
and their estuaries; and to continue observations on the tides and currents. OFFICE-
woRk.—To make computations and reductions; to continue the drawing and
engraving of Charts Nos. 42, 43, and 44, (Pamplico Sound and Estuaries ;) of No. 43
and Ne. 46, (coast from Cape Hatteras to Cape Lookout ;) of No. 50, (Cape Fear River
anrd approaches to Wilimington,) and of the chart of Pamplico River, will require ... 338, 000
SECTION V. Coasts of South Carolina and Georgia.—FIELD-WORK.—To make the requi-
‘site astronomical and maguetic observations on the coast of Georgia; to continue
the topography between Winyah Bay and Cape Romain; to complete the topogra-
phy and sound the inland water passages between Charleston Harbor and Savannal
River ; to continue the off-shore hydrography of the section and tidal observations.
OrricE-worRK.—To make the computations; to continue the drawing and engraving
of the General Coast Chart No. VII, (from Cape Romain to Saint Mary's River ;)
of Coast Charts Nos. 56 and 57, (from Savarnek River to Saint Mary's River ;) and
of charts of Altamaha Sound, Saint Andrew’s Sound, and the inland tide-water com-
munication on the coast of Georgia, will Tequire....... .. ... ... ... .. ... ..., 40, 000
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SecrioN VI. Coast, Keys, and Reefs of Florida.—FIELD-woRE.—~To determine the lon-

gitude of points on the western coast of Florida; to continue the triangulation and

topography from Matanzas Inlet southward towards Mosquito Inlet; to continue the

survey of Tampa Bay; to complete the hydrography of the Florida Reef, and that

of the bay of Florida ; to make explorations in the Gulf Stream, and the tidal and

magnetic observations. OFFICE-WORK.—To make the computations from field ob-

servations; to continue the drawing and engraving of off'shore Chart No. XI, (west-

ern part of Florida Reef, including the Tortugas;) of Coast Charts No. 75 and No. 76,

(from Caloosa entrance to Tampa entrance,) and of Coast Charts Nos. 70 and 71, .

(Key West to Tortugas,) will Tequire. ... .. .ooiie it e $40, 000
SEcTION VIL. Gulf Coast of the Florida Peninsula, North of Tampa Bay, and Coast of

West Florida.—FIELD-WORK.—To continue the triangulation and topography of

Chattahoochee Bay, and of the Gulf Coast eastward and westward from it, and to

make such astronomical and magnetic observations as may be requisite in the sec-

tion; to survey and sound the entrance to the Suwanee River ; to complete-the hy-

drography of Saint George’s Svund, and to continue the tidal observations. OFFICE-

woRK.—To make the computations from field-work; to continue the drawing and

engraving of Coast Charts No. 82 and No. 83, (from Ocilla River to Cape San Blas,)

and of General Coast Chart No. XIII, (Cape San Blas to Mobile entrance,) will

TeQUITe. . .o i iie el iiaiieiicieaaaas et eaecaeee ettt ba e 30, 000
SecrioN VIII. Coasts Qf Alabama, Mississippt, and part of Louisiana.~FIELD-WORK.—

To extend the triangulation westward from the Mississippi Delta, along the Gulf

Coast, and to make the astronomical and magnetic observatious required in this

section; to commence triangulation for the survey of the Mississippi River and

its prinecipal tributaries in the vicinity of Saint Louis, Cincinnati, and such other

points as may be practicable; to continue the survey of the Mississippi, between

the heads of the Passes and New Orleans, and make soundings within the same

limits ; to complete the hydrography of Lake Pontchartrain, and complete unfinished

work to the northward of Isle au Breton Sound, and to make the tidal observations.

OFFICE-WORK.—To make the computations pertaining to field-work ; to continue the

drawing and engraving of the General Chart No. X1V, (Gulf Ceast between Mobile

Point and Vermilion Bay,) and of Coast Chart No. 91, (Lake Borgne and Lake Pont-

chartrain,) No. 92 and No. 93, (Chandeleur Islands to Southwest Pass,) will require. 50, 000
SretioN 1X. Coast of part of Louisiana and Coast of Teras—FIELD-WORK.—To meas-

ure a base-line for verification; fo continue the triangulation and topography of

Madre Lagoon, from Corpus Christi Bay southward; to complete the hydrography of

San Antonio and Espiritu Santo Bays; to continue the off-shore hydrography, and

to make the requisite tidal observations. OFFICE-WORK.—To make the office com-

putations; to continue the drawing and engraving of Coast Charts No. 108 and No.

109, (Gulf Coast from Matagorda to Corpus Christi Bay,) and to continue the drawing

and engraving of General Chart No. XVI, (Gulf Coast from Galveston o the Rio

Grande,) Will TequUire .. .. oovoene i e e i e iiiiae e PR 35, 000

Total for the Atlantic Coast and Gulf of Mexico................ciuiutt, 391, 000

The estimate for the Pacific Coast of the United States is intended to provide for the follow-
ing progress in the survey:
SeEcrioN X. Coast of California.—FIELD-WORK.—To make the required observations

for latitude, longitude, and azimuth, at stations on the coast; to make magnetic ob-

servations; to connect the Santa Barbara Islands with the coast triangulation, and

continue the coast topography northward from Point Conception; to continue the

off:shore hydrography of the coast of Califernie, and to make such local sarveys

along the coast as the progress of development may require; to continue the tidal
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observations. OFFICE-WORK.—To compute results from observations, and continue
the drawing and engraving of maps and charts made in the ficld; also for opera-
tions in—

SEcTION X1, Coasts of Oregon and Washington Territory.—FIELD-WOREK.—To continue
the astronomical and magnetic observations in this seetion, and the triangulation,
topography, and hydrography in Washington Sound and in Puget Sound ; to con-
tinue the survey of the Columbia Eiver, and to make such local surveys as may be
called for by public interests on the coast of Oregon or on the waters of Washington
Territory. OFFICE-WORK.—To continue the drawing and engraving required by
the field-work, and for operations in—

SeorIoN XII. Ooast of Alaska.—To develop as far as practicable the hydrography of
the coast and that of the vicinity of the dieutian Islands, and for the record of such
observations as may be made in a general examination of the coast features, will
require... ... ... . Cesemmaeaaan $275, 000

For extending the triangulation of the Coast Survey so as to form a geodetic con-
nection between the Atlantic and Pacific coasts of the United States, including

Lompensatlon of civilians engaged in the work ... ....._ ... ... .. . ... ..... 13, 000
For pay and rations of engineers for the steamers used in the Coast Survey, no longer
sapplied by the Navy Department ...... ... . it 10, 000

For continning the publication of the observations made in the progress of the Coast

Survey, including compensation of civilians engaged in the work, the publication

to be made at the Government PrintingOffice . ... ... ... ... . . ... ...l 10, 000
For repairs and maintenance of the complement of vessels used in the Coast Survey..... 45,000

The anunexed tabl> shows, in parallel columns, the appropriations made for the fiscal year
1870-"71, and the estimnates now submitted for the fiscal year 1871-72:

o
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For continuing the survey of the Atlantic and Gulf coasts of the United States and Lake Champlain, including con- i
pensation of civilians engaged in the work, and excluding pay and emoluments of officers of tho Army and Navy,
and petty officers and men of the Navy, employed in the work, per act of March 3, 1843. . PO seeseaeai £321, 000 $391, 000

For continuing the survey of the western coast of the United States, including comp“usahon of civ 1lmns en rraved in ’

the work, per act of September 30,1850: Provided, That the operations shall include a hydrographic development 1 .
of the dangers to ocean navigation between San Diego and PADAIA. . ..o oviiuriamaaceccniinnaamiicsarmaenannas ; 295, 600 « 200, 000
For extending the triangulation of the Coast Survey, 80 as to form a geodetic connection between the Atlantic and ]
Pacific coasts of the United States, including compensation of civilians engaged in the work, per act of March 3, i
1843: Provided, That the triangnlation shall determins points in each State of the Union which shall make requi- E
sito provision for its own topographical and geological BUIVeYS ... oo v coie i aaianaas aerenscraanessaasocsnnnnsrns | 15, 600

For pay and rations of engineers for the steamers used in the Coast Survey, no longer supplied by the Navy Depart- i

Ment, PEr A0t Of TN 12, 185B. e o cnnenn e aameacecnaenvmassnansennsaasnnesnsesmessnnreasotmneacmennanannens 10, 000 5,000
For continuing the publication of the observations made in the progress of the Coast Survey, including compensation of

civilians engaged in the work, per act of March 3, 1843, the publication to be made at the Government Printing Office . 10,000 2,000

For repairs and maintenance of the complement of vessels used in the Coa.st Survey, per act of March 2,1853.......... i 45, 000 45, 000

: e S g

Total cenvininnmnnennena P | 746, 000 643, 000

GEODESY.

The problem of finding the geometrical expression for a surface most nearly in accord with the
results of astronomical and other observations, made ,in the progress of the primary triangulation,
has been as far advanced by Assistants Hilgard and Schott as the present state of the field-work
will admit, They have also indicated the field observations yet needed for the solution of the
problem. A preliminary discussion has been made involving a large number of conditional equa-
tions between latitudes, longitudes, and azimuths determined on the coast of New England and
in the Middie States. An arc is thus intercepted of about nine and a half degrees; the triangula-
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tion is yet regarded as developed ou the surface of Bessel’s ellipsoid, but the computation of the
geodetic latitudes, longitudes, and azimuths, as now intended, will apply ultimately to a surface
deduced from the whole series of measurements, making the sum of the squares of discrepancies
between the geodetic and the astronomical measures & minimum. To the analysis of this problem
in its generality my own personal attention will be given.

THE RECLAMATION OF TIDE-LANDS.

The reclamation of tide-lands for agricultural and commercial purposes having of late become
an object in the investment of capital, Assistant Henry Mitchell, in charge of the Physical Hydro-'
graphy, was directed to investigate the various schemes presented, with a view to ascertain in what
measure cnterprises of this kind are likely to effect navigable channels. The office is frequently
called upon to furnish information derived from our surveys, and the opportunity is thus afforded
for encouraging the utilization of waste marsh-lands, and at the same time advising the communi-
ties which undertake these works against injurious encroachments upon their valuable water-ways.
The problems offered in the reclamation of land are the reciprocals of those which have been
studied relative to the preservation of channels, and they pertain naturally to the domain of our
physical surveys. I have, therefore, instructed Assistant Mitchell to meet, as heretofore, calls for
information, and at the same time to report the nature of the projects proposed, and their bearing
upon matters of navigation, Among his reports of the past season, one upon thig special subject
is given in the Appendix No. 5 of the Report for 1869. The importance of the matter is well stated -
in the opening remarks in that paper, which cite the results of experience in Europe to show how
frequently reclamations, improperly planned and executed, have caused injury to navigation, even
at a considerable distance from the actual ground of operations. Mr. Mitchell’s discussion of
the origin of the marshes and the wear of the outside coasts, as inviting to further study, is
deserving of special attention. He concludes that the waves of the sea, in washing down the head-
lands, assort the materials; that the stones go to build the shingie-levees and the coarse sands to
the extension of beaches, while the finer material is driven into sheltered coves and that it ulti-
mately forms the marshes. KEvidence from surveys and from many reliable observations certainly
warrant the belief that the great gulfs and bays open in the direction from which storm-winds com-
monly blow, are extending into the continent, while all sheltered harbors and coves are filling up.

As a general rule of easy application for deeiding upon the practicability of lowering the water-
level of a river by constructing a transverse sluice-dam, I have proposed the following, and at my
reqnest it is discussed in the report of Assistant Mitchell, namely: Draw a tangent to the tidal
curve at the point where the tidal current changes from ebb to flood ; if this tangent intersects the de-
scending branch, the reclamation will preserve from overflow all the land that is higher than the point of
inlersection. ’

Under Section I, mention will be made of the loeal examinations of the present season to which
the principles thus far developed are applicable.

OBITUARIES.

Assistant Edward Cordell, of the Coast Survey, one of the most accomplished of hydrographic
officers, died suddenly, in the prime of manhood, at San Franeisco, on the 25th of January, In
the record of this sad event, it is fitting to make mention of the qualities thus lost to the setvice.
TFor some years previous to his period of duty afloat, Mr. Cordell was known and recognized as a
hydrographic draughtsman unsurpassed either [in skill or in the finish of his charts. There
wag at the same time, latent under an unobtrusive disposition, the ability to master any difficulty
presented in the branch of service which it had been his part to illustrate. In 1862 he took charge
of a hydrographic party, and at once brought into practical use the cbservations and experience
quietly treasured while associated in a less active capacity with sounding parties. The large
hydrographic results of the three following years on the Atlantic and Gulf coasts were evidence
that the veracity and finish of hig charts rested on a complete mastery of all the principles involved,
and a special readiness in their application. Ardent in service and unrivailed in the profeasion, he
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was, in 1865, placed in charge of the hydrography of the western coast, and there evinced special
fertility in applying expedients for the proseention of diffienlt work. His calm temperament and
unvarying eourtesy to his aids and men had ample returns in their cheerful compliance with the
requirements for the service, incident to his own energy.

In Assistant Cordell were joined great executive ability, system, and consecutivenessin action,
and the spirit to ineur any reasonable risk or personal discomfort in the performance of daty. 1In
every relation his loss is deplored by his associates. His name and his memory are still left to
honor our roll of hydrographic ofticers.

Assistant John G. Oltmanns, after a protracted illness, died at Hollywood, on Mobile Bay, on
the 2d of September, and, as he had previously requested, was wrapped in a Hag of the Union
for interment. In the assimilated ranlk of major, he had realized throughout the war the eollateral
advantage that way inure iu military service, from previous experience in peaceful field-operations.
Mr. Oltmanns joined the Coast Survey in 1852, As a civilian he worked subsequeuntly in widely
separated sites on the coast of the Gulf States, alternately in triangulation and as a topographer.
The unflinching resolution which stayed up a constitution, not robust, under hardships and risk of
health in the eivil service, accompanied him in the performance of adjunct duties with the fleet and
armies that operated in the Valley of the Mississippi. Reference has been made in previous annual
reports to the activity and constancy of Mr. Oltmanns’ in thus sustaining relations which enhanced
his responsibilities. Consumption had undermined his strength, and the ecrisis of disease was hast-
ened in consequence of a severe wound, caused by the passage of a rebel rifte-ball quite through
his langs. This occurred in May, 1862, He rallied from that critical injury and continued in ser-
vice on the Mississippi and in Louisiana. Though his life was several times in great peril in that
quarter, he retarned to the office when hostile movements ceased, and went throngh the subse-
quent campaign in the Shenandoah Valley. In that, as in others, he accompanied the staff,and
contributed to the service the results of his aptitude in reconnaissance and in sketching maps.
With characteristic energy be resumed field-work in the survey of the Gulf coast at the close of
the war, and completed labors that could be undertaken only by one inured to the hardships and
discomforts of a camp at sea-level. The last survey by this amiable and highly-esteemed officer
was finished only a few weeks before his death.

PART II.

The distribution of the surveying-parties on the coast of the Atlantic and Gulf, and on the
western coast of the United States, is exhibited in tabualar form in Appendix No.1. Correspond-
ing in general order to the list of names and places there given, the notices in this part of the
report will include ordinary particulars; the mention, as heretofore, being confined to the essential
facts pertaining to each of the surveys; hence the notices will regard such details orly as are most
likely to be sought for in futore reference. The usnal order will be observed, Section I beginning
at the northeastern bonndary of the United States, on the Saint Croix River,in Maine ; and Sec-
tion IX terminating on the Gulf at the Rio Graunde, on the coast of Texas. From San Diego
northward, Sections X and XI include the Pacific coast of the United States, to the mounth of
Frazer River, in Washington Territory.

In the course of the year, the triangulation and recouunaissance for its extension have beeu
continued where required for the regnlar progress of the sarvey and, in exceptional cases, for the
publication, in advance, of charts called for by the immmediate necessities of commerce. Ou the
Atlantic and Gulf coast, the details of the triangulation in relation to the branches of work depend-
ing upon il have been further systematized by the special attention of Assistant Richard D. Cutts.
To his large experience and his readiness in field-operations is due the conviction that any emer-
gency likely to arise in the progress of the survey can be promptly met. Mention will be made
under proper heads of the field-work in which he was personally engaged ; in addition to which
he visited and conferred with several of the chiefs of parties in their sites of work,

H. Ex. 112—-2
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On the eastern coast of the United States twelve parties have been employed, at eighteen
different localites, iu triangulation or in collateral duties. Two bases of verification have been
measured, one on the Gulf coast of Florida, and the other on the eoast of North Carolina. A pre-
liminary base was also measured, under the direction of Assistant Cutts, near the shore of Lake
Champlain.

In Section 11, the routine of operations was varied during two months of the working-season,
in order to meet the direction contained in the act of Congress, entitled “An act making appro-
priations for sundry eivil expenses of the Government, for the year ending June 30, 1870,” approved
July 15—that the mceans therein provided for continuing the survey of the Atlantic and Gulf ecoast.
should be applied, in part, for a survey of Lake Champlain. The system and methodsused in the '
survey of the eoast were, in eonsequence, with a saitable force, transferred to the lake, and the
survey was advanced as far as the limited season and the collateral interests of work on the coast
would allow. The progress made in the survey of Lake Champlain will be described under the
head of Section II. On a review of the facts which give it special importanee, the provision by
which it has been included in surveying-operations seems to be fully warranted. -

This narrow lake, about one hundred miles in length, and entirely within the limits of the
United States, is connected with ITudson River by the Champlain Canal, and with the Saint Law-
rence by its natural outlet, the Richelien River, the navigation along the latter being improved by
the Chambley Canal. Thus there is an almost direct line of water-communication between New
York City and Montreal. I'urther improvemenis now in progress, and others which are proposed,
will shorten this line, and realize, it is expected, all the advantages for domestic intercommunica-
tion to be derived from the position, divection, and extent of Lake Champlain, as a natural link
between the great lakes and the Atlantic Ocean. It isintended to make the new canal, to connect
the navigable waters of the lake with the Saint Lawrence above Montreal, of capacity sufficient
to pass vessels of 850 tons. Lake Champlain, when this is accomplished, will be one of the principal
routes of trade and commerce between the Northwestern and the Eastern States of the Union.

Besides the aid to commerce which will be afforded by a thorough survey and development
of the channels of the lake and of the dangers to its navigation, the connection of the survey with
the geodetic work already done on the coast will incidentally sapply data of value for the improve-
ment of the post-route maps, and for the extension, previons to measurement, of the arc of the
meridian which passes throngh the valley of the Hudson. To this arc further allusion will e
made in its proper place.

In April last the Committes on the Post-Offices and Post-Roads, of the House of Representa.
tives, referred to my attention suggestions made by the topographer of the Post-Office Department,
with a view to improve as far as limited means would allow the imperfeet state of maps which of
necessity are yet used in contracts for mail-service. '

The needs thus brought to view in regard to facilities for public uses, are obvious. Provision
might in time be made for them by the adoption of the plan for triangulation across the States
incladed in the estimates for the coming fiscal year; and if the exigencies of the postal service
permit the delay, the method therein proposed would suffice. The sabject presented by the com-
mittee was, however, regarded as of high importance in itself, but, in so treating it, the ulterior
advantages that might be derived from any outlay for that specific object were kept in view. 1
therefore approve the remark, in the report by Assistant Cutts, which was transmitted early in
May, as a response to the request of the committee, that *in the mean time every extensive survey
undertaken by national or State authority, should be executed, as far as possible, with a view to
ultimate connection with the net-work of triangulation, starting from the coast and extending over
the principal valleys of the interior, so that eael: survey made may be placed bereafter in its
proper relative position.”

Besides the immediate nses contemplated, the work submitted to the consideration of the Com-
mittee on the Post-Offices and Post-Roads would be valnable in other respects, as suggested in my
remarks which accompanied the estimates for the next fiscal year.

The expression of my thanks is due to Assistant Cutts for the special eare, and for the sys-
tematic precision which mark his treatment of all questions pertaining to the branch of service

ander his charge.
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The general care in regard to topegraphical details has been continued with Assistant .
L. Whiting. Most of the plane-table parties were visited while at work in the field, with refer-
ence, as heretofore, to maintaining uniformity in the style of representation. The party operations
connected with the topographieal survey of Lake Champlain were arran ged by Mr. Whiting,.

No delay bas been permitted in applying the means, appropriated by Coungress, for new vessels
to replace those which have been worn out in service by the topographical and hydrographic
parties. The special care of the hydrographic inspector, Captain C. . Patterson, was, at the
earliest mowment, given to details in regard to draught, size, and such other particulars iu the con-
struetion of the vessels as would give the utmost efficiency for the outlay. Contracts were made
as soon as possible, aud, in the interests of the service, unremitting attention has been given to
insure complete satisfaction in the delivery of the vessels. Tt is expected that two of the sehooners
and a small steamer will be ready for service early in the coming spring. The hydrographic divis-
ion, meanwhile, has been maintained in its accustomed relation to the other branches of the oftice.
Oriéiual charts as they arvive are examined with reference to standard requirements, and selec-
tions are made from the soundings, so that the engraved charts may be characteristic of the coast-
approaches which they are to represent. The routine of the division in other respeets has been
kept up as heretofore, and my thanks are due for the great advantage which accrues to the service
from the ability and experience of Captain Patterson. ' )

On the western coast, the season was in general favorable for work, and the statistics indicate
that every opportunity was taken to make advances in results. Assistant George Davidson, in
addition to the operations condncted by himself personally, inspected most of the other sites of
operations in the course of the year and indicated the limits of the field-parties. 1t was a source of
gratification to find in July, when I visited San Franeisco, that alt the plans approved in the preced -
ing winter were going forward in accordance with the respective allotments. Of the large results
brought in at the close of the working season, separate notices will be made nnder the heads of
Sections X and XI. In passing to and fro from San Francisco, as far to the southward as San Pedro,
on the Santa Barbara chanuel, and as far northward as 'uget Sound, Mr. Davidson gave attention,
as heretofore, to the developinent of the different branches of work on the Paciti¢ coast, and ’FO
questions of collateral importance. The results of his experience and observations on the fogs, in
relation to the best aids for navigation, have been communicated to the Light-house Board, as also
his views in regard to the location of light-houses and buoys. He has met the numerous calls at
San Francisco, and elsewhere on the Pacific coast, for information such as can be derived on?y
from final surveys. These applications are comprised with others of like character in Appendix
No. 1I.

Assistant Davidson has also much advanced the compilation of the second part of his Coast-
Pilot for Alaska, and the publication may be expected at an early day.

A buoy has been placed on the Presidio Shoal in San Francisco Bay ; and a2 mammoth buf)y
at the western edge of the Boneta Channel, in accordance with the reconnmendation of Mr. David-
son. The untiring zeal with which he has pressed forward the field-work upon the western coast,
and the constancy of his communications in regard to its progress, deserve my special acknowl-
edgment.

SECTION I,

ATLANTIC COAST OF MAINE, NEW HAMPSHIRE, MASSACHUSETTS, AND RHODE ISLAND, INCLUDING
SEA-PORTS, BAYS, AND RIVERS. (Ssercu No. 2

Topography of Moose-a-bec Reach, Maire.—In order to the early issue of a chart of the hau-l'yfyrr
afforded by Moose-a-bec Reach, the shore-line survey was taken up in July by the‘ party of 'Assmt-
ant J. W. Donn. During Angust the field-work, on this part of the coast of Maine was hmd‘erle(z
by fogs, but the remainder of the season being favorable, the topography of the §hores and 91E ' t 1:.
adjacent islands was mapped by the middle of September. As far as p racticable ﬂw plane-
table work was made to include such of the neighboring ledges as are \'i§ible at low wat‘er. —_—

This party had passed the eé.rly part of the year in Section III, Assistant Donn was efliciently
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aided in both sections by Mr. L. B. Wright. A sammary of the plane-table statistics of work at
Moose-a-bec Reach is appended :

Shore-line surveyed.................. e e A 132 miles.
2T (= 24 miles.
Area of topography, (square miles)........ ... ... ... L. 18

Eighty-six islands are represented in contour on the topographical sheets.
Assistant Donn is now at work with his party on the sea coast of Virginia.
) Hydrography of Moose-a-bee Reach, -Maine.—The soundings were made by Assistant F. F. Nes,
with a party, in the schooner Joseplt Henry and steam-launch Sagadahoc. Signal swere set upin the
latter part of July. From time to time traeings of the shore-line were furnished by Assistant
Donn, and the vicinity represented by each was filled with soundings as the weather favored, work
afloat being sometimes practicable in the western entrance, when it was not so in the eastern part
of the Reach. »
The hydrography includes Nash Island light-house to the westward; and to seaward Flat
Island and Crample Island ; also the adjacent waters ; Indian River, Chandler’s Bay, West River,
and nomerous coves, Many ledges were patiently developed by soundings, but some yet remain
to be examined in order to complete the curve of depth at three fathoms. One hundred and five
signals were used for hydrographic purposes. Of these sixty were erected by the party of Assist-
ant Nes. Messrs. W. L. Vinal and R. B. Palfrey served as aids.
Tidal observations were made and recorded as usual while soundings were in progress. The -
general statistics of the work are as follows :

Miles run in sounding . ... .. ..o i e 891
Angles to determine positions . ... ... ... L L. ol Ll 4, 300
Number of soundings ... ... . i 38,272

The buoys and spindles, twenty-four in number within the working limits, were determined in
position and marked on the hydrographic sheets.

The vessels used in this survey sailed from Jonesport on the 27th of October, and were laid
up for the winter at Portland. Assistant Nes with his aids soon after took up duty in Seection 1V,
where the party had been employed in the preceding winter and spring. Records of the soundings
and angles in the survey of Moose-a-bec Reach, contained in nineteen volumes, have been placed
in the office.

Triangulation of Southwest Harbor, Mount Desert Island, Maine.—Soon after the return of
Assistant G. A, Fairfield from Section 1V, he was assigned to duty, with instructions to extend the
triangulation over Soutbwest Harbor and Somes’s Sound, Mount Desert Island, Sketch No. 2,
starting from the nearest well-determined line of the work already done. This triangulation is to
serve as a basis for the topographical and hydrographic survey which will follow. A harbor-chart,
now much needed on that particular part of the coast of Maine, will thus be completed in time for
insertion in this report, Sketch No. 18. Assistant Fairfield was also directed to determine, by
trigonometrical leveling, the height, above mean tide, of Green Mountain and of other prominent
elevations on the island in the vicinity of his field of labor.

Between the 23d and 20th of July, a reconnaissance was made, and at the latter date the tri-
angulation was commenced and continuned systematically until the 19th of September, when the
operations were completed.

As a basis for the leveling, s mark was wade at low water, on a pile of the steamboat-wharf in
Southwest Harbor, and a bench-mark was established on the wharf, The difference of elevation
between these two was determined by the spirit-level, and also the difference of height between
the bench-mark and the telescope at the station ¢ Church Spire,” (Southwest Harbor,) at which the
vertical angles were commenced.

The statistics of the work are as follows:

Bignals ereeted ... ... ... e e 11
Points determined . .. ... ... i iiieeeneianan.. 20
Stationsoecupied ........ ... .. ..., teeiiannennas 8
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Angles meastred .. ...... ... ..... PP - 89
Single observations . .. .. ... iieraeeae e 1,024
Vertical angles measured .. .. ... ... .. ... ool 6
Number of observations....... .......... . .. e e e 260

Assistant Fairfield has now resumed field-duty in Section IV. Mr. W. B. Fairfield served as
temporary aid in that section, and also in the party on the coast of Maine.

Hydrography of Penobscot Bay, Maine.—The work of Assistant T. I'. Webber, between the 20th
of July and the end of October, extended the hydrography of the seaward approaches of Penobscot
Bay to the eastward, quite across the entrance and inclading the southern approaches to Isle au
Haut Bay. Soundings were resumed at the limit previously reached in the vicinity of Brimstone
Island and Seal Rock, and the lines showing depth were continued eastward beyond Great Spoou
Island.

Early in September, Assistant Webber took up the hydrography south and east of the Fox
Islands in Penobscot Bay, and completed soundings between Heron Neck Light and Calderwood’s
Point, including the islands aud ledges of that viecinity. This work joins with a hydrographic
sheet of Isle au Haat Bay, made last year by Assistant Junken. Many sunken ledges are devel-
oped on the sheet of the present season. Shore-line and the points needed for soundings were
furnished by Assistant Dorr and Sub-Assistant De Wees.

Sub-Assistant F. D. Gravger, who rendered effective service in the hydrograpbic operations,
was detached when the working scason closed at the north, and is now conducting a party in
Section IX.

The steamer Endeavor was used by the hydrographic party on the coast of Maine. Mr.
Andrew Braid aided in the soundings. The following is a synopsis of the statistics of work:

Miles ran in sounding ... ... .o e el e 1,039
Angles measured . ..... . ... .. ... e e e . 11,035
Number of soundings - ... ... L e iee i 31,981

The weather of. the present season was unusually good, aud the prgzress of the parties atloat
was but little interrupted by fog.

Assistant Webber is now engaged in hydrographic duty in Section V. Iis service previous
to taking up work on the coast of Maine will be referred to under the head of Section VIIL

Topography of the Fox Islands, ¢ Penobscot Bay,) Maine—Plane-table work has been extended
over the southeastern part of the Fox Island group, by the party of Assistant F. W. Dorr. No |
vessel being available for use in-the topography, Assistant Webber, while on his way in the steamer
Endeavor to prosecute the hydrography of the vicinity, took in the eamp and instruments of Mr.
Dorr, at the mouth of George’s River, and landed them at Carver’s Harbor. By the close of July
arrangements were complete for work in the field. Incessant fogs until the middle of August re-
tarded the progress, but in the latter part of that month Carver’s Harbor was surveyed, including
the village and several of the outlying islands and ledges, as well as part of the interior of the
principal of the ¥ox islands.

Early in September, Mr. Dorr, under instructions, left the party in charge of Sub-Assistant H.
M. De Wees, who had accompanied him to the field, and took part in the survey of Lake Cham-
plain, details in regard to which will be given in this report under the head of Section II.

Mr. De Wees cantinued work with the plane-table in Penobscot Bay until the 1st of Novem-
ber, but unfavorable weather made it impracticable to complete the details falling within the
limits of the projected sheet. Amongst these are comprised numerous ledges and small islands,
the outlines of which, for chart purposes, could be traced only at low water. The work is, how-
ever, laid out systematically as far up as Seal Bay, and can be completed in the course of a few
weeks of favorable weather in the next working season. The progress made this year is shown in
the following statistics :

Bhore-line surveyed ... ... ... e a e 50 miles.
BOBAS . - - oottt e meemeaaaeenaaenaan 37 miles.
Area of topography, (square miles)......0.c.oiviiiiiiiianiiiiinaonn .... 16%
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Mr. Dion Bradbury, jr., who was attached as aid to the plane-table party, accompanied Assist-
ant Dorr to the site of work in Section II. Mr. De Wees is now at work in Section VII.

Topography of Islesborough in Penobscot Bay—For extending the plane-table survey upward in
Penobseot Bay, two sheets were projected and sent to Assistant A. W. Longfellow in July. His
party left Portland in the schooner Meredith, and before the close of the month commenced the
survey. Field-work was continued until the 25th of October. The details returned on the topo-
graphieal sheets comprise the small islands and rocks south of Islesboroughin ’enobscot Bay, the
largest being Seven Hundred Acre Island. DPart of Long Island was also surveyed, and the lesser

oues known as Warren’s, Lasell’s, und others which as a chain divide the water-space of the bay °

above Camden. These outlying islands are craggy and wooded, and being accessible only in
favorable weather, the party encountered considerable difficulty in their delineation. The work,
however, was advanced to some distance above_the south end of Islesborough, and can be conducted
with greater facility in the extension of the survey northward. -

Mr. C. B. Fuller was attached to the party as temporary aid. The results of the season are
thus stated in the field report :

Shore line surveyed ............ ... .., e et e 404 miles.
Roads .. .coveanae.n et et iieae e et . 3 miles.
Area contoured, (square miles) ... ... ... oilall. et 33

Special determinations were made at low water, in order to define the bars and ledges which
are covered at other stages of the tide.

Topography of Rockland Harbor, Maine—The detailed survey of the vicinity of Rockland was
commenced on the 11th of July, by Assistant W. H. Dennis, and was completed on the 18th of
November. On the south side this work joins near Ash PPoint with the plane-table sheet showing
South Thomaston and its vicinity. The topography mapped represents a fringe averaging a mile
and a half in width from the shereline of Penobscot Bay, and extending northward to a point
about half a mile above Clam Cove, where Mr. Deunnis joined his work with a survey previously
made by Assistant Dorr. Within the limits deseribed are included the city of Rockland, and a
large amount of such details as require the utmost care of the topographer.

Aftter completing the sheet, Assistant Dennis mapped a small area for connecting the topo-
graphy of George’s River with that of Tennant’s IIarbor. Iis results are shown on Sketch No.
15. His operations in this section are represented ‘in the following summary :

Shore-line surveyed . .ooo. o e i i 27 miles.
2 G0 miles.
Area of topography, (square miles). ......... .o o il 21

Mr. G. W, Bissell was attached to the party as aid. Assistant Dennis has now resumed work
in Section V, under which head his occupation of last winter and spring will be mentioned in a
subsequent part of this report.

Topography and hydrography of the Kennebec Kiver, Maine.—Field-work was resumed in the
Kcnnebec by Assistant C. . Boyd on the 25th of July at Richmond, (Sketch No. 15,) the topo-
graphy of last year having included Swan Island. 1n its course upward the plane-table work of
the present season shows both banks of the river as far as Gardiner, in varied detail, some a mile
but others only a half a mile from the shore-line of the Kennebec. The hydrography of the river
was completed within the same limits, and a series of tidal observations was recorded, as usual,
while the soundings were in progress. 1In order to take in Eastern River, Mr. Boyd made a triangu-
lation of its eourse aud included it in his topographical and hydrographic survey. He also ran a
line of levels, in the aggregate twenty-seven miles, to connect with the tidal-station established in
1861 on Merry-Meeting Bay, the statious at which observations had been subsequently made by
officers of the United States Engineers, or by himself at Gardiner, Hallowell, and Augusta. The
tidal observations made below Gardiner are on record in the Coast Survey Office.

The report of Assistant Boyd deseribes the river obstructions that exist between Richmond
and Gardiner. These are all within the reach of ordinary engineering expedients, and will, donbt-
less, soon be removed.

The statistics of plane-table and bydrographic work are as follows:
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Shore-line traced. - ....... .. L e e 36% miles.
Roads. .. ..o e 562 miles.
Area of topograply, (squaremiles). ..... ... ... ... ... e 17
Miles run in sounding . .. .. ... ..o 84
Anglesmeasured. .. ... ... ... e 1, 604
Castsof thelead. ... ... .. i i i aie et e 11, 830
The currents of the Kennebec were observed in the usual way and will be indicated on the
published chart.

Assistant Boyd closed this work early in November and returned to Section VIII, where he

had been previously engaged. His aid, Mr. J. N. McClintock, was then transferred to duty in Sec-
tion V. .
Topography near Cape Porpoise, Maine.—The party of Assistant Iull Adams took the field on
the 5th of July at Kennebunkport, and continued northward with the detailed plane-table survey
of the coast of Maine, closing for the season on the 1st of November. His work includes the coast-
line aud rocky islands between Cape Porpoise and the mouth of Saco Lliver, about a mile of the
lower course of that river, and the coast features in the vicinity of Old Orchard Beach beyond it,
The intervening marshes were mapped, and the ground on both sides of the road which passes
along the coast from Kennebunkport to Saco. Several small harbors were developed in outline,
among them that near Cape Porpoise, which, during easterly storms, is reserted toas ahuarbor of
refuge; it sometimes contains a hundred or more schooners, pressed in {rom sea by the weather,
North of the harbor the topographical sheet shows the course of Little River, Hoyty Neck,
Saco Beach, and Biddeford Pool, the last being a place of summer resort, to which several steamers
run from Saco. The ool serves as a harbor for small fishing-vessels; beyond it Assistant Adams
and his party surveyed Fletcher's Neck and the ledges and islands in that vicinity., The general
statistics of work are given in the following summary :

Shoreline surveyed. .. ... .oo it i i e 38 miles.
Rivers, creeks, and islands. ... ... .. . L.l 2 miles,
Marsh-line.................. e e e et 34 miles,
Roads . .o e i e e 42 miles.
Area of topography (square miles)...... ... ... ... ..., e 293

Mr. Eugene Ellieott joined the party, as aid, on the 18th of July, and countinued in the tield
until September, when he beeame seriously ill. Mr, Adams was aided doring the latter part of
the season by Mr. O, I, Tittmann,

Assistant Adams is now conducting a plane-table party in Section IV.

Reconnaissance.—Parties having been detailed in August for the sarvey of Lake Champlain,
Assistant G. 'W. Dean was at the same time directed to note, on the intervening ground,
the feasibility of counecting stations near the lake with the nearest stations of the primary trian.
gulation of the coast of New England. Mount Washington, although not occupied with the the-
odolite, was marked and observed upon in 1849 from one of the coast stations near Portland, and
subsequently from three others. Mr. Dean identified the marks at that station, and theu visited
Mount Mansfield, in Vermont, where, however, owing to smoke in the atmosphere, the shores of
Lake Champlain were not visible. The reconnaissance was continued in the vicinity of Saint
Albans, and thence, down the lake, by the way of Burlington, to Caldwell. At a suitable eleva-
tion there the observer finds in view the Green Mountains to the eastward and the Adirondacks to
the westward. Passing by the way of South Adams, Mr. Dean reached Greylock Mount, the
highest point in Massachusetts, on the 1st of September. From that summit three of the principal
stations which have been occupied in the survey of the coast are visible in clear weather. Other
duties pressing at the time, the reconnaissance was extended no further. 1In order to complete the
examination, Gunstock Mount in New Hampshire is yet to be visited, «nd the practicability ascer-
tained in regard to its connection with Ascuatuey in the town of West Windsor and Mount Mans-
field in Vermont. An early opportunity will be taken to decide on the most direct means of bring-
ing the survey of Lake Champlain into connection with the work on the coast. The progress
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made by the parties assigned for the detailed survey of the lake will be stated under the head of
Section II.

Hydrography between Portsmouth, New Hampshire, and Merrimac Entrance, Massachusetts.—With
a vessel chartered for this work, Sub-Assistant Horace Anderson took up the service early in
August, using also boats whiclh had been lent by the Commandant of the Charlestown Navy-yard.
The in-shore hydrography was prosecuted until the 24th of September, the party, at that date,
having completed soundings along the coast of New Hampshire and Massachusetts, between the
entrance to Portsmouth Harbor and the mouth of the Merrimac River. Many ledges were devel-
oped, the coast approaches being lined with them between Hampton River and Portsmouth Har- °
bor. The rocks existing here are from half a mile to & mile off shore; some are sunken and others
stand three or four feet out of water. Ilampton River entrance was sounded by Mr. Anderson,
and the depth on the bar was found to be only four feet at mean low water. The channel inside,
moreover, is narrow and infricate. Tidal observations were recorded by the party at this entrance
and also at Rye Harbor, for the adjustment of depths, the soundings being made under favorable
cireumstances at all stages of the tide. )

Messrs. F. W. Ring and W. H. Stearns served as aids in the hydrographic party. The chart
resulting from the work has beeu received at the office.

Longitude—Mention will be made under Section II of the determination of longitude at Bur--
lington, Vermont. The results were obtained by our established method, telegraphic signals being
exchanged at instants of time, well ascertained by the observation of particular stars. As usnal,
the free use of their line was afforded by the Western Union Telegraph Company. Professor
Joseph Winlock, director of the Cambridge Observatory, exchanged star-signals with Assistant G.
W. Dean, on the nights of the 26th and 28th of September, and on the night of the 2d of October,
one observer being at Cambridge and the other at Burlington. The co-operation of Professor
Winlock in similar determinations will be referred to in the notice which follows.

Transatlantic longitude, Durbury, Massachusetts, —When my last annual report was closed,
Assistant George W. Dean had arrived at Brest on the coast of France, to exchange time-signals
with Assistant Edward Goodfellow, who remained at Duxbury, working in a temporary observatory
near the French cable office.

In procuring the authorization needful for his proposed telegraphic observations, Mr. Dean
was cordially welcomed at Paris by the United States minister, Hon. E. B. Washburue, and his
secretaries, Colonel Hoffuuan and Colonel Moore, aud by their kinduess was introduced to the
naval secretary of France, who directed that every facility should be extended by the naval com-
mander at Brest. ‘This intention was cordially fulfilled. A station was selected by Mr. Dean in
the grounds connected with the ¢ Establishment des Pupilles de la Marine,” at a measured distance
of one hundred and twenty-six meters from the nearest geodetic point of the survey of Franece,
which is near the center of the tower in the church of Saint Louis. The inspector of the French
telegraph lines, Mounsieur (. Duval, farthered the operations proposed, by extending wires to
connect the longitude station with the French eable office, which was about half a mile distant.

Astronomical observations were commenced by Assistant Dean and Sub- Assistant F. Blake, jr.,
at Brest, on the 27th of December, and continued antil the 10th of February. In the favorable
intervals between those dates the local time and instrnmental corrections were determined by 290
observations en sixty-two zenith and circumpolar stars. The portable transit No. 4, adjusted apon
two granite posts, was used for the purpose. Time was recorded on a Bond chronograph by a
Frodsham break-circuit chronometer.

Acknowledgments are dme for the friendly and valuable co-operation of Cromwell F. Var-
ley, esq., of London, electrician of the French Telegraph Cable Company, who directed the arrange-
ments needful at Bt. Pierre for joining the two parts of the cable, and made adjustments for the
electromotive force, so that, as applied at Duaxbury, St. Pierre, and Brest, the velocity, as far as
possible, might be the same for all signals made in the determination of longitnde, The length of
cable through which the signals passed is 3,847 statute miles. Exchanges were successfully made,on
ten nighta of January and February, between Mr. Dean, at Brest, and Mr. Goodfellow, at Duxbary.
‘Whenever practicable, during the exchanges with Brest, the chronograph sheets at Duxbury were
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graduated by the mean-time clock of the Cambridge Observatory, under the direction of Professor
‘Winlock, and by the sidereal clock at Duxbury ; and the signals sent to and received from Brest
were recorded upon the echronographs at Duxbury and Cambridge.

For the purpose of measuring personal error in noting the cable-signals, Assistant Goodfellow
arranged a circuit to pass through the clock and chronograph connections at his station, and
+ through the cable-key and break-circuit key in the cable office at Duxbury. This circuit was
worked Dby a battery of three Daniells cells, while the circuit for obtaining signals like those
received during the longitude experiments was operated by a single cell of Menotti’s battery, forty
kaving been used for the electromotive foree in passing signals to Brest. This second circuit
included the galvanometer which had been used for longitude. The sighals for personal error were
given in the battery-room of the cable office, out of sight and hearing of the observer in another
room of the building. Three sets of signals were thus noted on different days. The stars observed
at Duxbury for local time and instrumental corrections were taken from the American Nautical
Almanae, and from a manuscript list of stars, the positions of which had heen determined under
the direction of Professor Winlock, at the Cambridge Observatory, for the use of the longitude
parties of the Coast Survey. Assistant Goodfellow recorded 447 observations upon 103 stars,
among which were fourteen circumpolar stars observed for thread-intervals. After closing his
observations, Mr. Goodfellow carefully marked the position occupied by the transit instrmnent. A
granite pillar 21 inches long and 7 inches square was set in the ground and surrounded with curb-
ing of oak, inside of which was placed a granite slab 28 inches square and 7 inches thick, sup-
porting a 14-inch cube, also of granite. Copper bolts half an inch in diameter were inserted
vertically in the tops of the upper and lower stomes; the space left inside of the eurbing was
filled with sand. The point thus marked was referred by triangulation to a geodetic station, (West
Duxbury spire,) and will ultimately be connected also with the primary station on Manomet Iill,
on the coast of Massachiusetts.

By previous arrangement, as stated in my report of last year, Professor Winlock co-operated
in the reference of the transatlantic longitude to the Cambridge Observatory. On five nights,
closing with the 3d of January, signals were sent from and received at the observatory and Dux.
bury. Assistant Goodfellow was aided by Mr. J. Laurence Wilde.

The computations needed for deriving from these observatious the difference of longitude
between Brest and Duxbury have been intrusted to Professor Joseph Lovering.

Assistant Dean, after returning from Europe, was engaged in duty which will be noticed under
Section II. In November he joined the expedition of Professor Winlock, which was sent under
my direction to observe the solar eclipse of December, 1870, at a station in Spain. Sub-Assistant
Blake, after completing duty to which he had been assigned in Section III, was authorized to
accompany the exploring expedition of the Navy which sailed for the Isthmus of Darien in De-
cemnber. .

The favorable circumstances attending the outset of the work at DBrest and Duxbury were
referred to in my last annual report. It is agrecable to add that the operations throughout were
furthered by the special liberality of officials who took pleasure in acts done in the interest of the
people. Free transportation was accorded by George Mackenzie, esq., agent of the French line of
steamers, in the shipment of instruments used in the observations at Brest. The report of Assistant
Dean specially mentions also the ample facilities afforded by Thomas Andrews, esq., superinten-
dent of the French cable at Brest, and by Mr. Gott, superintendent at St. Pierre, under favor of
the credentials received at New York from L. G. Watson, esq., agent of the French Cable Com-
pany. In their movements the observers in France were much assisted by the care and attention
of Monsieur Gustave Bossange, of Paris.

The Duxbury longitude station was connected with the cable office by wire furnished free of
expense to the survey by Moses G. Farmer, esq., of Boston. R. T. Brown, esq., superintendent of
the Duxbury Telegraph Station, contributed valuable assistance, as did also M. J. Gaines, sq.,
and the operators in the cable office, all aid being cordially tendered that could avail in the success
of the operations.

The use of the land line of telegraphy between Duxbury and Cambridge, as in a number of
previous instances, was freely accorded by the district superintendent of the Western Union Tele-

H. Ex. 112—-3
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graph Company, J. F. Milliken, esq., who added to this courtesy his personal interest in the obser-
vations, as did also J. C. Upham, esq., manager of the line at Daxbury. The like spirit of liberality
on their part has been the subject of acknowledgment on other occasions.

Hydrography of Plymouth Bay and Duxbury Harbor, Massachusetts—After setting up a tide-
gauge on Long Wharf at Plymouth, the party of Sub-Assistant Anderson started with boats and
sounded out the shallow parts of Plymouth Bay, completing the hydrographic survey within the
shore-lines. Additional lines of soundings were then run in Duxbury Harbor, completing the
survey of that vicinity. This work is shown on Sketch No. 16.

Sub-Assistant Anderson is now on duty in Section VIIL, f

The following comprises the statistics of soundings referred to under this and a preceding
head :

Miles rin in SOUDAING - - oot e it e e et e e 267
Anglesmeasured. .. ... ... e iisaeaaeas 2, 866
Number of Soundings. - .o vt e i i e 26, 092

The work at Plymouth occupied the party during the month of October.

Leclamation of tide-lands—In a general way reference has been already made, in the introdue-
tion of this report, to complex questions likely to originate in attempts to reclaim land that is ordi-
narily covered by tide-water. Within the past year two sites were examined by Assistant Henry
Mitchell. Inboth of them matter of much interest was presented in considering the general effect
of the works requisite for prodacing the special result desired.

The vicinity of North River, on the coast of Massachusetts, was found specially interesting, as
well from local peculiaritics as from observed changes which the stream had suffered by movements
of the shingle and sand along the coast during storms. There, as at other places, Mr. Mitehell care.
tully measured the shingle levees, and found the seaward slope to be the type toward which the
dike-building of Europe has been tending. Ile shows, also,inhis discussion of the subject, that their
heights may be regarded as the measures of certain great storm-waves, and that their rearward slopes
are those of least resistance to the eseaping water of oeverflows. The effect of adam in backing up
the inland waters he computed for the conditions observed at North River in June last, and the
heights to which the dikes should be carried, so as to protect the inclosed lands, were cavefully
determined. The problem of reclamation there presented is by no means a simple one, but the
result of the study is, upon the whole, favorable.

The second case investigated was that of Green Harbor, a very simple one in the matter of
drainage, but complicated in its relation to navigation. There seems to be little doubt that the
depth of water upon the bar of this harbor is'maintained by the tidal outflow, and that the depth
must lessen after the construction of the proposed sluice-dam.

During part of the summer Assistant Mitchell engaged in physical researches in San Francisco
Bay, mention of which will be made under Section X, in the body of this report.

After hisreturn from service in the Darien exploring expedition, Sub-Assistant H. L. Marinden
resumed his place, and has continued on duty in the party of Assistant Mitchell ; Mr. F. I. North
has served as aid, and his efforts are commended in the report of the season.

The topographkical maps requisite for the investigations at Marshfield and Scituate were made
in the field by Mr. O. H. Tittmann, under the general direction of Assistant H. L. Whiting.

Triangulation of Narragansett Bay, Rhode Island.—With a view to perfect the connection between
the former work and the triangulation executed by Assistant 8. C. McCorkle in 1869, and to supply
points required by the topographical parties on the coast eastward of Saoghkonnet River, Mr.
MecCorkle received instructions, immediately on his return from Section VII, to proceed to Narra-
gansett Bay and to make the necessary observations. The work was commenced on the 17th of June
and completed on the 1Gth of July, and, by the 224, the computations were finished, and these,
with the original and duplicate records, were forwarded to the office at Washington.

The statistics of the field-work are :

Signals erected ............... e O
Stations occupied.... b mateeaetataaneeaanaanean eteemeaea. ceean emeeee T
Angles measured......... P fetedeeesanntacaanias 30

Number of ODBerVAtIONS. ... oo it ier et iiteer s caemecsancesscassransionans 480
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Between the 22d of July and the 12th of August, Assistant MeCorkle was engaged in compu-
tations connected with his work in Florida, and toward the elose of the month he received
instructions for duty on Lake Champlain, to which reference will be made in the next seetion.

Topography of Narragansett Bay, Rhode Island.—This survey has been advanced nearly to com.
pletion by the party of Assistant A, M. Harrison and others working jointly on the ground but with
separate plane-tables. .

The details of topography were resumed by Mr. IHarrison carly in July, and were mapped in
to include the north end of Rhode Island, below Dristol Ferry, before the close of September.
Assistant C. T. Iardella joined on the 23d of July, and worked with a detached party. Two other
sheets were completed in the course of the season under the direction of Assistant Harrison.
These include the vicinity of Newport and the lower part of the island between Narragansett Bay
and Saughkonnet River. The topographical features are very intricate, involving broken shore-line,
with reefs extending seaward ; outlying rocks; rocky bluffs and fissures; and hills very irregular
in contour. TFew places immediately on an open coast embrace within a limited area such variety
in surface details, and which, as likely to be permanent, are so propoer to be included in the publica-
tion of the final chart of the bay, which is shown in Sketches Nos. 20 and 21.

Assistant Charles Hosmer commenced on the 3d of July, aud continued in the field until the
12th of September. In the interval he traced the eastern shore of the Sanghkonnet River, and
made a detailed survey of the features between the shore and the road that runs nearly parallel
to it, through Tiverton. In its character the sheet was made conformable to those previously
done by Assistant Iarrison, the several parties having conferred with him at the outset of the
season, to insure that end.

Assistant Hosmer was aided in the field by Mr. A. P. Barnard.

Before engaging in the secction, Mr. osmer had been on service in Section V, and hus now
resumed duty on the southern coast. In Scptember and October he took part in field-work which
will be described under Section 11,

After his return, at the end of July, from service in the Darien exploring expedition, Sub-
Assistant H. G. Ogden proceeded to Newport, and took in charge the topography of the eastern
side of Rhode Island. Ilis party kept the field until the 1st of December. In the course of
the season Mr. Ogden mapped the ground about Sachuest Point, and, in connection with it,
all the surface details found on the western shore of Saughkonnet River, as high up as the Stone
Bridge road. At the south end of Rhode Island, this party pushed the detailed survey to the west-
ward of Easton’s Point and there joined with the work of Assistant Harrison.

To the northward and westward of Sachuest Point, the work of the two partics joiusin the
vicinity of Newport. Throughout, the surface features are quite intricate. .Amongst the details
represented on one of the plane-table sheets turned in by Sub-Assistant Ogden, are the Paradise
Rocks. These are four nearly parallel ledges lying north-northeast and south-southwest within a
width of about half a mile. The most westerly of the ledges is 173 feet high, and, in projecting
into the sea, it forms the western side of the bight between Sachuest Point and Easton’s Point.

On the east side of Sanghkonnet River, Mr. Ogden made a topographical survey from Quick-
sand Pond westward to the immediate vicinity of Saughkounet Point, and there connected with
the detailed work of Assistant Hosmer. The aggregate area mapped by Sub-Assistant Ogden is
nineteen square miles.

The statisties of work done by the three plane-table parties is as follows:

Shoredine. . ..oooenieimiiiiieaiieiiaineaaans Peereeaeaaaaneas .. 904 miles.
Creeks andponds............. mraeeaaeiane et maarteaets e e 53 miles.
Marsh-line .o oo e iie e e ae et iar e 221 miles.
Roads «.ovvvmminansinaaiiana, et e e 181 miles.
Area of topography, (squaremiles) .. ... .. ... ... ... il 55

- Sub-Assistant Ogden is now conducting a field-party in Section VIL. In December, Assistant
Iardella joined a plane-table party in Seetion IV, Assistant Harrison continues the topographical
survey of the shores of Narragansett Bay, and is yet in the field.

Tidal observations.—A self-registering tide-gauge of improved construction was put up and
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started on the 21st of January, at the station in North Haven, on one of the Fox Islands in
Penobseot Bay. The instrument worked well during the winter and every precaution was used to
prevent stoppages. There is good reason to expect a valuable series of observations at this station,
the situation, apart from the severity of cold in winter, being particularly favorable. In another
place a brief account has becn given of the tide-gauge now in use at North Haven. The
observer, Mr. J. G. Spaulding, has also kept a meteorological register, and during the past year has
applied, for the prediction of tides at Boston, the formule deduced for that port by Professor Ferrel,
whose discussion was printed in the appendix of my report for 1868,

This self-registering tide-gauge at the Boston navy-yard, in the care of Mr. H. Howland, has
been in constant operation, except for a few severely cold days of last winter, when it was stopped
DLy ice. The omissions in the record have been supplied from the register of an experimental gauge
furnished with glycerine, whiclh was in operation near the permanent gauge. Metcorological
observations were recorded also at this station. As usaal, short series of tidal observations have
been made at several other places in the course of the season by the hydrographic parties. These
are primarily for the purpose of reducing the soundings, but they also show the tidal relations
between the principal stations.

SECTION II,

ATLANTIC COAST AND SEA-PORTS OF CONNECTICUT, NEW YORK, NEW JERSLEY, PENNSYLVANIA, AND
DELAWARE, INCLUDING BAYS AND RIVERS. (Skprcu No. 3.)

Reconnaissance near New Haven, Connecticut.—A strong local interest baving been manifested
in regard to the extension of the topographical survey of the vicinity of New Haven beyond the
limits given on the published chart of the harbor, an examination was directed with a view to the
identification of stations which had been occupied in the original survey. The chart, moreover,
was issued in 1846, and it was known that artificial changes made in the vicinity since that date
had ebliterated some of the points.

Assistant R. M. Bache reached New Haven in July, and in the course of the summer visited
the principal stations of the triangulation. While so engaged the opportunity was taken to deter-
mine the heights of places of special interest in the vicinity of New Haven. A datum-mark for
that purpose was made at the east end of Chapel Street Bridge, where the rise and fall of the tides
were recorded during one lunation. Lines were run with the spirit-level and referred to the bench-
mark, by which Assistant Bache determined the height of East Rock, West Rock, Rabbit Rock,
and the elevation of other pointsin the neighborhood of New Haven. The results of these measure-
ments were furnished to the city engineer and to the leading authorities of Yale College.

The triangulation about New Haven was made under the direction of Superintendent Hassler,
previous to the re-organization of the survey of the coast. The marks then set at Mount Carmel
and at Dickerman stations were found by Assistant Bache. At several others he was enabled to
identify the sites by stones or other marks of reference left in the ground, but in no instance,
except at the two stations mentioned, which are quite near together, could the position formerly
occupied by the theodolite be closely ascertained. Nineteen sifes in all were carefully examined
at which marks had been placed by Mr. Hassler. The present condition of the ground at each is
stated in the report of Assistant Bache. :

Survey of Lake Champlain, Vermont, and New York—The survey of the lake was commenced
as soon as possible after the receipt of the information that it had been included among the duties
assigned to the Superintendent. The assistants were detailed on the 25th of Angunst and the parties
were organized and at work early in September. Each special branch, as applied practically in
the survey of the coast, followed one immediately after the other in the order of its precedence: first
the reconnaissance and selection of a site for a base and for a scheme of triangulation ; afterwards, in
suceession, the measurement of the base ; the triangulation ; the astronomical determination of lati-
tade and azimuth at one of the trigonometrical points; the telegraphic determination of the ap-
proximate longitude of the same point by the transmission to Harvard Observatory of the local
time at the station ; the topographical delineation of the shores, based npon and checked by the
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triangulation ; and, finally, the hydrography, showing the depth of waterin the lake, its periodieal
rise and fall, the reefs, shoals, and dangers to navigation, and the havens and anchorages available
when needed.

The survey, as far as it is done, embraces the broadest part of the lake, extending from Cum-
berland Head on the New York side to Sherburne Point on the Vermont shore, including the
harbors of Plattsburgh and Burlington. The hydrography, being necessarily the last in order, was
confined to the lower section from Plattsburgh Harbor to the island of South Hero.

Field-work was suspended towards the close of October, when the time had arrived for resum-
ing operations on the southern sections of the Atlantic coast.

. The want of proper facilities, which could not be collected on the emergency without consider-
able delay, retarded the progress of the field-parties. Nevertheless, the results obtained during
the short season on the lake have been highly satisfactory. They are shown in a general way by
the map which accompanies this report as Sketch No. 3. Mention will be made under separate
heads of the several branches of work and of the assistants engaged in this survey.

Reconnaissance.—The recounaissance was commenced by Assistant R, D. Cutts, on the 27th of
August. A careful examination was made of the lake-shores, and of the country in the vicinity
of Burlington and Plattsburgh, for a site of the character desired for a base-line. To avoid delay
in other operations, a short preliminary base was measured for immediate purposes, and the recon-
naissance was continued subsequently over a more extended section, for a Iength of line sufficient
for the most accurate survey. After a comparison of the relative advantages of several sites for a
preliminary base, the plateaun lying south of Plattsburgh was selected, the ground being high,
level, and tolerably free from obstructions, and so situated that it could be introduced direetly at
one of the most desirable localities for commencing the triangulation. The northern terminus is
on the United States military reservation, and the line, passing through the reservation and
across the land of Mr. Bentley Sherman, ends with the platean itself, near Sherman’s house. The
preliminary measurement was made on the 10th of September, and the tinal measurement between
the 12th and 16th, with the six-meter contact-slide apparatus, the rods of which had been com-
pared with the Coast Survey standard, No. 2, a day or two before they were forwarded from Wash-
ington. The length of the base, corrected for inclination and temperature, is 19612.05. The
usual monuments were erected and underground marks adjusted and described for the preserva-
tion of the termini of the line.

Another secondary base was measured on the 19th of September, by Sub-Assistant I, W. Per-
kins, on the straight track of the Rutland Railroad, near the depot at Burlington, for the purpose
of starting the topographical survey of the harbor. This line, 1319™.76 in length, was measured
with a sixty-meter wire, the length of which had been obtained by means of the base-apparatus.

In the latter part of September and during the first week in October, the reconnaissance for
a principal base was continued by Sub-Assistant Perkins, under the direction of Assistant Cutts.
The most favorable site found is in Vermont, on the comparatively low ground bordering the lake
to the westward of the town of Saint Albans. TIts length is 5% to 6 miles, and the sits can be pre-
pared for measurement at the proper season with but slight expenditure.

Sub-Assistant Perkins, Mr. F. Stover, and Mr. B. A. Colonna, temporary aids, are commended
for intelligent services, in the field-report of Assistant Cutts.

Triangulation.—The limits of the triangulation to be executed during the months of September
and October were arranged, under the direction of Mr. Cutts, to include the most important har-
bors and the routes most used by the commerce of the lake. The scheme and its connections were
put in the charge of Assistants J. A. Sullivan and 8. C. McCorkle. The former commenced work
at Burlington, Vermont, and the latter at Dlattsburgh, New York, and the junction of the two
series of triangles was made on the intermediate and common line, Stave Island—Doint Trembleau.
The reconnaissance and the organization of his party were commenced by Assistant Sullivan on
the 2d, and the erection of signals on the 6th of September. From the latter date until the 23d
of October the work was prosecuted without interruption, except during the prevalence of high
winds and the thick smoke from burning forests on the Ottawa.

The following is a synopsis of the results furnished by Mr. Sullivan:
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Bignals erectod .. ..o ii i et e aa e e 17
Points determined .............. e e e e .- 32
Number of observations . .......... ... .. .l e eeemeianeaia 2,060
Areain squaremiles .. ... ... . .. oLl N e e e 85

Mr. Sullivan refers, in his report, to the zealous, energetic, and efficient services rendered by
Mr. Colonna.

After the completion of the reconnaissance made from Burlington, in conjunction with Assist-
ant Sullivan, for the purpose of laying out the plan of work and its division, so as to secure the

connection of the base in New York with the astronomical station in Vermont, Assistant MeCorkle -

proceeded to Plattsburgh and started a series of triangles from the base, working southward, and
continued the field-work until the 15th of October, when the junction already referred to was
completed. ‘

The following statistics show the work executed by his party :

Signals erected. . ... ..o it iii i i et i e 14
Stations occupied . .. ... ... oo il ianaan e et et 12
Angles Measured ... ..ot it i ae e iiieirateer e 186
Number of observations ........... e tiateseeeeeaiterataeeaaaeaaaeaan . 1,488

Assistant McCorkle is now making preparations to take the field on the Gulf coast of Florida,
and Assistant Sullivan is under instructions for duty in Section VI. During the first half of the
surveying year he was in service in the Darien exploring expedition.

Latitude of Burlington, Vermont.—The astronomical station is on high ground within the ecity
limits, and is connected with all the principal stations of the lake-triangulation to the westward.
A temporary observatory was completed on the 12th of September. Transit No., 12 and zenith-
telescope No. 4 woere then mounted, cach on a brick pier, sunk two feet below the surface, laid in
cement, and capped with marble slabs. After carefal attention to these preliminaries, Assistant
A. T. Mosman commenced the observations, and by the 16th of October the latitude and azimuth
were determined.

Thirty-two stars were observed on five nights for time ; one hundred and forty-nine results for
latitude were obtained Dy observations of 29 pairs of stars on nine nights; and, in addition, two
series of observations were made for the value of the micrometer, and three sets for the value of
the level of the zenith telescope. *

ztmuth.—The azimuth of the line, “Astronomical station—Juniper Island station,” was deter-
mined by 24 sets, each cousisting of 12 pointings, 6 on the direct and 6 on the reflected image
of Polaris; and to transfer this azimuth to other lines of the triangulation, 8 sets of angles were
taken, each of 12 repetitions. ’

Mr. Edwin Smith served as aid, and Asgistant Mosman highly commends him for energy
and ability. DMr. Smith also read the chronograph-sheets and made the time-reductions for Assist-
ant Dean, while that observer was engaged in determining the longitude of the station.

Mr. Mosman passed the precélling winter and spring in service with the maval expedition
which explored the Isthmus of Darien for a ship-canal route. Ie is now engaged in the determi-
nation of latitude and azimuth at stations on the Gulf of Mexico.

Longitude of Burlington, Vermoni.—The approximate difference of longitude between the astro-
nomiecal station at Burlington and Cambridge observatory, was determined on the nights of Sep-
tember 26 and 28, and October 2. Assistant G. W, Dean reached Burlington on the 19th of
September, and occupied the observatory, using the transit set up by Assistant Mosman, who, in
conjunction with his aid, Mr. Smith, furnished all the assistance required for determining the
lengitude.

The local time was ascertained each night by observing eight or ten zenith and circumpolar
stars, with transit No. 12, the time being recorded on chironograph No. 2, and by the Frodsham
break-cireunit chronometer, No. 3451, belonging to Cambridge observatory. Assoon asthe time had
been observed, the break-circuit chronometer was taken to the telegraph-office and there connected
in a cirenit directly with one of the clocks at the Cambridge observatory. The comparisons of the
Burlington ehronometer with the Cambridge clock were recorded on the observatory chronograph,
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during five minutes each night, after which the chronometer was taken back to the astronomical
station, and further comparisons were made with the two chronometers of Assistant Mosman, for
the verification of the daily rate of the Frodsham chronometer.

Professor Winlock, director of Cambridge observatory, co-operated in the determination of the
longitude.

The resalts are as follows:

" &
September 26. Astronomical station, west of Cambridge observatory ................ 8 185
September 28, Astronomieal station, west of Cambridge observatory ..... B, 8 18.1
October 2. Astronomical station, west of Cambridge observatory ... .......... 8 182

8§ 18.27
Cambridge observatory, east of Naval Observatory, Washington . ................... 23 4113
Burlington station, east of Naval Observatory, Washington ........... ... ... ... ... 15 22.86

The results are given in more detail in Appendix No. 13.

Assistant Dean mentions the acknowledgments due for the liberality of General T. T. Eckert,
superintendent of the Western Union Telegraph Company lines, in affording the free use of wires
between Burlington and Cambridge, and for the facilities extended to the survey by the superin-
tendent of the line, G. W. Gates, esq., and Messrs. G. F. Milliken and II. N. Drewry, managers of
the respective offices.

After completing the observations at Burlington, Mr. Dean engaged as an observer in the ex-
pedition for observing the solar eclipse of Deeember, on the coast of Spain.

Topography—On the 13th of September, Assistant H. .. Whiting, accompanied by Assistants
F.W. Dorr and Charles Hosmer, reached Burlington, and on the 14th proceeded to Plattsburgh for
conference with Assistant Cutts in regard to the scale, limits, and necessary checks for the detailed
sarvey. With a view of running the shore-line embraced within the scheme of triangulation then
laid out and commenced, a secondary base, as already stated, was measured near Burlington. ™ At
this base Mr. Dorr commenced with the plane-table while Assistant Hosmer started from the
Flattsburgh Base; the junction of their respective surveys being at two points, one in the vicinity
of Port Jackson and the other at Port Trembleau,

- Assistant Dorr had transferred the charge of his party ou the coast of Maine to Sub-Assistant
H. M. DeWees, on the 5th of September, and on the 19th the topography of Burlington Harbor
was commenced. Between that data and the 14th of October the following work was accomplished
by the party of Mr. Dorr: Sheet No. 1 contains the shore-line from Shelburne Point to Apple Tree
Point, including Juniper Island, and Dunder Rock,-and the docks and breakwater at Burlington ;
Sheet No. 2, the shore-line from Apple Tree Point to Colchester Point, including the mouth of Onion
River and two islands, some ledges, and the vicinity of the new light-house lying off Colchester
Point; and Sheet No. 3, the shore-line from Point Trembleau on the west side of the lake, north-
wardly, to Port Jackson, including Port Kent, the mouths of the Ausable River, and Garden Island.
The total number of miles of shore-line surveyed by this party was 383,

Assistant Dorr had suffered from rheumatism during the whole progress of his work, and be-
came too unwell to continue it after the middle of October.

Mr. Bion Bradbury, jr., was attached to the party as aid and rendered acceptable service.
Assistant Sullivan arranged the details of his triangulation with reference to the plane-table work,
and kept Assistant Dorr supplied with points for its continuance.

Assistant Hosmer reached Lake Champlain on the 17th of September, and commenced the
shore-line survey in the vicinity of Plattsburgh, and continued at work until the 13th of October,
when the part assigned to him was finished. The party was then discharged, but, in consequence
of the illness of Mr. Dorr, Mr. Hosmer returned to the field and completed the shore-line survey
south of Point Trembleau, within the area of the triangulation. This was done between the 20th
of October and the 2d of November. The number of miles of shore-line surveyed by him was 454,
Sketch No. 22 will show the condition of the survey of Burlington Harbor at the time of publica-
tion of this report.
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Assistant Hosmer is now on field-duty in Section 5, where he had been engaged during the
early part of the present year. The previous work of Assistant Dorr will be mentioned under the
head of Section 1V.

Hydrography of Lake Champlain.—On the 218t of September Assistant Charles Junken reached
Plattsburgh, New York,and, under the direction of the Hydrographic Inspector, hired a small vessel,
which, in the course of a few days, was fitted for service in taking soundings. The hydrography
was at once begun and was prosecuted until the Ist of November. Assistant Junken accurately
sounded the middle section of Lake Champlain, or from Cumberland Head southward to Valeour
Island, including Cumberland Bay and Plattsburgh Harbor. Boisterous weather after the middle .
of October interfered with the progress of work, yet the results are very satisfactory, considering '
the time allotted and circumstances of the season. The depth found in Cumberland Bay and in
the lake south of the bay varies from 4 to 8 fathoms, but a mile east of Valcour Island the depth
is 384 fathoms. Soundings in that part of the lake developed a narrow gorge, extending mnorth
and south, with bottom consisting of brown clay and mud.

The plane of reference adopted Ly Assistant Junken for the adjustment of soundings on his
working-sheet is 2% inches lower than the lake-level in October last, and 3 inches higher than
the water-level of the year 1855, which is believed to be the lowest ever observed. A synopsis of
hydrographic statistics is appended.

Miles run in sounding. .. ... ... . L iiiiiiala. eeeaens e 215
Anglesmeasured. ... ... e et e i e aan 3,254
Castsof thelead.... ... ... ... .. ... ..., et ieea e e aeaaa 9,248

Mr. Joseph Hergesheimer was attached to this party as aid.

Hydrography, New York Entrance—A. large part of the working-season, between Junce and
December, was occupied by Assistant F. H. Gerdes in verifying the positions of sea-marks con-
nected with the navigation of New York Bay and Harbor. At intervals, however, soundings were
made, developing the character of the bottom at Diamond Reef. The water on the Oil Spot and
on ¥lynn’s Knoll was found, by careful soundings, to have shoaled in places; and the depths will
be changed accordingly on the existing chart.

Assistant Gerdes was aided by Mr. C. P, Dillaway. The party used the schooner Dana for
transportation. «

After turning in the plane-table sheet containing his survey of the Quarantine Islands on the
west banks in New York Bay, Mr. Gerdes mapped the ground opposite on the shore of Raritan
Bay, including the vicinity of the railroad piers. He subsequently traced and laid down on another
plane-table sheet the line of the New Jersey Central Railroad, which passes through Bergen Neck,
the survey of which was made previous to the location of the line,

The hydrographic-sheet containing the soundings made this year at New York Entrance is now
on file in the office.

Buoys and sea-marks, New York Harbor.—~In the course of the season Assistant Gerdes made
angular measurements, and carefully determined the positions of all the buoys and sea-marks per-
taining to the navigation of the channels into New York Harbor. These include the beacons,
light-houses, and buoys in the upper and lower bays, in Raritan Bay, in East River,in Long Island
Sound, and in Fisher’s Island Sound, the verification being extended eastward as far as New Lon-
don on the coast of Connecticut. Of these nids to navigation, more than a hundred in number,
several have been recently erected, but, from the data supplied by the work of Assistant Gerdes,
the positions of all of them will be marked on the respective emgraved charts. The manuscript
chart turned in by Mr. Gerdes was accompanied by an elaborate report and ample notes of the
measures taken to secure accuracy in the positions.’ :

Altitudes of primary stations in " Pennsylvania and New Jersey.—-The heights, above mean tide,
of the primary triangulation points in this section not having been measured, except in a few
cases, it was deemed advisable to take up this duty and to commence with the series extending
from the Hudson River to the Chesapeake Bay. From the examinations lately made by Assistant
Farley of these stations, it was ascertained that the usual trigonometrical leveling could not be
carried on without re-opening many of the lines at great expense and delay. It was, therefore,



THE UNITED STATES COAST SURVEY. 25

decided to determine their heights by lines of spirit-leveling from tide-water, in combination with
careful observations of the mercurial. barometer, and the entire operatxon was placed under the
charge of Assistant R. D, Cutts.

The results have been highly valuable and interesting, as will be seen by reference to the
abstract of the report of Assistant Cutts, (Appendix No. 8.)

The duty of running the lines of level was assigned to Sub-Assistant Charles Ferguson. Dur-
ing the month of June, Mr. Ferguson erected a tide-gauge at Keyport, on Raritan Bay, New
Jersey, and determined the mean-tide by observations of high and low water during a semi-luna-
tion. Starting from the half-tide, or common plane of reference, a tidal bench-mark was made in
the village of Keyport, and the line was continued through Freehold, Clarksburg, Pemberton,
Mount Holly, and Camden, to a tidal station and tide-staff at (:]oucester City on the Delaware
River, opposite to Philadelphia. ¥rom this main line, offsets were made to the primary stations of
Beaconhill, Disborough, Stony Hill, and Mount Holly. These different lines were divided into
sections, and each section was leveled in one direction, and re-leveled in the other, before proceed-
ing to the next, the entire distance thus leveled being 180 miles. Bench.-marks were established
at all the principal points on the route, and these marks are duly described in the record. The

. tracks of the different railroads were used wherever practicable and in the general direction of the
line.

The instrument and rods employed were of the most approved construction, and the method
of adjustment and of observing in the field tested the readings and the even distances between
the back and fore sights, and allowed the corrections for the recorded instrumental errors and the
want of level at the moment of observing to be computed and applied to the readings on the
rod.

Mr. Fergusor refers to the difficulties encountered as sources of delay, such as the deep sand
on some part of the route, and the broken character of the country on the offsets to the trigono-
metrical stations.

The duplication of the records and the computations of the field-work are now in hand for
completion at an early day.

Barometrical observations— Pennsylvania and New Jersey.—The height ‘above the plane of refer-
ence of the three stations of Stony Hill, Mount Holly, and Gloucester City, having been obtained
by the spirit-level, these heights were used as so many different bases from which to dednce and
check the altitudes of the primary stations of Mount Rose, Newtown, Willow Grove, Yard, and
Bethel, in Pennsylvania, and of Pine Hill and Lippineott, in New Jersey, obtained by means ot
the differences which were found to exist between observations, taken simultaneously, of cistern
barometers stationed at the known and unknown points. The distances between the stations ranged
from tén to twenty-five miles, and the observations were made at the most favorable season for
uniformity in the density of the atmosphere.

The baremeters and psychrometers, four of each, were constructed specially for this work by
James Green, esq., of New York. Comparisons, one with the other, for differences, as well as for
personal erroxs in the ocbservers, were made at Mount Holly before the parties of Assistant Cutts
separated for their respective stations, and similar ecomparisons were instituted on their return.
The watch of each observer was also compared and its rate established, so that the comparatively
small corrections for error and rate might be applied in each case in order to insure that all the
observations should be taken at the prescribed time. )

Five observations were made daily for ten consecutive days at each station, and each observa-
tion consisted of three separate readings of the instruments as a precaution against mistakes. The
hours seleeted for observing were those believed to be, from the experience of reliable persons, the
most favorable for obtaining the mean temperature of the eolumn of air between the stations.
The eomparisons and observations were commenced July 9th, and ended September 13th.

The observers were Sub- Assistant F. H. Agnew, Messrs. Edwin Smith, Charles L. Gardner, and
B, A. Colonna, aids, and Mr. Charles Wurdemann. Assistant Cutts reports that to their care,
accuracy, and interest in each of the details, and especially to the assistance given by Mr. Agnew,
the success of the operation is mainly due.

' ‘H. Ez. 1124t

L3
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Reconnaissance, New Jersey.—DBetween Schenectady, in the State of New York, and Barnegat,
on the coast of New Jersey, a triangulation of the first order is complete from Troy down through
the valley of the Hudson River to the vicinity of the Palisades, where it joins with the primary
triangulation of the Atlantic coast. Work of the same character not being practicable along the
low sea-board of New Jersey, the primary work was deflected at New York City, and thence
stretches to the southward and westward to the head of Delaware Bay. Two, however, of the pri-
mary stations in New Jersey being not far distant from Barnegat light-bouse, it is proposed to bring -
the three points into goedetic connection, and also to connect Schenectady with the triangulation
of the Hudson, near Troy, New York. From these operations will result the measurement of an",
are of three degrees along the meridian, or, the true distance north and south between Schenectady
and Barnegat.

Assistant W. S. Edwards took the field early in November, 1869, and, after visiting Stony
Hill and Mount Holly, made a reconnaissance of the two ridges intervening between those stations
and the coast of New Jersey. The object sought was to avoid, if possible, the selection of points
on the ridge nearest to Mount Holly, and thus to secure the connection of Barnegat with the least
possible number of triangles. He kept the field until the 20th of December, after making notes
for guidance in resuming the examination. Mr. Edwards was subsequently on duty in Section V ;.
but before the opening of the season for again taking ap work in Section II, he retired from the
survey.

Under my instructions of June last, Sub-Assistant F. W, Perkins was directed to examine
carefully all the reports, journals, and sketches heretofore made in reference to this subject and to
continue the reconnaissance. Mr., Perkins reached Mount Holly on the 5th of July and commenced
work without delay. High signals were erected at all the known intervisible points and on sev-
eral elevations which could be made available for the desired scheme. At these points observa-
tions were made from temporary scaffolds or by climbing, at such times as there was any prob-
ability of seeing, until, by perseverance and careful selection, the duty was successfully accom-
plished. The scheme embraces four intermediate points between the base and the coast, and the
triangles are satisfactory both in shape and size. The work was completed toward the close of
August. In his report Mr. Perkins refers to the obstacles caused by smoke which covered the
country during July and the early part of August, and to the unbroken second growth of wood
and want of roads in the pine region.

Early in September Mr. Perkins was assigned to duty on Lake Champlain. He is at present
employed in the triangulations in Section IV.

Inspection of primary stations.—This duty has been continued by Assistant John Farley. The
four stations among the earliest determined for the survey of the coast, which could not be iden-
tified lastseason, have beenre-examined. Excavations were made at % Bethel” and ¢ Meeting-house
Hill,” but without result. At station ¢ Weasel” the surface of the rock was cleaned, but without
finding the copper bolt or the aperture in which it had been fixed, and the inference drawn by Mr.
Farley is that as the point is near the edge of the precipice, % the abrasion of storms might have
carried it over the precipice.” In regard to ¢ Lippincott,” directions have been given that when
the field is next plowed, a careful serutiny should be made for the remains of the roots of the
different trees to which references were made when the underground mark was deposited. If
these clews can be obtained the approximate position of the center of the station will be foand,
and the cone can then be sought for.

Topography of EKeed Bay and vicinity, New Jersey~—DPlane-table work was resumed on the coast
of New Jersey, by Assistant C. M. Bache, early in July, and was continued untit the 3d of December,

In that interval the survey was extended from Great Bay southward to a line joining Absecom
and Atlantic City. Westward the topography includes the road passing southward from Teeds
Point. The district represented by the plane-table sheet is nearly filled with small bays, which are
aflected by the influx of tidal waters at New Inlet and Absecom Inlet. Inthe vicinity at which the
tides meet the work proved to be difficult, the marsh being soft and indeterminate in outline, Not-
withstanding the disadvantages due to the extreme heat of the summer, three hundred miles of water-
line were traced in the course of the season within an areaof forty-three square miles. The workmg
sheet includes, also, ten miles of road.
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Sub-Assistant H. W, Bache was attached to the party and assisted in the field-work, In pass.
ing to and fro to define the numerous water-channels, the operations of Assistant Bache were facil-
itated by the use of a barge of light draught and adapted in other respects to service on the coast
of New Jersey. This party had been previously employed in Section V.

Tidal observations.—The permanent series of tidal observations in New York Harbor has been
kept up, with the self-registering gange on Governor’s Island, by Mr. R. T. Bassett, an experienced
observer, who has also, from time to time, registered day-tides with a box-gauge at the Hamilton
Avenue Ferry, in Brooklyr. A few years more will complete this important series, and furnish
the means for final discussion, and data for predicting the tides at the port of New York.

SECTION III.

ATLANTIC COAST, AND BAYS OF MARYLAND AND VIRGINIA, INCLUDING SEA-PORTS AND RIVERS,
(SKETCHES NoS. 4 AXD 5.)

Primary triangulation near Washington, District of Columbia.—After his return from Section
V inJune, Assistant C.O. Boutelle resumed, at Peach Grove, Virginia, the observations which he
had commenced at that station before the close of the preceding season. Owing to the extreme
‘heat of July, but few observations were possible in that month. The angular measurements due
at Peach Grove were completed near the middle of August. Soon afterwards the party was trans-
ferred to Maryland Heights, near Harper’s Ferry. There, in addition to the measnrement of angles,
by Assistant Boutelle and his aid, Mr. A. H. Scott, latitude and azimuth observations were made
by Sub-Assistant F., Blake, jr.

After turning in the astronomical records Mr. Blake was detached from the party, with permis-
sion to join the second naval exploring expedition which sailed for the Isthius of Darien in Decem-
ber last.

Triangulation. Chesapeake Bay and James Eiver.—At the date of my last report the base of
verification at the entrance to the James River had been measured and the observations for con-
necting it with the triangulation of Chesapeake Bay had been commenced by Assistant R. B,
Halter. During the month of November, 1869, the work advanced under the temporary charge of
Sub-Assistant F. W. Perkins. In the following month the schooner Bowditch was repaired and
fitted for the use of the party, after which Assistant Halter resumed work at Sewall’s Point, and by
March 21st the connection of the base with the primary triangulation was effected on the line Back
River light-house-Cape Henry light-house, and the agreement (;53:45) Was entirely satisfactory.
On the completion of this duty Mr. Halter returned to the base and carried the triangulation up
the James River, stopping on the 1st of August at the line, Jamestown-Jones. The work was
resumed on the 1st of October,and on the 1st of November, the date of his report, Mr. Halter
had erected signals to carry the triangulation as far as the mouth of the Chickahominy,

*  The work was considerably retarded during the winter by high winds, and somewhat by ice,
and, during July, by sickness in the party.

The statistics for the season are as follows:

Light-houses oceupied ... .coeo it iie et 3
Light-houses nsed as 8ignals -..... .. covniiiiiaaai i 7
Signals erected.. . .cocoot it i e e icaiera e 25
Stations 0CeUPIed. . o v v vt i ieaaeiiaeeaa 99
Number of ODBeEVAtIONS. - oo« e i i i riaerae e 7,564

The progress made and character of the work executed by Assistant Halter are highly satis-
factory. His party will continue in field-service during the winter.

Topography, including the Broad Water, coast of Virginia.—The party of Assistant J. W. Donn,
under tire advantage of a favorable winter, made a large advance in the survey of the outer coast
of Virginia, north of Cape Charles. Before the opening of spring the plane-table survey included
the ground between Chesapeske Bay and the Broad Water, the limits north and south being East-
ville and the head of Magothy Bay. Sabsequently it was extended northward and eastward, and
has taken in the channels, islands, and marshes which mark this part of the Atlantic coast. Fre-
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guent storms muchinterrupted the progress of work along the sea-board. Of the vicinity of the Broad

Water a sheet remains to be finished, which will include the northern part, and on this Mr. Donn

and his aid, Mr. L. B. Wright, are now engaged. The survey was suspended during the summer,

when the party was engaged on another part of the coast, as mentioned under Section I. A,
synopsis of the statistics of work done on the coast of Virginia, appended to the field-report of
Asgsistant Donn, shows an aggregate of 359 miles of shore-line traced, and 144 miles of road, within

a mapped area of 147 square miles.

Hydrography of the Broad Water, Virginia, and of the Chesapeake estuaries, Maryland.—With
data furnished by the plane-table party, Sub-Assistant W. W. Harding commenced soundings in -
the latter part of July, and by the end of September developed the Broad Water, on the outer
coast of Virginia, within the limits of the topographical survey. The hydrographic party in the
schooner Hassler was previously at work in the Maryland branches of Chesapeake Bay. More
than eighty of the estuaries were traced in outline and sounded in the course of the season by Sub-
Assistant Harding and his aid, Mr. A, F, Pearl. These include the lesser rivers, as the Chester,
Saint MichaeVs, the Ohoptank, and the Sassafras Rivers. Eastern Bay, one of the larger branches
of the Chesapeake, was sounded out, as were also the Bush River and the Gunpowder. The shore-
line survey and the hydrography were in all cases extended to the head of the tide. No intervals
occurred in the progress of the work during last winter, except such as were necessary for procur-
ing provisions for the crew. In the very numerous sites in which the operations were carried on,
an aggregate of nearly two hundred miles of shore-line was traced by the bydrographic party.
The tides were observed as usual, when needful for the adjustment of the soundings. Mr. Harding
closed on the 9th of December in order to report progress in the work now under notice. The
aggregate statistics are as follows:

Signals erected . .. ..o e vttt iiae i aen et iaeeeannaan 65

Angles measured. ... ... ...ttt iaieaae s e s aanaannna 286
Miles run in sounding. ........oooiiiiie i e 518
Number of soundings. .. .. f et e maeeateabaae i eieaes ereeenn 31, 567

The party in the schooner Hasgsler is now engaged on the Chesapeake indentations thatremain
to be defined in order to complete the hydrography of the bay.

Magnetic and astronomioal observations.—In order to preserve the continuity of the series of
observations beguun in January, 1867, and for the accumnulation of data bearing on the secular
change, Assistant Charles A. Schott observed in June last, and deduced the magnetic declination,
dip, and intensity at a station 1 his own grounds to which the instruments were transferred in
advance of the removal of the Coast SBurvey Office. The new office-site not admitting of the eree-
tion of a suitable out-building, the series will be continued annually at the station occupied this
year, which is at the southeast corner of the intersection of Second street east with C street
south, and about five hundred yards east of the Coast-Survey Office. . .

At the request of Brigadier-General Albert J. Myer, Chief Signal-Officer of the Army, Mr.
Schott assisted during several days in August in organizing the system by which observations ot
the weather generally, and reports on storms since that time, have been made public for the benefit
of commerce. .

In October he accompanied me in the voyage to Europe, and took charge of the party details
for observing, under my immediate direction, the phenomena of the solar eclipse of December last.
The observations made by my party at Catania, on the island of Sicily, will be discussed in a sub-
sequent report to the Department. After his return from Europe, Assistant Schott resumed his
place in the office as chief of the Computing Division.

Tidal observations.—At Old Point Comfort, Virginia, observations were contmued with the
self-registering tide-gange by Mr. E. F. Krebs until the 1st of May, when he resigned. Mr. W. T.
Bodell is now in charge of the station. This is one of onr most extended series of observablons,
but, unfortunately, parts of it are imperfect in continaity. Last winter one of the sévere storms
swept away or rendered useless all parts of the apparatus that were under water. With these
drawbacks, however, the seriesis valuable,and will furnish important results by discussion. This
station is, of necessity, much exposed to the force of the sea.



THE UNITED STATES COAST SURVEY. 29

In this section several short series of tidal observations have been made in hydrographic
operations, at places on the Chesapeake and in rivers which empty into that bay.

i » SECTION 1IV.
ATLANTIC COAST AND SOUNDS OF NORTH CAROLINA, INCLUDING SEA-PORTS AND RIVERS. (SKEICH
No. 6.)

Hydrography, coast of Nerth Carolina.—While the steamer Bibb was under repairs in June,
Acting Master Robert Platt, United States Navy, assistant Coast Survey, employed a sufficient
force from his crew, in charge of Sub-Assistant Gershom Bradford, to set up signals along the
coast of North Carolina, to the northward of Cape Hatteras. The coast-hydrography was theu
resumed abreast of Albemarle Sound, and was extended southward to Loggerhead Inlet. As rep-
resented by the chart, the depth is uneven; soundings were consequently made more namerous
than is usual in developing bottom along the open sea-coast. Off Bodies Island shoals were found
giving only 44 and 5 fathoms of water, while the depth between them and the coast is 12 fathoms
and in some cases more. In reference to that viecinity, Acting Master Platt says: “ It would be a
hard matter to give sailing directions; I can. only recommend the counstant use of the lead. No
part of the coast is more in need of a light-house, for the land at Bodies Island is so low that it
cannot be seen on the clearest day from vessels more than four or five miles off, and the soundings
being irregular, would deceive the most watchful navigator.”” Itis suggested in the same report,
as a collateral advantage, that a light-house on Bodies Island would serve as a guide to the Wim-
ble Shoals, which lie at the only bend made by the Atlantic coast between Cape Henry and Cape
Hatteras. Mr. J. B. Adamson aided in the hydrographic operations.

This work was prosecuted until the close of September. The party had been previously
engaged on the Florida reef, and will be employed there during the present winter. Further refer-
ence to the service of Acting Master I'latt will be made under the head of Section VI

Sub-Assistant Bradford has been assigned to duty on the Pacific coast.

In October, soundings were resumed on the coast of North Carolina, at New Inlet, so as to
join with the work which was suspended at Loggerhead Inlet in the preceding month. Bad
weather occasioned much delay in poshing the hydrography southward. Twice the steamer was
driven back to her anchorage in Hatteras Inlet, and was there detained twenty-two days. Aecting
Master Platt took the first favorable opportunity and pushed the coast-soundings southward to
Cape Hatteras, closing the work late in November.

Close to the shore some few small shoals were developed below Loggerhead Inlet, but they
are not in the ordinary track of vessels that pass coastwise. The bottom as shown by the chart is
remarkably even between New Inlet and Cape Hatteras. Changes have occurred since the issue
of the chart of Hatteras Inlet, and it is advised, in the report of Acting Master Platt, that vessels
should not attempt to enter thhout a pilot, the anchorage inside being narrow and the current
very strong.

The resulting chart is represented by the following statistics:

Miles run in 80uUBAING «coe. ot e e i et aa e - 919
Angles for position........... N et raetatiiesaeeiae e eaa e e, 2,047
Number of 80undings. ....ovuriniiveii i it e e 11, 432

Triangulation of Pamplico River, North Carolina.—The field operatlons in this section, under
the charge of Assistant G. A. ¥Fairfield, have made excellent progress during the past year. The
success of the party is due to the very favorable weather and to the good judgment shown in the
arrangement of the work as to precedence of locality in regard to time.

Asgistant Fairfield reached New Berne on the 14th of December, and after attending to the
. hecessary repairs of the schooner Dana, proceeded to the Sound in the week following. During
the months of January, February, and March, the usnally boisterous season in the Sound, he com-
pleted the triangulation of Pamplico River, from its entrance at Judith Island to the head of
uavigation at the town of Washington, a distance of 40 miles, and also the triangalation of South
Creek. Sub-Assistant F. W, Perkins efficiently assisted in this work. The computations were
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kept up with the progress in the field, and, on the Tth of April, the results were supplied for the
use of the topographical and sounding parties. The next duty was in the Sound. Observations
required at the primary stations Brant Island, Brant Island light-house, and Royal Shoal light.
house, upon Swan Quarter Signal, were completed by the 224 of April.

The measurement of the base of verification, the site of which was selected in the previous
season in the vicinity of Ocracoke Inlet, was next taken up. The base apparatus, sent from the
office in Washington, in charge of R. L Hawkins, esq., was shipped at New Berne on the 5th of
May, and on the 9th the schooner was moored close ‘to the intended line. Between that date and
the 24th the line was traced and measured, the ends were securely marked, and signals were '
erected. The base is situafed on the sand-fiat forming the seaward side of Portsmouth Island,
immediately south of Ocracoke Inlet, and extends from the village of Portsmouth to Whalebone
Inlet. It§ Jen gth, corrected for the inclination and temperature of the rods, is 9,038-39=, (5.6 miles.)
The measurement was made with the six-meter sliding-contact apparatus, according to the method
heretofore used in the survey, and with all the care and precision prescribed for the operation.
The contacts were adjusted by Assistant Fairfield in the measurement, and he observed also the
inclinations of the rods, and the temperatures. Sub-Assistant Perkins kept the record of the
operations and made the vertical offeets. The alignment of the bars was made by Mr. W. B. Fair-
tield, temporary aid.

At the close of May, the schooner Dana, with the base apparatus on board, was sent to Balti-
more, and the duplicate records, &c., to the office at Washington. The originals and computations ~

followed early in July.
The statistics of the work executed are as follows :

Signals erected ..ol et cemee ., 41
Points determined . .. ... covnm e i iirei e - 44
Stations oceupied ... oo in i, N cevenan 34
Angles measured ..... Ve et ceeiacieceticeieaiactaarantacaeanceanas 200
Single observations ..... ... e i e e e i iire e 4, 832

Topography of Pamplico River, North Carolina.—In continuation of the field-work of thls see-
tion, Assistant F. W. Dorr resumed the plane-table survey in January, using, as heretofore, the
hull of the steamer Hetzel for the transportation needed in his operations. The vessel was towed
from New Berne to the mouth of Pamplico River, by Captain Carson, of the revenue-steamer I. I.
Stevens, which courtesy is duly acknowledged in the report of Assistant Dorr.

The topography of the western shore of Pamplico Sound had been advanced last season from
the mouth of the Neuse River to Pamplico light-house. There the party started for the plane-table
survey of Pamplico River. By reason, however, of its width, and of the extent of the branches of the
river, it was found impracticable to include much of the northern shore on the first working-sheet.
On the south side the shore-line was traced from Pamplico Point upward to Lee’s Creek, and also
the adjacent topography, marked by the branches of the lower part of Pamplico River. Of these the
principal are Oyster Creek, Goose Creek, Bond’s Creek, and near it South Creek. Of the upper side
the survey includes the mouth of Pungo River, thelargest estuary of the Pamplico, and also North
Creek and Sinelair’s Creek. Several of the streams shown on the plane-table sheets are navigable,
and in particular South Creek and Bond's Creek, on which last is the growing settlement known as
Oregon Mills. ‘

Sub-Assistant H. M. De Wees was attached to the party at the ontset of the season. During
his absence of some weeks in the spring the work was continued by Mr, Dorr, without aid. He
was rejoined by Mr. De Wees before the middle of April, and the survey was pushed until the 15th

of June.
The return by statistics is as follows :

Shore-line surveyed ....... . .oiiiinn.n Certeeameaaaa, aererunnn cvee. 215 milea.
S T Neseerecane 193 miles.
2777 1 N 198 miles.
Ares, (8quare miles) . ............. e weseemacaaains 140

Mention has been made, under the head of Section I, of the work subsequently done by this
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party; and, under Section I, of topography in which Mr. Dort was engaged. Heis now in the field
in Section IV.

Hydrography of Pamplico Sound, North Carolina.—In four different sites the hydrography of
Pamplico Sound has been -advanced by the party of Assistant F. F, Nes. Long Bay has been
sounded, and the mouth of Pamplico River. Brant Island Shoal has been developed, and addi-
tional soundings have been made to the southward of Royal Shoal light-house in Pamplico
Sound.

‘Work in this section was resumed on the 28th of December, 1869, with the schooner Arago and
steam-lannch Scuppernong. After prosecuting the soundings for a period of about ten days, the
party was transferred to Cape Fear entrance and there engaged for a fortnight in a special survey,
which will be noticed separately. Resuming work, at the end of January, in Pamplico Sound, the
hydrography was prosecuted vigorously as far as the conditions of the weather would permit. Early
in February, during a gale, the launch was sunk and the port anchor of the Arago was lost. Bad
weather was frequent until April, but by improving short opportunities Assistant Nes completed
soundings between Point of Marsh and Portsmouth, North Carolina, by the 6th of that month, and
extended the hydrography of the sound so as to include Long Bay and the Thoroughfare, to
Core Sound. The vicinity of Brant Island Shoal was sounded by the 13th of April, and between
that date and the 4th of June, soundings, continuous with the general hydrography, were made at
the entrance of Pamplico River, the work there being carried as far in as Indian Island. Before re-
" turning the vessel to New Berne, Mr. Nes ran several lines of soundings in the quarter, which will be
developed by the hydrographic operations now in progress and to be continued during the winter.
Mention was made under Section I of the operations of this party daring the summer and autumn.
A synopsis is appended of the statistics of work in Pamplico Sound :

Miles runin sounding .. ..o ol i 1,059
Anglesmeasured. ... ..c..iu. it i i ettt caeaaaaa 3,330
Number of 80unAIngS. ... ot i i et ittt 92,442

Assistant Nes was aided by Messrs. C. P. Dillaway and Joseph Hergesheimer.

Hydrography of Cape Fear (western) entrance, North Carolina.—The western entrance to the
Cape Fear River was sounded in January, 1870, at the instance of public authorities, in advance of
their contemplated action for the improvement of the navigation. The results show that the bar
has moved inwards and that the Rip Channel has deepened since the year 1865, and, on the con-
trary, that the Bald-Head Channel is now almost entirely closed. The changes noticed, and a copy
of the chart made in*January, were communicated early in the following month, for public pur-
poses, to the Hon. J. C. Abbott, United States Senator from North Carolina.

This work was done by the party of Assistant Nes, as already stated, during the interval in
the regular operations in this section. The statistics are as follows:

Miles runin sounding. ... ... ...t i i 84
Anglos measured.........coiiiiioeeiiiiianiaianns Gecassecee e ae e 592
Number of S0uUNAIMZE. . enveninn i ianie i iiaaacnectncacaeticsasassann 4, 742

The party of Assistant Nes is now employed in Pamplico Sound.

SECTION V.

A'I'LANTIC COAST AND SEA-WATER CHANNELS OF SOUTH CAROLINA AND GEORGIA, INCLUDING
SOUNDS, HARBORS, AND RIVERS. (8xercH No.7.)

Reconnaissance near Winyah Bay, South Carelina.~The secondary triangulation of the coast
between Charleston and Winyah Bay was made in 1857. With a view to commence the detailed
survey, Assistant W, S. Edwards received instructions at the close of January to proceed to
Charleston and examine the stations, and, if additional points were necessary, to supply them.
With & small fishing-smack, chartered for the purpose, the examination was conducted, and closed
on the 15th of April. Of thn'ty—four stations visited, Mr. Edwards identified the marks at seven-
teen. Four of the remaining stations had been wa,shed away, and at two others batteries had
been erected in the course of the war. Another of the stations was obliterated by the erection of
large salt-works,
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Assistant Edwards reported that the points recorded, all of which were re-marked and de.
scribed by him, are so situated as to afford a basis for the topography without additional triangu-
lation. Before leaving the field he made a sketch of the inland passage from Breach Inlet to Cape
Roman, showing the anchorages, the channels to the stations and landings, the local names, &c.
This has been deposited in the office for future use. Previous reference to the services of Mr.
Edwards was made under the head of Section IT.

Primary triangulation near Savannah, Georgia.—During the spring Assistant O. O. Boatelle
continued the preparation of lines below Port Royal for extending the primary triangulation south-
ward to the Savannah River. The last avenue was cleared early in May, for bringing Tybee light-
house into sight from a station on Daunfaskie Island. With the theodolite Mr. Boutelle then ocen-
pied in succession five stations which he had previously rendered i ntervisible, and made the usual
number of measurements for horizontal angles. The Exchange, in the cify of Savannah, was oc-
cupied a8 a station, and finally Tybee light-house, where the connection was perfected in the
geodetic work between Charleston Harbor and the Savannah River. Mr. Boutelle closed opera-
tions in this section early in June, and then took up duty in Section III.

Special difficnlties have attended the primary work on the coast and sea islands of South Car-
olina. The triangulation had been carried easterly from the Edisto base te Charleston, and west-
ward to Port Royal Bay, when the breaking out of the war in 1861 suspended all operations not
absolutely essential for naval or military purposes. In its previous progress, the work, by reason
of the flatness of the ground, had been a laborious operation, and at best only allowed a system of -
single triangles, with no quadrilaterals. Artificial elevations were required at every station to
overcome the natural curvature, and these served also to keep the lines of sight above the stratum
of air, which was generally disturbed close to the surface of the earth. Nearly every line had to
be traced thronghout its entire length with a transit instrument, to insure that it encountered no
insuperable obstacle, such as a house or a grove of ornamental trees. Avenues through pine and
other forest trees were required. These varied from mere “margins” of timber, surrounding cotton-
fields, to unbroken lines of forest, from one to seven miles long. All of the lines were opened to a
width of twenty feet.

The secondary triangulation was made to precede the primary and to exhibit for it the lines
of least cutting. Later in the work, the topography went also in advance, and thus the degree of
labor encountered in earlier years in selecting the primary stations has been much lessened.

On resuming the main triangulation after the war, it was decided to extend it south of Port
. Royal Bay and to close for the present at Savannah. This completed schenge connects the astro-
nomical station at Breach Inlet, near Charleston, with the Savannah Exchange, which is also an
astronomical point, and verifies the two secondary base-lines, which were measured for the surveys
of Charleston Harbor and Savaunah River.

In the concluding season of the primary work, observing tripods and 8caffolds were erected at
four stations, exclusive of other artificial elevatlons, as the Savannah Exchange and Tybee light,
which, as before stated, were occupied as primary points.

Angular measurements were made during the season at twenty stations, ineluding secondary
points, and 137 angles were determined by 5,702 observations. The instruments used were the
twelve-inch Gambey theodolite, (No. 16,) and the eight-inch Gambey, (No. 24.) Mr. Boutelle also
‘made the usnal magnetic observations, with Coast-Survey theodolite-magnetometer, No. 3.

The chief labor of the work, however, has been in rendering the primary stations intervisible.
In the season of 1869-'70, this service occupied five months, while the primary angles observed
through the avenunes thus opened were measured in six weeks. Thus the preliminary labor re-
quired about three-fourths of the whole time employed in the triangulation.

The results of the primary work show a fair degree of precision in the secondary bases above
referred to, and prove also that the secondary triangulation which has passed along the coast of
Georgia may be confidently relied on, when checked by occasional astronommal stations and see-
ondary base-lines.

Topographyof Bread River, South Carolina, and Savanneh River.—The working.force of Assistant
Charles Hosmer was dispatched from Baltimore in the schooner G. M. Bache, on the 10th of De.
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cember, 1869, but the vessel was disabled by severe gales at sea, which delayed her sailing from
Norfolk until the 10th of January. To the hardships thus entailed was added, on the passage
southward, the serious illness of the captain, making it neecessary toput into New Berne, from
whence the schooner finally sailed, and reached Savannah on the 2d of February. The topogra-
phy was taken up without delay, and was prosccuted until the end of April. Assistant Hosmer
first mapped the northern side of the Savannah river, opposite to Elba Island, so as to include the
upper waters of Wright’s River. To the northward and eastward he snbsequently surveyed the
vicinity of Bluffton and below it for several miles the courses of May River and Mackay’s Creek ;
the first a tributary of Calibogue Sound, and the last, of Broad River. After laying up the vessel
near Savannah, Mr. Hosmer rey urted at the office, and was assigned to duty in two of the northern
sections. The s{atistics of work done by his party on the coast of South Carolina are here ap-
pended : ’

Water-outline traced. . ... it ie e it et e 72 miles.
Marsh-outhine . .. .oy et e it ecie i iinneaann e e e 24 miles.
707 £ A 27 miles.
Area of topography, (square miles)..... ... oo it o il .. 28

See Sketch No. 17.

Topography of Saint Andrew’s Sound, Georgia.— Assistant C. M. Bache reached Darien on the
6th of January,and took charge of the schiooner Bailey for the use of his plane-table party. With
stores on board, the vessel was taken to Fernandina and partially refitted for the service of the
season., Assistant Bache, with his aid, Mr. Edwin Smith, then proceeded to fill in topographical
details in the vicinity of Saint Andrew’s Sonnd, the shore-lines having been traced in a previous
season.

Sub-Assistant H, W. Bache joined the party carly in April, and assisted in the field-work until
the completion of the detailed survey, which was closed late in June. The topographical features
within an aggregate area of twenty-five miles were mapped on the plane-table sheet. Assistant
Bache then laid up the vessel near Savannal, aud, after his return to the North, engaged in plane-
table duty in Seection 1I, as already mentioned.

The survey of this season by the party on the coast of Georgia includes part of Jekyl Island ;
the necks of land between the Great and Little Satilla Rivers, and the ground adjacent to the
passages that form the water-communication between Saint Simon’s Sound and Cumberland Sound.

A synopsis of statistics is appended:

Shoreline traced .. ... vrmir i riir e miere s ttant e 165 miles.
Roads..... et mahe e ceae eraaereiiae imeeaieaatenaeaa e AT 17 miles.
Area, (InSQUAre MIle8) ..o on i ivi i i it i aiaea e . 25%

Topography of Cumberland Island and vicinity, Georgia.—The plane-table work outstanding on
the coast of Georgia at the opening of the season has been nearly completed by the party of As-
sistant W. H. Dennis, Cumberland Island was surveyed between the close of December and the end
of May. On the same topographical sheet, Mr. Dennis aund s aid, Mr, O. H. Tittmann, mapped
the details lying to the westward, comprising all the water-passages that intersect the coast of
Georgia in this vicinity. Of these the prineipal are known as Cumberland River, Brick Kiln River,
Crooked River, and King’s Bay. All of them form parts of the tide-water communication between
Saint Andrew’s Sound and Cumberland Sound, inside of the sea-coast. Steamers plying between
Savannah and Florida constantly pass by the interior route.

* This survey was made with the schooner Caswell. For the use of the hydrographic party, Mr.
Dennis determined points on the eastern side of Cumberland Island, and furnished tracings of
shore-line to guide in making the soundings. The plane-table statistics are as follows:

Shore-line of navigable waters .......... e et areaiaan e 135 miles.
Creeks and marsh-line...........o.ocoivenn... e eteravamaeaaaan 104 miles.
Roads ...vovvimeeieiiiaiiianenn. e ateremeaaeeatan e ane e . 40 miles.
Ared, (BQUATE MIleS) . oo e iinriiirartiieienenecnerarconasarensennonns 2

After this service Mr, Dennis and Mr. Tittmann engaged in field-work in Section 1. Assistant
Dennis i3 now employed in Section VI.
=+ H, Ex, 112-jb
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Hydrography seaward of Cumberlend Island, Georgia~The space intervening between the
approaches to Saint Andrew’s Sound and Cumberland Sound was occupied by the party of Assist-
ant Charles Junken from the 27th of December, 1869, until the 6th of May following. After
sounding thoroughly to seaward abreast of Cumberland Island, the party in the steamer Endeavor
sounded also the tidal water-passages westward of the island, within the working limits of Assistant
Dennis, who supplied tracings of the shore.line for hydrographic uses.

Qutside of Cumberland Island Stafford’s Shoal was developed, and the soundings generally
were in that vicinity extended seaward to the depth of seven fathoms.

Assistant Junken was aided by Messrs. W. L. Vinal and G. W, Bissell.

The following is a synopsis from the hydrographic sheet:

Miles ran In SOUNAING « v eee it iiin et ia i e ieans o« temicaroe caenarecarann 821
Angles determined. ... .. ive it i iae e e iaaan ceieen 7,080
Number of S0undings. .ot mnnat e e et eeaaas 44,118

The aids of this party were subsequently employed in Section 1 and Assistant Junken in '
hydrographic duty in Seection 1L,

SECTION VI.

ATLANTIC AND GULF COASTS OF THE FLORIDA PENINSULA, INCLUDING THE REEFS AND KEYS, AND
. THE SEAPORTS AND RIVERS. (SkercH No. 7.)

Hydrography of Saint Augustine Harbor, Florida.—In order to determine the character of the
changes which have occurred within the last ten years, the bar and harbor of Saint Augustine
were sounded, in the course of the present season, by a party in charge of Sub-Assistant Horace
Anderson. The entering channel was found to have shifted northward nearly a mile. As the
entrance now is, vessels drawing as much as fifteen feet can enter at high water. Mr, Anderson
commenced this survey in the middle of January. Three tide-gauges were set up; one at Saint
Augustine, on the steamboat wharf; another in the river, north of the city ; and the third at a point
near Matanzas Inle® Observations were recorded for sixty days with the tide-gauge in the harbor,
and for short periods with the others.

After concluding work on the bar and in the harbor, Sub-Assistant Anderson extended sound-
ings to include about fifteen miles of the course of North River, above Saint Augustine, and the
Matanzas River as far southward as Matanzas Inlet. Work was closed on the 14th of April. The
statistics are here appended:

Signals erected . .. ... ..oiie i e e i 59
Points determined .. ... .. ... . i i 64
Theodolite and sextant angles..__ . ... ...._................. feemerenaaas 2,106
Miles ran i 80UDGING .. ...l e e iaaa, 186
Castsof thelead. .. ... . ... ... . . . i it 26, 813

The vessel assigned for use to this party, being barely sea-worthy, was dismasted during a
gale in the intended transfer to Saint Augustine, and could not be further employed in the service,
By permission from the honorable Secretary of War, Mr. Anderson occupied, temporarily, the
United States barracks at Saint Aagustine, but, in pushing the soundings north and south of the
city, was under the necessity of working from a camp. He was efficiently aided by Mr. R. B.
Palfrey.

Under Section I mention has been made of the subsequent occupation of Sub-Assistant An-
derson. He is now in charge of a hydrographic party in Seetion VII,

Topography of Chatham Bay and Barnes Sound, Floridae.—The plane-table survey of the shore-
line and keys of the northeastern part of the bay of Florida, known as Chatham Bay and Barnew
Sound, was assigned at the opening of the year to the party of Assistant J. G. Oltmanns,

Of the main-land of the peninsula of Florida, east and west of Cape Sab , the shore-line has
been traced to a distance of nearly thirty miles, the limits this season joining with the work of
previous years, and making the shore-line survey of the southern extremity of the -peninsula con-
tinuous. -The coast represented by the plane-table sheet is much broken by small ereeks and cov-
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ered with a heavy growth of mangrove and other trees. Most of the keys of Barnes’ Sound are
surrounded by extensive mud-flats, or by water so shallow as to make the approach to them very
difficult. Some of the keys, however, are covered with water at high tides. One hundred and
thirty-six of them are shown on the sheet which has been retarned to the office. This plaue-table
survey comprised also the northwest side of Key Largo.

In connection with the field-work the party of Mr. Oltmanns completed the hydrography within
the limits of his topographical sheet. The operations were carried on over an area of more than
three hundred square miles.

The following is a synopsis of statistics taken from the original sheet:

3

Shore-line traced of main-land .............. ... et e 74 miles.
Shore-line of island and Keys . o ... oo i e 178 miles.
Outline of shoals, & ... .ov ol i i e, 56 miles,
Area of topograply, (square miles). ... ... .o .o i, 48

Miles run in sounding ....- ... L. ol Lol 763
Number of soundings. .. ... ... .o .l 1, 035

The schooner Agassiz, used for the service, required extensive repairs in February, and the
progress of the party was, in consequence, somewhat delayed.

The health of Assistant Oltmanns being greatly enfeebled by disease, a large part of the work
was done by Mr. Eugene Ellicott, his aid, to whom Mr. Oltmanns gave credit for eflicient services.
After closing the work in May, the party was transferred to Section VIII, and instructious for opera-
tions during the summer were issued. But the health of Mr. Oltmanns entirely failed before the
esrvice could be taken up. His lingering illness was closed by death on the 2d of September.

In July Mr. Ellicott was assigned to topographical duty in Section 1.

Hydrography of the Florida Reef.—Soundings were resumed early in February at the western
end of the Florida Reef by the hydrographic party in the steamer Bibb, under command of Acting
Master Robert Platt, United States Navy, Assistant in the Coast Survey. In the course of a few
days a tide-gauge was set up, and also two large signals to guide in sounding bgyond the Marquesas.
The running of the lines, however, was postponed for a fortnight, the ealm in that interval being
chosen by the steamer for towing the United States Monitor Saugus to Havana. Hydrographic
work was resumed without further delay, and continued in the .vicinity of the Quicksands until
the 26th of March, when, by official request, the Bibb sailed for Havana and Santo Domingo,
with naval dispatches. This duty employed the party until the 18th of April, when the ship was
again coaled at Key West and proceeded to her station near the Marquesas. The adjuncts provided
as signals were further improved by the use of two iron buoys, moored so as to be secure against
the force of the wind or the sea. At these, boats were stationed, the sails and flags of which were
observed on by the aids of the party, while the steamer was used in sounding. By means of the
signals erected and the subsidiary expedients just referred to, a very difficult piece of work, made
so by the absence of any natural leading mark on land, was successfully accomplished.

On the outer reef, off the Marquesas Island, Acting Master Platt found a rock with but 12
teet of water on it. Three miles north of the Quicksands, a reef six miles long was developed, the
depth on the reef varying generally from 113 to 18 feet, but on the western end the depth found
was only 8 feet. Deep water isfound very close to this reef on the north side. It is recommended
in the report of Aeting Master Platt that vessels should not pass within the 10-fathom curve on
the north side of the Quicksands, as marked on the chart of this vicinity. On the extreme end of
the Quicksands the soundings made this season show that there is a large shoal with as little as 6
feet of water on it. The position of Rebecca Shoal,to the westward of the Marquesas, was carefully
determined by help of means already described; and as the expedients used favor convictions in
regard to accuracy, the position so ascertained will be adopted, though somewhat different from the
one heretofore assigned. Isaac Shoal, near the Rebecca, was also carefally sounded and deter-
mined in position.

Currents in the vicinity of the Marquesas were observed at six statmns by the hydrographic
party. The géneral statistics are as follows:
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Miles ran in 8ounding v. oo oot i e e it sare e 483
Angles determined ... ..o i e i i e e 1,916
Numer of soundings......... et et tttte e et e ce--. 14,184

The manuscript chart of the vicinity of the Marquesas was turned in at the office in June.

Acting Master Platt was assisted by Sub-Assistant Gershom Bradford and Mr. J. B. Adamson-

Early in June the steamer Bibb returned to Norfolk and, after refitting, was employed in ser-
vice of which mention was made under the head of Section V. The vessel is now in service near
the western end of the Florida Reef.

While the party was at work on the 29th of May, the British ship Coronet was seen to be

standing in over the reef and in danger of grounding. She was boarded from the Bibb and was
piloted into deep water.

SLCTION VI
GULY COAST AND S0OUNDS OF WESTERN FLORIDA, INCLUDING THE PORTS AND RIVERS. (Bkkrcu No. &)

Triangulation, topography, and base of verification af Saint Andrew’s Bay, Florida—Work in
this section was resumed towards the close of December, 1869, by Assistant S. C. McCorkle in
charge, and Assistant C. T. Lardella, the latter having been detailed for the topographical survey ot

the shores of Saint Andrew’s Bay. The schooner Torrey was employed for the accommodation and

transportation of the party. .

On reaching Saint Andrew’s Bay, Mr. McCorkle made a reconnaissance for the purpose of
selecting a site for the proposed base, and finally concluded to measure a line upon the outer beach
and to transfer the ends to higher ground. The base consisted of two separate lines, not differing
greatly in direction. The measurement was made in January, with the four-meter sliding-contact
apparatus. The deduced length of the base is 3,444=.7. It connects with the triangulation by
means of two lines opened through the woods. In these operations, Mr. McCorkle was assisted by
Mr. Iardella.

The triangulat¥on was continued by Assistant MeCorkle from the points at which it was sus-
pended last year, and by the close of the season was carried up the east and north arms of Saint
Andrew’s Bay. :

Signals erected ... ... o it i et ian et be e 36
Stations oceupied .. . ..o i e EERT T 39
Anglesmeasured ... ...t i it i iiie et 204
Number of observations...... e itteradeeaeaan . 3, 252

The shores of Saint Andrew’s Bay are generally high and saundy, with numerous live-oak hum-
mocks and innomerable bayous. The depth of water at the head of the arms varies from 3 to 8
fathoms. :

The topographical survey of the eastern and northern arms of the bay was executed by As-
sistant lardella, during April and part of the month of May. The country is flat and covered
with pine wood, and the shores are ridged with sand and shell banks from 3 to 12 feet above high-
water mark.

Shore line surveyed..... Feeeen Cereeaon e emeectaiecraraceaameaian 81 miles.
Shore of bayous......... ..o iiiaiiannnn sissaencenacecnmnsaa.. 31 miles.
Area BUrveyed ... ... it 63 s8q. miles.

SECTION VIII.

GULF COAST AND BAYS OF ALABAMA AND THE SOUNDS OF MISSISSIPPTI AND OF LOUISIANA TO YER-
MILION BAY, INCLUDING THE PORTS AND RIVERS. (8kercH No. 9.)

Hydrography of Lake Borgne, Louisiana.—The vessel intended for this service was dispatched
by Assistant F. P, Webber, from New Orleans on the 15th of January, but struck on a sunken
snag in beating through Pass a ’'Outre, and sank in two hours, daring which tim# the vessel was
got to the shore. All the property was saved exceptjng part of the provisions. As soon as possi-
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ble, Mr. Webber had the Varina raised and refitted. On the 5th of February the party was again
under way, and soon after commenced work in Lake Borgne. Few of the points determined
before the war could be found. In order toreplace them Assistant Webber started at a well-ascer-
tained line, (joining Fort Wood flagstaft with East Rigolets light,) and with the theodolite
determined the positions of five high scaffold signals which had been set up by the party under
his direction. Intermediate points were also determined for use in the soundings.

Between the 9th of March and the 1st of June, Lake Borgne was sounded, and also the
Rigolets, Chef Menteur, and East and West Tearl River, to their junction; Lake Catharine was
sounded, and the eastern part of Lake T’ontchartrain, or as far westward as the line joining Point
- L’Herbe and Bonfouca Point.

In summing up the general resnlts of this work, the following remarks are made in the report
of Assistant Webber: ¢ The depth of water in Lake Borgne is from 8 to 12 feet, the bottom mostly
sticky. There is a shoal a mile and a half wide, with only 6} feet at mean low water, at the eastern
entrance to the Rigolets. At the western end, where it enters Lake Pontehartrain, there is also a
large shoal, having only ¢ feet at mean low water. The proper channel across this shoal is indi-
cated by soft bottom.”

“Although the mean rise and fall of the tide is only one foot, the depth of water varies
according to the direction and strength of the wind; southerly and easterly winds sometimes
forcing the Gulf water into the lakes and cansing a rise of two or three feet. Northerly and west-
erly winds make a corresponding decrease in depth. In July and August, the waterlevel is
generally from one to two feet higher than during the winter.”

Sub-Assistant I. D. Granger rendered effective service in this work. He is now iu charge of
a hydrographic party in Section IX.

The following is a summary of statistics of the work done in Lake Borgne:

Miles run in sounding ... .. .. oo i i iceee e 959
Anglesmeasured... .. ... ... o cailiiiiiieiiee e 4, 042
Castsof thelead.. . .. ... ... .. .. L. il <-.. 71,537

At a tidal station established by the party near the East Rigolets.light, observations were
recorded hourly from the 9th of March until the close of the working sea’on.

During the summer and autumn the party was employed in Section I. Assistant Webber,
with his aid, Mr. Andrew Braid, is now on duty in Section V.

" Triangulation and topography of Isle aw Breton Sound, Louisiana.—The triangunlation and plane-
table survey of Isle au Breton Sound, and of the Mississippi River, were resumed by Assistant C.
H. Boyd early in the season, but owing to delay in completing the repairs to the schooner James
Hall, assigned for the transportation of the party, and to the loss of one and damage to another
boat during a severe gale eucountered in the Gulf while bound to the site of work, field operations
were not commenced until the 21st of February. Detween that date and the end of May, the
triangulation along the west side of the sound was extended from last year’s limits northward
until it joined the work previously done. Two plane-table sheets were completed, making the
topography continuous with former work. The triangulation of the Mississippi River was carried
up from the station Coquilie to Grand Prairie. A plane-table sheet of the river banks below the
forts was finished, and another, including Forts Morgan and Jackson and the route of the pro-
posed ship-canal. While the schooner was being laid up, an examination was made of the condi-
tion of the trigonometrical stations established in the vicinity of New Orleans, in 1858.

In these operations, Mr. Boyd was aided by Mr. J. N. Mc¢Clintoek. Mr. W. E. Boyd, recorder,
and Mr. Frank Morgan, pilot, assisted in the work.
The following statistics show the progress made:

Triangulation :
Signals erected ...... . ...l iiree i 17
Stations occupied . ... ... ..ol 14
Angles ppeasured ...... e et e e e e aa et eetaee s 7

. Number of observations........... A 1,338
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Topography :
Miles of shoreline..................... e e et e 240
77 << 20
772 13 11
Area in SQUAre MileS, . ovoe it e e i 45

Assistant Boyd passed the working season at the North in Scéetion I, and has now resumed
duty on the shores of the Mississippi.

Special hydrograplic service in the West Indws —In June, 1870, the West India and Panama

Telegraph Company’s fleet arrived at Kingston, Jamaica, with sub-marine cables intended to join
the principal islands of the West Indies. H. M. S. Vestal had been detailed by the British Gov-
ernment to assist the company. The courtesy due from our Government was recognized by the
Honorable Secretary of the Navy, in the dispatch of the United States steamer Yantie to aid Sir
Charles Bright, chief engineer of the company, as far as possible in his underiakings. In the
same gpirit further co-operation was tendered in the assignment of Assistant J. S. Bradford to aet,
il needful, as navigator of the telegraph fleet. This was done on the suggestion of the president
of the International Ocean Telegraph Company, General W. I, Smith. By previous appointment
Mr. Bradford reported to Sir Charles Bright at Kingston, and accompanied the expedition in the
cable-ship Suffolkk. The line on the south coast of Cuba, from Batabano to Santiago de Cuba, was
successfully laid in the latter part of July; but many fanlts, due to the nature of the bottom, oceu-
pied the greater part of the month of Auguast, for perfecting the telegraph circunit through the
cable. 1In the manufactory the cables had been tested at a temperature of 789, which was supposed
to be higher than the ultimate temperature of the lines when submerged in the West India waters.
It may be so in the deeper waters of the Caribbean Sea, but while the cable was taking its place
in the shallow bay near the Isle of Pines, Mr. Bradford found a temperature at the bottom of
834°, and everywhere along that part of the course temperatures above 80°, The highest tempe-
rature was found in seventeen fathoms off the north point of the Great Bank of Jardinillos. In-
struments, intended for the use of Assistant Bradford in deep-sea observations, had been provided
by Sir Charles Bright, but remained on board of the steamer Yantic. That vessel, when the tele-
graph fleet reached Kingston, was sounding for the line between Jamaica and Saint Thomas, and
left Santiago de Cuba before the arrival of Mr. Bradford at that point. A short time after the
Yautie received special orders, and having accomplished the part assigned in the preliminary ar-
rangements of Sir Charles Bright, sailed for Samana Bay, without opportunity to transfer the deep-
sea instruments to another vessel,

While he was associated with the cable fleet, Mr. Bradford made for the chief engineer of the
telegraph company two large charts of the coast of Cuba and Jamaica, and corrected many inac-
curacies in the published charts. Many of the Cays in the labyrinth traversed by the telegraph
line between Batabano and Cienfucgos had been wrongly marked in position; and the shore-line of
the south side of Cuba, from Point San Juan to Cape Cruz, was found to be exceedingly erroneous.

Assistant Bradford notes the great depth of water between Cuba and Jamaica, and the ab-
ruptness of descent from the shore of the first-named island. On the line going due sounth, and
about forty miles from Santiago de Cuba, the depth is 1,750 fathoms, and probably greater depths
can be found between the two great islands named. Across this deep-sea chasm Sir Charles
Bright successfully laid a cable joining Santiago de Cuba with a station in Holland Bay, or, as
marked on the charts, Plantain Garden Harbor, onr the northeast side of Jamaica. A third cable
was to pass from Kingston to Colon, (Aspinwall,) a point on the south shore of the Caribbean Sea.
As the northeast trade-winds blow there with considerable force, it was with due foresight decided
to take the cable to Colon, and to submerge it while passing northward, the vessel then being
more readily stopped, in case of a break or fault. Assistant Bradford, on board of the Vestal,
which was the leading vessel in the absence of the Yantie, accompanied the expedition to Colon,
and took part in making observations for latitude and longitude. The Vestal not being provided
with any special means for dredging or for procuring deep-sea femperatures, Mr, Bradford took
passage at that port on the 20th of October for New York, and reported at Waskhington, after an
absence of five months. He was soon after assigned to regular hydrographic duty,in Section VI11J,
descriptions of which will be given in my next annual report.
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SECTION X
COAST OF CALIFORNIA, INCLUDING TIIE BAYS, HARBORS, AND RIVERS. (Sxrrcues Nos. 10 axp 11.)

Triangulation of the Santa Barbara Channel, California.—At the date of my last report Assist-
ant George Davidson was in the field determining latitude and azimuth and connecting a point in
the triangulation of the Santa Barbara Channel with San Francisco for longitnde by telegraphic
observations, For this purpose he occupied the station Buena Vista in the city of Los Angeles,
and joined it with the main line of telegraph which passes to San Francisco.

At station Santa Barbara he observed 170 additional measures of horizontal angles with the
18-inch theodolite; 41 measures for azimuth upon ¢ and  Urse Minoris and 51 Cephei, and 126
transits of stars, with the Davidson meridian-instrument.

From that station and Hills, the positions and elevations of seven peaks of the Santa Barbara
Mountains were determined. Thirty-two double altitudes upon 15 objects were recorded from
readings with the three-inch theodolite No. 3104.

Station Hills was occupied by the aid, Mr. 8. R. Throckmorton, jr., with the 8-inch Gambey
theodolite No. 44, to determine the positions of the mountains and the azimuth mark. Before
leaving that vieinity Mr. Davidson furnished for the trustees of the town of Santa Barbara true
meridian marks from thé station Santa Barbara, as means of refcremce for the county surveys.
Station Pelican was examined and identified, and the azimuths determined there werc connected
with the main triangulation. ’

At station San Buenaventura Assistant Davidson made 278 observations for latitude with the
zenith telescope No. 1, upon 91 stars in 39 pairs and triplets. Of this series 6 pairs were also
observed at Santa Barbara. With the meridian instrument, 174 trausits were recorded iu observ-
ing 60 stars; 297 measures of horizontal angles were made with the 1S.inch theodolite No. 4;
and 497 measures for azimuth upon 4 Urs@e Minoris and 51 Cephel. The azimuth mark was con-
nected directly with the main station, Santa Barbara. '

Assistant Davidson,in making azimuth observations, noticed sensible changes of level and also
twisting of the point of bluff on which the triangulation station was placed in 1857, His remarks
on the changes are given in the Appendix. At San Buenaventura a station was selected on the
mountain-flank, from which observations could be made upon the island of Santa Barbara. The
height of station San Buenaventura was determined, and 28 double altitudes were observed upon
13 objects with the 3-inch theodolite for the approximate elevation of the adjacent triangulation
stations.

At Dominguez Hill station in the Los Angeles Plains Mr. Davidson observed for azimuth, and
instituted a series of latitude observations with zenith telescope No. 1 and the Davidson meridian
instrument upon the same pairs of stars,in order to compare the capabilities of the two instruments.
‘With the zenith telescope 173 observations were made on 74 stars in 34 pairs and triplets; and
with the meridian instrument 134 observations upon the same stars. Notes were made here, as at
the other stations, upon the relative magnitndes of the stars of the latitude lists. With the
meridian instrument 292 observations were made wupon a Ursaz Minoris near western elongation
for the value of the micrometer-screw ; 113 traunsits were observed upon 34 stars; 460 measures
for azimuth upon « Ursee Minoris near elopgation” with the 18-inch theodolite No. 4; 195
measures of horizontal angles were made upon 7 main and 2 secondary objects, and 13 moun-
tain-peaks; and 32 double altitudes were observed with the 3-inch theodolite upon 22 objects,
including the peaks of Catalina Island. The peaks lying between the great plains of Los Angeles
and the Great Desert reach 9,940 feet above the sea. Station Buena Vista, in Los Angeles, was
connected with the main triangulation, and for longitude with San Francisco by telegraphic
observations. At West Beach station a signal was erected, the station was occupied and con-
nected with Buena Vista by observations with the 10-inch theodolite No. 37. Fifteen objects
were observed upon and 15 angles measured, with 129 observations. Ireliminary observations
were obtained upon Santa Barbara Island for its relative position. Exclusive of a line ran
with the spirit level from low water to the station, 243 feet above the sea, 8 double altitudes were
observed upon 4 objects for the elevation. Southwest Base station was visited and measures were
established for its easy recognition on the plains.
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At Buena Vista the 10-inch theodolite was used in measuring 12 angles with 97 repetitions.
By permission of the city councils of Los Angeles, a brick pier was set up at that station for the
transit instroment.

Astronomical observations.—At Buena Vista, in Los Angeles, Assistant Da\'idson obtaiuned per-
mission from the president of the California State Telegraph Company, George H. Mumford, esq.,
to connect the observatory by a loop with the telegraph line. After adjusting the meridian instru-
ment the station was left in charge of Mr. Throckmorton, while Mr. Davidson repaired to San
Francisco, where he received upon the chronograph the transits of Buena Vista, observing the same
stars with the transit No. 3, and recording them on the same chronograph.

These interchanges were successful upon four nights; 44 transits of 28 stars were registered
at San Francisco, and 35 transits of Buaena Vista observations upon 25 stars, of which 26 observa-
tions were upon 35 stars of the same scries. At Buena Vista Mr, Throckmorton observed, in addi-
tion to interchanges, 53 transits of 35 stars ; and at San Francisco Mr. Davidson observed 30 transits
of 10 stars. Subsequently, the two observers recorded at San Francisco 27 transits for personal
equatiou. '

At San Buenaventura Assistant Davidgon observed two occultations of stars by the moon;
and at station Santa Barbara, November 13, 1869, assisted by Messrs. Throckmorton and Harford
and by Mrs. Davidson, he recorded the flight of 556 meteors, and furnished the particulars in a special
report. The same observers noted the meteors of November 13,1870, at San Francisco, recording
the times upon the chronograph register. These interesting details were transmitted to Professor
Newton, of Yale College.

Magnetic observations.—The usnal series of magnetic obaervamons were made at stations Santa
Barbara, San Buenaventura, and Dominguez Hill. For absolute magnetic declination, Assistant
Davidsou and Mr. Throckmorton made 430 observations; for horizontal intensity, 330 observations,
using magnetic theodolite No, 5. With the dip-circle No. 11, 324 observations werc made, using
three needles, each in three positions of the axles. ‘

Twenty-five volumes, containing duplicates of the records of Assistant Davidson’s work on
the Santa Barbara Channel, have been received at the office. His observations at other localities
within the past year are comprised in forty-four volumes, which are yet in hand for duplication.

Topography and tertiary triangulation of the Santa Barbara Channel—During the early part of
the winter Sub-Assistant A, W. Chase was engaged in computations and in inking sheets of his
previous work. Duplicates of the reductions have been received at the office.

Later in the season Mr. Chase commenced the topography and necessary tertiary triangulation
near San Pedro Bay, working westward from the limits of the plane-table survey of 1854. His
survey embraces the coast from Point Fermin to Point Vincente, a bold rocky shore backed by a
mountain ridge which attains an elevation of 1,478 feet. The crest-line of this ridge is shown on
the topographical sheet, which is filled with heavy contouring throughout. The statistics are:

Ocean coast-ling SUrveyed ... .ooeuiene o ioriacriaaneneroceranaennnns 8 mxles.
Area,(Square Miles) . e it il i ettt e ieean e 12

San Pedro Mountain is a bold landmark for that part of the Santa Barbara Channel. It ex.
hibits a series of four or five well-defined old-sea-benches upon its flanks. These are represented
on the topographical sheet.

The topography was based upon a tertiary triangulation made by Mr. Chase, and connected
with the Santa Barbara scheme of triangulation. He determined 25 stations by 144 measures with
a 6-inch repeating theodolite. The duplicates and eomputations of this work were kept up and
plotted as the plane-table survey advanced. The original inked sheet has been received at the
office. Tracings were previously furnished to the light-house engineer on the Pacific coast.

At station San Pedro Mr. Chase measured the vertical angles of the mountain-peaks on Cata-
lina Island and of other objects with the 3-inch theodolite; and also horizontal angles to determine
the position of Santa Barbara Island.

Regualar meteorological observations were registered while the party was in the field.

Sub-Assistant Chase was aided by Mr. Max Lipowitz. As soon &s the season would permit
work to the northward, this party was transferred to Crescent City,
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Assistant W, E. Greenwell completed in the course of the winter the plane-lable sheets and
duplicates of his observations, with descriptions of the signals used in Lis previous work. These
have been received at the office. At the opening of spring he continued the topography along the
coast of the Santa Barbara Channel, from El Rincon to San Buenaventura, and there joined with
the work done in 1854. His sarvey includes also the mouth of the river, and the vicinity of the
town of San Buenaventura. From Point Gorda to San Buenaventara, a distance of 12 miles, the
topography is mountainous, rugged, withount settlements, and destitute of wood or water fit for use,
Several triangulation stations, established by Assistant Greenwell for this work, served also to
furnish the trustees of the town of 8an Buenaventura with points for a meridian line. From this
vicinity the party was transferred to the west of Santa Barbara, and resumed the plane-table sur-
vey at the limits reached by Assistant Harrison in 1852, The work was continued toward Point
Coneception, as far as the Goleta. A tertiary triangulation, previously execated by Mr. Greenwell,
served as a basis for this survey. At the date of his report the topography had been extended
nearly to station Pelican, and embraced a resurvey of the town of Santa Barbara, to include the
improvements since 1852. There, the secondary astronomical station occupied by Assistant David-
son in 1852 was re-established, and connected with the regular scheme of triangulation of the
Santa Barbara Channel, and with the main astronomical station occupied by Mr. Davidson in
1869. :

The topographical work of the party this season fills four sheets on a scale of 1514 the pro-

604

jections of which were furnished from the office. The statistics of the topograpby ;re:
Ocean Bhore-line . .ooveeniieiiineieneniinrannacesaenennneas e e 33 miles.
Bluff 0ublINe. e i et ittt i et esiteitea et e 12 miles.
Rivers and Sbroamis - ..o ittt e iiae et ae et 37 miles.
870V 89 miles.
Acrea of topography, (square miles)...... h et e e e aaaeaas 47

The greatest elevation represented by the topography is 1,258 feet. The statistics of the tri-
angulation are: :

Signals erected ........... N et ettt e eeeeeieaareeat it ettt e annaan 8
Stations occupied .....oirie ittt e eteenee i irairiaa e 6
Objects ghserved.......ceoiviiiiiiniannen e et eieae e raaanaas 16
Number of observations. ... ..., tieeireaiiitrisataraciraiene cnn ceeen- 458

The 8-inch theodolite No. 44 was used in the measurement of horizontal angles.

Assistant Greenwell was aided throughout the year by Mr. Stehman Forney.

Hydrography of the Santa Barbara Channel and of San Buenaventura Harbor, California.—In
order to determine what changes had taken place in the anchorage at San Buenaventura, as indi-
cated by the surveys of 1856 and 1869, Assistan{ Greenwell made soundings there within an area
of 7 square miles, measuring 1,193 angles for position, and taking 3,558 casts with the lead. It is
thought that in great freshets the river San Buenaventura brings down large quantities of material.

The redaction of the hydrographic work done by Assistant Cordell in 1869 in the Santa Bar-
bara Channel has fully developed a hitherto unknown danger, the rock which lies 12 miles west-
ward of Santa Barbara and one mile off shore, having only 15 feet of water upon it, while the
sounding-line gives 7 fathoms inside of the rock.

Hydrography near Piedras Blancas, Califorria.—In November, 1869, Assistant Cordell was in-
structed to search for the Harlech Castle Rock, which was reported to be three miles off shore, and
five miles north of Piedras Blancas, It was said to bave 14 feet upon it and 25 fathoms inside of
it. He was successful in the search, the wrecked vessel’s mast being at the time above water. On
account of the lateness of the season, this examination was partial, but Mr. Cordell established
the position of the rock. It is bare at low water, and is 400 yards inside of the kelp line, and inside
of the line joining the adjacent points north and south of it. The rock is out of the track of ves-
sels, The depth is 10 fathoms one mile outside of it, and but 3 or 4 fathoms inside.

This was the last duty performed afloat by Assistant Cordell. He returned to San Francisco
and had in band the plotting of soundings which had been made in the course of the season, when
his labors were stopped by sudden death, on the 26th of January.

" H. Ex. 11286
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Hydrographic veductions—Sub-Assistant George Farquhar, who was placed temporarily in
charge of the hydrographic party after the death of Assistant Cordell, has plotted all the work
done in 1869 in the Santa Barbara Channel, and inked and traced 8 sheets of in-shore hydrography
upon a seale of 5155, and one sheet of off:'shore hydrography on a scale of ;5d555. These
charts have all reached the office in Washington. The original hydrographic records have been
partly duplicated. At an interval in the office-work, Mr. Farqubar determined the position and
extent of the wharf of the Central Pacific Railroad Company, from Oakland Point to the ship-
channel lying on the east side of Yerba Buena Island.

Buoys in the entrance and approackes to San Francisco Bay.—Assistant Davidson in the course -
of the season called my attention to the importance of buoys for the Presidio Shoal in the entrance
to San Francisco, and also for a mark upon the west side of the Boneta Channel, abreast of the
Boneta light. This channel affords a depth of 8} fathoms for entering or leaving San Francisco
Bay. Acting upon these suggestions, the Light-house Board placed the buoys as recommended.
The positions of these aids to navigation were subsequently determined by Snb- Assnsta.nt Farquhar
and Mr. Throckmorton, aid in the party of Assistant Davidson.

Yerba Buena Channel San Francisco Bay, California.—Upon becoming familiar with the bay of
_San Francisco and its approaches by land and sea, one might easily be impressed with the thought
that the future welfare of California and of the region adjacent must ever be critically involved
in any and all projects that contemplate changes in the physical order and regimen of this magnifi-
cent basin and its outlet. It is estimated that two-thirds of the drainage of the State of Califor-
nia finds its way into San Francisco Bay, and in equal measure, at least, we should estimate and
expect to provide for the conveyance of trade; for, although railways have modified the old rules
of commercial development in many particulars, they are all pathways to the ocean, and must
hasten the concentration of wealth and population at the best havens upon the sea-board.

At the time of my visit, in July last, the pile-wharf of the Central Railway projected about
3,711 yards into San Francisco Bay, and the company were petitioning for permission to cross
the Yerba Channel to the shore of Yerba Buena Island, a further distance of 1,089 yards. An
encroachment so extensive naturally excited alarm among publie-spirited individuals, and seemed
to require a careful inquiry into the probable effects of the proposed structure. I therefore directed
Assistant Henry Mitchell, who has charge of the division of physical hydrography, to make a
series of observations upon the volumes of water passing through the channels in tbis vicinity, and
the comparative work execnted by them. In his report, Appendix No. 18, he sums up the resunlts
in the following words :

‘1t appears from these data that the complete closure of the Yerba Channel would augment
“the velocity in the main channel only 12 per cent. If we confine our attention to the portion of the
present railroad-pier which serves as a bridge only—that is to say, if we take the present wharf,
exclusive of the portion containing slips and ferry-berths, we find from our observations that the
reduction of velocity caused by the piles is 15 per cent., from which we may safely conclude that
if the bridge were to be extended, with similar construction, to the island, the loss of passing vol-
ume would be less than four million cubic yards, and the angmentation of the velocity in the main
channel only 2% per cent.”

The southern part of San Francisco Bay receives but little land-water. Its small feeders, even
when swelled to torrents in the rainy season, do not cause any considerable flood as low down as
the neighborhood under consideration, so that the proposed open bridge would not operate as a
dam to any serious disadvantage. I would not be understood to say that the bay is subject to no
rise in the rainy season, but that the rise which occasionally occurs does not come from the inflows
above (southward of ) the site of the proposed structure.

If the open bridge should be built, 1 see no reason to apprehénd that the augmentation of flow
throngh the main channel will at any time be so great as to increase sensibly the present incon-
veniences of the anchorage, either directly by causing vessels to part their chains, or indirectly by
scouring away the present patches of excellent holding-ground. That the structure will close to
future use a navigable avenue, is an objection that must be weighed by the commercial public in
the balance with the immediate advantages of the railway extension, and, as far as T ‘can see, this
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is the only question that need be entertained, since no serious disturbance of the physical order,
affecting other portions of the bay, can be predicted.

Middle time.—One of the usefal results of Mr., Mitchell’s visit to the Pacific coast, is an im-
provement in the form of the current-tables for those ports where the diarnal inequnalities of the
tides are large. He suggests that the ¢ middle time of flood” and the ¢ middle time of e¢bb” should
be made the principal elements, because least subject to variation, and becanse most valaable to
the navigator, who desires most of all, in approaching a port, to know at what time he is likely to
find an ebb-current too strong to be stemmed or a flood-current strong enough to carry him over the
bar or past other dangers.

The diurnal inequalities in the intervals of high water have the opposite sign from those of
low water, except at those dates when the diurnal tide-wave is small and about to shift its relative
position to the semi-diurnal tide ; an intermediate phenomenon, therefore, like maximum flood orebb-
current, would usually remain unaffected except at the inlets of great lagoons where the tides and
currents are not synchronous.

The outflows of rivers,’and even the movements dae to winds, may be regarded as uniform
during a single tide, and without effeet upon the time of maximum velocity. The ¢ middle time,”
computed from all the observations of an entire flood or ebb, is preferable to the selection of the
highest velocity recorded, becamse any single observation may be affected by the yawing of the
vessel or by some other accident.

The great labor required in arranging tables from the voluminous observations in the archives
of the Coast Survey has delayed Mr. Mitchell’s report on the subject.

Astronomical observations at Point Arena and San Francisco, California.—To connect the trian-
gulation near Point Arena, which now includes, as one of the stations, the new light-house there,
with San Francisco, for longitude, Assistant Davidson transported 19 chronometers from the
Washington Square observatory to Arena Cove. At the San Francisco station, transit No. 3 was
used with the Kessel’s clock and a Hipp chronograph; at Arepa the Davidson meridian-instru-
ment was used with a Frodsham’s break-cireuit chronometer and the Hipp chronograph. The
time observations at both places embraced 156 transits of 73 stars. At Arena, latitude observa-
tions were made with the meridian-instrument on 11 pairs of stars during one night. A meridian-
mark was set there for the subsequent uses of Sub-Assistant Sengteller.

Magnetic observations.—For the determination of the magnetic declination at Arena Village,
with the theodolite magnetometer No. 5, 63 observations were recorded on two days, and
others were made for azimuth. The station was connected with the triangulation. Five volumes,
containing the records of Mr. Davidson at this station, have been received at the office.

Before returning to San Francisco, Assistant Davidson made a general examination of the
coast from Russian River to the northward of Point Arena. Tn this service he was accompanied
by his aid, Mr. Throckmorton. ’

Topography and triangulation at Point Arena, California.— Sub-Assistant Louis A. Sengteller
organized a party for the topography and necessary triangulation at Point Arena, early in the
winter of 1869-°70, commencing at a point about 7 miles south of the light. From thence the work
was extended to the northward. The means available for this service werc limited, the season was
late, and it proved to be rainy.

The topographical work done by this party is included in two sheets. These represent the
small shipping cove to the southward of Arena, and the coast to a point 9 miles northward of the
light-house. Some heavy country is embraced, partly covered with timber, and a varying coast-
line of bold bluffs and sand-dunes. The highest point shown by the topography is 820 feet. In
prosecuting the plane-table survey, attention was incidentally given to the lines of plateaux, exhib-
iting the features of old sea-levels. The statistics of the work are:

Ocean shore-line surveyed ................. e et e 21 miles.
Shore-line of streams and ponds. _..... e e e 15 miles.
Roads and trails. .. ... ..c.. (oo e e 321 miles.
Area, {square miles)........... e s R, 15

The iurvey includes the village of Arena,
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For the triangulation, Mr. Sengteller chained a base on the Point Arena plateau, and from it
extended a series of triangles north and south to embraee also the crestline of the sea-coast
mountains. This scheme was arranged so as to connect hereafter with the secondary astronomical
stations of 1853, occupied by Assistant Davidson, at Haven’s Anchorage and Mendocino Bay. At
the latter station Mr. Sengteller found almost intact the original markings of the station. The
following are the statistics of this triangulation : '

Signalgerected. . ..o o e e it 15
Stations occupied .. ... e e e it ettt e 14
ANgleSMeasured. .. oot i i e er e eer e 89
Number of obServations. ... ... e i 1,527
Signals determinéd................. e reaee e e eeataeereeaaeenian 2

The highest point occupied in the triangulation is 2,011 feet above sea-level. After connect-
ing the work with the meridian-marks established by Assistant Davidson at Arena, Mi. Sengteller
made a reconnaissance towards Mendocino Bay. He also erected the astronomical pier at Arena;
and in May accompanied Mr. Davidson along the coast for selecting stations to extend the trian-
gulation. The records of work done near Point Arena have been duplieated and computed, and
the topographical sheets have been inked. During part of the season Sub-Assistant Sengteller
was gided by Mr. H. Vincent, and for the remainder by Mr. Charles Schenk.

When about to transfer his party to the southern coast for work this winter, the house in
which Mr. Sengteller had placed his topographical sheets and instruments was burned, and subse-
gquently the vessel in which they were shipped was wrecked, hnt he nevertheless bhrought all in
safety to San Francisco.

Topograply and {riangulation of Humboldl Bay and vicinily—Assistant Augustus F. Rodgers,
after inking and tracing the sheets of the previous year, and daplicating and eompuiing the work
of triangulation, resumed field duty on Humboldt Bay, at the northern limit of the previous
season’s work. He there measured a base of over 2,000 meters with the auxiliary base apparatus
of the survey, and from the resulting length he recomputed the previous triangulation and made
his projections for the topographical sheets. Observations for azimuth were made on -Polaris at
elongation at the astronomical station which was occupied by Assistant Davidson in 1869, and
this Mr. Bodgers connected with his triangulation. The topography of the season is comprised
on six sheets, by which the survey was extended from Table Bluff to Gihon’s Bluff, A supple-
mentary sheet shows the changes observed at the mouth of Eel River. The nature of the country
surveyed is diversified. Humboldt Bay is fringed by a large area of marshy flats cut up by exten-
sive sloughs. North of it the ocean beach is in part sand-dune, but from Little River to Gihon’s
Bluff, north of Rocky Point, it is bold, and, being mostly covered with heavy forests to the edge of
the bluffy, it is inaccessible with the plane-table. The statisties of the topography are—

Shore-line of bay and ocean........................ e eeeiaeeianan 88 miles,
Slonghs and creeks. ... oo e it it i ettt 103 miles.
RoadS....ooiiveviiiiienn o e ittecieseseieniimeaiaee i 31 miles,
Area, (square Miles) .o cviuiia i e e it i 59

The plane-table sheets of Assistant Rodgers show elevations as great as 600 feet.
The shore-line of the ocean beach and of Humboldt Bay and ether needful data were furnished
to Bub-Assistant Farquhar for the hydrography of the bay and approaches.
The triangulation was extended northward to embrace determinatiens of the posmon of Red-
ding’s Rock, which lies off-shore several miles north of Rocky Point. The dense forests and the
_ general level of the country bordering the sea prevent the development of triangulation in this

neighborhood.
* The statistics are: . .
Signals erected -........ . et e e iiee e e 54
Stations occupied ... ... ... e Ceeesreeeanan e i

Objects observed on.................. e et eiemaiaie s 46
Number of observations..... . ... ... . iiiii 4, 550
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During part of the season, Assistant Rodgers prosecuted the field-work with a detached party,
one plane-table being assigned to Mr. E. F, Dickins, who acted as aid duaring the season.

Before leaving the vicinity, Mr, Rodgers incidentally made a hydrographic examination of the
entranee and bar of Humboldt Bay. The results will be nsed for comparison with soundings made
by the hydrographic party of Sub-Assistant Farquhar.

" Hydrography of Humboldt Bay and approaches.—In Oectober, 1869, Sub-Assistant George
Farquhar was instructed to organize a party and make a hydrographic survey of Humboldt Bay
and the approaches. Notwithstanding the bad weather which marked the season, he made a suc-
cessful examination. The shore-line and the positions of the signals were furnished by Assistant
Rodgers, and the sounding-lines run were plotted as the work advanced. Tour sheets have
been filled, embracing the approaches as far south as Table Bluff. The examination shows that
. changes are continually taking place at the entrance and on the bar. Tidal observations were
made at Eureka through one entire lunation. The statistics of the work are :

Miles run in sounding . ....... ... ... L.l e e 310
Angles measured .. . ... ... .. .. e et iiiaeaiaie e 3,276
Casts of the lead. . . ... ... . et i i irie it 12, 636

Sab-Assistant TFarqubar, after plotting the work and duplicating ihe sounding-book, for-
warded his reecords to the oftice. He was aided by Mr. ¥, Westdahl. Mr. Farqubar is now
engaged in a detailed examination of Blossom Rock, in San Francisco Bay. In the course of the
season he made projeections for the hydrographic survey of the approaches to Crescent City and
Cape Orford.

Topography and tertiary triangulation north of Crescent City, Califoriia.—Sub-Assistant A. W,
Chase transferred his party from San Pedro to Crescent City in April, and continued the topog-
raphy and triangulation from the limits of his last year’s work. North of Lake Earl he measured
a base of 900 meters, with the subsidiary base apparatus, and carried the triangulation along the
coast of California and Oregen to the westward of Chetko River, resting on the Northwest Seal
Rock of the Crescent City Reef. At the request of the United States surveyor-general for Califor-
nia, Sherman Day, esq., Mr. Chase connected the north boundary of the State as marked by the
United States land-office survey, with the triangulation, and farnished a tracing of the shore-line
from Crescent City northward, to include the forty-second parallel. For the computation of the
L. M. 2’8 he observed a preliminary azimuth by means of Polaris at elongation. In the topog-
raphy the shores of Lake Earl are included. Fours sheets were filled, and the work embraces
elevations of 1,300 feet. The computation of the triangulation was kept up in duplicate as the
field-work advanced, The statistics of the triangulation are :

Signals erectod ... .o vvinieiiie ittt ittt et 63
Stationsoceupied ... .o it iiicee et tiar e 59
Angles measured ..... o 326
Number of observations.............cooveiiiniieiiii i 4,193
The topography includes: ’
Ocean shoredine «..............oiiiaL. cereieseeeerineeae; -.. 24 miles.
Shore-line of 1akes and FIVETS. .. covveieeniinie it iaaas 31 miles.
. Area, of topography, (squaremiles)..........c.....oilen e 23

The ground-features are much varied; in part a line of low confused sand-dunes backed
by dense forests ; in other places high, roeky, broken blaff with table-land between the coast
and the hills, which are in part timbered; toward the westward the coast assumes a much
wilder aspect. Mr. Chase whilein the vicinity made search for the astronomical station which had
been occupied by Assistant Davidson in 1853, at Crescent City. The bluff had washed away in
the interval, but by the angles of referenceits site was ientified and transferred to firm ground.

A meteorological journal was kept by the party while in the field. During part of the season
Sub-Assistant Chase was aided by Mr. Max Lipowitz, and subsequently by Mr. Ublig. At the
date of his report he had disbanded his party and was engaged in inking his sheets and com.
puting the L. M. Z’s preparatory to resuming work on the Santa Barbara Channel.
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The shore-line traced north of Crescent City gives a good basis for the development of the
hydrography off-shore, and through the dangerous reef off Point Saint George.

Tidal observations.—The self-registering tide-gange at San Diego has been kept running by Mr.
William Knapp and that at Fort Point by Mr. F. P. Thompson. Each of these observers has, also,
furnished a good series of meteorological observations, and tabunlated the readings of high and low
waters from the tide-rolls. Scales graduated on glass were sapplied from the office for that purpose.

My acknowledgments are due for the efficient snpervision of Major G. H. Elliot, United States
Engineers, of the operations for several years at these stations, reference to which has been made
in previous annual reports. Late in March last, the care of the stations was transferred by that
officer to Major G. H. Mendell, of the United States Engineers, and thus the contmuxty of the
series of observations for ultlm‘lte purposes is properly assured.

SECTION XI.

COAST OF OREGON AND OF WASHINGTON TERRITORY, INCLUDING THE INTERIOR BAYS, PORTS, AND
RIVERS. (8krrcrm No. 12.)

Topography of the shorcs of the Columbia River.—Assistant Cleveland Rockwell continued the
plane-table survey on the north bank of the Columbia until the end of November, 1869, and com-
pleted the details between Chinook Point and Gray’s Bay. The country being almost inaccessible
on the north side of the river, the work of contouring was very difficult.

During the winter of 1869, Mr. Rockwell inked and traced the topographical sheets of the
previous season. These sheets have been received at the office. e projected three sheets for the
work of the year just closed, and in May re-organized his party and resumed the topography of the
shores and islands of the Columbia, basing it on the triangulation which was made by Assistant
Cutts in 1852. In the interval some of the marks of the tertiary stations had been hidden by a
growth of timber, but nearly all of them were fonnd.

The work of the season, which closed in November last, inclndes both banks of the river and
the numerous low, marshy islands in it as far up as Cathlamet Point and Three Tree Point, where
the river contracts to a width of two miles. The widest part, from the head of Gray’s Bay to the
south shore, is nearly nine miles across. The mud flats of Gray’s Bay, and the flats, marshy
islands, and sloughs on the southern side of the river, were mapped carefally, and pains were taken
to delineate the low-water lines. The statistics of the tepography are :

Main shores Of TIVer.. .......coooooiiniia i 50% miles.
Shore-line of IS1anAS. - . .o i i e 114 miles.
Shore-line of creeks .. .. . He e aece e eeceanataene e aaaoa 52% miles.
Area, (square miles) .......... ., 49

Asgistant Rockwell used for transportation the schooner Humboldt. Early in August Mr.
George H. Wilson joined him as aid, and is yet attached to the party.

The shores of the Columbia River are rocky and high, densely covered with large timber and
thick undergrowth, and impenetrable for any distance with the plane-table. Some points on the
crest of the ridges nearest to the river shores have been approximately determined in position, and
the general characteristics of the topography have been sketched in.

Magnetic observations.—While on a tour of inspection along the northern coast, Assistant
George Davidson determined the magnetic declination at Astoria and at Portland, with the theod-
olite magnetometer No. 5. The number of observations recorded for time, azimuth, and deelination,
is 244, Duplicates of the records have been received at the office. He was aided in this service
by Mr. 8. R. Throckmorton, jr.

Topography of Port Discovery, W ashmgton Territory~—Under many disadvantages arising from
bad weather, the plane-table survey of thé shores of Port Discovery was continned by Assistant
J. 8. Lawson until the middle of October, in 1869. At that date the entire shore-line had been
traced, though the dense fog that prevailed in the Strait of Fuca had steadily encroached, and
finally enveloped the site of work. Iurther operations being thus prevented, the brig Faantleroy
was sent to Olympia to be laid up for the winter, but owing to a long-continued calm she did not
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reach that port until the 25th of October, although towed most of the distance by her crew in a
whale-boat. After securing the vessel and discharging the crew, Assistant Lawson and the aid,
Mr. J. J. Gilbert, took up and completed the office-work of the season. Reference will be made
forther on to the resmnption of work in this vicinity.

Triangulation and topography of Puget Sound and of the Strait of Fucu, Washington Territory.—
In February, Mr. Lawson made a reconnaissance for connecting the solar eclipse station of July
18, 1860, with the triangulation of Puget Sound. He found the station, and selected others to be
occupied later in the season. In this examination he fortunately identified the astronomical
station which was occupied in 1841 by the United States Exploring Expedition, under Lieutenant
(now Rear-Admiral) Charles Wilkes, and connected it with the coast triangulation. I1n connecting
the solar eclipse station, four miles of avenues through heavy timber were opened by the party.
The triangulation of the Strait of Fuca in the vicinity of Dungeness was carried forward, to
include Washington Harbor, and was connected with the work of 1855. After the completion of
the plane-table work there, the triangulation was cxtended to the southiward of Deception Pass,
along the western shores of Whidbey Island. All the records of this work have been turned in,
with the abstracts and the computations. The statistics of the triangulation are as follows :

Signals erected . .. ... .. .. it caeeiaiaaaann 75
Stations oceupied . .. ... e e eaaaee 61
Objects observed OD. .. ... ... .. e, . 686
Angles measured . ...oieii il e e e e 330
Number of observations ...... ... o e 13, 621

The area covered by the triangulation is 160 square miles. Sixty vertical angles upon four
objects were observed from one station of the triangulation ; and observations for the position and
elevation of Mount Rainier were also made by Assistant Lawson, The country between Washing-
ton Harbor and New Dungeness was examined for a base-line of three or four miles in length, but
no site was found suitable for measurement. The ground is heavily timbered and covered densely
with undergrowth, and the surface is much broken by marshy stretches, broken bluffs, and creeks.

A site for a base of verification for the triangulation which extends through Admiralty Inlet
and Puget Sound from the Port Townshend base of 1855, was selected by Assistant Lawson.
This line can be readily connected with the triangulation from the solar eclipse station.

In May, Mr. Lawson organized a detached party for tofography. The plane-table work, done
under his direction by Mr. Gilbert, includes the final sheet of Port Discovery, and on others the
shore from thence to New Dungeness, with Washington Harbor, and the mouth of the Dungeness
River, where great changes were caused by the severe storm of 1866. The shores of Whidbey
Island were mapped from Admiralty Head sonthward to Lagoon Point, and the shores of Smith’s
Island and Minor Island, where important changes have taken place. The country surveyed is
difficult for the topographer, the shores being bordered by thickly-set timber and brush, growing
on moderately level ground. The work was delayed in July and August by smoke from the adja-
cent burning forests. Statistics of the topographical work are appended :

Shore-line SUrveFed . .. ... oeiit it iieet it c e ana e o 43 miles.
Lakes and 8loughs. ..o cvie i i it e, 19 miles.
57T Y 27 miles.
Area of topography, (SQUATE IMIlES) « v ieviiaiie it ce e e 19

A meteorological journal was kept by the party during the working season.

Hydrography of the Strait of Fuca, Washington Territory.—Assistant Lawson diseovered a
dangerous ledge of rocks in the southern entrance to Rosario Strait, having but 34 fathoms upon
it, with 56 fathoms near it on all sides. On account of the lateness of the season and bad weather,
the survey of the vicinity was not completed, but the position and extent of the ledge have been
determined. This danger to navigation igin the direct line of vessels through Rosario Strait. Mr.
Lawsen also sounded to the eastward of Belle Rock and Rosario Strait, bat the stormy character
of the season interrupted the work. By the courtesy of the collector of customs, Mr. 8. Drew, esq.,
at Olympia, the revenue cutter Lincoln was employed in these examinations, and great interest
was manifested by Captain Scammon and by the officers of the cutter in prosecuting the work,
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The recommendation that buoys be placed on the Toliva and Xtsami Shoals in Puget Sound
was met by favorable action in the Light-house Board.

After laying up the brig Fauntleroy at Olympia, the party was disbanded for the winter. Mr,
Lawson is now engaged in his computations and other office-work.

Tidal observations—At Astoria, on the coast of Oregon, the excellent series of tidal and mete-
orological observations have been maintained by Mr. L. Wilson. This station and the permanent
ones in Section X are now in charge of Major G, H. Mendell, United States Engineers, who kindly
undertook the care of them in March last. For several years they had previously been under the
sapervision of Major Elliot, of the Engineers, as already stated. -

CUOAST SURVEY OFFICE.

The organization of the office has remained the same as for several years past, under the charge
of Assistant J. E. Hilgard. Its principal operations are recited under the following heads:

Computing Division.—The work of this division has been, as heretofore, under the immediate
charge of Assistant Charles A. Schott, under whose able direction the progress of the work has
been kept up to a very satisfactory standard. In addition to performing the duties of this charge,
Mr. Schott made in June magnetic observations at the station in Washington, keeping up the
continuity of the series, and in autumn accompanied the party of the Superintendent for observ-.
ing the solar etlipse of December 23, 1870. His services as an observer at Catania, in Sicily, are
noticed in Appendix No. 16. :

The adjustment, by the method of least squares, of the primary triangulation on the eastern
coast has been completed, and that of the secondary triangulation has been pushed forward as fast
as the limited force of computers permitted. The introduction of improved places of stars, from
the mest recent determinations, for our astronomical latitudes is rapidly advancing. Assistant
Schott established the conditional equations of the primary triangulation south of Kent Island,
made a revision of the reduction of the transatlantic telegraphic difference of longitude between
Greenwich and Cambridge, Massachusetts, commenced the micrometric measures of the photo-
graphic images of the solar eclipse observed by him at Springfield, Illinois, 1869, and among other
reports submitted the following:

On a preliminary investigation respecting the choice of the localities favorable for observing
the next transit of Venus across the sun’s disk; on the deflection of the plumb-line in the vicinity
of the District of Columbia; a preliminary determination of a spheroid which best represents the
astronomical and geodetic measures on the surface covered by the primary triangulation between
Calais and Washington.

He also sabmitted supplementary papers on a former report on determination of time and of
azimuths.

- The force employed in the division, and the distribution of duties, have been the same as for
several years past, Assistant T. W. Werner computing the current triangulations; Dr. G. Rumpfand
Mr. E.H. Courtenay making the verifications of the same by comparison with the field-compntations,
keeping the registers of geographical positions, and making the computations of final adjustment
of the triangulation, while Mr. J. Main made the computations of astronomical work, Mr. E. A.
Bowser also assisted in the computations daring several months.

Tidal Division.—The inspection of the tidal and meteorological observations, when received
at the office, the correspondence with the observers, the supervision of the computations, and other
work relating to tides and tide-gauges, have been kept up by Mr. R. 8. Avery, assisted by Mr. A.
Gottheil, Mr. J. Downes, and Miss M. Thomas. All data and other information respecting tides,
required for office use, for observers, and for the use of field-parties, have also been furnished.
The ordinary reductions of the observations, and deduction therefrom of the general results used
for charts and other purposes, have been made as soon after the observations were received as
practicable.

The tide-tables, or predictions, for 1871, the fifth year of the series, have been computed in
this division, and are published. They contain the approximate predicted times and heights of the
tides for abont twenty of the most important places on our coasts, with tables of constants for

- finding from them the tides for a great number of other places.
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Hydrographic Division.—The drawing and verification of hydrographic charts from the original
notes of soundings and angles, the verification of charts reduced to the scales of publication,
the preparation of sailing-directions and all notes pertaining to navigation, have been, as heretofore,
performed in this division of the office, under the inmediate direetion of Captain C. P. Patterson,
inspeetor of hydrography, by Mr. I. Willenbiicher, assisted by Mr. J. Sprandel.

Drawing Division.—In the conduct of this branch of the office the assistant in charge has
been ably seconded by Mr. W. T. Bright, who has had charge of the details of the division, and has
materially assisted in planning the work. The drawings for engraved charts have been made by
Mr. A. Lindenkohl, chief draughtsman, and by Messrs. II. Lindenkohl, L. Karcher, and F. Fairfax.
Traced copies of maps have becn made by W. TFairfax and B. Hooe. Views of headlands and
approaches to harbors have been taken during the year by Mr. W. McMurtrie, and were after-
ward drawn by him for engraving on the charts. Copies of manuseript maps and charts, or por-
tions of such, are frequently furnished, upon request, to other branches of the public service, as
well as to private persons; the latter, of course, paying the cost thereof. This is an important
. form in whieh the information collected by the Coast Survey becomes available to the public, and a
list of the maps so furnished during the year is given in Appendix No. 2. A list of the maps and
charts, either wholly drawn during the year, or the work on which has been continued as far as
the material on hand permitted, together with the names of the persons engaged upon them, is
given in Appendix No. 3. )

In addition to the work shown in ihat {able, comprising fifty-three maps and charts worked
upon, and eleven completed, the following statement will serve mare fully to exhibit the operations
of the division:

Projects for new charts prepaved .. ... .. ... L ... 0
Tracings made on special calls ...... .. ... ... .. ... ... ... ...... A .. 106
Projections made for field-maps ....... e et . 37
Projections made on copper for engraved charts .............. e et 4
Miscellaneous tracings and diagrams for field and officeuse .................. 88
Topographical sheets traced for reduection by photography.... .. ... ... .... 8
Diagram maps of Florida Keys, drawn in duplicate for Land-Oflice............ 33

Engraving Divisivn.~—In this division, under the eflicient direction of Assistant E. Hergeshei-
mer, the progress of the work has been well sustained. Iduring the year thirteen charts have been
completed, eight new ones have been commeneced, and the work on nineteen has been continued,
besides the usual amount of misecllaneous additions to the progress-sketches and other plates not
specified in the tabulated report, Appendix No. 4.

The reduction of outlines upon the plates with the pantograph has continued to give satisfac-
tory results, and to facilitate and economize the work of the division; while the rouletting of the
tints of the usual sections of the bottom has enabled us to publish rapidly a class of charts very
desirable and useful, in advance of the more detailed and finished harbor-charts.

During the year Mr. H. M. Knight has been added to the force of the division as a miscellaneous
engraver, and Mr. W. H, Davis returned from his temporary employment in the office of the assist-
ant in charge.

Messrs. J. Enthoffer, H. C. Evans, A. Sengteller, and A. M. Maedel have continued the engrav-
ing of the topography of the ;1,; scale coast series.

Messrs. John Knight, E. A. Maedel, and A. Petersen have continued as letter-engravers.

The miscellaneous engraving has been execated by Messrs. H. 8. Barnard, J. C. Kondrup, R. F.
Bartle, W. A. Thompson, II. M. Knight, J. G. Thompseon, I'. W, Benner, E. H. Sipe, and W. IL Davis.

Mr. E. Molkow has continued the pantographing of outlines.

The views have been engraved by Mr. G. McCoy.

The clerical duties of the division have been performed by Mr. George A. Morrison.

The electrotyping and photographing operations have been continued by Mr. George Mathiot,
assisted by F. Ober. Thirty electrotype copper-plates, mostly of the largest elass, having between
900 and 1,500 square inches surface, have been made during the year, part of which are altos, or
relief-plates, from engraved plates ; part bassos, or printing-plates.

H. Ex, 112——7
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The photographie reductions required for the use of the drawing and engraving divisions have
been made as heretofore.

Division of Charts and Instruments.—The work in this division, which includes, besides the safe-
keeping of archives, the map-printing, distribution of charts and reports, and the mechanician’s
and carpenter shops, has been directed during the year by Mr. J. T. Hoover.

The daty of registering and filing, for convenient reference, the original maps and charts of
the survey, and the records of observations made in the field, and of keeping an account of the
samne, as they are used in the office, has been performed by Mr. A. Zumbrock.

Daring the year 391 original and 146 duplicate volumes of records of geodetical, hydrographieal,

and tidal observations have been received at the office; original topographical maps, 56 ; original

hydrographical charts, 5t; professional books and pex iodicals, 421 volumes. The copper-plate
printing has been, as huetofox e, acceptably done by Mr. T. V. Darham, who has turned out 8,352
impressions of charts, besides all the proofs required for office use.

Lithographic impressions were also procured to the number of 2,764 sheets.

The work of backing with muslin the sheets required by field and hydrographic parties, and
the miscellaneous duties pertaining to the folding-room, were performed during the year by Mr. H
Nissen.

The map-room was in the care of Mr. Thomas McDounnell. An aggregate of 11,420 copies of
charts have been issued within the year, and 16 copies of the Atlas of Harbors in Alaska, and 1,306
copies of Annual Reports of various years have been distributed.

The work in the instrument-shop was done, under the supervision of Mr, John Clark, by J
Foller, William Jacobi, Charles Wurdemann, and apprentice E. Eshleman.

The wood-work of instruments, their p&dﬂn“‘ for transportation, the construction of cases for
maps and copper-plates, and all work of carpentry required in the oftice, has been performed by
Mr. A. Yeatman, assisted by Mr. F. E. Lackey.

Mr. V. E. King has continued in the performance of the duties of chief clerk of the office,
having charge of the general correspondence and office accounts, assisted by Mr. Dallas B. Wain-
wright as writer. Mr. Clayton A, Hoover acted as writer in the hydrographic office.

In the oflice of the general disbursing agent of the Coast Survey, Samuel Hein, esq., the duties
of prineipal accountaut and book-keeper have been discharged with promptness and dispatch by
Mr. R. L. Hawkins during the past as in many previous years, Mr. W. A. Herbert and Harry S.
Hein acting as writers.

The ability with which the assistant in charge, J. B. Hilgard, esq., conducts the affairs of the
office has relieved me from all anxiety in reference to that important division of the work. It is,
too, a matter of just pride to mention here that his recognized knowledge and skill have been fre-
quently invited and have been cheerfully enlisted in behalf of other departments of the public
service, for deciding on practical questions of scientific import.

1 would refer with pleasure to the new office gquarters, in which, under an emergency constrain-
ing us to vacate the buildings heretofore occupied, the forethonght and arrangements of the
assistant in charge have secured accommodations long needed for the several branches of office-

-work, as well as for the Coast Survey archives and instruments.

‘With renewed satisfaction record is again made of the integrity and scrupunlous care of the
disbursing agent, Samuel Hein, esq., in regard to the accounts. By his conscientious adherence to
regulations which limit the expenditure for outfit, and which in other respects apply to the pros-
pective work, economy in the service has been steadily preserved.

1 would recognize also, as heretofore, the clerical assistance rendered in the Suaperintendent’s
office by the skill of W. W. Cooper, esg., and his untiring fidelity in the discharge of adjunct duties
under my personal direction.

Respectfully submitted.

BENJAMIN PEIRCE,

Superintendent United States Coast Survey.
Hon. GEORGE S. BOUTWELL, :

Secretary of the Treasury.
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APPENDIX No. 1.

Distribution of surveying partivs upon the Ailantic, Gulf, and Pacific Coasts of the United Stules, during lhe sirveying scasons
of 15G0-70.

Coast sections. Parties. Operations. Persons conducting aporations. T.ncatities of work.
Secrion L
Atlantic Coast of Maine, Topwgraphy ...-.. J.W.Donn, assistant; L. B.Wright, | Topography of the shores of Moose-a-bee Reach,

New Hampshire, Mas.
sachusetts, and Rhode
Island, including sea.
ports, bays, and rivers.

-1

Hydrography . ...

Triangulation amd
easurement of
heights.

Hydyography ... ..

Topography ....-.

;. Topograpliyy «....-

Topography ....« .

Topography and
hydrography.

Topography ......

Reconnaigsance. ..

Hydrography ..-..

Tongitude ........

Topography ...-..

aid.

Y. ¥. Nes, assistant; W, I Vinal,
aid; R. B. Paltrey, aid.

G. A, Fairfield, assistant, W. D,
irtield, aid

F. P. Wehber, assistant: F. 1.
Granper, sub-assistant; Andrew
draid, aid.

F. W. Dorr, assislavi; H. M. De
Wees, sib-nssistant ; Dion Brad-
ary, jr., aid.

AW, Longfellow, assistant ; (. B,
Fuller, aid.

W. . Dennis, assistant; G, 'W.
PBissell, aid.

C. H. Boyd, assistani : J. N, Mc-
Clintock, aid ; C. H. Van Orden,
atd.

Hull Adams, assistant; Fugeno
Ellicott, aid, (part.of season;) O.
H. Tittmann, aid, (part of season.)

G. W.Dean, assistant.........c...

Horace Anderson, sub-assistant;

. W. Ring, aid.

Professor Joseph Winlock .......,

H. L. Whiting, assistant; O. H.
Tittmann, aid.

Me., and of the adjacent bay and islands, inclnd
ing Indian River and part of Chandler's Bay.
{See also Section I11.)

Hydrography of Monse-a-bec Reach and adjoining
Lays; and of the scaward approaches, extending
to Crample lsland, including the development
of numerons ledges.  (See also Section 1V)

Triangulation of Seuthwest Ilarbor, and of Somes’
Sound, (Mount Desert Inland, Me.,) and deter-
nrinationof the heights of stations in the vicinity.
{See also Seetion 1V.)

Iydmzrapby eastward of the Fov Tsland zroup.
and of the seutheastern and southern appreaches
to Isle an Haut Bay, Me., extending heyond
Gireat Spoon Island and Seal Rock, (See also
Section VIIT)

Plane-table survey of the southeastern part of the
Fox Island group, in Penobseot Bay, including
the vicinity of Carver's Harbor. Me. (Sce also
Svctions Il and IV}

Topography of the island group torming Gilkey's
Harber, iz Penobseot Day, near Camden, Me.
Detailed plane-table survey of Owl's Head Bay
and Rockland Harbor, Me., including the adja-
cent islands between Clam Cove and Ash Point.

(See also Section V.)

Survey of the banks of the Keunebee and sound-
ings developing the channels of the river be-
tween Richmond and Gardiner, Me. Tides and
currents observed. (Sve also Seclion VIIL)

Extension of the detailed survey of the coast of
Maine, from Cape Porpoise northward to O
Orchard Beach, including the neighbering
jslands, and the mouth of Saco River. (See also
Sections V and VI1.}

Primary triangnlation points iu New lngland ex-
amined in refercnce to their commection with
stations near Lake Champlain, (See also Sei-
tion 11.)

In-shore soundings along the coast of New Hamyp-
shire and Massachusetis, from Portsmouih en-
tranee southward to the mouth of Merrimac
Tiver. Additional soundings, completing the
hydrography of Duxbury Iarbor and Plymouth
Harbor, Mass. (Sce also Section Vi)

Astronmomical observations at Cambridge Obser-
vatory. and telegraphic exchanges to determine
the longitude of Burlington, Ve

Topographical sarveys. including tidelands in
the vicinity of Marshficid and Scituate, on the
coast of Massdchusetts. (Sce also Section V1)
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APPENDIX No. 1—Continued.

FPersons conducting operations.

Localities of work.

Coast sections. Parties. Operations.
SecTioN I—Continued. | No.14 | Astronomical and
telegraphic ob-
servations.
15 | Physical hydro-
graphy.
16 | Triangulation.....
17 | Topography ......
|
Tidal observations..
SEcTION 11
Atlantic coast and sea- 1 iReconuaissanc(:.._
ports of Connecticut, l‘
New York, New Jersey, :
Pennsylvania, and Del. _— .
3 teconnaissance. . .
aware, including bays,
andrivers,and alsoLake
Champlain, :
3 ¢ Astronomical ob-
gervations.
4 Telegraphic oper-
ations,
9 | Triangulation.....
6 i Triapgulation.....
% Topography ...
8 | Topography ......
9 Hydrography .....
10 | Tepography and
hydrography.

G. W. Dean, assistant ; Edward
Goodfellow, assistant; F. Blake,
jr., sub-assistant; 3. Lawrence
Wilde, aid.

Tongitude determination by the exchange of time-
signale through the French Atlantic cable be-
tween Duxbury, Mass., and Brest, on the coast of
France. Connection of the station at Duxbury,
with the primary triangulation and, by telegra-
phic observations, with Cambridge Observatory
(See also Sections 1T and IIX.)

Henry Mitchell, assistant; H. 1.
Marindin, sub-assistant; ¥. H.
North, aid.

S. C. McCorkle, assistant

A. M. Harrison, assistant ; Charles
Hosmer, assistant; C.'L. Tardel-
1a, assistant ; H. G. Ogden, sub-
assistant; A. P. Barpard, aid.

J. G Spaunlding, H. Howland

T. M. Bache, assistant

Richard D. Cutts, assistant: F. W,
Perkins, sub-assistant; B, A,

Coleuna aid.

A. T. Mosman, assistant; Edwin

Smith, aid.

(r. W. Dean, assistant

J. A. Bullivan, assistant; B. A,
Colonna, aid. -

8. C. McCorkle, assistant ; . Sto-
ver, aid.

F. W. Dorr, assistant; Dion Brad.
bury, jr., aid.

Charles Hosmer, assistant

Charles Junken, assistant; Joseph
Hergesheimer, aid.

F. H. Gerdes, assistant; C. P. Dil-
laway, aid.

Physical researches at North River and at Green
Harbor, Mass., velative to navigation as affected
by dikes for reclaiming tide lands.
Sections IT and X))

(See also

Determination of points for the survey of Sangh-
konnet River, R. I. (See also Sections II and
VIL)

Detailed topography of Newport Island and of
the shores of Saughkonnet River, in continua-
tion vf the survey of the shores of Narragansett
Bay,R.I. (Sve also Sections V and VII.)

Series of observations continued with self-regis-

tering tide-gauges at North Haven (Penobscot
Bay) and at Charlestown Navy-yard,

| Examination of station points in the vicinity of
New Haven Harbor. Tidal observations and
determination of heights in and near New Haven.

teconnaissance and selection of sites for bases,
and for the conrse and extent of triangulation
required in the survey of Lake Champlain, Vt.

“and N. Y. Measurcment of preliminary base
near Burlington, Vi.

Latitude determined at a station in Burlington, Vt.,
atdd azimuth for the triangulation of the vicinity.

Longitude of Burlington, Vt., determined by time
signals exchanged with the Cambridge Observa-
tory. (See also Section 1)

Triangulation over Lake Champlain from Burling-
ton, Vit., and Colchestor Point, westward to Lig-
onier Point and Ausable River,

Triangulation from Plattsburgh, N. Y., eastward
over Lake Champlain to South Hero Island, and
sonthward to Ausable River. (See also Sections
I and VIL)

Shore-line sarvey of the east side of Lake Cham-
plain from Dunder Rock to Colchester Point,
and of the western shore from Point Trembleau
to Port Jackson. (See also Sections I and IV.) ‘

Shore-line survey of Plattshurgh Harbor ard of
Lake Champlain, from Cummberland Hesd to
Port Jackson, including alse that of South Hero
Island. (See also Sections I and V.)

Soundings in Lake Champlain, including Cumber-
land Bay aud Plaitsburgh Harbor, and extended
southward to Valcour's Island. (See also Sec-
tion V) A

Survey of islands on west banks for quarantine in
New York Bay, Verifi of the p
of bueys and sea-marks in New York Bay, Rar-
itan Bay, East River, Long Island Sound, and
Fisher’s Island Sound. Soundings on Diamond

43 24

Reef, on the Oil Spot, and ox Flynn's Knoll,
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Coast gections. Il’arties.:’ Operations, Persons conducting operations. E Laoealities of work.

— P i

SrcTioN IT—-Continaed. : Xo.11 | Physical hydro-  Henry Mitehell, assistant; IL L. | Researchescontinued for developing the conditions
} f graphy. I Marindin, sub-assistant; F. H. ! dependent upon the tidal currents ot East River
i [ ! North, aid. { and Long Tsland Sound. (See also Sections I
; j ! ? and X.,)
PR . i
! 12 . Altitudes......... Richard D. Caotts, assistant; ¥. 1 Barometrical observations and lines of level to
{ y Agnews, gub-assistant ; Charles determine heights above mean tide of the pri-
! i ‘ Ferguson, sub-agsistant; Edwin , mary triangulation stations between Hudson
i ! i Swith, C. L. Gardoer, B. A. Col- | River and Delaware Buay.
]: \ onna, and Charles Wurdemann, \
| | aiils,

13 ' Reconpaissance. . X W. 5. Edwards, assistant. {part ol "Examination and selection of stations eastward
| | season ;) K. W, Perkins, snb- ot Mount Holly, N..T., for counecting Barne-
‘ ! assistant, (part of season.) gat with the primary trizngulation. (See also
j v Sections IV and V)

14 | Inspeetion ........ \ Jobu Farley. assistant . ............ Primarystations in New Jersey and Pennsylvania

: ; examined with reference to their secarity for
: futare purposes.
i
15 - Topography ... ... C. M. Bache, assistant; F. W. ' Plane-table snrvey estended on the coast of New

SecTioN 111, -

Atlantic coast and bays
of Maryland and Vir-

ginia, including
ports and rivers.

SEcTION IV,

Atlantic coast and
sounds of North Car-
olina, including sea- |

ports and rivers.

[

FS

[

2

Tidal ¢bservations

Astronomiecal ob-
servations and
primary

1 gulation.

Triangulation.....

Topography

Topography and
hydrography.

i Magnetic
vations,

obser-

Tidal observations

Hydrography .....

Triangulation and
measurement of
base.

trian. !
|

Bache, sub-aszistant.

{*. 0. Bourelle, assistant ; F. Blake,

atd.

i R. E. Halter, assistant............

L B
Wright, aid; B. A. Colonna.

aid.

W. W. Harding, sub-assistant:
A, F. Pearl, aid.

Charles A. Scliott, assistani. __....

. E. F. Krobs, W.J. Bodell.........

Acting Master Robert Platt, C. S.
N., assistant; Gershom Brad.
ford, sub-assistant; J. B. Adam-
son, aid.

G. A. Fairfield, assistant; F. W,
Perking, sub-assistant; W. B.
Fairtield, aid.

BT Bassetio.ooooooin ool

dr., subrassistant: A, H. Scotd,

Jersey, from Great Bay sonthward to Absecom
and Atlantic City. (See also Section V)

| Series continued with the self-registering tide-
! gaunge at Governor's Island, in New York Har-
! bor.

Peach Grove station, in Virginia, near the Poto-
mac, aud Maryland Heights, near Harper's
I Ferry, ocenupied for extending the primary tri-
i angulation south of WashingtonCity. Determi-
nations of Iatitude, azimuth, and the magnetic
elements,  (See also Section V.)

Triangualation counecting the James River base _
line with stations on Chesapeake Bay, and ex-
tonsion of the river triangulation from the
mouth apwards, to Jamestown, Va.

Topograjhy of the shores of the Broad Water, oh
the coust of Virginia, north of Cape Charies,
between Machipongo Inlet and Magothy Bay.
(See also Scetion 1.)

Hydrography of the Broad Water, on the sea.coast
of Virginia. Shore-line survey and souudings in
Maryland, including Chester River, Eastern
Bay, Saint Michael's River, the Choptank, and
other branches of Chesapeake Bay.

Magnetic declination, dip, and intensity observed
at a station in Washington City.

Series of tidal observations continued with a self-
registering gange, at Old Point Comfort, Va.

Hydrography of the coast of Nortk Carolina.
extended from abreast of Albemarle Soand
southward to Cape Hatteras. (See also Section
VL)

Triangulation continued in Pamplico Sound, N.
C., and extended up the Pamplico River as
far as Washington, N. €. Measurement of
base-line on the ocean beach, near Ocracoke
Inlet. (See also Section I.)
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Coast seclions.

P:n'tivs.{

Operations,

N

SECTION TV-—Continned.

Secmiox V.

Atlantic coast and sea-

water channels of

-South  Carolina  and ;

Geovgia, including |

sounds Tuwehors. and

rvers.

SeeTioN V1L
Atlantic and Gult consts
of the Florida Penin-
sula, ineluding thereety
and keys, and the sea-

ports and rivers,

SreTION VI

Galf coast and sounds of
Western Florids, in-
cluding the ports and
rivers.:

SecTioN VTIIL

Gulf coast and bays of Al
abama, and the sonuds
of Migsiasippi and Lou-
isiana to Vermilion Ray,
including the ports and
rivers.

. 3

—_

[

]
|

Topography ......

a4 Hydrography ...,

1

Hydrography .....

Y nrography ...

i

G

-

I
!
!

Topography ......

Topography ...... !
|
i
|

Hydrography .....

{
i

Triangulation and
topography.

Hydrography .. ...

Persons conducting operations.

Localities of work.

F. W. Dorr, assistani; II. M, De
Wees, sub-agsistant.

Manetablo survey of the shores of Pamplico
River, N. C.,and ifs branches, from the junction
with Pungo River upwards to Lee's Creck.
(See also Sections I and IL)

Examination of station-marks in the triangulation
between Cape Roman and Clharleston, 8. C.
{Seve also Section 11.) !

Angular measarements at stations on the sea.
islands of South Caroliua, completing the pri-
mary triangulation between Charleston Harbor
and the Savannah River. (Sce also Section 1I1)

Plane-tdblo survey, including parts of May River
and Mackay's Creek, in the vicinity of Blutiion.
8. C., and topography of the north side of the
Savannah River, including part of Wright's

River, (See also Sections Land IT.)

F.F. Neg, agsistant; C. P. Dilla- | Soundings in the mouth of Pémplic@ River, Brant

way, aid ; Jogeph Hergesheimer,
aid.

Horace Anderson, sub-assistant ;
E. B. Palfrey, aid.

J. G, Oltmannsg, assistant . Engene
ENicott, aid,

: ' Hydrography ....." Acting Master Robert Platt, U, 8.

N., assistant; Gevshom Brad
ford, sub-assisiant ; J. B. Adam-
som, aid.

C. M. DBache, nssistant; Edwin
Swmith, aid; 11 W. Bache, sul-
asyistant, (part of season.)

W. TL Dennis, assistant; O. H.
Tittmann, aid,

Charles Juuken, assistant : W. 1.
Vinal, aid ; G. W Bissell, aid.

S. C. McCorkle, assistant; C. T,
Jardela, assistant.

¥. P. Webber, assistant; F. D,
Granger, sub-assistant ; Andrew
Praid, aid,

{

Island Shoal, and Long Bay sounded, and exten -
sion of the hiydrography northward of the Tamp-
lico entrance to Core Sound; hydrographie re-
survey of the western entrance to Cape Feav
River. (See also Section 1.)

Soundings north of Saint Augunstine, Fla., devel-
oping the Tolomato and Guane Rivers; hydreo-
graphy of Saint Augustine Harbor and bar, and -
of the Matanzas River southward to Matanzas
Intet.  (See also Section 1.}

Planetable survey, lncluding the shore of the
matin-land, and the principal keys in Barnes’
Nound and Chatham Bay, inside of the Florida

eef.  (See also Seetion 1))

Hydrography of the Flovida Reef, extended in the
vicinity of the Marquesas, including the
* Quicksands,” and Isanc and Rebecea Shoals ;
development of Margquesas Rock and of shoals
on Lhe Quicksand. (See also Section 1V.)

Details of topography comploting the plane-table
sitrvey of Saint Andrew’s Sound, Ga.  (See also
Section I1)

Topography of Cumberland Island, Ga., and sur-
vey to the westward, ineluding the banks of
Cumberland River and its connecting waters
with the adjacent marshes. (See also Section1.)

Soundings abreast of Cumberland Island, Ga.,
connecting the hydrography of Saint Androw's
Sound with that of Cumberland Sound, and de-
velopment of the tide-water channels west of
the island. (See also Sections I and 11.)

Measarement of hase-line on the beacl of Saint
Aundrew's Bay, Fla,, and triangnlation and planc-
table murvey of the eastern and northern
branchbes of the bay. (See also Sections I and
1Ly

Hydrography of Lake Borgne, west of Saint
Joseph’s Island, and of the eastern part of Lake
Pontchartrain, including also the Rigoleta and
Lake Saint Catharine. (See also Section 1)
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Coast sections. |

SECTION VIII—Continucd.| No. 2 [ Triangulation and

Section X,

-

Pacifie coast of California,
including the bays, har.
borg, and rivers,

[

S

S]

-

=1

@

©

10

i3

i

H. Ex. 112—38

Parties.:

i

i
i
|

i
!
|
)
|

Operations, Persons conducting operations.

Localities uf work.

topography. Clintock, aid.

Georgze Davidson, assistant: S R

Triangulation and .
d.

astronomical ob-

Throckuorton, jr.,

sorvations. i
|

i

E!

C. H. Boxd, assistant; J. N. dMe- | Trianculation and plane-table survey of the shores
i

of Isle au Breton Sound, La., completed; de-
tailed survey of the banks of the Mississippi
tiver countinued upwards to Grand Prairie,
above Fort Jackson. (See also Section L)y

Santa Barbara, San Buenaventura, and West
Beach stations occupied for the main trianga-
lation of the Santa Barbara Channel. Longi-
tude of Los Angeles, Cal,, determined by the
telegraphic method.  Tatitude and azimuth
cbserved at Dominguez Hill in the Los Ange-
les Plains. Magnetic clements determined af
that station and at Santa Barbara and San Bu-

enaventura. (See also Section XI.)

Topography and | A. W. Chase, sub-assistant: M. - Topograpliy and tertiary triangulation of the

tertiary triangu- Lipowitz, aid.

lation.
Topography, tri-
angulation, and man Forney. aid.

hydrography.

Hydrography Edward Cordell, agsistant

George Davidson, assistant; G.
Farquhar, sub-assistant; S. R.
Throckmorton, jr,, aid.

Aids for maviga- |
. )
tion, |

]

Astronomical ol- | George Davidson, nssistant: 8. R.

servations.

Throckmorton, aid.

L. A. Sengteller, sub-assistant ; I
Vincent, aid, (part of season;)
Charles Schenk, aid, (part of sea-
son.)

Topography aund
triangulation.

Topography and | Aag. F. Rodgers, assistant: E. F.

triangulation. Dickins, aid.

i .
{ George Farquhar, sab-assistant;

% F. Westdall, aid.
Topography sud | A. W. Chase, sub-assistant; M.
triangulation. Lipowitz, aid, (port of season;)
M. Uhlig, aid, (part of season.)

Hydrography

|
i
Physical hydro- | Henry Mitchell, assistant; H. H.
graphy. " D. Peiree, aid ; F. H. North, aid.
!

Tidal observations.,, Major G.H.Mendell, T. S. Corps of
Engineers; William Enapp, F

P. Thompsou,

f

coast of California from Point Fermin to Point
Vincente,

W. E. Greenwell, assistant: Steh- | Plane.table survey and tertiary triangulation of

the coast of Santa Barbara Channel from Point
Gorda to San Buenaventura, including a survey
of the town. Topography of Santa Barbara and
of the coast of Califernia westward to the Go-
leta, Hydrography of the harbor of San Buen-
aventura,

Hydrograpbic development in the vicinity of
Piedras Blancas, on the coast of California,

Selection of sites and determination of the posi-
tions of buoys on Presidio Shoal in 8an Francisce
entrance, and for the Boneta Channel. (See also
Section X1.)

Longitude of Point Arena determined by the tel-
egraphic method. Latitude determined and the
magnetice declination observed at the same sta-
tion. Reconnaissance of the coast of California
frorn Russian River to a station northward of
Point Arena. (Seo also Section XI)

Topography and tertiary triangulation of the vi-
cinity of Point Arens,including Arens Cove, on
the coast of California.

Plane . table survey and triangulation of the
shores of Humboldt Bay, Cal.; and of the coast
northward to Gihon’s Bluff. Soundings in the
bay, and at the mouth of Eel River.

Hydrography of Humboldt Bay, including the bar
and the approaches.

Planc-tablo survey and triangulation from Cres-
cent City northward, including Lake Earl and
the coast of California and Oregon, with the ad-
jacent Tocks aud recfe, to Chetko River.

Special observations on the tidal currents of San
Francisco Bay,in the vicinity of Yerba Buena
Island. (See also Sections I and I1.}

Sortes of observations continued at San Diego and
at Fort Peint near San Francisco with self-

registering tide-gauges. (See also Section XI.)
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Coust sections, Tarties.; Operations. | Persons conducting operations. Localities of work,

SEcTION XI ‘

Pacific coast of Oregon ‘I No. 1 Topography ...... " Cleveland Rockwell, assistant; G. i Plane-table survey of the north shore of Columbia
and of Washington Ter- | | H.Wilson, aid, (part of season.) | River, Oregon, from Chinook Point to Three-
ritory, inclading the in- ! I Trec Point; and detailed topography of the
terior bays, ports, and - : south shore, and of the islands in the river, as

I

rivers. ! ‘ far up as Cathlamet Head.

2 Adagnetic obsur\'u-; Greorge Davidson, assistant ; S. R, ‘ Magnetic declination determined at Astoria and
tiens. ! Throckmorton, jr., aid. " atPortland. (See also Section X.)

3 | Triangulation, to-“ Jammes 3. Lawson. assistant; J.J. : Triangnlation from Port Discovery to New Dun-
} pography, and | Gilbert, aid. i geness; alsoat the sonth entranee of Rosario

! Strait; and from Puget Sound to Muck Prairie,
Wash. Ter. Topography of the shore of the
Strait of Fuca from Port Discovery to New

i Dungeness, including Wasbington Harbor; and
! from Point Wilson to Ross station; also of the
- i vieinity of Admiralty Head: and of Smith’s
Island and Minor Island. Discovery and par-
tial dovelopment of rocks in the south entrance

bydrography.

! ! : ! Rosario Strait.
| ! |

i | Tidal observatious.; Major G. IL Mendell, T. 5. Corps of | Observations continued with the self-registering
| Engincers; L. Wilson, i tide-gauge at Astoria. (See also Section X.)

|
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Information furnished from the Coasi Survey Office, by tracings from original, §-c., in reply to special calls, during the year end-

ing November 1, 1870,

Date.

1868,
December

1870,
January

March

April

May

June

July

17
11
19
ax

@8

»

19

19

12
16
17
19
19

10

10

u

Names, Iuformation farnished,

Engineer Bureau. ...... ..o ooiiiioiann. Hydrograpbic and topographical surveys of Lower Cedar Point and
viciniry, Md.

__________ do oo eeiiie.o................... Topographical survey of Hawkins Point, Patapsco River, Md

Jobn Wilsom, €BQ .. ccvncereneiiii i et Hydrographic survey of the East River, from Pier No. & to Pier No. 45,

L E. Simpson, esq., New York..... ... ... ... .. Compiled map of Leagne Island, Nelaware River.

Engineer BUreatt. .coevvee oo iivmiii e Topographical survey of the Virginia ¢ide of the Potoniae River, from
Mount Vernon to Fort Lyon.

Elisha Dyer, e8q ..o ..o il Hydrographic survey part of Narragansett Barx. including Wickford
Bay, Savghkonnet River, and the west side of the island of
Rhode Island.

T. L. PAtferson, €86 - -« ..oovnienur vaecrevansncnnnss Topography adjacent to the northwest corner of the Distriet of Colum-
bia.

Houn. T. W, Ferry, Mich... ... Shoreline measurements of the northern lakes.
T. 8. Sedgwick, chief epgineer, western division ~Triangulation data of San Diego Bay, Cal.
Memphis, E1 Pago, and Pacific Railroad.
Engineer BUream. cooe eue v omniiaaiiiaiiiaen Topographical and hydrographic survey of Cape Cod aud bay, from the
Pamet River to North Branch, .
J.J. Lee, esq., Bucksport, Me. ... .ol Shore-line survey of the Penobseot River, from Hampden to Bangor, Me.
John Wilson, €8G . cvmnrueermernneenrenniaeennvannes Hydrographic survey of the Hadson River, vieinity of Twenty-third

streef, N, Y.

Cape Cod Railroad Company Topographical survey of Cape Cod, from Orleans to East Harbor.

Trustees of the town of San Buenaventara, Cal._.... Topographical and bydrograpbic survey. of San Buenpaveniura and
approaches.
Navy Department ............. (ooviiiieraveannas Topographical and hydrographic survey of the Hudson River, from $ing
! Sing to Haverstraw.
N I U M Topographical and Lydregraphic survey of the Hudsou River, from
Yonkers to Piermont.
W, H. Aspinwall, @8( caeverrranneiomnnnnernariannen ! Hydrographic and topographical map of Newport News Point, Va.
Edward P. Clark, secretary Yale Navy........... Hydrographic survey of the Thames River, front Winthrep’s Peint to
| Gales Ferry,
Navy Department .. -.... ... ....o. oo . Hydrographie survey of the Hudson River. from Verplanck’s Point to
| Peekskill.
W.H. Aspigwall, esq ... ..o ool - Topographical and hydrographic survey of the York River, vicinity
\ of Yorktown, Va.
Delaware River Bridge Company ...................., Hydrographic survey of the Delaware River, adjacent to the city of
Philadelphia.
Howard Potter,esq .. ._...._._... ... ..., ‘ Topographical survey coast of New Jersey, from above Long Branch
- to Long Pond.
.......... L U \ Topograplical survey coast of New Jersey, from above Long Branch
to Poplar Creck from survey of 1839,
W.Leo APthorp, €8g eeeeeimaeiniiciiirranenneaanen. Topograpbical survey of shores of Matanzas Inlet and vicinity, Fla
Boston Harbor Commissioners...........ceeevien.en Projections, with shore-line of Boston Bay and Harbor.

Brevet Maj. Gen. J. G. Foster, Corps of Engineers. . Hydrographic survey, head of Buzzard's Bay, Mass.
H M. Field, e8q «eemereeunannianan. ." Topography vieinity of Point Isabel, Tex.

...... | Hydrographic survey, vicinity of Race Rock, Long Isiand Sound.
.j Hydrograplie survey of Fairfield Bar and Black Rock Harbor, Conn.
Eugineer Bureatl......c.ouav.. s e i Hydrography of the Delaware River, off Hog Island, from the surveys
 of 1845 and 1862,
Chesapeake and Ohio Railroad Company............ | Shore-line and hydrographic survey of the James River, from Mayo's

J: Bridge to below Drury’s Bluff, Va.
G. Leblbach, chief engineer Port Royal railroad . ... Topographical survey of Fort Royal Island, vicinity of Beanfort.

Hon. W. A. Wheeler, Cal. (1) ccomeeivniaiaiiiana oo i Tapographical survey of Yerba Buena Island, Cal, with vertical sec-
| tion of same, .
“Hon, E. Degener, esq..... wevener eereanan [T | Iydrographio survey of Corpus Christi Bay, including Corpus Christi

and Aransas Pass, Tex.
Hon. H. A. Reeves, N. Y Coast-live measnrements of Long Island and adjacent islands,

Goneral Hartman Bache, Corps of Engineers ....... } Topographical survey of the peninsula of Cape May, N.J.
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i
Date. Names, ! Information furnished.
H
— 1 —
|
1870, { 1
July 26 | Light-house Board «vex....; Hydrographic survey approaches to Greenport, Long Island.
August 5 | Engineer's office, Fifth Light-house district......... ‘ Hydrographic survey off Love Point, north end of Kent Island, Chesa-
:{ { peake Bay.
5 Departmentof Doeks, N ¥ ... ...l ! Hydrographie survey of the Hudson River, from Caven's Point to
' Guttenburg Ferry. 'y
[ Hydrographic survey of the East River, from Governor’s Island to
| Ward's Island.
; Topographical and hydrographic survey of Roanoke Sound, vicinity
, of Did Inlet.
.1 Hydrography and topography of Queenstown Harbor, Md.
........................................ ) Hydroegraphy and topography of Cambridge Harbor, M4,
e ] Hydregrapbic survey of Christiapa Creek, from Wilmington to its
{ moutlh, Del.
AT 1 S ORI Hydragraphic survey of the Delaware River, from Trenton to New-
| bold's 1sland.
1 [ 3 2 ‘ Topographical and hydrographic survey of Salem Creek, from town of
J Salem to the Delaware River.
25 | R. 8. Chew, esq., State Department. .............oo0 \ Topography of Broad River, Whale Branch, and tributaries, and Poco-
i taligo and vicivity, 8. C.
25 ; Engineer Burean. ... ... ... iiiiieaieeaen. ! Shore-line and hydrographic survey coast of New Jersey, Shrewsbury
! River and Inlet, made in 1840.
25 e [ 1 2 Y * Shoreline coast of Now Jersey, Shrewsbury River to Highlands of
Navesink, from survey of 1864-'65.
b 11 PN Map of South River, showing its junction with the Raritan River.
September 3 | Colonel W. I, Craighill, Corps of Engineers......... Hydrographic survey of the James River, from Mayo's Bridge to Drury
1sland, with table of borings.
S| F.L.Olmstead, 68 cvo v vemiiiinirciimciaieaen, Topographical survey of Staten Island, N. J.
7 | Lieutenant-Colonel J. D. Xurtz, Corps of Engincers..! Hydrographic surveys of the mouth of Schuylkill River, made in 1843
{  and 1366.
7 | Colonel W, P. Craighill, Corps of Engineers .........| Hydvographic and topograplical surveys of the Rappahannock River,
from Fredericksburg to Havfield,
24 | Colonel JJ. H. Simpson, Corps of Engineers ! Hydregraphy off Benonis Point, Choptank River, Md.
30 ! Captain C. W, Howell, Corps of Engineers . Hydrographic survey of Corpus Christi Pass, Tex.
30 | Major G. K. Warren, Corps of Engineers cooooovonne. Topographical survey of Block Island and adjacent hydrography.
Iydrographic and topographical survey of Pawcatuck River, Conn,
Hydrographic and topographical survey of Sonthport Harbor, Conn.
Hydrographic and topographical survey of Narragansett Pier to Boston
Neck.
30 .......... 1 1 [ Hydrographic and topographical survey of Peconic River, Long Island,
N. Y.
30 ...l [ L L1 T IIydrographic and topographical survey of Port Jefferson Harbor, Long
Island, N. Y. R
30 {.oo.... o el do ....._................ Hydrographic and topographical survey of Housatenic River, Conn.
October 41 Dr. E. W. Hilgard, State geologist of Mississippi ....| Topographical and hydrographic survey of the Southwest Pass, Mis-
sissippi Delia. ’
4 ;| Licutenant-Colonel Johin Newton, Corps of Enginecrs; Topographical and hydrographic survey of the Narrows, N. 'Y,
4 J. S ShpIan, €8( ..o vienn i tmere e caaen, Topographical survey of the northwestern part of Long Island, includ-
! ing Astoria, Hunter's Point, and Newtown.
7 i Hydrographie survey of Harrison Bar, James River.
7 Crereccearecanaa. Hydrographic survey of Hog Island Bar, James River.
7 i Hydrograpbic survey of the James River, from Drury Island to Rock-
! dale Creek.
11 | Light-house Board ‘ Hvydregraphic survey of Alligator Reef, Fla.
13 | Colonel W. P. Craighil), Corps of Engincers ........ , Hydrographic survey of the James River, from Rockdale Cresk to
f Curl’s Neck.
20 [eeeecrnna@0uiecianeiiiii i do oo o aellL | Hydrograpbio survey of the James River, from Curl's Neck to City
Point.
24 | Charles W. Dnird, esq ! Topographical survey of the northern shore of Long Island Sound,
1 from Delancey Point to Calves Island, incinding the towng of Mama-
I roneck, Rye, and Port Chester.
24 | Engineer Bureat. ..........co.o...ioiiiin | Hydrographic and topographical sarvey, vicinity of Ball’s Ferry, Had-

i

son River,
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i
1870.
November 4 | Prof. N. S. Shaler, State geologist of Massachusectts. .| Topegraphieal map of the south side of Boston Harber, from Nepon-

set River to Weymouth Fore River.

12 | Henry J. Bigelow, €sq .. _........ Topography head of Currituck Sound, North Carolina and Virginia.

282 | United States General Land.Oflice ...... ... ... : Topographical surveys, in duplicates and triplicates, of the Florida
Keys, from head of Eey Biscayue Bay southward to Long Island, in-
cluding the Keys of Barnes’ Sound, and from Summerland Key to
the Marquesas Keys, on township diagrams, scale 374w,

20 | Hunter Davidson, in charge Maryland fisheries...... Chesapeske Bay charts, scale v gy, with buoys marked to date.

30 | Prof. N, 8. Shaler, State geologist of Massachusetts..! Topographical mayp, coast of Massachusetts, from town of Lynn to
Salem.

December 5 | E.T. D. Myers, superintendent R. F. and P. Railroad.] Hydrograpby off Quantico and Chapowamsie Crecks, Potomac River.

10 : E. Fairfax Gray, engineer R., F.and P. Railroad ..... Do. Do.

19 | Colopel W. P. Craighill, Corps of Engineers ......... Iydrographic survey of parts of the Tlappahannock River, Va., in the
vicinity of Farleyvale, from Haugh Creek to Hop Yard Wharf, and

~ on both sides of Mount Creck.
19 | Department of Docks, N Y oo, Hydrographic survey of the Iudson River, frum Wechawken to near

New Baltimore, in six shects.

Information furnished by Assistant George Davidson, from the office in Sun Francisco, during the year ending November 1, 1870.

1869,
June

Octelrer

November

December

1810,
February

18069.
December

1870.
January

February

March

April

15

W

11

12

23

17

i5

George E. Gray, consulting engineer Central Pacific | Charts of San Fraueiseo; tracings from topography of San Fraucisco
Railroad. Peninsula.

Colomel R. 8. Williamson, United States Army, Latitude and longitade of station at Pigeon Point.
light-house ongineer.

Clief of Corps of Engincers.

Colonel R. S, Williawmson, U'nited States Army, light- |
house engineer.

Licutenant IYechet, Tnited States Army, Saint
Paul's, Kadiak.

dred square miles. .
Chart of Santa Cruz Harbor and approaches. Latitude and longitude
Santa Cruz light.

General A. A. Humplireys, United States Army, % Map of San Francisco Peninsula, embracing topography of ons hun-
|
| Charts of Alaska.

Major H. M. Robert, Cnited States Army, major | Three hundred charts of ¢oast anid harbors of California, Oregon, and
Corps of Engineers. Washington Territory.
General B. 8. Alexander, United States Army, senior | Tracing of sheets of Monterey Bay,
officer Corps of Engineers, Pacific coast.
General B, 8. Alexander, United States Army, Corps | Tracing of charts of Mouterey Bay.
of Engineers.
AdmiralJohn R. Goldsborough, United States Navy, | Charts of the Pacific Coast.
commandant Mare Island navy-yard.

Trustees of Santa Barbara ...ocoieeeviiiaaiail, True meridian from station Santa Barbara, &e.
Colonel R. 8. Williamson, Tuited States Army, light- | Latitude, longitude, and elovation of Cape Mendocino Light. Latitude
housoe engineer. and longitude of Ediz Hook Light.

Hoxn. E. A. Ilockwell, chairman committee on com- | Charts of San Franciseo Bay,
meree and navigation, California legislature.
Colonel R. 8. Williamson, United States Army, light- | Tracings of Yuquina Point and approaches and entrance to Yagaina
house engineer. River.
General E. 0. C. Ord, United States Army, command- | I ydrography shores of Golden Gate,
ing department of California.
Sherman Day, esq., United States surveyor-general, | Geographical position of Mount Diablo.
California.
Master Samucel W. Very, Tnited States Navy | Charts, western coast.
steamer Mohican.

General George T, Thrie, United States Army....... Chartg, Pacific coast; harbors of Alaska; Califcrnia and Alaska coast
pilots.
Captain Watson Freeman, jr., Cnited States quarter- Do. Do.

master steamer Newbern.




62

REPORT OF THE SUPERINTENDENT OF

APPENDIX No. 2—Continued.

Names.

Information furnished.

June

July

August

October

10

i1

20
3

o

[

]

! Colonel R. 8, Williamson, United $tates Army, Hight-

| George H, Mumford, esq., president California State |

. General Tompkius, Tnited States Army,

General E, Q. C. Ord, United States Army, command-
ing department of California.
house engineer. ’

Captain C. N. Scammon, revenue-cutter service, ;
steamer Wayanda.

Major H. M. Robert, United States Army, Corps of
Engineers,

Colonel Thomas 8. Sedgwick, chief engineer, western
division, Southern Pacitic Railroad.

Tel. Co.
A. Provo Kliot, Naturalist, Academy of Natural
Science, Netherlands. H
Professor Walcott Gibbs ................ ...l
Captain Lamy
General Canby, United States Army, commanding
department of Columbia.
E. Davis Wheeler, esq
Colonel R. 8. Williamson, United States Army, light-
house engineer. :
General R. 0. Tyler, United States Army

tka,

Alaska, i

Lieutenant Georze M. Wheeler, United States Aymy,
San Franeisco.

General Schofleld, United States Army, commanding
department of California.

Ed. P. Flint, esq., chief enginecr, western division
Northern Pacific Railroad,

Captain Frederick Bolles, steamer Oriflumme. .. .....

Captain Gregory, steamer ldaho ........oceuuiiaen..

Captain Cox, Pacific Mail Steamship Company......

General B. 8. Alexander, Cuited States Army, Corps
of Enginecrs.

Lieutenant George Al. Wheeler, United States Army,
commanding expedition to Coloradoe.

Lientenant C. B, Gill, United States Navy, sloop-of-
war Cyanec.

General B. 8. Alexander, United States Army, Corps
of Engiveers.

Tide-land commissioners of Califernia......... . ...

Charts of San Francisco Bay.

Charis of entrance to Bay of San ¥Francisco.

Coast and harbor charts of California, Oregon, Washington ard Alasvka.
California and Alaska coast pilots.

Tracings of sheets of Alaska harbors.

Datum plane low water, San Diego barbor,

Chart, San Francisco Bay.

Coast charts, California and Alaska coast pilots.

Charts Washington and Puget's Sound; coast charts and California
coaat pilot.

Do. Lo.
Chart Alaska; California and Alaska coast pilote.

Traciug of islands in Suisun Bay.
Height Cape Mendocino Light.

Alagka coast pilot.
Do.

Do.
Do.
Charts Washington and Puget Sounds.
Tracivge Cape Orford and Crescent City Reefs; California coast pilot
Do. Do.
Entrance chart and north sheet San Francisco Bay.
Charts Washington and Puget Sounds and Port Madison.
Field-transit, star list, 800 stars.
Charts and harbors of Alaska; Californin and Alaska coast pilots.

Chart of San Diego.

Traciogs of all the charts and maps of San Fraucisco Bay.
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APPENDIX No. 3.

DRAWING DIVISION.

Charis complcted or in progress duving the year ending November 1, 1870.

1. Hydrography. 2. Topography. 3. Drawing for photographicrednction. 4. Details on photographic outlines. 5. Verification. 6. Lettering.

Title of charts.

Scale.

P

Draughtsmen. ; Remarks,

f

Fox Island Thoroughfare, Me ....cveeaavnninescuennne-
Coast chart No. 4, Naskeag Point to White Head light,
including Penobscot Bay, Me.
Coast chart No. 5, White Head light to Segnin lsland |
light, Me. ;
Damariscotta and Medomak Rivers, Me
Caseo Bay, Me ..ot ‘
Coast chart No. 7, Seguin Island light to Cape Porpoise *
light, Me.
Boston Harbor, Mass....co.oenea..
Coast chart No. 9, Boston Bay, Mass...
Coast chart, No. 13, Narragansett Bay, R. I
Wickford Harbor, Ro I . ooioiiiiiiiiciiininnioannnan
Narragansett Bay, R. L., (upper sheet)
Atlantic coast No. I, Cape Sable to Sandy Hook
Atlantic coast, No. IT, Nantucket to Cape Hatteras . ...
Chesapeake and Delaware Bays
Coast chart No. 31, Entrance to Chesapeake Bay, in-
cluding Hampton Reads.
Coast chart No. 32, Chesapeake Bay, York River to Po-
comoke Sonnd.
Coast chart No. 33, Chesapeake Bay, Pocomoke Sound
to Potomac River.
Coast chart No. 34, Chesapeake Bay, Potomac River to
Cheptank River.
Coaast chart No. 35, Chesapeake Bay, Choptank River to |
Magothy River. !
Coast Chart No. 36, Chesapeake Bay, Magothy River to :
head of Bay.
Patapaco River, Md
Rappahannock River entrance, Va ..
James River, from entrance to City Point, Va..........
General coast chart No, V, Cape Henry to Cape Look-
out, N.C,
‘Wimble Shoais, N. C .
Coast chart No. 54, Long Island to Hunting Ysland, in-
cluding Charleston Harbor, 8. C. i
General cosst chart No. VII, Cape Roman to Saint
Mary's River, Fla.
Coast chart No. 55, Hunting JYsland to Ossabaw Sound,
including Savannah River, Ga.
Saint Catharine’s Sound, Gl .. .evvenr ioreveeennivnnaann
Coast chart No. 56, Savannah River to Doboy light, Ga_
Doboy and Altamaha Sounds, Ga......... PR .
Atlantic coast, No. VI, Mosqnito inlet to Key West....
General coast chart No. X, Straits of Florida

Florida Reefs, (for United States Land:Office) ...........

Gulf of Mexice, Koy West to Rio Grande, Texas.

General coast ghart No. XIII, Cape San Blas to Minsis.
#ippi Delts, La.

Coast chart No. 94, Mississippi Delta, La.........

Coast shart No. 107, Matagords Bay, Texas. . ..

! i
1-20,000 ' 1. A.Liudenkohl. 1. J.Sprandel. 1. L.Karw’her\‘ Prelim'ry; complated.
1-80,000 | 3. F. Smith. 3. ¥, Fuirfas. 3. L. Karcher. 4. :

1-80, 000

1-40,000

1-40, 600 |

1-80, 000 |

1-40, 600

1-80, 000 |
1-80, 000

1-20, 000

1-40, 000

1-1, 200, 000

1-1, 200, 000

1-400, 000
1-80, 000 |

1-80, 000

1-80, 000

1-80, 000 °

1-80, 000

1-80, 000 |

1-60, 000
1-60, 000
1-80, 000

1-400, 600

1-80, 000

1-80, 000

1-400, 000

1-80, 000

140, 000 |

1-80, 600
1-40, 000

1-31, 640 | 2 F. Smith

1-1, 200, 000
1-400, 000

1-80, 000

l
|

i

|

H. Lindenkoll.

1. A. Lindeskohl. 3. L. Karchei. 4. H. Lin-
denkehl ]
1. L. Earcher., 2. H. Lindenkohl :
2. H. Lindenkohl .- Additions; completed.
1. A.Lindenkobl. Additions; completed.
1. A. Lindenkoh!. Additions; completed.
1. A.Lindenkokl . Additions; completed.
3. F. Smith. 4. H. Lindenkohl. ;
1. . Prelim'ry ; completed,
2. Completed.
1. .1 Additions.
1. A Lindenkohl.....cooemee uumeunnnaaneaaans ! Additions.
1. A.Lindenkohl. 2. A.T.indenkohl.. ---..: Additions.
1. A.and H. Lindenkohl. 2. A.and H. Linden- | Additions.
kobl. | '
1. A.and H. Lindenkehl. 2. A.and H. Linden- } Additiona,
koll. |
1. A.and H. Lindenkohl. 2. A.and H. Linden- ! Additions.
kohl. |
1. A and I Lindenkold. 2. A.and H. Linden. | Additions.
kohl. !
1. A.and I Lindenkohl. 2. A.and H.Linden- | Additions.
kohl. 5
L. A.and H.Lindenkohi. 2. A.and 1T Linden- | Additions
kohl |
1. A.Lindenkohl.._. ... . ........co...o.. | Additions.
2. H. Lindenkoh! | Additions.
1. A.Lindenkohl. 6. A. Lindenkohl....ccc..... | New edition; complet'd,
L. A.and H.Lindenkobl. 2. A.and H, Linden- | Additions.
kohl, |
1. A.Lindenkohl f Newedition; complet'd.
1L L.Earcher ..o i . eiiiiiieiiinans ; Additions; complated.
2 H. Lindenkoll ... ... .. ... ... . ..... \, Additions.
1 A. Lindenkolil. 1. L.Karcher .........c...... f Cornpleted.
LF Fairfax. 2 F. Fairfax.....cocoiaviiianiaiann t Completed.
2.1 Lindenkobl. 4. H. Lindenkohl S
2, F. Fairfax...... -

.| Additions.

i-1,200 600 | 1, A. Lindenkohl ............ Jl
1-400,000 | 1. A. Lindenkobl. 1, A. Lindenkohl. 2 H. Lin- [ Additions.
denkohl, !
i Completed.
1. A. Lindenkohl [ Additions.
2 H Lindenkehl ... c.oioi i Additions.
1. A. Lindenkohl, 2 T Lindenkohl.............
1, H. Lindenkohl, 1, J.Sprandel. ......covonuvee !

1~£0, 000
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Title of charts. Scale, Draughtsmen. | Remarks.
Coast chart No. 109, Aramas and Copano Bays, Texas...; 1-80,000 | 1. H. Lindenkohl. € . Lindenkohl...... ... .. 1
Coast chart No. 110, Corpus Christi Pass and Bay, Texas. f 1-80,000 | 1. H. Lindenkoll. 2. IL Lindenkohl.............
Pacifie coast, (middle sheet,) San Frauciseo to Tmnp- ;lvl, 200,000 | 1,2 A.Lindenkohl and IL Lindenkohl Additions; engraving
quah River, Oregon. the same.
Pacific coast, Point Pinos to Bodeza Sound, Cal......... 1-200, 000 | 2. ¥ Eairfax . ... Lo iiieiaiiian ; Additions. \
Saint George’s Reef and Crescent City, Cal ..._........ 1-40, 000 | 1,2 IL. Lindenkohl ...
Cape Orford and reef, Oregon . ...oooevaennaaoiana.. 1 1-40,000 ; 1,2 H. Lindenkohl ..o oo ir i iiieiie i
Yagunina Bay, Oregon ... ... ..l 129,000 | 2 F. Fairfax. ... Completed.
Columbia River Botrance . co..vveeeaiiiiiiaiianinnn.. 1-49,000 | 1. A, Lindenkohl. 1 I Lindenkohl. 2. 3. Lin-

. deukobil.
Pacific coast, (northern sheet,) TUmpquah River to N. 1,2. A Lindenkohl and H. Lindenkohl

W. Beundary.

1-1, 205, 000

i Additions ;
tho same.

engraving

Northwest coast, No. 1, Cape Flattery to Dizon Eu- 11,200,000 | 1. A. Lindenkohl. 2 A. and IL Lindenkoll......

trance. :
Alaska Harbors. ..o L. il [ 1,2 H. Lindenkoll, for phote-lithographing...... I Completed.
Northwest coast No. IT, Dixon Entrance to Cape Saint 121,400,000 | 1,2 A. Lindenkoh] ..o inverievuaescacnannaens

Elias. ‘ "
Alaska and adjoining territory... o ... L.l A.and IL Lindenkohl, compilivg ... .coioo.on. . Kewedition ; compl't’d.
Northwest coast, No. III, Icy Bay to Seven Islauds : 1. A Lindenkohl
Formosa Island, (for photo-lithographing)......... ... 0 ... ... UL Lindenkokl oo e e | Complcted.

P L Rareher. . oo v e

Aoy Tea District, (for photo-lithograpling)

| Completed.
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4.

ENGRAVING DIVISION.

FPlates completed, continued, or commenced during the year ending November 1, 1870.

L Outlines. 2. Topography. 3. Saunding. 4. Lettering.
Title of plates. Scale. | Engravers.
1 _
COMPLETEL. |
Northwest coast of’ America, Ne, 1, (prelim. ed.) _........... 1-1,200,000 : 4. J.G. Thompsou.
Puget SouUNA. .o o vt ieeeae s 1-200,000 | 3. H. S. Barnard. 4. A.Petersen and J. G. Thompsoun.
Coast chart No. Q7. ..ol i iereiee e 1-80, 000 | 4. J.G. Thompson.
Winter harbor. ... ... iieiil e 1-20,000 | 3. F. W. Benner. 4. J.G. Thompson.
GreenwWich BaY . oov.oveo ettt aiae s 1-20,000 | 3. W. A. Thompson. 4. J. G. Thompson.
Now YOrk @BLrance. - - .. cevuiriaceeaaaeaaeaaraneenaanns 1-40,000 | 2. A Sengteller. 3. W. A. Thompson. 4. E. A. Maedel.
James River mouth to City Point. ...t iiian 1-80,000 | 1. E. H. Sipe. 3. W. A. Thompson. 4.J.G. Thempson and E. H.Sipe.
Potomac River No. & .oooo oo caiiaena 1-60,000 | 2, A. M. Maedel. 3. H. S. Barnard. 4. E. A. Maedel and J. G.
Thompson.
Port of New Berne . ... ....cocoiiiiaiinniianeianrrenainan. 1-40,000 | 2. R.F. Bartle. 4, J.G. Thompson.
Wimble SRoal8. - coo. it et e aaaaas 1-80,000 | 1,3, and 4. E. H. Sipe.
Saint Helena Sonnd. ... . ..ot 1-40, 000 | 4. J. G. Thompson.
Port MAdiSOn «ouuovn e e e e 1-20,000 | 2. W. A, Thompson, 3.TF. W.Benner. 4. X G.Thompson.
Plate of rules for lettering ... e 4. J. Knight.
CONTINUED.
General coast chart No. IT, Cape Ann to Gay Head......... 400,000 | 2. A. M. Maedel.
General coast chart No. V, Cape Henry to Cape Lookourt ... 400,000 | 2. A. M. Maedel. 3. H.S Barnard. 4. E. A Maedel.
Gieneral coast chart No. VIT, Cape Roman to Saint Mary's 400,000 | 1 and 2. A M. Maedel,
River.
General coust chart No. X, Straits of Florida .. ............. 400,000 | 4. A, Petersen and J. G. Thompson.
General coast chart No. X1I1, Cape San Blas to Mississippi 400,000 | 2, A. M Maedel. 4. J. Knjght.
Delta.
Ceast chart No. 4, Penobscot Bay ...co..ooovmiiiiiaii oo 1-80,000 | 1 and 2. J. Enthoffer. 4. E. A. Maedel.
Coast ebart No. 5, Whitehead light to Seguin light. . ........ #0,000 | 1 and 2. J_ Enthofter. 4. . A Maedel and J. Knight.
Coast chart No. 8 Well’s Beach to Cape Ann . €0, 000 | 4. E. A. Maedcl.
Coust chart No. 9, Bosten Bay ......coovoiiinnviiinniiann, 80,000 | 3. H. S, Barnard. 4. J.Kpight.
Coast chart No. 28, Isle of Wight to Chincoteague ......_ 80,000 | 3. F. W.Benner. 4. J. Knighit.
Coast chart No. 31, entrance Chesapeake Bay ............... 80,000 | 1 and 2. A. Sengteller. 3. W.A. Thompson. 4. J. Knight.
Coast chart No. 32, Chesapeake Bay No. 2................... 80,000 | 1and 2. A. Sengtellerand H. C. Evans. 3. H. 5. Barnard. 4. J. Knight.
Coast chart No. 33, Chesapeake Bay No.3................... 80,000 | 1 and 2. A. Sengteller. 3. W. A. Thompson. 4. J.Knight.
Coast chart No. 55, Hunting Teland to Ossabaw ............. 80,000 | 4. E. A. Maedel.
Coast chart No. 56, Savannak to Dobuy light......... ... .. 80,000 | Land 2. A.Sengteller. 4 J. Knight.
Const chart No. 75, Charlotte Harbor .. 80,000 | 2. J, C. Kondrup.
Coast chart No. 94, Mi ippi River co. ... 80,000 | 4. E. A. Maedel.
Coast chart No. 103, Galveston Bay to Oyster Bay 80,000 | 2. J. C. Kondrup and W. A. Thowpscen. 3. F. W. Benner. 4 A.
Petersen.
Coast chart No. 107, Matagorda Bay ... 80,000 | 3. F. W.Benner. 4. E. A. Maedel.
Dawmariscoita and Medomak Rivers ... 1-40,000 | 1. R.F. Barile and E. Molkow. 4, A. Petersen.
CascoPBay. ... ... 1-40,000 | 1. E. Molkow and W. A. Thompson. 3. H. S. Barnard and W. A.
Thompson. 4. A.Petersen.
Boston Barbor .. ... .coiiiii i e ieie e e s 140,000 | 2. J. Enthoffer. 3. H.S, Barnard. 4. E. A. Maedel and A Petersen.
Narragansett Bay, (upper) U 1-40,000 | 1. R. ¥. Bartle. 2 H.C.Evans. 4. A.Petersen and E. A. Maedel.
New York Bay and Haxbor, (2PPerT) « o oooooevmivnrnrennnnen 140,000 | 1. R. ¥. Bartle. 2. H.C. Evans aud R. F, Bartle. 4. E. A. Maedel.
New York Bay and Harbor, (1ower) ........c.ocvceeiaann.ns 1,40,000 | 2. R. F. Bartie.
Potomac River No.2........... 1-60,600 | 1 and 2. A. M. Maedel. 3. H.S. Barnard. 4. A. Petersen.
Saint Catharine’s Sound. 1-40,000 | L and 2. 'W. A. Thompson. 3. F. W.Benper. 4. E H.Sipe.
San Francisco Peninsula ... e imtearcsianaaan, 1-40, 000 | 1. E. Molkow aznd J. C. Kondrup. B
COMMENCED.
Northwest coast of America No. 2. ..o . .cocverannnn.uaaus|1-1,200,000 | 1. R F. Bartle. 4. F.Courlenay.
Northwest coast of Ameriea No. 3. 1-1,200,000 | 1. R. F. Bartle. 4. F. Courtenay.
Fox Istands Thoroughfare. . 1-20,000 | 1. J.G. Thompson. 3. H. M. Knight. 4. J.G. Thompson.
WHCKLOTA HArDOT <o veeenneevumenncmenane s crmasanmnnnnean 1-20,000 | 1. W. A. Thompsor.. 3. F. W. Benner. 4. E. H. Sipe aud 7. G.
‘ Thompson.
Local deflection of zenith near Wasbington, D.C........... 1.400,000 | 1. W. A. Thompson. 2. H.S. Barnard. 4. E. A. Maedel.
Patapsco River, (new edition). ....oocoe aoremrennmansanannns 160,000 | 3. F. W. Benner. 4. A. Petersen and J. G. Thompson.
Faquinm RIVET 6NLrANCE . ..ovenneniioracecrncenanannneanne 1-20,000 | 1. 'W. A. Thompson. 3. H.M. Knight. 4 J.G.Thompson.
Cotuttbin RIVEr O L. oo eecemciscnammeccemmcme e nns 1-40,000 | 1. R. F. Bartle. 3. F. W.Benner. 4. J.G. Thompson and E. H. Sipe.

H. Ex. 112—9 -
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- APPENDIX No. 5.

A TABULAR STATEMENT OF RESULTS COMPUTED FOR TIDE-TABLES FOR CHARTS OF THE WESTERN
COAST OF THE UNITED STATES. BY R. 8. AVERY.

The results given in the following tables were obtained by the process fully described in

the Coast Survey report, for 1868, pp. 103-108, and there exemplified by application to the tides’

observed at Sitka.

The following general statement applies to all places named in the tables.

The two tides of the same day are generally unequal in proportion to the moon’s declination,
The time and height can be obtained approximately from the following tables. ,

The interval is to be added to the time of the moon’s meridian passage to give the time of
high or low water., The time of the moon’s upper meridian passage is given in the almanae, and
the time of its lower meridian passage is the middle between two successive upper passages.
~ The heights are given in feet and tenths, and show the rise above the level of the average of
the lowest low water; to which level the soundings on the charts are given.

Spring-tides.—At the full and change of the moon the high waters will be a feet higher than
the above, and the low waters b feet lower.

Neap-tides.—At the moon’s first and last quarters the high waters will be ¢ feet lower, and the
low waters will not fall as low by d feet.

The values of a, b, ¢, d, for each place will be given in the last column of the following tables:

Moon's npper meridian passage. Moon's lower meridian passage.
.
Place. Moon’'s declination. High water. Low water. High water. Low water.
Interval. |Height.| Interval. | Height.| Interval. |Height. Int.erva].%Height.
h.om. | Feet. h.om. | Feet. h.om. | Feet. F. . ' Feet, Feet,
J(}reatestN ....... B 04 43! 15 31| —03| o a| 26| 14m| 17|f o=t07
Cape San Lucas. «.o....oevoen..n.. ZeX0 e s e8| av| 1493m| 05| soes| 31| 1m| o)) =0
1Greatests ....... 9 4 26) 14 2 1.7 8 04 43| 15 311 —03 e=—0.6
d=40.8
{GreatestN....__. 8 53] 56| 16 16, —03] 10 3] 37| 14 58] a1 ¢=H07
$80 DIEEO .cvne o eeauaannennns ! Zevo ... oot oes| 49l 15 40| o1 2 e8! 49 15 4| or|] =07
" Horeatests ... 10 23 37| 14 8| 21| & 5| 56| 16 16| —03 1 ot
d=40.7
{Greatest N.._.._. 9 02 6.0 16 53 —07) 11 02 37| 15 20 2.5 [ a==-40.5
San Pedro. ......... ... Zero.......o..... 9 16 4.6 5 .1 9 16 .6 15 27 11 b=—0.6
Greatest S....... moz) 37| 15 2] 25| 9 02| 60| 16 83]—07 1 e=0.5
d=10.6
X . Greatest N...._.. T3 5.6 15 52 —0.6] 10 21 3.4 13 32 3.0 I a=40.2
C‘:Xf,”n‘"h‘"’ (Island San Mig- { Zero . ........... o 7] 52| 16 01| o8] o 47| 52| 16 o] os|l =04
Greatest 5 . __._. 0 91| sal 132l 30| 7| se| i5s|—o0e|l =02
U det0.4
Greawst N....... s4| 49! 17 15|—00| 11 13] 34| 16 6] 2% [ 4=+0.6
Point Sal ... iZem ............. 9 30| 4% 15 5] 0.4 o 30] 47| 15 00| o4/ =03
GreatestS.......] 11 13| 34| 16 16| 22| 8 54| 49| 17 15]—00 l e=—0.8
d=40.5
Greatest N ... .. o a1| s5s| 172 —08] 1 | 38| 16 2| o6 [ a=+6.6
Son Luis Obispo................. Zero............. 9 9 48| 15 2; 09 %| 48| 15w og|] P08
lGreatestS ....... 159 38| 16 2| 26] 9 e s8] 17 2|08 1 e==mrd), G
d=4.0. 8
(GreatestN...._‘. el ssl 1B wl-or] 13 x| 43| waa| sl !
Sar Francisco, (North Beach). ... JZero.,.... 12 02 487 17 55 11 12 02 48] 17 % 11 be=mq. 3
l(}reatests“..... 13 32| 43| 17 3 a2l 10 s8] 58| 18 eal_onil %!
- d=10.3
[GreatestN ....... 1m 9| 61] 18 0| —08] 13 29| 45| 17 54| ogff 08
San Francisco, (Rincon Point) ---.|3 Zero .. .......e... 1oes] 49 1w 1ol 1 os| 49| 17 9| 1eld ¢
‘ GreatestS.......| 13 2] 45| 17 54| 29} 11 93| e€1! 15 40| =06
008 4 i
A
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A tabular statement of results computed for tide-tables for charts of the western coast of the United States—Continued.

Place.

Moon's declination.;

|
-

Mare Esland ......._.

Benicia

Army Point, (Suisun Bay)

Collinsville, (Suisun Bay). .......

Astoria. .._.....

Humboldt Bay.

Port Orford

il

f

[ Greatest N.___... :
‘ 1 Greatest S ...
| Greatest N....._.

s ZeTo ...
| Greatest § .._._. :

‘ Greatest N.......
S Lero ...

{Greatest S ...

i
h

{ Greatest N .. ...

Greatest S ...

;{Greatesth.._
Greatest § .......

‘I{Gmt.estl\'.......

1

[Greabeet}r“.....:

i
Moon's upper meridian passage. j Moon's lower meridian passage.
; : ;
High water. E Low water. } High water. : Low water.
! | :
; i : i
{ Interval. Height.]:’lnterval. Height.ll Interval. | Height. Interval
h.om Fect. ’t h.om.| Feot. ‘ h.m. | Feet. | k. ne.
| \
10 54 557 17 50| — 0.5 12 50|, 41 17 09
1 4 L7 17 25 o.e 11 44 47 17 2
i .
12 50 41 17 09 26 10 54 55 17 50
:
8 46 587 16 47| ~04 11 3 3.8 15 o3
10 3| 46] 16 51| 1.0 10 38| 46, 16 51 .
i 37| 3e: 1 07) B2 & 46 5.8 16 47— 0.4
10 12 6.1, 16 22— 0.8 11 09 390 15 15 2.4
1 20 521 15 12 10 9 5.9 15 53 19
1 09 297 15 15 4 10 12 6.7 16 22 0.8
Y 4 60| 17 38— 0.6 12 0 48 16 1# 3.4
10 26 L4 16 44 L2 10 2% 9. 16 44
205 420 16 18 3.4 [T 6.0 T o38
12 35 T3 2 —0T 13 06 5.7 19 30
13 32 6.3 1% 43 1.3 13 32 6.3 18 43
15 06 Ea] 19 30 3.8 12 33 7.3 20 2
1303 64, 20 51| —04¢ 15 5% 2. 20 05
1355 581 19 56 0.9 13 55 581 19 56
1B 56| 52 @ 05| 36 13 03| 6.4, 20 5
: |
5% 0. 90 15— 06 14 50 58 19 3
41 5.6 20 14f 13 14 11i Sgl 22 14
14 50 580 19 3R 29 12 57 0 20 15
: i
13 % l 50 2 47| ~—01, 1 50, 46 2 10
15 18] 52, 22 1 0.3 15 13 520 22 1
15 40 46° 21 10 220 13 4°f 5.0, 2L 47
H ! l !
10 42 6.2 I8 1t} — 0.5 12 38{ 48 1733
12 13 50 18 09 0.4 12 13 5900 18 09
12 38 48! 17 33 33, 1w 4! 62 18 1
i 19 9 18 39 -0z BB 6.8 18 1w
12 55 g1] 19 10 0.8, 12 55 &1 19 10
13 23 6.8 18 19 41 11 19 w9 18 3y
10 06 6.5; 18 25| —05; 1z 38 4.1, 16 46
10 49 4.6} 17 03| 12| 10 40 451" T 03
12 38 41 16 48 L1 10 06 51 18 @5
12 047 81! 19 89— 04| 13 16 65 15 3
12 06 15! 19 4] e8! 12 oo 50 19 U
13 16 6.5 18 38 250 12 04 81| 19 39
H { |
H i :
120! 61 19 o02|-~05 13 2] 42 17 3
11 36 5.6 17 47 0.7 11 36 5.6, 17 47
13 2% 4.2 17 39 367 1 2 61 19
i i ;
0 55 60| 18 28] —03; 12 58 50, 17 A
i1 07 6.6, 17 18 0.8, 11 o7 66 17 18
12 58] 50 17 2 36| 10 55 69

-
[P NV P

18 2!3l

2

[}

-
° e L s
L A Wk

7
L

=]
[
-+
WIS L M A oA A A B @ A

()

oo e W s W

LY B R 1

ot

an

o
I‘,
= <
wow e

d==4-0.

a==- 0.5
b=—0.4
e 5
d=+0.4
a=40.3
b=-0.3
e=—~0. 3
d=+40.3
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4 tabular statement of resulls computed for tide-tables for charis of the western coast of the United States—Continned.

! Moon’s upper meridian passage. J Moon's lower meridian passage.
{ i
! i {
Place. Moon's dec]ination.i High water. Low water. ‘E High water. “ Low water.
; { i
: Interval. {Height. Interval. Height.‘j Interval Height.tlnterval. Height.
' H }
|
. Rk.om.| Feet h.m. | Feet. | h.m.| Feet Ao | Fect .
(Greatest N ...... 12 2 5.6, 20 €8 —0.0! 13 43 41 18 48 2.0 5
KOOE BRY .« oo e oeammemeeananennan { ZOTO .o i 13 17 5.3 19 53 0.4 13 17 53: 19 53 0.4 4
Greatest S .....o. L1343 41! 18 48 20 12 26 56| 20 03] — 0.0 s
; | : !
‘ 0
[Gteat-estl\" ....... 11 LT 1B | —04] 122 6.1 17 51 3.0 6
Yaguina Bay, (Newport} ......... Zero cocvavvann-. R L 7.8, 18 09 0.8! 11 59 7.8 18 09 0.8 0
1Greatests ....... 12 B 6.1 17 51 3.0 11 17 TPl 1R 09 — 0.4 6
Greatest N ...... L & w6 18 38| —06 12 35 6 18 12 3.0 9
Oysterville, (Yaguina River) ..... {Zem ............. 1249 7.6} 19 07 0.8 12 49 6| 19 07 0.8 9
Greatest S . ] 6.5 18 12 3.0, 11 08 6| 18 38} -— 0.6
! 1 i
[Greatest N....... A PR & %3 18 45i—06] 12 44 6.2 17 3R 2.0 |
Tillamook Bay. .. ....ccveuenonenns; | 12 30 1.0 18 40 03] 12 3 70! 18 40 0.3
i]\GroateubS ....... L1 4 621 17 3 2.0 11 13 7.3 18 45| — 0.6
: ‘ !
i ! ‘ t |
'(Greatest N........ 12 10 B.O| 10 24| — 0.4 13 30 6.21 18 30
Fort Stevens, (Columbia River)...!<d Zeto............. i12 00 7.6 18 18 06! 12 00 ‘7.6‘E IR 18
| Greatest § L1330 6.2 18 30 26! 12 10 80 19 2] —
i : ! l |
M I i
Greatest N........ 11 55 9.0 19 98| — 0.9 12 58 B 19
SkipemwnCreek,(Colnmbiamver)j{Zero ....... 12 35 7.3 8 54 L6 | 12 35 18 59
{{Greatest S ..... 12 58 .5 18 19 2.7 1155 19 28—
1 i !
i i |
Greatest N....... o o5 74 19 R|—01! 1B 0 6.4 18 34
Tongue Point, (Columbia River) .. < Zero ... ......... 13 25 5. 20 11 0.5 13 2 7.0 20 11
Greatest S....... }‘ 130 6.4, 18 34 26! 11 5 T4 19 32—
| ( GreatestN....... 12 52 67 2 11|—05] M 61l 53! 19 53
Marsh Island Creck, (Columbia R.) ¢ Zero ............. 15 18 6.% 30 0.7j 13 18 6.71 .20 30
| Greatest 8 .......0 14 01 5.3 19 53 l.ﬁi 12 52 67! 2 1| —
i ‘ !
B t \ i
i (Greatest N....... 12 04 7.9 19 1B[—07] 13 18 6.1 18 32
Cape Ifsappointment............. RS .11 43 .2 17 56 0.8{ 1 43 7.2 17 56
§ GreatostH ....... 13 18] 61, 18 32| 29| 12 04| T, 19 13|—
H i i
7[Gx-emstN.......f 12 07 9.2 19 01| —01] 13 18] 68 18 19
I, Dot osr| oer] 18 es| o9l mosm! ev| 1 o6
| Greatest 5 \ 1318 68 18 19| 39! 12 07| 92! 19 o1|—
! i ‘
| H
[(GreatestN .. .. 12 07 20! 19 48|—03] M | 57 18 2
Nee-ah Harbor ......ovecennnnn.. [{Zero . veuenenn... I 31 56 7.9, 18 18 1.0] 11 56 7.9 18 18
1| Greatest & ....... ST 57| 18 29 4.6 12 07 80| 19 48| —
] |
j[Gmaﬁeﬂ(’,N....... 12 08 95| 19 13[—~092] 13 26 75| 18.35
Sitka....ooooiioiian | ZOTO e 12 39 9.4 18 48 L0 12 3 9.4] 18 48
[ {Groatest 5. 13 9 5] 18 35 1] 12 o8 9.5 19 13—
I i
| [Greatest N. L4 R 7.1 22 3408 19 00 7.9 22 59
Port Townshend ................. Zero .....oooen... [ 1] 21 M 19} 15 42 Tl oo 34
‘| Greatest $....... ‘l 19 0 %9, 2 8| 66| 14 2] 71| g 34—
| |
| {GreatestN.......| 15 35| 10.6 | 2 30— 18| 17 30| 1.5 2 58
Port Madison..........ooo.on. . |< Zero....... { 16 43| 10.1; 2 5 32| 16 43| 10.1| 92 5
{{Greatest $.......0 17 30| 15| 9 58 6.8 15 35| 106 | 2@ 30|18
: ! ] d=-40.6




THE UNITED STATES COAST SURVEY, 69

A tabular statement of resulis computed for tide-tables for charis of ihe western coast of the United States—Continued.

1 . l Moon's upper meridian passage. Moon's lower meridiar passage, |
H i“ i - i - ;
Place. | Moon's declination!  High water. 1 Low water, i High water. Low water.
i T ; i o : ;
. Interval !Height.‘ Interval. Hcight.} Interval Height.' Interval. Height.:
: ! : = i e
i : : 1
' . m! Feet. | b, wm.  Fecet. © h. m.. Feet.  h. m.' Feet. Feet.
Greatest N.......| 15 16 9.1 23 09 — 0.3, i 45, 102 23 281 w5 e=+0¢
i6 21 10.0] 2 30 22| 16 21§ 100| 2 | eg|d v=07
1B 45| 1.2 25 29, %al 15 16 901] 23 ewl—o0gj| =0
: d=+40.7
16 09| 1.1 23 44 . —08]| 18 30| 126]| %3 59| &5 E‘ a=+0.7
17 00| 128| 23 25, =26 17 00| 129 23 2| =a2e(f 0=—07
Greatest S ....... 18 30| 126 23 59 &5 16 09| 1L1| 23 44} — 0.8 ] o=—0.7
‘ ! d=40.9
{Greatest N 15 24| &4 23 335 — 141 19 3| 90 =24 06| 7.5|{ a=+0d
Semi-ah-100 BAY- «noeeeenenan. Zero ....... ] 1r 00| ei] 22l 20! 1wl s1] mowl| 2|l #=—06
{Greatest § ..._... 19 35| 9.0 206 h| 15 oM w4l 2 B |—1aff T
| 1 d=+440.6
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APPENDIX No. 6.

MODE OF FORMING BRIEF PREDICTION TIDE-TABLES. BY R. S. AVERY.

The object in forming such tables as the following has been to provide means for predicting *

approximately the times and heights of the high and low waters from data embracing only short

series of observations. It has been found convenient to use such tables where the observations
have not been sufficiently extended to allow of more elaborate treatment, and it is well to have
methods suited to different cases. Only one or two years’ observations were used in forming each
of the following tables, which have been used in making the predictions published by the Coast
Survey Office, and found to answer well.

The process followed in forming these tables is substantially the same as was given in the
Coast Survey Report for 1868, but more extended. The preliminary reductions and plottings were
made and the plane of reference found as there described. Then instead of classifying for only
four phases of the moon we arrange for all the octants, and instead of writing the ordinates for
only four positions of the moon in declination we use eight. The form of the tables that follow
shows what changes from the process pursued in the article above referred to must be made in
making the combinations. Further study of the subject showed that great advantages would
result from increasing the number of ordinates, as is here done, especially for the moon’s phases.

In making predictions by these tables, it is necessary to use rolls of paper printed in checks
so arranged that the time can be most conveniently written thereon horizontally, and the intervals
and heights vertically, as ordinates to curves. Then having marked the places, in mean loeal civil
time, of the moon’s declination, positions and phases, reduced from the times given in the Nautical
Almanac, and advanced to the right by the amouut of the mmean limitidal interval, plot the ordi-
nates givenr in the table for the moon-declination curves, and draw them lightly with a pencil,
Then lay down the moon’s phasesin the same way, but the values given in the tables for the phases
must be treated as corrections, and laid off from the curves already described above or below, ac-
eording to the signs prefixed to them in the table. Then new curves are to be drawn through
these points with inks or more strongly with pencils.

‘We next write down on computation paper, conveniently ruled, the times of the moon’s apper
and lower transits sunited to the meridian of the place, and write under them the ordinates read
from our final curves obtained as above, reading these ordinates corresponding to the times of the
transits. Then adding the time or interval ordinates to the times of the transits we have the pre-
dicted times, and the corresponding height ordinates are the predicted beights.

San Diego, California.

j Moon's upper meridian passage. Moon's lower meridian passage.
i

Moon's declination. High water, Low water. High water. Low water.

Interval. | Height. | Interval | Height. | Interval Height. | Interval.| Height.
b, m. Feet, k. m. Feet. k. m. Feet. h. m. Feet,

Zero, going north ....... 949 5.2 15 58 a9 922 4.6 15 37 0.4
Mid-north increasing. ... 915 5.6 16 20 0.2 9 38 3.8 15 04 1.5
Greatest north .......... 9 00 5.7 16 20 — 0.4 10 40 3.7 15 05 2.2
Mid-north decreasing. ... 9 04 5.4 16 22 -— 0.3 10 24 4.3 15 34 1.9
Zero, gouing sputh ....... g 2R 4.6 15 37 0.4 9 49 52 15 58 0.9
Mid-south increasing. ... 9 58 3.8 15 04 15 915 5.6 16 20 0.2
Greatest south.......... 1¢ 40 3.7 15 05 22 9 M 3.7 16 29 —_ 0.4
Mid-south decre