
h^A^^u^hi^

OCEANOGRAPHY IN THE UNITED STATES

HEARING
BEFORE THE

SPECIAL SUBCOMMITTEE ON OCEANOGRAPHY
OF THE

COMMITTEE ON

MERCHANT MMINE AND FISHERIES

HOUSE OE REPRESENTATIVES
EIGHTY-SIXTH CONGRESS

SECOND SESSION

PART II

FEBRUARY 9, 1960

Printed for the use of the Committee on Merchant Marine and Fisheries

UNITED STATES

GOVERNMENT PRINTING OFFICE

53203 WASHINGTON : 1960

A.o^





OCEANOGRAPHY IN THE UNITED STATES

HEARING
BEFORE THE

SPECIAL SUBCOMMITTEE ON OCEANOGRAPHY
OF THE

COMMITTEE ON

MERCHANT MMINE AND FISHERIES

HOUSE OE REPRESENTATIVES
EIGHTY-SIXTH CONGRESS

SECOND SESSION

PART II

FEBRUARY 9, i960

Printed for the use of the Committee on Merchant Marine and Fisheries

UNITED STATES

GOVERNMENT PRINTING OFFICE

53203 WASHINGTON : 1960

A.-X



COMMITTEE ON MERCHANT MARINE AND FISHERIES

HERBERT C. BOX.VER, North Carolina, Chairman

FRANK W. BOYKIN, Alabama
EDWARD A. GARMATZ, Maryland

LEONOR K. (MRS. JOHN B.) SULLIVAN,
Missouri

T. A. THOMPSON, Louisiana

GEORGE P. MILLER, California

HERBERT ZELENKO, New York
FRANK M. CLARK, Pennsylvania

THOMAS LUDLOW ASHLEY, Ohio

JOHN D. DINGELL, Michigan

L. MENDEL RIVERS, South Carolina

TORBERT M. MACDONALD, Massachusetts

ALTON LENNON, North Carolina

ROBERT N. C. NIX, Pennsylvania

VICTOR L. ANFUSO, New York
JAMES C. OLIVER, Maine

THOMAS N. DOWNING, Virginia

GERALD T. FLYNN, Wisconsin

BOB CASEY, Texas

THOMAS F. JOHNSON, Maryland

THOR C. TOLLEFSON, Washington

WILLIAM K. VAN PELT, Wisconsin

JOHN H. RAY, New York
WILLIAM S. MAILLIARD, California

FRANCIS E. DORN, New York
THOMAS M. PELLY, Washington

A. D. BAUMHART, Jh., Ohio

H. R. GROSS, Iowa

WILLARD S. CURTIN, Peimsylvania

MILTON W. GLENN, New Jersey

ELMER J. HOFFMAN, Illinois

John M. Drewrv, Chief Counsel

Bernard J. Zincke, Counsel

Robert H. Cowen, Counsel

Paul S. Bauer, Consultant

William B. Winfield, Chief Clerk

Special Subcommittee on Oceanography

GEORGE P. MILLER, California, Chairman

JOHN D. DINGELL, Michigan FRANCIS E. DORN, New Yori

ALTON LENNON, North Carolina THOMAS M. PELLY, Washington

JAMES C. OLIVER, Maine WILLARD S. CURTIN, Pennsylvania

GERALD T. FLYNN, Wisconsin

John M. Drewry, Counsel

Paul S. Bauer, Consultant

n



CONTENTS
Testimony of

—

Caldwell, J. M., Chief, Research Division, Beach Erosion Board, Page

U.S. Army Corps of Engineers 27
Eaton, Richard O., chief technical adviser, Beach Erosion Board,

U.S. Army Corps of Engineers 27
Haggard, William H., assistant to the Deputy Chief of Bureau,
Weather Bureau. Department of Commerce 1

Laro, M. Roland, executive officer. Weather Bureau, Department of

Commerce 1

Reichelderfer, Francis W., Chief of Bureau, Weather Bureau, Depart-
ment of Commerce 1

Sprague, Col. H. E., executive officer. Beach Erosion Board, U.S.
Army Corps of Engineers? 27

Thompson, Jack C, executive assistant (technical planning) , W^eather
Bureau, Department of Commerce 1

Additional information-

—

Miller, Hon. George P., chairman. Special Subcommittee on Ocean-
ography, letter 23

Reichelderfer, F. W., Chief of Bureau, Weather Bureau, Department
of Commerce, letter, Februarj- 12, 1960, re ships in program 25

m



aTK:iTk:o^>



Y~i\IAj:iOO^'IAQO-

OCEANOGRAPHY IN THE UNITED STATES

TUESDAY, FEBRUARY 9, 1960

House of Representatives,

Special Subcommittee on Oceanography
OF THE Committee on Merchant Marine and Fisheries,

Washington, D.C.

The siibcominittee met at 10 a.m., pursuant to notice, in room 219,

Old House Office Building, Hon. George P. Miller (chairman of the
subcommittee) presiding.

Present: Representatives Miller, Oliver, and Dorn.
Staff members present: John H. Drewry, chief counsel, Paul S.

Bauer, consultant to the subconnnittee, and \\illiam B. Winfield,

chief clerk.

Mr. Miller. The connnittee will be in order. vSickness has hit

some of the committee this morning. Some of the other members
are en route. We will get underway.

Toda}^ we are continuing the examination of our oceanographic
assets which are under control of agencies of the Federal Government.
Our first subject will be the weather. The very able Chief of the

U.S. Weather Bureau, Dr. F. W. Reichelderfer, will make the presen-
tation .

Following this, we shall hear from the Beach Erosion Control
Board, whose responsibility is to keep our seas from devouring our
beaches.
The committee will then meet in executive session.

Dr. Reichelderfer, if you will come forward, we wUl be very glad to

hear from you.
Mr. Reichelderfer. Thank you.

STATEMENT OF FRANCIS W. REICHELDERFER, CHIEF OF BUREAU;
ACCOMPANIED BY JACK C. THOMPSON, EXECUTIVE ASSISTANT
(TECHNICAL PLANNING); WILLIAM H. HAGGARD, ASSISTANT
TO DEPUTY CHIEF OF BUREAU; AND M. ROLAND LARO, EXEC-
UTIVE OFFICE, WEATHER BUREAU, DEPARTMENT OF COMMERCE

Mr. Reichelderfer. Mr. Chairman, I would like to introduce the
representatives of the Bureau who came with me in case the questions
go beyond my immediate knowledge.
In the center is Mr. J. C. Thompson, who is the head of our plan-

ning operation, and he is here in particular because he has been working
with the Interagency Coordinating of Oceanography and has been
right in the middle of this program.
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At the left is Mr. Haggard, who spent many jesiTs \vith the Navy
on the Navy's AROWA project and worked in maritime meteorology
and particularly in the research in tropical storms and hurricaDes.
On the right is Mr. Laro, who has been trying to pull together all

of the various activities and programs into a coordinated whole and to
prepare a 5-year program insofar as the Weather Bureau's maritime
meteorology program is concerned.
Mr. Miller. If you would like to have those men at the table

with you, we will make room for them.
Mr. Reichelderfer. It will not be necessary at the present stage.

Thank you, Mr. Chairman.
Under the statutes and executive orders governing meteorological

services provided by the U.S. Government, the Weather Bureau is

responsible for collecting essential weather reports from tlie oceans,
the Great Lakes and other bodies of water in which the United States
has a meteorological interest, and for preparing weather maps,
climatological charts, storm warnings and other weather advisories
for the high seas and water areas within or contiguous to the United
States and its territories.

The Weather Bureau is responsible also for meteorological research
in support of ocean weather services and in particular, for boundary
zone research involving the oceans and the atmosphere in their direct
relations to weather and climate.

The importance of scientific studies into the relationships between
atmosphere and oceans is evident in many of the meteorological
phenomena tliat determine in large measure man's activities and
welfare.

Most of the water that falls on the continents as rain or snow comes
from moisture evaporated from the oceans. Many of the severe
storms which bring destruction as well as beneficial precipitation to

land areas are gejierated over the oceans. Certain research has
tried to show that hurricanes, the most violent general storms to be
found anywhere, are formed only wlien the surface temperature of the
tropical ocean, where they are generated, exceeds a certain critical

degree. This hypothesis needs more research to confirm or modify it.

In numerous other wa3^s, meteorology and physical oceanography are

closely related.

Responsibilities of the national meteorological service under the

Weather Bureau necessaril}- hivolve a very extensive international

weather reporting system and a well-organized service for providing
warnings of dangerous storm tides and damaghig winds that strike

the islands and the coastal communities of the United States.

Interaction of air and sea in causing destructive conditions of wdnd and
water over the oceans and along the coasts is so involved and in-

separable that for many purposes meteorology and oceanography
must be regarded as one and the same science.

The need for studies in this field has been emphasized in the report

"Oceanography 1960 to 1970" by the NAS-NRC Committee on
Oceanography with which your committee is well acquainted, and I

need not emphasize this point further.

Among other comments on this subject in the report just mentioned,
is the statement that the interchange which "takes place between the

sea and air affects persistent weather patterns." Tlie remainder of

this statement will be devoted to summary descriptions of the principal
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features of meteorological programs which I believe are of interest to

this Special Subcommittee on Oceanography.

LONG-RANGE PROGRAMS

For many years, the Weather Bureau has urged further development
of ocean weather studies and services, including ocean climatology.

Since the oceans cover most of the earth's surface, it is obvious that

"by volume" most of the weather of the globe occurs in the vast

reaches of the atmosphere overlying the oceans.

Last year the direci:. interest of meteorology in oceanographic
research and the proposals of the Weather Bureau for development
of this important field were given emphasis by request through
the Federal Council for Science and Technology and subsequently,

the Interagency Coordinating C^ommittee on Oceanography that the
Bureau summarize its long-range program aimed at

—

(1) Extending and devefoping the weather observations, storm
warnings, and other ocean meteorological services vital to safety

of life and property, and
(2) Conducting the necessary research for advancement of

knowledge of atmosphcric-oceanographic processes.

As already implied, worldwide meteorological services required by
marine transportation, air commerce, and other national interests

are a highly cooperative undertaking. They require weather reports

from representative localities all over the globe. It is beyond the

scope of any one organization to maintain this worldwide weather
observing and reporting network under a single all-embracing juris-

diction. The daiH meteorological service depends not only on
international cooperation for collection of weather reports from all

parts of the globe but also on tlie cooperation of other organizations

and individuals within the United States—the Coast Guard with its

ocean vessel stations and its lighthouse service, the military services,

the airlines, and many others—-all of these cooperate with the Weather
Bureau in providing daily and sometimes hourly weather observations

and reports in localities where the Bureau cannot economically
maintain its own weather stations.

Similarly, at the other end of the system, it is necessary to rely on
the cooperation of many communications channels in order to get

weather forecasts and storm warnings broadcast promptly to all of the

people and to the man\^ business and transportation activities whose
safety depends upon timely warnings of the approach of destructive

storms.
In addition to the daily weather services, there is the branch of

general meteorology known as climatology and this subject also

comprises a major activity and service in ocean meteorology.
I shall summarize the principal features very briefly.

Mr. Chairman, there may be questions and, if it is satisfactory to

you, I shall read tho paragraphs dealing with services by title only,

if you would permit the full text to go in the record and will go on to

the research, which is the thing most directh' of interest to this

committee.
Mr. Miller. Without objection, that is so ordered.

Mr. Reichelderfer. Thank vou, sir.
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DAILY OCEAN WEATHER SERVICES

The Weather Bureau's shipboard weather observation program—
this at present has three general components. The first is a coopera-

tive program which provides meteorological data and information

on weather and state of the sea from many vessels traveling the

high seas and the Great Lakes. The Weather Bureau furnishes a

few items of meteorological equipment to selected vessels. The
Bureau also calibrates barometers, barographs, and other instruments,

and trains designated ship's officers in the techniques of synoptic

weather observations.

In the second component the Weather Bureau operates meteoro-

logical stations on six ocean vessels at fixed locations, four in the At-

lantic and two in the Pacific. The vessels are manned and operated

by the U.S. C^oast Guard on funds furnished by the Xavy.
' The third component is an upper air sounding program carried on

seven MSTS ships which take observations in the Atlantic, Carribbean,

and Pacific.

Tlie present number of meteorological and oceanographic measure-

ments obtained from the ocean is still inadequate for forecasting and
research. The lack of upper air data over the oceans poses a serious

handicap for high altitude forecast centers responsible for predicting

wind, temperature, and circulation at high levels in the atmosphere.

This lack of information in turn leads to inadequate forecasts for con-

tinental as well as for ocean areas. Gradually the number and ac-

curacy of measurements must be increased not only to meet require-

ments of meteorological oceanography and marine weather services,

but also for benefit of domestic weather forecasting and international

air commerce. Eventually, 400 additional selected merchant vessels

should be equipped for surface weather observations and at least 75

additional merchant vessels for the upper air soundings will be required

in the Atlantic, (Caribbean, and Pacific areas.

Automatic 'marine weather stations.—^Usually merchant ships follow

established shipping lanes. These restricted routes tend to limit the

coverage of the weather reports and leave vast areas of the oceans

without observations of weather conditions. Automatic ocean

weather stations widely placed in untraveled ocean regions would pro-

vide needed scientific data and would assist in detection of violent

storms which develop in regions where no reports are received. The
Weather Bureau started development of automatic stations several

years ago but soon found that the Navy was going ahead with ocean

buoys in this field. Now the Navy and the National Bureau of Stand-

ards are currently testing automatic weather stations for use at sea.

The Weather Bureau has assisted in the tests by monitoring radio

messages from these stations, and also by contributing a small portion

of the funds in connection with hurricane research.

It is the Bureau's intention to procure service test models of the

automatic stations for installation during fiscal year 1961. l^pon

successful completion of final tests, location priorities will be estab-

lished and specified numbers of automatic stations should be procured

annually thereafter.

Port marine services.—^In carrying out its program of services to

domestic and overseas maritime interests, the Weather Bureau^ has

established Port Marine Offices at eight major ports of call. These
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Offices assist in monitoring the merchant ship program and providing
weather service and advice to mariners. Facihties at these offices

also inckide caHbration of ship meteorological instruments.

In order to support tlie expanding marine program adequately,
it is planned that several more meteorologists and technicians will

gradually be added to tliese port offices. They will assist merchant
ship officers in meteorological familiarization in port and will carry
out an expanded program of instrumental calibration and training.

Marine forecasts and storm, warnings.—One of the most important
responsibilities of the Weather Bureau is issuance of storm warnings
and forecasts for broadcast to shipping on high seas and coastal

waterways. This service included details as to tlie location and direc-

tion of movement of severe storms, the winds, weather, visibility, and
sea conditions. Along the sea coasts, forecasts and warnings are

provided to small boat operations and to coastal and harbor traffic

through the display of signals which warn of approaching severe
weather. Warnings include advices on storm tides, tidal flooding,

et cetera, for coastal communities.
At present marine forecasts and warnings are prepared by members

of forecasting staffs whose duties include many other responsibilities.

The pressure of these duties frequently prevents the weather map
analyst and forecaster from focusing his attention on ocean weather
developments and preparation of adequate marine forecasts and
warnings. Eventually the staffs at marine forecasting offices in

Honolulu, San Francisco, and Washington, D.C., should have meteor-
ologists who give full attention to ocean meteorology and the services

based thereon.

Another important responsibility of the Weather Bureau is the serv-

ice of warnings of dangerous storm tides (storm surges). High storm
tides in the past have caused great loss of life and tremendous property
damage. During the last 4 years, the Weather Bureau has augmented
its quantitative storm tide warnings. In support of this warning
service remote recorders of water levels have been installed at sites of

Coast and Geodetic Survey tide gages along the Atlantic and gulf

coasts. Other gages have been established in a number of localities

where installation was practicable.

Currently available information concerning variations in ocean
levels is far from adequate for storm surge forecasting and for warning
the public about present and predicted water levels during severe
storms. It is our intention to increase the number of remote tide

height recorders. Additional remote recording and several additional
staff gages are planned for fiscal year 1960.
Marine coinmunications

.

—Weather reports are collected foiu' times
daily by radio messages from ships underway in the western North
Atlantic and eastern North Pacific waters. The messages are handled
by commercial stations which require payment of radio tolls by the
Weather Bureau. These reports form the basis for weather maps from
which are prepared the daily forecasts and warnings to shipping and
marine interests including boating operations in coastal w^aters.

Marine bulletins giving forecasts, warnings, and reports are broadcast
to shipping via Government and commercial radio stations. Com-
mercial stations make no charge for these broadcasts.

In order to provide complete weather bulletins covering warnings,
forecasts, and reports in sufficient detail, including 5-day forecasts of

53203—60—pt. 2 2
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pressure system movements for ships' operational planning, more
broadcast time over commercial radio facilities is desirable. Govern-
ment and commercial stations which now broadcast shipping bulletins

cannot provide additional broadcast time for these transmissions.

Purchase of commercial broadcast time may be necessary.

In recent years radio-facsimile broadcasts of weather charts have
been improved considerably. As a result the number of ships equipped
with facsimile receivers is increasing. These ships have need for

special weather and sea charts, especially the 5-day forecast and other
charts adapted to navigation purposes. They are unable to obtain
these charts from existing radio transmissions. It may be necessary
in the future to contract for broadcast time from commercial radio
companies to provide twice-daily facsimile transmissions of such in-

formation. At least two broadcast programs should be planned, one
broadcast station on the Atlantic coast, the other on the Pacific coast.

Also considered necessary is the installation of automatic telephone
answering facilities at offices located in 10 major port cities from which
the latest marine forecasts and warnings could be obtained.

OCEAN CLIMATOLOGY

Before turning to the research programs in meteorology and oce-

anography which probably are of direct interest to your committee, I

will comment briefly on the climatology branch of our ocean meteoro-
logical organization. Under the statutes and executive orders it is

the responsibility of the Weather Bureau to record and describe the

climates of the oceans. This function is performed primarily through
reduction of millions of ocean weather observations to punched card
form for machine tabulation. The results thus obtained by machine
methods are summarized and published by the Weather Bureau and
the Navy Hydrographic Office. The first volume of a new Climato-
logical and Oceanographic Atlas for marmers is just oft* the press and
I shall pass it around for your inspection. It treats the subject for

the North Atlantic Ocean.
At present the marine observations that become part of our perma-

nent punched card working decks are not completely verified. While
domestic observations are checked both manually and by machine,
no similar check is made of marine observations. It is important that

these observations which are made by untrained observers be care-

fully verified or checked. A quality control program for merchant
marine weather observations should be inaugurated. Research work-
ers in the field of meteorological and oceanography need adequate
climatic summaries from "fixed" ocean station vessels and Great Lakes
ships. At present an abbreviated summary is published. It is pro-

posed however to prepare monthly local climatological data and an
annual local climatological data with comparative data for all ocean
station vessels and to provide summaries for several unit areas on each
of the Great Lakes.
The Bureau now processes oceanographic observations contained

in its marine weather decks for various Government agencies on a
reimbursable basis. The data summarized are primarily sea sur-

face temperatures and wave observations. It is our intention to

continue this work if possible in tlie rapidly expanding oceano-
graphic network.



OCEANOGRAPHY UST THE UNITED STATES 7

111 the various marine card decks at the National Weather Records
Center there are over 24 milhon marine observations. In using foreign

decks of punched card weather data with our own decks, our costs are

materially increased by the necessity of combinmg different coding
practices for any particular summary. There is a possibility that the
marine decks can be consolidated into one master deck. This would
take several years to accomplish. After completion it would be main-
tained on a current basis.

Minimum time track routings are prepared from the 30-hour and
5-day Weather Bureau forecasts converted to sea condition charts.

It is proposed in future planning to compute mean minimum time
tracks between major ports from the historical map series and wave
observations. This would be of direct benef].t to the merchant
service and could be used as an average operational planning guide
for those engaged in ship routing.

EESEARCH IN METEOROLOGICAL OCEANOGRAPHY

The Weather Bureau's program in meteorological oceanography
is concerned with study of the interactions between the atmosphere
and tlie sea. The interplay between the atmosphere and the ocean
is so direct and interdependent that the atmosphere and ocean can
be considered as one medium separated by a discontinuity in density

and velocity. The exchange of heat, moisture, momentum, gases

(such as carbon dioxide and oxygen), and certain chemical elements
(such as sodium, chlorine, potassium, calcium, and magnesium) hasi

profound influence on the subsequent beliavior of tlie atmosphere
and ocean

.

In supplying the atmosphere, the oceans serve as a storehouse of

nearly infinite capacity for heat, moisture, and otlier properties.

In turn, the faster-moving atmosphere supplies the oceans, par-

ticularly the top layers, with much of their momentum.
The contributions made by the ocean ciuTents to poleward

transport of some of the excess energy accumulated from solar radi-

ation in the tropical latitudes is still not accurately determined, but
it appears to be at least 10 percent of that required for global energy
balance. Of course, unless there is a balance in the income and outgo
of heat, the earth would get warmer or colder and this is an important
study in determining the mechanisms of the atmosphere that gen-

erate various kinds of weather.
Mr. Miller. This has to do with the tides or currents that carry

heat toward the north?
Mr. Rbichelderfer. It does; yes, sir.

Mr. Miller. To help counteract and stabilize the ocean?
Mr. Reichelderfer. To distribute the heat.

One of the best known examples, of course, to Americans is the

Gulf Stream and its effect on European climate. The Japanese
Current in the Pacific is another good example. It brings the warm
moist air northward and warms the areas that would normally be
colder than the stream itself.

The formation of new volumes of cold bottom water in the oceans
seems to occur during unusually cold decades (such as that of 1810-
20)—one of the years in this period is still known as the year without
a summer—and it is still a matter for debate among oceanographers
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whether, in absence of such chmatic catastrophes, it would take 15 or
150 or 1,500 years for this cold bottom water to overturn and appear
on top to depress surface temperatures sufficiently to cause a de-
tectable climatic change.

Various salts and elements released by the ocean to the atmos-
phere serve as important condensation nuclei, which are necessary
for cloud formation and ensuing precipitation. The fact that hurri-

canes form mainly over the oceans points to an optimum combination
of meteorological and oceanic conditions necessary for their genesis.

Long-period changes in atmospheric circulation and in weather
patterns may be sensitive to the exchanges of heat and moisture
between the ocean and the atmosphere. For example, an unusual
pattern of wind and weather may alter the circulation of a large area
of an ocean, bringing warmer temperatures to one part and cooler

temperatures to anotlier. This new sea-surface temperature pattern,

in turn, influences the overlying air, thus possibly prolonging the
unusual atmospheric circulation pattern. Oceans are sluggish and
once a pattern is established, it tends to persist, thereby introducing
a long-range effect on the overlying atmosphere and on subsequent
weather patterns.

These things may very well have something to do witli determining
the general weather patterns over the continents and they may be pri-

marily the cause of droughty periods or unusual weather periods so

that it is very important for agriculture and for other business and
economic purposes to know more about the ultimate causes that con-
trol these annual changes in weather and climate.
There are also strong analogies between circulation patterns in the

oceans and in the atmosphere so that progress in understanding one
medium helps in the other. For example, recent improved insight

into the origin and nature of the Gulf Stream has assisted in under-
standing better the low-level jet stream in the Midwest which is

involved in formation of severe local storms in that area.

Since this material was prepared, I had a call from Professor Reihl,

of Chicago University, who has been with the Navy in tlie task force

that has been making the high altitude balloon soundings down in the

tropics and Professor Riehl, speaking along the lines of the paragraph
that I have just read, said that at very high altitudes they have found
circulation patterns which seem to have considerable significance in a

better understanding of the patterns at low levels.

All this, of course, is tied in with what effects the underlying ocean
waters with their temperatures have on the ocean masses, so they
behave as if it was one science.

Mr. Miller. But you are justified in pursuing the hypothesis that

there is a similarity between the Midwestern jet stream in the atmos-
phere, and thic Gulf Stream in the ocean.
Mr. Reichelderfer. There are similarities in pattern, yes, sir.

Mr. Miller. There are similar patterns that justify the liypothesis

that this may be worthy of study. If we do get the answers we should

be in a much better position to project some of these cycles, the dry

cycles, wet cycles, storm cycles?

Mr. Reichelderfer. Very definitely so. The advancenuMit of

knowledge in tlie one field contriljutes to advanciMuent of knowledge
in the other.
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Mr. Miller. How long, Doctor, has this matter been under study
or when did we first begin to approach the problem of meteorological

oceanography.
Mr. Ueichelderfer. Well, theories and hypotheses about the in-

terrelationship go back many decades. The early oceanographers and
early meteorologists suspected there was a relationship but the data
available to them for study was so meager that many of their liypoth-

eses have turned out to be wrong since we have gotten more data.

Of course, one of the striking things in our studies now is that, com-
pared with the vastness of the phenomena we are trying to study,

our data are still very, very inadequate.
One of the charts that I hope to show later brings this out rather

dramatically.
It is a process of constantly adding to our understanding and our

knowledge and the more data we obtain the more accurately we
can put together the jigsaw puzzles—and it is a jigsaw puzzle—so that

we can see the entire picture.

We have only a fcAV pieces to put together at this time.

Mr. Miller. This, like the whole field of oceanography, is one
that has been neglected for a long time and lias only been dramatized
quite recently although there have been those of you who have appre-

ciated its importance all along.

It is only now that we are beginning, through the National Academy
of Sciences and the great work that they did, to bring some of these

factors home to the people and particularly Congress.
Mr. Reichelderfer. This is true. The general expansion, almost

explosion of interest in science, the various things that have con-
tributed to this have all shown the need for much more emphasis on
the geophysical sciences and particular!}^ on oceanography and
meteorology.
Mr. Miller. Thank you.
Mr. Reichelderfer. An important practical aspect of meteor-

ological oceanography is concerned with "storm surges or storm tides"

produced by hurricanes and other severe windstorms. The storm
tides cause most of the loss of life and property. This subject involves
not oidy an extensive study of tlie records of abnormal tides and
long-period changes in sea level supplied by the Coast and Geodetic
Survey, but also basic hivestigations of the effects of wind force and
atmospheric pressure on the height of the sea.

Coastal weather, subject to both continental and oceanic influences,

is notoriously variable. The problem assumes new importance with
the expected increase in nuclear-powered vessels and the associated
atmospheric contamination problems that may arise.

Intensified research into meteorological oceanograpln^ should include

the following:

1. Investigations with regard to the exchange of heat, water vapor,
momentum, cliemicals and other properties across the atmosphere-
ocean interface.

2. Study the feedback mechanism wJiereby unusual weather con-
ditions produce unusual sea conditions, particularly temperature
changes, and the manner in which these, in turn, subsequentlv intro-

duce atmospheric changes sucli as variations in paths and intensi-

ties of storms.
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This stateiiieiit illustrates in a few words the interdependence of
these things and the importance of knowing the feed back that modi-
fies first one and then the other.

3. Investigation of the various mechanisms contributing to a piling

up of water against coasts during hurricanes and other severe wind-
storms; improvement of storm-tide warning services now in operation
along the Atlantic and gulf coasts and then- extension to the Great
Lakes and other coastal areas.

4. Study of coastal weather with particular emphasis on harbor and
estuarine forecasting for nuclear-powered ships, where release of

nuclear effluents, either by accident or design, might become serious

for coastal communities.
Concluding remarks: In order to bring out more clearh' some of

the interrelationships of ocean meteorology and oceanography to

which reference has been made, I have brought with me several large

charts or visual aids that I would like to present briefly if the com-
mittee has time, Mr. Chairman.

In closing, I should perhaps emphasize a few very noteworthy
aspects of this subject. First, there is a great potential still undevel-
oped for extensive use of merchant ships and special purpose vessels

for making ocean observations and collecting data that are desperately
needed for understanding of the phenomena of the atmosphere and
the oceans which relate directly and vitally to human welfare. For
relatively little investment m instruments and equipment, these
vessels could be utilized for collection of essential data.

Second, tliere are huge gaps in our observations of the oceans and
the atmosphere over the oceans—gaps so large that the entu-e area
of the United States could be "lost" in the wide open spaces in some
regions. One of the large charts pictures these deficiencies.

Third, although there are many new items of insturments and equip-

ment to be developed for ocean weather observations, most of these

are relatively simple from the technological pouit of view. They offer

no serious obstacles to earl}^ development of the network of oceano-
graphic and meteorological observations.

Fourth, we are very greatly indebted to the many cooperating agen-
cies in this country and abroad which now contribute to the ocean
meteorological system.
Many of our observations come from cooperative observers who

receive no pay or fee whatsoever for the time and interest they devote
to daily weather observations at sea.

Our reports are obtained at minimum costs for communication
toUs and for the most part the entire system depends prnnarily on
voluntary cooperative observers and communicators. Our trust in

them has been proven to be well placed.

The value of the ocean weather forecasting, storm warning and
research services in their contribution to protection of life and prop-
erty on the oceans and along the coasts exceeds a hundredfold or more
the relatively modest funds devoted to this science which deals Avith

four-fifths of the earth's surface.

Further development of the possibilities would increase these con-

tributions to national welfare and human progress manyfold more.
I could bring out other possibilities such as the controversial subject

of manmade weather control, but in this subject as in many others

involving ocean weather and oceanography we must have much more
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data before we can arrive at a scientific analysis and determine prac-

tical possibilities, so I shall leave this subject with just this brief

reference.

Mr. Chairman, that concludes my written statement. If you have
questions now, I shall be glad to answer them.
Mr. Oliver (presiding). Do you have any questions that you

would like to ask, Mr Dorn, at this time, or shall we wait until we
have seen the charts?

Mr. Dorn. I prefer to wait.

Mr. Oliver. Why do you not go ahead with your graphs and charts

and then we shall try to ask you some pertinent questions.

Mr. Reichelderfer. Thank you.

I believe that you gentlemen can see the main features of this chart,

although you cannot see all of the worduig. This is the chart I

referred to which illustrates quite vividly the wide open spaces. This

shows the gaps in the upper soundings over ocean areas. Over the

United States the dots show an upper air sounding station. These
stations take samples of the air from the surface to 50,000 or 60,000

feet by use of free balloons with a small telemetering instrument,

measuring temperature, humidity, and pressure, and wind in some
cases.

The measurements are sent down by radio to a ground receiver and
at these stations we have that facility.

To analyze the patterns of the upper air currents for forecasting

purposes for air navigation over the United States we need some 70
or 80 stations, but here this weather mechanism of tlie whole globe

is tied together. Yet, over the oceans where we need just as many
stations, compared to this little map of the United States, we can
lose the United States without a single report.

Here there are two or three. Out here there are none. Here there

is one. This is simply designed to emphasize how sparse our data

over the oceans really is at the present time and how we have to try

to fit this jigsaw puzzle together with many of the most important
parts completely unknown.
By way of showing a comparison of what we have to do in detecting

hurricanes, this is to scale a fairly good sized hurricane. Some of

these storms have been traced to an origin in northern Africa, but
they do not really become severe storms or hurricanes until they
approach the West Indies. If it were not for aircraft reconnaissance

which we have through the cooperation of the Air Force and the Navy,
we would not detect these until the storm really hit one of these sta-

tions and it would be so close to Cuba or to the United States that

it would be difficult to give accurate predictions.

We do have some of these gaps filled at the present time with air-

craft reconnaissance.
To highlight the things we are trying to do in getting better

sampling; if we are to attain the greatest possible accuracy and
longest range in predicting tornadoes, hurricanes, and other destructive

storms for aviation, agriculture, and so on, and in predicting drouglits,

paralyzing cold waves, and secular climatic changes, crucial weiu ler

factors for filter operations, fallout protection, Strategic Air Force
plans, D-day and so on, and weather for many commercial, economic
and social needs both national and international ; or if we are to attain

whatever possibilities there may be for modifying or controling
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droughts or flood-producing rains, or destructive storms; or to detect
and locate incipient tornadoes and weather factors decisive in national
defense plans, then we must first collect essential atmospheric data
and analyze and understand the mechanisms or natural processes that
produce the changes in weather and climate and generate storms.

I have already spoken of the fact that great gaps exist in our data.
I am going to bring up tins chart a little bit closer. This simply

shows as an illustration the weather map of the Northern Hemisphere
to show how certain weather phenomena are interrelated.

This is a polar projection. Here is the North Pole, North America,
Siberia, Alaska, and Europe. There are low pressure patterns
alternating here. These circles show low pressure patterns and
what one does afi^ects what the others do. Tliere are high pressure
centers here over Greenland and the Arctic area and down here in

Eastern Europe and so on. This whole thing operates more or less

as an integrated mechanism.
Hurricfines are one of the most destructive storms.
Here are the tracks of August hurricanes for 30 years. As I

illustrated earlier, they form near tlie coast of Africa. Sometimes
they move across and come up across the Gulf and affect the Gulf
coast. Sometimes they affect the Atlantic coast. Sometimes they
recurve at sea and do not affect the continental regions at all.

What is the reason that they behave in tliese different fashions?
It depends, so far as we know, on the general circulation to a large
extent, although there may be a mechanism within the storm that has
more to do than we at present know about the direction of movement
of the storm.
The next chart sliows

Mr. Miller (presiding). Doctor, you show where the}' originate

or where you pick them up out there in the South Atlantic off the
coast of Africa. You say that you think they originate in the Sahara
some place?

Mr. Reichelderfer. Not all of them.
Mr. Miller. You have no data from that country?
Mr. Reichelderfer. This is improving. We are getting some re-

ports from the Sahara. The African countries are developing their

meteorological services and we do receive some reports, although,
of course, not nearly enough. I would, just as a guess, say that less

than 5 percent of our hurricanes actually originate over Africa. They
iirst sliow up in what we call a wave usually on a front, just a little

l)ulge in the isobars which are the pressure lines. You can follow

that from day to day as it moves acioss.

These waves occur frequently. If conditions are favorable—and
we do not know just what the conditions are—it will develop into a
circular storm with the counterclockwise winds all around the low
])ressure area, and then it may generate into a very severe storm.
Your question, sir, asked about origin. Some of them generate

here, some around here, but we know very well that som(> generate*

riglit in the Gulf just off tlie coast. Tliey will blow up in 12 or 24
hours and become a severe storm.
We have quite an extensive research project, the National Hurricaiu>

Research Project. In this project, we fly aircraft into tlu^ hurricane.

We are trying to get the JueasurenuMits of the wind, th(> humicUl.w tlie

temperatures, and other factors that enter into the generation of these



OCEANOGRAPHY IN THE UNITED STATES 13

storms, but we do not know the whole story yet. We have made
some progress in learning about the controls. For example, you have
all heard about the so-called jet stream in the upper air. This illus-

trates one position of the jet stream. If it is far north instead of

coming down here over the United States, then a hurricane coming
along this path normally will usually go right across the Gulf and
come up into the interior. However, if this jet stream dips down here,

as it often docs and as it did in the case of one of the severe hurri-

canes—Carol, I think—the strong winds of the jet stream pick the

hurricane up when it gets along the Carolina coast, and in the case of

the storm I mentioned, it accelerates it from 8 miles per hour or 10

miles per hour in forward speed to 40 or 50 miles per hour. This is

what brought the development so ciuickly to the New England coast

in the particular case that I mentioned.
What are we doing to get more information and to fill the gaps in

the network? There are several approaches. We have in recent

years developed a system of cooperation with some of the merchant
ships to take upper air soundings. We have a crew of three or four

that we put on these ships and they release the balloons and take
soundings en route, and these tracks across the Pacific and the At-
lantic show how some of the gaps are filled. Of course, the ships

stick pretty closely to the reguhir sealanes so that still leaves great

gaps outside of tlie regular lanes.

Another approach to getting observation in the wide-open spaces is

the use of automatic weather stations.

In the case of the sea, the station is attached to a buoy to keep it

afloat. The Weather Bureau has used automatic weather stations

for quite a number of years on land and on isolated islands. It is

quite a different matter to build one that will stand the rigors of tossing

about on the oceans in the open sea, but the Navy has gone ahead with
this development. It is a costly development, so that they were able

to finance it better than we. We have contributed some and we have
cooperated with them in monitoring the reports and we expect that

in the next year or two, these will go into production in modest quan-
tities and that these can be put in some of these wideopen spaces.

The dots show where automatic weather stations might be placed.

Here is North America, Europe, and Asia, the Atlantic and Pacific

Oceans. They are not placed up here because these are the normal
shipping lanes where we can use the other methods.
Mr. Miller. Will those send back their findings?

Mr. Reichelderfer. By radio, yes.

Mr. Miller. You do not have to visit them?
Mr. Reichelderfer. No. They report every 6 hours. The time

can be changed but it is usually four times a day, every 6 hours, to tie

in with the international hour of weather observations all over the

globe.

The most glamorous new method is the use of satellites and we
meteorologists are not just trying to get a free ride. The satellite

really offers some of the most revolutionary means that can be con-
ceived of getting information over the globe as a whole because this

really is a bird's-eye view of what the atmosphere looks like from
above.
We know from photographs from rockets and from balloons and

high altitude aircraft that a camera or a television outfit would give

53203—60—pt. 2 3
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a very faithful picture of the formation of the storms. We can see the

spirals in a hurricane as I will show later. We can see the differences

in the configuration and forms of clouds along fronts so that we can

fix the boundaries between cold and warm air masses and it is, of

course, along these boundaries that our weather and storms occur and
they are ver}^ significant. This is an idealized picture of how North
America looks. Here is the system of clouds, rains, with one front up
over the Mississippi Valley and extending up over Nova Scotia and
the other lying off the Pacific coast as it is this morning. They have
been catching some weather out there in the last day or so and we have
very much the same situation with the front lying along the coast and
the warm, moist air moving up the frontal slope and precipitating its

moisture.
The meteorological satellite can give a great deal of very important

information.

I mentioned the heat budget during the earlier testimony. The
satellite can measure reflected radiation from the clouds and the earth

to see how much the earth is absorbing and how much it is reflecting

back into space to be lost. It can show the form of clouds, the type,

height, and layers, the rain, thunderstorms, and there are good indica-

tions that we can develop equipment that will give the total carbon

dioxide, ozone, and water vapor content. This is not just academic
information. The carbon dioxide and the ozone and to some extent

the water vapor has the same effect in the atmosphere that the glass in

a greenliouse has in keeping in the heat. It lets the short waves from
the solar radiation go through, but the longer waves that are reflected

from the earth are kept in.

The ozone and other things are opaque to the longer wave radiation

so that it is very important to know about changes in the ozone

content of the atmosphere. In fact, one of the theories about ice

ages is based primarily on large changes in the carbon dioxide and
ozone, or ozone content of the atmosphere.

We are looking forward with a great deal of, I thmk, justified

anticipation to what the satellites can give us when they are perfected.

This is the last chart and it gives an idea of what we see from a

satellite. This was actually taken from a rocket fired from White
Sands and this is the picture.

This is Texas. Here is Mexico, Houston, Del Rio. Here is the

spiral in the clouds denoting a hurricane, a mild hurricane. This is

the way it looks when this slant picture is resolved into a vertical

picture.

The interesting thing about this is that until this rocket picture

was given to us 2 or 3 months after the event, nobody knew that

there was this hurricane in the upper air. There had been a moderate
disturbance over the gulf. We had foUowed it thinking it might

develop into a hurricane but there was no evidence either on our

surface weather observation chart or on the upper air sounding

network. Again, the data were too sparse. There was no evidence

whatsoever of this kind of a storm. However, Texas did have much
heavier rain than we could account for. In other words, the forecast

was wrong and we did not know where it came from until we saw this

storm.
How often this kind of thing goes on between the gaps in our net-

work we have no way of knowing, but it is logical to think that it
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happens very frequently and that, if we had more data, knew more
about these things, the forecasts would not only be more definite;

more accurate, but they would be very much more valuable.

Mr. Miller. Doctor, if we get these data, are we going to destroy
one of the great American pastimes of blaming everything on the

Weather Bureau?
Mr. Reichelderfer. Mr. Chairman, I can assure you that there'

will always be a margin of error and they will always have their

pastime.
Mr. Miller. This last is very interesting with respect to that

factor. It was after it was all over when you did get this picture"

that you could fairly well determine why the heavy rains occurred
and why you missed them below. This is a great argument.
Mr. Reichelderfer. We were completely lost for an explanation

until the photograph came in.

Mr. Miller. This might have been quite revealing. I assume;
to all of the staff who saw it.

Are there any questions?
Mr. Oliver. I just wanted to make one observation and then ask

a question.

W^e have heard a lot, Doctor, about the missile gap and now you
are mentioning the gap here in your particular activities.

Could this be called the dollar gap or the funding gap, maybe?
Mr. Reichelderfer. Partly tliat. However, things have devel-

oped rather rapidly in recent years and, of course, many of the things

we are doing now we could not do until rockets were developed, until

electronic computers were developed to handle the data. We have
at Suitland now a National Meteorological Center to which all of these

reports are fed in.

Mr. Miller. Where is that?
Mr. Reichelderfer. Just near Andrew^s Field. It is between

here and Andrews Field. This computer is absolutely indispensable
to handle the great mass of data.

By way of illustration, the computation of a forecast for th^
Northern Hemisphere—a prognostic chart, not the worded forecast

but a chart showing wliat it is going to be 36 hours from now—jvist

one chart 36 hours from now involves 80 million mathematical steps.

That is counting each addition, subtraction, or multiplication as a
step. This is accomplished in a matter of an liour or two, less than
that, for the actual computation.
When it was tried in a much more simplified form years and years^

ago by hand, it took a stafl" of some dozen computers 6 weeks to
coinpute the forecast 6 hours ahead.

This shows the work involved in the computations of this kind,
so that the computer was necessary and therefore advancement in

meteorology and in these oceanographic aspects of meteorology
depended to a considerable extent, not onh- on funds, but on develop-
ment in supporting technical fields.

Mr. Oliver. Are your observations and operations and com-
putations and what not being seriously impaired by reason of not
having sufficient funds to expand your operations?

Mr. Reichelderfer. I think I may say yes. We just received
the report on our hearings this week and we w^ere reduced considerably.
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Mr. Oliver. This is what I had reference to. I was wondering
if this is really a serious and critical situation so far as your work is-

concerned?
Mr. Reichelderfer. Yes, it is. It is very serious,

Mr. Oliver. I expect that your requests were reasonably modest
in terms of what the needs are.

Mr. Reichelderfer. The Weather Bureau has a tradition of

being pretty modest in its requests. We have been criticized very

much by another branch of the family for not asking for a great deal

more. We try to keep our requests very factual and only ask for

what we can use wisely.

Mr. Oliver. Over the past 10 years, for example, have your requests-

for funds expanded substantially?

Are you in a position to tell us?

Mr. Reichelderfer. Yes; they have in this respect: CongresS'

has been very generous and at times has given us more than the'

budget asked for. Percentagewise we have increased in the past 10)

years from something of the order of $30 million or $25 million per

year to the order of $45 million, so that the percentage increase has

been large.

Of course, the science and its possibilities have been increasing

much faster than this would indicate.

Mr. Oliver. Assuming that you were able to expand your opera-

tions by reason of a more generous appropriation, you could use the-

money to advantage, could you, in terms of personnel and your opera-

tions generally?

Mr. Reichelderfer. Yes; our estimates have been kept well

within the practical limitations. We could carr}^ out effectively all

that we have asked for.

Mr. Oliver. Assuming tliat in the next 10 years you made great

strides and progress as we all hope you will, I am sure, and you get

the information, the data which will support the information indicat-

ing that there is some way to meet some of these complications of

weather, is there any possibility that you could do something about

breaking up, for example, a hurricane formation?

Mr. Reichelderfer. Control? The only honest answer is to say

we do not know. This subject has been a difficult one because in some
of the earlier tests some wrong conclusions were drawn and claims

were published which misled everybody, unintentionally I am sure.

There is no doubt that there are some possibilities in weather control.

In fact, in a very small measure, we are controlling the weather

when we use burners, heaters in orchards to raise the temperature.

Some of our people have hypotheses which indicate that the hurri-

cane might be deflected. This is pure conjecture but it is so important

that it is worth seeing what can be done.

We are also very much interested in knowing whether anything

can be done with respect to controlling severe thunderstorms and

tornadoes. One can visualize ways in which these might be detected

right at their start and might be prevented from reaching the strength

that they do now. Certainly we need to know a great deal inore

about them before we will know where the Achilles' heel is. We do

not know just wluit particular parts are vulnerable to artificial or

external forces.
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Mr. Oliver. So that, it would be your position th.it funds expended
in this type of an effort are really an investment so far as the possi-

bilities are concerned rather than a cost to the taxpayers. The
benefits that might accrue from your studies and observations and
what not could far exceed what the actual amount of dollars expended
would be?

Mr. Reichelderfer. This certainly is true. If the funds are
invested in well thought out, well defined research and experimental
programs, I am sure that, whether weather control came out of them
or not, the improvements in weather forecasting benefits would far

exceed the investment.
Mr. Oliver. Is there any indication of what the Soviet's efforts

along these lines may be in terms of what we are doing?
Mr. Reichelderfer. Yes. We have enjoyed, we have had rather

close contacts in meteorology. We have to stick together in meteor-
ology because we are so dependent on each other.

Even durmg the cold war, we continued to receive reports 4 times
a day from 400 different Soviet weather stations scattered over Euro-
pean Russia and Siberia.

Quite a number of years ago, I visited meteorological centers in

Russia. They are very active and they are doing some excellent work.
We know that at one stage they carried on rather extensive experi-
ments in weather control in cloud modification, cloud seedmg, and the
experiments were classified. They have declassified them now and the
indications are that their conclusions are about as ours are; namely,
that there are a great many basic and fundamental research studies to
be made before we can mtelligently know how to attack the problem
of weather control.

I am very sure that in their forecasting organization the Soviets are
not ahead of us. I think in some of then- research facilities they are.

They have been using manned balloons more extensively than we have.
Mr. Oliver. Would you be in a position to state whether or not

Soviet activity in this field is greater than ours?
Mr. Reichelderfer. In actual volume it is greater. They have a

larger service because they have many, many more stations; they have
more territory. I doubt if the total research funds that they are
putting into meteorology exceeds ours.

If you take the Air Force, Nav.y, Weather Bureau, and all agencies
concerned, we probably are putting as much, perhaps more into
meteorological research than the Soviets at the present time.
Mr. Oliver. Would you say that they are using more ships than

we are?
Mr. Reichelderfer. Yes; they are.

Mr. Oliver. Thank you very much.
Mr. Miller. I was going to say. Doctor, that coming from the

West and being old enough to remember devastathig floods in Cali-
fornia, 50 or 60 years ago were you to tell people that you could control
these floods, you could control floods in the Mississippi Valley, the}^

would say that this is pure fiction because they did not know too much
where they came from.
The fact that a dam in Montana could have its effect in New Orleans

•could not be conceived. This has been done. It has been done eco-
nomically and to the benefit of the country. It is part of the develop-
ment of the West.
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Certainly I do not think that we should rule out the potential here.

We must accept the challenge because of its importance to all the
people.
Mr. Dorn?
Mr. Dorn. In the maps that j^ou showed us as to the start of the

hurricanes off Africa, I was curious to ask, Doctor, do you have
weather stations off the coast of Africa?

Mr. Reichelderfer. We do not. The international system of

exchange of weather reports among countries gives us reports in the
Cape Verdes, the Canaries, the Azores, from the Portuguese and
others concerned.
The system of exchange of weather reports from ships is fairly well

organized for those places, of course, where ships travel frequently.
Mr. Dorn. Are these reports sufficient for our study on hurri-

canes considering their tremendous damage in our States?
Mr. Reichelderfer. No; very definitely they are not.

Mr. Dorn. Well, then, are you not considering some type of

weather station that the United States should have to gather its own
reports?

Mr, Reichelderfer. There have been many plans for extending
the so-called ocean weather station vessel program. We have at the
present time, through international agreement among countries bor-
dering the Atlantic, some seven vessels stationed permanently. This
could be extended to areas farther south to include the West Coast of

Africa or off the coast, and the whole area of the Tropics between
Africa and South and Central America. It could be extended into

the Gulf.

There have been proposals for that, but it is a very costly way of

doing it and there is so much water out there that it takes many,
many ships, so that we have been trying to develop along more com-
prehensive and economic lines.

Until this year the coverage by the Air Force and the Navy on
reconnaissance aircraft was fairly good. They have had to curtail

some and, while we are protected in North Ameiican waters, we are

no longer protected as well in the waters farther to the east.

Another metliod that has been tried is the so-called transonde
balloons. They are balloons patterned after tlie ones used by the

Japanese during the war to try to set fire to forests on the west coast.

The Navy has had a number of flights originated in Japan with an
instrument that transmitted the location of the balloon. It is being
developed further to give temperature and otlier things. These
balloons have traveled all across the Pacific, across North America, and
across the North Atlantic, and in some cases thej- would have gone on
perhaps around tlie world but they were set to explode after a certain

time because of international complications in having them fly over
Europe.

This is a method that has been tried.

I must say it does not appear as practical now as it did 2 or 3 years
ago, so that we do not have the problem licked yet. We do think
that the satellite which will scan all of the cloud formations through-
out the globe is the best solution and probably the most economical
if we assume tliat we are going to have satellites anyway; that is, if

meteorology does not have to csirry the wliole cost of development
iind have our apparatus as part of the things to be put on a satellite.
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Mr. DoRN. Should 3'0ii not be receiving more cooperation from the
Air Force in the Azores than you do?
Mr. Reichelderfer, They have been cooperating 100 percent.

They are as much interested in this as we are.

With the shift in empliasis on different types of weapons, we are
informed that they simply had to curtail in conventional aircraft and,
while they are maintaining weather reconnaissance near the coast and
over the West Indies, they will not be able to cover as well those areas
on toward Africa and in the Azores.

We have made very strong representations on this. This has been
taken up by the Secretary of Commerce with the Secretary of Defense
so that it is not asleep. We are after it.

Mr. DoRN. Wiiat would you say would be the ultimate goal of all

this research?
Mr. Reichelderfer. In very simple terms, it is the ability to

describe everything about the atmosphere of significance to man at
every point in the atmosphere. This is not as abstract as it might
seem, because aircraft are going higher and liiglier and, if there is

severe turbulence in clear air at 40,000 feet over Baltimore and an
aircraft happens to come through at the wrong time, it may be serious;

so that, our job, really, is to do this and, while it is a stupendous
task, and perhaps we will never quite reach it, we are making great
strides with these various means toward knowing more about it.

I have not mentioned the radar in mxy remarks but the weather
radar iias given us a really revolutionary step forward in seeing the
weatlier in space rather than just the spot weather that the human
obsei'ver sees.

Tlie radar can detect most of the disturbances in the atmosphere
for distances of 150 and sometimes 250 miles, which means that for

such an installation the observer's eye is no longer limited to 5 or 10
miles, or in fog to less than that, but the observer's eye through the
radar can now see everything right through tlie curtain of fog, clouds,

and rain in a radius of 100 to 250 miles.

I should put everything in quotes.

Of course, there are problems, but in general the statement is true.

We can see through intervening rain and pick up rain at 75 or 100
miles, pick up disturbances that far away. Radar will undoubtedly
be developed for even greater capabilities to give us a complete space
view of what is going on in weather.
Mr. DoRN. Talking about the Sahara and the possible origin of

hurricanes, do the French have tlie advanced type of reporting and
machinery for it that we do?
Mr. Reichelderfer. The French Meteorological Service is one of

the most advanced, yes. Tliey have systems of upper air soundings.
They take some upper air soundings over French Africa and those
reports are all fed into the international distribution system for

analysis by our people here in Washington, by the French in Paris,

by the British in London, and so on.

Air. DoRX. In reply to a question from Mr. Oliver, you mentioned
that there was some perhaps remote attempt at jostling a hiuTicane
or changing its course. I wonder if you could give an example of
what lias happened or what is contemplated?
Mr. Reichelderfer. I would be glad to say what little we know

about it. The theorj^ is, and it is not a complete theory but just a
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guess, tliat if we modify the sliower activity in one portion of tlie

storm and tlie convection in that portion of tlie storm, that it will

disturb the system sufficiently so that the storm will not grow as it

would have otlierwise.

Now, the joker is that we do not know whether seeding the clouds
quite extensively in the eastern quadrant will drag the storm toward
the eastern quadrant or away from it.

We simply do not know enough about the mechanism yet, but this

is something certainly that ought to be looked into.

I would say, just to give you a gage as to how conjectural it is, that
well over 50 percent of the scientists expert in tropical meteorology
would sa}^ that this will not work, but there is a minority that thmks
that it may, and we have no way of telling until it is tried.

Mr. DoRN. No hurricane, then, has ever been jostled as far as you
know?
Mr. Reichelderfer. No. We ran some tests last year and the

year before but they were not on a sufficiently large scale to give any
conclusive residts.

Earlier, m 1947, the Navy seeded a hurricane through a contract
with General Electric, the so-called Project Cirrus, and the hurricane
or an offshoot from the hurricane—the data were not sufficient to tell

which—appeared to turn m its course, and it affected Savannah
whereas previously it had appeared to be going past Savannah.

There have been many studies made of this. It does not seem
possible that the relatively small amount of dry ice could have induced
the effect that was observed.
Other hurricanes before the era of cloud seeding lia,ve made this sort

of recurve. So the preponderance of evidence is against concluding
that the hurricane was deflected but there will never be any proof one
way or another. There are not enough data.
Mr. DoRN. Is there any possibility' in theory of attempting to dis-

tort the start of a hurricane off the coast of Africa and to prevent its

sweep over through Cuba and around up the coast?

Mr. Reichelderfer. Yes. Dr. Zworkin, a well-known scientist,

quite a number of 3'ears ago suggested that perhaps the energy that

is concentrated m a hurricane juight be dissipated and scattered by
starting huge fires at sea at appropriate distances; that is, spreading a
flammable fuel on the water and igniting it. Again, we do not know
whether this would work or not. You are deaUng with things on a

very vast scale.

Mr. DoRN. What would be the cost of such a project?

Mr. Reichelderfer. Oh, even an initial project would be several

million dollars.

Mr. Dorn. Has anyone thought of expanding on the theory to the

point of developing it, since the havoc wreaked by just one hurricane

is tremendously more than that?
Mr. Reichelderfer. Yes. There liave been many studies. The

difficulty is that they are mostly conjecture because there is still not
enough information, not enough data, to reconstruct the model of a

hurricaiie with certainty.

Now, a great deal has been done in collecting data in the last 3

years with aircraft traverses through hiuTicaTies at various levels in

the effort to try to fit the whole picture together and to find just what
are the main factors in controhing the mov(Muent of the hurricane.
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This picture is not complete. There is much study going on.

There is no doubt that a full-scale trial of the kind you suggest would

be very useful. It would give us much information It has not

been organized on a scale to carry out in practice.

Mr. DoRN. Wliy not?
Mr. Reichelderfer. Cost.

Mr. DoRN. Well, there is an old saying about "nothing ventured

nothing gained." There does not seem here to be anything ventured.

Mr. Oliver was bringing out quite pointedly that it might be a

question of money, but unless the money was asked for, unless the

vision came from you folks, Congress cannot work on that vision.

Do you not think that perhaps if jou think so much would be
gained by doing this that you should ask Congress for the money?
Maybe we would deny it. That is Congress prerogative, but if you
feel that it would be a good thing, is not the fault yours in not asking

for it?

Mr. Reichelderfer. Well, we have asked for sufficient money
to conduct seeding experiments. We have not asked for money for

the bonfire plan that I mentioned because this certainly is one of the

more remote as to practicability and it gives less promise than some
of the other methods.

Congress has been very generous to us in much of this research, but

we have asked for more money to advance hurricane and storm

research than we have been given so far.

Of course, we try to plan these things to take, first, the steps that

give promise of yielding the greatest benefits, the greatest results and
additions to our knowledge.
Mr. Miller. Will the gentleman yield?

Mr. DoRN. Yes.
Mr. Miller. Doctor, it is just as in many other phases of science,

many other experimental works being carried on today w^ith respect

to missiles and satellites that you are talking about. You can go

only so fast in the field of science. You might have an idea but you have
to accumulate data on a good solid ground. Is that not part of this?

We cannot just jump at any one thing and be justified in going out

and spending a lot of money to find that this is not it at all, whereas

sooner of later we may stumble upon something that is the real answer.

Mr. Reichelderfer. Yes, Mr. Chairman, I certainly agree with

you. I would beg your indulgence on a bit of special pleading by
saying that I think, on the whole, our request in meteorology have
been relatively modest, relatively factual.

Mr. Miller. I tliink they are, too. I think that this is a field

that is comparatively new. The development of the airplane gave

it a great impetus, and a great lot of stress was laid on it in the last

50 years because of that; is that true?

Mr. Reichelderfer. Yes, this is true.

Mr. Miller. We are just really accumulating data now. I thmk
we have to go faster. I think, basically, some of the things that you
touched on are very important. I was very interested in another

committee the other day when Admiral Burke was present. We were
talking about weather, talking about satellites, and the effect of the

ocean on weather.
He immediately picked it up and give us quite a lecture on the

changing of ocean currents and even its effect upon the biology of the
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ocean where fish have disappeared in certain areas and where they
have come out again.

I was interested in a httle article the other day that I picked up,

which I thuik was pubhshed out at La Jolla, relative to certain fish

that were denizens of the western Pacific that were found in the

eastern Pacific and at least the theory was advanced by some that

these fish liad crossed the great ocean by getting into the Cromwellian
current that we did not know existed until comparatively recently.

People used to wonder why they showed up 6,000 or 7,000 miles away
from their habitat. Tliat Cromwellian current may have some effect

on weather, too, although we may not be able to pinpoint it today.

Mr. Reichelderfer. There is no question that this whole mecha-
nism is very much interrelated, and a change in one part of the system
causes changes in other parts.

Mr. Miller. Then we are only scratching the surface in this whole
field in the relation of the whole mass of water on the earth to weather,

which we knew existed ; but we are just trying to find out some of these

relationships, and when we get those relationships it is going to be
helpful.

Mr. Oliver. Will you yield?

Mr. DoRN. Go ahead.
Mr. Oliver. With reference or relation to a question that Mr. Dorn

was asking you, Doctor, concerning the seeding experiment so far as

the deflection of the hurricanes was concerned, you responded
that you had been denied funds for the continuation or expansion of

this program; is that correct?

Mr. Reichelderfer. Yes. We asked for more funds for hurri-

cane research which would have provided for this among other

experiments.
Mr. Oliver. How much was involved in this particular program of

seeding? What were you given in terms of what you had asked for?

Mr. Reichelderfer. Well, for a large-scale and adequate project,

I would have to furnish this estimate. I do not have it available.

We did not ask for a large-scale project. We asked for enough for

preliminary tests, so the amount involved in what we asked for was
just part of a few hundred tliousand dollars that we did not get.

Mr. Oliver. It was a relatively small sum in terms of the funds that

we are appropriating for projects of various descriptions in the Con-
gress today; is that correct?

Mr. Reichelderfer. Yes, sir.

Mr. Oliver. Thank you very much.
Excuse me, Mr. Dorn.
Mr. Dorn. I have no further questions.

Mr. Oliver (presiding). Counsel?
Mr. Drewry. In your concluding remarks, you say:

There is a great potential still undeveloped for extensive use of merchant ships

and special purpose vessels * * *.

About 10 days or 2 weeks ago. Chairman Miller addressed a letter

to Secretary Mueller and Secretary Franke with the suggestion that

use of the NS Savannah might offer some great opportimities for

instrumentation of a vessel tliat is going to travel all over the world

on sort of a concentrated basis without disturbing the basic purpose

of the vessel's operations during this initial 2-year period wlien she

will be operated.
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(Tlie follomng was furnished for insertion :)

Text of Identical Letters of January 22 and 25, I960, From Representa-
tive George P. Miller, (Democrat-California), Chairman of the
Special Subcommittee on Oceanography, Committee on Merchant
Marine and Fisheries, House of Representatives, to the Honorable
William B. Franke, Secretary of the Navy, and the Honorable
Frederick H. Mueller. Secretary op Commerce:

Dear Mr. Secretary: This committee, through our Subcommittee on Ocea-
nography, has devoted a great deal of time during the past year studying all phases
of current activity, both governmental and private, in the fields of the marine
sciences in the United States. Through these studies, which are continuing, we
hope to develop and recommend ways and means of establishing a sound and
workable Ijasis for a coordinated long range national oceanographic program along
the lines proposed by the Committee on Oceanography of the National Academy of

Sciences, National Research Council.
From the tiu'.e of our very earliest hearings, our subcommittee has been im-

pressed with the need expressed by representatives of the National Academy
group for a basic and continuing program of oceanwide surveys. Formal testi-

mony and extensive informal supplemental inquiries have borne out this essential

primary need. However, we have also learned that the aggregate of all vessels

in the United States devoted to oceanographic work are grossly inadequate or
unsuited to perform an effective job in foreseeable time.

Specialized new and replacem.ent vesseis proposed in the Academy's 10-year
program will, when and if they become available, go far toward overcoming our
deficiencies in our knowledge of the oceans from the standpoint of l)asic oceanwide
surveys as well as the other special fields of oceanography. But one would be
less than realistic to believe that survey activity can be materially stepped up in

the short range future if it is dependent upon a vessel construction program which
can scarcely be said to have been started.

However, it occurs to me that in addition to existing oceanographic vessels,

there are other available platforms at sea which could be utilized to obtain funda-
mental data of great value in developing our knowledge of the oceans, pending
the construction of new and more specialized vessels.

In this connection, I call particular attention to the nuclear ship Savannah
which is scheduled to go into operation this ye'^.r urder general agency agreement
with the Maritime Administration. As stated in the Department oi Com.merce
Maritime Administration budget for fiscal year 1961, this vessel will operate for

an experimental period of approximately 2 years, carrying no revenue producing
cargo. On the basis of son>e fani.iliarity with her characteristics, it would appear
to me that through cooperation and coordination between the Department of the
Navy and the Department of Commerce valuable arrangements could be made for

effective use of this vessel in gathering oceanographic data without in any way
interfering with her experimental operation and testing during the next 2 "years.

Primarily, such arrangem.ents would involve the Maritime Administration, Coast
and Geodetic Survey, and possi'-ly the Weather Bureau, in the Department of
Commerce, and the Hydrographic Office and the Office of Naval Research in the
Navy.

In view of the foregoing, therefore, I would appreciate it if you would give care-
ful consideration to the possibihty of utilizing the NS Savannah for the collection
of basic hydrographic and oceanographic data which can be made from a moving
vessel at sea simultaneously and without conflict with the trials of the vessel and
her propulsive eauipment and machinery.

I would greatly appreciate hearing from you at your earliest convenience con-
cerning your reaction to this suggestion.
With kindest regards and best wishes.

Sincerely,

George P. Miller,
Chairman, Special Subcommittee on Oceanography.

Has that letter come to your attention or have you given any
thought to that particular point?
Mr. Reichelderfer. We have given a good bit of thought to it

and my understanding is that the plans are coming along pretty well.

If you do not mind, I think one of the gentlemen here can furnish
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more information about it. I have seen references to it. I am not
directly in touch with the correspondence.
Mr. Drewry. I think we would be interested in hearing about it.

Mr. Reichelderfer. Mr. Thompson?
Mr. Thompson. Yes, sir.

We received that letter and we have been working on a reply with
the office of the Secretary of Commerce.
The Weather Bureau cooperates with the Atomic Energy Com-

mission in all aspects involving tlie relationship between atomic energy
and meteorology, and we do have plans for providing meteorological
instrumentation on the Savannah when it makes that trip. These
are well underway.
Mr. Drewry. Not only as it relates to atomic energy but other-

wise, too, is that correct?

Mr. Thompson. That is correct, sir.

Mr. Drewry. Could there be an expansion of your comment in the

conclusion, Dr. Reichelderfer, about the potential of extensive use of

merchant ships? Have you proceeded with that concept any more
than you have in recent years?
Mr. Reichelderfer. We have had plans for many years for a

better use of merchant vessels.

One of the first things to do is to equip them with better instru-

ments. They are not costly instruments but they are accurate
scientific instruments and ships are not always so equipped at the

present time.

In order to have a well-tied-together plan, there should be better

coordination, better training of ships views in the use of these instru-

ments.
Is this along the line that you mean?
Mr. Drewry. Yes, sir. I was going to ask, do you have your

own observers abroad these vessels or ships officers or crews?
Mr. Reichelderfer. On regular merchant vessels we do not have

our own people except on the seven that I mentioned that are equipped
with upper air sounding equipments.

Normally, the hundreds of cooperating merchant vessels, the all

year round radio reporting vessels that report to the United States

total 765. Of course, these do not all come in every day.
You see, there is a tremendous problem in equipping them with

better instruments, equipping them with some instrument to measure
perhaps salinity and other things which they do not measure now and
which would not be very costly.

This must be done with a well thought out plan and with training

and coordination. This is in our plans but it has not been imple-

mented except on a verj'^ small scale.

Mr. Drewry. Are there not quite a number of operations of an
overall nature that can be handled while the sliip is in motion either

with recording instruments or any way with a minimum of skills

necessary to correct the data?
Mr. Reichelderfer. Certainly there are.

Mr. Drewry. Do you have a program of instruction to observers
on merchant ships among tlie crews and officers on mercliant ships?

Mr. Reichelderfer. We do have. It is a niininuini ])rogrum but
at the several major ports we have men stationed, one or two in most
cases, whose duty it is to visit these vessels, any of the selected
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vessels, every time they are in port, answer any questions, look over
the records that have been made, inspect the instruments and try to

promote interest. Some of the mates and others who take
observations are very enthusiastic.

We get letters from them. They know that they are rendering a
public service and they really feel like they are participants in an
important program, which they are.

In other cas(>s, we have not yet been able to develop the interest and
the accuracy that we should have for scientific purposes.
Mr. Drewry. Tliese six ships you mentioned are actual merchant

ships?

Mr. Reichelderfer. They are, yes.

Mr. Drewry. Where are they? Are these passenger sliips?

Mr. Reichelderfer. There are, I believe, four in the Atlantic
and two in the Pacific.

May I ask Mr. Laro?
Mr. Laro. Sir, most of these are on special routes on the Atlantic

and the Pacific constantly in motion taking the upper air soundings
as well as the surface observations.

Mr. Drewry. Do you have the names of the ships or the
companies?
Mr. Laro. It is not available here, sir.

Mr. Reichelderfer. We can furnish that for the record. We
will supply it.

(The information follows:)
U.S. Department of Commerce,

Weather Bureau,
Washington, February 12, 1960.

Hon. George P. Miller,
Chairman, Special Subcomniittee on Oceanography,
Committee on Merchant Alarine and Fisheries,

House of Representatives, Washington, D.C.

Dear Mr. Chairman: Enclosed is the information regarding the Weather
Bureau's moving ship upper air sounding program in the Atlantic, Pacific, and
Gulf of Mexico as requested bv members of your committee at the hearings on
February 9, 1960.

This program at the present time is primarily conducted aboard MSTS vessels
in lieu of commercial carriers under a mutually supported program with the
Navy Department.
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Mr. Miller (presiding) . Do you romember the names of the com-
panies that operate them?
Mr. Laro. No, sir. I would have to provide that information.
(See Commerce, February 12, 1960, letter above.)
Mr. Drewry. This is purely on a cooperative basis bj'' the com-

panies. You ask them and thej' say, "We would be glad to, if you put
the instrument aboard."
Mr. Reichelderfer. That is right. I think we pay for the cabin

spaces for the observers. We do not pay for the facilities in any other
way.
Mr. Drewry. I have just one more question.

The Coast Guard issues notices to mariners periodically. I wonder
whether the forecasting for preferred weather routing should be a
function of the Weather Bureau rather than left to private enterprise

as has been done in several instances?

Mr. Reichelderfer. Well, we certainly do not want to interfere

in any way with the development of the private practice of meteor-
ology. We have tried to encourage the growth of this profession for

many years. We do see tlie time in the not very distant future when
this will become so much a matter of public concern that it will have
to be provided as a Government service and we would liope then that
the refinement, the individual tailoring of information to the particular

ship might still be the function of the private meteorologist.

Mr. Drewry. Speaking of that latter point about encouraging the
private interests, does the Weather Bureau contract with other
or agencies outside institutions for weather research?

Mr. Reichelderfer. Yes. We have at the present time a total

which would probablv run several hundred thousand dollars.

Mr. Thompson. About $200,000.

Mr. Reichelderfer. We have about $200,000 in contracts other
than with universities and other research institutes. Our total re-

search contract program is about $400,000.
Mr. Drewry. That is for all phases of your research program?
Mr. Reichelderfer. Yes.
Mr. Drewry. That is all I have.
Mr. Miller. Mr. Bauer?
Mr. Bauer. I have nothing, sir.

Mr. Miller. Thank you very much. Doctor. We enjoyed this

presentation. We congratulate you upon a well thought out state-

ment. You have given us a lot of basic data to mill over. You have
helped us out very much.
Mr. Reichelderfer. Thank you, Mr. Chairman.
Mr. Miller. Colonel Sprague, of the Beach Erosion Control

Board.
Do you have a statement. Colonel, or do you just want to show

slides?
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STATEMENTS OF COL. H. E. SPRAGUE, EXECUTIVE OFFICER;

J. M. CALDWELL, CHIEF, RESEARCH DIVISION; RICHARD 0.

EATON, CHIEF TECHNICAL ADVISER, BEACH EROSION BOARD,
U.S. ARMY CORPS OF ENGINEERS.

Colonel Sprague. I have just a short statement and then we want
to show slides.

Mr. Chairman and members of the committee, I am Col. H. E.
Sprague, executive officer of the Beach Erosion Board, Corps of

Engineers.
The Beach Erosion Board was established by Congress m 1930

to engage in cooperative studies in coastal areas at the request of

local authority on beacli erosion problems. Very little was known
at the time concerning the forces of nature m a technical sense and
it was, therefore, necessary to initiate a research program on mshore
oceanography to improve our knowledge of sliore processes and to

establish criteria for design of corrective works.

I have with me this morning members of the Beach Erosion staff.

I would like to call on Mr. Joseph M. Caldwell, Chief of our Research
Division, who will tell you some of our activities in research.

Mr. Miller. We are very glad to have Mr. Caldwell. You may
proceed.
Mr. Caldwell. Gentlemen, the research program of the Beach

Erosion Board has as its goal the improvement of methods for restor-

ing and stabilizing our shores.

Although the Board had engaged in research during the 19.30's, the

formal research program began about 1946 ui response to an author-

ization by Congress or public law which put it in the research business,

you might say.

We find that our research studies divide themselves into what might
be called fundamental or basic research in shallow water oceanography.
This deals with the activity of the shore mitouched by man; that is,

with what the waves do to the beach in its normal state.

Then our second field of research may be called engineering research

where we begin to place structures to change this action.

The research facilities of the Board consist of our laboratory here on
the Delacarlia water supply reservation on MacAi^thur Boulevard.
We have five wave tanks, the largest being 600 feet long, 20 feet

deep, and 15 feet wide, enabling us to study waves up to about 6 feet

in height, pretty much an ocean-sized wave.
We have a specialized library of about 18,000 lioldings dealing with

this particular subject and related subjects.

We have an electronic shop and a small machine and carpenter shop
and a photographic laboratory to assist in our work.
We have also certain field equipment, the principal pieces being

the amphibious trucks which enable us to work in the wave action

in the surf zone.
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In addition to our laboratory facilities here in Washington we util-

ize other laboratories of the Government whicli have specialized equip-
ment and personnel that could assist us, such as the Waterways
Experiment Station at Vicksburg.
We also make contracts with universities and oceanographic insti-

tutions to do specialized work in which they are particularly well

equipped both with facilities and personnel.

Over the past 10 years, we have usually had about five research
projects each year with the various oceanographic institutions or

universities and we found this a very satisfactor}'^ and rewarding
method of accomplishing some of our research.

The results of our research program are published in our Technical
Memorandum series. I have brought three of them. I do not pro-

pose to read them, of course.

The title of this one is "Study of Sediment Sorting by Waves on a
Plane Beach."
Here is one, "Wave and Lake Level Statistics for Lake Michigan,"

in which we made a study of the waves that reached the various sliores

of the lake.

We publish these memorandums in about 500 copies and they are

sent to a rather wide distribution list in the country and overseas.

These particular studies are quoted very widely in the technical

and scientific press and constitute quite a book in the literature of

beach erosion and what might be called inshore oceanography.
Our area of interest might be defined as the shallow water inside

the 300-foot contour, everything from the 300-foot contour up to the

dune line, which is the active shore face in most cases. A considerable

part of our research effort is devoted to a study of the waves as they
are generated at sea and as they travel in as wave trains to break on
the shore.

The fact is that in our research program we got a group up at the

New York University working on this idea of wave action. Then
we underwrote the development of the wave spectrum theory which
shows that the ocean wave trains are spectrums of various sizes and
lengths just as a glass prism shows us that our sunlight is a spectrum
of various colors.

To aid in our work, we have now established a group of wave-record-
ing stations in a number of localities and have cleveloped a magnetic
tape recorder in which we put the wave signal on the tape and run it

through a high speed analyzer to break it down into its component
waves.

I think with that much introduction, we will have a few slides.

I mentioned our categories of research. You might say the first is

the wave forces, the forces molding the shore, and the second is the

reaction of the shore to the forces.

The third is the functional design of sliore structures and the fourth

is the selection of the material we should use in these structures,

breakwaters, seawalls, in order to give them the proper durnbility.

'Ihe next slide 1 believe will show us one of these wave facilities

wiiicii I mentioned, This is a large wave tank and shows n (l-foot

wave coming down a beach which is located at this end of the tank.

Tliis enal)les us to take our rather small studies that we do in the

small tanks (about a foot wide and 2 feet deep) and see how nearly

these results compare with what wc could expect to happen out in the

ocean itself.
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The next slide shows the locations of our wave gage stations. "We
have had about 30 over the last 10 years and we have about 7 in

operation now. Some of our larger inland lakes have them and some
of our inland reservoirs.

The next slide. On the subject of wave action before it begins to
move the bottom materials, we have published these technical memo-
randums. Here is a sample, an analysis of wave generation by
moving storms such as hurricanes or northeasters; change of wave
height by bottom friction; wave variability and wave spectra; model
study of laws of wave refraction.

The next slide, I think, will show some of the results that we have
gotten from these studies.

This shows briefly the variation in the type of wave spectra witli the
type of generating storm. We found tliat if the storm was moving
rapidly we got one kind of spectrum. If it was stationary we got
another type.

This set of curves enables the forecaster to predict the type of
spectrum he is going to get out of a particular wave generating area.

Next slide. Tliis looks like a liurricane wind pattern. Actually it

is a hurricane pattern but it is a pattern of waves generated by the
hurricane instead of the wind pattern. You notice the similarity
in the contours, you might say. These are contours of wave height
instead of wind pressure or wind velocity.

The next slide. This shows the study we made to find out how
much energy is taken out of the wave as it moves into shallow water
due to percolation of the water into the bottom. We had some theory
wliich showed tluit this would be the condition on the particular test.

We found, however, that the theory indicated about twice as
much loss as actually was the case so that we have now adjusted the
constants in the theoretical formula to give us a more accurate answer
to tliis particular action.

The next slide. As the waves moves on into the shore it begins to

move the sand around and it is tlie movement of this sand on the
shore that constitutes the basis of most of our shore erosion problems.
A few of our technical memorandums are as follows:

"Sand Movement Near Anaheim Bay, Calif.", was a field study.
"Mechanics of Bottom Sediment Movement." This is the fun-

damental mechanics made in a tank at MIT.
"Sand Movement Around Southern California Promontories."

In California it was thought that the rock promontories actually
blocked the movement of sand along the shore. We found that wave
action was able to transport the sand in 20 or 30 feet of water, and
move it around these promontories.

"Ripples in Nearshore Sands." These have some effect.

The next slide will show you some of the actual results.

This was a study to find out the conditions that caused the offshore
bars to form. We found that the more regular the waves, that is, if

we had waves of a definite period and only definite waves, we got the
bars formed rapidly. If we put in a varying set of waves we ironed
out these various offshore bars.

Next slide. Tliis was a particularly interesting study to try to

correlate the wave energy reaching the shore and the rate of sand that
was pushed along the shore face.

We had quite a number of observations in our small tanks but with
soine considerable difficulty we finally got four points at Palm Beach,
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Fla., which consisted of sending a crew down there and measuring the

impoundment of sand behind a jetty and measuring tlie waves care-

fully during the period. We finally got it at Anaheim Bay—got

a set of even higher wave actions and sand movement at Anaheim Bay.
We were grateful to find that we were able to make some kind of

pattern through these points and we think we are now about ready to

firm up this relationship of wave energy and the movement along the

shore.

We are glad to see that we are finally making a little sense out of it.

The next slide. The rate of movement of the sand along the shore

frequently tends to cause an inlet to migrate. This shows the history

of Rockaway Inlet, Long Island Sound, since about 1935. This shows
its progressive position. It has averaged moving about 250 feet a year
for the past 100 years so it has made quite a large migration here in

this historical period.

It was finally fixed in position here by the construction of this jetty.

These inlets as they are crowded by the migration begin to erode on
the other side.

The next slide. We found out that if we set up an inlet in one of

our test basins—and this happened to be a basin we rented at the

Waterways Experiment Station—and if we put a deep bay in here and
put in the wave action we could cause this inlet to begin to migrate.

We found, liowever, that the inlet always had the ability even when
it was sealed that it would break out again. It would seal and then
break out again and always remained open. We were never able to

form a very heavy bar out in this area. We began to suspect that

that was because we had such a deep lagoon so we changed the con-

ditions and, instead of having a 100-foot deep lagoon, we used about
a 20-foot depth.
We repeated these conditions and found out that with the shallow

lagoon we were just about able to seal it off.

You notice this lieavy bar as it moves in here and begins to seal off

this inlet. After it forced the migration tliis far, we decided to see if

we could break through the bar which we did by generating an artificial

storm on the particular basin.

The next slide shows some of the studies we made on superelevation

of the water level or rise in the water level due to the tsunamis.

Tsunami is the Japanese term for a wave generated by a submarine
earthquake. We studied the runup of such waves on the shore; the

results had immediate application in Hawaii.
Another is the "Quadratic Bottom Stress Fornmla." That means

if you have a surface flow into the bay due to wind, the bottom water
is trying to drain out in the other direction so that the normal laws of

water flow in the river do not hold because here you have a different

flow direction on the top and bottom.
"Wave Runup on Permeable and Impermeable Slopes," to find out

how we need to build a levee or seawall.

The next slide. These are some of the results we have had here on
Lake Okeechobee. We were requested to cooperate in the study down
in Lake Okeechobee to find out about the liurricane winds over the

lake. You can see these successive hours. The hurricane came out
of the southeast and moved across this corner of the lake. The winds
were first out of the north. Tliey started piling the water up in the

southeast corner of the lake and finally had dried out the top part of



OCEANOGRAPHY IN THE UNITED STATES 31

the lake and you had a very liigh water level against the surrounding
levees on the south side.

Finally, when the hurricane got past, the winds then came out of

the south and you can notice that the high water is pushed back up
against the north face of the lake.

The next slide shows the large picture of the hour in which they had
the maximimi level against the south. This lake is about 30 miles
across and these hurricane winds of about 90 miles an hour were able

to create a differential elevation across that lake of about 20 to 25
feet and generate waves of about 8 or 10 feet in height which chewed
heavily against the levee on the south face.

One of the great values to us was that it enabled us to evaluate
this wind stress as this water blew across this lake and the bottom stress,

the friction of the bottom against the water trying to retui'n as bottom
flow which I mentioned before.

We were able to evaluate these things pretty well and able to put
them to the test in another instance.

The next slide is a profile for hurricane Audrey which, as you may
recall, struck the Louisiana coast a couple of years ago. This is the

bottom profile of the gulf out about 400 feet in depth and coming to

the Louisiana marsh area. This is the computed wind stress that we
were able to compute from the weather pattern furnished us by the
Weather Bureau and then we were able to compute the supereleva-
tion of the water as this surge that was generated and to check our-

selves against the elevation they actually obtained on the shore. We
found that, if we applied these bottom stresses and these sm-face wind
stresses that we were able to compute this elevation of the hurricane
surge against the coast.

The next slide is another study of hurricanes in w4iich we were try-

ing to find out the frequency or the violence of these hurricanes. We
studied 69 hurricanes in the gulf and the Atlantic in terms of expected
violence and what you could expect in 20, 30, 40, on up to 1,000 years,

and then we took that same study and applied it only to the Atlantic
hurricanes.

We were quite interested to find that we got about the same degree
of expectancy of violence on the Atlantic and in the gulf.

Incidentally, these are used in our economic studies to find out
how much protection can be justified.

These are formulas to show the complexities we get into relative to

a stationary wind, a hurricane that has a circular path, a slow moving
hurricane and a fast moving hurricane.

We find we have to adjust our basic concepts of wave generation
and fit them to each one of these changing conditions.

The next slide. I think what I have discussed before has been
more in the nature of what we call this fundamental or oceanographic
research. As I mentioned, about half of our program is on this

business of engineering research. Here are a few of our studies.

"Durability of Steel Sheet Piling in Shore Structures." The
economic life of this type of structural material.

"Accuracy of Surveys in Surf Zone." This deals with how accurate
such surveys are. We use the sm-veys to determine the rapidity with
which the shore face is eroding.

"Shock Pressures of Breaking Waves," and "Durability of Concrp^^-*

in Coastal Structm-es," are other studies.
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The next slide. This shown the amount of wave runup on a shore
structure. We have seawalls, breakwaters of various types, and
whether or not they will be overtopped during a storm is quite critical

in their design.

These curves show that we were able through a set of laboratory
tests to determine the relative height to which the water would run
up as related to the slope of the beach and to the character of the

wave which came, whether it was long, medium length, or a short

wave.
The next slide is the "Shock Pressure Against a Vertical Seawall."

We developed some electronic instruments and had constructed for

us some shock pressure cells which would react very rapidly

We set this test up and broke this wave against a vertical seawall

in the laboratory and this action which you see is the shock pressure

wliich took place in about around one-thousandth of a second.

When we translated that into prototype conditions or full-scale

conditions, it indicated a pressure of around 14 tons per square foot

on the full scale of seawall.

The next slide. This slide is the one that shows a little about this

survey accuracy.
We took a section of shore about 2,000 feet long and we made a

very careful survey, using many profiles. Then we dropped back
and computed what error we would have arrived at, had we used only

one profile or two or three.

From this we are able to determine the degree of accuracy or the

amount of error we can expect in our computation if we do not use

enough profiles in the particular survey.

The next slide is a view of an experimental groin of Palm Beach, Fla.,

which was a part of the test to find out how long this steel sheet piling

will last under various conditions.

We set up control tests all the way from Tampa Bay clear up to

Portland, Maine, and measured the decrease in thickness of steel

piling used on various types of shore structm-es over a period of around
20 years and from this we are able to determine the expected life

under various use conditions.

You see that this piling has already lost much of its effectiveness by
being rusted through and worn out near the waterline.

The next slide is drawn from the same area. One of the gentlemen
is taking the measui-ement of the loss in thickness. This groin is

cut through almost completely at the sandline and, as far as the shore

structure is concerned, it has just about lost its usefulness and can be

thrown away.
The next slide shows the conditions we found. We found from

our studies that you had a zone in which the structure was always

covered with water wliich did not corrode very rapidly.

We had an alternate wet and dry zone in the tide zone wliicli had
corrosion and erosion, and an air zone where the salt spi-ay got on the

steel and we were able to determine the rate of loss of steel in these

areas in order to determine whether we shoidd use steel or concrete

and what expected life we would luxve. We also found (hat the rates

depended on the climate, the air temperature, or watei' temperature.

Tlie steel goes away twice as fast in the southern wMtei- of the gulf

or South Atlantic as on the coast of Maine.
Mr. Miller. Whv is that? Do you know? It is clieniical.
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Mr. Caldwell. Apparently so. The oxygen apparently acts more
rapidlv" with the steel when it is warm than when it is cold. It shows
that we broke this tiling down into different areas southern and
northern and different types of exposure and we arrived at a corrosion
figure in terms of thousands of an inch per year so we can compute the
life of these structures.

This next slide shows the usefulness of some of our wave generation
formulas and methods we have worked up. We had occasion to

develop the wave conditions on Lake Michigan and Lake Erie and
Lake Ontario in connection with our erosion control studies, and these
locations show where we took a set of weather maps for a period of

3 years and hindcasted the waves. We took the maps and predicted
what the waves were at these locations for this 3-3^ear period and used
this as a statistical basis for the wave climate of these particular loca-
tions. We have them scattered all around these lakes. We will

ultimately do Lake Superior and Lake Huron but the pressure was
on us for these three locations at the time.

If we want to get a location near St. Joseph, Mich., we would
interpolate between Chicago and Muskegon so that we can work out
our problems on that basis.

Tliis is the last slide. W"e decided to find the relative effectiveness
of various types of seawalls in prevention of overtopping during wave
action so we built about every type of seawall in one of our wave
tanks and defined their relative effectiveness against wave runup.

This shows the relative height at which the various structures
would have to be built to have the same effect in restraining or pre-
venting the overtopping from wave action. You find that the most
ineffective is one with the gradually sloping face that comes up vertical

at the tangent. If we take the same wall and put a kickback right
on top of it, we can cut it to about half its height and have the same
overall effectiveness.

We were very interested in working out these different shapes and
we think that the field now has a little more guidance instead of un-
proved notions that were kicking around as to which has the most
effectiveness.

I have one or two other remarks. What I wanted to say in closing
here was that I believe you will sense that the research activities of
the Beach Erosion Board cover quite a variety of subjects although
they are all leading to the same end product.
We realize that our fi.ndings are valuable in other fields of activity,

such as in navigation through our inlets. The Corps of Engineers has
this problem of maintaining navigable inlets and much of our findings
on the shore processes is of some value to them.

Also, in this hurricane business, this amount of flooding that can be
expected from a hurricane, we come at that in our studies of wave
action.

As a result of our research studies coupled with other available
information, the Beach Erosion Board has prepared and published a
technical report which is the doctrine of the Beach Erosion Board as
regards shore control or prevention or protection of the shore.

This is a looseleaf document with the body of itself plus its appen-
dices. It has about 400 pages. It has become the handbook for
shore protection planning and design not only in this country but
pretty much overseas. We have been requested and have granted
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permission to have this pubhcation translated into Spanish and French
and the initial publication of 2,500 copies has been exhausted. It is

to be republished this summer in revised form. It is made looseleaf

because science is changing so rapidly that every few months there is

something we want to change and we made it in the form of looseleaf.

I think I will hand this up in case the committee would like to look
at it.

I believe, gentlemen, that that constitutes what I had prepared to

say to you this morning.
Mr. Miller. Mr. Caldwell, do not some States maintain beach

erosion control boards, too?

Mr. Caldwell. A number of the States have somewhere within
their State government some responsible agency to look after its

interests and work with the Corps of Engineers if necessary on this

thing.

Actually there are not any State agencies except at the University
of Florida which has a small coastal engineering laboratory. A num-
ber of our State universities have as part of their engineering curric-

ulum, some of this wave testing; but you might say the compact and
integrated program of researcli in coastal engineering began when
Cono:ress instructed the Board to start research in 1945 and that has
really brought the picture together in this country.

I do not think any foreign country has any one agency really looking
at this thing as intently as we have been looking at it here.

Mr. Miller. Do you have questions?
Mr. Oliver. Mr. Chairman.
Mr. Miller. Mr. Oliver.

Mr. Oliver. I merely wanted to say that I have been tremendously
interested in what you have had to say, Mr. Caldwell. Coming from
the coastal area in southwestern Maine, we have had considerable

trouble with not only hurricane tidal flooding but also northeasters

causing great damage.
In the month of January, we suffered in our coastal areas quite

seriously and I have been in quite close contact with General Sibley

in the New England office about this situation.

I am wondering, in order to perhaps serve these areas as effectively

as possible, just how does one go about getting a beach erosion study
or a tidal water damage study made?
Mr. Caldwell. I think that will come with the next speaker,

sir. If it is all right with you, I will duck that question and I think

the next speaker is prepared to talk about that very thing.

Mr. Oliver. Thank you very much for the very interesting

discussion.

Mr, Caldwell. Thank you, sir.

Mr. Miller. Mr. Dorn.
Mr. Dorn. I have no questions.

I was merely impressed by the fact that this tremendous research

has been done which is obviously very valuable to the world.

Mr. Miller. I can testify to that, too, because we had a great

deal of trouble in California, particularly southern California, with
this problem. I know the great interest there. We also have a lot

of oil wells off the coast of southern California which have given us a

lot of headaches in this respect.

Counsel?
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Mr. Drewry. You mentioned the lakes and you mentioned the

ocean beaches. Have you done work in connection with the river

areas, such as the Potomac, for instance?

Mr. Caldwell. Actually, sir, our work mainly is guided into the

shores where they are having considerable erosion from ocean waves
and it carries us back into the larger estuaries, such as Chesapeake
Bay, but as you get back to the narrow areas the problem is usually

not erosion from wave action and we do not get too much involved in

that. That is somebody else's area of activity and we try to keep out
of it if we can.

Mr. Miller. Do you have people stationed throughout the United
States?
Mr. Caldwell. Do you want to answer that, sir?

Colonel Sprague. We cooperate through the district.

Mr. Miller. Do the district engineers in some of these areas have
special staff?

Colonel Sprague. Yes, they have special staff that works in coop-
eration with the beach erosion phase. That is in the coastal areas,

of course.

Mr. Miller. I know we recently had a model of the San Francisco
Bay and the bay area to study not exactly these problems but other
problems that have come about perhaps as a result of storing water,
disturbing the pristine tides that used to run down where the great
spring flushets used to flush out the bay.
We just do not know where we are going out there.

Colonel Sprague. That is very true.

Mr. Miller. Do you have questions, Mr. Bauer?
Mr. Bauer. I have no questions.

Colonel Sprague. Mr. C'hairman, I have with me Mr. Richard O.
Eaton, who is our chief technical adviser. I would like to have him
give you some of our pictures of activities as a result of these coop-
erative studies.

Mr. Eaton. Mr. Chairman and gentlemen, I am sure you have
learned from Mr. Caldwell's explanation that the end purpose of our
research activity and the research we expect to perform in the future
is to advance the art of coastal engineering.

Coastal engineering art as applied to our own mission means better
capability of designing proper measures to stabilize our shores to

prevent erosion or to protect them against erosion. However, this

art also applies to numerous other branches of public improvement,
such as harbors, channels, inlet stabilization, in some cases the outlet
works of flood control channels, and in general an3^tliing that affects

the coastal area.

I am sure you are all aware of the basic tenets of law that were
adopted in 1946 relative to the Federal interest in this problem.

Prior to that time, from 1930 until 1946, the United States engaged
only in providing technical assistance to States in their solution of
their erosion problems.

In 1946, for the first time, the Congress established a policy of
actual Federal aid toward the construction of shore protection works.
This was in the form of providing a contribution to the cost of works
not to exceed one-third where the interests were entirely public, that
is where the shores were publicly owned.
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In 1956, this law was amended to peiniit Federal aid also to privately
owned shores provided there was public interest involved, such as

protection of nearby public property or when the beach is open to

public use even though privately owned.
I do not suppose that you have much idea of the total scope of the

program to date since Federal aid was first authorized and I thought
you might be interested in a few figures in that respect.

We have 68 projects now that have been authorized by the Congress.
Those are located in 17 States. The total estimated cost of the au-
thorized improvement is $110 million approximatel3\
The total Federal share of that $110 million is $27 million which

is slightly less than a full one-third. Some of these projects do not
involve entirely public interest but also benefit private interest and
the Federal aid is modified accordingly.
The interesting thing to us is that of those 68 projects authorized,

26 are actually completed as of now. Twenty more liave been started

and are in various stages of completion.
The first project was authorized in 1950, less than 10 years ago, so

that the advancement, you might say, of consmnmation of these

authorized works has been quite rapid in our viewpoint in comparison
with programs of this nature that the Federal Government aids in.

Also the local people, as you can see, must bear a very large part of

the cost of these works which in general indicates the degree of interest

that is evident in making these improvements.
I might say, too, that our program at this moment is larger than it

has been at any time in the past in terms of studies that are in progress.

We have at tlie present time 34 studies, 34 cooperative studies under-
way which may lead conceivably to additional projects. These are

located in 15 States and in Puerto Rico.
We have also in addition to those studies four reports awaiting

action now in Congress, all of them favorable to Federal projects, and
four more completed but not yet actually transmitted to Congress.

Local interests, incidentally, pay half the cost of these cooperative

studies.

This is on the basis of the 1930 law.

The local people, in order to obtain a study simply apply to the

District Engineer of the Corps of Engineers within whose locality the

problem area is situated. The district engineer prepares an estimate

of cost of the cooperative study and the staff of the Beach Erosion
Board assists in programing the study If the local people have their

funds and the Federal Government has its funds, the study is accom-
plished as quickly as possible and the report is made to Congress.

I think that answers Congressman Oliver's question.

Mr. Oliver. If I may interrupt, does this procedure also apply
under the Flood Control Act?

Mr. Eatox. Under the Flood Conti'ol Act all studies are authorized

directly by the Congress in an authorization bill.

Mr. Oliver. In this case, does the community have to contribute

one-half of that cost of the survey?
Mr. Eaton. In the case of Hood control, no, sir. The United Slates

pays the whole cost. Tliis applies also to navigation studies.

iVIr. Miller. To the studies but not the actual work itself.

There is a contribution by the beneficiary governnuuital agency in

some cases?
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Mr. Eaton. Yes, sir.

Mr. Oliver. So that if the Flood Control Act were amended to

include damage from tidal floods, then the community would not be
charged for 50 percent of the costs of that study?
Mr. Eaton. I am not able to answer that, sir, not being a lawyer.
Mr. Oliver. This was the point I was trying to get clarified if I

could in my own mind. I was not sure where we stood on the
situation.

Mr. E.\TON. I would assume that such a law to efl'ect the purpose
that you mention would also have to amend or modify the 1930
Beach Erosion Act, Public Law 520.

Mr. Oliver. Go ahead. Do not let me interrupt.

Mr. Eaton. I have a few slides just to give you an illustration

of some of the work that lias been accomplished.
The first group present a history going back actually to about 1917,

at Alamitos Bay, Calif. T think the chairman is probably familiar

with this locale. This picture was taken in 1931. It illustrates the
undeveloped character of the bay and the highly unstable condition©
of the shore in the vicinity of this inlet. The inlet in this case alss

served as the outlet of the San Gabriel River, which, during floods, was
likelj" to flood the whole low plain that you see here.

At this time very little work had been done to improve the region
and you see it pretty much in its natural state.

The next picture is 1938, 7 years later. This, incidentally, was
taken during the 1938 flood in southern California and you can see

the flooded area which lies around the river.

Between 1931 and tliis date, levees had been built and an effort

had been made to control the river in its lower reaches but they were
not yet adequate.
You will notice the character of the shore which is still quite un-

stable.

The next picture is in 1941, showing a further step in the progress.

You will note that there is on the right bank as you face the picture a
large building. This is a powerplant which takes cooling water from
the river. For a great many years the presence of the powerplant
prevented any further improvement of the river because it was not
possible to isolate the river from the bay. Otherwise, the water in

the river channel itself would get too warm to meet requirements of

the powerplant.
The next picture is in 1946, by which time the powerplant had

extended its cooling water intake lines over to the bay, setting thb
stage for separating the river from the biiy in order to provide a stable

inlet and in order to improve the flood control capacity of the river tb

keep that low region down there from being flooded.
'

'

You will see in this picture that the shore is beginning to experience
trouble.

The next picture is also in 1946, giving a closer view of that shore
problem in that area.

A year later, in 1947, diversion of the river from the bay had been
completed. You will see that tlic bay is still blocked by a bridge but
there is no w^ay for the floodwaters of the river to reach the bay now
without overtopping the levees.

In 1954, the shore was still not in' very good condition although' the
bay had been further improved, as you may see, and the shore from
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the bottom of the picture back of us for 5 miles to Long Beach liad

been recently restored by artificial replenishment of the beach.
Four million cubic yards of sand were placed there.

In 1955, the improvement of the bay for navigation was well under-
way. This plan was carefully designed to provide the maximum
benefit and stabilization of the formerly unstable shores to the west,
in this case to your left. This is the work partially completed.

In 1956, the bay was being dredged and the material was being used
to complete the restoration of Alamitos Bay beaches. This was in

connection with the development of a small craft marijia to meet the
needs of this area.

I give you this history primarily to illustrate the triple purpose
planning that went into tliis project, flood control, navigation improve-
ment, shore stabilization and protection.

This picture in 1956 shows the completed entrance channel, the
very nearly completed shore stabilization and the marina inside be-
ginning to take shape.

A year later, this is the finished harbor improvement project. Re-
membering the first slide that I sliowed you, this illustrates the com-
plete revamping of this shore region. See the broad beach on the right

which in the previous picture you have seen as being quite narrow and
exposing the whole region to the sea.

This region is now extremely stable.

Other works which you cannot see in the picture have produced
7 miles of manmade water front which has no further prospect of

erosion and will remain stable as far as we can see in the future.

This is a view from another direction. This shows the moorings for

small craft in the newly developed marina, the marina which, by the
way, was full within a week after it was opened. They are now
doubling the size of it at the pi-esent time.

This last view was taken at Long Beach, Calif. This is about 7
miles west of the region we have just been looking at, looking toward
Alamitos Bay.
The shores here were entirely depleted in 1940. There was no sand

left. The bluffs were being attacked by waves.
The whole 7-mile reach has been restored and is being controlled

by man. All the engineering that went into the planning for this

development had at least part of its foundation in the research work
Mr. (Caldwell described to you. There is a great deal we would still

like to know that we do not know and that is the reason more research,

of course, is required.

Now, going to the southeast of Alamitos Bay, we come to Anaheim
Bay. This is the way it looked in 1933. You can see that the

beaches were fairly wide, but the shores at the inlet were quite unstable

and subject to major variation during storms. Very little improve-
ment had been undertaken here.

This is a view in 1939 sliowing that the shore is changed somewhat
but still there has been no improvement at the inlet.

I might mention that the beacli conditions you see here were about
the worst that they normally experienced before man-made works
started to upset the situation at this Ideation.

This is a picture in 1947 shortly after the end of World War II,

showing a harbor built during the war for emergency requirements of

the Navy whicli completely cut ofl' the sand supply to the region
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beyond at the upper part of the picture. All of the sandy beach that
used to exist there is practically gone in this picture. In this same
year the Congress made an emergency appropriation of $250,000,
which the Chief of Engineers was asked to spend to take emergency
action at this location. This was done and the improvement lasted

5 years. By that time the Navy liad some dredging to do in the
harbor. They put sand on North Beach and that lasted another
nearly 5 years, and the condition at the present time is right where
you see it in this picture. This is a problem that has not been solved.
We have a project approved to solve it but the local people have

not yet been able to raise the money necessary to meet their sliare of

the cost.

Our solution involves the use of the sand which will only last for 50
years. This is the sand that lies in a marsh area that you see in the
background area.

Sometime within the next 50 years, we must devise a method of

protecting this shore adequately and economically without having to

use this sand in the back because it will be gone. This we hope to do
through better knowledge of shore processes.

This is perhaps a familiar sight to some of you. This is at Waikiki.
Waikiki in 1950 had only a stretch of beach 200 feet long in front of

the Royal Hawaiian Hotel. Now it has broad beaches throughout.
This is in front of Kuhio Park which had no beach left in 1950. This
is now a beautiful spot again as it was 50 years ago.

This is the Hammonasset Beach in Connecticut. This is one of 20
projects in Connecticut, 15 completed and 5 underway. This was
nothing but rocky beach 2 years earlier. This picture was taken in

1957 the year the work was completed.
This is Prospect Beach at West Haven, Conn. This also has been

restored. Here we had to add some groins which you can see in the
background.

This next view is Seaside Park, also in Connecticut. This beach
has just been restored. It was entirely devoitl of sand prior to its

restoration.

This next view is at Lake Worth Inlet, Fla., just prior to the dedi-

cation of this new tool for shore stabilization. This is a fixed sand by-
passing plant that will offset tlie damaging effects of inlets. Inlets

block the saiid that normally nourishes the shore or store it whe-re it

does no good. This machine will pick up the sand, pump it across

the inlet and insure that the beach is nourished as if there were no
inlet there and thereby avert an erosion problem.
We are not able to divert all of the sand because of local develop-

ments that interfere. We are able to divert with this machine about
half of the requirements. The rest will have to come from Lake
Worth over the years.

This is a picture of Palm Beach showing the present rather depleted
condition of the shore. This was taken in 1957, which was at about
the terminus of an improved era that had resulted from restoration of

the beach in 1951.

This is San Francisco Beacli. I put this in to show the condition
as it was in 1958.

I visited this beach in the fall of 1959 and the entire sand beach that

you see here had disappeared. At high tide the waves were lapping
the seawall. This is simply an indication of how rapidly things can
change.



4Q OCEANOGRAPHY IN THE UNITED STATES

Now, going to the Carolina coast, this picture iUustrates a different

method of shore protection. In this case you see plantings to stabilize

dunes. Plantings and dune fences are an extremely valuable adjunct

to other types of shore protection in holding and preserving dunes
which are so essential to hurricane protection.

This is a field of research that we would like very much to explore

at greater length. We have not had the opportunity to do so because

it is quite expensive to make field installations.

This is another picture of the same area, illustrating the use of sand
fences. These are the typical sand fences that are used there, and
while they perform quite effectively they are not necessarily the best

type to use. This is the same area showing the manner in which

those fences are installed.

This is Key West, Fla., where, if you gentlemen have been tliere,

you know that there is only a total of about 400 feet of usable beach.

This project is the first stage of constructing 6,000 additional feet of

recreational beach at Key West. It will be an extremely important

feature to the community. It is actually a restoration of sometliing

that was destroyed back in 1927. This is being done as a Federal

project.

This picture is at Carolina Beach in 1957, showing the depleted

condition there. We are just completing a study of this area. We
had it almost finished when Hurricane Hazel nearly eliminated Caro-

lina Beach and we have combined the study with hurricane and shore

protection and the plan will go to Congress this year.

This is another view of the same area showing the absence of any
protection on the beach now. Former dunes were destroyed by
Hurricane Hzael.

Our largest present study which we are just initiating is on the

Core Banks which extend for 60 miles along the shore of North
Carolina.
Every bad storm hits them.
This is typical of the Banks. The inlets pull sand back into the

bay at the expense of the shore.

There are a number of pictures of this same character. These are

all typical of the present condition down there.

Mr. Miller. Thank you very much.
Mr. Eaton. That was just to give you an idea of what has been

done, what remains to be done, and what needs to be learned still

before we can do an entirely adequate job.

Mr. Miller. Thank you very much. Colonel.

This was very illuminating.' It shows the necessity for demon-
strating again the power of Old Man Sea. He has a lot of energy,

and we see how he applies it. It is a very potent thing.

Are there questions?

The committee will stand adjourned subject to the call of the Chair.

(Whereupon, at 12:35 p.m., the committee adjourned, subject to

the call of the Chair.)






