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U. S. Coast and Geodetic Survey

GENERAL STATEMENT

The surrender of Japan in August 1945 ‘marked the beginning of
the postwar readjustment period in the work of the Bureau. From
at time on to-the close of the fiscal year our major effort was centered
on channeling back our activities to a peacetime basis. In the past
Years projects in surveying and mapping were very properly limited
0 those areas which were of interest to our military activities. This
DNecessarily resulted in bypassing many projects that would normally
ave been undertaken by tﬁe Bureau. With the war over it is essential
at this accumulation of surveying needs be resolved at an accelerated
nd expanded rate in order that, for purposes of securit?r and advance-
Inent, we shall not fail to chart all changes of nature along our coasts
&nd of the improvements made to promote commerce in this period.
urthermore our work must be made more responsive to and com-
Mensurate with the needs of an expanding and developing America.
orld War II, more than any other, has demonstrated the close
relationship that exists between the functions of ‘the Coast and,
¢odetic Survey and the successful operation of our land, sea, and
air forces, 'The dependence of our commerce and industry in peace-
imne upon adequate maps and charts and upon basic mapping programs
as been amply demonstrated. '

e are now on the threshold of a new and promising era in the
Beld of work of this Bureau. While it would be difficult to predict
What the full impact of the war will be upon surveying and mapping
.91 the future, it is reasonable to expect that many of the techniques

eveloped will find application to our peacetime needs. One of the
08t promising of these developments is in thie field of electronics.
Pplications of this seience to plane and ship location have, given us &
lew conception of its applicability to surveying and mapping work.
Xperiments are being carried on with various forms of radar for the
ontrol of offshore hydrographic surveys. Indications are that these
Methods will not only displace our present acoustic methods but will
Permit the extension of accurate hydrographic surveys to distances
Offshore hitherto considered impossible. ];]lectronic methods will
Qoubtless have applications to certain types of geodetic control. It
1S expected they will permit the extension of such surveys beyond
€ limits of present visual methods and speed up the determination
hemispheric data. ~ '
skew1se, the use of electronic devices in commercial ships or on
Channel buoys and other aids to navigation will impose new demands
o0 our nautical charts. Under study at, the present time are the
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changes that may be required to adapt our product to the changing
conditions in the field of marine navigation.

The application of electronics to some of our surveying instru-
ments seems feasible, but further research is required in this as well
as other fields, ]

Under the impetus and pressure of war man%improvements in proe-
esses and techniques have been made in the Bureau, particularly in
chart reproduction. The commercial manufacture of vinylite, a
plastic product of high dimensional stability under extreme ranges of
humidity, found wide application in the lithographic process and
opened the door to many innovations in color separation work, in the
preparation of color proofs, and in gradient tint work for nautical
and aeronautical charts. With further research wider and additional
applications are indicated.

In the interest of broadening the technical services of the Bureau,
and in keeping with its public-service nature, we are trying to estab-
lish a closer liaison with the public and to secure a wider sissemina-
tion and use of our products. The data of the Bureau have many
collateral uses for engineering, industrial, and scientific purposes.
For example, successive hydrographic and topographic resurveys
of changeable areas furnish an authentic record of shore-line changes
useful in the study of beach erosion and protection, and in the settle-
ment of riparian rights based on water boundaries; triangulation and
leveling data are available for use in water-power development, irri-
%ation projects, flood control, and highway location; magnetic data

urnish information in the study of radio transmission; tide and
current data are used in planning harbor and water-front improve-
ments; and gravity measurements are needed for geophysical pros-
pecting for oil.

In our experience we have found that much of our available and
useful data 1s either unknown to the average engineer and surveyor,
or there is a lack of understanding as to its use. It is not meant to
imply that work of the Bureau is not known by many individuals—
the Jemand for marine and aeronautical charts, magnetic, tide, and
geodetic data will indicate otherwise. It does mean that our data,
which are so meticulously collected, analyzed, and compiled for public
use, could have greater appreciation and utilization in the economic
welfare of our country. To bridge this gap will be one of our
immediate concerns, so that a program may be developed that will
result in a better understanding, a more effective distribution, and a
greater usefulness of the products of the Bureau’s activities.

The Bureau has recognized the need for closer relationship between
the surveying and mapf)in'gbagencies of the Government and for closer
contact of the general public with these agencies. In addition to
fostering projects within its own jurisdiction, the Bureau has cooper-
ated during the past 4 years in publicizing the work of other Federal
agencies among State, municipal, and private surveyors. Personnel
of the Bureau have contributed to this end through their work with
Surveying and Mapping, the official journal of the American Congress
on Surveying and Mapping. This is the only publication in this coun-
try that deals exclusively with surveying and mapping matters, and
as such affords an excellent medium for the dissemination of such
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Information. Through the regional representatives of the Congress

and through its annual meetings, a closer liaison has been effected with

Individuals and others who are interested in the development of our

Datural resources, and who recognize that the first need in such de-

Yelopment is the making of accurate surveys and the preparation of
etailed maps. .

. THE COAST SURVEY—ITS BEGINNINGS AND DEVELOPMENT

~In 1807, the Congress recognized the necessity for maps and charts
of the coasts and harbors of the country for the benefit of commerce
and navigation, by directing the President to cause a survey of the
Coast to be made, as well as the islands and shoals offshore. The work
Was entrusted by the President to the Treasury Department. The
%Ocurement of precise instruments and other delays, including the
ar of 1812, postponed actual field work until 1816. Other inter-
Tuptions occurred over the next quarter century, until in 1843 a plan
0f survey operations was adopted which has since been followed as the
asic principle of the work of the Bureau.

In 1871 the Congress authorized the work to be expanded to provide
8 geodetic connection between the Atlantic and Pacific coasts and to
Provide the States with geographic positions for control of their topo- .
8raphic and geologic surveys. Since that time the execution of these
8eodetic surveys has been for the purpose of establishing a funda-
Menta] Federal framework on which all land surveys—whether Fed-
eral, State, municipal, or private—are or should be based. :

Two other activities, not contemplated in the original act, have been
2dded to the functions of the Bureau in recent years. One is earth-
Quake investigation—known as seismology—transferred by the Con-
8ress in 1925 from the Weather Bureau, and the other is the
Preparation of aeronautical charts, delegated to the Secretary of Com-
erce under the Air Commerce Act of 1926,

. The Coast and Geodetic Survey today renders a considerable va-
Tlety of essential services for the advancement of marine, aviation,
Commercial, and industrial interests of the country. The Bureau can
08 likened to a manufacturing establishment. Surveying parties go
Into the field and gather the raw materials. Those raw materials are
Shipped to Washington, where the central plant is located. In this

- Plant the materials are worked over, and from them are derived cer-
tain final products in forms suitable for public use. These products
Invariably tdke the form of publications, and the final and culminat-
Ing step in the process is the quantity production of these publications.

/narts and maps are produced in our own printing plant. Other pub-
lications are printed at the Government Printing Office.

The products of the Bureau which are available to the public are: -
NaUt}caI charts, related nautical publications, control surveys in the
Interior, tide and current tables, geomagnetic surveys, seismologic
Investigations, aeronautichl charts, and topographic maps.

he question might rightfully be asked to what extent the program
of surveying and charting the country is completed. The answer, how-
Sver, cannot be simply given. As our country expands commercially
&nd industrially, new demands are made on the products of the Burean,
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~ and new uses for those products are brought to light. Our concept of

.public service is ever changing and ever widening. As an example -
may be cited many of the hydrographic surveys that were made a
generation or two ago which are now in a stage of obsolescence because
of the more exacting requirements of present-day water-borne
transportation.

CHARTING OUR COASTAL WATERS

One of the principal products of the Bureau’s activities is the nauti-
cal chart. Itsimportance to our commercial development was recog-
nized at an early period in the history of our country. The duty of
surveying and charting the approaches to the shores of a nation
stands high on the list of international obligations for the promotion
of international water-borne commerce. Without adequate charts,
free and unrestricted intercourse by water would be impossible, and
harbors as effectively closed to the commerce of the world as though
blockaded by an enemy fleet. Charts are essential not only for our
own Navy and merchant marine, but it is just as important that they
be available to foreign vessels plying our waters, if they are to engage
in commerce with us.

The function of the nautical chart is to safeguard our seaways. It
keeps commerce informed as to hydrographic conditions. It guides
the mariner over what has often been called the trackless sea, it directs
him to the lanes of travel that are safe, and warns him of the rocks
and the shoals that may bring him to grief. The chart is a basic
implement of water-borne commerce, as essential to the ship as the
compass, radio, or the rudder. As our ports and harbors grow, the
charts must grow with them. The millions spent annually on harbor
improvements, port facilities, lighthouses, and buoys, as well as the
elaborate hydrographic and topographic surveys made by this Bureau,
would fail of their full purpose if these changes and 1mprovements
were not shown on the charts.

To cover our extensive coast line, 879 different charts are published
at the present time. Charts are designed on several scales to meet
the different needs of navigation. The scale of a chart generally de-
termines the amount of detail that it is possible to include, and this in
turn determines the use to which the chart can be put. At one end of .
the range of charts are the charts designed for offshore navigation
between distant ports. These must embrace large areas, hence the
scale must be made small. Detail on such charts 1s of secondary im-

ortance. At the other end are the charts designed for navigation in
garbors, which require a maximum of detail consistent with clarity
and legibility. Such charts being of limited extent can be constructed
on much larger scales, permitting fullness of detail in topographic and
hydrographic features including the channels to be followed, the posi-
tions of lights, beacons, buoys, and prominent landmarks from which
the mariner can identify his position as he comes to a safe anchorage.
Between these two extremes there are other series of charts that are
required to safeguard navigation. For example, in the vicinity of-
New York there are five different chart series on scales ranging from
1:10,000 to 1:1,200,000. . , :
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B‘The- publication of a chart by no means completés the work of the
Urean in that locality. Charts must be kept alive if they are to
Serve their purpose properly. They must be revised frequently to
Ve an accurate and up-to-date picture of existing conditions. The
Wasta] region, which the chart portrays, is the zone where two great
p}}:}’Slcal provinces meet—the land and the sea—and where constant
®hanges are in progress, due alike to natural forces and to the works
fr.Dan,  Ocean waves and currents are constantly taking material
fom one place and depositing it in another, as is evidenced by the
Westward growth of Rockaway Point, Long Island—a %rowth of
gver 4 miles iy 100 years. Rivers empty vast quantities of sediment
befil‘ their mouths to build out the coastline, a striking example of this
%Ing the Mississippi. . In times of heavy storm, barrier beaches are
o broken through to form inlets of a temporary or permanent
Qﬁtu?e. Bars and channels are ¢onstantly shifting,. Men are dredging
annels, filling up tide flats and building their manufacturing plants
b terminal facilities upon them, and establishing or shifting light-
°r‘r1§$ls, beacons, and buoys to conform to the changing demands of
erce.

The charts must be kept corrected to show all these changes. This
sooans that each edition of the chart of any of our important seaports
2000 becomes obsolete and must be superseded by a new edition show-
ing the changes that have occurred since the preceding one was printed.

Nthe case of the New York Harbor Chart, it has been found necessary
' print it about four times a year. Between printings important

Irections, such as changes in lights, buoys, beacons, recently reported
t}?ngers,‘apd other critical inf_ox-mation are applied by band before
a 8 chart is issued to the public. Once issued, changes in the chart
ul‘e Published in the weekly Notice to Mariners, which the navigator
- 3¢S to apply to his chart until a new edition is issued. Every effort

gggde to keep the navigator fully informed of vital changes in the -

CHARTING OUR AIRWAYS

chBECause of the basic similarity between nautical and aeronautical
lgarts, the Bureau was instructed under the Air Commerce Act of
Y26, “to provide as adequate charts for air navigation as it now pro-
Ndes for ocean navigation.” In fulfillment of this directive, the
Uu?eau has -compiled and printed 579 aeronautical charts of the
£ Mted States and its possessions. These range from large-scale charts
or piloting and contact fying to small-scale charts for use in the navi-
ation of high-speed transports, special charts for radio navigation,
- nd charts for instrument approach and landing procedures. Some
th Miscellaneous sources are used in compiling these charts. Upon
8 basic chart, airports, beacon lights, radio-range stations, and other
gero_nautical data are overprinted, usually in red. These charts must
ept current, particularly for the aeronautical data, in order to
proVId}a the aviator with knowledge of existing conditions.
th N Important phase in the preparation of an aeronautical chart is
' B8 flight check. To insure accuracy of the detail shown, the charted

&rea 18 flown over, before final publication, b}y; an experienced observer
1d details on the chart are compared with the ground below. Neces-
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sary corrections are indicated, and prominent landmarks are noted -
for addition to the charts. Some of the most important information .
on ground conditions is obtained for the aviator from the flight check

The publication, Practical Air Navigation, prepared by one of the
Bureau’s cartigraphic engineers, has been adopted as a standard text
by the- Civil Aeronautics Administration, and is now published as
Civil Aeronautics Bulletin No. 24. A second edition of this widely
used publication was issued during the year.

CHART PRODUCTION

The demand for nautical and aeronautical charts has decreased to
some extent since the ending of the war, although requirements for
aeronautical charts have shown an appreciable increase in recent
months. Nautical charts are averaging approximately 50 percent of
the total for the last year of the war, while aeronautical charts are
nveragin%‘65 to 70 percent. A total of 14,038,555 copies of charts was
issued. The relative annual output of navigational charts and related
publications for the past 4 years 1s given in the following table:

Charts and related publications issued

. Type of chart or publication 1943 1944 1045 1046
—
Nautlcal chsrts. ... 1,018, 599 2,913,666 | 4,330,547 2,235,3%
Aeronsutical charts_ ... _T7TTTTTTTTTT 11,773,464 | 17,045,802 | 16,800,049 11, 803, 189
Coast pilots. ool 35, 661 16, 086 , 14,067
Tide tables..._____ T 1T TTTTITTTTIIIT 56, 109 81,449 98,016 80,014
Current tables__________.___T77T7T77C 36, 698 86, 038 40,933 37,

—

<

The distribution of nautical and aefona.utical charts during the
year is given in the following table:

Distribution of nautical and aeronautical charts

NAUTIOCAL

Free issue: .
Navy Department : Peroent
Hydrographic Office . 1,700,581 76.3
Coast Guard 3,134 .1
War Department_ 9, 605 .4
Coast and Geodetic Survey 12, 564 .6
Other departments. 8, 878 .8
1,732,562 77.7
Rales 878,644 17.0
Condemned. 119, 284 6.8
2,230,490 100.0 2,230,490
Special printing of charts for Hydrographic Office 4,906
o —————

2, 235, 396
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U. 8. AERONAUTICAL

Fl‘ee isspe: Percent
War Department_ . ___ 4,824,112 66.8
Navy (including Coast Guard) . _______ 1,190,311  16.5
Civil Aeronauties.__________________________ 55, 087 .8
Coast and Geodetic SUrvey - _____ 15, 535 .2

8a1 6,085,046 84.3

Co O e 813,014 11.3

demned . _________________ - 321,455 4.4

7,219,514 100.0 7,219,614

.
S8PECIAL AND FOREIGN AERONAUTICAL

To War agencles_____.._ — 4, 583, 640

Total ' 14, 038, 556

The number of individual nautical charts published at the end of
218 year was 879.. To produce the 2,235,396 copies issued, 369 print-
88 were made, as follows: 11 new charts, 12 new editions, 309 new
Prints, and 37 reprints. Due to rapid changes in navigational data,
1t was necessary to apply more than 12 million hand corrections to
Correct the charts to date of issue. Dangers requiring hand correc-
10ns and other navigational information were reported to the Coast
Uard and Hydrographic Office for publication in the weekly Notice
ariners.
-Wo special nautical charts, covering areas in Alaska including
Dolnt Barrow and vicinity, were constructed upon request of the Navy
SPartment. These charts include comprehensive detail of the. pla-
etry, such as lakes and drainage patterns. This new approach to
Dautica] charting in Alaska adds much to the value of the charts.
Wo experimental charts for use in radar navigation—one of Santa
Tola Channel, Calif., and the other of the approaches to Strait of
t_u&n de Fuca—were produced showing the topography by gradient
ts instead of the customary yellow land tint. This type of topo-
g}rlaphm treatment, it is believed, will facilitate the correlation of the
Charted detail with the radar scope on the vessel. All the gradient
2 Dts are included on 1 printing plate so that no additional press runs
T® required..
Yor some months work has been in progress on the development of
2 chart for use with the Loran system of navigation. Loran curves
wil] be printed in color on the reverse side of the regular navigational
f) rt 1n exact registry with the face, A plotted Loran position can
’ tg %:'ICked through the 1paper giving the vessel’s position in relation
Pu

the charted detail. If this form of chart meets with the marine

blic’s favor, it will greatly simplify the adaptation of the Bureau’s

Charts to Loran navigation.

InWOx‘k was in progress during the year on the charting of the Gult

bloiaacoastal Waterway between Carrabelle, Fla., and the Mexican

er,

The Bureau has taken over during the year the publication and

Waintenance of nine charts of the }ﬁxwaiian Islands group. These

dbarts were compiled and formerly published by the Hydrographic
flice of the Navy Department. - '

730738—47—2
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In the field of related nautical chart publications, the Bureau pub-

lishes a series of coast pilot volumes. An organizational change ef-
fected in this activity during the year should result in a broadening
of its scope and a closer tie-In of the pilots with the nautical charts,
which they supplement. The present program is designed to produce
new editions of all principal pilots within 5 years as against the pres-
ent average of 715 years. The first coast pilot fieldwork since the be-
ginning of the war was started during the year. The examination o
the Atlantic coast pilot in the vicinity of Norfolk and up the James
River as far as Claremont, Va., was completed.
. The standard aeronautical charts of the United States and posses-
sions, 579 in number, were maintained as to aeronautical data. This
total includes 829 instrument approach and landing charts, which
were released for distribution to the public during the year, The
37 flight charts of the United States at a scale, of 1:1,000,000 were
completed. These charts were constructed ffgm color separatiop
drawings of the existing world aeronautical chgrts through the use
of photographic positive prints on sensitized vinylite. The standard
1:1,000,000 scale charts of-Alaska were revised on the basis of new
photographic source material.

Three flight check parties were in the field during the year, for 8
total of 11 man-months. The flight checking of the 87 sectional charts
of the United States is now complete. Constant flight checking will
be maintained so that each chart will be inspected about once every
. 3 years.

None of the world aeronautical charts of Alaska have been flight
checked. Due to limited funds for flight check work in 1947 this much
needed work will have to be postponed.

Three field stations, located at New York, Baltimore, and Norfolk,
were in operation during the year for the compilation of aeronautical
char!t)s. Work in the New York office was discontinued on October
26, 1945. ' )

A new field station was established on January 2, 1946, at Fort
Worth, Tex. This is the third station established by the Bureau for
liaison with the Civil Aeronautics Administration, for the distribu-
tion of aeronautical charts, for the dissemination of survey data to the

ublic, and to serve as headquarters for flight check parties operatin
1n the vicinity. The other two stations are at Kansas City, Mo., an
at Atlanta, Ga. 'These stations have proven mutually beneficial to
the CAA, to the Bureau, and to the public users of maps and charts
and indicate the value of having representatives of the Bureau an
the Department in reasonably close proximity to the local map users.

The Kansas City office has been enlarged and will take over the
responsibility for the supply of all aeronautical chart agencies west
of the Mississippi River. This will enable agents located on the
west coast to obtain delivery of charts from 3 to 5 days sooner than
when supplied from Washington,

The establishment of these regional distribution centers has greatly
relieved the cramped and overburdened facilities of the Washington

~office, which were further taxed during the year by the added respon-
sibility of distributing approximately 2,500 aeronautical charts re-
leased through declassification by the War and Navy Departments-
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Further relief to our central plant will be afforded by the establish-
ment of a distribution center at the Baltimore office.

In addition to the production of the standard aeronautical charts,
certain special work was accomplished or in hand during the year for
the War and Navy Departments. These included the following:

The 41 gnomonic tracking charts for the Army Air Forces were
Completed. This series of charts has been favorably received, and it

s been indicated that as a result the Navy Department has curtailed

e number of charts in the naval tracking series. Work continued
on two life raft charts for the Army Air Forces ns well as a sizable
Dumber of approach and landing charts for airfields of foreign coun-
tries, Two azimuthal equidistant charts of the world for the Army

Ir Forces were nearing completion at the end of the year. One 1s
centered on Sverdlovsk, Russia, and the other on Meade’s Ranch

ns. An Army installations chart was completed for the Corps of

ngineers, United States Army, and six radar navigational charts

Were completed for the Office of Research and Inventions, Navy De-
Partment.

n important contribution to existing geographic knowledge was
the completion of the Map of the Northern Hemisphere, north of
80°80” showing topography. This map was produced in two sections
on a stereographic projection at the scale of 1: 6,336,000 true along the
Standard parallel of 65° and conforming in general treatment to the
World planning charts. The map and accompanying gazetteer were
Tecently released for civil requirements and are now being distributed
On g sales basis.

. Asa result of a conference in March with representatives of the prin-
¢ipal commercial air lines and the Air Transport Association, special
fircraft plotting charts were scheduled for priority production. The
first chart of the series known as the aireraft position chart of the

orth Atlantic was published in June. The chart was favorably
Teceived without exception. Work was also in progress on a special
chart, requested by the commercial air lines, from Chicago, Ill., to -
?ander, Newfoundland, constructed on an oblique Mercator projec-

10on, :

Reﬁroduction for the Civil Aeronautics Administration of the bi-
Monthly publication, Air Navigation Radio Aids, was continued
through the May 1, 1946, edition. This publication has now been
Combined with two other CAA publications—the biweekly Notices to

irmen and the Directory of Airports—to form the Airman’s Guide.

An air coordinating committee was established by Executive order
to coordinate the aviation activities of the various Federal agencies.
- The chief of the Aeronautical Chart Branch of this Bureau represents
the Department of Commerce on a subcommittee on aeronautical
charts. The subcommittee has obtained agreement on the symbols to

® used on all aeronautical charts produced in the United States. Ex-
.¢ept for minor exceptions these symbols are in accordance with those
agreed on by PICAQO. An agreement was also reached for standard-
1zIng the specifications for the instrument approach and landing charts.
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COASTAL SURVEYS

Coastal surveys, which include hydrography, topography, and
coastal triangulation, provide the fundamental gata for the produc-
tion of nautical and aeronautical charts. These surveys are carried on
by ships and shore-based units to obtain information conecerning ob-
structions to navigation, locations of channels, characteristics of the
sea bottom, shore lines and other topographic features along the coasts,
and much other data required for the production of marine charts and
coast pilots.

When the Coast Survey was first organized, its work included only
the coastal strip along the Atlantic coast comprising about 15,000
statute miles. With tﬁe Nation’s territorial expansion the activities
of the Bureau have grown until today its jurisdiction extends to all
the waters of continental United States, Alaska, the Philippines,
Guam, the Hawaiian Islands, Puerto Rico, the Canal Zone, and the
Virgin Islands—comprising a total shore line of over 100,000 statute
miles. The vast coastal waters fringing this shore line cover a total
area of well over a million square miles. Many sections of our coast
line are changing constantly, 1n varying degrees, due to natural causes
and the works of man. Changes are likewise taking placein the ocean
bottom. Shifting of channels and other features, and water-front de-
velopments and harbor improvements, require continual and extensive
changes in the systems of aids to navigation.

Before the war, water areas averaging about 40,000 square miles
were surveyed annually in order to obtain information concerning
these changes and to provide additional charts required on account of
commercial developments. This was sufficient to maintain reasonably
accurate charts of commercially important areas; that is, important

- ports, the approaches thereto, and the water lanes between them. Re-
gions of lesser commercial importance have been neglected for many
years, present charts in many cases being based upon surveys from 40
to 50 years old. There has been neglect of numerous coastal areas used
for recreation and by small local industries. Annual surveys of 40,000
square miles of water area may, therefore, be considered the minimum
work load for hydrographic surveys under present conditions, but this .
minimum should not be considered a yardstick for the charting needs
of the people of this Nation in these modern times. New navigational
devices, such as the echo-sounding machine, have made many of our
early surveys in deep water inadequate because theﬁ lack the detail
which the modern navigator requires for use with his improved in-
struments. Such areas must be resurveyed in order that the charts
may be modernized.

oastal surveys are carried on from survey vessels and shore-based
units. During the period of hostilities surveys were conducted pri-
marily in areas of strategic importance. With the end of the war the
work has expanded into adjoining areas of commercial importance to
domestic and foreign shipping and to air transportation, and into rela-
tively undevelopegn regions containing mining, fishing, and oil re-
sources.

During 1946, 13 survey vessels were engaged in these coastal surveys.
A summary of the results accomplished 1s given in the following table.
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The small mileage for topography in the table is due to the activation
of the Division of Photogrammetry on October 1, 1945, All aerial

pography is now under the jurisdiction of that Division and topo-
graphic work accomplished as a part of coastal surveys is now con-
fined to planetable topography for graphic control or other limited

Purposes. ,
Statistical swmmary of coastal surveys

Hydrography Topography Triangulation ~
Locallty Sound Length Geo-
: " Wire Shore 2t graphic
ing Area Area Aresa of Area
lines drag line schemes post-

Sguare Sgquare Square Square
C Miles | miles | Miles | mlles | Miles | miles | Miles | miles |Number
088t of Malne._._......... 3 -
8ssachusetts to . Cape
Ccharles V8o
& 58886!& eBay._...._.....
: Oﬂbe harles to Florida_..
regon

Totale oo ccmmeenes 30, 669 | 11,820 146 28 4562 317 373 | 2,311 839

On the Atlantic Coast, the survey vessels. Lydonia, Cowie, Faris,
Gilbert, Hilgard, Wainwright, and Sosbee were engaged in hydro-
graphic or wire-drag surveys. Surveys included special investiga-
tions requested by the Navy of areas to be used for anchoring surplus,
Naval vessels, locating wrecks in channels and sea lanes, and revising
charts in the vicinity of new developments.

The, Lydonia made hydrographic surveys off the coasts of Maine
and South Carolina, :

"The Faris made surveys in the vicinity of New York and Virginia.
After May 1, 1946, this vessel was used for coast pilot investigations
along the Atlantic coast. '

The @ilbert made surveys in Boston Harbor off the coast of Maine,
and in the James River, Va. Lo

The Cowie was engaged in making surveys in Chesapeake Bay
throughout the year.

The Hilgard and Wainwright made hydrographic and wire-drag
Surveys in Chesapeake Bay, off the Virginia coast, and in Boston Har-

or. The project included locating wrecks resulting from enemy
action and determining the least depth over sunken obstructions.

The Sosbee, which was transferred to the Bureau by the Coast

vard, was outfitted for survey duty and was engaged in hydro-
graphic surveys in Lynnhaven Roads, Va., and in wire-drag investiga-
tlons off Cape Henry and Thimble Shoals, Va.

On the Pacific coast, the . Lester Jones made radio-current meter
Surveys in Puget Sound and in the vicinity of Seattle, Wash. The
Patton assiste(ig7 the Jones in the Puget Sound surveys.

The Westdahl completed triangulation in Coos Bay, Oreg., which
Was requested by the Army engineers, and started triangulation, topo-
%ﬂlphic, and hydrographic surveys on the Willamette River, near

ortland, Oreg. At the request of the Army engineers, a special
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survey was made of Vancouver Lake, Wash., to determine its suitabil-
ity for mooring surplus vessels.

Major combined operations surveys were carried on in Alaska,
principally in the area bordering the Aleutian Islands between Adak
and the west coast of Attu. Advance tracings of the hydrographic
and topographic surveys were furnished to Army and Navy ships
operating in this region. The results of triangulation were also fur-
nished for use in controlling developments at bases, including roads,
waterworks, and docks; for coordinating gunfire; and for locating
aids to navigation and aviation, including Radar and Loran stations
and Racons.

The Surveyor carried on combined operations along the north and
south coasts of Amchitka, in the Delarof Group between Tanaga and
Amchitka Islands, in Tanaga Bay, and off the northe and south coatsts
of Tanaga Island.

The Explorer, Surveyor, and Derickson cooperated in extending
an arc of triangulation from Kiska to Attu. This arc of triangulation
bridged the last gap in the network of triangulation extending through
continental North America, Alaska, and the Aleutian Islands. All of
this work is now on the North American datum of 1927.

The Eaxplorer assisted by the Derickson executed triangulation,
topographic, and hydrographic surveys off the south and north coasts
of Attu and in other areasin the Near Island group.

The Patton assisted the Surveyor in the Delarof aréa and in the
region of Attu. The Patton also made triangulation, topographic,
.and hydrographic surveys in the vicinity of Adak and in Edna Bay,
southeastern Alaska. Edna Bay is being developed by the Aluminum
Company of America.

The £, Lester Jones executed triangulation and topographic surveys
and made a field inspection of aerial photographs along the south
coast of the Alaskan Peninsula,

The Westdahl made a hydrographic survey in the vicinity of Sitka.

A shore-based party was engaged in combined operations in the
vicinity of Point Barrow, Alaska, for the Navy Department.

In tl}':e Philippine Islands the Coast Survey Office, reopened when
Manila was reoccupied by American forces, was in continuous opera-
tion under the directorship of a commissioned officer transferred to the
War Department. The program planned for the Philippines con-
templates completing the basic surveys of the islands, preparing charts
.of unsurveyed regions, revising obsolete charts, and training,%oth in
the Philippines and in the United States, a selected group of Filipinos
for office and field work.

During the year work was accomplished towards furthering this
program—ships have been procured from the War Department, per-
sonnel have been recruited, a training program has been organized, and
hydrographic and topographic resurveys in Manila Bay have been
started. A chart agency has been established under the Office of the
Director of the Philippine Bureau for the distribution of charts and
survey data.

Negotiations are-in progress for procuring a survey ship for the
Philippines to replace the Fathomer which was destroyed during the
War. ‘
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_District offices were maintained during the year at the following
orts : Boston, Mass., New York, N. Y., Norfolk, Va., San Juan, P. R,
ew Orleans, La., Los Angeles and San Francisco, Calif., Portland,
Sreg,, Seattle, Wash.,, and Honolulu, T. H. These oflices render
Valuable service in supplying information for the correction of
Charts, in disseminating nautical and engineering data in response
% requests from local, public, and official sources; in assisting the field
Parties of the Bureau in obtaining supplies and personnel, and in
i{l&nning field work of the parties working in their respective districts.
rom local knowledge of surveys needed in the district, the district
Olice makes recommendations o Washington that such surveys be
8ccomplished.
rocessing offices were continued at the two principal bases of the
fielq parties, Norfolk, Va., and Seattle, Wash. These offices process
eld records, plot hydrographic surveys, and perform other work in
Connection with the survey records. The operation of these field offices
“Xpedites the transition of field surveys to the finished nautical charts
and permits close cooperation between the field engineer and the office
Crtographer. By being relieved of a great amount of office work, the

:;Irvl?y parties are able to engage in a year-round program of field
or .

* TRANSFER AND RETRANSFER OF SHIPS

The Hydrographer, transferred to the Navy Department in 1942,
Was returned to the Bureau and is being reconverted for survey duty
along the Atlantic and Gulf coasts.

The Pathfinder, transferred to the Navy Department in 1942, was
I‘e‘ilni‘;led to the Bureau and is being reconverted for survey duty in

askg,

Negotiations are in progress for the transfer from the Navy Depart-
Ment of two seaplane tenders, three submarine chasers, and two small
Wooden vessels. . _
b he Stirni, Parker, and Bowen, former Navy submarine chasers,
Jave heen converted for wire-drag duty and will be used mainly to
.zgﬂrih for, and locate, wrecks caused by enemy action off the Atlantic

PHOTOGRAMMETRIC SURVEYS

Topographic surveys as a basis for the land information shown on’
the nautical charts have always been a necessary function of the Bu-
feau, Qriginally these surveys were all made by plane table, but
Snee 1922 an increasing use has been made of aerial photographs.

Oday topographic surveys are almost invariably based on aerial
Photographs. Aerial photographs have also been found to be indis-
Pensable in connection with other survey work of the Bureau, such as
‘K]" P<l>{1‘t surveys and reconnaissance studies for triangulation in

a48Kkaq, . ’

All topographic surveys based on aerial photographs are consid-
‘eil.'e(_i photogrammetric surveys. These surve%s may be generally sub-

Vided into the following phases of work: The taking of the aerial
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photographs, the laboratory processing of the photographs, field in- .
spection of the photographs and the necessary supplemental ground
surveys, office compilation, and the office review and drafting.

As in past years, the United States Coast Guard cooperated with
this Bureau in furnishing an airplane and crew for aerial photog-
raphy. The Bureau’s nine-lens camera was rebuilt after the airplane
carrying it had crashed in Alaska in 1943, and was again ready for
use in August of 1945. The principal areas photographed were: The
northeastern part of Maine, the Delaware Bay and River area, the
Cape Hatteras-Neuse River area, the Homestead and the Fort Pierce
areas in Florida, and the Lake Becharof area of the Alaska Peninsula.
In addition, 79 airports were photographed for airport surveys and
numerous scattered photographs were taken for use in revising nau-
tical charts. All laboratory processing of these photographs was
done in the laboratory in Washington.

During the year photogrammetric field surveys were in progress
in the g)llowing areas: %n the vicinity of Mount Desert Isﬁmd,
Maine, and eastward to near Columbia Falls; in Delaware Bay and
River; in Tidewater Virginia; and in the Palm Beach-Miami, Fla.,
area.

Field surveys were made along 445 statute miles of the Gulf Intra-
coastal Waterway from Carrabelle, Fla., westward to Howma, La.
This project was principally to locate aids to navigation along the
waterway, to revise prior planimetric maps, and to obtain up-to-date
information for the 15 new Intracoastal Waterway charts approved
for this part of the waterway.

-A combined field and office party was organized to make a large-
scale industrial planning map of Portland, Oreg., and vicinity in
collaboration with local officials. Most of the field work and much
of the compilation had been completed at the year’s end.

Photogrammetric offices continued in operation at Baltimore, Md.,
and Tampa, Fla., where topographic and planimetric maps were com-

iled of coastal areas in Maine; Patuxent River, Md.; Tidewater

irginia; the Palm Beach-Miami area; and San Francisco Bay.

The office review and drafting were continued in the Washington
office. All topographic maps are being inspected after compilation
and returned to the field for a thorough comparison with the actual
ground details, after which they are thoroughly reviewed and
drafted. )

Surveys at airports throughout the country to be used as the basis
for the instrument approach and landing charts were in progress
at the beginning of the year. At the request of the Civil Aeronautics
Administration, these surveys were expanded to locate and determine
the elevations of obstructions in the vicinity of the fields, so that
the Civil Aeronautics Administration can determine the allowable
Ea load which can be accommodated by each type of aircraft at each

eld. Ninety-three airports were surveyed for all purposes during
th((e1 year and 17 obstruction plans had been published at the year™
end.

A summary of the year’s photogrammetric activities is given in
the following table: : -
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" Summary of photogrammelric mapping

. Photogrammetric ficld surveys Compilations completed Maps published
Locality hotos
1 photog- . _ {Contours | Contours .
raphy S{:igre' Inahrcer;or (plane- | (stereo- | Planimetric maps | Topographic maps Planimetric
e table) | scopic)
uare Sgquare | Sguare { Square
Sgu'lea Miles miles miles miles
Alaska (Alaska Peninsula).. .. ... ... . __.:. 897

Calilornia (San Francisco Bay)a.._.._.

Delaware, New Jersey (Delaware River)
Florida (Fort Meyer to Tampa)..__...
Florida (Fort Pleroe) ...........
Florida (Miami to Palm
Flori:

ock River to James River)

Rap
‘Washington (Puget Sound).. ... ... ... ...

XFAYAS OILIAOTO ANV ISV0D 'S

€01
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GEODETIC CONTROL SURVEYS

In surveys covering extensive areas, account must be taken of the
earth’s curvature in the computation of the results; otherwise serious
errors will develop. Such surveys are termed geodetic surveys and
represent the highest form of survey engineering. Geodetic surveys
include the determination of the latitudes and longitudes (by triangu-
lation or traverse), and elevations above sea level (by leveling) of
numerous points throughout the country. They involve astronomic ob-
servations, measurement of base lines, measurement of the force-and
direction of gravity, and the computation and final adjustment of all
field operations required for the establishment of a consistent net-
work of marked points and bench marks on a single basic datum of
control for all surveys.

From the very inception of the Coast Survey control surveys have
been carried on along the coasts to provide the framework for the
nautical charts published by the Bureau. By the act of 1871, the
Coast Survey was recognized as the proper governmental agency to
furnish the Kasic control for the topographic and geologic mapping
of the interior of the country. This extension of geodetic surveys
at first provided: control points at widely spaced intervals, but with
the commercial and industrial development of the country, it became.
necessary to break down the major ares of triangulation into sub-
" sidiary arcs so that control points would be available for State and
local surveys. It is the present policy of the Bureau to determine a
large number of supplemental triangulation or traverse stations at
the same time the main scheme of triangulation is carried forward.
These additional stations provide a closer spacing of control and of
area coverage for local use, especially along the main highways where
they are more readily accessible for the surveyor or engineer.

For many reasons, it is in the best national interest to have all sur-
veys—no matter how localized they may be—tied in with the national
control net established by this Bureau. The extent to which this ideal
is reached will depend largely upon the availability of control points
to the local surveyor and engineer. It is therefore a part of the
Bureau’s geodetic program to establish closely spaced control points
as rapidly as possible, the distribution varying in accordance with the
requirements of each region. In general the distance between points
should not exceed 3 or 4 miles in rich argicultural land, nor 2 to 3 miles
in metropolitan and industrial regions. o

Geodetic control surveys are not only essential to the mapping of
. the country but have a number of collateral uses. The increased re-

uests for data from oil companies engaged in geophysical prospect-
ing and from local surveyors and engineers concerned with the coordi-
nation of property and boundary surveys and with general engineering
continue to evidence the utility of geodetic data for nearly all kinds
of engineering projects. ’

The principal) projects engaged in during the year have been con-
cerned with the extension of geodetic control surveys for large-scale
public works, such as the flood control and reclamation projects of
the Corps of Engineers and the Bureau of Reclamation in the Columbia
River basin and the Missouri River valley. For the present arcs of
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triangulation and lines of levels are being extended only in priority
areas established by the Corps of Engineers. :

Four triangulation parties and one leveling party of three to four
Units operated in the Columbia River basin along the Snake and
Salmon Rivers in Idaho and eastern Oregon. In addition to locating
the_ main stations of the control scheme many supplemental points
Which could be spotted on aerial photographs were located. This area
151n most difticult terrain. Transiortation of personnel and equipment
Was by back packing, horse packs, automobile trucks, canoes, river

arges, and airplanes. ’

Joint efforts between our leveling parties and those of the Geodetic
Survey of Canada are underway to expedite and coordinate vertical
fntro] along the International Boundary in Washington, Idaho, and
Montana, This work is being done for t%:e International Joint Engi-
Neering Board.

In the Missouri River valley one triangulation party operated on
the arc from Williston to Minot, N, Dak. A unit of this party made
Mumerous connections between Missouri River Commission station
Warks and those of the Coast and Geodetic Survey along the river
from Kansas City, Mo., to Williston, N. Dak. This will enable the
ocal surveys to be coordinated into the Federal net. One level arty
of three to four units operated in the States of Missouri, North Dakota,

outh Dakota, Nebraska, and Kansas.

riangulation and leveling were also carried on in Indiana where
fontrol is necessary in connection with the mapping program of the
eological Survey. Similar activities were conducted in the vicinity
of Fort Worth and Dallas, Tex., at the request of the Corps of Engi-
lleers for use in the development of the Trinity River.
riangulation and leveling were executed in Mississippi and in
Alabama along the Black Warrior and Tombigbee Rivers where the

Orps of Engineers is engaged in river improvement projects.

. Triangulation was accomplished in New Mexico and Arizona, re-
80ns of primary interest to the Forest Service in their mapping plans.
B, iangulation was extended in the Alaskan Peninsula from Portage
f&y to Egegik on Bristol Bay for the purpose of furnishing control

Or the location of fish-traps leased: by veterans who are engaged in
the fishing industry in this locality.

. dDurveys were acgomplished for the Army Air Forces to locate addi-
Yonal points on the precision bombing field at Eglin Field, Fla.

stronomic observations for latitude, longitude, and azimuth were
Made along arcs of triangulation in seven States and in Alaska for use
In the adjustment of the triangulation,
ase lines were measured in Idaho, Mississippi, New Mexico, North
D?«kota, Oregon, Texas, and Washington to control the lengths in the
triangulation arcs. Base lines for special purposes were measured
In California, Minnesota, and New Jersey.
he astronomic observatories at Ukiah, Calif., and Gaithersburg,
.Md., maintained to study the variation of latitude, were continued
I operation throughout the year, during which time 2,700 pairs of
rs were observed. These are two of five observatories on tlhe same
Paralle]l of latitude used in this study, the others being located at
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Carloforte, Sardinia; Kitab Kaska, Turkestan, Russia ; and Mizusawa, -

Japan.

The Bureau engaged in a cooperative project with, the Corps of
Engineers and the Hydrographic Office to provide a triangulation
connection between the mainland of Florida and three of the islands
of the Bahama group. The distances involved are from 60 to 120
miles. Simultaneous observations were made on flares released from
airplanes at three selected points between the mainland and the islands. -
This unique method résulted in accuracies better than 1 part in 70,000

for the position determinations on the islands.

The field activities during the year are summarized in the follow-

BBALTEE

ing tables:;
Triangulation
Number of | Length of
Locality stations sckfeme Area
. Sguare
FIRST-ORDER TRIANGULATION Miles miles
Eglin Field, Fla 57 15 150
Parade Base Net, 8, Dak.__ 3 10 50
Humboldt, Nebr., to Savann: 38 50 700
Ma%dalena to Aztec, N. Mex. . .64 160 7,470
Williston to Stanley, N. Dak. . 60 85 1,280
Bpeed Courss, Wright Field, Ohlo_. . - 29 15 165
Salmon River, Dix{s to Salmon, Idaho... - 78 85 1,700
Antonito, Colo., to Des Moines, N, Mex. - 7% 210 4,010
Viehnity of Boonville, Ind-__..__._.___.___ - 21 20 260
Balmon River, Keuterville to Dixie, Idaho _ 104 100 1,296
Snake River, Weiser to Lewiston, Idaho.... . 134 1256 2,220
Spokanc Base Net, Wash______._._______ . 10 30 3,480

hama to Belen, N. Mex. .. _...oo.__.._......_.. R 156 210 2,730
Snake River, Hagermarl to Shoshone Falls, Idaho - 42 36 248
Glenbar to Tombstone, Ariz___ _ 64 120 1,62
Vicinity of Bookhayen, Misg 34 50 500
Bridﬁeport to Rio Vista, Tex 06 100 1,660
Southern Indians N 94 85 900
La Grande to Enterprise, Oreg., and Grande Ronde River, Oreg.,

BIIE WASH _ o oooo oo oo e o e e e e e e e 20 140 1,870
Vicinity of Iadho Falls, Idaho....... 74 105 4,
Vicinity of Bristol Bay, Alaska 14 40
Tonto National Forest, Ariz_.____. 24 50 2,
Deschutes River, Oreg.._...._.._.. 192 120 2,
Stanley to Towner, N. Dak___.____ 97 108 2,
Arlington to John Day, Oreg. - 111 1111I11IIIIIIIIIIIIITI T 162 269 4,

T 2,017 2,317 49,02
S8ECOND-ORDER TRIANGULATION
Missouri River, Bismarck, N, Dak 13 25 200
Missouri River, 8. Dak__._________.__ 7 20 o0
Missouri River, Washburn, N. Dak 7 20 160
Williamette Valley, Salem to Newberg, Oreg. . ... .. 10 16 40
Snake River, Lewiston, Idaho to Pasco, Wash 13 130 1,170
Vieinity of Oregon City, Oreg.-cov v e ccceccceencarc e cee————- 1 27 7
TOBL. .« o ooomomee e eeeeeee 162 237 1,720
Base line measurement
Length of Length of
Locality scheme Locality schome
—
FVIRST-ORDER BASE LINES " FIRST- ORDER BASE LINES—Continued
M iles

Island Beach, N. J_ . cooiconeao..
Shooks, Minn...._____. ...
8almon, Idaho ... __..___.____.___
F¥enn, Idaho.__._..
Spokane, Wash___
Santa Fe, N, Mex.
Fort Worth, Tex. .
Muroe, Calif.__
Filor, Idaho___
Madras, Oreg. . .oc coe coecomcccnns

NPoNSRS oS
=R RO =

BECOND-ORDER BASE LINE

Imbler, Oreg. - -c.ceceoumamcamanannc.
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: RECONNAISSANCE
L=
Locality : Lg&%:l:f Area
~—_
FIRST-ORDER RECONNAISSANCE ’ Sguare

Min, Miles miles
Vi 0t 0 Devils Lake, N. DaK ..o oo v ccicceaecem e e naann 115 2,305
s,,f,‘,{‘“y of Wright Field, Ohio. ... <. . .. il 16 165
Idap, on River, Idalio_ . . e eneee 105 3, 500
8o 0 Fallg, Idaho to Pinedale, W 110 2,11¢
V}utbem Indiang.... ... 456 5, 260

ec ity of Santa Feo, N. Mex. 30 330
quas Panhandle, Tex.. 240 3,340
Enn Day River, Oreg. . 150 2,345
G ter({)rise to La Grande, . 85 1, 50!
Dmﬂ o Ronde River, Oreg. and Wash__ 35 340
Ocochutes River, Bend to Madras to M 120 ,
I‘owlltz River, Kelso to Kosmos, Wash. 75 1,210
Po“;er Klickitat River, Wagh_ 50 | « 630

n’ Worth-Dallas Areas, Tex 80 1,790
b fﬁ(e River, Henrys Fork, Id 115 2,850

allag to Hubbard 7 2,055

ggll‘l‘“-y River, Dal 85
83-Greenviile Area, Tex 75 1,040

yortheastorn Indiana . 435 5, 180
eg“’,"“' Klickitat River, Wash. .. 60 655
Ne mp and Crow Creeks, Idabo 40 885
T Tthwestern Nebraska_ 169 4,100
: V]r;m Natlona} Forest, A 265 4,890
Nf ity of Trinidad, Colo 30| 3
\,lc?hwestem Indisna... 190 2,320
Bi nity of Bristo] Bay, Alaska_. 100 1,
€ Blue River (Missouri River 100 5, 600
............. 3,809 67,185

SECOND-ORDER RECONNAISSANCE
%nakg River, Idaho and Oreg. ... .o oeom oo 100 ;v 980

séf,’{(‘“f; of 1daho Falls, Idaho. 80 ) 480

: Bnake iver, vicinity of Boise, Idaho 60 370

Hagt River, Pasco, Wash., to Lewiston, Idah 130 1,170

ougerman to Twin Falls, Idaho..._. 176

'mey to Oregon City, Oreg. _.._... 20 210
amette River, Canby to Newberg, Oreg 15

Totad ... . e ... R 430 8, 436

Leveling
First- [ Second- First- | Becond-
State order | order State order | order

Mileg Miles

476 North Dal
......... Oregon
188 332 | South Dako
173 831 | Texas
4 130 | Washington
3 | Wyoming. .
64 517
1
34 1
Agtronomy
Determinations Determinations
Btate or territory State or territory
Latl- | Longi-] Azl- Lati~- | Longi-| Azl
tude tude muth tude tude | muth

B 1ttt et
LR T
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The office force in Washington has been engaged on the processing
of the ficld data resulting from triangulation, leveling, and astro-
nomic observations, and in the distribution of the data to the public
and Government mapping bureaus. The computation and adjust-
ment of 97 triangulation projects were completed, resulting in the ad-
dition to the files of 6,434 geographic positions of stations cxpressed on
the North American datum of 1927. These triangulation projects
are located in 24 States, the District of Columbia, and Alaska. Six
subordinate networks of leveling were adjusted and in addition junc-
tion details and minor adjustments were made during the processing -
of the leveling to 238 airports. Preliminary computations were made
for 4,370 miles of leveling. Descriptions of 12,978 bench marks and
itandard elevations for 11,588 bench marks were prepared for distri-

ution. '

Assistance was given to the’ Army Air Forces in computing dis-
tances from Shoran observations in a study of methods to attain an
accuracy comparable to that obtained by geodetic surveying methods.
The Shoran determination of distance as used on these field experi-
ments is practicable for distances in excess of 100 miles. The field
¥rocedure consists of obtaining readings on the Shoran equipment

rom an airplane flying at right angles to and crossing the line o
sight between the two points for which the distance is required. A
radio impulse is transmitted from the plane and retransmitted from
the apparatus at the station points. The time of transmission of the
initial pulse from the plane to the time of receipt at the plane of the
retransmitted impulse is recorded visually on the Shoran equipment
in the plane. The height of the plane is also determined and used in-
the computations. With these observations and the velocity of the
radio wave, distances can be determined. The distance between the
two stations will be obtained when the sum of the time intervals is &
minimum. Further study of the methods of computation to be used
for triangulation by Sharon methods is necessary. .

The operation of the field computing office in New York City was
continued. This office has been of great assistance in computing an
adjusting field survey notes. ~

TIDE AND CURRENT SURVEYS

The tidal work of the Coast and Geodetic Survey had its origin in
the necessity for correcting the soundings taken in hydrographic
surveys for the rise and fall of the ocean tides, so that the nautical
charts would show all depths reduced to a common datum. With the
increased drafts of vessels it became necessary to make available to
the mariner an advance knowledge of the times and heights of high and
low water at the more important ports. Such information is fur-
nished him in the form of tide tables which are published annually by
the Bureau and issued in advance of the beginning of each year.

Besides these two principal purposes the tidal work of the Bureal
has many collateral uses in the fields of practical engineering and sci-
entific research. Among these may be mentioned its use in the deter-
mination of mean sea level at various points along the coast to serve a8
a basic datum for the network of leveling extended over the country;
in coastal construction in the location anf design of piers, bridges, an
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'fact()l‘ies; in the determination of title to property bordering on tide-

ans % in the study of marine life, phenomena associated with storms

stnd earthquakes, and in the study of the important question of coastal
8bility, ~Continuous tide observations supply the only quantitative

lai;tg for determining the slow change taking place in the relation of.

0 sea.

StThe Coast and Geodetic Survey is the sole agency of the United

Y Ates Government that is charged with the function of obtaining
nd Publishing tidal data. : .

of yetompanyng the rise and fall of the tide is a horizontal movement
N the_ water known as the tidal eurrent. A knowledge of the cur-
conts in a locality is a prerequisite to safe navigation. There are
laany cases on record where vessels have come to grief because they
o tked information on currents or because they failed to take existing

Urrents into account.
g4 addition to its importance in navigation, currents must be con-

ered by the civil or military engineer engaged in harbor improve-

inent and marine construction, and by the samtary engincer in deal-

Ing with the problem of sewage disposal in metropolitan districts.
formation on the ebb and flow of the current is furnished to the

p".blgc in the form of current tables published annually by the Bureau
n other forms. .

0 obtain the data for tide and current information, the Bureau
8}Il’erates some 80 tide stations at coastal ports, makes supplemental
o Ort-period tide observations at numerous other places, carries on
- “Ombined tide and current surveys of important waterways, and

n&lyz?s data for making tide and current predictions, :
uring the year, the Bureau had in continuous operation 89 pri-
g‘salfy and secondary tide stations on the Atlantic and Gulf coasts;

Stations on the Pacific coast, in Alaska, and in the Hawaiian Is-
“ahds; 8 stations in foreign countries; and, under the State Depart-
Cent program of coperation with American Republics, 11 stations in
ehtral and South America. Fifty of these stations were maintained
é‘ Cooperation with other agencies, including the governments in
aentral and South America, the various units of the Army, Navy,

1d Coggt Guard, and with municipal and research organizations.
emperature and density observations of sea water were obtained
I}ll‘mg the Eear at 58 of the tide stations and from 8 stations estab-
Isheq for observing temperature and density only.
th tida] bench mark recovery party continued operations along
St: Pacific coast of the United States and in Alaska servicing tide
~S8tions and recovering and leveling to bench marks. .
ey o 3Pblementing the current survey of Puget Sound, 24 additional
Urrent stations were occupied during the year. Work preliminar
theo preparation of tidal current charts for this area, for whic
18re have been a number of requests, is now in progress.
irWIth the end of the war in the Pacific requests for information
om the Armed Forces have materially diminished. However, the
eparation of special tide and current reports for particular areas
Or the use of the Joint Army-Navy Intelligence Service is being
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continued at the request of the Hydrographic Office. Two such e
ports were completed during the year and one more is nearing com’:

letion. Data derived from special current surveys in San Francisc?:

ay, made at the request of the Navy Department, were furnishet;
to naval authorities in San Francisco. For use in connection with:
Operation Crossroads the Bureau prepared special sheets of predictedg
tide curves for Bikini covering tge months of March-August 1946
Information on current movements in the oceanic area off New Yor*
Harbor was furnished the ‘Fish and Wildlife Service in connectio?:
with the proposed dumping of industrial wastes. Other curren”
information for numerous localities was furnished in compliance wi
special requests.

Reciprocal arrangements for the exchange of tidal information be-
tween the Bureau and England, Canada, India, Argentina, and Franc®
were in effect during the year. In a resumption of an arrangemen
of former years, interrupted by the war, the Netherlands supplie
tide predictions for Flushing and Hook. Assistance was again e¥’
tended to Norway. In response to a request from that country th1®
Bureau prepared special tide predictions for nine Norwegian port?
for the year 1947. Daily predictions together with rolls o predlcted
tide curves for Bangkok Bar covering the years 1946 and 1947 wer®.
supplied to Siam on request. .

Daily predictions for four new reference stations (one in the tide
tables and three in the current tables) were included in the regulsf
tables. An innovation during the year was the inclusion in the tid?
and current tables of sets of typical curves depicting the variation®
in the daily tide and current at representative places.

GEOMAGNETIC SURVEYS

The geomagnetic work of the Bureau began in 1840 as one of th¢
essential steps in the preparation of nautical charts. As long as
navigator steers his vessel by the magnetic compass, so long will he.
require information on the amount of the compass needle deviatés
from true north at any given locality. Both the nautical and aero”
nautical charts of the Bureau provide such information. The Survey
is able to furnish such information as a result of its complete magneti®’
survey of the United States and the regions under its jurisdiction.

Geomagnetic surveys are also important to land surveyors in retrac’
ing boundary lines surveyed with the magnetic compass many yeaZ
ago; to geophysical prospectors who use magnetic methods in ‘thelf
search for oil and other minerals; to investigators of radio transm!®
sion; and to other scientific investigators.

Magnetic observations have been made at thousands of place®
throughout the United States and its Territories to determine tb?
change in declination from place to place. In the United States th?
variation ranges from 24° east to 23° west of true north, or a tot?®
range of 47°, DBecause of the constantly changing direction an
strength of the earth’s magnetic forces, observations are necessary ab
periodic intervals. The present program of the Bureau calls for th®
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lgftennination of the magnetic elements at about 6,000 repeat stations
A S-year intervals. .
n uring the year continuous photographic records of the principal
Cﬁgnetlc elements were obtained at the magnetic observatories at
tltenham, Md.; Honolulu, T. H.; San Juan, P. R.; Sitka, Alaska;
st _Tucson, Ariz. In addition, an automatic declination recording
2tion was operated for about 6 months at Gatlinburg, Tenn., in the
o Teat Smokies National Park. No regular field parties were in op-
ratlonz since the data needed for the 1945 edition of the United
sit tes 1sogonic chart had already been obtained; this is the normal
Uation at the end of each 5-year period.
o Pecial magnetic projects were undertaken in certain areas and at
'I‘hr Magnetic observatories to meet requests of the Armed Forces.
of ese included observations with special instruments or the training
N Dersonnel to operate specialized equipment. Observations of mag-
®tic declination were made at nine airports in eight States. This
Tnished the information required in alrplane compass adjustment,
Necessary preliminary to safe air navigation. In the Washington
Ollice, the special project of furnishing world-wide isogonic data for
® of the Armed Forces was brought to a close. '
¥ he 1945 edition of chart 3077, isogonic chart of United States, was
Sued during the year. This chart, which shows the lines of equal
g}fag{letic declination, is a basic source of information for many classes
Sclentific and technical users, as well as for the general public. The
S 45 edition marks a departure from former editions in several re-
QPeCts. A larger base map is used which shows more detail and
dXtends farther into the north Atlantic Ocean. The isogonic lines are
ir"aWn by a new procedure which more consistently reflects the local
Tegularities shown by the observations.
to agnetic conditions based on records at the Cheltenham Observa-
nerY, were reported daily to the National Bureau of Standards in con-
I Ction with its program of forecasting radio transmission conditions.
addition, magnetic data were furnished other Government agencies.
o Pecial compilations of data for use of the Weather Bureau in a
thsearch project were finished. This project was declassified during
J € year and the results were published by the Weather Bureau in the
Qurna] of Terrestrial Magnetism and Atmospheric Electricity.
Mcoopgration between the Bureau and the Department of Terrestrial
8gmetism of the Carnegie Institution of Washington was continued.
Comagnetic data were exchanged and magnetic instruments loaned.
Ong the more important items were: Maintenance of international
-M8etic standard at the Cheltenham Observatory by means of the
'0e galvanometer and the operation there of a cosmic-ray meter; con-
Uance of atmospheric-electric observations at Tucson, Ariz.; and
S8 collaboration in the matter of special instruments.

‘ clo,
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The following table shows the distribution of magnetic observation®
during the year: '
Distribution of magnetic observations

Repeat stations

Locality New oud Other | Totsl
stations

Com- | Decling- | Com- | Declina-
plete! |tiononly| plete! |[tiononly
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1 A complete station comprises measurement of declination, horizontal intensity, and dip, thus eompleiialy
defining the field.

SEISMOLOGY

Seismology, or the science of earthquakes and attendant phenomens
is a comparatively new field of investigation for the Coast and Geodet1”
Survey. This work was assigned to the Bureau in 1925 when it w83
reco;%nized that earthquake study was important to the country as &
whole and that it must be dealt with on a highly cooperative basi,
Because of its highly trained personnel, skilled in the operation of
‘delicate recording instruments and in the interpretation of record
it was the consensus of scientific opinion that this worlk should b?
taken up by the Coast and Geodetic Survey which for many year®
before had geen operating seismographs at its magnetic observatories:

While it is true that earthquakes cannot be prevented, the practic®
purpose of the work is to discover ways and means of lessening theif
destructive effects. This can be done only by a systematic program 0
collecting and analyzing data pertaining to earthquakes.

The program of seismologic work in the Coast and Geodetic Survey
is designed to locate all significant earthquake areas in the United
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States and its possessions, to determine the destructive effects, as well
88 the nature of earthquake motions, and to safeguard life and prop-
Ity by giving to the engineer data which will enable him to determine
Where and to what degree earthquake-resistant designing of structures
Sneeded. Progress has been made toward improvement of structural

esign as a result of the seismologic work of the Bureau. These
eﬁQI‘ts'have aroused widespread interest in this country and abroad.
uilding codes have been improved and it is generally felt that lives
ad property are thus being materially safeguarded.
he Bureau maintains close cooperation with business, engineering,
and scientific agencies interested in this highly speciaiized activity
om the viewpoint of public safety and scientific research.
he seismologic work of the Bureau was concentrated during the
.Jear on projects which had fallen in arrears due to the war. Seismo-
raphs were operated at four magnetic observatories and at the Ukiah
atitude Observatory. -

Fifty-eight strong-motion seismograph stations were in operation

four western States and in the Canal Zone. Seventy-seven records

Were obtained from 14 earthqualkes of moderate intensity in the west-
8 part of the country. Three records were obtained from one of
four strong-motion seismographs established in South America in
Connection with a State Department project. The information from
theSQ stations was used by a number of engineering laboratories con-

Ucting research in the design of earthquake-resistant structures. In-
frest among engineers in the advancement of these studies reached a
Bew high during the year in anticipation of extensive building plans.
he operation of seismographs in the region of Boulder, Shasta, and
>rand 8oulee Dams was continued under a cooperative arrangement
¥ith the Bureau of Reclamation. The accumulated data have fur-

Nished important engineering information in regard to the influence of
Teservoir loading on the occurrence of local earthquakes.

Assistance was given the War and Navy Departments in the instru-
Menta] aspects of various magnetic and seismologic projects. Seismo-
8raph records were furnished in connection with the atomic bomb
®Xperiment in New Mexico. '

The Bureau cooperated with New Zealand by preparing directions
for operation of accelerographs. .

.Vibration observations were made on one oil refinery tank. Ground
brations were observed during blasting experiments in Idaho con-

-Jeted by the military. In the Panama Canal Zone vibration tests
Were'made in connection with a foundation problem which developed

&lon% the route of a proposed new canal.

' Tl_ tmeters were continued in operation at the University of Cali-
fpr{lla, Berkeley, and in the Long Beach area to detect any ground
ti ting which might possibly serve as an earthquake warning.

. Larthquake investigation in the United States is a highly coopera-
Ve undertaking and involves close contacts with many commercial

- 8gencies and public utilities, the Weather Bureau, a number of seis-

ologic and engineering organizations, universities, postmasters, and
Several thousand selected individuals.  From them, nearly 3,000 in-

Ormation reports were received for 159 earthquakes. In addition,
SPecial canvasses were made for 25 unusually strong shocks and in one
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case the affected area was visited by a Bureau seismologist. Assistance
was given 12 universities and 4 private stations in maintaining seis-
mographs. This consisted primarily in furnishing materials and in
interpreting and publishing the instrumental data. This cooperative
effort resulted in more accurate earthquake locations than would other-
wise have been obtained. The instrumental data were furnished seis-
mologic stations in this country and to a limited extent abroad, and in
return similar data were made available to the Bureau.

Co?emtion with science service was continued. This permitted the
immediate location of important earthquakes from seismologic dats
transmitted by that organization. Forty-eight epicenters were located
in this way. In exchange, the position reports made by this Bureau
were made available to science service for local and general publicity
purposes. They were also distributed to cooperating stations.

An earthquake and tidal wave originating in the Aleutian Islands
and causing loss of life and property at Hilo, Hawaii, focused public
attention on the question of utilizing seismographic data to predict
seismic sea waves. This is considered to be a more costly and less
reliable method than the method of broadcasting their existence from
points near the origin of the wave.

IMPROVEMENT IN INSTRUMENTS, EQUIPMENT,
AND TECHNIQUES -

The Bureau has from its inception recognized the importance of
research in its several activities and in adapting the current findings
of science to its own needs. It has constantly aimed to test, develop;
and employ new and improved instruments, equipment, and techniques
whereby better results can be obtained at reduced costs. The Bureau
services the equipment and instruments used in its specialized func-
tions. It hasbeen found necessary to maintain a radiosonic laboratory
for improvements and adjustments of equipment used in electronics,
and to provide a photogrammetric laboratory and- technical group for
the development of instruments arid methods to give the precision
required in this type of work. )

uring the year several notable improvements have been made in
the instruments and equipment used in the field and in the office thaé
will result in higher accuracy and greater efficiency in our work.

The most outstanding of these developments has been in the field
of hydrographic surveying. Shoran equipment, used during the war
for precision bombing, was installed and used on three survey vessels—
two operating in the western Aleutians and one off the coast of Maine.
Tests indicate that with this type of equipment the survey vessel’s
gosition can be determined with an accuracy comparable to visual

x control.

A new electronic instrument, known as radio ranger, has been de-
signed in the Bureau for use in offshore hydrographic surveys beyon
the limits of Shoran equipment. Preliminary tests indicate that satis-
factory results are obtainable at distances up to 300 miles from shore-
This instrument will make. possible more accurate oceanographic
investigations, particularly og the waters beyond the Continental
Shelf, of offshore seamounts, and of submarine canyons, as well. a8
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» complete study of the Gulf Stream. Another application will be
1 oil prospecting far from shore. .

ther improvements made during the year are the following:

he transit micrometer for our astronomical transit has developed
frrors due to wear. It has been redesigned with roller guides for

B e moving element and with the same form of thrust bearing that

1188 been found successful in the micrometers of our theodolites.

. The telescopes of the second-order theodolites under construction

Wl be made largely from strong aluminum alloy and will be decidedly
‘Ughter than those of brass. %‘he vertical circle will be graduated

dll‘ectly on the aluminum,

recent optical development is the mechanical coating of lenses

to reduce internal reflections. A very thin coating of a suitable ma- .

teria] is applied, forming a hard surface, which has the property of

lnCreasing the distinctness and brilliance of the image by a ver
ppreciable amount. Several theodolite lenses have been so treated,

&nd it js planned to apply this treatment to all of our major instru-

];‘lel{ts. A considerable number of binoculars have been purchased

4ving these treated lenses.

& newly developed nylon yarn, about 50 percent finer than prewar
. J0ers, has been found particularly desirable for use as telescope cross

Wires, Nylon is strong and elastic, and the new fiber, although too

EOarse for the finest instruments, can be used for all telescopes except

hQSe of precise levels.

mprovements were made to the instrument installed at the auto-

Matic recording declination station at Gatlinburg, Tenn. Two addi-

l0nal similar instruments to make continuous automatic records of

declination at a fixed station were constructed. The purpose of this
Strument is to reduce the amount of fieldwork and to improve our
Owledge of declination changes for chart purposes.

. A new type of unifilar accelerometef suspension was designed and a

Contract awarded for construction of 50 instruments.

" ebuilding of variometers and recorder was completed for installa-

10n in the new geomagnetic observatory now under construction at
tonoluly,

An improvement was made in our observing tent frames by sub-
Stituting strong aluminum alloy tubing for the steel. This resulted
lvléreducin the weight for a tent unit from 32 pounds to 12 pounds.

elding also made possible a better and stronger frame.

new process printing frame and two new whirlers were received
anq lpstuﬁed in our chart reproduction plant, and a number of new
achines were purchased for our instrument plant.
i he Bureau has cooperated with various Government agencies dur-
ing the year. They were given the benefit of the Bureau’s experience
N survey instruments and equipment, and were assisted in procuring
f.m}{er equipment for their purpose. A number of the agencies, par-
F ularly the Army and Navy, have adopted many of our designs.
: Ve new magnetometers, belongm%1 to the Na epartment, were
emRI‘OVed and standardized at the Cheltenham Observatory. Special
Sq‘llpment was prepared in connection with Operation Crossroads.
everal forei?'n governments have expressed interest in our equip-
ﬁlent, and at least one, Brazil, is actually purchasing instruments of
Ureau design.
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During the year a number of improvements have been made in -
methods of compilation and reproduction of nautical and aeronautical
charts. A process was developed by which color proofs, in perfect
registry, are obtained from the negatives of a multicolor chart prior
to making the printing plates. The process consists in exposing each
negative to sensitized vinylite which is recoated for each exposure,
sultable dyes being included in the coating solution to produce the color,
desired. This method effects a considerable saving in time, labor, and
materials over the conventional press proof method.

An improved method of preparing and processing negatives was
developed for use in connection with the application of stick-up letter-
ing to the chart compilation. This method eliminates one set of nega-
tives, saves a certain amount of process work, and results in improve
reproduction. -

A method of stripping names, notes, and symbols to existing nega-
tives of charts and maps was developed which avoids the laborious task
of engraving extensive changes in names on the negatives.

COOPERATION WITH AMERICAN REPUBLICS

‘For the sixth consecutive year the Coast and Geodetic Survey con-
tinued its participation in the interdepartmental program for cultural
and scientific gooperation with the American Republics, which is spon-
sored and financed by the State Department. This program, which
began with the introduction of our methods and instruments in gravity
and tidal surveys in the American countries, has been expanded to
include work in other fields, such as geomagnetism, seismology;
geodesy, and hydrography. In addition, the fellowship 5)1‘0gram, n-
augurated last year, and designed to train qualified applicants from
the Americas in'the fields of geodetic and hydrographic surveying and
in map and chart production, was continued during the year. '

Important benefits have already accrued from this cooperative pro-

ram. Through our representatives wh