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WEATHER MODIFICATION

THURSDAY, MAY 21, 1964

U.S. SENATE,
SUBCOMMITTEE ON IRRIGATION AND RECLAMATION
OF THE COMMiTTEE ON INTERIOR AND INSULAR AFFAIRS,

W asking ton, D .0 .
The subcommittee met, pursuant to notice, at 9 a.m. in room 3110,

New Senate Office Building, Senator Frank E. Moss (chairman
presiding.

Present: Senators Anderson, Moss, Bible, McGovern, and Jordan of
Idaho.
Also present: Jerry T. Verkler, staff director; Stewart French, chief

counsel; Roy M. Whitacre, professional staff member; Thomas S.
Foley, special counsel.
Senator Moss. The hearing today before the Irrigation and Recla-

mation Subcommittee has been called for the purpose of providing
information to the members on the possibility of increasing precipi-
tation in the Colorado River Basin by artificial means.
The committee is aware that on April 21, 1964, Senator Bible ques-

tioned members of the Interior Department at the hearings on the pub-
lic works appropriation bill as to the possibility of increasing the run-
off of the Colorado River through a program of weather modification.
At that time, it was suggested that the Department would be in a posi-
tion to use an additional million dollars in a program of applied re-
search directed primarily at increasing rain or snowfall during the
coming year. We are well aware of the terrific problems that the Colo-
rado River water and power users face as a result of the continuing
drought that has afflicted this section of the country. We know that
neither the Department of the Interior nor the National Science Foun-
dation, nor anyone else, is in a position to guarantee the results of such
a program.
However, it appears to me that if, within the present available

knowledge, slightest opportunity exists whereby this can be accom-
plished, it is well worth the expenditure of the amount suggested.
I sincerely hope that the testimony to be presented here today will

give the members of the committee a clearer picture of the advantages,
as well as the disadvantages, of this program and enable us to form
some kind of judgment as to its value. If the testimony is favorable, I
trust that the committee will adopt a resolution directed to the Appro-
priations Committee endorsing the proposal that the funds for this
program be increased from $100,000 to $1,100,000 for the specific pur-
pose of attempting to increase precipitation in the Colorado River
Basin.
I am submitting for the record a memorandum prepared by the

staff of the committee outlining the history and activities of the
1



2 WEATHER MODIFICATION

weather modification program. The information will be of particu-
lar interest to those concerned with the history of the actions of the
Congress in this very vital field.
(The document referred to follows:)

MEMORANDUM
To: Senator Moss.
From: Robert H. Bendt.
Subject: Weather modification highlights.

In 1892 the belief that rainfall could be caused by the detonation of explosives
was investigated with Federal funds. But not until the World War II investi-
gation of fog particles by Drs. Langmuir and Schaefer of the General Electric
Co. was it demonstrated that clouds might be modified and rain produced by
scientific methods. The military possibilities of the discovery led the Depart-
ment of Defense to initiate Project Cirrus in 1947, and the civilian implications
were investigated by the cloud physics program of the U.S. Weather Bureau
in 1948. Commercial rainmaking activities on a multimillion-dollar scale were
soon underway.

Controversies that developed from the inflated claims of some "rainmakers,"
countered by severe criticism from the scientific community, led Congress in
1953 to create an Advisory Committee on Weather Control "to study and evaluate
public and private experiments in weather modification." In December of 1958
the Advisory Committee on Weather Conrtol recommended that—

(1) Encouragement be given to the widest possible competent research in
meteorology and related fields;
(2) The Government increase its sponsorship of research more vigorously;
(3) Government-sponsored research provide freedom and latitude in

choosing methods and goals in their specific projects;
(4) An agency, the National Science Foundation, be designated to pro-

mote and support research in the needed fields, and to coordinate projects;
(5) Facilities required to achieve projects should be provided by the

appropriate agency whenever the project has the endorsement of the
National Science Foundation.

1959

Public Law 85-510 on July 11, 1958, directed the National Science Foundation
"to initiate and support a program of study, research, and evaluation in the
field of weather modification." During fiscal year 1959 the Foundation expended
$1,141,000 for research projects.
While the National Science Foundation provided the largest measure of Gov-

ernment support for research on weather modification, the following Federal
agencies also were conducting research in atmospheric sciences:

Department of Commerce.
Department of Agriculture.
Department of the Army.
Department of the Navy
Department of Health, Education, and Welfare.
Department of the Air Force.
Department of the Interior.

In addition, State and local agencies and five commercial companies were
conducting activities in cloud and weather modification in 1959.

1960

In fiscal year 1960, the National 'Science Foundation expended a total of
$1,391,000 for research and evaluation projects. With the National Science Foun-
dation, weather modification projects are only a portion of their much broader
program for atmospheric sciences. In their broader program they spent an addi-
tional $3 million in 1960 to support basic. research projects varying from ocean-
air interface problems to the global circulation of the atmosphere.
The research programs supported by the National Science Foundation in 1960

fell into four general categories: laboratory research, field investigation, plan-
ning conferences, and special publications. Grants to other Government activi-
ties were continued to the same Federal agencies that were supported in 1959,
with the exception of the Department of Health, Education, and Welfare.
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The Departments of Commerce and Agriculture were the only Federal agen-

cies conducting weather modification projects that received National Science

Foundation grant assistance. Commerce received $40,000 and Agriculture $63,900

to assist the Forest Service in their research work over a 21/2-year period. State

and local governments continued work with their own facilities or through con-

tracts with commercial cloud seeders.
During 1960, 34 separate commercial projects were conducted by 4 commer-

cial companies. The projects were conducted in 16 States, mostly in the West.

Encouraging research work was also being conducted in a number of foreign

countries. It was found that the work being conducted in the foreign experi-

ments were different from those in the United States only in details.
The National Science Foundation reported that the most significant event in

the study of atmospheric sciences during 1960 was the launching of the 270-

pound weather satellite Tiros I. Early information from Tiros I is considered

significant in being able to obtain advanced knowledge of the development of

major weather patterns and in locating the birth of a storm at a stage when

man may be able to influence its growth.

1961

By 1961, there was a considerable increase in the national program in atmos-

pheric sciences and a comparable increase pertinent to weather modification.

However, the short supply of skilled manpower to conduct competent projects

existed. The National Science Foundation, in their 1961 annual report, stated

that "with weather control becoming increasingly more probable, the stimulation

of early interest in atmospheric sciences is a national responsibility of profound

importance."
Since about 1958, activity in weather modification was assuming a sound and

realistic tone and was being conducted on a scientific basis. The sensationalism

of the early 1950's with the claims of fantastic successes and ensuing refutations

had died down almost completely.

(1) GRANTS AND CONTRACTS AWARDED IN 1961

University of California:
Study of California rainfall processes ($151,000).
Growth of ice crystals and cloud drops ($99,100).

Nebraska State Teachers College: Physical evaluation of the effects of silver
iodide seeding on the suppression of hail ($14,200).

University of Nevada: The solidification and melting of water ($52,100).
New York University: Feasibility of the artificial modification of tropical storms

($221,000).
University of Oklahoma: Electrical effects on certain types of tornadoes

)($29,900) •
Raven Industries, Inc. ( Sioux Falls, S. Dak) Hail suppression by modification
of potential hail-producing clouds ($17,000).
Research continuing from previous year grants:

University of Chicago: Cloud physics.
University of Arizona: Surface properties of condensation nuclei.
University of Vermont: Vapor condensation in the absence of nuclei.
National Bureau of Standards: Crystalographic study of silver iodide.

(2) FIELD INVESTIGATION RESEARCH GRANTS AND CONTRACTS IN 1961

Atmospherics, Inc. (Kings River, Calif., Conservation District) : A cloud-seeding
program, using radar for storm tracking, aircraft for seeding Dry Ice pellets,
and a network of silver iodide ground generators ($11,400).

Colorado State University:
Characteristics of mountain clouds and their changes when artificial ice

nuclei are supplied ($70,000).
Hail research ($19,400).

Loren W. Crow (consulting meteorologist), Panama: Life cycles of tropical
cumulus clouds in connection with a weather modification project near Puerto
Armuelles ($22,600).

University of Illinois (and Office of Naval Research) : Dust particles to be
electrically charged by 20,000-volt potential from 30 miles of wire strung at
random over a 60-square-mile area ($134,200).
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Arthur D. Little, Inc. (and Office of Naval Research) : NSF transferred $66,500
to the Navy to continue this cooperative effort. Cloud electrification program
near Mount Withington in conjunction with the staff of the New Mexico Insti-
tute of Mining and Technology ($150,000).

State University of New York ( work conducted in Yellowstone National Park) :
Rate of growth, crystal types, and optical effects produced by CO2 and AgI seed-
ings, studies of supersaturation produced by local seeding with various types of
condensation nuclei in the vicinity of hot springs and geysers ($9,600).

U.S. Weather Bureau: Modification of severe storms and hurricanes with the
use of standard cloud-seeding methods ($21,305) .

Weather Engineering Corp. of Canada Ltd.: Studies with the use of standard
weather modification techniques to change the state of water from liquid to
crystal snowflakes ($14,100) .

Field studies continuing from previous year grants:

Aerometric Research, Inc.: Processes of Pacific coast storms.
University of Arizona: Cloud seeding with silver iodide.
University of Chicago: Cloud seeding over the Great Plains.
Texas A. & M.: Cloud structures.
University of Arizona: Development of a model for lightning discharge.
Atmospheric Research Group: Characteristics of small cumulus clouds.
Colorado State University: Characteristics of hail.
Oregon State College: Study of hailfalls in Oregon.
U.S. Forest Service: Continued Project Skyfire—lightning research begun in
1954.

U.S. Weather Bureau: Upper-air studies.
Grants awarded for statistical evaluations in 1961:

University of Missouri: Analysis of rain gage data from 35 stations used in this
project ($3,200) .

Washington State University: Study of methods of evaluating weather modifi-
cation activities.

University of Washington and Washington State University (jointly) : ($50,-
000).

(3) FUNDS GRANTED FOR FACILITIES AND INSTRUMENTATION IN 1961

University of Arizona: For construction of a pulse doppler radar set mounted on
a trailer ($200,000) .

New Mexico Institute of Mining & Technology: For construction of a small
observational site and facility on South Baldy Peak ($200,000) .

(4) FUNDS GRANTED FOR OON1 EttENCES IN 1961

The National Science Foundation supported one conference held at South
Dakota School of Mines & Technology where an Institute for Atmospheric
Sciences has been established ($3,000).

Funding summary of all weather modification programs in fiscal year 1961
Department of Agriculture $63,900
Department of Commerce 59,305
Department of Defense 749,116
National Science Foundation (by grants) 

Total (all Government) 

1,545,500

2,417,821
The Government departments were engaged in both basic and applied re-

search programs, whereas the National Science Foundation generally directed
their grants more to obtaining basic data.

It is also known that the Department of the Interior through the Geological
Survey and Bureau of Reclamation engaged in research in weather-climate
modification dealing with the reduction of water evaporation in 1961.
Some State and local government activities occurred in 1961 and were con-

cerned primarily with direct programs in producing rainfall.
Thirty-three separate commercial-type projects were conducted in 1961 by 9

commercial companies in 23 States. About 8 aircraft and 500 ground-based
silver-iodide generators were used for seeding purposes.
In 1961 there were 13 experimental weather modification projects using cloud

seeding as a research tool; 29 applied research projects involving seeding as a
means of obtaining economic or operational benefits, and 42 projects closely re-
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lated to the science of weather modification, but where there was no actual clo
ud

seeding involved.
1962

The 1962 National Science Foundation annual report on weather modifi
cation

stated: "The promise of useful weather modification techniques is suf
ficiently

great that research into its full potential should be pushed urgently." To
 this

end, NSF recommended as rapid as possible progress be made to:

Continue to attract new, creative talent to weather modification, and t
o

the atmospheric sciences as a whole;
Broaden research by supporing theoretical and field research into potentia

l

new methods of modification or control with new emphasis on long-ra
nge

weather and climate control on regional or continental scales;

Shorten the time gap between the development of theory and the 
start

of field research so that new techniques may be tested as soon as a sound

theoretical basis is established.
The National Science Foundation felt that the rewards to be gained

 from

methods of large-scale weather control may equal or surpass atomic en
ergy in

dealing with the world's population explosion and other problems 
requiring

maximized benefits from natural resources.
The use of mathematical models now makes it possible to test such weath

er

modification ideas as damming the Bering Strait between Alaska and 
Siberia,

laying a chemical film on the ocean to lessen evaporation, or changing the 
radi-

ative balance of the polar regions by coating icecaps with carbon black
. Such

experiments are simulated in a computer, and the total effect can be 
then

analyzed.
In 1962, the Foundation provided a total of $6,615,000 in support of its 

overall

atmospheric sciences program. Of this sum, $1,340,000 went for weather mo
difi-

cation, $3,300,000 for basic research in the atmospheric sciences, $1,200,00
0 for

the National Center for Atmospheric Sciences (Boulder, Colo.), and $77
5,000

for the International Indian Ocean Expedition.

(1) GRANTS AND CONTRACTS AWARDED IN 1962

University of Chicago: Physical effects of silver iodide seeding in cumulus clou
ds

($200,000).
Massachusetts Institute of Technology: Cellular activity in the precipitati

on

process in clouds ($241,000).
National Bureau of Standards: Study of silver iodide ($50,000).

University of Nevada: Numerical computation of the growth of cloud drople
ts

($44,800).
University of New England (Australia) : Ice crystal nucleation theory ($12,500

).

University of Utah: Nucleation of ice ($59,400).
University of Missouri: Analysis of rain gage records ($7,500).

Research continuing from previous year grants:

University of Arizona
University of Vermont
University of California at Los Angeles
Nebraska State Teachers College

University of Nevada
New York University
University of Oklahoma

(2) FIELD INVESTIGATION RESEARCH GRANTS AND CONTRAC
TS IN 1962

University of Chicago: Cloud seeding trials in southern Missouri ($300,000
).

University of Arizona: Physics of clouds and cloud formations ($92,500).

Colorado State University: Hailstorms in the high plains ($115,800).

Hokkaido University (Japan) : Formation and structure of snowfall ($49,000
).

Oregon State University: Showers of small hail and related atmospheric 
phe-

nomena ($26,000).
State University of New York: Cloud physics field research ($17,400).

University of Washington: Winter cloud studies on blue glaciers ($64,400).

Field studies continuing from previous years grants:

Ierometric Research Inc.
Texas A. & M.
University of Arizona
Atmospheric Research Group
U.S. Weather Bureau

30-084-64-2

Atmospherics, Inc.
Colorado State University
Loren W. Crow
University of Illinois
Weather Engineering Corp. of Canada
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(3) FUNDS GRANTED FOR FACILITIES AND INSTRUMENTATION IN 1962

Grants awarded in 1962: None.
Continuing work from previous grants:

University of Arizona: Mobile pulse-doppler radar set ($100,000).
New Mexico Institute of Mining & Technology: Construction of observation

site ($100,000).

(4) FUNDS GRANTED FOR CONFERENCES AND PUBLICATIONS IN 1962

Rand Corp.: A five-man team received support for a 6-month study of the desir-
able directions for future weather modification research ($62,600).

Continuing work from previous grants:
American meteorological Society: For compilation and publication of a cumula-

tive bibliography.

Funding summary of all weather modification programs for fiscal year 1962
Department of Agriculture 
Department of Commerce 
Department of Defense 

$119,
224,

2, 745,

000
500
561

Federal Aviation Agency 37,300
Department of the Interior 100,000
National Science Foundation 1,342,900

Total (all Government) 4, 569,261
In 1962, there were 14 experimental weather modification projects using cloud

seeding as a research tool; 30 applied research projects involving seeding as a
means of obtaining economic and operational benefits, and 28 projects closely
related to the science of weather modifications, but where there was no actualcloud seeding involved.

Comparison of weather modification projects 1961 and 1962

Project 1961

Cloud seeding as a research tool 13Cloud seeding as a means of obtaining economical or operational benefits _ _ 29Projects related to modification, but no actual cloud seeding involved 42

1962

14
30
28

Comparison of funding, 1961 and 1962

Agency 1961 1962

Department of Agriculture $63,900 $119,000Department of Commerce 59,305 224, 500Department of Defense 743, 116 2, 745, 561National Science Foundation (by grants) 1,545, 500 1, 342, 900Federal Aviation Agency 37,300Department of the Interior 100, 000
Total 2,417,821 4,569,261

General recommendations resulting from the Rand Corp.'s 1962 study of direc-
tions to now be taken in weather modification

Must be approached in a cohesive and organized manner;
,Suggest that thought be given by the National Science Foundation as to the

formation of a permanent working group of competent scientists and engineers;
This group to be capable of continuously examining data with a view to further-

ing weather modification.
Also capable of carrying out an experimental and theoretical program

in this field.
The group should also become the nucleus for weather-modification re-

search in this country.

Senator Moss. I also would like to submit for the record a copy of
a telegram I received from Douglas T. Simpson, chairman of the
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Weather Modification Committee of Utah endorsing the genera
l pur-

pose of this hearing.
(The telegram is as follows:)

SALT LAKE CITY, May 20, 1964.

Senator FRANK E. Moss,
Washington, D.C.:

Sorry we cannot attend your hearing tomorrow on weath
er modification.

We endorse your proposal for a $1 million appropriation pe
r year to advance

weather modification in the Colorado River Basin. W
e recommend extensive

application of known cloud seeding techniques in selected 
upper basin water-

sheds accompanied by scientific work to accomplish simultaneous scienti
fic

progress advancement of technology and water production 
under your applied

research proposal.
This should not be 1 year's program but should be car

ried on from year to

year until the problems are solved. DOUGLAS T. SIMPSON,

Chairman, Water Modification Committee.
VERN HALES,

Secretary-Treasurer.

Senator Moss. Senator Anderson has a statement.

STATEMENT OF HON. CLINTON P. ANDERSON, A U.S. SENAT
OR FROM

THE STATE OF NEW MEXICO

Senator ANDERSON. Mr. Chairman, as you know, last year on Marc
h

7, I was joined with other members of the committee in spon
soring

S. 1020, a bill to direct the Secretary of the Interior to conduc
t a

program in five areas of the United States to increase usable precipi-

tation and for other purposes. This bill was only one in a series of

endeavors I have made to actually determine whether sufficient know-

how is in the hands of the scientists to enter into a program to in-

crease the rain and snowfall in the southwestern portions of the

United States. Although the bill was directed to five areas and was

patterned after the very successful saline water program, I had in

mind primarily the Colorado River Basin.
Since no progress has been made to date on this bill, I am very

happy• to join other members of the committee in the new approach

that has been suggested. We have been assured that the Bureau of

Reclamation has adequate authority to conduct a weather modification

program if sufficient funds are available. Apparently, there is con-

siderable confidence that if an appropriation in the neighborhood of

$1,100,000 is authorized by the Appropriations Committee, the Bu-

reau will be in a position to test some of the basic research that has

been developed since we originally became involved in this program in

1958.
I think it pertinent to repeat at this time a statement I made at the

time S. 1020 was introduced. I quote from a special report prepared

by the Water Information Center, Inc.:

Actually, more than six times as much water flows across the United States

in the atmosphere than is carried by all of the country's rivers. Some of t
his

water vapor has traveled 3,000 miles without ever having fallen on land be
low—

and has passed over arid and semiarid parts of the country that could beco
me

highly developed if rain could be induced to fall. The economic value of t
his

potential rainfall is immense. A mere 15-percent increase in total precipit
ation,

for example, on a 1,000-square-mile watershed having a normal annual ra
infall

of 15 inches, would yield an additional 100,000 acre-feet of water. If
 this water
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were to fall in the drier parts of the Southwestern United States, it would have
an estimated monetary value of $2,000 per square mile if used for crop irrigation,
or $5,000 per square mile if used for municipal water supplies (assuming its
worth to be $20 per acre-foot for irrigation and 15 cents per 1,000 gallons for
water supply).

It is readily apparent that it is vital to the public interest to re-
assess the position of weather modification research with a view to-
ward paralleling Government-supported basic research with more ex-
tensive field applications of processes already known to be adapted
to practical application.
I would also like to point out that this should be only the first stepin enactment of far-reaching studies of weather control.
I can well recall the warning of Dr. John von Neumann, Atomic

Energy Commission Commissioner, that weather manipulation, notthe ICBM, would be the ultimate weapon for the protection of the
free world. Although I recognize that the pending matter is directedsolely to increasing precipitation in the Colorado River Basin, it isstill a first faltering step toward the ultimate solution of our weatherproblems.
(Subsequently the statement of Senator Bible was ordered printedat this point:)

STATEMENT BY HON. ALAN BIBLE, A U.S. SENATOR FROM THE
STATE OF NEVADA

Senator BIBLE. Mr. Chairman, I appreciate the opportunity to ap-pear before this committee in support of an accelerated weather modi-fication program in the upper reaches of the Colorado River. I willbe brief and explicit.
My purpose is this: To seek this committee's backing on a $1 millionincrease in funds to the Bureau of Reclamation for implementing afull-scale campaign to increase precipitation on the Colorado—a riverwhich we all know too well is running critically low on water thisyear. This is a matter I am putting before the Appropriations Sub-committee on Public Works, which, as you may know, heard lengthytestimony on the subject last month from Commissioner of Reclama-tion, Floyd Dominy and Walter U. Garstka, Chief of the Bureau'sWater Conservation Branch, Division of Research.
Dr. Garstka informed us the upper Colorado area provides an ideallocation for cloud seeding and other weather modification techniquesbecause of its position in regard to other watersheds and because muchof the region is federally owned. Mr. Dominy added that, as he put it,"No other organization has more incentive, more know-how and de-sire," than the Bureau of Reclamation in this area of manmade rain-fall.
Data supplied by the Bureau of Reclamation indicate the benefitsof increased rainfall through weather modification could be tremen-dous. An additional inch of precipitation above Glen Canyon Damwould produce a runoff of 575,000 acre-feet. This extra amount offlow through Federal powerplants could boost income, on establishedpower rates, by $2.5 million. Naturally, this additional water couldbe available for agricultural, municipal and industrial uses. Allowingfor losses in runoff, this added inch of precipitation would still pro-vide 500,000 acre-feet of water for irrigation which, based on a 1962water-crop benefit formula, would produce a gross crop income of
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$24.7 million. Municipal and industrial uses, of course, would increase
the value of this extra precipitation even more.
When we consider that the expected Colorado River flow this sum-

mer will be little better than half the average since 1923, we see all too
plainly that the possibilities of an effective weather modification pro-
ffram are enormous and exciting. The water pinch on the Colorado
at this very moment serves to dramatize this.
I am not attempting to tell this committee that the Bureau of Recla-

mation can deliver this golden egg this year or next year. Nor is the
Bureau. Every scientist involved in weather modification research,
Dr. Garstka among them, will be quick to tell you there is much, much
more to learn about the methods and the approaches to tapping more
moisture from Mother Nature's airborne reservoirs. This accelerated
program must, by necessity, include more lengthy research. And the
more scientists learn about weather modification, the more equipment
they need—and the more money.
The Bureau of Reclamation estimate is that the accelerated program

we are discussing will cost $1 million a year and perhaps more. And
to be effective it should be carried over at least one or two decades.
So we are talking on a long-range basis of a $10 million or more
program.
I submit the time to start is now, when we have the impetus of

drought years, when we are feeling the shortage of water throughout
the Southwest. Admittedly, this is a million-dollar gamble. But
the possible benefits are worth it a thousand times over. As in all
of man's quests to improve his environment and produce a better life, 

imagination.
This 
are limited only by our initiative and our 

This is not a reckless gamble. The Bureau of Reclamation, in co-
operation with the U.S. Weather Bureau and the National Science
Foundation, has the experience and knowledge to tackle a substantial
weather modification program with direction and effectiveness. I
could not have said that 2 or 3 years ago.
I should recognize in passing, that we have before us in the Senate

separate legislation dealing with this same topic of weather modifica-
tion. One bill, S. 1020, would direct the Secretary of the Interior,
in cooperation with the National Science Foundation, to conduct am-
bitious weather modification programs in five different areas of the
United States. This bill, of which I am a cosponsor, would author-
ize an appropriation of $20 million.
I have supported this measure, and I still do. The program we are

talking about on the upper Colorado is not at cross-purposes with the
aims of this bill. Should any legislation along the lines of weather
modification be enacted, the Colorado River application could easily
be incorporated in the broader programs.
This is a year of economy in budget. Thus every request for addi-

tional spending falls under more than normal scrutiny. Neverthe-
less the challenges and opportunities that await us in this vital area
justify an immediate expenditure.
Let us—finally—do something about the weather.
Senator Moss. Senator Jordan, do you wish to make a statement?
Senator JORDAN. I will be interested in this whole program, but

I would like to wait to hear the testimony. If we were able to, through
weather modification, get another inch of rain, it might make the dif-
ference of whether we could generate power or be deficient. It would
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make considerable difference if water could be delivered for municipal
purposes throughout the river basin. It is a vital field and we should
learn all we can about it. There are doubtless those detractors who
think weather modification is not feasible yet, but many others claim
the state of the art is well advanced.

Senator Moss. We will now proceed to the first witness, Dr. John C.
Calhoun, Jr., science adviser to the Secretary of the Interior. Dr.
Calhoun, we would be pleased to have you place your statement in the
record.

STATEMENT OF DR. JOHN C. CALHOUN, SR., SCIENCE ADVISER TO

THE SECRETARY OF THE INTERIOR

Dr. CALHOUN. Mr. Chairman and members of the subcommittee, I
am pleased to be here on behalf of the Department to discuss this
matter of weather modification. I have a prepared statement, copies
of which are before you. I would like to read my statement although
I may ad lib as I go along.
Mr. Chairman, I am pleased to be here today on behalf of the De-

partment to discuss the subject of weather modification. My purpose
is to furnish information on what we believe to be an important role
•for the Department of the Interior in research and development pro-
grams which have as their objective increased water supplies through
weather modification.
The past 2 years of subnormal precipitation and runoff in the Colo-

rado River Basin and the subsequent low water conditions in Lake
Powell behind the newly completed Glen Canyon Dam are fresh in
our minds. This has impressed upon us even more firmly than in
previous years the fact that all means should be sought to maintain
the supply of water to these projects which are vital to the agricul-
tural and power industries and to the public dependent upon them.
Even a small percentage increase in the average annual precipitation
would result in extensive economic and operational advantages to
,everyone dependent upon the projects in the Colorado River Basin.
Hence, investigations for increasing the supply of water by weather
modification techniques are fully justified as one of the water manage-
ment methods to accomplish the Department's responsibilities with
•respect to the extensive network of hydroelectric and irrigation proj-
ects throughout the Western States.

It is not my intent to comment on the economic justication or de-
tailed advantages of the program which we propose or to give you
details of the program now in progress. The other representatives
from the Department, Commissioner Dominy and Mr. Garstka of the
Bureau of Reclamation are much more able to do this than I am be-
cause they have been closely allied with this effort over the past years.
I would like, however, to discuss briefly the present status of the sci-
ence of weather modification, to provide information for judging the
desirability of proceeding at an accelerated rate on research and devel-
opment programs to increase our water supply by controlling precipi-
tation, and to comment on the type of program which I believe is most
logical.

Truly, there are some risks involved that a payoff will be forth-
coming in the relatively near future or even that meaningful results
will be obtained in the distant future as far as present day water needs
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are concerned. We think, however, that the situation justifies expan-
sion of research and development. Even though this subject is a
controversial one, there is considerable support for our position among
competent meteorological scientists in both Government and univer-
sity situations.
To place this discussion in perspective, it is important to note that

the history of present-day, cloud modification experiments extends
back a relatively few years. It has only been in the late 1940's and in
the 1950's that success in increasing precipitation by modifications
of clouds was considered a possibility. Even during this time, only a
few competent scientists wished to become associated with rainmaking
because the majority regarded it as unsound, scientifically. This
attitude is now changing, fortunately, due in agreat part to expanded
research in the total field of weather modification and to the fact that
more scientists have come to recognize the importance which weather
modification can have on human activities. Moreover, advances in
the technologies of measurement, data processing, and computer capa-
hility have opened up new experimental possibilities.
Reports by the National Science Foundation for fiscal year 1963

show that the total Federal effort in weather modification research
was something over $3 million. At the present time, experiments are
underway on lightning-storm modification, hurricane modification,
fog reduction, and cloud modification. Also being studied are many
aspects of basic cloud physics and studies on precipitation processes
which are important to weather modification related to increasing
rainfall and snowfall. Much of the work carried out by the Depart-
ment of Defense, Weather Bureau, the National Science Foundation,
and Interior has a direct bearing on understanding precipitation
processes and the effects of cloud seeding which is the commonly prac-
ticed method in attempting to increase precipitation from moisture-
bearing clouds.
The research which has been conducted in the past leads to the fol-

lowing rather tenuous conclusion. Under certain conditions, precipi-
tation can be increased, perhaps as much as 10 to 15 percent from
clouds which are a part of the cold winter storms 

in 
when air-

masses moving from the ocean are forced to rise n elevation as they
approach mountain ranges. No single experiment has been identified
as proving that such storms produce more precipitation when seeded
but the weight of many experiments shows that some increase in pre-
cipitation is possible.
There is no conclusive evidence of any positive increased precipita-

tion from seeding clouds in summer storms or those usually known as
convective or cyclonic. In fact, I might say parenthetically that the
evidence seems to indicate there can be decreased precipitation in
those conditions.
It is surprising that this situation is true when, in fact, many prac-

titioners have continued cloud seeding work, some for extended pe-
riods of time and at the expenditure of considerable private and pub-
lic funds. The seeding operations of industrial operators have been
conducted in such a manner as to preclude the possibility of assess-
ment of results on sound scientific principles. The majority of the
clients of the cloud seeding operations have not required such an
assessment. Consequently these industrial operations can proceed
just as the operator wishes to carry them on.
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Sufficient information now exists so that an expansion of research,
based primarily on orographic cloud seeding experiments, is justified.
We have reached this decision on recommendation of several competent
meteorologists who have been performing research on the basic physics
of clouds. One of them has stated to us: "that the present real need
is for seeding projects which will establish beyond reasonable doubt
the extent to which local changes in clouds can lead to useful changes
in a weather element over an appreciable area."

This type of development research, which is still far from the
routine application of weather modification techniques, would be an
extension of a search for basic knowledge about clouds and precipita-
tion mechanisms. If successful it would lead to precipitation
increases.
So, in summary at this point, our evaluation shows that the time has

arrived for larger scale, well-planned field experiments. Testing and
evaluation of results are an essential part of such experiments in
contrast to the numerous industrial applications which have led to so
much confusion and misunderstanding on this subject.
Recognizing that the efforts of several other Government, agencies

and some local agencies will continue to contribute knowledge im-
portant to developing weather modification techniques, we envision
the Department's future role to fall in two places. We should, first,
bring the results of the existing programs being carried out for other
purposes to bear on our own problems, regardless of the reasons for
which other research may be done. We think it is our job to be knowl-
edgeable of these research programs both in Government agencies and
in the universities and to insure that the results from them apply to
the Department's mission in this field.

Second, and more specifically, however, we think that the depart-
mental role should include the sponsoring of a continuing program
primarily directed toward improving precipitation from winter
storms. This program should be highly flexible to take advantage
of new developments which may -appear from university or other re-
search. We should have as the end goal for this program the in-
crease of water supply problems but we should undertake it in a re-
search atmosphere.
This work should be handled by the Bureau of Reclamation. In

cooperation with other interested groups the Bureau should be respon-
sible for organization and support of a long-term, cloud-seeding proj-
ect to test whether or not it is possible to increase precipitation from
winter storms in such a way that there will be a positive benefit to
water storage projects.
The Bureau will wish to call upon the competence in meteorological

research which rests in the Weather 
Bureau, 

in the National Science
Foundation, in the universities and industrial meteorological con-
sultants. In order to accomplish this, appropriate planning and co-
ordinating mechanisms will have to be 'derived. To augment the
Bureau's staff there would be employed a panel of specialists to con-
duct feasibility studies and advise on the broad aspects of experiments.
The actual experimental designs, completion of experiments and evalu-
ations would be done via Bureau of Reclamation support to either Gov-
ernment or non-Government research and development groups identi-
fied as being the most competent and capable of carrying on this work.
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The Bureau would exercise overall coordination and supervision.
Their main task would be to maintain the continuity of the effort, co-
ordinate it with other research and to bring the impact of the Depart-
ment's competence in water management to bear on this problem.
To make our present position clear, we believe that the Department

has a responsibility to encourage and support weather modification
and research if there is a reasonable chance that it will help the water
supply problem, and we think there is such a chance.
However, we realize that much more research is required before

routine practical applications can be made.
To proceed into operational phases now without completely under-

standing the processes involved could lead to undesirable effects.
These might range from decreases rather than increases in precipita-
tion, to gross atmospheric contamination leading to adverse weather
and to possible handicaps to future research. So we believe it is essen-
tial that any new effort in weather modification be approached as care-
fully planned development research, which will take into account
probable environmental consequences of experimental actions each
step of the way.

There is no doubt weather modification to increase precipitation and
runoff in a significant way must ultimately involve large-scale opera-
tions covering vast watershed areas. Without question then this pro-
gram of research could lead to large-scale environmental changes and
they should receive a thorough preliminary review.

There is considerable renewed interest on the part of Government
agencies in the study of the whole subject of weather modification.
This interest includes not only the scientific and technical requirements
but the legal and social aspects which will have an important bearing
on how technological advances can be used. The U.S. Weather Bureau
now has a study in progress to reevaluate their future rule on
weather modification research. The National Academy of Sciences
Committee on Atmospheric Sciences has decided to set up a special
panel on weather and climate modification, and I understand that
group will work very closely with the National Science Foundation,
which is in the process of appointing a Commission made up of
specialists in various fields of science, government, and industry to ad-
vise on weather modification potentials.
We hope to take advantage of all of this renewed interest and com-

petencies that are represented by it.
The Department has a representative on the Interdepartmental

Committee on Atmospheric Sciences of the Federal Council for Science
and Technology which will make recommendations to the President
and Bureau of the Budget on soundness of weather modification pro-
grams. Thus, Interior is not alone in its interest in this subject. With
the close cooperation of these other groups which have available the
advice of the best meteorological scientists in the United States, I am
sure that we will be able to advance a program of research which will
tell us whether or not we can increase water supplies in areas where
shortages are critical.
Thank you, Mr. Chairman. That is the end of my prepared state-

ment.
Senator Moss. Thank you, Dr. Calhoun, for your very fine state-

ment.
34-08,1-64-- 3
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I understand from your testimony in general that there still is a
a great deal to be learned and proved out, as it were, with long-range
control activity in this field of weather modification?
Dr. CALHOUN. Yes, that is so. As concisely as I can sum it up, we

are not yet at the point where we can say weather modification opera-
tions can be carried on on a routine basis and we can produce precipita-
tion at will. We are quite a way from that.
Senator Moss. We appreciate your testimony. I am sure that mem-

bers of the committee are going to have a few questions they would
like to ask, and I will ask Senator Anderson if he has any questions.

Senator ANDERSON. Dr. Calhoun, I start at the top of the first page
where I see you are science advisor to the Secretary of the Interior.
Is that a position he has had regularly for a longtime?
Dr. CALHOUN. This position has existed, I understand, since 1961.

There have been two occupants of the position—Dr. Roger Ravelle was
the first person to hold this assignment I succeeded Dr. Ravelle.
Senator ANDERSON. Is he the man interested in oceanography?
Dr. CALHOUN. Yes, he is with the Scripps Institution and I believe

is the dean of research at the University of California.
Senator ANDERSON. On page 3 you say it has only been the late 1940's

and early 1950's that success was considered possible, that even during
this time few competent scientists wished to become associated with
rainmaking because they regarded it as unsound scientifically?
Where did you get that information?
Dr. CALHOUN. Well, sir, I should probably say this is just general

knowledge. I know some specifically who hesitated to have them-
selves associated with it.

Senator ANDERSON. In the late 1940's?
Dr. CALHOUN. Yes.
Senator ANDERSON. Because it was unsound?
Dr. CALHOUN. Pardon?
Senator ANDERSON. Because they felt it unsound?
Dr. CALHOUN. Yes.
Senator ANDERSON. Could you name some of them? I can match

it with some who didn't think it was unsound.
Dr. CALHOUN. I am sure you could. This has been a controversial

subject for many years. Perhaps I could have worded this a little
differently, more accurately, to say that all during this time some
competent scientists hesitated to become affiliated with or identified
with this. But there have been strong proponents of this as well as
strong detractors.

Senator ANDERSON. Do you know a man named Dr. John Von
Neumann?
Dr. CALHOUN. Yes, sir.
Senator ANDERSON. Would you regard him as a competent scientist?
Dr. CALHOUN. Very definitely, sir.
Senator ANDERSON. Did yon ever see his article in a magazine with

regard to cloud seeding?
Dr. CALHOUN. No, I did not.
Senator ANDERSON. It was interesting reading.
Do you know Dr. Irving Langmuir ?
Dr. CALHOUN. Yes, sir.
Senator ANDERSON. Do you regard him as a competent scientist?
Dr. CALHOUN. Ye::, sir, he has been a strong advocate of this.
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Senator AN-DERsox. He stated the ultimate threat was weather
manipulation, not missiles. You could control the march of armies
and everything with weather modification.
A great many weather scientists were interested in it. All the ones

I suggested it to 15 or 20 years ago said we are not going to do it be-
cause we cannot get a controlled experiment.
As you may know, we tried to pass a bill 10 or 15 years ago, I have

forgotten how long—it was the 81st Congress—anyhow, the rain-
makers organizations, the people who were making money by being
paid by the cattle raisers and the wool and vegetable growers, and so
forth, hired a very effective lobbyist and the bill died, but a great many
scientists at that time thought if we could get a bill through for a
controlled experiment nationwide much good might result.

• My attention has been called to an article that appeared in 1961 in
which it said that I have been interested in the danger of weather
manipulation by hostile powers since Dr. John Von Neumann, former
AEC Commissioner, felt that this—not the ICBM—was the ultimate
dangerous threat.
(The article referred to follows:)

[From the Washington News, Feb. 11, 1961]

WEATHER CONTROL STUDY?

Senate Interior Committee may start far-reaching study of weather control.
Chairman Clinton P. Anderson, Democrat, of New Mexico, has been interested

in danger of weather manipulation by hostile power since Dr. John Von Neu-
mann, former AEC Commissioner, warned that this—not ICBM—was the ulti-
mately dangerous threat. Other scientists have agreed.
But so far, weather control research has dealt only with limited possibility

of seeding clouds for rain or snow, not large-scale climate changes.
Dr. Von Neumann forecast atmospheric and climatic controls in a few decades.

Dr. Edward Teller has spoken on peril to the United States if Soviets controlled
weather on big scale. So has Henry G. Houghton, MIT meteorologist.
Final report of President's Advisory Committee on Weather Control, made

more than 3 years ago, recommended speeding up basic research program in this
field.
This has never been undertaken, but Senator Anderson's committee may try to

get project back on track.

Senator ANDERSON. I only want to say if people of Dr. Von Neu-
mann's talent felt you could do something if you could get completely
controlled experiments, that might be something to suggest in this field.
Dr. CALEIOUN. Senator Anderson, I agree with you wholeheartedly.

We are all aware of your long interest in this field, backed up by the
advice that you had.
Perhaps I could clarify what I was trying to state here by the use

of the word "rainmaking."
What the scientists shied away from was, exactly as you suggested,

rainmaking which was going on on an uncontrolled basis. Scientists
are always in favor of controlled experiments, and I think this is what
we are stating now as our position. As we :go into this weather modi-
fication, if it is authorized, we believe that it should still be done on a
controlled experimental basis. We do not want it to be interpreted as
"rainmaking" in the sense of the hit-and-miss kind of operation that
we think has gone on in the past.
Senator ANDERSON. Of course, there was a group of firms that de-

veloped a silver iodide machine. They sold them to ranchers. A
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rancher in my State had a 15-year-old boy running the cooker. As
soon as he saw what he thought was a good-looking cloud, he would
turn it on and run it. This same individual got into an airplane when
there was a very heavy rain cloud over his ranch and seeded it with Dry
Ice. The cloud dissipated and just left, and he said, "I didn't get any
rain from it at all," which was exactly what Dr. Von Neumann stated.
He said sometimes the rains are made up in the Gulf of Alaska, I
hope I am not misquoting him, and overseeding would lift them over
the mountains and drop the rain where it was needed on the other side
of the range.
I do believe there were a great many people who were profoundly

interested in a controlled experiment. Others suggested we put ships
out in the Pacific Ocean and let them try to increase the moisture
being carried by clouds and try to handle it, but we were never able to.
get the law through the Congress to stop the other people from seeding
the clouds with silver iodide.
I only hope that could be borne in mind.
If that were to be the purpose, what would be the effect of having

all these activities scattered through the National Science Foundation,
the Weather Bureau, and so forth?
Dr. CALHOUN. Sir, I was not proposing that we would scatter ac-

tivities through a number of agencies except in the sense of going to
these people for the appropriate scientific advice and assistance when it
was deemed most desirable to do so. The intent would be to have
the program supervised and coordinated in one spot—the Bureau of
Reclamation. But the Bureau of Reclamation does not now have the
competency within its structure to design fully these experiments.
In order to get a full design it would have to call upon competencies
that exist in other Government agencies and in the universities.
Senator ANDERSON. I don't want to open up an old wound, but if

you ask the Weather Bureau, I am sure their testimony would be there
is no possibility in this field. That was the position it took all the
way through this endeavor, but the Bureau of Reclamation is acutely
conscious of the shortage of water in certain areas of the country.
Let me read again from Dr. Von Neumann.
In 1956 he said:
Our knowledge of the dynamics and controlling processes in the atmosphere

is rapidly approaching a level that will make possible, in a few decades, inter-
vention in atmospheric and climatic matters. It will probably unfold on a scale
difficult to imagine at present. There is little doubt one could intervene on any
desired scale, and ultimately achieve rather fantastic effects.

He thought it would be possible to spread a blanket of water all over
these areas of the country. He saw reservoirs being emptied and he
thought the country should do something about it then. I agreed with
him then and I still do now.
Page 7, you say:
To make our present position clear we believe the Department has a responsi-

bility to encourage and support weather modification research if there is reason-
able chance it will help the water supply problem.

Now, that means that before they should go ahead with it they have
to solve the question whether it will help the water supply problem and
if you don't try, how are you going to find out?
Dr. CALHOUN. Well, you cannot, sir. And I added an ad lib at that

point that we thought there was a reasonable chance that it would help
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to solve the water supply problem. But, you are exactly correct. You
have to start somewhere and this is what we are proposing to do.
Senator ANDERSON. I was told one time that if, in developing the

atomic bomb, they had followed the established rules of science and
never done anything until they had proved it out we would hope to
have one by the year 2100. We had one before that because we didn't
wait. I would hope the Department of the Interior, recognizing the
great water shortage we have, would be trying to go up to Idaho and
trying to sneak a little water out of the Snake River some time, and
I imagine the Senator from Idaho will have something to say about
that. That being the case all over the country, might it not be a good
plan to start work now?
Dr. CALHOUN. Yes, sir, I agree. And our approach to the problem

would be that our end goal is an increased water supply.
Senator ANDERSON. There is hardly a State in the union that is not

going to have some problems of water in the next 50 years. It may not
be, but the temperatures have been rising gradually.
You say:
To proceed into operational phases now without completely understanding the

processes involved could lead to undesirable effects from decreases, rather than
increases in precipitation, to gross atmospheric contamination leading to adverse
weather and to possible handicaps to future research.

What are the possible undesirable effects from going ahead without
fully understanding everything?
Dr. CALHOUN. Well, one of the possible undesirable effects is that

precipitation would be decreased.
Senator ANDERSON. You can overseed as much as you can underseed ?
Dr. CALHOUN. That is right.
Another possible undesirable effect which has been suggested is the

possible contamination by a large amount of foreign nuclei placed in
the atmosphere.
A third possible disadvantage is messing up the atmosphere and the

atmospheric processes to such an extent at this stage that we destroy
the possibility of learning what we need to know about the natural
processes.
There are a group of scientists who believe that our state of under-

standing is such that we would be much better advised to observe situ-
ations for some time to come before we place any large amount of
seeding material or other contaminants in the atmosphere.

Senator ANDERSON. But we have been for a long period of years
and the supply of water in the Colorado River is getting smaller and
smaller?
Dr. CALHOUN. Yes, sir. In spite of these possible disadvantages we

believe that we should go ahead.
What I was attempting to point out here is, again, if one proceeded

willy-nilly into cloud seeding on an operational basis rather than on a
developmental research basis, that one might produce adverse effects.
We must plan our experiments so that we can recognize adverse effects
when they are occurring as well as beneficial effects.
We must design our experiments so that we do not leave ourselves

open for a great many of these things.
As in any environmental problem you always want to protect your-

self from going too far and destroying the situation you are working
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with until you really know what you are doing, but at the same time
you proceed cautiously.
Senator ANDERSON. One of the great problems in the early days

was that the question of damages was unsettled. When three scientists
of General Electric tried a controlled experiment in controlling a hur-
ricane they succeeded in their plan, but the storm came back along the
borders of the United States at a considerable height. If it had stayed
down low General Electric might have some real suits against them.
They asked the Government to do it, and the Government said, no,
if it is dangerous we will not do it either. There was no work done.
I was only hopeful that the Interior would feel, "Damn the conse-
quences, full speed ahead," whatever the torpedo phrase was.
Dr. CALHOU N. I think we are saying this in effect.
Senator ANDERSON. In this statement?
Dr. CALHOUN. And I was trying to point out here, not damages re-

sulting from landowners or suits, I was trying to point out the possible
disadvantages that would result in a technological sense.
Well, sir, if I do not give the impression that I don't mean damn

the torpedoes, full speed ahead, let me say that in spite of some of the
hesitancies and controversies in this subject we think that we are right
at the point where some large-scale experiments are necessary and de-
sirable and that we ought to move forward with all speed which is
commensurate with good planning to find out once and for all whether
or not we can increase the water supply in the Colorado Rockies, and
particularly, the Colorado Basin, by weather modification techniques.
Senator ANDERSON. Thank you very much. That was what I was

hoping to get to and I was going to quit questioning when I got that
statement from you.
Thank you.
Senator Moss. As a good lawyer, which Senator Anderson always

explains he is not, he finally got the testimony from the witness he
wanted and now, no more cross examination.
Dr. CALHourN. I am sorry I was so unclear in saying it.
Senator ANDERSON. Thank you.
Senator Moss. Senator Jordan?
Senator JORDAN. Dr. Calhoun, you have opened up a very interest-

ing subject and believe me, I am just as interested as anyone in supply-
ing a good water supply for the thirsty Southwest, and I thought I had
offered a reasonable alternative but the suggestion was not received
well in some quarters. I am, of course, interested in finding water for
this area.
You raise some interesting points and I refer now to your testimony

on page 7 where you say that:
To make our present position clear we believe the Department has the re-

sponsibility to encourage and support weather modification research if there is
a reasonable chance it will help the water supply problem.

You have indicated that you do believe it will help the water supply
problem. That is what I get from your last statement. I, like Senator
Anderson, hoped that you would be a little more vigorous in your
insistence that you had a reasonable chance for success.
Turn now to your page 8 where you suggest that there is a renewed

interest on the part of Government and Government agencies in the
study of the whole subject of weather modification. And you con-
tinue that this interest includes not only the scientific and technical



WEATHER MODIFICATION 19

requirements but the legal and social aspects which will have an im-
portant bearing on how technological advances can be used.

iI think that s important if we are going to research the scientific
aspects of it. Certainly the legal aspects must be investigated, too.
I had some experience in working out the St. Lawrence Seaway and

power development. When we changed the level of Lake Ontario
from the state of nature, we thought we were doing good for all of
the people concerned by taking some of the flood waters off of the top
and by reducing some of the minimum levels from the bottom but we
found we were in great difficulty with everyone because we had taken
control of the levels of Lake Ontario from the natural state and made
it man made and everyone who was injured thereafter thought they
had legal recourse against someone.
So, I think along with your scientific research it is very important

that we do explore fully the legal and social aspects that are found
to be tied in whith any scientific research.
My question is, Would your investigation go into the legal and social

aspects of the problem as well as the scientific?
Dr. CALHOUN. I believe that Commissioner Dominy would be in

a better position to answer this later.
My interpretation is that we would not get into research on the

legal and social aspects. There may be such problems arise but it was
not my thought that our research should cover this. There will be
and are some studies going on in this, and particularly I understand
the Commission on Weather Modification which the National Science
Foundation is appointing does have as one of its .goals the considera-
tion of the total spectrum of problems dealing with this subject.

Senator JORDAN. I will ask the question later.
Senator Moss. Thank you, Senator Jordan.
Senator Bible?
Senator BIBLE. Thank you, Mr. Chairman.
First I would like permission to file a statement which I have pre-

pared supporting the request of $1 million increase in funds to the
Bureau of Reclamation to enable this work to go forward without
delay. I would point to one statement that was made by Commissioner
Dominy at the time he appeared before the Public Works Subcom-
mittee of the Appropriations Committee which I thought better pin-
pointed the enthusiasm that I felt emanated from the Bureau of
Reclamation on this subject for an increase in funds to permit an
acceleration in the area of weather modification.
He said, among other things, "No other organization has more

incentive, more know-how, and more desire," than the Bureau of
Reclamation in this area of manmade rainfall. And I am sure,
though I have heard your statement with some understandable reser-
vations, that you would share that enthusiasm with him.

CDr. ALHOTJN. Yes, I share the enthusiasm and I also agree that
the Bureau of Reclamation has a strong mission within this field. It
has the enthusiasm, and it has an operational group whose capabilities
certainly can be brought to bear effectively on this important problem.
What my reservations implied or otherwise in my statement mean

is simply that I do not want to oversell you gentlemen. I would not
have you think that the scientific understanding of this process has
arrived at the point where we can turn on and off water supplies by
-cloud seeding or any other weather modification technique.
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The other reservation is simply that if I were going to make a judg-
ment as to the best place to try out weather modification from a purely
scientific point of view I might not choose the Colorado Basin area;
that I might go someplace else.
Now, this I do not know at this time, but I have to admit the possi-

bility. So, again, this may be the basis for some reservation.
The third basis for the reservation is simply that in order to carry

on a controlled experiment which can be evaluated when we are all
through, it is going to take a considerable amount of time and so, if
we go ahead with this program we might not have our answer next
year or the year after. The time scale is very definitely a long one, so
my lack of enthusiasm, perhaps, is simply a means of hoping that we
do not oversell you on the optimism associated with this.
Senator BIBLE. Well, I say, of course, in my statement that I do

not presume that the Bureau of Reclamation would deliver this whole
thing this year. I would hope that you would go forward with en-
thusiasm, and I particularly pointed this to the Colorado River Basin
and I did it purposely, because if I understand my statistics correctly,
this year and the last year are the alltime 2 dry years in the Colorado.
So this pointed out an area which was badly in need of help. Those
of us in the lower basin already feel the impact of a slight change in
attitude on the part of the Secretary of Interior on the filling criteria
as far as Glen Canyon is concerned. I am not going to get into that.
I do want to indicate this poses some problems.
When the Bureau of Reclamation testified before our Appropria-

tions Committee that an additional inch of precipitation above Glen
Canyon would produce a runoff of 575,000 acre-feet, believe me that
sounded like something that should be accelerated without delay.

Also, statisticwise his statement to me that this amount of in-
creases rainfall, 1 inch of rainfall above Glen Canyon in this basin,
not only would produce 575,000 feet of water, but it would also increase
revenues in the neighborhood of $2,500,000 just for the power revenues
alone, without the increase in values created in agriculture, municipal,
and industrial water systems.
So it seemed to me that here in this great Southwest we had a basin

that is admirably fit for some accelerated weather modifications, and
I cannot too strongly urge, Mr. Chairman, that immediate attention
be given to this problem, and I would ask permission that I file my
statement in full on this point.
I might say that I was privileged to join with the leader in trying

and challenging weather modification. Back in 1957 a bill was intro-
duced by Senator Case for himself and Senator Anderson, Senator
Magnuson, I believe, and Senator Watkins, your predecessor. I was
a member of the Commerce Committee at the time and we were privi-
leged at that time to help with the bill. This was the bill that put
the National Science Foundation in this field.
I think it is time now that we move forward with even greater

speed.
Senator Moss. Thank you, Senator Bible. The statement will be

filed immediately following the statement of Senator Anderson, be-
fore the statement of Mr. Calhoun, that will keep us, I think, in proper-
sequence here in the record.

Senator Moss. I think Senator Bible's point is well made about the
reason for concentrating on the Colorado Basin. It may not have all
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of the logical scientific reasons but it has so many other urgencies that
we can generate this greater enthusiasm we have been talking about
because of the pressures there.
Mr. CALHOTJN. Mr. Chairman, I appreciate this and I agree with

Senator Bible, but this is simply another one of those examples of
why it is you go to work where the problem needs to be solved and it
is on this 'basis that I accept the advisability of carrying on this pro-
gram in the Colorado River Basin.

Senator Moss. Thank you.
Senator Anderson?
Senator ANDERSON. I want to state what you said basically, by say-

ing to you, when a group got together and discussed what we would
do if we had a chance to have an experiment it was suggested by
them there were three ways to go at it: One, take the Gulf of Mexico
and try to overseed there where the winds sweep the clouds toward
New Mexico and turn them eastward so the great southern section of
the country would be served; the second was to go out to the Pacific
and by stationing ships offshore as cloud-seeding bases, water would
come to the State of California, perhaps be lifted over the mountains
there and dropped on Arizona; and the third was to seed heavily in the
Gulf of Alaska and try to bring it down from that angle. Their con-
cept was to find out what was the best possibility of the three. Then
you could apply that wherever it was needed in the United States.
Therefore, when I agree fully with the Senators that this is an area
that needs desperately to be served, I do hope the experiments will
show what would be the best to go ahead with in other parts of the
country.
Mr. CALHouic. You expressed it better than I did.
Senator Moss. Thank you, Dr. Calhoun. We appreciate your com-

ing here and opening this very interesting subject before the subcom-
mittee. It is something which the members of this subcommittee have
felt should be explored for a long time and we are continuing and
perhaps accelerating our interest now.
We are very glad to have the Commissioner of Reclamation, Mr.

Floyd Dominy, come this morning to testify and we will ask that you
go ahead, Mr. Commissioner.

STATEMENT OF FLOYD E. DOMINY, COMMISSIONER, BUREAU OF
RECLAMATION

Mr. DOMINY. I would like to file my statement for the record and
just make a short summary because I know your time is short.

Senator Moss. Thank you. I might say we have a slight reprieve
this morning in that the Senate does not go in session this morning at
10, so we are not pressed for time and we would like to have you
express yourself fully as you care to do. Your prepared statement
will be printed at this point.
(The statement referred to follows:)

STATEMENT OF FLOYD E. DOMINY, COMMISSIONER, BUREAU OF RECLAMATION

Dr. Calhoun has briefly described the Bureau of Reclamation's responsibility
for water supply. In our 62 years of operation, we have developed irrigation
facilities to serve 4,386,000 acres of new land and to provide supplemental water
to 3,955,000 acres. In accomplishing this, we have constructed 180 reservoirs,
having a total storage capacity of 171 million acre-feet In connection with this-
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development, we have installed a total of 5,344,000 kilowatts of hydro generat-
ing capacity in 43 projects, divisions, or units. Much of the water supply for
irrigation and power generation depends upon holdover storage—water that is
stored in periods of favorable precipitation and held for either dry seasons or
years. Our total investment in water resource projects in the 17 western con-
tiguous States is over $5 billion.
The design of these water facilities has been based upon historical records

of streamflow. Failure to secure streamflow of the magnitude contemplated in
the original plans has serious implications in terms of both service and financial
commitments of this system. We are particularly aware of this situation now
in the case of the Colorado River. Much has been said and written in recent
weeks about the filling of Lake Powell behind Glen Canyon Dam. The historical
flow of the Colorado River since 1923 at the Grand Canyon, Ariz., gaging sta-
tion, which prior to closure of Glen Canyon Dam was considered as the inflow
into Lake Mead, has averaged approximately 12,200,000 acre-feet per year, with
8,200,000 acre-feet of this occurring during the runoff months of April through
July. The water supply forecast for inflow into Lake Mead as of May 1, 1964,
indicates that the much below normal winter precipitation in the upper basin
of the Colorado River will result in a probable mean flow of only 5,100,000 acre-
feet during the April-July period of 1964. This is sufficient to accumulate stor-
age in Lake Powell to start power generation operations in 1964. Meanwhile,
the contractual requirements below Hoover Dam will need to be satisfied essen-
tially out of Lake Mead storage.
Current downstream requirements below Hoover call for a total release from

Lake Mead of about 8,600,000 acre-feet per year, of which 1,500,0(X) acre-feet
will be delivered to Mexico.
On May 8, 1964, Lake Mead was at elevation 1,123.77 feet, with an active

storage of 14,601,000 acre-feet, of which 14,500,000 acre-feet (elevation 1,123)
is needed to maintain rated power head for the Hoover powerplant. Lake
Powell, as of May 8. was at elevation 3,395.1 feet with a total storage of 2,576,000
acre-feet—nearly 3,500,000 acre-feet short of the storage necessary for minimum
power head at elevation 3,490.

Secretary of the Interior Stewart L. Udall announced on May 11 that, on the
recommendation of the Commissioner of Reclamation, he ordered the outlet gates
at Glen Canyon Dam to be closed sufficiently to bypass only 1,000 second-feet.
This decision was based on the increased May forecast resulting from above
average April precipitation in the upper basin.
Arrangements are being consummated to replace the losses in generation and

plant capacity at Hoover Dam incident to lowering Lake Mead below elevation
of 1,123 feet.

This present situation has naturally directed much attention toward the possi-
bility of increasing precipitation on the Colorado River watershed through rain-
making programs. Dr. Calhoun has commented on the state of the arts regard-
ing this matter. I do not need to duplicate his testimony. I do want to make
several observations, however. Private and public agencies have been experi-
menting with rainmaking in this country for some 15 to 20 years, and as yet,
the scientific community is not convinced that these programs have either in-
creased or decreased precipitation. There are some individuals of recognized
technical competence who are of the opinion that increases have been secured,
but this is not universally accepted because of lack of proof sufficient to with-
stand the scrutiny of scientific engineering inquiry.
Even though we do not know whether we can increase precipitation by arti-

ficial means, our scientists tell us that there is more of a possibility of doing it in
mountainous areas than in open,. fiat areas. This is because in mountainous
areas, storms result from uplifting air masses by the terrain and cooling
of the air. Some storms are referred to as orographic in contrast to convective
storms in fiat terrain.
Our scientists also tell us that there would be no chance for a program being

successful in a period when there is no moisture in the atmosphere. In other
words, a program should be carried out when conditions for precipitation are
favorable. Generally, most people are not interested in rainmaking programs
at such times. That is not the case with us, however. We are interested in pre-
cipitation whenever we can get it, since we have a system of reservoirs in which
we can catch and store the runoff.
The water supply for the Colorado River is largely derived from orographic

winter storms. The river is highly developed and has about 56 million acre-feet
.of active storage capacity which can regulate a large runoff. Also, the Colo-
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rado River waters are used in one of the most productive areas of 
the United

States. Judging on the basis of our present knowledge, the Colorad
o River

might not represent the most ideal conditions for carrying out all 
aspects of a

weather modification research program. However, it is an area 
which offers

exceptional opportunity for fruitful research on a drainage basin 
aspect and, at

the same time, if successful, could help to meet our needs for wat
er supply.

Although the Bureau's major objective of such a program is incre
ased water

supply, we recognize that if a rainmaking program were initiated, it 
must be ap-

proached on an experimental basis.
I would not want to hold out a definite promise of successfu

lly increasing

precipitation; however, we do believe the probabilities for increasin
g precipita-

tion are good. Otherwise, we would not be taking up the time of this committee

discussing this subject with you. Furthermore, if we were to undertake such

a program, I definitely would want to hold out the hope of bein
g able to find

out whether a rainmaking program can be successfully executed i
n the physical

environment of the Colorado River. If any such program were undertaken, it

should be done with the intent of operating it for a sufficient p
eriod of time

to secure positive conclusions. Any such program should be carefu
lly evaluated

constantly to determine the desirability of reorienting it and to 
take stock of

results.
Mr. Garstka, who is Chief of the Water Conservation Branch in o

ur Division

of Research in our Denver office is here with me, and is prepared 
to outline for

you the elements of a weather modification program as we now see 
them, includ-

ing such things as the technical design of the program, the 
establishment of

instrumentation for recording results, and the collaboration and consultat
ion that

would be required with agencies having a technical knowledge and 
erudition

in this scientific area. In this latter connection, we would expect t
hat any

program undertaken would be coordinated by the Bureau but would be car
ried

out in partnership with other agencies having such competence and 
knowledge.

We would particularly look to the National Science Foundation and its 
asso-

ciated colleges and universities, the Weather Bureau, the Forest Service,
 the Soil

Conservation Service, and other similar agencies and, especially to the
 States

to provide guidance in establishing and carrying out certain parts of the 
program.

Also, if such a program were undertaken, we would take steps to add to 
our own

personnel in this field in order that they could properly coordinate the activ
ities

of the various interests and agencies involved.
I might close by indicating that it has been said that water engineering 

in-

volves a combination of mechanical and theological skills. Perhaps the time

is near at hand when we can begin to narrow the range of application for t
he

theological skills.

Mr. DOMINY. The obvious interest of the Bureau of Reclamation

on this subject is that we have been, with Federal funds, involved in

Federal projects, interested in conserving 8 million acres of irrigated
land, with 51/2 million kilowatts of installed electrical capacity and

all of these projects are dependent upon water storage in some 171
million acre-feet of storage capacity in 180 reservoirs, which are in
the arid and semiarid portions of the United States.
The design of these water facilities was based on hydrologic judg-

ment, based again on whatever records were available as to stream

runoff.
In the early years of our projects we had very little hydrologic

history available to us, so the judgment had to be pretty much that
of a man viewing the runoff of a stream for only a year or two. In
more recent years we have had hydrologic periods as much as 50 or
60 years, but we find that these are not fully reliable as in the case
of the Colorado River. The last 35 years of record is considerably
lower in average runoff than the period available to us at the time
the compact was arrived at. Consequently, these storage structures
are not always able to do the job we thought they would do based on
the hydrologic conditions that were known and could be relied upon,
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we thought, at the time the structure was designed and the capacity
fixed.
For example, the historical flow of the Colorado River at Grand

Canyon, Ariz., gaging station, which was considered prior to the
construction of Glen Canyon as the influent of Lake Mead, has aver-
aged approximately 12,200,000 acre-feet per year, with 8,200,000 acre-
feet of this occurring from the months _April to July, but the water
supply forecast for the inflow into Lake Mead as of May 1, 1964,
indicates that we will not get more than 5,100,000 acre-feet during
the April to July period of 1964.
Last year we had a May 1 forecast of around 4y2 million for the

April to July period and we got only 3,200,000 actual runoff which
made it one of the very driest years of our records on the Colorado
River.
Now, the current downstream requirements below Hoover Dam call

for a total release from Lake Mead of about 81/2 million acre-feet per
year, including a million and a half to Mexico. You all know the
problem of filling Lake Powell without damage to the lower basin
needs and the level at Lake Mead which we are being faced with at
this very period of history.
Now, the present situation has naturally directed much attention

toward this possibility of increasing precipitation on the Colorado
River watershed by weather modification methods, and Dr. Calhoun
has commented on the state of the art regarding die matter.
I certainly want to avoid any duplication of that testimony.
I want to make, however, some observations concerning private

and public agencies and their experimenting with rainmaking in this
country for some 15 or 20 years, and as yet the scientific community
is not convinced that these programs have either increased or de-
creased precipitation.
There are, however, as Senator Anderson pointed out; and Dr. Cal-

houn confirmed, some individuals of recognized technical competence
who are of the opinion that increases have been secured, but this is not
universally accepted because of lack of proof sufficient to withstand
the scrutiny of scientific inquiry.
Even though we do not know with certainty .whether we can in-

crease precipitation by artificial means our scientists do tell us that
there is more of a_possibility of doing it in mountainous areas than in
open, flat areas. This is because in mountainous areas storms result
from uplifting air masses by the terrain and the cooling of the air.
Our scientists also tell us that there would be no chance for a pro-

°Tam being successful in a period when there is no moisture in the
atmosphere, so we certainly do not propose to spend any money that
is appropriated to us by Congress merely hiring a group of people to
fly up and seed willy-nilly.
A program must be carried out when conditions for precipitation

are favorable and we want to base judgment as to when they are
favorable on all of the known weather information available from
all the scientific experiments that have been made by the Weather
Bureau and the National Science Foundation and the universities
over the many years that we have been looking into this scientific
aspect.
Now, generally, most people are not interested in rainmaking pro-

grams at such times. This is not the case with Reclamation. We are
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interested in precipitation whenever we can get it since we have a
system of reservoirs in which we can catch and store the runoff. In
other words, if this next winter we had a. real good snow year it would
still be to our advantage, Mr. Chairman and members of the commit-
tee, to be out there seeding those clouds if we could make additional
snow out of them because we have holdover storage reservoirs that can
level this out over a period of years, and if we do get dry winters we
would not waste money up there trying to seed clouds when there
weren't any.
This is the sort of thing we have in mind and why we think a com-

bination of scientific weather modification approach above the huge
storage reservoirs of the Bureau of Reclamation, largely on Federal
lands, in thinly settled, high mountain areas, is a prudent undertaking
and ought to be pursued.
So, the Bureau's major objective in such a program would be in-

creased water supply over a cyclical period as contrasted to the normal
approach to rainmaking in the past of trying to get it to rain where
there is a drought immediately needing to be alleviated.
I would not want to hold out a definite promise of successfully in-

,creasing precipitation, but we do believe the probabilities for increas-
ing precipitation are good. Otherwise we would not be taking up the
time of this committee discussing the subject with you.

Furthermore, if we were to undertake such a program I definitely
would want to hold out the hope of being able to find out whether a,
rainmaking program can be successfully executed in the physical en-
vironment of the Colorado River Basin and to have definite informa-
tion that would be accepted by the scientific community that the con-
clusions drawn from our work would be valid, and accurate.
Any such program should be carefully evaluated and on a constant

basis as to desirability—so that we could reorient it and take stock
.of results.
Now, Mr. Garstka, who is the Chief of the Water Conservation

Branch in our Division of Research in our Denver office is here and
prepared to outline for you the results of a weather modification pro-
gram, including such things as the technical design of the program,
the establishment of the necessary instrumentation for recording re-
sults, and the program for collaboration and consultation that would
be required with agencies having technical knowledge and erudition
in this scientific area.
In this later connection we would expect that any program under-

taken would be coordinated by the Bureau but would be carried out
in partnership with other agencies having such competence and scien-
tific knowledge. We would particularly look to the National Science
Foundation, to the Weather Bureau, the Forest Service, the Soil Con-
servation Service, and other similar agencies and especially to the
States to provide guidance in establishing and carrying out certain
parts of the program.
Also, if such a program were undertaken, we would take steps to

add to our own personnel in this field in order that they could properly
coordinate the activities of the various interests and agencies involved.
It has been said that water engineering involves a combination of

mechanical and theological skills. Perhaps the time is near at hand
when we begin to narrow the range of applications for the theological
skills.
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Now, I reported a few weeks ago to the Appropriations Committee,
Mr. Chairman, that if Congress saw fit to put Reclamation into this
weather modification picture a little more deeply, that I felt there were
three areas that we ought to look into and do advanced experimental
work and, of course, this is specifically the most serious problem af-
fecting the largest number of people and where we have made the,
highest investment in reclamation projects and where the foreseeable.
need is greatest and here is where I would concentrate the bulk of the.
moneys available.
I do feel that we ought to be working in the Sierras because here.

we have a local group that has expended considerable sums of money
and I feel we ought to be working with them and to get a practical
judgment, scientific judgment of the effectiveness of their work and to.
supplement their work in that area.
A third area which all of our knowledge to date indicates is the

least promising, but which is just as critical, would be in the Great
Plains area east of the Rockies where we also have a number of storage.
reservoirs and large acreages of irrigated land that could be directly
benefited if we were to make any progress whatever by increasing-
precipitation in the type of weather that exists in the Great Plains
community.
But I would put the bulk of the funds in the Colorado Basin, and:

put relatively smaller amounts in these other two areas under a pro-
gram to really look toward aiding the total job of the Bureau of
Reclamation.
Senator Moss. Thank you, commissioner. I think the point you

made that if you had this increased program that the scientific means
to measure and evaluate would not be in the hands of the Bureau be-
cause you want to get it to snow or rain any time you can get it.
I think some of the disrepute that has come on the rainmaking pro-

gram has come because these private operators wanted it to rain
when their crops began to burn up and there may not have been any
moisture in the air at all at that time, whereas in the middle of winter.
they were hoping it would not snow any more and certainly did not
want to seed the clouds.
Whereas on this basis there would be an attempt made to get the

moisture whenever it happened to be available. If it was in the middle
of winter, so much the better. It could be caught and stored.
Commissioner DOMINY. That is right. Our interest would be to.

see if we could increase the amount of precipitation, even when it was
already snowing, for example, or when the snow clouds were there in
quantities.
Senator Moss. Thank you. We do appreciate your testimony and

the enthusiasm you show for this matter which obviously generates a
lot of enthusiasm in the committee.
Senator Bible, do you have any questions of the Commissioner?
Senator BIBLE. I only have a couple of questions I would like to

ask the Commissioner.
No. 1, I commend him for his enthusiastic support of this project.

We recognize you cannot guarantee ironclad results. I think we-
ought to move into the weather modification program' quickly and T
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think we ought to make it a crash program insofar as the overall
budgetary restrictions permit.
I certainly will support it in the Appropriations Committee to the

best of my ability. I understand that Dr. Garstka will testify as to.
the framework of the program?

Commissioner DOMINY. That is right, sir.
Senator BIBLE. As I understand your testimony, you are in a posi-

tion, as you stated before the Appropriations Committee, to justify
the expenditure of the $1,100,000 in the first year. You have indi-
cated this is a program that would probably take something in the
neighborhood of 10 years. We cannot forecast that with complete-
accuracy, but it would require funding in the neighborhood of $1 to $2'
million in each of the next 10 years.
Commissioner DOMINY. I advised your committee, as I recall, Sen-

ator Bible, that I felt 10 years was an absolute minimum. That two
decades would be much better. A program of this nature, to satisfy
the scientific community that we do have facts that can be relied upon
in an area as vast and unknown as the weather modification field,
would require an extensive program over an extensive period of time.
Now, the Bureau of Reclamation is not the leading scientific agency

in this field, of course. We are an engineering and scientific organiza-
tion and an action agency combined, and we would need the scientific
skills of all of the groups that have been discussed here today that have
been working with this area of science for many years.
We would hope to rely upon them for scientific guidance in laying

out our program and in setting up controls and procedures that would
positively give the type of information that would satisfy the scientific
community.

Senator BIBLE. Two further questions. First, I have suggested in
meeting informally with some of your people that they be prepared to
supply for the record the authority under which you act. Where do
you go for your authority to work in this field as a matter of law?
I do not know whether this is directly pointed to you, but if it is

not, would it be supplied to you by Dr. Calhoun?
Commissioner DOMINY. I would be pleased to have a letter from the

Solicitor of the Department to the committee chairman if you like,
put in this 
Senator BIBLE. I think it is helpful. I am convinced that you have

all of the authority you need now to move into this area, but I think
we better have something in the record that says that, so that you are
not expending money without authorization?
Commissioner Dommr. We will be happy to present a statement on

that. The only problem as I see it, is whether or not the fundAvould
have to be reimbursed. I don't think there is any question we have
the authority to expand any funds for aiding our r gen-
eral reclamation law. I would think that even t 6 ess
failed to state specifically that the fund would reimbursab ey
would be under section 0 of the Funding Act at this woigd r be
pinpointed to the aid of any specific project.
Mr. Chairman, I think it might be good to h tlklor the r
I will have the Solicitor prepare a letter on th 4°

47'
NmuirrO.
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(The information requested is as follows:)
DEPARTMENT OF THE INTERIOR

OFFICE OF THE SOLICITOR,
Washington D. C., June 11, 1964.

Hon. HENRY M. JACKSON,
Chairman, Senate Interior and Insular Affairs Committee,
U.S. Senate, Washington, D.C.
DEAR MR. CHAIRMAN: During Commissioner' Dominy's appearance on May 21,

1964, before the Senate Subcommittee on Irrigation and Reclamation, Senator
Bible asked that a formal statement from the Solicitor's Office be prepared which
would outline the authority of the Bureau of Reclamation to conduct a research
program in the field of weather modification.
Of additional concern in this regard is whether or not funds appropriated for

this purpose are to be considered as nonreimbursable.
We are of the opinion that the Bureau has basic authority to conduct weather

modification research and that funds appropriated for weather modification re-
search are nonreimbursable funds under the general statutory authority of the
Bureau of Reclamation.
The Reclamation Project Act of 1902 (32 Stat. 388) ; 43 U.S.C. 391 (1958)

directs the Bureau of Reclamation to develop water resources for reclamation
purposes. Section 1 provides that the reclamation fund may be used, inter alia,
"for the * * * development of waters for the reclamation of arid and semiarid
lands * * *." The projected weather modification program has as its purpose
the initiation of practical methods of inducing precipitation and thus increase
runoff that could be stored in surface reservoirs and used for the re6lamation
of arid and semiarid lands.
The authority of the 1902 act was supplemented by subsection 0 of section 4

of the Fact Finders Act, as amended (59 Stat. 54) ; 43 U.S.C. 377 (1958), which
so far as pertinent, states: "The cost and expense after June 30, 1945, of the
Office of the Commissioner in the District of Columbia, and, except for such cost
and expense as are incurred on behalf of specific projects, of general investiga-
tions * * *. shall be charged to the reclamation fund and shall not be charged
as a part of the reimbursable construction or operation and maintenance costs"
(emphasis added) (43 U.S.C. 377(1958) ).
The purpose of this subsection was to enable the Bureau of Reclamation to

conduct "general investigations," not related to specific projects, including re-
search work, for the development of water resources without the necessity of
making the costs thereof reimbursable.

Subsection 0 reflected the recommendations of special advisers to the Secre-
tary that costs entailed to acquire a "fund of information covering all the
available water resources of the arid and semiarid portion of the United States"
be made nonreimbursable. See "Federal Reclamation by Irrigation" ( S. Doc. No.
92, 68th Cong., 1st sess., 49 (1924 ) ) and also "Hearings Before the House
Committee on Irrigation and Reclamation on the Extension of Time for Payment
for Settlers on Government Reclamation Projects" (68th Cong., 1st sess., 265
(1924 ) ). In the 1945 amendment of subsection 0, Congress specifically recog-
nized that the authorization would facilitate many basinwide exploratory in-
vestigations, the costs of which would be nonreimbursable. See "Hearings
Before the House Committee on Irrigation and Reclamation on the Amendment
of the Fact Finders Act" (78th Cong., 2d sess., 14 (1964) ).

Since fiscal year 1951, the appropriation acts applicable to the Bureau of
Reclamation have always provided, in identical terms, that those activities enum-
erated shall, pursuant to subsection 0, be nonreimbursable. Among the func-
tions always listed as nonreimbursable, in accordance with subsection 0, are
funds appropriated for general engineering and research. The relevant portion
of the latest statutory redeclaration of congressional policy, the 1964 Public
Works Appropriation Act (77 Stat. 850), reads: "[A]ny appropriation made
herein shall be available pursuant to the Act of April 19, 1945 (43 U.S.C. 377)
* * * for * * * general engineering and research under the head 'General In-
vestigations.'" The report of the House Appropriations Committee of the year
in which this language was first adopted, fiscal year 1951, indicated that it
was added so as to enumerate functions to be placed on a nonreimbursable basis.
( See H. Rept. No. 1797, 81st Cong., 2d sess., 173 (1950) .) The Bureau of
Reclamation has always made its budget requests for weather modification funds
under the budget heading "General Engineering and Research."
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The first appropriation for weather modification studies by
 the Bureau of

Reclamation was added by the Congress to the 1962 Public
 Works Appropri-

ation Act under "General Investigation" for "research on i
ncreasing rainfall by

cloud seedings." In all subsequent budget presentations, the funds for this

work have been included under the "General Engineering an
d Research" heading.

The 1902 act, as supplemented by the Fact Finders Act, wa
s intended to, and

does, provide the authority necessary for the Bureau of Re
clamation to engage

in this significant research program. It is our opinion that funds appropriated

for weather modification purposes are expendable on a nonre
imbursable basis.

Sincerely yours,
FRANK J. BARRY, solicitor.

Senator BIBLE. This is not really on the question of the modifica-

tions, but the obligation of the upper basin States to deliver water to

the lower basin States I think is found in the compact, and it says the

obligation is to deliver 75 million acre-feet in each consecutive 10-

year period of time. Is that correct?
Commissioner DOMINY. This is generally correct; yes, sir.

Senator BIBLE. Now, how do you measure that? For example,

in this fiscal year do you measure back 10 years to see whether or not

the upper basin States have kept their commitment? Do you g
o

back from 1964 to 1954 to see that 75 million acre-feet was delivered at

Lee Ferry? This is a legal question and if it is not your responsibility,

and if the Solicitor has not clarified it, may I ask the question an
d

ask you to ask him to give me a legal opinion on it?
Commissioner DOMINY. This problem is a very complex one, as

the Senator well recognizes.
Senator BIBLE. I do not want to get astray of the subject.

Commissioner DOMINY. We have not been confronted with account-

ing under that point of the compact because until 1963, when we

closed Glen Canyon, the upper basin had no means of withholding

water in the river and whatever was there went on down.

So you take any 10-year period of history and much more than

75 million acre-feet reached Lee Ferry. Now, there are people in

the upper basin saying, "That being the case, Mr. Commissioner, why

can't you close Glen Canyon Dam and stop all water because we have

already gone way above that 75 million acre-feet in the previous 10

years? So we don't need to send down any in 1964; put a zero in for

1964 and knock off the other year and average it out and it will still

be 75 million acre-feet."
Senator BIBLE. Of course you have no obligation; I know that.

Commissioner DOMINY. lire felt that was not quite this simple and

we had to work out something that would allow everybody on the river

to live during this filling period.
Senator BIBLE. I do not want to use this forum as the means of

exploring that problem and maybe I could do it possibly better if I

address a letter to the Secretary of the Interior and ask a specific

question.
I think maybe that is better, Mr. Chairman. I know you have some

interest in this as well, and I do not want to cloud this hearing. I

thought possibly we already had an opinion on that.
Commissioner DOMINY. I can make one more statement that will he

helpful. Our filling criteria which was announced officially and pub-

lished in the Federal Register in 1962 was based on a rationale that we

had to find a way to fill Glen Canyon without disrupting the Federal
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investment elsewhere on the river and all the economy that had been
built around those investments.
We tried to develop a filling criteria that was not based precisely on

legal interpretation of each paragraph and subparagraph of the law
of the river and the compact and so on.
We had hoped we could avoid any court action to interpret any of

the various portions of the compact.
Senator BIBLE. I would kind of hope you would, too, because the last

court action came about as a result of the Santa Fe compact, and this
is 20 years later. I am not sure that has been resolved as of this time.
Senator Moss. Thank you.
Senator Jordan?
Senator JORDAN. Commissioner, I want to assure you I am in full

accordance with your objectives and I intend to support your requests
for appropriations for this research project.
I do have some questions because this Colorado Basin intrigues me 

iwith the great capacity you have there for storage. You said n your
statement you have storage for 56 million acre-feet in all of the several
reservoirs.
Commissioner DOMINY. That is right, sir.
Senator JORDAN. This would be more than four times as muchstorage capacity as the average annual runoff of the river.
Commissioner DOMINY. That is correct, sir.
Senator JORDAN. I make that comparison, Mr. Chairman, becauseup in the Pacific Northwest the most we can ever hope to do possibly

is to store 30 percent of the annual runoff of the Columbia River in ourstorage project. So here is a basin where the storage in relation to theannual runoff is tremendously high, so this leads to a question, Mr.Commissioner, as I say, I want to see all the water induced to fall ina water-deficient area that we can provide—by scientific means orotherwise.
I am concerned also to see that we take care of the water after weget it in the reservoir and my question then is directed to that point.What would be the annual evaporation losses from 56 million acre-feet of storage in the Colorado Basin?
Commissioner DOMINY. On an average in the Colorado area you getevaporation in the range of 51/2 vertical feet per acre of the areacovered, so if you multiplied 51/2 by the surface acres of the reservoirsyou would get a pretty good idea of the evaporation loss on an average.Senator JORDAN. Do you know the surface acres involved in 56 mil-lion acre-feet of storage?
Commissioner DOMINY. I do not have it precisely. I could give youa pretty good general idea. We would have about a million and ahalf to two million acre-feet of evaporation if all of the reservoirswere full.
Now, they will not ordinarily be full, and the lesser the surfacearea there would be correspondingly less evaporation. I would saythe average evaporation would be in the range of about a million acre-feet a year, because the reservoirs would not be full simultaneouslyexcept for very small periods of time, if ever.
Senator JORDAN. The reason I followed this line is because it pointsup to me, Mr. Chairman, the need for research into this area as well,not only to induce water to fall in the basin, but to take care of itafter we get it there by retardation of the evaporation losses.
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Commissioner DOMINY. I am in full agreem
ent with that, and the

Congress has supported that and continues to 
support it and we are

making some progress. The big problem is
 the wind problem of

keeping the film in place under natural cond
itions.

Senator JORDAN. Thank you, Mr. Chairman.

Senator Moss. Thank you. Senator McGover
n.

Senator MCGOVERN. Mr. Chairman, i 
I am not a member of this sub-

committee but I am vitally interested n the we
ather modification pro-

gram. I would like to ask one or two questions.

Senator Moss. You are very welcome, we r
ecognize your interest

in this subject and we are pleased you came to 
listen to this testimony.

You may participate.
Senator MCGOVERN. Mr. Dominy, I did not he

ar all of your state-

ment, but I intend to read it. The Select C
ommittee on National

Water Resources, as you know, published a supp
ly and demand study

indicating that the upper Missouri Basin will be 
out of water by the

year 1980. By "out' we mean that all available 
water will be com-

mitted to established uses. There won't be any more water for cities,

industries, or irrigation.
In recent years we have already found it necessa

ry to shorten the

navigation season in the lower river because of wate
r shortages. The

main system dams on the Missouri are now built s
o that any increase

in precipitation could be caught and stored.
I am wondering in view of those facts if the pote

ntial benefits of

weather modifications in the Missouri River Basin are
 not comparable

to, the Colorado River Basin.
Commissioner DOMINY. I think, over the long pull

, Senator Mc-

Govern, you could benefit as much as the Colorado Ba
sin to increased

precipitation in your mountain watersheds. The intere
st as I see it

while we are still in the research and development stage o
f this science

that we ought to concentrate it where the need is great
est now, and

the problem is already with us as to water shortage in
 the Colorado

Basin, whereas it has not reached the acute stage yet o
n the Missouri,

and will not yet as I see it until we get all of the compr
ehensive Mis-

souri Basin plan completed.
As you say that cannot come before 1980, and I think

 1980 is

probably earlier than it will come because of the years 
it takes to

develop the huge irrigation projects that would be divert
ing the water

from the rivers.
So, I do not disagree with you at all, that whatever we le

arn from

this experiment in the Colorado storage would then be ap
plicable to

your areas if the need arose for such a program.

Senator MCGOVERN. IS it not true that there are variatio
ns in the

weather pattern in the two areas that would make it necess
ary to do

research and development in both fields—that is in both are
as—to get

all the knowledge that you need?
Commissioner DOMINY. I agree with you in that also. The

 Missouri

Basin drainage area encompasses not only the mountain sn
owpack

type of storage which comes from orographic weather action pr
imarily

in the mountain region, but you also have a good bit of your ru
noff

from convection storms in the plains area.
Before you came in I indicated that I felt that research b

y the

Bureau of Reclamation research and development programs i
n this

weather modification area ought to be carried on in three area
s—one
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in the Sierra Nevada area, one in the Colorado storage basin for the
orographic type experimental work in the mountains, and one in the
Great Plains country to study and work on convective type storms.
So I agree that right now we ought to be continuing research in that
area which does encompass a good part of the reclamation area in theNorthern Plains.
Senator MCGOVERN. Is hail suppression one of the potentialities of

the weather modification program as you see it?
Commissioner DONIINY. Yes, Mr. Garstka, who is waiting to testify,can discuss the present knowledge of the science as we understand it.It is one of the possibilities in weather modification that carefully con-trolled seeding at the proper moment might prevent hail damage.
Senator MCGOVERN. I certainly intend to support in every way Ican the Colorado Basin program but I did want to underscore myinterest also in the Missouri Basin program.
Thank you very much, Mr. Chairman.
Senator Moss. Thank you, Senator McGovern.
And thank you, Commissioner, for the very fine testimony and youcan see we all have great feeling of urgency in this program.
Senator Moss. Mr. Garstka, who is Chief of the Water ConservationBranch of the Division of Research of the Bureau of Reclamation, willbe our third witness this morning. We are pleased to have you, Mr.Garstka. I have heard you talk before on weather modification andwe look forward to your testimony.

STATEMENT OF WALTER U. GARSTKA, CHIEF, WATER CONSERVA-
TION BRANCH, DIVISION OF RESEARCH, BUREAU OF RECLAMA-
TION

Mr. GARSTKA. Mr. Chairman, gentlemen, before I look at my state-ment I would like to clarify a point which may be resting in yourminds due to a remark of Dr. Calhoun's.
He mentioned that the Colorado River may not be the best place forcloud-seeding research in weather modification and I completely agreewith reference to detailed studies. For example, there is a new nucle-ating agent that may be much better and is being investigated in theCascades. The Colorado River Basin is a large basin, it is orographic,it does offer advantages for a drainage basin-type of experiment. Thisis not at all in conflict with his remarks, with which I agree.The Bureau of Reclamation's proposed program is aimed at securinga definitive answer as to the role which weather modification mayhave in increasing water supply.
Since fiscal year 1962 the Bureau of Reclamation has been conduct-ing research in weather modification under contract with three uni-versities:
(a) The Desert Research Institute of the University of Nevada,where the Bureau is contributing funds in support of an extensivecloud-seeding program being conducted, chiefly with the funds pro-vided by the National Science Foundation and the State of Nevada, inour Humboldt project area.
(b) The Natural Resources Research Institute of the University ofWyoming is conducting research on the inducement of snowfall fromcap clouds. I might mention parenthetically that a cap cloud sits like
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a cap over the top of the mountain; it is created by the uplift caused
by the mountain to the air that is flowing over it.
At Elk Mountain about 1,000 miles of windflow creates this cap

cloud that just hangs there. Ordinarily it does not snow. To date,
this research has been conducted at Elk Mountain. Results indicate
very definitely the possibilities of inducing or increasing snowfall from
cap clouds.

Results are much more encouraging and were attained much earlier
than was anticipated. This is the type of research we need to conduct
before we can go into large-scale operations.
Cap clouds are small, they are self-contained, you can fly all around

them, you can see what you are doing. That work is very valuable
from the fundamental scientific aspect. The cap cloud itself at Elk
Mountain does not cover much area, but what we are finding out there
is fundamental to research and activities elsewhere.
A cloud census has been conducted, based at Farson, Wyo., to provide

knowledge of the times of occurrence and of the persistence of cap
clouds in the area providing the water supply to the Eden project.
(c) The South Dakota School of Mines and Technology has been

conducting, with Bureau support under a series of contracts, research
on the nucleation of clouds under the convective system which prevails
in the summer in the Great Plains area.

Since the meteorological scientists have recently established that not
all of the precipitation in the Great Plains may result from the ice
crystal process, the investigations at the South Dakot School of Mines
and Technology are expecially important, since new and unprecedented
techniques need to be developed if we are to deal successfully with
inducing or increasing precipitation from warm clouds.
I might mention that in many of the mountain areas, the summer

rainstorms are convective and not orographic.
The Sierra Nevada Range, in Kern and Tulare Counties, Calif.,

causes an orographic uplift of maritime air masses which are known
to transport great quantities of moisture. This area is outstanding in
offering promise for successful research and possibly future opera-
tions for increasing water supply by weather modification.

Years before the currently prevailing critical situation of water
supply in the Colorado River Basin was recognized, we gave thought
to the organization there of both short-term and long-term research
on an unprecedented scale.
We want to establish beyond any reasonable scientific and engineer-

ing doubt whether or not a water supply can be increased through
weather modification.
This immediately introduces the problem of evaluation of results.

The Bureau of Reclamation's basic interest is in inflow to our reser-
voirs, and this interest places a really tough assignment upon the
evaluators.

Various approaches may be used in the attempt to evaluate the at-
tainments of a cloud-seeding research of operation. These approaches
can be roughly divided into physical, statistical, hydrologic, and
economic.
Physical measurements, are necessary and most valuable in de-

veloping techniques; however, physical measurements alone as con-
ducted in the clouds may fail to evaluate water supply attainment.
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For example, a very successful cloud-seeding operation may produce
precipitation which could, upon falling to lower levels, completely
evaporate before reaching the ground. What started as a clear-cut
cloud physics attainment may be a total failure in increasing the water
supply.
One way to evaluate the attainments is to compare the means, the

averages, of a series of precipitation gages before and after cloud
seeding. This has been shown to be a very weak method. Another
method uses the so-called target and control area approach. This, like-
wise
' 

has been generally nonproductive, since the area to be compared
with the target area may differ depending upon the direction of wind-
flow.
In both the comparisons of the mean precipitation before and after

seeding and in the target and control area approach, certain ele-
mentary statistical reductions of data have been used.
It is generally agreed that, with reference to precipitation measure-

ments, a statistical approach involving randomization is necessary.
The purpose of randomized experimental design is to ascertain, by
removing any personal bias, whether or not a particular attainment
is in fact the result of the treatments applied.
The philosophy underlying randomized statistical experimental de-

sign is very well established. However, in order to apply randomiza-
tion intelligently, the experiment must be capable of producing physi-
cally indicative data measuring the variables which describe mathe-
matically in a precise manner the system with which we are dealing.
The utmost care must be exercised in the choice of variables to be

measured. Omission of an important variable will be reflected in the
results of the statistical analysis, rendering the experiment fruitless.
I might *mention parenthetically that many experimentalists have

discovered halfway through the stated period that they were not
measuring the right thing or not measuring it well enough or that their
technique was not good enough, in which case the experiment is dead
at that point because one cannot introduce another variable halfway
through without in effect starting again at the year 1. This has hap-
pened all too often in many experimental approaches. This is a trap
we have to guard against in our further work.
It is asking too much of the statistician to give a definitive answer

when he has been given nonindicative data. I personally interpret
the results of most statistical analysis of cloud seedings to date as
proving mathematically that we did not know what we were doing
physically. A prime objective of the program would be to make every
effort to design potentially productive randomized experimental de-
signs for the various facets of the program.
Randomization can be accomplished in various ways. Perhaps one

of the best ways involves the so-called crossover approach in which
the area to be treated and the one to be left alone are selected at random
for individual cloud seedings at random.
This approach lends itself to analysis by using data from precipita-

tion reaching the ground. Right here, there becomes evident the very
great difference between this and the usual type of experiment involv-
ing systems of an engineering, physical, and biological nature.
The number of opportunities for the randomized crossover depends

upon the number of moisture-bearing storms which come to the drain-
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age basin and the timing of their arrival. At the present, these are
completely out of our control. It is obvious, therefore, that a random-
ized crossover experimental design may take many, many years before
the atmospheric scientists and engineers can give the statistician suffi-
cient data to meet the requirements of statistical analysis. Physical,
hydrologic, and economic analyses provide other possible approaches
to control.
The Bureau's interest is in inflow to the reservoirs, which is the re-

sult of runoff from the drainage basins. It may not be possible, in a
headwater system in which the runoff producing precipitation falls as
snow and remains in cold storage until the spring snowmelt season, to
segregate, in terms of streamflow, individual cloud-seeding activities.
The higher altitudes of the Rocky Mountains produce the major

part of the flow of the main stem of the Colorado River. Most of the
land is federally owned, consisting mostly of national forests, na-
tional parks, and Bureau of Land Management areas.
The headwaters of the Colorado River secure their runoff mostly

from snowmelt resulting from the snowfall season when the oro-
graphic influence operate. Mr. Loren Crow, a consulting meteorolo-
gist, has indicated that the air mass circulation is such that any aug-
mentation of snowfall from the air masses subjected to the orographic
uplift would have very little deleterious effect on the precipitation
eastward, since another source of moisture provides the precipitation
for the area east of the Rocky Mountains. This source is said to be
the Gulf of Mexico.
One way to set up an experiment which has been suggested would

involve three sets of two drainage basins each. Each of the six drain-
age basins would be at the Continental Divide, and they should be
roughly comparable in size and other characteristics.
In order to select such areas, an intensive description of the basins

would have to be made. The individual basins of each of the pairs
would need to be sufficiently far apart so that an experiment or an
operation on one of the basins would not carry over to the other basin
of this pair and so that one pair of basins would not influence the
other basins.

Intensive instrumentation at a scale never yet attained would very
likely be required in the experimental areas. The instrumentation
would consist of, but not necessarily be limited to, such things as mete-
orological radar, trajectory-tracing instrumentation for ascertaining
the uplift and spread of nucleating agents, photographic observation
points, automatic transmitting rain gages, snow density determining
equipment, and possibly streamflow recorders.
A thorough micrometeorological network would very likely be

needed in the drainage basins on the eastern slope of the Continental
Divide to ascertain any carryover effects as well as in the operational
area.
Analyses of Tiros and other satellite data would permit advance

recognition of potentially seedable moisture transporting air masses.
The analysis of the air masses at various levels by atmospheric sound-
ings, coupled with an effort at greatly increased precision of forecast-
ing, would also undoubtedly be required.
I might mention parenthetically that there are only about a dozen

storms that bring in the moisture supply to the headquarters of the
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Colorado. Those are the storms we need to recognize and those are
the ones we need to work on.

These are some of the factors that would likely be considered by the
scientists and engineers of the various disciplines who would be re-
sponsible for the design of the study and for their particular portions
of the work.
It is evident that there is a very fundamental joint interest of the

meteorologists, engineers, foresters, and statisticians in deciding upon
the type, intensiveness, and character of the instrumentation. It is
anticipated that this program would be carried out as a collaborative
effort with the universities and scientists under the sponsorship of the
National Science Foundation's program, including the National Cen-
ter for Atmospheric Research, participating in activities and on man-
ners to be agreed upon.
It is obvious that the Weather Bureau has a most important role in

the proposed Colorado River Continental Divide program. The Soil
Conservation Service's experts in snow surveying are needed to work
with all others on a most important phase of the program.
Since we know that forested drainage basins are dynamic and since

it is possible that differences in the hydrologic behavior of drainage
basins may take place for reasons not at all related to the atmospheric
sciences, the active collaboration of the scientists of the Forest Service
would be helpful. Private individuals, institutes, and laboratories
may be called upon. The defense agencies could he of great assistance.
The States and their universities have a fundamental role in this

activity. It is essential that the States make use of the utmost benefit
of their authority in issuing weather modification licenses; otherwise,
indiscriminate local operations might invalidate years of effort, pre-
cluding precise statistical analyses.
Let us keep in mind that the reason for this program is to find out

whether or not weather modification can increase the water supply by
augmenting the inflow to reclamation reservoirs. It would not be wise,
therefore, to embark upon activities before the experimental designs
have been agreed upon and the closely related instrumentation placed
in service.
There will need to be at the beginning, as Commissioner Dominy

mentioned, a period during which research necessary in cloud physics,
in verification of the data reporting networks, and in polishing up the
logistics of the system will need to be done.
We must be patient and thorough in the early stages so that when

the program gets underway, we will secure data that will permit
analysis.
It is an absolute essential in the organization of such a program that

the individual scientist or group of scientists be allowed the utmost
freedom for the design and performance of their particular activities,
and it will be the responsibility of all of the participants to see that
their individual efforts are within the context of the broad program.
Dr. John C. Calhoun in his introduction said:
We think, however, the situation justifies expansion of research and even

though this subject is a controversial one, there is considerable support for this
position amongst competent meteorological scientists, both in Government and
university situations.

The program proposal is ambitious, challenging, and difficult. It
will take money, effort, and time. It is an endeavor of surpassing
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importance to the Nation. It will require a dedicated effort by the
Nation's best scientists and engineers if it is to succeed.
We in the Bureau of Reclamation look forward to the possibility

of joining with others in launching such a program with a minimum
of delay.
Senator Moss. Thank you, Mr. Garstka, for your testimony. I know

this is a field in which you are engaged and which you have a great
deal of expert knowledge.
After listening to your detail of the needs of setting up the kind of

program that we should have I begin to wonder about the time factor.
How long a time do you estimate it would take to conduct an experi-

ment of the kind that you think is needed here to determine whether
or not we have a valid weather modification program?
Mr. GAMMA. Mr. Chairman, it would probably take half a year

or so for the scientists, assuming the program goes forward, to con-
sider the experimental design and jointly decide what to install and
where. Then it is a matter of supply, transport, accessibility which is
tied to the winter season and the summer season, so I would not expect,
even if we had the money, today7 that we could do more than to begin
our installations and our appraisals of watersheds this winter.

Senator Moss. It would be difficult to get ready for this winter, you
say?
Mr. GARSTKA. We could start, but we would have to have practically

instant money.
Senator Moss. And then once you did get set up, which might take

6 months or a year, over how long a period of time would you have to
continue these observations before you would think of getting valid
data?
Mr. GARSTKA. That would depend entirely on how good our tech-

niques are, how lucky we are, and how many storms come in so that
we can work on them. We need to establish, for example, the fact
that when we release nucleating agents that they are getting into the
clouds and not just drifting off. Those things would have to be estab-
lished just like sighting in a rifle. You may have a beautiful gun with
a new telescope sight, but you would not think of going hunting with-
out sighting it in.
So that those things will have to be done, as Commissioner Dominy

mentioned, as a research shakedown process before we could go into
larger scale activities which would then be subjected to continuous
physical, hydrologic and, ultimately, statistical analysis.
A physical analysis could be done almost immediately, but it is

probably one of the weakest so far as our inflow to reservoirs is con-
cerned. Runoff will take time. The snows melt once per year in
quantity, so that I would estimate that it would take a minimum of 10
years before we would know what we are doing and that would depend
chiefly on how many storms we get to work on.
Senator Moss. In 10 years, then, we still might get the answer that

we had not achieved very much, depending on what you were able—
what I want to ask really is: Do we have to wait the full 10 years or
would there be earlier readings that might influence the techniques
that are being used?
Mr. GARSTKA. There would be evaluations performed as we go along

but to establish sufficient data for analysis by the nebulous scientific
community would require an accumulation of samples of data. The
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statistical analysis is scientifically the strongest, it is also the most
indefinite for timing, and possibly the longest.
We trust that with good physical controls and observations and

with an intensive snow survey system and rain gage system which
would allow us to evaluate what we are doing with individual cloud
physics research and short-term operations that we would be con-
tinuously gathering experience and information as we go along. If
that is so, it would practically make certain that the statistical analyses
would verify that result.
Commissioner DOMINY. Let me add just a little bit to that, Mr.

Chairman. With the kind of program that we discussed with the Ap-
propriations Committee, starting out with a million dollars a year
and as we get it built up over a decade or two, perhaps up as much as
$3 million a year, we would actually be doing enough cloud seeding
and management of the weather, attempt to manage the weather, that
if we are succeeding there would be increased precipitation in the
Colorado Basin.
But as Mr. Garstka points out, we will not be able to satisfy our-

selves or the scientific community that we have succeeded until we
have enough years of record in these various basins of comparison to
provide really scientific and statistical evidence.
So, even though we might be accomplishing it we could not prove

it to anybody else until after we have had a sufficient length of time.
Senator Moss. Thank you. My next question was going to be on

this amount of money to set up the kind of program that you have
talked about here with the needs for gaging stations and observations
and so on, is $1 million annually an adequate figure?
Commissioner DOMINY. We think that is only adequate for the early

years, the first year or two. As we actually get into it we estimate
that we would need as much as $3 million a year to carry on an experi-
ment in a basin like the Colorado storage drainage area that would
be significant.
Senator Moss. What is your estimate on the number of personnel

that would be involved in this work?
Mr. GARSTKA. That is really a tough question, you haVe to look

around a couple of horizons for that one, but our Bureau's approach as
we envision it would be not to staff up extensively at all but to welcome
and secure the collaboration of the National Science Foundation's
system, the Weather Bureau, the extensive erudition which is present
in the private meteorologists in the institutes and in the colleges.
Senator Moss_ So there would be a degree of contract work available

to you, contracted services outside of the Bureau?
Mr. GARSTKA. Yes, either by contract or by concentration of efforts

at their own expense depending on the appropriations picture.
Senator Moss. Thank you, Mr. G-arstka.
Senator JORDAN. You had a very interesting statement, Mr. Garstka.

I understood you to say that the precipitation in the Colorado River
Basin comes as a result of about 10 or a dozen storms in a year?
Mr. GARSTKA. That is the major snowfall. The major snowpack

comes from just a few heavily laden moisture-bearing storms.
Senator JORDAN. By weather modification if we could get one more

average storm we would increase the water supply in the basin by, say
a million acre-feet a year?



WEATHER MODIFICATION 39

Mr. GARSTKA. I would not hold out much hope for induci
ng an-

other average storm, with any techniques we have now, but if we 
could

add, let us say, 5 or 10 percent to each of those storms.

Senator JORDAN. I was coming to that. Either one more average

storm or an 8-percent increase in the yield of the storms that are p
res-

ently supplying our water would accomplish a million acre-feet?

I am getting this thing down
Mr. GARSTKA. That is right. However, there is another variable;

that is when does this storm come? If it comes in the early fall, its

snow may evaporate, it may percolate into the soil, it may cause 
some

runoff. It is the late winter and early spring storms that we are after.

Senator JORDAN. That was to be my next question. I can see 
the

advantage of getting cold snow in the late winter that will turn i
nto

water rather than inducing rainfall during the hot summer day that i
s

going to go right back up and be lost in evaporation.
Mr. GARSTKA. I was surprised to learn that the distribution of pre-

cipitation in the Colorado River Basin between the winter and summer

is about equal, but the water yield comes from the accumulated snow-

pack which melts in the spring.
Senator JORDAN. That is right.
Mr. GARSTKA. Now the other storms which in your country, too,

are convective, are very important in maintaining the forest growth

and the headwaters flows, but they do not add much to the downstream

reservoirs.
Senator JORDAN. Yes.
Mr. GARSTKA. However, there is another potential there that has

not been tapped at all for the mountain water supply, and that, of

course, is the convective storms. This research would have to be con-

ducted elsewhere.
The Colorado River Basin is not the best place for the research but

it could be potentially of great value if we know what to do with a,

warm, non-ice-freezing convective storm. For that system the ex-

tensive work done by the National Science Foundation and others is at

the very forefront of science and potentially of tremendous importance

throughout the country, including our mountains.
Senator JORDAN. Yes; I think Mr. Dominy testified that about two-

thirds of the runoff comes during one-third of the year.
Mr. GARSTKA. That is right.
Senator JORDAN. It is important to accelerate that part of it. You

are more likely to get profitable results if you are working on that

aspect of it than if you are just trying to bring down a summer shower

on some hot desert drainage area.
Mr. GARSTKA. There is not much hope for that at all, because there

is not the moisture in the air in the hottest desert in the summer.

That is why it is dry.
Senator JORDAN. Very good. Thank you.
Senator Moss. Thank you, Senator Jordan; thank you, Mr. Garstka.

This whole matter is intensively interesting to us as well as one of

great concern. I am sure that the questions from the Senator here this

morning reflected that. We do congratulate the Bureau for going

ahead to the degree it is moving now and on this committee I sense

a feeling that we will want to augment your efforts if possible.



40 WEATHER MODIFICATION

We may have further questions we want to propound at a• latertime but I think that will complete the hearing for this morning.We appreciate your coming and we will now adjourn.(Whereupon, at 11 a.m., the hearing was adjourned, subject to callof the chair.)
(The following letter was ordered printed in the hearing record:)

U.S. SENATE,
COMMITTEE ON INTERIOR AND INSULAR AFFAIRS,

June 10, 1964.Hon. FRANK E. Moss,
Senate Office Building,
Washington, D.C.
DEAR TED: I am enclosing a copy of a statement by Mr. Paul J. Caubin, vicepresident, marketing, Irving P. Krick Associates, Inc., Denver, Colo.I would appreciate it if this statement could be incorporated into the recordof your hearings held on May 21, 1964, concerning weather modification studiesand research by the Bureau of Reclamation.

Sincerely,
PETER H. DOMINICK, U.S. Senator.

IRVING P. KRICK ASSOCIATES, INC.,
Denver, Colo.GENTLEMEN: The vital need for proper applications of weather modification toaid national growth, economy and security, demands a utilization of all top-leveltalents—both theoretical and practical.

The Irving P. Krick Associates, Inc., having 30 years' experience in meteorol-ogy and atmospheric physics—at a long-term academic level, a military level, anda practical business level—is eminently qualified by background, education, andexperience to make major contributions to national knowledge and progress inthis particular field. Our operational experience in actual field projects exceeds1,250,000 hours of operation within 28 States and 13 foreign countries—and inmost of the climatic zones of the globe.
We have projects that have been in continuous operation since 1950. We haveconducted research since 1946 in instrumentation, equipment, cloud physics, par-ticulate diffusion of matter in a turbulent atmosphere, and a myriad of otherdirectly related requirements to insure positive results from weather modifica-tion operations. Our clients not only reflect many in number but diverse waterinterests such as farmers, ranchers, municipalities, power companies, foreigngovernment agencies, paper and pulp, chemical, ski tows, water companies, etc.Our technical staff, under the inspiring leadership of our president, Dr.Irving P. Krick, is uniquely qualified to cope with the problems in the proposedprograms of weather modification.
No long-term weather modification program should be entered into without dueconsideration of the weather that will occur during the time of operations. Untilyou can reasonably ascertain, in advance, the coming sequences of weather, large-scale operations become programs of gaining only partial knowledge. Since 1957most of our projects have been conducted with forecasts for a season or yearsin advance.
One major problem in the field of weather modification has been evaluation ofresults. This is basically a function of what the weather would have beenwithout weather modification so that variations caused by weather modificationcan be determined. In the final analysis, if one can determine upcoming weatherand superimpose changes possible through weather modification, activities in-volving agriculture, hydroelectric operations, metropolitan water supply and theimpact of drought, can all be planned realistically and effectively. Regardlessof the technique used, the essential consideration in evaluation of weather modifi-cation involves an estimate of what the precipitation would have been in compari-son with measured precipitation.
When the time is propitious for more specific details on what may be accom-plished—when, where, and how—we believe we can offer important contribu-tions.
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We have acted as consultants, technicians, overall advisers, and complete con-
tractual operators and do believe there are one or more categories in your
proposed programs we could competently handle.

Although we were not called upon to testify, we believe it extremely urgent
the role of private enterprise in this activity be accorded serious consideration
and respectfully request your committee reflect upon the advantages of inte-
grating this available knowledge within the overall framework of planning.

Sincerely,
PAUL J. CAUBIN,

Vice President, Marketing.

(On June 19, 1964, the Committee on Interior and Insular Affairs
adopted the following resolution:)

RESOLUTION

Whereas water is one of our country's most important natural resources; and
Whereas increased and new uses of water in our expanding economy and for

our growing population have caused serious present water shortages in several
areas of our country, including the Colorado River Basin where conditions are
most critical; and
Whereas experts are unanimous in their judgment that within a very few

years, water shortages will become nationwide unless action is initiated now to
increase supplies of water; and
Whereas modification of the weather to increase precipitation in areas where

storage facilities for water exist or are under construction at times most propi-
tious for such storage offers a promising means of increasing supplies of water;
and
Whereas the Department of the Interior, under existing law, has statutory

authority to explore ways and means of weather modification, either by force
account or by contract; and
Whereas on May 21, 1964, the Subcommittee on Irrigation and Reclamation

held an open, public hearing on weather modification, receiving testimony from
scientific and technical experts in the Department of the Interior on the present
stage of development in techniques of weather modification, and of the need for
additional funds to carry forward, promptly, exploration and research in
weather modification, particularly in the Colorado River Basin; and
Whereas on the basis of factual evidence and expert opinion, it appears that

the present development of the science and technique of weather modification
to increase precipitation has reached a stage where there is sound reason for
hope for substantial success of such a program if adequately financed; and
Whereas the Department of the Interior is prepared and has available, in

cooperation with the National Science Foundation and the Weather Bureau
of the Department of Commerce, the expert staff to carry out such a program:
Now, therefore be it
Resolved, (1) That the Committee on Interior and Insular Affairs of the U.S.

Senate, in view of the foregoing facts, does hereby recommend and urge that
funds appropriated to the Department of the Interior for fiscal year 1965 be
increased by $1 million for exploration, research, and application of weather
modification methods for the purpose of increasing precipitation in the Colorado
River Basin; and
(2) That copies of this resolution be transmitted to the chairmen of the Appro-

priations Committees of the Senate and House of Representatives, to the chair-
man of the House Committee on Interior and Insular Affairs, to the Secretary
of the Interior, and to the Commissioner of Reclamation.

SENATE COMMITTEE ON INTERIOR AND
INSULAR AFFAIRS,

By HENRY M. JACKSON, CharMatt.
Adopted: June 19, 1964.
Attested:

JERRY T. VERKLER, Chief Clerk.



A MIIW'






		Superintendent of Documents
	2024-03-21T21:08:06-0400
	Government Publishing Office, Washington, DC 20401
	Government Publishing Office
	Government Publishing Office attests that this document has not been altered since it was disseminated by Government Publishing Office




