INDIAN POINT UNIT 2 AND UNIT 3

Coastal Zone Management Act Consistency Certification

In support of
Renewal of Indian Point Unit 2 and Unit 3 USNRC Operating Licenses

Submitted by:

Entergy Nuclear Indian Point 2, LLC
Entergy Nuclear Indian Point 3, LLC
Entergy Nuclear Operations, Inc.

5Enteigy.

THE POWER OF PEOPLE"

SUPPLEMENTAL INFORMATION ON
NATIONAL AND STATE INTERESTS

VoL.Il oF IV

SEPTEMBER 26, 2014




LIST OF SUPPLEMENTAL ATTACHMENTS:

S-1

Alice L. Buck, A History of the Atomic Energy Commission, U.S. Department
of Energy, July, 1983

S-2

Report of the Subcommittee on Research and Development on the Five-Year
Power Reactor Development Program Proposed by the Atomic Energy
Commuission, March, 1954

S-3-1, 3-2; 3-3
and 3-4

Deed dated October 30, 1954, recorded at Liber 5392, Page 29; Deed dated
December 1, 1954, recorded at Liber 5398, Page 340; Deed dated January 1,
1955, recorded at Liber 5419, Page 283; Deed dated January 31, 1955,
recorded at Liber 5538, Page 404

S-4

Excerpt from Major Activities in the Atomic Energy Programs, January—
December 1961, United States Atomic Energy Commission, January, 1962, at
Appendix 8, License Applications Filed and Actions Taken: Summary of
License Actions.

S-5

Excerpt from Final Environmental Statement Relating to the Operation of
Indian Point Nuclear Generating Plant No. 3, United States Nuclear Regulatory
Commission, February, 1975.

Attachment 21 to Consistency Certification, December, 2012; excerpts
included as Attachment S-5 to this Supplemental Filing. .

S-6

Message of the Governor in relation to the Use of Atomic Energy for Peaceful
Purposes, State of New York Legislative Document No. 46 (1959)

S-7

Act inserting Article 19-D, Atomic Energy Law, and establishing the New
York Office of Atomic Development, 1959 N.Y. Sess. Law 72 (McKinney)

S-8

Deed from New York State to Consolidated Edison Company dated October
17, 1959, recorded at Liber 5973, Page 283

S-9

An Atomic Development Plan for the State of New York, A Report to
Govemor Nelson A. Rockefeller, New York Office of Atomic Development,
December 1, 1959.

Pub. Auth. Law § 1850-a, 1962 N.Y. Sess. Law. 428 (McKinney) (c. 210).

Civilian Nuclear Power . . . a Report to the President—1962, Atomic Energy
Commission, November, 1962

Energy Resources: A Report to the Committee on Natural Resources, National
Academy of Sciences, National Research Council, December, 1962.

ACTIVE/78353547.1




National Power Survey, Federal Power Commission, October 31, 1964.

S-14 A Report by the Federal Communications Commission on the Northeast Power
Failure of November 9-10, 1965, and its Effect on Communications, Federal
Communications Commission, February 23, 1966.

S-15 Certificate dated January 1, 1966, recorded at Liber 6589, Page 308.

S-16 Deed from New York State to Consolidated Edison Company dated April 21,
1966, recorded at Liber 6614, Page 70.

S-17 Dr. Glenn T. Seaborg, A New Look at Nuclear Power Volume 8, Number 3: 8
Atomic Energy L.J. No. 3, 191 (1966).

S-18 Oliver Townsend, Atomic Power Development in New York State, 8 Atomic
Energy L.J. No. 3, 207, 215 (1966).

S-19 Civilian Nuclear Power—The 1967 Supplement to the 1962 Report to the
President, Atomic Energy Commission, February, 1967.

S-20 Neal L. Moylan, The Role of Power in Economic Development, 10 Atomic
Energy L.J., No. 1, (1968)

S-21 United States v. Consolidated Edison of New York, Inc., 580 F.2d 1122 (2™
Cir. 1978).

S-22 Committee on Energy and National Resources, Executive Energy Documents,
Publication No. 95-114 (Comm. Print July 1978).

S-23 Deed from Consolidated Edison Company to New York State dated August 31,
1971, recorded at Liber 7006, Page 298.

S-24 Letter from Federal Power Commission (T.A. Phillips, Chief, Bureau of
Power) to Atomic Energy Commission, dated May 10, 1972.

S-25 A Review of Consolidated Edison Company 1972 Summer Power Supply
Problems and Twenty-Year Expansion Plans, Bureau of Power Federal Power
Commission, September, 1972.

S-26 Excerpt from Final Environmental Statement Relating to the Operation of
Indian Point Nuclear Generating Plant No. 2, United States Atomic Energy
Commission, September, 1972.
Attachment 20 to Consistency Certification; excerpts included as Attachment
S-26 to this Supplemental Filing.

S-27 Legislative History of the Coastal Zone Management Act of 1972, as Amended

in 1974 and 1976 With a Section-By-Section Index, U.S. Government Printing

ACTIVE/78353547.1




Ofttice, December 1976, at 211, reprinting Senate Report No. 92-753 (1972).

S-28 Joint Committee on Atomic Energy, Understanding the “National Energy
Dilemma”, 99-730 (Joint Comm. Print 1973).

S-29 The Nation’s Energy Future, Atomic Energy Commission, December 1, 1973.

S-30 Letter from Federal Power Commission (T.A. Phillips, Chief, Bureau of
Power) to Atomic Energy Commission dated December 13, 1973.

S-31 Pub. Auth. Law § 1001-a (1974), “Emergency Provisions for the Metropolitan
Area of the City of New York,” N.Y. Sess. Law 1974 ¢. 369, 1974 N.Y. Sess.
Laws 505 (McKinney).

S-32 Deed from Consolidated Edison Company to Power Authority of the State of
New York, dated December 30, 1974, recorded at Liber 7306, Page 736.

S-33 Annual Report, The Power Authority of the State of New York, March 25,
1976.

S-34 Atomic Energy Commission, 1974 Annual Report to Congress, January 17,
1975.

S-35 1975 N.Y. Sess. Laws 669 (McKinney) (ch. 464).

S-36 Joint Committee on Atomic Energy, Towards Project Interdependence:
Energy in the Coming Decade, (Jt. Comm. Print December, 1975.)

S-37 National Power Survey, The Adequacy of Future Electric Power Supply:
Problems and Policies, Federal Power Commission, March, 1976.

S-38 Factors Affecting The Electric Power Supply: 1980-85, Federal Power
Commission December 1, 1976.

S-39 Federal Power Commission, Electric System Disturbance on the Consolidated
Edison Company of New York, Inc., System, (July 13-14, 1977, supplemented
August 4, 1977.)

S-40 Letter of Basil A. Patterson, August 13, 1982; NYCMP II-1, at 2

S-41 Waterfront Revitalization and Coastal Resources Act of 1981, 1989 N.Y. Sess.
L. 1696 (McKinney) (ch 842).

S-42 New York State Energy Master Plan, New York State Energy Planning Board,
March, 1982.

S-43 New York State Assembly, The Electric Industry in New York, Sheldon

ACTIVE/78353547.1




Silver, Speaker of the Assembly, 1995.

S-44 Excerpt from PSC Cases 94-#-0952, et al., “Competitive Opportunities
Regarding Electric Utilities.”

S-45 Deed from Power Authority of State of New York to Entergy dated November
21, 2000, recorded at Westchester County Registry, Control Number
403340618.

S-46 National Energy Policy Report by the National Energy Policy Development
Group (May, 2001)

S-47 Deed from Consolidated Edison Company to Entergy dated September 6,
2001, recorded at Westchester County Registry, Control Number 412500378.

S-48 A Roadmap to Deploy New Nuclear Power Plants in the United States by
2010, United States Department of Energy Office of Nuclear Energy, Science
and Technology and its Nuclear Energy Research Advisory Committee
Subcommittee of Generation [V Technology Planning (October 31, 2001)

S-49 The Future of Nuclear Power, An Interdisciplinary MIT Study, Massachusetts
Institute of Technology, 2003.

S-50 White House National Economic Council, Advanced Energy Initiative,
February, 2006.

S-51 Press Release, Governor Spitzer Unveils Cutting-Edge Global Warming
Regulations, October 24, 2007.

S-52 Effects of Climate Change on Energy Production and Use in the United States,
National Science and Technology Council, U.S. Climate Change Science
Program, February 2008.

S-53 Press Release, “Governor Paterson Rings in New Era to Combat Climate
Change,” September 26, 2008.

S-54 Update of the MIT 2003 Future of Nuclear Power, An Interdisciplinary MIT
Study, Massachusetts Institute of Technology, 2009.

S-55 U.S. Department of Energy, National Electric Transmission Congestion Study,
December, 2009.

S-56 U.S. Department of Energy, Nuclear Energy Research and Development
Roadmap, Report to Congress, April 2010.

S-57 President Obama, State of the Union Address, January 25, 2011.

ACTIVE/78353547.1




S-58 Objective 1: Extend Life, Improve Performance, and Maintain Safety of the
Current Fleet—Implementation Plan, U.S. Department of Energy, Office of
Nuclear Energy, January, 2011.

S-59 Governor Cuomo 2012 State of the State Address.

S-60 Energy Security in the United States, Congressional Budget Office, May,
2012.

S-61 Mark Holt, Nuclear Energy Policy, Congressional Research Service, June 20,
2012.

S-62 Strategy for the Management and Disposal of Used Nuclear Fuel and High-

Level Radioactive Waste, U.S. Department ot Energy, January, 2013.

S-63 Annual Energy Outlook 2013, Energy Information Administration, April,
2013,
S-64 Report to the President—Rebuilding America’s Infrastructure: Cutting

Timelines and Improving Outcomes for Federal Permitting and Review of
Infrastructure Projects, The White House, May, 2013.

S-65 The President’s Climate Action Plan, Executive Office of the President, June,
2013.
S-66 Restoring U.S. Leadership in Nuclear Energy—A National Security

Imperative, Center for Strategic & International Studies, June, 2013

S-67 Redrawing the Energy-Climate Map, International Energy Agency, June 10,
2013.
S-68 PlaNYC: A Stronger, More Resilient New York, The City of New York and

Mayor Michael R. Bloomberg, June 11, 2013.

S-69 The President, Memorandum of June 25, 2013—Power Sector Carbon
Pollution Standards

S-70 U.S. Energy Sector Vulnerabilities to Climate Change and Extreme Weather,
U.S. Department of Energy, July 2013.

S-71 Hurricane Sandy Rebuilding Strategy, Hurricane Sandy Rebuilding Task
Force, August, 2013.

S-72 Indian Point Contingency Plan, Final Generic Environmental Impact Statement
(New York Public Service Commission, September, 2013)

ACTIVE/78353547.1




S-73

Executive Order #13653, Preparing the United States for the Impacts of
Climate Change

S-74 Excerpt from Climate Change Impacts in the United States, U.S. National
Climate Assessment, U.S. Global Change Research Program, May, 2014

S-75 PlaNYC—New York City’s Pathways to Deep Carbon Reductions, The City
of New York, NYC Mayor’s Office, December, 2013.

S-76 Annual Energy Outlook 2014, Energy Information Administration, May 7,
2014.

S-77 U.S. Environmental Protection Agency, Fact Sheet: Clean Power Plan State
Roles (June 2, 2014)

S-78 2014 Reliability Needs Assessment, New York System Independent Operator,
Final Report

S-79 U.S. Senators Lisa Murkowski and Tim Scott, Plenty at Stake: Indicators of

American Energy Insecurity, An Energy 20/20 White Paper

ACTIVE/78353547.1




DOE/ES-0003/1

O

A HISTORY OF THE
> ATOMIC ENERGY COMMISSION

by:
Alice L. Buck

3
>

U.S. Department of Energy

Assistant Secretary, Management and Administration
. Office of The Executive Secretariat

History Division

‘Washington, D.C.20585

L.)

-/



\‘,l

Table of Contents

B T (oY 17T T+ T T I TR R 1
The First Commission..........ccevevuuinnn. e E e et e e et e s e e e e e 1
The Nuclear Arsenal ... ...cooviuininniiierinniins e e e 1
Production EXPanSioN. ..« ..vn vttt ittt ieiieiiit sttt et i b e 2

. Organizing the National Laboratories . .. ... ...ccoiiiiiiernrinreneterniostoernnnieennennrarsansess 2
REACTOr DBVBIOPIMIBNT . . .t ittt ettt setssiessetnnnsrenateasesseriessesssesaresanaons 2
ALOMS FOT PBACE . 4. vt iiver e noetnnunesenrenatsenssssseseneasseanasssseesenniieisssonnsannsss 3
The Atomic Energy Actof 1954, ... .v. ittt es s etennanaasanaasassnsnsnsnnnssnnnen 3
TheFiveYearPlan.............coviveiiiiiienenniiinnenons P et 3
Cooperation WithIndustry, . .......ccviiiiniinenneeinrranriaerenns peeeen ....................... 3
INternational PartiCiPation .. .........vuvenereernenervreseesesocnreneeneneens e BT 3
Weapon Testingand Fallout . ........c.oiiiiriiiiiiinrenreniorotreosannanionn it 4
Limited Test Ban Treaty .. .....ouuteouenn e ittt i it 4
Civilian Power: The Proliferation of the Peaceful Atominthe Sixties. ............covveviiiieninnne, 5
Private bwnership Legisiation . .I ........................... B R LR R R R PR PP .. b
NUCIEAr POWEE CaDBCI Y -« ottt cveee i caneeranevenaensrasssoansseennnnsaeenssssonerssasanennsoens 5
The Breeder RBactor. . .. ....ovi it iiiiiear et rateeriatnessisstesesarerssssarosannnessns 5
Licensing and Regulation . .. ....ciiiiiiieneeinrneenerarrnnsenetnasionsrsresrasessssensnsnrerss 6
Research........ e e e e e et e e a st e e s et a e e e aa ey 6
ApPlied TEChNOIOgY . .ttt i ittt vt ittt e et ea ettt e e 6
NONNUCIEAr RESBAICH « . .o v et itire ittt et cra e atniteianas s seranrannesaons 6
Reorganization........................ eeresenee DR P 7
‘Calvert Cliffs Decision. ...................... v et ierrea e e 7
The Commission’s Last Days. . .....oouuiiiiiiiiiiiiii ittt ittt senonnenss 7
REBCIOr SafEty. . . ..o vttt e e e i e 8
U I« ittt tete s utesaneassosonenereneeeeesesonestsssnssennosonnnseneasennsnsannnnnons 8
T 1) T - L 9

CAPPENdiX I PErsonnel . ....o.o e e e e e "
Appendix li Chronology ............. i 13
-Appendix 11l Laboratories and Production Facilities . ..... e v e e e 15
Appendix IV Organization Charmts .. ... ... it iiiirennreroresrernersrasrensesoenneenrsnsensens 17
Appendix V Nuclear Detonations and Early Stockpile Data............ovvevernienrirnreneneneennses 23
ApPBNdixX VI Financial STatISTCS « o oo vvvtuunieineennrennsnennrsinreaeeseessesaneeneneseeennnns ... 25
Appéndix VIl Institutional Origins of the Department of Energy .......................... e 26



D

Iintroduction

Almost a year after World War )l ended, Congress
established the United States Atomic Energy Commission
to foster and control the peacetime development of atomic
science and technology. Reflecting America’s postwar op-
timism, Congress declared that atomic energy should be
employed not only in the Nation’s defense, but also to pro-
mote world peace, improve the public welfare, and
strengthen free compatition in private enterprise. After
long months of intensive debate among politicians, military
planners and atomic scientists, President Harry S. Truman
confirmed the civilian control of atomic energy by signing
the Atomic Energy Act on August 1, 1946.(1)

The provisions of the new Act bore the imprint of the
American plan for international control presented to the
United Nations Atomic Energy Commission two months
earlier by U.S. Representative Bernard Baruch. Although
the Baruch proposal for a multinational corporation to
develop the peaceful uses of atomic energy failed to win
the necessary Soviet support, the concept of combining
development, production, and control in one agency found
acceptance in the domestic legislation creating the United
States Atomic Energy Commission.(2)

Congress gave the new civilian Commission extraor-
dinary power and independence to carry out its awesome
responsibilities. Five Commissioners appointed by the
President would exercise authority for the operation of the
Commission, while a general manager, also appointed by
the President, wouid serve as chief executive officer. To
provide the Commission exceptional freedom in hiring
scientists and. professionals, Commission employees
would be exempt from the Civil Service system. Because
of the need for great security, all production facilities and
nuclear reactors would be government-owned, while all
technical information and research resuits would be under
Commission control, and thereby excluded from the nor-
mal application of the patent system.

In addition, the Act provided for three major advisory
committees: a Congressional Joint Committee on Atomic
Energy, a Military Liaison Committee, and a General Ad-
visory Committee of outstanding scientists.(3)

The First Commission

On January 1, 1947, the fledgling Atomic Energy Com-
mission took over from the Manhattan Engineer District
the massive research and production facilities built during
World War |l to develop the atomic bomb. The facilities
were the product of an extraordinary mission accomp-
lished in three years in aimost complete secrecy. Under the
direction of General Leslie R. Groves of the Army Corps of
Engineers, the laboratory experiments of Enrico Fermi and
other American and European scientists had been
transformed into operating plants capable of producing a
military weapon of devastating power. When the atomic
bomb was dropped on Hiroshima on August 6, 1945, and
three days later on Nagasaki, not only was a long and cost-
ly war brought to an end, but the world also became aware
of a completely new and largely unexpected technology.(4)

As the first chairman of the agency created to control
the peacatime development of the new technology, Presi-
dent Harry Truman appointed David E. Lilienthal, a lawyer

and former head of the Tennessee Valley Authority. Dur-
ing the preceding year, Lilienthal and Under Secretary of
State Dean Acheson had co-authored the well-known
Acheson-Lilienthal report which had formed the basis for
the American plan for international control of atomic
energy. Serving with Lilienthal on the Commission were
Sumner T. Pike, a businessman- from New England,
William T. Waymack, a farmer and newspaper editor from
lowa, Lewis L. Strauss, a conservative banker and reserve
admiral, and Robert F. Bacher, a physicist from Los
Alamos and the only scientist on the Commission. Carroll
L. Wiison, a young engineer who had helped Vannevar
Bush organize the National Defense Research Committee
during the war, was appointed general manager. Two
fioors of the New War Department Building in Washington
provided a temporary home for the Commission. A few
months later more permanent headquarters were found at
19th and Constitution Avenue, N.W., in the former war-
time offices of the Joint Chiefs of Staff.

The new Commission faced a challenging future. World
War Il was quickly followed by an uneasy international
situation commonly referred to as the Cold War, and Lilien-
thal and his colleagues soon found that most of the Com-
mission’s resources had to be devoted to weapon develop-
ment and production. The requirements of national
defense thus quickly obscured their original goal of
developing the full potential of the peaceful atom. For two
decades military-related programs would command the
lion’s share of the Commission’s time and the major por-
tion of the budget.(5)

The Nuclear Arsengl

To mest the Nation's expanding requirements for fis-
sionable material the Commission set about refurbishing
the production and research facilities built during the war.
A major overhaul of the original reactors and two new
plutonium reactors were authorized for the Hanford,
Washington plant. Oak Ridge was scheduled for an addi-
tion to the existing K-25 plant and a third gaseous diffusion
plant for the production of uranium 235. The Commission
decided to adopt the Army'’s practice of hiring private cor-
porations to operate plants and laboratories, thereby ex-
tending into peacetime the contractor system previously
used by the Government only in times of national
emergency,

The first test of new weapons was conducted at
Enewetak Atoll in Aprii and May 1948. Operation
Sandstone explored weapon designs and tested a new fis-
sion weapon to replace the clumsy tailor-made models
used during World War 1l. By 1948 the Commission had
both gun-type and implosion-type non-nuclear and nucisar
components in stockpile and was well on the way toward
producing an arsenal of nuclear weapons.

In early September 1949 a special Air Force unit

detected a large radioactive mass over the Pacific, in-

dicating that the Soviet Union had successfully detonated
a nuclear device. The Soviet detonation not only ended the
United States” monopioy of nuclear weapons, but also had
an immediate effect on the Commission’s planned expan-
sion program. During the prolonged debate which fol-
lowed the announcement of the Soviet event, Commis-
sioner Lewis L. Strauss, supported by fellow Commis-
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sioner Gordon Dean, urged the Commission to take a
*quantum jump’’ by developing a thermonuciear weapon.
Strong support for the Strauss’ position came from the
Congressional Joint Committee on Atomic Energy, and
from scientists such as Edward Teller, Luis W. Alverez, and
Ernest O. Lawrence, who agreed that the deveiopment of
the superbomb was absolutely essential to the security of
the United States. The members of the General Advisory
Committee, however, while concurring in the need for giv-
ing high priority to the development of atomic weapons for
tactical purposes, recommended against an ali-out effort
to develop a hydrogen bomb. On January 31, 1950, Presi-
dent Truman settled the issue with his momentous deci-
sion that the Commission should expedite work on the

thermonuclear weapon.(6)

Production Expansmn

David Lilienthal resigned on February 15th after three
years as chairman of the Atomic Energy Commission.
Although his dream of developing the full potential of the
peaceful atom had not been fulfilled, the Commission
under his leadership had become an effective government
institution. Indeed, the future held great promise for the
peaceful atom, but for the moment at least the military
atom would continue to be in the ascendancy.

By mid July 1950 Gordon Dean had become chairman of
the Commission, and the Nation was no longer in a twilight
zone between peace and war. Following an attack by
North Korean troops across the 38th parallel, President
Truman ordered U.S. forces to the aid of South Korea.
Suddenly increased military demands, added to the Presi-
dent’s decision to develop the hydrogen bomb, threatened
to exhaust the Commission’s production capacity. Begin-

"ning in October 1950 the Commission embarked on a vast

expansion program. During the next three years the con-
structicn of huge plants increased capacity at each step in
the production chain. The new facilities included a feed
materials production center at Fernald, Ohio; a plant to
produce large quantities of lithium 6 at Oak Ridge; a
gaseous-diffusion plant at Paducah, Kentucky; a whole
new gaseous diffusion complex at Portsmouth, Ohio; two
“Jumbo” reactors and a separation plant for producing
plutonium at Hanford; and five heavy-water reactors at the
Savannah River site in South Carolina for producing.
tritium from lithium 6 as well as plutonium. The three year
three-billion-dollar expansion program represented one of
the greatest federal construction projects in peacetime
history.

in addition to having an impact on the Commission’s ex-

" pansion program, the Korean War also focused attention

on the need for a continental test site. In December 1950,

with the approval of the Department of Defense and the .

General Advisory Committee, the Commission selected
the Las Vegas bombing and gunnery range as the site to
conduct the January 1951 Ranger test series, the first
atomic tests in the United States since the Trinity detona-
tion at Alamogordo on July 16, 1945.(7)

The United States detonated the world's first thermo-
nuclear device in the fall of 1952, Code-named Mike, the
shot was part of the /vy test series conducted at Enewetak.

-By the end of 1953 more than thirty weapon test devices

had been successfully fired at Pacific or Nevada sites, the

" result of extraordinary efforts by scientists and engineers

at the Commission’s Los Alamos weapon laboratory. A se-
cond weapon laboratory established at Livermore, Califor-
nia in early 1952, soon became the center of a weapon
engineering and production petwork which included the
Sandia Laboratory near Albuquerqus, New Mexico, as well
85 new or expanded facilities in lowa, Texas, Mnssoun
Ohio, and Colorado.(8) .

Organizing the National Laboratories

Fortunately the concentrated effort on weapon produc-
tion did not mean a total neglect of the Commission’s
research laboratories. The Commission recognized the
need to maintain the vitality of the national labs, and to en-
courage the university research teams and industry groups
whose research on the peaceful uses of atomic energy
would provide the technology of the future. The

" Metallurgical Laboratory at the University of Chicago had

been reorganized by the Army in 1946 as the Argonna Na-
tional Laboratory. The following year the Commission ob-
tained a new site for the lab at Argonne, lllinois and deter-
mined that the laboratory should become a large multi-
disciplinary research center for the midwest. Under the
direction of Waiter H. Zinn, one of Enrico Fermi's principal

- assistants in developing the world's first reactor, Argonne

very quickly became the Commission’s center for reactor
development.(9)

The Clinton Laboratories, built during World War |l at
Osk Ridge, Tennessee, became the regional research
center for southesstern United States. Reorganized in
1948 as the Oak Ridge National Laboratory, Oak Ridge
became the Nation’s largest supplier of radioisotopes for
medical, industrial and physical research, as well as a
regional center for research in chemistry, physics,
metellurgy, and biology. The laboratory also conducted
the largest radiation genetics program in the world.

To provide regional research facilities for the northeast,
the Commission approved a plan by Associated Univer-
sities, Inc. to build and operate a laboratory at Upton, New
York. The Brookhaven National Laboratory provided
research facilities in reactor physics, high-energy ac-
celerators, and the biomedical sciences. A fourth center in
the far west was established by expanding the facilities of
the University of California Radiation Laboratory at
Berkeley. In addition to the regional centers the Commis-
sion continued to support the wartime research
laboratories at a number of colleges and universities, and
awarded and administered hundreds of contracts with
research institutions, universities and nonprofit organiza-
tions for basic research in the physical and biological

sciences.{10)

Reactor Development

Atthough by 1953 the vast production complex of the
Atomic Energy Commission was almost totally dedicated

“to military purposes, the idea of a civilian nuclear power

gsystem based on American industry was very much alive.
As early as 1947, Lilienthal had publicly encouraged a part-
nership with industry in developing the peaceful uses of
atomic energy. The Commission had supported 8 modest
but coherent plan for developing nuclear power and pro-
pulsion and had permitted a few industry committees
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underground tests in accordance with the 1963 treaty.
Aithough the limitations of the treaty imposed severe
technical problems, particularly in testing high-yield
warheads, the Commission’s laboratories nevertheless
were highly successful in devising ways to improve and up-
date nuclear weapons by testing underground.

Civilian Power: The Proliferation of the Peaceful
Atom in the Sixties

The signing of the Limited Test Ban Treaty in August
1963 also had an impact on the civilian power program.
The cessation of weapon testing in the atmosphere gave
new hope that the peaceful atom might soon command as
large a share of the Commission’s time and budget as the
military atom had for so many years. .

Although the imminence of economic nuclear power
had been a main theme at the 1958 Geneva Conference,
recurring technical difficulties in many of the prototype
and demonstration plants in several European countries
continued in the next few years to frustrate hopes for a
practical new source of electrical power. In the United
States, however, prospects were somewhat more en-
couraging. In March 1962 President Kennedy had re-
quested the Atomic Energy Commission to take a ‘‘new
and hard look at the role of nuclear power” in the Nation’s
economy. In submitting the Commission’s report several
months later, Seaborg noted optimistically that the Com-
mission’s ten-year civilian power program, adopted in
1958, was on the threshold of attaining its primary objec-
tive of competitive nuclear power by 1968. Suggested
goals for the future included a concentration of resources
in the most promising reactor systems, the early establish-
ment of a self-sufficient and growing nuclear power in-
dustry, and increased emphasis on the development of im-
proved converter or breeder reactors which would con-
serve natural uranium resources. The report was broadly
circulated and stimulated public confidence in the

- aconomic prospects for civilian nuclear power.{24)

On November 22, 1963, Lyndon B. Johnson became
President of the United States. One of Johnson's first and
probably most significant acts was to order a 25 percent
cutback in production of enriched uranium and the shut
down of four plutonium piles, with thé expectation that
other nations might be challenged to do the same.
Although verification was difficult, Chairman Khruschev
later announced production cutbacks in the Soviet Union.

Another milestone in civilian power development oc-
curred on December 12, 1963, when the Jersey Central
Power and Light Company announced that it had con-
tracted for a large nuclear power reactor to be built at
Oyster Creek near Toms River, New Jersey. According to
the company’s own evaluation, the plant would be com-
petitive with a fossil fuel plant. For the first time an

American utility company had selected a nuclear power -

plant on purely economic grounds without government
assistance and in direct competition with a fossil-fuel plant.
In a commencement address at Holy Cross College on
June 10, 1964, President Johnson called it an '‘economic
breakthrough.’(25) Two months later private industry
received further encouragement from Congress in the

form of new legislation.

Private Ownership Legislation

On August 26, 1964, President Johnson brought to an
end an eighteen-year mandatory government monopoly of
special nuclear materials by signing into law the “Private
Ownership of Special Nuclear Materials Act.” Enriched
uranium for power reactor fuel would no longer have to be
leased from the government. Private entities would be per-
mitted to assume title to special nuclear materials.
Although the new law provided for a transition period for
the changeover from government to private ownership,
after June 20, 1973 private ownership of power reactor
fuels would become mandatory. The Act also authorized
the Commission to offer uranium enriching services to
both domestic and foreign customers under long-term
contracts, beginning on January 1, 1969. Most of the
Atomic Energy Commision’s literature on reactor
technology had been declassified as early as 1955. With
the adoption of the Private Ownership Act in 1964, fis-
sionable materials as well as reactors now entered the
public domain, and a full-fledged nuclear industry became
a possibility.(26) '

But how would a full-fledged nuclear industry be
regulated? Could one agency continue to regulate a single
energy technology in a time of increasing energy needs? In
a few years the energy crisis of 1973 would bring these
questions into sharp focus.

Nuclear Power Capacity

The Commission’s 1962 report on civilian power had
projected 5,000 megawatts of nuclear power capacity by
1970 and 40,000 by 1980. Within five years the outlook had
changed so dramatically that in March 1967 the Commis-
sion issued a supplementary report doubling its previous
predictions. Within a few years, however, even these re-
vised statistics were exceeded. {By the end of 1974 two
hundred and thirty-three nuclear central-station generating
units, yvith a capacity of 232,000 megawatts, were either in
operation, under construction, or on order in the United
States.){27)

The Breeder Reactor

In addition to predicting dramatic increases in megawatt
capacity, the Commission’s 1967 report on civilian nuclear
power reaffirmed the promise of the breeder reactor for
meeting long-term energy needs, and gave the Liquid
Metal Fast Breeder Reactor (LMFBR) the highest priority
for civilian reactor development. A major boost was given
to the program four years later by President Richard Nixon.
In his ““clean energy’” message to Congress on June 4,
1971, the President called for the commercial demonstra-
tion of a breeder reactor by 1980, stating that *’The breeder
reactor could extend the life of our natural uranium fuel
supply from decades to centurigs, with far less impact on
the environment than the power plants which are
operating today."'(28)

The fast breeder project included a demonstration plant
in Oak Ridge, Tennessee— the Clinch River Breeder Reac-
tor (CRBR)—and a test reactor in Richland,
Washington—the Fast Flux Test Facility (FFTF). Clinch



River promised to be a8 major step in the transition from
technology to large-scale demonstration of the fast
breeder concept. The project was launched in August 1972
‘ _-*with the signing of a memorandum of understanding be-
tween the Commission and the principal utility par-
ticipants, the Commonweaith Edison Company and the
Tennessee Valley Authority. The Commission would be
responsible for research and development of the
demonstration plant while the Commonwealth Edison
Company and the Tennessee Valley Authority would
engineer, manufacture and proof test equipment and

systems.(29)

Licensing and Reguiation

Under the terms of the Atomic Energy Act of 1954, Con-
gress had given the Atomic Energy Commission the
responsibility for regulating and licensing commercial
atomic activities. As the Nation's electric power industry

] increasingly turned toward nuclear plants, the Commission
found it necessary to modify its organizational structure to
separate regulatory from non-regulatory functions. in 1961
the regulatory staff was separated from the General
Manager’s office and placed under a Director of Regula-
tion who reported directly to the Commissioners. Two
vears later the regulatory and operational functions were

D separated physically when the regulatory staff was moved
from the headquarters building in Germantowri, Maryland
to offices in Bethesda.(30) '

Licensing procedures involved a series of technical
reviews and public hearings, including an independent
technical safety evaluation by the Advisory Committee on

Reactor Safeguards. The Commission itself served as a
final review board for all licenses granted, and maintained

continuous surveillance of licensed reactors throughout

their operating lifetime.

Research
The weapon requirements for nationai defense in the
) early years had forced the Commission to postpone goals
for an all-out program of research on the peaceful atom.
As seen in the development of the power reactor,
however, there was a gradual shift in emphasis during the
Eisenhower era, and the trend continued to gain momen-
tum during the Kennedy and Johnson Years. In 1966 the
AEC budget for the first time was divided about equally be-
) tween weapons and peaceful uses.

Research and development programs in the 1960’s and
garly 1970's produced a significant fund of knowledge
about radiation and its effects, and provided basic data
needed to determine radiation protection standards and to
assess the environmental impact of nuclear technology.

3 Advances in medical diagnostic techniques based on the
use of radioisotopes and radiation machines added to the
skills of the medical profession, while immunological
research provided the knowledge needed for successful
transplants. Other medical breakthroughs included the
treatment of Parkinson’s Disease, the preservation of cells
for transfusion, and the introduction of small accelerators

J to produce short-lived radioisotopes for immediate use in
patients. Although Oak Ridge produced virtually all of the

‘ radioisotopes available for physical and biomedical as well
as for industrial applications, the Commission gradually
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transferred production, packaging, and shipping to com-.
mercial suppliers, while continuing to support research on
new applications.{31)

During the 1960's the Commission produced a series of
radioisotope-powered and reactor-powered electrical-
generating units for space applications. The first such unit
was launched into space from Vandenburg Air Force Base
in California on April 3, 1965, under the Systems for
Nuclear Auxiliary Power (SNAP) program. Newly
discovered heavy isotopes, such as Californium-252, were

" found useful in both research and industry. In addition,

significant progress was made in developing cardiac
pacemakers for human use and ultimately artificial hearts
using radioisotopic-power sources.(32)

Major research facilities such as high energy ac-
celerators were constructed and operated by the AEC.
Building on the accomplishments of the Berkeley Bevatron
and the Brookhaven Cosmotron in the 1950's, the Com-
mission supported even larger accelerators in the 1960's
and 1970's, including the Alternating Gradient Syn-
chrotron at Brookhaven, the Zero Gradient Synchrotron at
Argonne, and the two-mile long Stanford Linear Ac-
celerator. The Fermi National Accelerator Laboratory,
completed in 1972, contained the world’s most powerful
proton synchrotron. The principal centers for research on
controlled thermonuciear (fusion) reactors were Oak
Ridge, Los Alamos, Livermore, and Princeton, although
many universities and industrial facilities were involved on
a smaller scale. : :

" Applied Technology

As nuclear technology developed, the Commission
perfected special applications of nuclear power, such as
nuclesr explosives for earth moving and for extracting
resources deep underground. Gnome, the first experiment
in the Plowshare series, was conducted in December 1961
in a thick sait bed deposit near Carlsbad, New Mexico,
while the first nuclear cratering experiment, Project Sedan,
was completed the following July at the Nevada Test Site.
Project Gasbuggy in 1967, Rulison in 1969, and Rio Blanco
in 1973, tested methods for extracting natural gas from im-
permeable rock. In the early 1970’s, the Commission
directed applied technology projects toward environmen-
tal research, energy storage and transmission systems,
synthetic fuels, and nonnuclear energy.

Nonnuclear Research

The scientific and technological expertise gained by the
national laboratories in developing nuclear energy made
the Commission a logical contender for a strong role in
developing new energy options. The doors of the national
labs first opened to nonnuclear research in 1960 when the
Commission, in a special report to the Joint Committee on
Atomic Energy, acknowledged ‘‘that the strong
capabilities of the laboratories are not the exclusive
resources of the atomic energy field; they are held in trust
for the Nation as a whole.” Accordingly, work from other
federal agencies would be accommodated whenever the
skills of the national laboratories were needed.(33)

On August 11, 1971, largely in response to President Nix-
on’s energy message of June 4, Congress authorized the
Atomic Energy Commission to undertake research and
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development projects geared to providing a variety of alter-
natives for meeting the Nation's energy needs. As a resuit
the Commission’s industrial contractors and national
laboratories became involved in the areas of super-
conducting power transmission systems, energy storage,
solar energy, geothermal resources, and coa! gasifica-
tion.(34)

Reorganization

James R. Schlesinger took cver the helm of the Atomic
Energy Commission in August 1971, as its twenty-fifth year
as an agency was drawing to a close. American troops
were still in Vietham and anti-war protests were
widespread. The Nation faced increasing demands for
energy, a leveling out of domestic oil production, limita-
tions on coal use due to environmental concerns, inade-
quate natural gas supplies, and field delays in the licensing
and construction of nuclesr power plants. The rapid
growth in atomic energy activities in the previous decade
and changing perspectives in nuclear technology clearly
pointed-to the need for a substantial reorganization of the
Commission’s operational and regulatory functions. For
nearly a quarter of a century the Commission had focused
research and development toward responding to national
defense requirements, funding and developing new uses
for atomic energy, and fostering the growth of a com-
petitive and viable nuclear industry. The next few years
would see increasing attacks on the Commission’s role as
a regulatory overseer of the nuclear industry, particularly in
the areas of quality of product and public safety.({35)

As a first order of business, Schiesinger led the Commis-
sion in 8 comprehensive review of the agency's functions
and organization. An economist and former assistant
director of the Bureau of the Budget, Schiesinger an-
nounced the results of the review in December 1971. The

first broad reorganizaton in ten years would bring together

various reiated programs previously scattered throughout
the agency. Developmental and operational functions
formerly undar the jurisdiction of the general manager
would now be under six assistant general managers for
Energy and De\ slopment Programs, Research, Production
and Management of Nuclear Materials, Environment and
Safety Programs, National Security, and Administration.
Reflecting expanding areas of Commission involvement
were new divisions of Controlled Thermonuciear
Research, International Security Affairs, and Applied
Technology.(36) The second half of 1971 also saw a major
revamping of the regulatory organization and functions.

‘Calvert Cliffs Decision

The Nixon Administration believed that nuclear power,
as an environmentally ““clean” fuel, could help the Nation
produce the increasing supply of energy needed for the

future. On the other hand ponderous iicensing procedures -

and increasing environmental considerations iengthened
the time necessary to bring nuclear power plants on line,
and increased costs to the industry, and ultimately to the
consumer. As Commissioner Doub informed the Atomic
Industrial Forum in October 1971, the Commission har-
bored no illusions as to the magnitude of the task of trying
to match “‘the capabilities of a dynamic and complex
technology to the urgent energy and environmental needs
of the country.”(37)

The Federal Court of Appeals’ August 4, 1971 landmark
decision concerning the Caivert Cliffs nuclear power plant
became a pivot point for a major revamping of the Com-
mission’s licensing procedures. The Court ruled that the
Atomic Energy Commission's regulations for implefnent-
ing the National Environmental Policy Act of 1969 in _Iocens-
ing procedures did not comply in several respects with the
Act, and that the Commission should make an indepen-
dent review and evaluation of all environmental effects at

. every decision point in the nuclear power plant licensing

process.

Moving swiftly to implement the Court’s rufing, the
Commission made substantive changes in environmental
review procedures. Both the Commission and the license
applicant would now be required to consider the total im-
pact of the proposed piant on the environment, inciuding
water quality. In addition, a cost-benefit analysis would
balance the benefits of building the facility against a varie-
ty of alternatives.(38) These changes in procedures af-
fected virtually all nuclear power plants whether licensed -
for operation or under review.

To expedite the additional procedures which the Calvert
Cliff's decision required, Schlesinger made significant
changes in the Commission’s regulatory organization, and
added additional personnel to the staff to help with the ex-
panded reactor licensing workload. Additional changes in
1972 further streamlined the regulatory staff. Three direc- -
tors consolidated the functions previously performed by
seven divisions. All licensing activities were centered in the
largest of the three, the Directorate of Licensing, headed
by John F. O’Leary, former Director of the Bureau of
Mines.(39)

The Commission’s Last Days

Schiesinger left the Atomic Energy Commission in
January 1973 to become head of the Central Intelligence
Agency. He was succeeded as chairman by Dr. Dixy Lee
Ray, a marine biologist from the state of Washington who
had been appointed to the Commission by President Nixon
in August 1972. The first woman to be chairman of the
Atomic Energy Commission, Ray took over at a time when
the Nation was faced with the monumental task of recon-
ciling energy needs,  environmental concerns and
economic goals. More importantly for the Commission,
criticism had begun to mount against an agency that
regulated the very same energy source that it helped to
produce and operats,

In June 1973, President Nixon directed the chairman of
the Atomic Energy Commission to undertake an im-
mediate review of federal and private energy research and
deveiopment activities and to recommend an integrated
program for the Nation.(40) The President's energy pro-
posals to Congress the following January refiected the
recommendations submitted by Chairman Ray in the
December 1, 1973 report on ‘““The Nation's Energy
Future.” Because of the energy crisis resulting from the
October Arab oil embargo, the President had chosen to
break tradition and present his energy request to Congress
before delivering his State of the Union address. Both his
proposal for a five-year $10 billion energy research and
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development program, and his determination to double the
total federal commitment to energy research and develop-
ment for fiscal year 1975, were in line with the recommen-
dations made by the Commission chairman. The Ray
report also supported the President’s recommendation to
astablish an Energy Research and’ Development Ad-

ministration.(41)

Reactor Safety

In December 1973 the Commission announced new re-
quirements for the performance of the emergency core
cooling systems (ECCS) installed in light-water-cooled
power reactors. Such systems provided the capability for

" emergency removal of heat from the reactor cors in the
event of a loss of the normal reactor coolant water. The
Commission’s action concluded a two-year public rule-
making hearing which had served as a focal point for
public discussion of opposing viewpoints on the safety of
nuclear power plants. Six months of hearing sessions, be-
tween January 27, 1972 and July 25, 1973, had produced a
voluminous transcript, a clear witness to the complexity of
the technical issues involved in nuclear safety. A constant
advocate of the public’s right to know and fully understand
the possible dangers of radiation, the Joint Committee on
Atomic Energy had also held a hearing in early 1973 on the
safety of nuclear power plants.

Clearly the handwriting on thé wall was épelling out the |

numbered days of the AEC in 1973. Although nuclear
power constituted a significant part of the answer to the
Nation’s need for additional sources of energy, it was by
no means the only answer as had been predicted in the
early decades of the Commission’s existence.

‘Summary

When President Ford signed the Energy Reorganization
Act of 1974 on October 11, the Atomic Energy Commis-
sion’s twenty-eight year stewardship of the Nation's
nuclear energy program came to an end. On January 19,
1975, the Commission’s research and development respon-
sibilities were assumed by the Energy Research and

" Development Administration, and the regulatory and licen-

sing functions by the Nuclear Regulatory Commission. Six
thousand, three hundred and twenty Commission
employees went to ERDA while one thousand nine hun-
dred and seventy former regulatory personnel became part
of the new Nuclear Regulatory Commission.

in the preceding twenty-eight years the Atomic Energy
Commission had accomplished a large portion of the mis-
sion established by the Congress in 1946. First, through its
weapon laboratories and production contractors, it had
developed and stockpiled an array of sophisticated nuciear
weapons which for nearly three decades had served as an
important element in nationai defense. Also in the area of
defense, the Commission had supported the development
of nuclear propulsion reactors which made possible the
creation of a fleet of reliable nuclear submarines and sur-

face ships.
Although for. many years mahtary related programs com-

”manded the major portion of the budget, the Commission

had initiated and supported extensive research in the

- nuclear sciences. The research contract and the national

laboratory had become key instruments in the widespread

'davdopment and application of nuclear technology for
soiantific, medical, and industrial purposss. Through par-
ticipation in the International Atomic Energy Agency, inter-

_national conferences and bilateral agreements, the United

States shared the new technology with other nations.

-Tha congressional mandate of 1946 also called for the
use of atomic energy in a way that would strengthen free
competition in private enterprise. Although the severe
restrictions of the 1946 Act made atomic energy virtually a
govemment monopoly, the Commission in less than a
decade advanced nuclear technology to the point where
industrial participation was feasible, and then encouraged
the passage of new legisiation in 1954 which made a
nuclesr industry poss:ble By the early 1970's nuclear
power offered a promising option for meeting national and
world energy needs, .

In carrying out the Congressional mandate of 1946, the
Atomic Energy Commission essentially worked its way out
of existence. After concentrating on defense com-
mitments in the early years, the Commission then focused
on the development of a viable nuclear industry, only to
come under fire in the late 1960's and 1970’s for being in
ths position of regulating the same industry it helped to

‘cresie.

This difficulty had been foresesn in 1961 when the func-
tions of the agency were divided between the General
Manager and the Director of Regulation. Then in 1963 the
two functions were physically separated by being housed
in different geographical locations. Finally, the legal
sepesation of the developmental and regulatory functions,
requested in 1973 by the Commission itself, was ac-
complished by the Energy Reorganization Act of 1974. The
regulatory and licensing responsibilities became the ex-
clusive focus of a new agency headed by a five-member
board, the Nuclear Regulatory Commission, while the -
deveiopmental functions were placed under a single ad-
ministrator in a second agency, the Energy Research and
Development Administration,

in the preceding decade the Atomic Energy Commission

. had lost much of its privileged status with Congress and

the American public. The exciusive monopoly and the
mantls of secrecy had been largely removed, 2nd no longer
did atomic energy seemingly provide the perfect formula
for both military defense and civilian energy needs.
Regulatory restrictions and environmental concerns were a
large part of the reason for the demise of the AEC, but
more important was the recognition that a single
technology should not be the exclusive focus of one agen-
cy. The energy crisis would now require the coordination
of al major energy programs in a new research and
development agency, whose primary purpose wouid be to
assist the Nation in achieving energy independenca.

As a legacy 10 the new agency, the Atomic Energy Com-
mission passed on its unique production facilities, its
valuabile network of national laboratories, and the proven
technological skills, resourcefulness, and experience of its
pawsonnel. Three years later the Ensrgy Research and
Development Administration, like the Atomic Energy Com-
mission before it, became part of an even larger organiza-
tion. On October 1, 1977 Congress created a cabinet-level
Department of Energy to coordmate Federal energy

policies and programs.
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Samuel M. Nabrit ‘
Francesco Costagliola
Theos J. Thompson
Clarence E. Larson

James R. Schlesinger, Chairman

William Q. Doub
Dixy Lee Ray
Chairman

William E. Kriegsman
William A. Anders

From

Oct. 31, 1946
Nov. 1, 1946
Nov. 1, 1946
Nov. 5, 1946
Nov. 12, 1946
July 2, 1953
May 24, 1949
July 11, 1950
May 30, 1949
May 9, 1950
Oct. 2, 1950
Feb. 25, 1952
July 27, 1953
Oct. 5, 1954
Mar. 15, 1955
Oct. 31, 1955
Sept. 12, 1957
Oct. 1, 1957
July 14, 1958
Aug. 13, 1959
Mar. 22, 1960
June 23, 1960
Mar. 1, 1961
Apr. 17, 1961
Aug. 31, 1962
Aug. 31, 1962
Juiy 15, 1963
June 29, 1964
Aug. 1, 1966
Aug. 1, 1966
Oct. 1, 1968
June 12, 1969
Sept. 2, 1969
Aug. 17, 197
Aug. 17, 1971
Aug. 8, 1972
Feb. 6, 1973
June 12, 1973
Aug. 6, 1973

General Managers

Carroll L. Wilson
Marion Boyer
Kenneth D. Nichols
Kenneth F. Fields
Paul F. Foster

A. R. Luedecke

R. E. Hollingsworth
John A. Erlewine

A TR g e v e A tewiiace. 4
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Dec. 31, 1946
Nov. 1, 1950
Nov. 1, 1953
May 1, 1955
July 1, 1958
Dec. 1, 1958
Aug. 11, 1964
Feb. 15, 1974
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To

Dec. 15, 1951
Feb. 15, 1950

.May 10, 1949

Dec. 21, 1948
Apr. 156, 1950
June 30, 1958
June 30, 1953
June 30, 1953
Sept. 30, 1954
June 30, 1957
Nov. 1, 1952
June 30, 1954
Nov. 30, 1954
June 30, 1959
Feb. 8, 1957
Aug. 31, 1959
June 30, 1962
June 23, 1960
Jan. 20, 1961
June 30, 1860
Jan. 31, 1964
June 30, 1962
Aug. 16, 1971
June 30, 1963
June 30, 1966
June 30, 1973
Apr. 30, 1969
June 30, 1965
June 30, 1972

‘Aug. 1, 1967

June 30, 1969
Nov. 25, 1970
June 30, 1974
Jan. 26, 1973
Aug. 17, 1974

Jan, 18, 1975
Jan. 18, 1975
Jan. 18, 1975

Aug. 15, 1950
Oct. 31, 1953
Apr. 30, 1955
June 30, 1958
Nov. 30, 1958
July 31, 1964
Dec. 31, 1973
Dec. 31, 1974
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DATE
August 1, 1946

January 1, 1947

September 1947
March 1, 1948

April-May 1948
March 1, 1949
August 29, 1949
January 31, 1950

June 27, 1950
December 20, 1951

June 14, 1952

November 1952
December 8, 1953

March 1, 1954
August 30, 1954

January 10, 1955

August 8-20, 1955
October 1, 1957
December 23, 1957

August 22, 1958
November 24, 1959

March 1961

August 31, 1961
December 10, 1961
April 25, 1962
August5, 1963

-August 26, 1964

October 1964

APPENDIX HI
~ Chronology

EVENTS
Atomic Energy Act of 1946 signed by President Truman.

Atomic energy program transferred from the Manhattan Engineer District to the Atomic Energy

Commission.
Start of construction on first of two new Hanford reactors.

Oak Ridge National Laboratory officially established to continue work of Clinton Laboratones
established in 1943,
Operation Sandstone, the first AEC nuclear test series conducted at Enewetak Atoll.

Announcement by AEC of selection of a site for the National Reactor Testing Station in idaho.

Soviet Union detonated nuclear device. ,

President Truman directs Commission “'to continue work on all forms of weapons, including
the so-called hydrogen or super-bomb.”

Truman orders U.S. forces to aid of South Korea.

Experimental Breeder Reactor No. 1 (EBR-1) first reactor to produce electric power from nuclear
energy.

Keel of the world’s first nuciear-powered ship, the submarine Nautilus, laid at Groton, Connec-
ticut.

World's first thermonuciear device detonated by U.S. at Enewetak.

Announcement by President Eisenhower of the Atoms-for-Peace program and proposal to
establish an international agency to promote peaceful applications of atomic energy.

First shot in Castle weapon test series fired in Pacific.

President Eisenhower signed the Atomic Energy Act of 1954, a major revision of the 1946 Act.
The new law made possible greater participation by private industry and more cooperation with
other countries in developing the peaceful uses of nuclear energy.

Announcement by the AEC of the Power Demonstration Reactor Program, under which the
AEC and industry would cooperate in the construction and operation of experimental power
reactors.

First United Nations international Conference on the Peaceful Uses of Atomic Energy, in
Geneva, Switzerland.

International Atomic Energy Agency inaugurated in Vienna, Austria. AEC Chairman Lewis
Strauss announced U.S. offer to make 5,000 kilograms of uranium 235 available to the agency.

Full-power operation of the Shippingport Atomic Power Station, the world’s first full-scale
nuclear power plant, at Shippingport, Pennsyivania.

President Eisenhower announced moratorium on weapon tesiing to begin on October 31.

AEC Chairman John A. McCone and Professor Vasily S. Emelyanov signed Memorandum of
Cooperation between{{.S. and U.S.S. R.

~ Regulatory functions separated from General Manager's Office and placed under a Director of

Regulation.

Soviet Union broke moratorium and-began testing nuclear weapons.

Project Gnome, the first Plowshare nuclear detonation, conducted in New Mexico.
First shot in Dominic series conducted at Christmas Island in the Pacific.

Limited test ban treaty between U.S., U.K., and U.S.5.R. signed in Moscow.
President Johnson signed Private Ownership of Special Nuclear Materials Act.

The nuclear-powered surface ships, Enterprise, Long Beach and Bainbridge, completed
“‘Operation Sea Orbit,” a round-the-world cruise without logistic support of any kind.

13
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Production, Developrhent, and Fabrication Centers

Burlington-AECPlant..........cccvvvviinnenns

FeedMaterials Plant. . .........cvivrevnanvnnss
FeedMaterialsPlant.............ccccvvivvenes
FeedMaterialsPlant. .............ccocvivinnnns

Hanford Works. ..

idaho Chemical ProcessingPlant . ..............

Kansas City Plant .
Mound Laboratory
Nevada Test Site. .

Oak Ridge Gaseous DiffusionPlant .............

Paducah Gaseous DiffusionPlant. ..............

Portsmouth Gaseous Diffusion Plant............

Pantex Plant .....

Pinellas Plant. . ...
Rocky Flats Plant .

Savannah RiverPlant. .........coovvenevenennes

Y-12Plant .......

Burlington, lowa ... .

Ashtabula, Ohio.....
Fernald, Ohio.......
Paducah, Ky. .......

Richland, Wash. ....
INEL, Idaho ........
Kansas City, Mo. ... .

Miamisburg, Ohio . ..
Mercury, Nev. ......

Oak Ridgs, Tenn.....

.Paducah, Ky. ....... .

Portmouth, Ohio ....
Amarillo, Texas .....

Cleanater, Fla......
Golden, Colo........

Aiken,S.C..........
Oak Ridge, Tenn.. ...
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Mason & Hanger-Silas Mason
Co., inc.

Reactive Metals, Inc.

National Lead Co.

Nuclear Div., Union Carbide
Corp.

Atlantic-Richfield Hanford Co.
and United Nuclear, Inc.

Allied Chemical Corp.

Bendix Corp.

Monsanto Research Corp.

Reynolds Electrical & Engineer-
ing Co.; EG&G, Inc.; and
Holmes & Narver Inc.

Nuclear Div., Union Carbide
Corp.

Nuclear Div., Union Carbide
Corp.

Goodyear Atomic Corp.

Mason & Hanger-Silas Mason
Co. Inc.

Generat Electric Co.

Atomics International Div.
Rockwell international Corp.

E.I. du Pont de Nemours & Co.

Nuclear Div., Union Carbide
Corp.

1974 Annual Report to Congress
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UNITED STATES
ATOMIC ENERGY COMMISSION
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OPERATIONS OFFICES
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APPLIED TECHNOLOGY INTERNATIONAL SECURITY AFFAIRS PHYSICAL RESEARCH

INTERNATIONAL PROGRAMS NUCLEAR MATERIALS SECURITY CONTROLLED THERMONUCLEAR RESEARCH

SPACE NUCLEAR SYSTEMS NAVAL REACTORS

NUCLEAR EDUCATION AND TRAINING SCHENECTADY NAVAL REACTORS OFFICE
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| 1 1
ASSISTANT GENERAL MANAGER FOR ASSISTANT GENERAL MANAGER FOR ASSISTANT GENERAL MANAGER FOR
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APPENDIX V-2
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OFFICE OF THE
SECRETARY OF THE
COMMISSION
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APPENDIX IV-3 . _ ' August 1972
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NUCLEAR GENERATING UNIT CAPACITYT

kilowatts
@ Operable

50 licensed by AEC 10 operate 32,676,000

2 athers authorized to operate {AEC-owned} 940,000
& Being Built
58 construction permits 66,837,000
11 limited work suthorizati 11,685,000
@ Plaaned
100 reactors ordered 112,712,000
2N . 214,862,000
Units for which a site has not yet been selected are not indicated
an the map.

APPENDIX IV-5
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WUERTO RICO

September 30, 1974
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APPENDIX V
United States Announced Nuclear
Detonations and Early Stockpile Data

1945 - 1974
Event or Series Name Description Dates
Trnity «oovviviiinninns First test of an atomic ... July 16, 1945
' bomb .
Hiroshima ............. Firstusein combat...... August 6, 1945
Nagasaki.............. Second use in combat. ., August9, 1945
Crossroads. . ......ccineiverrecncsitnronennnas June - July 1946
SandStoNe .......ciiih ittt et April - May 1948
Ranger ..ot ittt i January - February 1951
GreenhouSe . .....coviiiiieneinictataerearanaens April - May 1851
Buster-Jdangle...........cooiiiiiiiiiinii i October - November 1951
Tumbler-Snapper .........ccciieiirvcnsitniiasss April - June 1952
1 P October - November 1952
Mike, experimental. .. ... October 31, 1952
thermonuclear device
Upshot-Knothole. ..........cccevieviinnnenennn March - June 1953
06T ¢ February - May 1954
Bravo, experimental. . ... February 28, 1954
thermonuclear device
=TT T« ) February - May 1955
Wigwam.......... e eiettecerereetretanaaans May 14, 1955
Redwing......cciiiiiiiiiiiiieieriinienans .. May - July 1956
Plumbbob. .......coivviiriiiiiiiienieninennas May - October 1957
Hardtack. . ........coiiiiiiiiierininnancransas April - August 1958
ATQUS ... it i i e et e August - September 1958
Hardtack. . .......coiiieiiiiiii i ieiiieninennns September - October 1958
NO TESTS CONDUCTED FROM OCTOBER 30, 1958 to SEPTEMBER 1961
Nougat .. ....coiiiiiiiiivannonononrrasraansenn September 1961 - June
1962
[ T3 1] 3 April 1962 - June 1962
£ (o - P July 1862 - June 1963
Sedan, excavation ...... July 6, 1962
experiment
Dominicll .......... . .. Three above ground tests. July 1962

LIMITED TEST BAND TREATY, AUG. 5, 1963, PROHIBITED NUCLEAR
DETONATIONS IN ATMOSPHERE, OUTER SPACE AND UNDER WATER

Niblick........c.oiiiiiiiiiiiii it eiian August 1963 - June 1964
WHhetstone . .. ....covevinenercsnnnnienerennnns July 1964 - June 1965
*Flintlock .....oviiiiiiiii ittt July 1965 - June 1966
LatCRKeY. ... v it irveenrcennassraneoseranonns July 1966 - June 1967
[0 10T {1 Y July 1967 - June 1968
Bowline...........ccovveiiinennnnnn, e rreraens July 1968 - June 1969
Mandrel ........ciireiviieran i, July 1969 - June 1970
Emery ..o ittt et it et October 1970 - June 1971
16707012171 S July 1971 - May 1972
Lo T |- July 1972 - June 1973
ArbOr. ... i et i i, October 1973 - June 1974
Bedrock .......oviiiiiiiiiieii ittt July 1974 -
23
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Total Announced Detonations by Year

1945, .o 3 112 P 9
1946, ..o, 2 1962, ..ot eeeeennnns 89

) 1947, .. 0 1963 ..., %
1948, . ..coeeennn, 3 1964 ..o, 28
1949, .o, 0 1965, oo 28
1950, . eeeeeneeenn.. 0 1966. .. .0ovveeeennnn.. 40
1950, oo, 16 1967 . .0ovveennennnn. 28
1952, . oo 10 1968. . .oee e, a3

~ 1953, .0, 1 1969. . .oeveeernnnns. 28

- 1954, . .o, 6 1970, .00 30
1956, oo 15 1970 e 11
1956, ..ot 17 1972 0 8
1957, e, 24 197300, 9
1958, oo, 55 1974. ..., 7
1959, . ..ot 0

9 1960 . ..oovvernnnnnnn, 0 -

TOTAL 535
D

Early Nuclear Weapon Stockpile Data

Fiscal Year

1945 1946 1947 1948

\J

Number of nonnuciear

components
1. Gun-type 0 0 0* 2*
D 2. Implosion-type 2 8 29* 53*
Number of nuclear
components
3. ‘Gun-type 0 0 0 0
5. 4. Iimplosion-type 2 9 13 50
*Numbers deciassified in 1976
D
D
24
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APPENDIX VI
Financial Statistics

U.S. Government Investment in the
Atomic Energy Program

(From June 1940 Through January 18, 1975)

{in millions)
Appropriation Expenditures: .
National Defense ResearchCouncil ..............cco.... e rreaeeeeae e $ 5
Office of Scientific Research and Development ..................ovivients 14.6
- War Department (including Manhattan Engineer District) . .................... 2,218.3
2,233.4
Atomic Energy Commission:
Fiscal yearspriorto 1966. ... ...........cvvvernnn.. er et s ataneronaaennaa 34,643.8
Fiscalyear 1966 . .........vviiiiiiiiii it i e . 2,402.9
Fiscal year 1967 ......... erearrereeas e r e ve e e 2,263.7
FisCal year 1068 . ... ..iitiiiie it itnaneearrareettearsosennannacesenes 2,466.6
Fiscal yBar 1969 . ... ..c.vviiitiieiinneseeanssnsrtonssanossannenneennsrns 24504
FISCal YBAr 1970 . .o v v ettt ins e et rereoeeenoaneresenasessrensnorosnsssss 2,455.0
FisCal year 1971 .. . ettt ittt teerttnetsorsonntosnnsenanannsnns 2,274.7
Fiscalyear 1972 . ... ....ciiiiiiiii it it e it as 2,392.1
LYo 1Y . T i 1 7 T 2,393.1
Fiscalyear 1974 . . ....oiiv ittt i eiiettianeesseraanecsrennens e 23075
Fiscal Year 1975 (through January 18) .........cciviiiiniier ., 1512.6
B =1 17 Y = o 57.562.4
Total Appropriation Expenditures. ................c..viiiiiiiinenreann.. 59,795.8
Unexpended Balance of Funds in U.S. Treasury
JANUBNY 18, 1975 ... it iii ittt it e i aternre ettt taae e 3,439.9
Total Funds Appropriated ............ccirrnemunnnenanrienenansreersnnens 63,235.7
Less:
Collections paidtoU.S. Treasury ...........cccvvunss PR Bt 58.0
Property and services transferrad to other Federal agencie:
without reimbursement, net of such transfers received
from othe” Federal 8gencies. .. .....vov v veveetr et irnrteerenennnansess 462.0
Cost of operations from June 1940 through January 18,1975.................. 46,562.2
AEC Equity at January 18, 1976 as shown on Balance Sheet ................ $16,153.5
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Executive Office of the President

Special Energy National Energy
Committee (1973) Office {1973)

L Y

Energy Policy Office (1973)

¥

Federal Energy Office
(1973)

Department of Treasury'
Department of Interior’
Cost of Living Council!

1973

!

Manhattan Engineer District
(1942)

Intemal Revenue Service'

Institutional Origins of the Department of Energy

Federal Power Commission
(1920

Y

Federal Energy Administration Energy Resources Council®

(1974) (1974

Dapartment of Interior

Southeastern;
* Southwestern (1977),

Energy Coordinating Committee*

Energy Minersl Leasing Policy
Fuets Data

Coal Mine Production R&D
Emergency Power & Resource

Energy Research and
Development Administration
(1975)

Nuclear Regulatory Commission
) {1975}

Department of hletiog
Enviconmental Protection

(1978)

! Treasury — Energy Office

interior —
Oil Import Administration
Petroleum Allocation
Energy Conservation
Energy Data and Analysis
Oil and Gas

Cost of Living Council — Energy Division

Internal Revenue Service — Enforcement of Allocstion and
Pricing Regulations

Synthetic Fuels Corporation
(1980}

Z1/090-18C-0-C961 *FOIII0 ONLINTH INTRNMIACD °S°fw

26

Department of Energy
1977)

Y

Federal Energy Regulatory 5
Commission {1977)

L

2 interior —

Department o: Agvicunure:;

Office of Coal Research
Bureau of Mines — Energy Research Centers
Environmental Protection Agency — Rasearch, Development and
Demonstration of innovative Automotive Systems
National Science Foundation
Solar Heating and Coofing
Geothermat Power
3 Agricuiture — REA Loans
Commerce — Voluntary Industrial Conservation
Defense — Petroleum and Shale Reserves
1CC — Oil Pipeline Regulation .
SEC — Bectric Utility Merger
HUD ~ Thermast Efficiency Standards
DOT — Fuel Efficiency Standards

4 Cabinet rank advisory body
5 Independent agency within Department of Energy
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FOREWORD

On July 31, 1953, the Joint Committee on Atomic Energy requested
by letter that the Atomic Energy Commission prepare an outline of
the objectives it seeks to achieve in the field of reactor development
over the next 5 years and of its program for accomplishment of these
objectives.

The purpose of this request was twofold: To insure that during
the next 5 years the Commission’s reactor development program would
proceed in an orderly manner toward clear objectives; and to permit
the public as well as private industry to have full knowledge of
what the Federal Government plans to undertake in this field during
the next 5 years so that non-Federal activities may be geared to these
plans in the most effective manner. .

The Commission submitted its proposed statement of objectives and
program in 2 classified report to the committee dated February 5,1954,
in executive session. Detailed review and discussion of this report
has been undertaken by the Research and Development Subcommittee
under the chairmanship of Representative Carl Hinshaw.

The report of the subcommittee is attached. Recommendation No.
3 contained in the report has already been carried out in a meeting
with the Atomic Energy Commission on March 12, At that meeting
the Commission gave a detailed presentation of the purpose of and
the prospects for the pressurized water reactor. Strong assurances
were given to the committee that every effort will be made to incorpo-
rate into the pressurized water reactor all promising ideas which will
help make it more economic and will not unduly delay its completion,
In addition, the Commission assured the committee that, whenever
possible, the entire 5-year program will be speeded up as a result of

any new scientific or engineering advances.
IIX
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REPORT FROM THE RESEARCH AND DEVELOPMENT
SUBCOMMITTEE OF THE JOINT COMMITTEE ON
ATOMIC ENERGY ON THE AEC 5-YEAR POWER RE-
ACTOR DEVELOPMENT PROGRAM

On February 5, 1954, the chairman of the joint committee referred
to the Subcommittee on Research and Development for review and
evaluation the 5-year reactor development program proposed by the
Atomic Energy-Commission in response to the letter request from the
committee on July 31,1953. This program incorporates the plans for
full-scale construction of an atomic powerplant known as the pres-
surized water reactor which will produce 60,000 kilowatts of
electricity.

The proposed 5-year program calls for a research and development
program at a cost of $8.5 million per year, and five specific reactor
development projects. These projects, their total estimated costs over
the entire 5 years, and the dates for estimated completion of plants on
an experimental scale are shown below :

Prolect Estimated | Estimated Expes;ah:lt;ental

eost ! | completion

1. Pressurized water reactor $85 | 1057. auaea.| Full.

2, Boiling water reactor.. ... ceecccccmamrmcccao. 17 | 1956 . .uu- Medium,
3. Sodium graphite reactor... 10 : 1955 _.....| Medium,
4. Homogeneous reactor....... 47 | 1956-8.....| Medium.
6. Fast breeder reactor.. 40 1958, .. ....{ Medinm.

Total - 199 | 5 years....

1 All cost estimates are conditional on annual congressional appropriations,

; ;{‘he subcommittee has held 4 meetings reviewing this program as
ollows:
February 5, 1954: Dr. L. R. Hafstad, AEC Chief of Reactor
Development.
February 24, 1954 : Dr. A. T. Weinberg, technical director, Oak
Ridge National Laboratory.
March 4,1954: Dr. C. Starr, Atomic Energy Research Division
manager, North American Aviation Co.
March 5, 1954: Dr. W. H. Zinn, director, Argonne National
Laboratory. -
In addition the subcommittee addressed pertinent questions concern-
ing the program to the following nuclear scientists and engineers:
Dr. Hans Bethe, Cornell University
Mr. Walker Cisler, president, Detroit Edison Co.
Dr. Karl Cohen, Walter Kidde Nuclear Laboratories, Inc.
Mr. William E. Dean, Chief of Power Economics Branch, TVA
Dr. Enrico Fermi, University of Chicago
Dr. L. R. Hafstad, AEC, Chief of Reactor Development
Mr. Murray Joslin, Commonwealth Edison Co. of Chicago
Dr. Kenneth Kingdon, Knolls Atomic Power Laboratory,
General Elegtric Co.
Mr. John R. Menke, Nuclear Development Associates, Inc.
Adm. E. W, Mills, Foster Wheeler Corp.

1



2 FIVE-YEAR POWER REACTOR DEVELOPMENT PROGRAM

Dr. L 1 Rabi, Columbia University (chairman, GAC)
Dr. C. Starr, Atomic Energy Research Division manager, North
American Aviation Co. ' '
Dr. Edward Teller, University of California
Dr. Charles Thomas, Monsanto Chemical Co.
Dr. A. T. Weinberg, technical director, Oak Ridge National
Laboratory o _
Dr. Eugene P. Wigner, Princeton University
Dr. W. H. Zion, director, Argonne National Laboratory
The testimony and the letter replies are summarized briefly below.
1. Concept of the program.—The idea of setting out & specific pro-
gram for reactor development is generally regart%ed as a sound step
toward achievement of economic atomic power. Some criticism of the

administrative direction of reactor development activities by the

Atomic Energy Commission in the past has been expressed by wit-
nesses and correspondents on the grounds that the Commission did
not formulate a specific development program earlier on its own
initiative.

2. Selection of these five approaches—Out of the large number of
possible approaches—perhaps 80 or more—the 5 particular a{w-
proaches selected by the Commission for its program are generally
regarded by those who have expressed their views to the subcommittee
as the ones most likely to lead to economic power. There is real con-
fidence that atomic power can be produced at a cost competitive
with fossil fuels such as coal and oil within the next decade by explor-
ing thess five approaches, o ' '

3. Scale of the program —Disagreement as to how fast each project
can be pushed profitably was expressed by witnesses. On the whole,
the Commission’s estimate of the amount of effort which should be
devoted to each project is within the range generally approved by
those consulted. Strong statements have been received from all wit-
nesses and correspondents in support of speeding up any of these
projects whenever scientific and engineering findings may warrant.
It was generally felt that larger bud%r'ets'than those planned for these
progra;nglat this time would probably not speed up accomplishment
appreciably. : _

_p4. Relative merits of the five projects—The 5 projects were divided
by most of those consulted into 3 categories: ghort term, meaning
" ready for large experimental testing in 2 or 3 years with a good chance

of 'mechanica%e success; middle term, meaning ready for testing on a
large scale within 5 years; and long term, meaning ready for large ex-
perimental testing 1n not less than 5 years uinless some unexpected
technical break-through occurs during the next 5 years. The follow-
ing is the listing under these categories on which most witnesses agreed :

Short -term —Pressurized water reactor (formerly CVR
'Sodium graphite reactor (North American
Middle term—DBoiling water reactor (Argonne)?*
Long term —Homogeneous reactor (Oak Ridge)
_ .. Fast breeder reactar (Argonne)

1A deseription of the bofling réctor experiment prepared by Dr, W. H. Zinn, Director,
Argonne National Laboratory, is attached to this report,

C
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. The short term approaches are thought to be least likely ever to pro-

duce competitive and low-cost atomic power and the long term
most likely to do so.
The consensus of opinion for achievement of economically com-
etitive atomic power as expressed by the witnesses and correspondents
1s as follows: (No. 1 is most promising, No. 5 least promising.)
_ No. 1 Homogeneous reactor
No. 2 Fast breeder reactor
No. 8 Boiling reactor
No. 4 Sodium graphite reactor
No. 5 Pressurized-water reactor
Strong emphasis was placed by witnesses before the subcommittes
on the enthusiasm of the participants in any project as a large factor
in early achievement of the goal of economic atomic power. The
proponents of each particular type of reactor proposed for pilot test-
ing appear to have enthusiasm in the prospects for achievement of
economic power by the approaches which they advocate. There is ap-
parently little optimism about the chances of producing economic
power at an early date along the route of the pressurized-water reactor.
5. Pressurized water reactor.~This is the only full-scale plant pro-
posed by the Commission for construction at this time, although 1t is
not as large as might be necessary to achieve maximum economy with
this design. However, it is as large as is necessary to get operating
experience and prove the design. Most witnesses and correspondents

- seem to feel that the other approaches will benefit from information

and experience gained in the construction and operation of any large-
scale plant, including. PWR. It is clearly of conservative design and
has a poor long-term prospect for producing low-cost atomic power,
On the other hand, it is the one approach now ready for full-scale con-
struction as a demonstration of the generation of electricity from
atomic energy. The achievement of economic atomic power by this
approach will require the very greatest engineering skill, scientific
ingenuity, and continuous research and study after the plant starts
operating, - ' '

The pressurized water reactor might also contribute substantially to
carrying out the President’s international cooperation proposal. It
uses as fuel uranium slightly enriched in the isotope-235. With rela-
tively minor redesign it would operate on natural uranivm if heavy
water were to be used as a coolant and moderator instead of natural
water. Plants of this type could be built in foreign countries with
United States assistance at an earlier date than the more novel plants
using highly enriched fuels. Thus we believe electric power could be
provided at competitive prices in many parts of the world in the next
10 years. Later on, as technology improves, possibly more efficient
reactors, using enriched fuels, could also be made available.

As a demonstration of the serious intent of the United States to
develop peacetime uses of atomic energy for both ourselves and our
allies ang as a tool to help gain operating experience on a full-scale
plant, the continuation of construction of one large-scale plant such as
the pressurized water reactor is important.

44546°~—b4——2
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CONCLUSION.

The proposed program is the subject of controversy not in its con-
cept but in its estimates of scale of effort and priority of projects.
ig controversy is the direct result of the natural and desirable op-
timism of the various project proponents for their own approaches.
The most serious criticism which might be leveled at this program is
that it overlooks some profitable approaches completely or distorts
the levels of effort unduly. No such criticism appears warranted.

RECOMMENDATIONS

1. The joint committee should support the proposed 5-year program
for reactor development.

2. The program as a package should be reviewed at least annually
to insure that the approaches being followed are still in proper balance
and that every advantage is being taken of new developments.

3. A meeting should be held with the Commission before any further
action on the pressurized water reactor is undertaken in order to
insure that both the committee and the Commission are in agreement
on its continuation, appreciate its limitations, and have a clear con-
ception of what it can be expected to accomplish. ¢

Approved March 17, 1954, and reported to the full committee by the
subcommittee, . '

Carr, Hinsnaw,
Chairman of the Subcommittee.

WiLLiam F. Knowrano.

- JouN W. BRICKER.
Jonn O. Pasrore.
James E. Van Zanor,
Carr T. DurHAM.,
MeLviN Price.

Approved March 23, 1954, and adopted by the full committee.
Sreruing Core, Chairman.
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Conaress oF THE UNITED STATES,
JoIiNtT CoMmITTEE ON AToMIC ENERGY,

July 31, 1953,
Untrep StaTES AToMIC ENERGY CoMMISSION,
: : .« - Washington, D. C.
(Attention: Mr. Lewis L. Strauss, Chairman.)

GENTLEMEN : The joint committee is about to conclude its executive
and open hearings in which it has explored some of the problems
involved in definition of a Federal policy on atomic power develop-
ment in private enterprise. ,

Our hearings have made clear that the entire atomic power develop-
ment problem is one of considerable complexity. With this thought in
mind, it has occurred to us that there are certain steps which the
Atomic Energy Commission might take during the next few months
which would be particularly helpful, not only to the joint committee
in its examination of these problems, but also to the many other inter-
ested parties.

1. Xven though the Commission has concluied that the time has
not yet arrived when “any industrial, commercial, or other non
military uses of fissionable material of atomic energy has been suffi-
ciently developed to be of practical value,” as set forth in section 7 (b)
of the act, it might, nevertheless, be of considerable assistance if the
Commission were to prepare an estimate of the “social, political,
economic, and international effects of such use” as now appear. This
estimate would be helpful in our further consideration o S\e problem
even though it is appreciated that such an estimate might be of an
interim nature if the circumstances envisioned by the act have not,
in fact, fully developed at this time,

2. There have been a substantial number of references by witnesses
during our hearings to the indefiniteness of Commission plans for
research and development in the field of atomic power components,
¥ilot plants, and prototypes. It would seem appropriate that plans

or Commission activity should be set forth in a concise manner so
that all interested companies, groups, organizations or individuals can
henceforth have no doubt about the Federal program under the exist-
ing act. Ihave in mind here that a 3- to 5-year program consisting of
specific reasearch and development projects—perhaps including con-
struction items—might be set forth so that others could adjust their
plans accordingly. Even though appropriations are determined on a
Year-to-year basis, it should be possible to carry out planning and
programing over a longer term.

3. As you note in your letter of June 2 §1953), policy decisions on
some aspects of the nuclear power program “will necessarily be subject
to revision from time to time as experience and technical progress
dictate.” Nevertheless, the particular policy problems are important
matters in the growth of private industrial participation. Your
policy decisions on these five matters would be of real interest, not
only to the joint committee, but to many of the companies, groups,
and individuals who have recently testified on this subject.

Thank you very much for your attention to these matters.

Sincerely yours,
Sterrine CoLx, O hairman.



Uxrrep States Atomic Enerey CoMmission,
Washington D. C., March 12, 195}.
Hon. Steruing CoLe,
Chairman, Joint Committee on Atomic E'nergy,
Congress of the United States.
~ Dear Mr. Cock: In accordance with Mr. Strauss’ instructions before
he left town, I am forwarding herewith a copy of the draft for an
“unclassified version of the reactor development program. It was from
this draft that the summary sent to you on March 5 was taken, * * *

Sincerely yours,
: K. D. Nicuows, General Manager.

AssTraCT OF UNCLASSIFIED MATERIAL From Crassirrep AEC Rerorr
to THE JCAE, “ProcraM Pror0osep ror Devevorine NUCLEAR

PowereLanT TECHNOLOGY” 3

The Atomic Energy Commission program for the development of
nuclear powerplant technology is based on a 5-way approach to the
E‘ollglem of attaining economically competitive power from nuclear

els. . . .
This program, which involves 1 full-scale experimental power proj-
ect, already underway, and 4 prototype or pilot size power reactor
projects, was described in detail in a-classified report recently sub-
mitted to the joint committee.

The Coromission plan calls for a developmental effort, including 5
different types of experimental power reactor systems in the civilian
power reactor field. It is expected to take from 4 to 6 years to carry
out the program.

All the reactor development expenditures have produced a large
amount of technology applicable to the design and construction of
civilian industrial nuclear powerplants. Many studies by the AEC
and its contractors made on the basis of this technology lead to a
program of research, development, construction, and operation of re-
actors along five major technical approaches: .

(1) Pressurized water, which calls for the building of the country’s
first full-scale nuclear powerplant, the £ressurized water reactor,
now under development by Westinghouse Electric Corp. This plant’s
power output will total about 264,000 kilowatts of heat from which
the plant will produce at least 60,000 kilowatts of electricity net, not
including power for operating auxiliary equipment.

(2) Boiling water, which explores further the concept of boiling
water in a reactor to create steam for 4 turbine directly, This concept
appears 1pro‘mising according to preliminary experiments by Argonne
National Laboratory., An experimental boiling water reactor, with an
output of 20,000 kilowatts of heat and 5,000 kilowatts of electricity,
will be fabricated after the necessary research and development.

3 The joint eommittee was informed on March 19, 19i4, that the Comnﬁsloh had ap-
proved this draft as final on that date,
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(3) Sodium graphite, which is along the line of extensive investi-
gations by North American Aviation, Inc., for the AEC. A sodium
reactor experiment, to produce 20,000 kilowatts of heat and not be
equipped with a turbogenerator, will be the first reactor of the sodium-
graphite type. = . - L )

(4) Fast breeder, which will take the next steps in developing a
practical power reactor that will also breed new ﬂpssionable material,
that is, produce as much as it consumes or more. Research and devel-
opment will continue; an experimental breeder reactor No. 2, produc-
ing 62,500 kilowatts of heat, is to be built as a scale-up from the
original experimental breeder reactor, which has an output of only
1,400 kilowatts. This first EBR demonstrated breeding on a very
small scale and produced the country’s first power from nuclear fuel
in token amounts and on an experimental, uneconomic basis, Argonne
National Laboratory is the developer of both EBR’s,

(5) Homogeneous, which will further the development of reactors
containing fuel in a water solution. First, homogeneous reactor ex-
periment No. 2, with an output of 5,000 kilowatts of heat, will be
fabricated as a scale-up from the 1,000-kilowatt first homogeneous re-
actor experiment, the country’s second nuclear power plant, located at
Oak Ricf%e National Laboratory. Like EBR glo. 1, HRE No. 1is a
very small, uneconomic, experimental powerplant. A turbogenerator
and a chemical processing plant are included in the HRE No.2. Next,
homogeneous thorium reactor is projected as a scale-up to 65,000 kilo-
watts of heat with the addition of production of uranium 233 from
thorium., Turbogenerator and chemical processing plants for the
liquid fuel and for the thorium blanket are included. Considerable
research and development will be necessary for both reactor projects.
- In addition to these major projects, the AEC plans to continue its
program of general research and development in exploration of other
types of reactors on which less work has been done, and to advance
technology in such fields as reactor physics, radiation effects on mate-
rials, shielding, fuel elements and their materials, instrumentation and
control, coolants, and heat transfer. These general investigations also
include the recovery of uranium, plutonium, and thorium from used
fuel, treatment and disposal of highly radioactive reactor wastes, and
utilization of the radioactive fission products of the wastes. -

Plans also call for continuing the military programs. In the past,
submarine and airplane reactor research and development, construc-
tion, and operation have made valuable contributions toward the de-
velopment of civilian nuclear power, and it is reasonable to expect ad-
ditional contributions from these sources in the future,.

FINANCING PRIMARILY BY GOYERNMENT-

The program outlined calls for financing primarily by the Govern-
ment. Except for the pressurized water reactor, it consists of small,
experimental reactors, All these units will produce technical and cost
information which will make possible more accurate evaluation of the
future of nuclear power. It is hoped that the new technology will
encourage industry to take over an increasing share of the financing of
further research and development and to consider with increasing
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favor the actual construction of pilot or full-scale power plants. - The
progress of this program and the extent and growth of industrial
effort will assist in determining the course of future work. E

. Consisting largely of small, experimental reactors, the program is
designed to provide & foundation upon which future work toward
industrial nuclear power can be undertaken by Government or indus-
try. It is based on the assumption that the law will be changed to
make industrial participation in reactor development more attractive.
. Thus the program implements the AEC Statement of Policy on
Nuclear Power Development, issued May 26, 1953, which recognized—
* * ¢ g responsibility of the Commission to continue research and development
in this (puclear power) field and to promote the construction of experimental
reactors which appear to contribute substantially to the power reactor art and
constitute useful contributions to the design of economic units.

The statement also expressed the—

* * + conviction of the Commission that progress toward economic nuclear power
can be further advanced through participation in the development program
by qualified and interested groups outside the Commission, :
The public hearin%s of the Joint Committee on Atomic Energy in
the summer of 1953 brought out the fact that the cost of developing
competitive nuclear power is at the present time too great for industry
to carry. However, a number of industrial firms are already sharing
in certain research and development projects with the AEC, and others
are financing their own studies of reactor technology. Private financ-
ing thus far has been only a small fraction of total reactor development
costs. o

ESTIMATING NUCLEAR POWER COSTS

‘Economic evaluations by the Commission and its contractors show
that the probability of producing electricity from nuclear fuel at a
cost competitive with eléctricity from coal, oil, or gas is good.
The estimates generally indicate that if the goal of economic nuclear
j(l:mwer is pursued with vigor, costs can be brought down—in an estab-

ished nuclear power industry—until the cost of electricity from
nuclear fuel is about the same as the cost of electricity from conven-
tional fuels, and this within a decade or two. 'This does not mean that
such low-cost nuclear Eower will be obtained from the very first
plants which might be built but that it may well come from succeed-
ing plants which, as a result of experience with the first, it should be
possible to construct and operate more economically. : :

At the same time it should be remembered that even the program
outlined may not be sufficient to determine conclusively whether power
can be produced cheaply enough from nuclear fuel to be of general use.
There are five different types of reactors in the program, because it
has not yet been learned which is the ideal or even the best choice. It

' will require all the ingenuity of the AEC staff, the Commission’s con-

tractors, and private industry working together to get costs down, but
it is réasonable to assume that eventually this will l%e done,

Though the estimates which have been made are the best that can be
obtained at the present time, they are merely paper evaluations and are.
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subject to considerable uncertainty. Architect-engineering work has
not been done yet for a full-scale industrial nuclear powerplant. The
estimates will become more dependable as the development program
improves technology and results in more detailed plans and specifica-

‘tions. -

" Assumptions on which the costs are estimated include reasonably
conventional location of nuclear plants—not location on large ex-
clusion areas. Neither real estate prices for large exclusion areas near
customers nor the cost of long distance transmission from remote areas
can be borne if competitive costs are to be attained.

It is further recognized that the establishing of a nuclear power
industry is dependent upon solution of & number of nontechnical prob-
lems. These include the problems of patent rights, of the lease or sale
of fissionable materials, of the licensing of producers of these mate-
rials, of Government purchase of byproduct fissionable material, and
accounting assumptions such as length of amortization period and
amount of interest. These factors are not within the scope of the
technical report.

The reactor development program will be reviewed annually in the
light of accomplishment during the preceding year, and revised as
necessary. Results sought in research and development cannot be
guaranteed within estimated expenditure. Also, some technical
avenues may turn out to be more promising, others less promising,
than they now appear.

'AREAS FOR COST REDUCTION

The problem of developing nuclear reactors for the economic gen-
eration of electric power is largely one of reducing costs for capital
investment and fueﬁ). : »

The capital cost of a nuclear plant must be reduced considerably
below estimates based on current technology. The “per kilowatt
cost” of a nuclear powerplant that can be built today or in the very
near future will be perhaps several times the “per kilowatt cost” of a
conventional plant of the same power output.

For practical nuclear powerplants of the future, a construction cost
oal of $50 to $70 kilowatt of heat, roughly equivalent to about $200 per
ilowatt of electricity, is sought. en the cost of constructing a

nuclear plant will be about the same as for a conventional plant. -

The basic hope for making nuclear power competitive rests-on the

ssibility of making the fuel very inexpensive—certainly bringing
1ts cost below 3 mills per kilowatt-{lour of electricity, which is about
the average cost of fuel for conventional power.

To achieve this low fuel cost, technical advances sought include—

(1) Higher burnup per fuel C{;cle, that is, burning more fuel
before it must be removed from the reactor for chemical process-
ing.. Alloying offers one possibility for reducing radiation dam-
la:ge so that fuel elements will last longer and withstand higher

urnup. '

(2) pLower cost of chemically processing and fabricating fuel
elements. Partial processing without complete removal of radio-
activity is attractive. Simple methods of fabricating this mildly
radioactive material are being investigated.
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(3) Higher thermal efliciency, that is, conversion of a larger
sercsntage of heat energy into electrical energy. Achievement
epends on higher reactor temperature; The first pioneering
nuclear plants have low efficiencies—17 percent for the experi-
mental breeder reactor No. 1 and 14 percent for the homogeneaus
reactor experiment No. 1. Design concepts for large water-cooled
plants provide substantially higher figures, while estimates for
full-scale liquid metal reactors approach 35 percent, which is ap-
plroximately the efliciency of large, new conventional power
plants. _ : :
In addition to reducing fuel costs, the program is aimed at develop-
ing types of reactors and modes of operation safe enongh to make
large exclusion areas unnecessary. :

PRESSURIZED WATER REACTORS

The pressurized water reactor, a conversion from a project for a re-
actor for a large naval ship, will be a full-scale nuclear central station
of moderate power—at least 60,000 kilowatts -of electricity—and
should be in operation within 8 or 4 years. It is not expected to be
competitive with conventional power plants, but it will give informa-
tion that can be obtained only from a large plant, such as reliability,
period of amortization, and operating and maintenance costs.

This project is the next.step in carrying forward the pressurized
water approach to nuclear power. A number of early reactors were
water cooled and this technology was advanced considerably more
by the recent work of Westinghouse Electric Corp. on the submarine
thermal reactor and on the lar%e ship project.

Westinghouse is the principal contractor for the pressurized water
reactor, responsible for research and development, and fabrication of
the reactor itself and auxiliary equipment. The Westinghouse con-
tract does not include the turbine and generator portions of the plant
or the plant’s operation. Research and development is well under
way. gn_ly slight enrichment. of the uranium fuel is necessary to
achieve a critical mass with ordinary (light) water moderator and
coolant. Nuclear experiments are heing conducted to determine the
amount of uranium fuel needed, its exact enrichment, the shape of
the fuel elements, and methods of fabrication. Iike STR, thisreactor
willl makq use of the new metals, zirconium and hafnium, and their
alloys. - : -

A¥nong contributions this project will make to pressurized water
technology are develo_ging and testing of fuel elements for long
irradiation cycle and advancing the physies of sli(giht]y enriched ura-
nium fuel in ordinary water. The project will demonstrate that a
relatively large pressure vessel can be built according to specifications
required for reactor operation, A system will be developed and
demonstrated. for charging and discharging compactly located fuel
elements through a pressure shell. A system for the caontrol of a
reactor composed of very closely spaced fuel elements will be de-
veloped and operated. :

By comparison with the submarine thermal reactor, the pressurized
water reactor will operate at appreciably higher fuel temperature,
coolant temperature, and steam pressure. Prgliminary specifications
call for a fuel temperature well over 600° F., coolant temperature
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between 500° and 600°, and steam pressure of about 600 pounds per
square inch. The PWR core will be about 6 feet in diameter and
714, feet high and will require a pressure vessel about 9 feet in diameter
and 28 feet high. A fuel charge will consist of 15 to 20 tons of

_slightly enriched uranium, that is, uranium containing 1.5 to 2 percent

of the 285 isotope rather than natural uranium which contains only
0.7 percent of this isotope. A pressure of 2,000 pounds per square
inch will keep the cooling water from boiling,. '

Other preliminary specifications include reactor power, 264,000 kilo-~
watts of heat; maximum heat flux, 350,000 British thermal units per
square foot per hour; average power density, 45 kilowatts of heat per
liter ; and average specific power, 1,000 kilowats of heat per kilogram
of fissionable material. :

EXPERTMENTAL BOILING WATER REACTOR

Some years ago use of a reactor as the direct source of steam for the
turbine was suggested as an attractive way of making power. This
arrangement would eliminate the need for a heat exchanger (steam
bo_ile_r% outside the reactor and permit appreciable reduction in pump-
ing power, and hence should lead to lower capital costs. However, it
was thought that boiling in the core would cause continual changes in
reactivity and might result in unstable operation.,

In the summer of 1953, experiments with a small temporary reactor,
condueted by Argonne National Laboratory at the National Reactor
Testing Station in Idaho, demeonstrated that these fears are not justi-
fied. It may be possible to design boiling reactors which will operate

"in a stable, self-regulating manner, and which in the event of trouble

will shut themselves down without sertous damage. These develop-
ments constitute a major contribution toward safe power reactors.

An experimental boiling water reactor of about 20,000 kilowatts of
heat and 5,000 kilowatts of electricity is planned to explore further
the possibilities revealed by the investigations in 1953. Specifications
are being established by the Argonne Laboratory. The boiling re-
actor will be fueled with.enrichef uranium and moderated and cooled
with ordinary (light) or heavy water. The uranium enrichment is
necessary to make any natural uranium-light water reactor critical.
Enrichment is also needed for a heavy water reactor of small sige,

_ like the EBWR, but not for a large boiling reactor.

An important purpose of the experimental boiling water reactor is
to determine whether it can be operated without significant deposit of
radio-activity in the turbine, the condenser, and the feed water pumps.
Such deposits might cause major maintenance problems in case of

- equipment failure,

Assuming success with this boiling reactor, tentative specifications
for a full-scale central station plant of this type have been estimated.
However, EBWR is not expected to provide nuclear data on the
eritical mass of the large reactor or an the proper spacing of its fuel.
Such information would be obtained from critical experiments,

The Atemic Energy Commission is selecting an architeet-engineer-
ing contractor and a site for the facilities required for experimental
beiling water reactor. The schedule calls for completion of the re-
actor and facilities during the latter part of calendar year 1956.
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SODIUM REACTOR EXPERIMENTS

- The program for advancing the technology of the sodium-cooled,
graphite-moderated type of reactor centers about a preliminary design

or a full-scale power plant. This design uses metallic fuel elefients
of either slightly enriched uranium or a combination of thorium and
uranium 233. S .

With slightly enriched uranium fuel, the full-scale reactor is ex-
pected to have a regeneration ratio of about 0.9, producing plutonium
as a byproduct. Charged with uranium 233 and thorium, the reactor
should have a ratio slightly greater than one and thus operate as a
power breeder, producing more uranium 233 than it consumes. _

Although concepts incorporated in the full-scale design have been
determined to be feasible by North American Aviation, Inc., the chief
contractor developing this type of reactor, many features of the pro-
posed plant and its operating procedure have not been tested in reactor
practice. Neither are the upper limits known for fuel and coolant
temperatures, burnup, and other operating variables. Moderate
changes in some of these variables, such as increasing maximum uran-
ium metal temperature from 1,200° to 1,400° F. and maximum coolant
temperature from 1,000° to 1,250° K., will have appreciable effect on
the cost of power, - _

A small sodium reactor experiment is planned to obtain informa-
tion needed for evaluating the possibilities. This unit will have a heat
power level of about 20,000 kilowatts, but it will not be equipped for
generating electricity, The heat produced will be exhausted to the
atmosphere through a relatively inexpensive sodium-to-air heat
exchanger.

The sodium reactor experiment will resemble the design for a full-
scale plant in important respects. For example, both designs call for
tank-type reactors, both have the entire reactor structure below ground
level, and both use similar fuel arrangements.

Tests possible with the SRE include fuel element performance,
maximum permissible fuel element and structure temperature, and
corrosion and radio-active transfer. The reactor’s temperature and
specific power will be increased gradually to determine performance
limitations. Test “loops” circulating sodium can be installed in the
SRE to determine the effect of radiation on aspects of sodium-
graphite technology. .

The schedule for the sodium reactor experiment calls for comple-
tion of fabrication and beginning of experimental operation in cal-
endar year 1956, - : :

‘EXPERIMENTAL BREEDER REACTOR NO., 2

Two years of omratinﬁ experience with the experimental breeder
reactor at the National Reactor Testing Station provides. the. basis
{é)r scaling up to a larger unit, called experimental breeder reactor

0. 2. . . -. ' S

: The scale up planned is from 1,400 to 62,500 kilowatts in heat power
output and from 170 to 15,000 kilowatts in electrical generating
capacity. . Fuel and coolant temperatures will be substantially higher
and steam pressure will be correspondingly greater. In ,fyact, the
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temperatures and steam pressure will be the same for EBR No. 2 as
are now visnalized for a full-scale power-breeder reactor. -

The new reactor will also be similar to a large central station unit
in power density, control, and fuel-handling features. It will include
pumps, heat exci:angers, valves, flow meters, and other.“hardware”
of sizes suitable for a full-scale’ powerplant.. In addition, as an ex-
perimental reactor, EBR No. 2 will test advanced ideas for Jong-
range application such as variations in core and blanket concentra-
tion, in fuel-handling techniques, in -power-cycle conditions, and in
component design. : : : . -

Operation of the first EBR, now designated No. 1, will continue to
contribute to the fast-breeder research and development program val-
uable information on physics, radiation damage, chemical process-
ing, and fabrication techniques. A neutron source reactor is in opera-
tion at Argonne National Laboratory to provide neutrons for reactor
Ehysics measurements on subcritical core arrangements. - Results are

eing used to design a critical assembly for construction at the test-
ing station in Idaho during the current calendar year. The critical
assembly will provide information on such factors as critical mass,
breeding ratio, and power distribution in the core.

Plans call for a mechanical mockup to be built at Argonne during
fiscal year 1955 to test heat transfer and mechanical components under
simulated operating conditions. Components to be tested include
loading and unloading devices, control mechanism, heat exchangers,
beilers, and superheaters. ' : ,

EBR No. 2 probably will be loaded first with uranium 235 and
later with plutonium. The blanket in each case will consist of natu-
ral or depleted uranium whose uranium 238 will be transmuted into
plutonium. Because of physical constants, greater production of
plutonium is expected with plutonium fuel than with uranium 235
fuel. However, the purpose of this experimental reactor is to test
engineering features rather than produce a maximum amount of
fissionable material. : _ _ : o

Facilities must be built for developing, manufacturing, and proc-
essing partly used uranium and plutonium fuel elements and the
irradiated uranium blanket containing plutonium. . C

Startup of experimental breeder reactor No. 2 is planned for calen~
dar year 1958, o

HOMOGENEOUS REACTOR EXPERIMENT NO. 2 - -

An experimental reactor designated homogeneous reactor experi-
ment No. 2 is to be the next major step in developing homogeneous
type reactors which have their fuel and moderator in a water solution.
Potential advantages of this type include low-cost chemical process-
ing, elimination of fuel element fabrication and handling, and sim-
ph‘fzxe'd reactor design, B '

The homogeneous reactor experiment, now designated No. 1, at Oak
Ridge National Laboratory, has demonstrated that a 1,000-kilowatt
reactor, circulating uranyl sulfate fuel solution at nearly 500° F. under
1,000 pounds per square inch pressure and at a power density of 30
kilowatts of heat per liter, will operate with stable power output.
HRE No. 1 has also shown that the reactor can be operated and main«
tained safely after its fuel solution becomes highly radioactive from
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fission products and while a mixture -of hydrogen and oxygen is
formed by irradiation-produced decomposition of the solution water.

HRE No. 1 will be dismantled early in calendar year 1954 and HRE
No. 2 assembled in the same building. The new reactor should be in
operation by the summer of 1956. '

Homogeneous reactor experiment No. 2 will have a heat output of
about 3,000 kilowatts as compared with 1,000 for its predecessor. Its
primary purpose is to produce a simplified, mechanically reliable
plant which will demonstrate operability and reliability over a long

eriod under conditions closely simulating those of a full-scale reactor.
he plant will include chemical processing equipment for the purifi-
cation of the fuel solution by removal of fission products.

The homogeneous development also seeks more information on the
effect of irradiation on the corrosion of materials and on the chemical
stability of the fuel solution. A. long series of corrosion tests without
irradiation has demonstrated the compatibility at elevated tempera-
tures of a dilute uranyl sulfate solution with a number of materials.
Quantitative data of the effects of varying temperature, salt concen-
tration, acidity, and solution velocity have also been obtained.

Corrosion and stability tests under irradiation will utilize the low
intensig testing reactor at Oak Ridge and the materials testing reac-
tor at
cludes closed “in-pile loops” of piping, pumps, and instruments which
will circulate fuel solution past samples of different materials while
they are under intense neutron bombardment in the test reactors.

HOMOGENEOUS THORIUM REACTOR

As the next step in developing homogeneous reactors, scale up to
about 65,000 kilowatts of heat, of which about 16,000 will be converted
into electricity, is planned for the homogeneous thorium reactor. This
reactor is also aimed at demonstrating the production of uranium
233 from a blanket of thorium. The physical constants of the
uranium isotopes and of thorium and plutonium make the generation
of uranium 233 from thorium attractive for thermal reactors in which
fission is primarily by slow, or thermal, neutrons, whereas the pro-
duction o? plutonium from uranium 238 can be accomplished most
readily in a fast reactor. _

Though the core of the homogeneous thorium reactor will not be as
large in diameter as that of a full-scale plant, it is planned to have
the same blanket thickness and concentration of thorium as a large
central station reactor of this type. Two chemical plants, one for

-removing fission products from. the fuel solution and the other for

separating the uranium 233 from the thorium blanket, are contem-
plated as integral parts of the nuclear powerplant.

Following development and design, construction is tentatively
scheduled to begin ('furi'ng'ﬁscal year 1958 with completion in fiscal

| year 1959. The HTR probably will start operating with uranium

235, which eventually can bé replaced with uranium 233 produced in
the blanket, ' ' ' - o

e testing station. The equipment required for the tests in-

C
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Unrrep Stares Atomic Exerey Commission,
_ Washington 25, D, C., March 12, 195}.
Hon. Steruinag CoLE, .
Chairman, Joint Committee on Atomic Energy,
Congress of the United States. :

Dear Mr. CoLe: Attached is the statement of Dr. Zinn’s which Mr.
Strauss said you had asked about.

Dr, Zinn brought the statement with him to Washington in re-
sponse to a request from a member of your staff, with a view to having
it declassified. The statement has been revised to permit its publi-
cation.

Sincerely yours, ‘ _
K. D. Nicuors, General Manager.

StatEMENT BY DR. WaLTER H. Zinx CONCERNING AN EXPERIMENT
Using T™8E Bomwine Reacror PriNcIpLE

The Argonne National Laboratory has carried out for the Atomic
Energy C%mmission certain experiments which it is expected will
have a vital bearing on the question of the safety of operation of indus-
trial power reactors. Since safety is an important factor in the
evaluation of the use of atomic ener%y for the generation of economi-
cally competitive electricity, it has been decided to make this infor-
mation generally available, The experiments were done during the
summer of 1953 at the National Reactor Testing Station, Arco, Idaho.
A team of scientists and engineers from the Argonne Laboratory at
Lemont, I1l., and the staff of the experimental breeder reactor project
in Idaho carried out the work. Principal members of the team were
S. Untermyer, J. R. Dietrich, D. C, Layman, H. V. Lichtenberger, and
W. C. Lipinski, working under the laboratory director, Walter H.
Zinn, as leader. '

The experiment consisted of setting up and operating a nuclear re-
actor and then imposing conditions on the reactor which would make
it “run away.” This means that the power of the machine was caused
to rise precipitously and was allowed to continue to rise indefinitely,
Under such conditions it had been assumed in the past that the core
of the reactor would melt and that this would permit the escape of

-radio-active fission products., It is this particular assumed circum-

stance which has governed decisions concerning locations of nuclear
reactors and which has required an uninhabited, restricted area sur-
rounding them of an acreage which is determined by the power of
operation. This particular reactor was moderated by water and
cooled by water. The experiment showed that power excursions of
very large magnitude and which took place quite rapidly did not
preduce melting of the fuel and no radioactive contamination of the
surroundings whatsoever resulted. The favorable effects observed
were anticipated and are due to the particular design of the reactor,

15
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which is so arranged that the formation of steam quenches the nuclear
reaction. In experiments in which the power was allowed to rise to
many thousand watts in a fraction of a second, the steam formation

rocess nevertheless quenched the nuclear reaction completely long
Eef_ore a dangerous temperature was induced.

The experiments were carried out in such a way that visual evidence
of the formation of steam and the motion of water was obtained.
The most vigorous tests to which the reactor was subjected involved
conditions which it would be hard to imagine occurring in any combi-
nation of accidental events in an operating power reactor. The visual
results were quite spectacular.

It is believed that this mechanism if applied to the design of power
reactors may constitute an inherent safety mechanism which will make
it impossibia for the nuclear reaction, itself, to create dangerously
high temperatures. The experiment is an example of the way in
which research and development can contribute to the solution of the
safety problem. Design and experimentation can be expected to show
thag 1there are other types of reactors for which safety is not a major
problem, '

The reactor also was operated successfully under conditions in
which steam was continuously formed and ejected from the reactor,
This suggests that it may be possible to construct powerplants in
which the reactor not only releases heat but converts it to steam for
use in a turbine. In some designs of water-cooled power reactors, the
heat is released to water which is circulated to a boiler where steam
is produced for use in a turbine. Economies might result from the
elimination of the boiler and the production of steam directly from
the reactor. This possibility requires further exploration and such
work is being undertaken by the Argonne National Laboratory.

MarcE 5, 1954,

C
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APPENDIX

APPENDIX A
THE DEVELOPMENT OF NUOLEAR POWER Foh PrACEFUL Purposes

Remarks prepared by Henry D. Smyth, member, United States Atomic Energy
Commisston, for delivery at the national meeting of the American Institute
of Chemical Engineers, Washington, D. C,, March 9, 1954

A INTRODUCTION

The structure of modern industrial society depends on plentiful supplies of
energy. There is never enough. We are always seeking new sources. Yet, we
have not tapped the most generous sources of energy that nature has supplied
to us—the winds, the tides, the rays of the sun. We have not yet learned how
to harness these great natural forces.

Fifteen years ago & new natural force was discovered, the fission of uranium,
Within the first 2 months of 1939 the idea of uranium fission was suggested,
commuunicated, proved experimentally, and published. The Speed and impor-
tance of this discovery constitute one of the most spectacular events in the
history of science. It involved men of many natiohs, free commutication, high
imagination, and precise experiment.

In a.world at war, the potential use of nuclear ﬁssion in bombs meant that
vast sums of money were soon available for its exploitation. In 1948, only
6 years later, an atomic bomb marked the end of the Second World War.

We are now engaged in an effort to harnéss this same atomic energy for
peaceful purposes. It is a great effort and, indeed, should be so, for success
in it may materially change the lives and conditions of men, The accident
of history has placed the major responsibility for this effort on the Government
of the United States. As its agent, the Atomic Energy Commission has brought
together an array of scientific and engineering talent never before egualed.
Private industry already is carrying a major share of our enterprise under
contract to the Government and is now becoming more and more active on its
own initiative. This is as it should be. :

Those of us engaged in this effort believe we shall be successful. We are
so confident of success that we do pnot begrudge the years and the skiil and
the millions of dollars that are being spent to make available to man the kind
of energy that heats the stars. But the road to success will be a long one,
We know that it will have many dead ends and wrong turnings and many dull
and dreary stretches. The barriers to be surmounted or bypassed are formidable,

By now we think we know what these barriers are, what kinds of problems
have to be solved if nuclear power is to be significant in our economy. We
should know these problems, for it is now 15 years since nuclear fission was
discovered, 10 years since the first 1arge-scale nuclear reacfor was stdarted, and
5 years since the Atomic Energy Commission announced its first program
of nuclear reactors aimed at power. Energy from nuclear powerplants will
be just like energy from coal-burning powerplants, Except for special purposes,
the sole criterion of comparison will be cost,

Let me outline the problems we foresee. It is from men like you that their
solutions will come. The problems of reactor development today are best
explained in terms of those which faced the designers of the first great reactors
at Hanford. These problems are s¢ fundamental that they will continue to be
of major importance even though the émphasis may shift from time to time,
Once I have defined the problems, I shall outline our present state of knowledge
and the next major steps we are planning for their solution, .

7
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IT. THE GENERAL PROBLEMS OF A NUCLEAR POWER REACTOR

Let me recsll to you the three major facts of nuclear fission. They are; first,
that enormous amounts of energy are released; second, that the products of
fission are radioactive; and third, that fission is caused by neutrons and results
in the prodnction of further neutrons thereby making a chain reaction possible.

These basic facts confront the designers of reactors with a series of technical
questions which ean be grouped in five general areas. These general areas which
have to be considered are, first of all, what we call neutron economy; second,
the effects of nuclear radiations; third, heat transfer or removal; fourth, con-
trol apnd instrumentation ; and fifth, chemical processing of fuel both before and
after it goes into the reactor, Let me go into some detail about these five areas.

1. Neutron economy

1t is evident that the first requirement of a nuclear reactor ia that the nuclear
chain reaction shall occur. In other words, if a uranium nucleus in a structure
containing uranium does undergo fission, it must produce neutrons in sufficient
quantity to cause other nuclear fissions in the vicinity and to set up a self-
propagating nuclear chain reaction, ~Actually the number of neutrons produced
by a single fission is not very large. On the average, for every neutron used up
in producing a fission about two and a half new neutrons are released, a net
gain of one and a half neutrons per fission. At first sight, this would appear
plenty to produce a multiplication of fissions. Upfortunately, from the point
of view of neutron economy, all the neutrons produced in a single fission are not
absorbed in uranium 235 to produce additional fissions.

There are, in fact, four things that can happen to.the neutrons that are pro-
duced in the flssion process. First of all, since neutrons are extremely penetrat-
ing, they may simply escape to the outside environment. A second way in which
they disappear is by capture by uraninm 238 without causing fission, ' A third
possibility is that they may be captured by impurities in the uranium or by the
structural materials that have to be introduced for cooling or other purposes.
The fourth possible process that can occur is, of course, the capture of nentrons
by uranium 235 resulting in fission. If the fourth process produces more neu-
trons than are lost by the first three processes, the chain reaction occurs. Other-
wise, it does not. Evidently, in a given arrangement the first three processes may
have such a high probability that the extra neutrons created by fission will be
insufficient to keep the reaction going. :

One obvious way to reduce the probability of the escape of neutrons is to in-
crease the amount of uranium present. The more uranium there is, the more
likely it is that the neutrons will be absorbed in it and cause fission rather than
escape. This leads, of course, to the concept of critical mass which is familiar
to many of you and which I will not discuss any further, . .

The second process we need to minimize is the capture of neutrons by uranium
without producing fission. ‘There are several things that can be done to minimize
this process. Two of them depend on the great effect which the speed of the
neutrons has on the probability of their absorption in uranium 238. This prob-
ability is reduced by using a slowing down material, called a moderator, and
arranging the uranium in a lattice. Another way to reduce nonfission capture by
uranium is to eliminate part or all of the uranium 238 isotope, since it contributes
very little to the fission process and does absorb many neutrons. Of course, in
the Hanford reactors, this was not desirable because one of the objectives of the
;;Isrgnfm-d reactors was to produace plutonium by absorption of nentrons in uranium

- To reduce the third process, the nonfission capture of neutrons by impurities or
structural materials requires that the uranium itself be very highly purified in
the first place and that structural materials be used which have a low capacity
“for the absorption of neutrons. This last consideration puts many restrictions
in the path of the designer of a nuclear chain reactor.

2. The effects of nuclear radiation

The effects of nuclear radiation have several aspects that the designer needs to
keep in mind. Perhaps the most important one technically is the fact that the
constant bombardment of structural materials and of uranium itself causes
changes in their properties. A piece of uranium, a piece of steel or aluminum in
£ nuclear reactor is continually bombarded by neutrons, by gamma radiation,
and to some extent by other nuclear radiations. The result of such bombardment
may be a change of shape, an embrittlement, & change in thermal conduectivity, or
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of almost any other property of the material. The rate of corrosion of a material
is affected by the presence of nuclear radiation.

Nuclear radiation is dangerous to health, Consequently, the whole reactor
structure must be surrounded by a shield which will not be penetrated by the
neutrons and other radiation. Radiation is present not only while the reactor
is running, but induces a lasting radioactivity in the materials of tke reactor,
In particular, fuel elements in the reactor become highly radioactive, and when
they are unloaded for chemical processing, they have to be handled by remote
control. It is unsafe for any personnel to handle them direcily. Similarly,
maintenance must be held to an absolute minimum, and actval direct access of
the operators to the heart of the reactor must be avoided.

S. Heat tmnsfer or removal

The principal interest in establishing 8 nuclear reaction is because the fission
processes release such enormous amounts of energy, millions of times the amounts
of energy released in chemical reactions in corresponding amounts of material,
To be sure, the Hanford reactors were not designed for the purpose of producing
energy but for the purpose of producmg plutonium. Nevertheless, the produc-
tion of large amounts of energy is inescapably associated with the fission process,
and therefore, the designers of the Hanford reactors had to provide some means
of removing that energy. It was a simpler problem for them than for the
designers of a reactor intended to produce energy, The Hanford designers had
merely to get rid of the energy in some way,

The designers of a power reactor must extract the energy in a form which
can be put to use. Nevertheless, many of the problems are the same. They
differ from ordinary heat transfer problems for reasons that have already been
suggested ; namely, that the choice of materials is limited by neutron economy,
that corrosion effects may be enhanced by the radiation present, and finally that
the replacement of parts is difiicult or impossible bécanse of the health dangers
involved. In a power-producing reactor, the temperature should be ag high as
possible so that the beat energy removed can be converted into useful power

" efficiently. This is a real difficulty as we shall see later on and is one point

where the Hanford designers had a considerable advantage.

4. Control

When the first reactors were designed, the question of control was a very
critical one. No one knew very certainly whether or not it would be possible
to prevent the reactor from running away with itself. We do not want to have
a reactor heat up to the point where it will melt and destroy itself. We wish
to avoid this for two reasons: First, we don't want to lose the reactor; and
gecond, we don’t want to spew radioactive material all over the countryside.
By now, we have had enough experience go that we are not very concerned about
essential difficulties of control. We are perfectly sure that we can build & re-
actor which we can control. In fact, as I shall mention later, some types of
reactor are self-controlling, There does remain, however, a problem of cone
venience, efficiency, and cost in designing the proper controls to start, stop, or
maintain at a desired operating level the nuclear chain reaction.

5. Chemical procesging of fuel

Ideally, we would like to put into a nuclear reactor a certaln amount of
uranium and leave it there until all the uranium had been converted into heat
energy and fission products. If that were possible, we would be concerned with
chemical processing only in preparing the fuel. Unfortunately, the difficulties
both of neutron economy as affected by the growth of fission products and of
the corrosion or radiation damage of structural materials or fuel elements make
it quite out of the question to consume more than a fraction of a nuclear charge
in any know design of reactor. After a certain length of time—and one of the
problems in the design of reactors is to make that length of time as great as
possible—it is necessary to remove the fuel. It is too valuable to throw away,
since it will probably still contain some 90 percent or more of the fissionable
material. Consequently, we have to reprocess it chemically, separating out the
fission products, and refabricating the uranium into new fuel elements. This
turns out to be one of the most costly processes in the whole business of operating
& reactor for power,

I believe it is possible that the nuclear power industry will stand or fall
economically depending on the success which chemists and chemical engineers

have in developing cheap processes for purifying and refabricating nuclear fuel,
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ITI, THE HANFORD REACTORS

I have been speaking of the general technical problems of reactor design. To .
be more concrete, let me recall briefly in speeific terms how these problems are

met in the Hanford reactors.

. For neutron economy, the regctor is large. It uses graphite as a moderator,
and the natural uranium fuel elements are arranged in a lattice. Both graphite
and uranium are very highly purified. . Cooling channels and protecting coatings
of the uranium fuel elements are aluminum of minimum dimensions,

To shield operating personnel, the reactor is surrounded by heavy composite
walls and all control and operation are from outside the shields. To reduce
corrosion of the aluminum, the cooling water is purified and the temperatures
held relatively low. To avoid corrosion or distortion of the uranium, it is
canned in aluminum and not left in the reactor very long.

Heat is removed by large volumes of Columbia River water with relatively
low exit temperature. The water is then held in retention basins before return-
ing to the river.

Control is by neutron absorbing rods that move in and out of the reactor,
The position of the rods is recorded at the control desk and varied by the opera-
tors or automatically in response to instruments.

Chemical procesing by a solvent extraction process is done In a separate plant
to which the fuel elements are transported in shielded railroad ecars, with all
operations remotely controlled.

Fundamentally, it is the low exit temperature of the cooling water and the
short life of the fuel elements that make this plant impracticable as a power
source, }

IV. BREEDING

Uranium 235 is the lsotope of uranium in which fission occurs most readily. -

Unfortunately, it is present in natural uranium only 1 part to 140. Natural
uranium is none too plentiful, and to be able to use only seven-tenths of a
percent of it is frustrating. Neutrons absorbed in the other uranium isotope,
uranium 238, leal to the production ef plutomivm and plutonium is readily
fissionable. This fact early suggested the possibility that a reactor could simml.

taneously produce heat energy from the uranium 235 in natural uranium, and

produce plutonium from the uranium 238, and that then the plutonium could be
used as fuel for further production of energy. It was even suggested that the
plutonium produced might be greater in quantity than the uranium 235 burned
up. Such a process is called a breeding process since more fuel can be produced
than would be burned.

This is, of eourse, a very fascinating ides. It turns out, however, that it
may not be so very important whether actually more material is produced
than is burned. It is obviously possible to produce some plutonium, since that
is what the Hanford reactors sre for and it should be possible to take that
plutonium and use it as fuel for power reactors.” Whether the amount of

plutonium produced is slightly less or slightly greater than the amount of -

uranium 235 burned up is not very important. We do, however, make a dis-
tinction in nomenclature whereby we call a reactor that produces plutonium in
smaller quantity than uranjum burned a converter and one where the quantity
produced is greater than that of uranium burned a breeder. In eitber case, it
should be possible eventualy to convert the fission energy of both isotopes of
uranium to useful power. In the case of the converter, there would be some
loss; in the case of the breeder, the losses in the reactor would be zero, but in
either case, there will be losses in chemical processing so that the difference is
not very significant, The difference, however, between using just the uranium
235 and evenutally using all of the uranium in natural uranium is enormous
and may well make the difference between an ample supply of nuclear fuel for
many years to come and a rather scanty one,

Y. THE FIRGT ATOMIC ENEBGY OOMMISSION REACTOR PROGRAM

When the Atomie Energy Gommisslon took over the plant and equipment of
the Manhattan District in January 1947, the problems that I have been review-
ing were already clear. Although the Commission 's first responsibility was to
prosecute the atomic weapons program with vigor, it soon turned to the possi-
bility of atomic power, both for special military purposes and for ultimate
peacetime uses. Early in 1949, Dr..Bacher, my. predecessor as. the sclentific

C
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member of the Commission, made ‘a speech in which he outlined the ways in
which the Commission was attacking the problems I bave reviewed. Es-
sentially, the program consisted of a plan to build four major reactors. Let
me describe three of these that have been ﬂnished at our Idaho test site and
why they were built,

The first of them was the so—called materials testing reactor, MTR. It was
aimed primarily at getting information on the éffécts of radiation on uranium
fuel elements or other materials that might be used as tubes for cooling water,
or as coolants, or containers for uranium fuel elements. The object of this
reactor then was to provide very high intensity radiation in a machihe so
designed that many experimental samples could be placed in it. It has now.
been running for about 2 years, and it has in fact proved exceedingly useful, .
Incidentally, it also was a novel kind of reactor and therefore was in itself a
step toward the development of new types of reactors.

T'he second reactor built at Idaho was the so-called experimental breeder
reactor, EBR. As the name implies, it was specifically aimed at demonstrating
whether or not breeding was possible. It has demonstrated that breeding is
possible and has had a number of other incidental interesting results.

The third reactor was a special purpose one aimed at providing power for a
submarine. You have heard a great deal sbout that one and about the sub-
marine in which a similar reactor is now being installed.

In all three of these reactors, the neutran economy problem was solved by
using uranium from which much of the uranium 238 isotope has been extracted.
Whether or not in the long run, this is the kind of reactor we will build for
power purposes will be largely a question of economics. Personally, I doubt
it, but I do not doubt the wisdom of having bhuilt these three reactors and the
value of the results we have obtained from them.

A more modest undertaking initiated later is the homogeneous reactors exs
periment at Oak Ridge. From the atomic point of view, the homogeneous
reactor is misnamed. In reality, one can think of it as a lattice where the
spacing is very small and the size of the fuel elements is of atomic dimension,
To put it more simply, and in terms that will be more familiar to you, the
homogeneous reactor is a solution of uranyl sulphate in water. The water
serves as the moderator, and the uranyl sulphate molecules serve as the fuel
elements in which the chain reaction is set up.

The immediate and obvious advantage of the homogeneous reactor is that
fuel fabrication and processing is enormously simplified. The solution is
pumped continuously through the reactor chamber and then cooled in outside
heat exchangers, and some of it can be continually led off for purification and
then reintroduced into the circulating stream of combined fuel and moderator,
One of the interesting features of the homogeneouns reactor is that it turns out
to be self-regulating. As the temperature of the reactor rises, its reactivity de-
creases and therefore it controls itself, One gdifficulty that was anticipated in
the homogeneous reactor was that the water itself would be dissociated by the
radiation., This does occur, but it has been found possible to recombme the
hydrogen and oxygen formed without too great difficulty.

In addition to the results obtained with the 3 reactors I have been dxscussin
and the homogeneous reactor experiment, there has, of course, been an exten-
sive program of study of the various associated problems in the laboratory,
These range from fundamental studies of what causes radiation damage, or of
the absorption probabilities of various materials for neutrons of various energies,
to component testing in heat loops, and experimental fabrication of fuel elements.
Some of these studies use the various low-power research reaetors that have
been built,

One of the most interesting experiments that has been done was carried out
last summer at the Idaho test site by Dr. Zinn, director of our Argonne Labora-
tory, and his associates. We had long worned apout. what would bhappen to a
water-cooled reactor if the flow of water shiould be cut off. We were afraid if
the water supply was cut off or if the temperature of the reactor rose too rapidly
boiling would occur and that this might have disastrous results, Dr. Zinn de-
cided to make a direct approach to this problem and built a small reactor with
the deliberate intention of producing boiling; When it was set up at the Idaho
testing station, it had an arrangement in it which suddenly ejécted the control
rods so that the power generated by the chain reaction went up in a fraction of a
second from a few watts to many thousands of watts. This had the expected
effect on the water, It boiled. It boiled so violently in fact that it was ejected
from the reactor in a small geyser. Repeated trials showed that in every case
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the boiling reduced the power .of the reactor so rapidly that no serious damage
was done.

This particular experiment illustrates very well the reasons for choosing an
isolated area as a site for experimental reactors. It was not only that some:
of the reactors might be inherently dangerous, but it was felt .that an experi-
mental reactor, one built primarily for the purpose of obtaining information,
should be operated to extremes, and that it was desirable to have them in an
isolated location for that reason. In other words, if you want to get as much
information as you can out of a reactor, you need to push it to the point where it
might conceivably run into trouble,

V1. BESULTS OF THE PAST FIVE YEJARS AND PRESENT STATUS OF THE ART

Let me summarize some of the major results that we have obtained in.the
1ast 5 years either directly from the reactors we have built and operated or from
Iaboratory work. I will take them in terms of the 5 general areas that I enum-
erated at the start. So far as neutron economy is concerned we have learned
a great deal about the probabilities of various nuclear events, including the
relationship between the probability of fission and the energy of the neutrons.
('This, for example, was tested in the experimental breeder reactor.) We have
found that we can use a number of different substances as moderators, specifi-
cally beryllium, light water, and beavy water in addition to the familiar graphite.

As to the effects of radiation, the MTR has, of course, been of the greatest value
as one might expect since it was designed for that purpose. But we also have the
benefit of studying the fuel elements that have been in the EBR and in the
submarine thermal reactor. “These,” too, have been valuable, We have made a
great variety of alloys and have tested various fuel elements, In particular, the
submarine thermal reactor has shown that fuel elements sheathed in zirconium
will resist corrosion and radiation effects over considerable lengths of time and
represent a great improvement over the aluminum sheathed fuel elements in the
Hanford reactors. Radiation effects have also been studied in a varlety of
coolants including sodium and heavy water. .

In the matter of heat transfer we have found we can remove the heat from
8 reactor by circulating molten sodiurn-potassium alloy through it. This is the
system of heat removal used in the EBR. We have also done a great deal of
work on pure sodium as a possible coolant and are using it in the second type
of submarine reactor now under construction. We have also found that we
can use a cooling system of pressurized water. This is the system used in the
submarine thermal reactor. We have run reactors at much higher temperatures
than we were ever able to run them at Hanford, and therefore, we have moved
in the direction of efficient use of the energy from nuclear fission. .

As to control and instrumentation, the most striking results have been those
already mentioned where we have found tbat certain types of reactors are in
fact self-regulating as a result of boiling or near boiling as the temperature
rises. The only other result I will mention is the use of hafnium as a material
for control rods. ' Hafnium is present as an impurity in zirconium and has to be
removed before zirconium cladding can be used for fuel elements because it
absorbs neutrons. For the same reason it is very useful as a control material.

In the matter of chemical processing, perhaps it is fair to say that most of
the work has been accomplished in the laboratory, although we have had ex-
perience with actual processing of the various types of fuel elements in the new
reactors, none of which is exactly like those at Hanford. We have also proved
that the bomogeneous reactor will work, at least on a small scale, and we,
therefore, know that that is one direction in which to hope for improvement.

In the matter of costs, we still have much work to do. None of the reactors
that we have actually put up is cheap, either to build or to operate. The sub-
marine thermal reactor probably costs somewhere around fifteen hundred or
two thousand dollars per kilowatt to build, which is to bé compared with the cost
of a modern steam plant somewhere around a hundred and eighty dollars per
kilowatt. But the submarine thermal reactor does prove one overall major
result : namely, that it is possible to build a reactor for the production of power
that will run for at least reasonably long times continuously and efficiently.

VII QUESTIONB S’I‘ILL TO BE ANSWERED

The fundamental question still to be answered is whether a power producing
uranium reactor can be built which will compete with other sources of energy.
The answer to that question will be found in the choice of some one of the kinds
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of reactors we have already built or theught abeut. None of them has yet been
proved to be the ideal or even the best choice, The homogeneous reactor, for
example, doeg simplify chemiéal processing, but it requires enriched fuel and it
is net yet certain that the corrosion preblems ean be solved. The breeder has
not yet been proved on any large scale so that we do mot know at all how
expensive that may he, The submarine thermal reactor uses such expensive
materials for cladding the fuel elements that it is almost eertainly not competi-
tive, even though we may be able to produce zirconium at lower and lower costs,
It also uses enriched material, And so it goes all through the list.

VIII. PROPOSED §-YEAR PROGRAM

In the last few months we have been reviewing the results that we have
obtained up to the present time and planning what would be best to do over the
next few years in order to arrive at an economical solution of the problem of
nruclear power. We have decided that there are six programs that we should .
pursue. One of these is the general program that we must obviously continue,
the program: of research on fundamental properties of materials, on nuclear reac-
tions, on components that might go into the reactors of the future, and on
e¢hemical proeesses. This work will be continued -prinecipally in our Argonne and
Oak Ridge Laboratories. In addition to this general research and development
work, we wish to build five reactors of varying size and cost. The Commission
has recently submitted to the Joint Committee on Atomic Energy a special report

" on the reactor program prepared at the reguest of the commitiee.

The first of these reacters in our new program has already been publicly
announced. It is. the so-called PWR reactor which is designed to generute at
least 60,000 kilowatts of electric power. It will use slightly enriched uraniuvm
as fuel, ordinary water as a moderater and coolant. The reactor will be
operated under reasonably high pressure and temperature, not pearly so high
ag are used in modern steam plants, but as high as we feel safe in terms of qur
present knowledge, - Specifically, the water in the reactor will be under 2,600
pounds per square inch pressure and at a temperature between 500° and 600°
Fahrenheit. Steam will be delivered te the turbine at about 600 pounds per
square inch., The temperature is limited by the corrozion of the fuel elements
and piping and eontainer, and the pressure Is limited by the strength apd size
of the vessel in which the reactor must be contained. One of the difficult prob-
lems in this reactor will be that of getting eontrol mechanisms to operate in a
high-pressure vessel. Principally, we hope to learn from this reactor how such
a plant may stand up under ordinary operating conditions of central-station
electric powerplant, and how much it costs to build and operate it, We have no
expectation that this reactor will produce power &s cheaply as a modern coals
burning plant, but we hope to learn how costs can be cut in later plants.

The second new reactor which we wish to build is a breeder of intermediate
size. It will not be of direet interest from the point of view of ecanomic power,
but it will be much larger and more nearly a power producing, eontinuously
operating reactor than the small experiment we have been running out in
Idaho. The scaleup planned is from 1,400 to 62,500 kilowatts of heat, and from
1in to 15,000 kilowatts of electric power. Temperatures and steam pressure
will be increased to values appropriate to a full-scale power-breeder reactor,
Auxiliaries such as pumps, heat exchangers, valves, efc., will be of gizes suitable
to a full-scale reactor, ' ' - _ :

QOur third step is based on the boiling experiment, that I have already described,
It will be an attempt on an intermediate scale actually to use boiling ¢f the water
as a method of heat extraction. We hope in this way ta get a very cheap method
of getting the heat out of the reactor and possibly of eliminating one step between
the coolant in the reactor and the turbines which turn the generator. It is
planned to feed the steam generated in the reactor directly to the turbines,
Present plans call for 20,000 kilowatts of heat and 5,000 kilowatts of electrie
power., : _ o

The fourth reactor which we intend to build is a larger version of the hemo-
geneous reactor. Again, it will be a step in the direcfion of a practical power-
producing unit and should give us information about corrosion, chemical proc-
essing, and operating conditions that carnet be obtained with the small machine
now in use at Oak Ridge, Present specifications eall for only 3,000 kilowatts of
heat in this reactor experiment compared to 1,000 in the present experiment,
The next step, already planned, calls for 65,000 kilowatts of heat in a homo-
geneouy reactor which will breed yranium 233 in a blanket of thorivm surround-
ing the chain-reacting core.
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The fifth reactor experiment which we plan to build is a little different from
any that I have described. I have mentioned that the breeder reactor uses
sodium-potassium alloy as a coolant. You all know that the Hanford reactors
use graphite as a moderator. We hope to be able to combine these two materials,
getting the advantage of high temperature without high pressure from the
sodium coolant. To test this combination, we will build a reactor generating
about 20,000 kilowatts of heat but without any electric-generating plant attached.

In addition to these new proposals, we shall continue several other programs
already underway. These include the so-called intermediate submarine reactor

. now under canstruction at West Milton, N. Y., near Schenectady, and the develop-

ment of & reactor to propel aircraft. Though the aims of both of these projects
are special, they will undoubtedly contribute to the general technology,

IX. COSTS

It is evident that we can build powerplants which will convert the energy
release in nuclear fission into electrical energy to be fed into transmission lines,
The question that has not been answered and may not be conclusively answered
even by the program I have outlined is whether this power can be produced
cheaply enough to be of general use., The Atomic Energy Commission believes
that it can be done and this is the opinion also of the several private industrial
groups who have been studying the problem for several years at the invitation
of the Commission, At present, the power delivered by the submarine reactor
at our Idaho plant costs about 10 times as much as it would if we bought it
from the Idaho Power Co. From this figure you ean see that it will require all
the ingenuity of our staff, our contractors, and private industry working to-
lg)ether to. get costs down, but it is reasonable to assume that eventually this will

e done. }
X, INDUSTRIAL PARTICIPATION

These private industrial groups I have mentioned are interested in more than
Just cost studies. They have assigned able members of their staffs to design
studies of nuclear powerplants and in some cases are doing considerable amounts
of research at their own expense. But it is a mistake to think that private
industry can or will pick up the burden of development of nuclear powerplants
in the present state of the art. It is a field in which knowledge and competence
are still largely confined to Government laboratories and in which the financial

- risks are still too great for private industry to carry alone.

The Commission hopes for greater and greater participation by industry both
technically and financially and for a gradual transfer of the nuclear power
part of the Commission’s responsibilities to private enterprise. To discuss the

many problems of such a transfer would need another speech. Personally, -

I feel they are just about as difficult as the technical problems of getting cheap
nuclear power, Time, money, and thought will be needed for both sets of
problems. I believe they can b_e solved.

XT. CONCLUSION

To establish a nuclear power industry in this country will be a great achieve-
ment. If power becomes cheaper and more plentiful, our material standard of
living will be raised, In other countries the effect may be even greater. By the
accident of history the first use of this great new discovery has been in the
development of weapons of war, weapons of appalling magnitude. The nations
of the world have today the means to destroy each other. They also have, in
this same nuclear energy, a new resource which could be used to lift the heavy
burdens of hunger and poverty that keep masses of men in bondage to ignorance
and fear. Toward this peaceful development of nuclear power we have, all of
us, & high obligation to work with all the ingenuity and purpose we possess.

APPENDIX B
[Atomic Energy Commission press release, March 14, 1954.]

AEC anp DuquesNE LicHT Co. To NEGOTIATE OoN AToMI0 POWER PLANT

Lewis L. Strauss, Chairman of the Atomi¢c Energy Commission, announced to-
day that a proposal submitted for participation by the Duquesne Light Co, of
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Pittsburgh, Pa., in the construction and operation of the Nation’s first full-scale
central station nuclear power plant is ‘the most favorable to the Government
and that the AEC is negotlating a formal agreement with the company. The
Duguesne Co. submitted 1 of 9 major proposals to-the Commission, -

Under the Duquesne proposal the company would— '

1, Furnish a site for the entire project and build and operate a new
-electri: generating plant at no cost fo the Government. -

"2, Operate the reactor part of the plant and bear the labor costs thus
entafled.

3. Assume $3 million of the cost of research development, and construc-
tion of the reactor portion of the plant.

£ Pay the Commiission at the rate of 48.3 cents per million B. t. u.’s of
steam used in the turbines for first year; the rate increasing annually until
it reaches 60.3 cents in the fifth year.

5. Waive any reimbursement by the Government ot costs incident to
termination of the contract.

The Chairman estimated that, includlng revenues from the sale of steam gen-
erated by the reactor, the comipany’s proposal would reduce by an estimated
$30 million the eXpendltures the Government would have to make during the
period of construction and § years of operations if it undertook the full cost
of the project.

The proposed plant site iz on land presently owned by the company in the
greater Pittsburgh area. The reactor design will incorporate safety features
developed through 10 years of experience with redctor operation. .

The Westinghousé Electric Corp. has a contract with AEC to develop, design,
and construct the reactor portion of the plant. The reactor is expected to gen-
erate sufficient heat to produce a minimum of 60,000 kilowatts of salable elec:
tricity in addition to meeting the electricity requirements of the plant itself.
The actual capacity of the reactor may turn out to be somewhat greater than the
minimum of 60,000 kilowatts design and foreseeing this possibility the company
would design its generating plant with some reserve capacity.

It is not expected that this first plant will produce electric power at costs
competitive with power from conventional fuels, The project has been under-
taken, in order to gain more design and technological experience than could be
obtained otherwise, such as from a smaller plant, and to provide firm cost
estimates for the future,

This type of reactor, known. as the pressurized water reactor (PWR), will
be cooled and moderated by ordinary water under pressure. The fuel will be
sllghtly enriched uranium, that is, it will have a slightly greater concentration of
uranium 235 than occurs in nature. This type of reactor was selected because
research and development on it is more advanced than on other types. Several
early reactors were water cooled and this technology also was advanced to a
very great extent by the work of Westinghouse on the submarine thermal reactor
developed to power the submarine Neutilus and on the large naval vessel reactor
project.

The Duquesne Light Ce. supplies electric power to the greater Pittsburgh
district, one of the world’'s largest industrial centers. Since last October the
company has engaged in nuclear power reactor studies under the AEC’s industrial
participation program. Preceding its entry into this study, the company arranged
to have some 40 of ita engineers attend a special course on atomic energy at the
Carnegie Institute of Technology.

In announcing the negotiations with Duquesne for partlcipation in the PWR
project, Mr. Strauss pointed out that this project represents only one of several
approaches to the development of technology and equipment for- economical
electric - power production from atomic reactors. He called attention to the an-
nouncement by Dr, Henry D. Smyth, member of the Commission, in an address
March 9 to the American Institute of Chemical Engineers, of other approaches
which the Commission has concluded should be undertaken, including breeder,
boiling water, homogeneous, and sodium-graphite reactor projects.

0
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“Iparty of the second part, =

Stindard MN.YB.T.U. Form 8007-3-34-1SM-Bargain 10d Sale Deed, wh Cul'velum against Gramor's Acts—individul or Cosporation
i
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"THIS INDENTURE, nade the - 18t . day of Declembel‘ , nincteen hundred and £1fty=-four -

‘BETWEEN INDIAN POINT REALTY CORPbRATION, a corporation organized
land existing under. the laws of the State of New York, having its
‘office and principel place of business at 152 West 42nd Street,
City, County end State of New York,

’ . {

A .- L . N [N . [P

warty of the first part, and = CONSOLIDATED EDI'SON COMFANY QF NEW YORK, INC., @&
domestic corporation duly organizeéd end existing under and by virtue
of the Teensporbabiorr—Sorporatiens Lawsof the State of New York,
having its principal office et #h,lrving Place, Borough of Manhattan, -

City, County .and State of New York,

i
1
§

T

;WITNESSETH, that the party of the first part, in consideration of
{ONE HUNDRED AND 00/100 ($100.00)- = - - « - = - - - - = =~ dollars,

, | ) . A
(I:m'ful money of the United States, and other good and veluable consideration paid *

‘1)_\‘ the party of the second part, does herehy grant and refease ot the party of the second part, stacfudexor 1ts

t -

1rae

successors and assigns of the party of the sceond part forever,
ALL that certain plot, piece or pareel of land, with the buillings and improvements thereon erected, situate, |
. * M

Iving and heiny in the Town of Cortlandt, Counﬁy of Westchester and State of
‘New York, and described as follows:

PIRST PLOT: "ALL that certailn lot,:piece or parcel of land situate,
1yIng &nd being in the Town of Cortlandt, County of Westchester and
State of New York, bounded northwesterly and northeasterly by ‘the
Hudson River end a creek or cove celled Lent's Cove, southeasterly

by a street or road called Broadway and southwesterly by larnd late’
of Maris M. Lyell and land lste of Thomas J. Borner and more particu-
larly boundqg and described as follows: : o

P rdees ot CBEGINNING at\Q'ppint"dn:the-northerly-side~of-Broadway
{n the line between the' land heresby described and land late of Meris ™
M. Lyell, which 1line is the new divisicn line ereated by indenture
pxecuted by Benjamin Tathem & wife and Marie Mercla Lyell, dated '
April 14, 1866 and recorded in the office of the Register of West~
chester County March Sth, 1867 in Liber 627 of Deeds at pege 30,
running thence with the seid new division line north fifty-seven
degrees west in a stralght line to the high water mark of the Hudson
River, to sald creek or cove called!Lent's Cove, thence easterly end
southeasterly along the high water mark of said creek or cove follow=~
ing the windings and turnings of the shore to. Broadway, thence south-
westerly along Broadwey to the point or place of beginning.

SECOND PLOT: ALL that certain lot,|piece or percel of land, situate,
IyIng and being in the Town of Cortlandt, County of .Westcheéster,.
State of New York, bounded and described as followsy ’

. |

REGIKNING at a point on the westerly side of a street

or high&ay known as Broadway, distant 790 feet northerly from the land

now or lete of John Henry at the northeasterly corner of lend conveyed
by Meria M. Lyell to Dain & Avery, recorded in the office of the
'‘Register of Westchester County, in liber 981 cp 343; thence running
westerly and perallel with the northerly side of said land now or late
lof Henry, 830 feet; thence southerly and parellel to seld Broadway

77l feet to a point 16 feet northerly from seid northerly side of said
Henry's land; thence westerly in a straight line parallel with and
always, 16 feet northerly from the northerly side of said Henry's land
to the Hudson River; thence with said River in the northerly direction
lto the land now or late of Benjemin \Tatham; thence on an ‘easterly
|course to the westerly side of Broadway; thence in a southerly direction

‘to the point or place of beginning, '

H
¢
3
H .
M -
1

i,
I -
¥




- ) R ._.
weedo Y8 meedd i

RIDER 1 =~ Continustion of Pescription )

THIRD PLOT: ALL that certain lot, pieée or parcel of land,
sitiate, iying end being in the Town of Cortlandt, County
of Westchester, State of New York, bounded and described as

follows:

BEGINNING at & point, three hundred and twenty (320) feet
South, fifty-one {(El) degrees, fifteen (15) minutes East,
from the southsest corner of land conveyed by Hudson River
Day Line to New York Trap Rock Corporatlon, by deed dated
Januery 28, 1947 and recorded in the office of the Register .
of Westchestsr County; thence North fifty-one {51} degrees, .

fifteen (15) minutes West, three hundred and Twenty (3201

feet to the southeast corner of ssid lends of or lete of
New York Trap Rock Corporation; thence along the southeasterd
ly property line of sald lands North thirty-three (33) :
degrees, fifteen {(15) minutes East, five hundred and seventy-
five (575) feet to & point which is fifty (50) feet north-
westerly from the edge of the woods; thence continuing along.
the scutheasterly property line of seild lands North forty-
one (41} degrees, seventeen (17) minutes Eamst, four hundred ’
and twenty-five (425) fest to & point which is fifty (50)
feet nortnwesterly from the edge of the woods; thence in a
streignt line in a southeasterly direction to a polnt at a ..
southeast corner of lands lsetée of Indisn- Point Corporation
which is distsnt nine hundred and elighty-four (964) feet
from the place of beginning and which is on a line passing .-
through the point of beginning and parallel to a street or
highway known as’ Broadway; thence running slong said straight

line parallel to a street known as Broadway in a southwester-| -

ly direction nine hundred and elighty-four (984) feet to the
place of beginning. )

TOGETHER with all the right, title end interest of the party
of the first part of, im end to Broadwey, to the center
lines thereof, in front of end adjoining seid premises.

BEING the same premises conveyed by Indien Point Corporation
to Indian Point Realty Corporetion by deed deted March 25,
1953 and recorded in the office of the County Clerk of the
County of Westchester, Division of Land Records, in Liber
5195 of Deeds at page 40B8. :

Conteining within seid description 241.9 acres more or less.

SUBJECT to:

1. Zoning regulations and ordinences and bullding .
restrictions end regulations of the city, town or village in
which the premises lie. ’

2. Agreement betwsen Hudson River-Day Line and Hudson
River Boet Compeny, Inc., dated April 6, 194G, recorded’
August 8, 1949, in the office of the County Clerk of the .
County of Westchester (Division of Lend Records) in Liber -*
L4767 of Deeds st page 390. :

3. Eesement granted by Indian Point Corporation to
Algonquin Gas Transmission Company, dated September 19, 1951,
recorded October 23, 1951, in Libar 5035 of .Leeds at page 146

.."\!
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EXCEPTING' the premises released from the lieén of s mortgage. made by
Marid’M.”Lyell to Samuel Xnox and Francis T, ‘Smith as ‘exkcutors of '™
the' Last Will ‘and Testament of Amos C. Stehrﬁs,'deceased{'whiqh is
tounded end 'described as follows:’ . oot e

BEGINNING at' a point on the westerly side of a street ob highway '
known as Broadway, dlstant 800 feet northerly from ‘the northerly =~
line of land now or late of John Henry; thence' westerly and parallel
with 'the northerly line of %aid lend now or ldte of John Henry,”'830 "~
feet; thence solitherly parallel with said Broadway 784 &6t 'to & ™
point 16 fest northerly from saidi northerly side of- said Henry's land;
thence westerly in & straight line and perallel with and &ll ways 16"
feet northerly from the northerly)side of said Henry's land'300feet’
thence northerly parsllel with s&id Broadway 984 feet; thence édsterly
parallel with the northerly line of sald Henry's land 1130 feet to- -
said westerly side ol ssid Broadway; thence southerly along the
westerly side of said Broadway 200 Teet to the point or placse of -
beginning. - ' ) B : ' ) Ce

4

ALSO exceptlng from the parcel second hbové:ddskq;ﬁéd;ﬁhe Tollowing; ™ : 0
parcel bbunded and'descrihed*ag follows: R e R LRI T

O RS

BEGINNING at & point in the divisipn line between lands Yate of the’
Hudson River Day Line and lands of, the New York Trap'Rock Corporation..
at the high water mark of the Hudson River, -and ruhning thence South:
fifty-ore (51) degrees fifitesn (15) nilnutes East, 'one thoudand four
hundred end twenty (1420) feet along sdid divislon line to & poiht
which 1s North [ifty-one {51) degrees fifteen (15) minute’s West, and
three hundred and twenty (320) feet from e corner in the division 1liné;
thence North thirty-three (33) degrees TiTteen {157 minutes East, five
hundred and seventy-five (575) feet to a point which is fifty (50)

feet northwesterly from the edge of' the woods on the lands of Hudson
River Day Line; thence North forty-one' (41) degrees seventeen (17)
minutes East, four hundred and twenty-five.(425) feet'tc & point”whith
is fifty (50) feet northwesterly from the edge of the woods; thehce
Korth twenty-six (26) fifty-two (52i) minutes East, five hundred ‘and
seventy-five {575) feet to & point which is fifty (50) feet no¥th-
westerly from the edge of the woods; thence along .the' -samé ‘course’
North twenty-six (26) degrees fifty-two (52) minutes Eest, one hiundred
(100) feet to a point; thence in a 3traight lilne approximately five
hundred and thirty (530) feqt‘to;a:éoint on the high water mark of the
JHudson River, which point is one thousénd (1000) 'féet southerly from
the southerly side of the more southerly of two docks; thencs along -
the high water mark ©f the Hudson River %to the point of beginning,
which course, if a single straight line, would be south sixty-one (61)
degrees no minutes We'st, two thousand and [ifty (2050) feet; containing
gbout forty-one and one<half. {41%) deres.

T I

BEING the same lends conveyed by Hudson River Dsy Line to New York
Trap Rock Corpératlion by deed dated Janusry 28, 1947, &nd recorded in
the office of the County Clerk ‘of the County of Westchester, Division
of Land Records in Liber L497 of "Déeds &t pege 148, ~ =~ T

ALSO ‘excepting from the parcel’ seiond aBove described, the following
parcel bounded and described ss follows:

BEGINNING at a polnt, three hundred and twenty {320) feet South,
Tifty-one {51) degrees, fifteen (15) mirutes HEast, from the southeast
corner of land conveyed by Hudson River Day Line to New York Trap Rock
Corporation, by deed dated January:28, 1947 and recorded in the office
of the Register of Westchester County;, thence North fifty-one (51)
degrees, fifteen (15) minutes West, three hundred and twenty (320)
feet to the southeast corner of said lands of or late of New York .Trap
Rock Corporation, thence along the southeasterly property line-of said
lands North thirty-three (33) degrees.fifteen (15) minutes East, five
hundred end seventy-five (575) feet to & point which 1s fifty (50)
feet northwesterly from the edge ol the woods; thence continuing along
the southeasterly property line of said lands North forty-one (l1) :
degrees, seventeen (17) minutes Zast, .four hundred and twenty-fi?e
(425) feet to & point which is Fifgy (50) feet northwesterly from the
edge of the woods; thence in s straight line in a southeasterly
direction to & point at & southeest corner of lands late of Indian
Péint Corporation which is distent nine hundred and eighty-four (984}
Teet from the place of beginning &nd wnich is on & line passing through
the point of beginning and psrallel toi a  street or highway known as
Broedway; thence running slong said strsight line persllel to a streét
known as Brosdway in a southwesterly direction nine hundred and eighty-

four (984) feet to the place of beginning. .
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TOGETHER with all right, titic and interest, i1 any, of the party of the first part of, in and to any streets m:d
roads abuiting the above-deseribed promises i the center hines thereof, a
TOGETHER with the appurtenances and il the estate and rights ‘of the panty of the first part i and 10
said premmses, ‘

TO HAVE AND TO HOLD the premises herein grimted unto the party of the seeond part, the heirs or

successors and assigns of the party of the second part {orever,

AND the party of the first purt covenants that the party of the first part has not duneor suffered anything

whereby the said premizes have been incumbered in any wayv whatever, execept as aforesaid.

AND the party of the figst past, in cnmpli;mc{: with Section 13 of the Lien 1;:1\v, covenants that the pary of
the first part will receive the consideration for this conveyance and will hiokd the right to receive such consid-
eration as a trust fund 1o be applied first for the purpose of paying the cost of the improvement and will ‘:\pply
the same first 1o she payment of the cost of the improvemient before using ary part of the totat of the same {or

v other purpose. .

The word “party” shall be constroed as i it read “parties™ whenever the sense of this indenture so requires.

iN \;\'XTNESS‘WHEREOF. the pn'rl‘\‘ of the first part has duly executed this deed the day and vear first above

writtén.

INDIAN ?01N"X‘ REALTY CORPORATICHN

By: Q»onJLf qzi';ZLQM"Q”“LJ

President




STATE OF NEW YORK, COUNTY oF NZW YORK as

Onthe 18t day i December. 19 Sk beiore me
personally came  EMANUEL D. XELMANS

1o me known, who. being by me duly swogn, did depose and
aphat e resides g8 No, /g%&,’_w
Y(f w s {hie fsidenc /
oi  Indlan Point Realty Corporation:

, the corporation described
m antd which exeeitied the fim‘"n'ng instrisnent s that-
knows the seal of said corporation; that the seal affixed
o said fnstrument is such corporate zeal; that it was so
affixed by order of the board of directors of said corpora-.
tion, and that  he signed hlsname thereto by fike erder.

MILDRED & HUDOCK
SOTRRY PUSLIC. STATE OF NEW your
No. 50-6394250
Quatilisd in Westchoster Cougy

Term Expires Maich 30, 195.

’

The faregoing instrument was endorsed for record as !of!o;ws:

in the TOWN OF CORTLANDT
County of Westchestar, N. Y. A frue copy of the originsl

RECORDED  DEC. 2, 1954 at 1:15 PM
FEE:§ B.60 50139

be’
d(:.can_d in and wha exccnted, the foregoing i

|
STATE OF NEW YORK, COUNTY OF 8
On the day of 19 . before me
anmmI)) came . .
the subscribing winess to th foregoing m:truuunl with
whom 1 am- personaily acquainted. who. being by me duly
swarn, did r\(‘poal. .mz] say that  he rmdu at No,
lh v he knows
to be the individaal

strutem
he. said subseribing witness, was precc.zt ‘and saw

exccute the same; and that  he. $aid witness.
at thc same time subscribed H - name as wimess hercto,

that

1

The property affected by this instrumant is situste

DEED '

at requast of  INTER-CO. T, G. & M. CO.

! EDWARD L. WARREN, County Clerk.
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“s"r. UTURY FORM ! City Tatte Tusurance Campany

THIS INDENTURE, suie s 2ic Wi Jemvars

i\;‘sb Iinm::c':n nunited and £1fty-Tive . berween

¥ |

King pProperties, Inc.

er the laws of the z12e of  New York having its

5 = P

fec (%'Lo qtﬂu% /k/'u,d yad U /\ . party of the first
. Consolidated Tdiscn Compsany of New York, Inc., a corporation
organized under the lsws of the Stete of Kew York, having Lts

. princinsl plsce of buslnesgs et 4 Trving Plece, Borough of Manhattan,
City, County and Stete of New York

)
}resxdmg»nt

. pary of the second part:
7

'vWLTNESSETH, that the part § of the fret pary, i consideraton of
_ Ten (10.00)= =~ = = = = = =~ = = = = =
jmwmimmmyufmcUMuASmua and othar good and valuabla considerstions
by the part § of the sezond ¢ d> @8 hercby gran: and reizase umlo the pa 2 8
its successors ’ and assigns foreser,

ALI - < s .
Y  that.tract or parcel of land situate at Verplancks Point, Town of

Ccortlandt, County of Westchestsr, 3tate of Kew York, bounded and de-
seribed as follows: BEGINNING on the easterly -aide of Broadway &t the
cerner of land of estate of Willlam Bieakley decessed and Marie [ydell;
running-thence along lands cof said Bleskley in a southerly- direction
by tne.various bearings of e crooked line to thne southwesterly corner
of the land hereby conveyed; thence north fifty four degrees wast’
sixteen chains and Ffifty two links slong lands of Thomes McGlynn to

the westerly side of Broadwey; thence with ths westerly side cf
Brcadway north fourty four cegrees esst thirty seven chalns end
seventy five links; thence at & right angle crossing Broadwey one chain
and twenty three links to the place of beginning.' Contalning thirty
~one scres and one rod of land mors or less. Excenting therefrom
however, so much of sald premises as were conveysd to John McClosky
T,ﬁor burisl purposes. )

. EEING the same premlses conveyed to Eilen T. Xing, late of the
| Town of Cortlandt, County of Westchester, Stete of New York, by

I Thomas N. Avery end Eliza N. avery, bls wife, by desd dated

| January 16th, 1896, and recorded in thes office of the Fegistser (now

| county Clerk's) of Westchester County, in Liber 1418 of Deeds, page.
; 187 on the 27th day of Janusry, 1896.

: SUBJECT T0O covenants and restrictlons of record if any, not

‘rendering title unmarketeble and to any zatate ¢f fects an accuratse
survey would show, not rendering title unmerketable. .

SATD premises known on the Tex Maps of the Town of Cortlendt

;,and Village of Buchanen, Westchester County, New York as Saction 6,

Block 32, Lot 37.

-

SAID premises lying on the East sice of Broedway, north of the
Roman Catholic Cemetery, opposite lands xndwn as Indlen point Park.

TOGETHER with all right, title tcres: of the party of the frst part of, in aad to ihe tand Iyiug ia the ts and rcads
notront of and 1

TOGETHER witk the appurtenances and ail the estate and cights of the party of the arst part i 1o said premises.
| TO HAVE AND TO HOLD :he premises granted unio the part § of the second pare,
] 1ts successors and assigns forever,




Firs:.
Secord.~-That the pant y

Third.~That the said prenas

the party ¢ the fireg pert wil eacitte o7 pro

» eonsideration for this (‘fl:l'.c_\'.".r:ct:.:mti
or the purpose ¢f pa - the cost of :

hance with @

c2; o he hercunts afixed, and these ;

KING PROPERTIES, INC.

sy_ A T R g
F pPresideht

i1,

v

RSSIL ALY

£ .
J TREASIRAR
STATE OF NEW YORK, COUNTY OF Westchester

On the & day ¢

.0 me krowrn. wha. being by me dulv swere dud Jedoce und sa- that

JOEN J. KING . :
i . 162 Hawthorne
President

Avenue, Yonkers, New York ; tha:
King -propertles, Inc.: . deseribert
Al he knows th al of i corporation: that the d 10 sad

v

The foregoing instrument was endored for record as follows:  The property affected by ;h:s irstrument is situate

TOWN OF CORTLANDT
DEED

in the
County of Westchester, N. Y. A true copy of the original
at recuest of INTER-CO. T, G. & M. CO.

RECORDED FEB. 1, 1655 at 1l:40 PM
EDWARD L, WARREN, County Clerk.

c§ L,10 No. 4478
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U. S. Internal Revenue Stamps Affixed , (./U c\— «‘SUH‘,L( “TAGL th Foik
STATUTORYFRRM AA-Decd /f'ﬂ ng Covenanta—(Corporation) . % 26 '} gty Tide ladoos
- P , .
. LBEROICUO PGE - )

THIS  INDENTURE, st v 515t by Janvary

. N A .
> Mincteen hundred and Cfifty-five . , between

' King properties, Inc.

‘ slgl:érp.org_tiéxvl bréanizéd';nftie? the l:_nlvsv of the sute of New York
3! priixcipal'placq_e[ busg’nc‘s's:ajl P—%'Tﬁx.u; ot ¥ S ow G

2foTohw Vs Angeli; 165 Mbatuay M Yl b-Y. | L party of B0
i land - Consolidated:Edison Compeny of New York, InC., & corporation
_organized undeyp, the laws of the State of New York, having its .
‘principal place:of business at 4 Irving Place, Borough of Menhatte:.,
.City,: County .and State of:New York ' . '
\sesiding 2t! R S )
E ! I ) ‘: , party of the i

{

I :
: WITNI":SSJETH. that 1léc ‘pc{rt y of the first part, ‘in consideration of .
T Ten (10.00)= = - = - - ‘
lawful money of she Usited States, 8@ other good and valuable conalderatlons
by' :;ht; '.paxj g . of the ge‘gpnd' I:art, d; @3 hereby grant and release untp the pasty - Coof the second .
¢ RN ,fg’ . 1ts successors : |° and suegme oo s
2t i X

T N gt R : S , : 4
JAEL . that tract er parcel of land/situate at. verplancks point, Town ¢f
gortlandt, County of Westchestew, State of Naw York, ‘bounded and‘ge- |
acribed as fallows: ‘BEGINNING op the easterly slde of Broadway &} tu:

{ - eorner of lgnd o egtate of Willlam Bleakiey deceased and Marla Lyceil:
23 running thence 8lopg’lends of ggi‘d‘Bleakley;;.n,a_ goutherly directic:

* py the ;'varipu_a_pear;'ngs pf a cpooked line to the southwesterly térass
"Qf the land hereby! conveyed; ence north fifty'four degreas wesy.
.aixteen chaing and fifty two linis along lands of Thomas MeGlynn:to
the westerly: gide; of Broagdway; thence with the westerly side of ¢
. Broadway north fourty fou.ggépgr@es,east thipty seven .chains and |
-seventy.tive links; thence ap e right angle’ crossing Broadway OnS ¢hiin
and twenty three links to the plece of begilnning. Containing thirty
. gne acres and one rod of land more.or less. 'Excepting therefrom,
Lx‘:.c;yever. so much of sald premlses as were conveyed to John McClosky
_for burlal purpeses. .‘ oo o o )

BEING the same premlses conveyed to Tllen .T. King, late of .: -
Towvn of Cortlandt, County ef Wostchester, State of New York, by
Thomas N. Avery and-Ellza N. Avery, his wife, by deed dated :
January 16th, 1896, and recorded in the office of the Reglster (alw
Gounty Clerk!s) of Westchester County, in Liber, 1418 of Deesds, pice
197 on the 27th day of January, 1896, ' T

- T SUBJECT TO covenants and restrictions of record 1f any, nit
rendering title unmarketable and to any state of facts an accuraty
gurvey would show, not vendering title unmerketable. ‘

: SAID pfémises_ knowvn on the Tax méps of the Town of Cortlai:s
_and Village of Buchanan, Westchester County, New York as Section ¢,

Block 32, Lot 570

- SAID pre;mises 1yihg on the East side of Broadway, north o} @ -
Roman CatholiciCemetery, opposite lands known as Indian Point FPaps.
s L st}

e

T
LI

TOGETHER with al] right, title and interest of the party of the first part of, in and to the land lying io the vt
in front of and adjoining said premises, . :

TOGEI‘HER with the appurtenances and all the estate and rights of the pﬁrty of the first part in and u PP
TO HAVE AND TO HOILD the premises granted unto the part § of the second parst,
‘ ' its successors




Sezond.~—"1 Lt

Third ~Th=:

canveyancs
e oot b
any part of the
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KING VP-CFLR.——»S, INC.

BY /(‘L*& K‘*‘
. esideht

dav : c v 55 refere m

o me known,wihe hewa by me anly i dencse anl v that weore a0 162 Hawthorne
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King Pro pnrcios,
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sTaTE OF NEW YORK, COUNTY GF WESTCEESTER

On the 15thday of December, 1955, before me personally came JOBN J.
¥ING, to me kmown, wno, being by me duly sworn, did depose and 88y
thet he resides at No. 162 Hawthorne Avenue, Vonkers, New Yor¥;
that he is the Prasident of King Properties, Inc., the corporatlion
described in and which exscuted the foregolng instrument; thet he
wnows the seal of sald corporation; that the seal affixad to sald
ipstrument. is such corporate seal; that it was so affixed by order
of the board of directors of sald corpora3ion, and that he signed

isunamc=thereto_by~1ike-order.

The foragoing instrument was endoried for record as f

ollows:  The property aff tis inst is si
e L o n CraT: ALDT property affected by this instrument is situate
. County of Westchester, N. Y. A true copy of the original DEED
RE—RECORDED DEC. 22, 1955 at 16:39 AM INTER-CC. T. G

at request of

T. G. & M. CO.
EDWARD L. WARREN, Courty Clerk,
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~capacity as an unsolicited project of the third round type. (The
two companies had previously announced their intention of submitting
such a proposal during April 1960.) The proposal by Southern Cali-
fornia Edison covers operation of the nuclear power plant, while plant
development, design, and construction would be carried out by West-
inghouse and its subcontractor, the Bechtel Corp. Nuclear fuel serv-
" ices for the plant would be supplied by Westinghouse. Financial as-
sistance by the Commission would total about $17 million, including
research and development assistance and waiver of fuel use charges.

Under the proposal, the estimated capital cost of the plant to South-
ern California Fdison would be $78 million, and commercial operation
would begin by early 1965. However, the Edison proposal is con-
tingent, among other things, upon the company’s obtaining a satis-
factory long-term lease of a site on the Marine Corps reservation at
Camp Pendleton in Southern California. At year’s end, the site ques-
tion still had not been resolved.

Consolidated Edison Thorium Reactor .

Construction of the privately financed uranium oxide-thorium oxide
Consolidated Edison Co. reactor was essentially completed at Indian
Point, N.Y., in December. Initial criticality is expected by early
1962, Full power operation of the 255,000 ekw pressurized water
plant, which includes 104,000 kilowatts from an oil-fired superheater,
is scheduled for the spring of 1962. The Indian Point plant will pro-
vide important operating data for large water-cooled reactor systems
and technical data on the use of & fuel mixture of thorium and urani-
um 235. It will be the second large-scale nuclear power plant to be
put into operation without financial assistance from the Commission ;
Dresden was the first. A public hearing to consider the issuance of a
provisional operating license was held on December 7-20, 1961, and
recessed to January 3,1962.

Sawxton Nuclear Experimental Reactor

Construction work was essentially completed in December on the
privately financed 3,250 ekw developmental reactor of the Saxton Nu-
clear Experimental Corp. at Saxton, Pa. The small pressurized
water plant was designed and built by the Westinghouse Electric
Corp. It will be operated primarily for research and development
and will be connected to an existing turbine generator for production
of electrical power at the Saxton steam generating station of Pennsyl-
vania Electric Co., about 20 miles southeast of Altoona. Design
power operation is expected to be achieved in March 1962. A provi-
sional operating license was issued November 15, 1961.
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APPENDIX 8

LiceNse AppPLICATIONS FiLED aND ActioNs TaKEN
SUMMARY OF LICENSING ACTIONS

!

!

!

!

!

]

|

Permits [
and l

|

3 PERMITS AND LicENSES ISSUED
: licenses
Y FACILITIES Sept.1, | Jan.1, Jan. 1, Jan, 1, Jan. 1, | in effect
3 1954 to 1958 to 1959 to 1960 to 1961 to asof .
E- Dec. 31, | Dec. 31, | Dec. 31, | Dec. 31, | Dec. 31, | Dec. 31,
3 1957 1958 1959 1060 1861 1961
pPower Reactors
B Construction permits_____....c....... 5 0 0 5 1 7
3 Construction permit amendmentsand |
B OrdersS.cccocucerememnccmemmamemncana- 1 4 6 2 [ 1) !
! Licenses t0 operate. . c..cocomcamooao- 1 0 1 1 1 4 "
3 License amendments, authorizations !
g and OrderS. oo oo ooceoooooacean 1 7 7 7 22 |oeiceenn |
2 Test Reactors }1
3 Construction permits__ ... ccoooonn 1 2 0 0 0 0 :
-~ Construction permit amendments and ;
1 0 1 1 [ P i
g Licenses to operate_. 0 0 2 0 1 3 .
4 License amendments and author-
izations. . il 0 0 3 ] [ 7 P
Research Reactors
Construction permits. ... __._.___.. b 20 °1l 415 14 7 15
E Construction permit amendments and
3 Orders. - oceeemmmmcceceeec e meaea & 9 15 12 8 |iceieea
] Licenses to operate (including acquire
3 and operate) . .- .o oo cacocooean 28 19 9 11 9 54
.. License amendments. ....oeceennnenna- 16 17 34 29 b (i T
™ Reactor Exports
Research Reactor Licenses 16 8 n 3 2 Q]
~ Test Reactor Licenses. ... 0 2 0 0 S NG
9 Power Reactor Licenses 0 1 1 0 1 [0)
3 License amendments. ... _caceaeas 8 14 10 14 [ 2 I,
E i Critical Experiment Facilities
- Construction permits. ... .c.ocoememno. 10 4 1 2 0 1
Construction permit amendments and 13
Orders..comcceeccccmaana ——— 2 2 1 3 b -
: Licenses to operate... ... . _ccoe-. 6 5 3 2 0 13
p:- License amendments... ..o ......__.. 1 10 18 14 U 1 .
E Production Facllitles
B Construction permits. . c_ooooo.. 0 0 0 0 1 1
3 Construction permit amendments and
k orders. . - 0 0 0 0 1] PO
3 Licenses to operate 0 0 0 0 0 ]
k. § Import licenses 0 0 0 1 [ 3
3 Operator licenses. ... _ooccooooocacoonans 148 215 176 222 b 203 b 886
Operator license amendments and re-
newalS . iiccreemmaem—n- 21 67 81 141 LIS E:7 2 O,
. Bpecial Nuclear Material licenses. . ....... 151 115 73 85 8116 b 449
SN'M license amendments and renewals. . 92 156 194 249 b 268 h 449
3 Source Material licenses issued or re-
b newed & oo 4, 541 1,303 1,168 1,061 b 508 b 600
Source Material export licenses_._____...... %, 456 676 721 696 b 221 )

a Applications to construct and operate are filed simultaneously; conversions fromn construction permits
to licenses to operate are made upon satisfactory completion of construction.

b Permits authorize construction of 36 reactors and modification of 2 reactors.

¢ Permits authorize construction of 38 reactors.

d Permits authorize construction of 13 reactors and modification of 2 reactors.

¢+ Permits authorize construction of 24 reactors.

f Export licenses terminate upon completion of shipment,.

& Under amendment to Part 40, Licensing of Source Material, effective Feb. 13, 1961, a license is no lnnger
required with respeet to activities (except export) relating to possession of unrefined and unprocessed ore
containing source material. Exports to non-Soviet bloc destinations of up to three pounds of source mate-
rial at any one time and any quantity of incandescent gas mantles are authorized by general license under
Part 40 as amended. b Data as of Nov. 30, 1961.

437




*  APPENDIX 8

Facruary LIGENSE APPLICATIONS ®

APPLICANT AND LOCATION
or Facrury

DESCRIPTION 0OF FACILITY

Dare FiLED

SraTUS

POWER REACTORS

Carolinas Virginia Nu.
clear Power Assocletes,
Ine., Parr, B.C.

Commeonwealth Edison
Co., Dresden Station,
Grundy County, Iil.

Consolidated Edison Co.
Waestchester County,
New York,

Consumers Power Co,,
Big Rock Point, Char-
levoix County, Mich.

Florida West Coast Nu-
clear Group, Inc., Polk
County, Fla,

General Electric Co., Ala-
meda County, Callf.

17,000-kilowatt, vertical
pressure tube, heavy
water moderated and

" cooled reactor. -

180,000-kilowatt, dual cy-
cle, boiling water reac-
tor,

183,000-kilowatt, pressur-
ized water (plus 112,000
kw of conventlonal
superheater capacity).

75,000-k{lowatt, high pow-
er density, single cycle,
boiling water reactor.

50,000-kilowatt, high tem-
perature, gas-cooled,
heavy water moderated,
pressure tube reactor.

3,000 to 3,000-klowatt de-
velopmental bofling wa-
ter reactor, designated
the Vallecitos Bolling
Water Reactor
(VBWR).

July 9, 1959...

Apr. 1, 1955..

Mar. 22, 1955
(date of
applica-
tion).

Jan, 18, 1960

Deo. 10,1059.

Jan. 10,1956
(date ofap-
plication).

Construction permit jssued May
4, 1960,

Construction permit issued May
4, 1066; 45-day limited license
for 1-megawatt (thermal) oper-
stion issued Beptember 28,
1059; amended November 5,
1059 to expire December 10,
1959; amended November 16,
1959 for 315-megawatt (ther-
mal) operation after December
10, 1959; amended June 2, 1960
for operation at power levels
up to, but not in excess of, or
at steady state power lovel of
630 megawatts (thermal);
amended October 14, 1960 for
steady state operation at €30
megawatts (thermal); reactor
shut down in November 1060
due to contro) rod difficulties;
100-kilowatt operation asuthor-
ized March 31, 1961; 630-mega-
watt (thermal) operation au-
thorized May 27, 1961; license
amended June 9, 1961 to include
revised technicsl specifications.

Construction permit issued May
4, 1056; amended August 4,
1061 to approve final design of
reactor.

Construction permit issued May
31, 1980.

Application withdrawn by letter
o! June 26, 1981 .

Construction permit issued May
14, 1986; lcense lssued for
criticality tests July 29, 19567;
for power operastion, Aug. 31,
1957; license amendment au-
thorizging operation at power
levels to 50.000 kw. (thermal)
{ssued Jan. 30, 1859; amended
July 6, 1960 to authorize oper-
ation with certain internal
modifications and with new
fuel arrangements; amended
Nov. 5, 1960 to authorize G.E.
to meke changes within tech-
nical specifications described
in lcense amendment pro-
vided po unreviewed safety
questions 1 involved; VBWR
shut down in Feb, 1961 pend-
ing replacement of certain
reactor components; resump-
tion of operation authorized
Apr. 13, 1081,

s For applications withdrawn prior to 1961, see Appendix 9, Annual Report to Congress for 1960,
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SUMMARY AND CONCLUSIONS .

This Environmental Statement was prepared by the U. S. Nuclear Regulatory
Commission, Office of Nuclear Reactor Regulation.

1.

2.

This action is administrative,

The proposed action is the issuance of a license to Consolidated
Edison Company of New York, Inc., for the operation of the Indian
Point Nuclear Generating Plant, Unit No. 3 (Docket No. 50-286),
located in the State of New York, Westchester County, Vlllage of
Buchanan, 24 miles north of the New York City boundary line.

" The Indian Point Station will have three Units, with each employing

a pressurized water reactor to produce a total of 6,675 megawatts
thermal (MWt). Indian Point Unit No. 3 will produce up to 3,025
MWt. A steam turbine-electrical generator will use this heat to
provide 965 net megawatts of electrical power (MWe).~ A design
power level of 3,216 MWt (1,033 MWe) is anticipated at a future
date and is con31dered in the asgessment in this Statement. Just
north of Unit No. 3 is Indian Point Unit No. 1 (Docket No. 50-3),
which produces 890 MWt (net 265 MWe) and Un1t No. -2 (Docket No: 50-
247), which yields 2, 758 MWt (net 873 MWe)

During initial operation, the exhaust steam from each Unit will be
condensed by once-through cooling water withdrawn from the Hudson
River through separate intakes and discharged into the river via a
common discharge canal and submerged multiport outfall structure.

Although the present action is the issuance of an operating license

for Unit No, 3, this Statement considers the environmental impacts
‘from simultaneous operation of all three Units. A Final Environ-

mental Statement has been issued for Unit No. 2, Furthermore, in
view of the proximity to the Indian Point site of existing and pre-
sently proposed power plants on the Hudson River, the cumulative
environmental benefits and impacts of the plants within a 30-mile
reach of the river have been assessed. ' The proposed action is inter-
related to other actions taken by other Federal agencies such as

the Environmental Protection Agency, in regard to granting or

"~ denying application for discharge permits under the National
‘Pollutant Discharge Elimination System (NPDES) instituted through

the Federal Water Pollution Control Act Amendments of 1972, and the
Federal Power Commission, in licensing of other facilities on the
Hudson River. The States that will be affected by this proposed
action include New York, New Jersey, and possibly Connecticut and
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other New England states. In New York State, Westchester and
Rockland Counties, and in New Jersey, Bergen County are the counties
particularly affected by this proposed action,

Since issuance of the Draft Environmental Statement (DES) on Indian
Point .Unit No, 3 (October 1973), the Atomic Safety and Licensing
Appeal Board ruled on the environmental issues requiring closed-
cycle cooling for Indian Point Unit No. 2 (ALAB-188). This Board
required the licensee to terminate once-through cooling at Unit

No. 2 by May 1, 1979, and thereafter to operate Unit No. 2 with

a closed-cycle cooling system. However, it required the staff to take
a ‘frésh look at certain of the staff's positions and reconsider

'port1ons (ecological sections) of the Final Environmental Statement

(for Unit No. 2) to which theéy relate. Such a reassessment of the
issues in contention relative to the staff's recommendation on '
closed~cyc1e cooling was made in preparing this Final Statement
and included holding several meetings with the applicant, its con-
sultants, the State of New York, and intervenors in order to exchange
information about current ecological research results which have been
utilized in this Statement. '
Summary of princ1pal environmental impacts, including beneficial and
adverse effects, follows: . .
a, Indian Point Unitho. 3 will produce an average annual genera-
tion of 6.26 x 10° kWhr.of electricity, which will provide

support of $8.8 billion of regional product in 1980.
(pp.. XI-45 to 58)

b. About 35 acres of 239 acres of 1and'formerly used as an'amusement
park, and later zoned for heavy industry, have been converted
to industrial use. (p. V-1)

c. The applicant s plans to develop an 80-acre forested park with
a freshwater lake and to build a new visitors' center, nature
trails, gardens and public facilities will enhance the value

_of the site to the general public. A l4-acre area, transferred
by the applicant to the Village of Buchanan, now includes a
playing field and the remainder will be developed into a
marina. (pp. V-1 to 2)

d. No additional land area was used for the-righteof-way.of'the

transmission lines from Unit No. 3 to the_nearby Buchanan Sub-
station from which the power is.distributed to the applicant's
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service system; however, the present transmission facilities
will be upgraded to improve the applicant s capability of
distributing power to its customers, Transmission towers
from Unit No. 3 of the Buchanan Substation were designed in
accordance with Federal guidelines. (pp. IV-3 to 4)

" Areas disturbed during construction will be improved by

landscaping-and planting after Unit No. 3 is built.: (p;'V-Z)

About 4,585 cubic feet per second (cfs) or 2,058,000 gallons

‘per minute (gpm) of water for cooling and service water systems

will be withdrawn from’ the Hudson River and increased’'in-
temperature by about 15F° during passage through the steam
condensers and heat éxchangers of Units Nos. 1, 2 and 3. This

"heated water from all the Units will be combined and released

into the Hudson River at a velocity of about 10 feet per

l second (fps) through a 270-foot long, submerged multiport

discharge structure. Unit No. 3 will use a total of 1,933 cfs
of river water for once-through cooling which will be. raised

_in temperature by about 17F°., (pp. III-3 to 14)

. The staff assessment of thermal discharges -from once-through

cooling of all three Unitsy based on mathematical modeling for
the near and far field, and utilizing the New York State thermal
criteria, indicates that: (pp. V-37 to 41) '

(1) When the ambient temperature is about 80°F, compliance
with the New York '‘State 90°F maximum surface temperature
criterion is possible but is marginal - -

(2) Under certain conditions, the thermal discharges' in the
-+ vicinity of Indian Point, on a tidal average basis, will
exceed the New York State thermdl criterion  requiring that
no more than one half of the vertical cross-sectional
area of the river shall experience a temperature rise
of 4F°,

(3) Under certain conditions, the thermal discharges in the
vicinity of Indian Point, on a - tidal average basis,
will exceed the New York State criterion requiring that
no more than two-thirds of the surface width of the
river shall experience a temperature rise of 4F°,

.{(4) . Based on a statistical analysis of hydrological and meteo-

rological conditions, the staff estimated that the New York
State 4F° surface température rise criterion 'may be exceeded
for as many as 30 conseé¢utive days during one out of every



I, INTRODUCTION

The Consolidated Edison Company of New York, Inc. (applicant) has
applied to the Atomic Energy Commission for an operating license
for Unit No. 3 (Docket No. 50-286) of the Indian Point Nuclear
Generating Plant (or Station). The 239-acre site, on the eastern
bank of the Hudson River in an industrial-area near Peekskill, and .
about 24 miles north of the New York City northern boundary line,
is located in the Village of Buchanan in upper Westchester County,
New York, and contains two existing nuclear-powered Units. Unit
No. 1 produces 265 megawatts electrical (MWe) and Unit No. 2 pro-
duces 873 MWe. Unit No. 3 will use a Westinghouse pressurized-
water reactor, rated at 3,025 megawatts thermal (MWt), to produce

a net rated output of 965 MWe. A design power level of 3,216 MWt
or 1,033 MWe is anticipated in the future. Important information
related to Unit No. 3 is given in Table I-1. Additional data
regarding the thermal and electrical power for the Plants are given
in Table IIIfl All three Units will initially use the Hudson
River for once-through cooling.- In addition, the .power output from
the three Units will be transmitted to the Buchanan substation,
2,100 ft east of the Units, and from there onto ex1sting trans-
missiop facilities owned by the applicant.

. In regard to the status of the construction and. operation of the
three Units on the site, the applicant received a Provisional
Operating License DPR-5 for Unit No. 1 on March 26, 1962, and
applied for a full-term 'license on November 10, 1969. Unit No. 1
has been shut down since October 31, 1974, in order to have an
emergency core cooling system installed. On. September 28, 1973,
the applicant received Amendment No. 4 to the Facility Operating
License No. DPR-26 to operate Unit No. 2 at 100% steady~state
power. This license has since been amended by Amendment No. 5 in
accordance with the Atomic Safety and Licensing Appeal Board's
Memorandum and Order (ALAB-174) dated January 29, 1974, and Amend-
ment No. 6 in ‘accordance with the Appeal :Board's Decision (ALAB-
188) dated April 4, 1974. A construction permit:CPPR-62 for Unit
No. 3 was issued to the applicant on August 13, 1969. The appli-
cant resubmitted to the Commission an amended application for an
operating license for Unit No. 3 on April 13, 1973. Construction
of Unit No. 3 will be completed in the early part of 1975 and
commercial power operation is anticipated during the latter half
of 1975.

This Statement has been prepared with consideration of the incre-
mental impacts on the Hudson River ecosystem produced by operation
of Indian Point Unit No. 3 with the applicant's proposed once-
through. cooling system over those produced by existing power plants,
including Indian Point Units Nos. 1 and 2.

I-1
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Table I-1. Important parameters related to Indian Point
Nuclear Generating Plant Unit No. 3

" Power plant
Thermal power, MWt '

Rated o ' _ © 13,028
Maximum calculated .- e 3,216
Electrical output, MWe .- .
Rated gross turbine-generator . .. .. 1,001
Rated net o 965
Maximum calculated net _ : 1,033 °
- Heat dischatge, Btu/hr ' o
At rated power o B " 6.940 x 107
At maximum calculated power i - 7.490 X 10°
Water flow rates, gpm (cfs) o -
Cooling wuter N - 840,000 (1,871}
Service water 7 - © 730,000 (67)
" “Total - o : 870,000 (1,938)
Water velocities, fps B R ’ - -
Intake . . o . . 0.8-2.0
Discharge (design velocity at discharge port) ' S 10
. Fuel weight, |b UO, : . 215,800
Equilibrium fuel enrichment, wt % U-235 - - 3.2
) Plant site
Distance north of New York City boundary line, miles . . 24
Area, acres ' ’
Site . 239
Occupied by plant (all 3 units) : . 35
Location of plant on Hudson River, mile point 43

) éharactcri_s(ics of Hudson River at plant site . .
Width, ft B . " 4,500-5,000

Maximum depth, ft . . 85
Approximate cross-sectional area, 12 o 170,000
Ambient temperatures, °F . C :
Maximum : : : . . 79-81
Minimum . . . ' ] 32
Freshwater flow, cfs . ’
Maximum e : 68,000
Minimum i - I 3,500 -
Maximum tida!l flow, ¢fs : . 300,000
Average tidal range, ft o . 2.9 .
Maximum salinity, ppt o . 08

Population (1970 Census)

Nearby cities -
Peekskill - . - ’ 18,881

West Haverstraw : ' . 8,558
Haverstraw : 8,198
Croton-on-Hudson . 7.523
Stony Point ) 6.270
-Nearby counties : I : ' T
Westchester, - ' . : 894,406
Rockland - . ‘ a IR 229,903
Orange . . . 221,657

Putnam : o ) T 56,696
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In this Environmental Statement, ‘the staff's Final Enyironmental-
Statement! (FES) for Unit No. 2, as amended, and the.applicant's

. Environmental Report " (ER) and -Supplements for Unit No. 3 are

cited extensively. Therefore, their full titles and documentation
are given only in the list of references for the Introduction.” A
third document, the applicant's Environmental Report'3 and Supple-
ments. for Unit No. 2, will be treated similarly to prevent ambi-
guity. Throughout the Statement, these references will.be given
in the line of text, either in short form or as abbreviations,
followed by citations to pages, sections, appendices, etc.:

~ FES, IP-2 Final Environmental Statement for Unit No. 2

ER, IP-2 Environmental Report and three Supplements for

: . Unit No. 2

ER, IP-3 Environmental Report and twelve Supplements for .
Un1t No. 3

Independent caltulations and sources of information were also
used as a basis for the assessment of environmental impact. In
addition, some of the information was gained from visits by the
staff to the Indian Point site and surrounding areas in February
and November 1973 and in June and August 1974.

Meetings with the New York State Department of Conservation and
other State agencies occurred in February 1973, and discussions
with the intervenors liave taken place during the same meetings
between the applicant and the staff mentioned above. These vari-
bus discussions among the parties in the hearing have been, benefi-
cial in the staff's preparation of’ the FES. In addition, the-
various reports on the applicant's research progfam have provided
extensive information on the Hudson River environment.

A. SITE SELECTION -

The Indian Point site was committed to nuclear power generation -
as early as 1956, when the construction permit for Unit No. 1 was
issued by the Commission. The site was further committed in 1966
when the construction permit for Unit No. 2 was issued, and in
1969 when the construction permit for Unit No. 3 was issued. This
commitment and the following factors weré the major considerations
in the selection of the Indian Point site for Unit No., 3: (1)

low population density in the nearby area; (2) the geology of the
site; (3) extremely remote danger of flooding; (4) short distances
to load centers;. (5) existing transmission rights-of-way; (6)
availability of the Hudson River water for cooling purposes; and
(7) scarcity of suitable sites. Each Unit utilizes the Hudson
River as the water supply and the receiving water body for dis-
charged wastes. Experience had been gained from operation of Unit
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No. 1 regarding the discharges of thermal, chemical, and radio-
active effluents and their effects on the environment, and studies
have been carried out on the impact of incremental amounts of .
these discharges. .All liquid and gaseous effluents discharged from
the Units to the  environment shall be required to meet Federal,
State, and local regulations. Suitable sites.for large .power
plants are becoming increasingly scarce in the New York area.-
Limitations of the availability of the above-mentioned requirements
have restricted the applicant in selecting suitable sites to build
power plants to serve the applicant's service area.

B. APPLICATIONS AND APPROVALS

Table 1-2 lists the applications filed by the applicant and the
approvals received to date from various governing bodies or agen-
cies for Unit No. 3 as well as for the other two Units.  For those
applications which have been granted, the date of.issuance is
included. The letters granting the permits are presented in Appen-
dix I of the applicant's Suppl. No. 1 to the Environmental Report
for Unit No.-2 and Appendix H in the Environmental Report for Unit -
No. 3. oo . - - Sl

1. Past Environmental Approvals

The applicant has also conferred ' with the Westchester County
Department of Planning in establishing the Indian.Point site for
construction of nuclear power.plants.: The Department of Planning
comments on the fact :that the site is.zoned for industrial use,
including the use of nuclear power generation, which is consistent
with the overall land use development planned for Westchester
County. - It also 'strongly endorses the applicant's policy of making
part of the site .available for public use and -for recreational
purposes. The State of New York Atomic Energy Council has simi-
larly expressed the opinion, consistent with that of the Depart- .
ment of Planning, that nuclear power development may have resulted
in ‘an improved land usage (ER IP- 3, p. 6-2).

The Adv1sory Counc1l on Historic Preservation5 has commented on
the -.effect of the nuclear power plant undertaking on the Stony -
Point Battlefield Reservation, a National Register property, and
concluded that the probable effect. upon this Reservation .cannot
be judged to be sufficiently adverse to warrant .Council comment.'

On September 14, 1967, the Hudson River Valley Comm1351on (HRVC) 6
which encourages projects.that enhance the preservation and devel-
opment of -the historic, natural,. and scenic reésources of the Hudson
River Valley and recognizes the meed for full development. of the:
commercial, industrial, and other resources, stated-4ts-unanimous
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Table I-2. Approvals related to the Indian Point Station

Agency

\

Subject

Date
of issuance

Approval

Atomic Energy Commission

Department of the Army,
Corps of Engineers

Hudson River Valley
Commission

Unit No. 1 construction permit

Unit No. 1 provisional operating

license
Unit No. 2 construction permit
Unit No. 2 facility operating |
license to load fuel and
conduct subcritical testing
.Unit No. 2 facility operating
license to conduct tests up
to 50% of rated power
Unit No. 2 facility operating
license to operate up to
50% of rated power L
Unit No. 2 facility operating
license for 100% of rated
power

'Unit No. 3 construction pérmit

Construction of wharf, screen-
wells, and discharge tunnel;

installation of pipes; dredging )

and placing of fill
Construction of dike in Lents
Cove
Placement of fill

Revised plans to place fill;con- .

struction of discharge channel
extension wall and screen-
well structure; dredging and .
placing of fill
Revised plans for discharge -
structure ..
Installation of screenwell -

cofferdam and discharge canal

Dredging at Lents Cove

Revised plans for discharge .
structure and installation of
steel outfall section con-

sisting of 12 submerged

openings

Sect. 13 permit to discharge
and control thermal, chemi- -
cal, and other wastes

Installation of screenwell
cofferdam and discharge canal

Dredging at Lents Cove

Changes in discharge canal

-

. May 4, 1956

Mar. 26, 1962

Oct. 14, 1966

. Oct. 19,1971

Apr. 20,1973

"Apr. 27,1973

" Aug 9, 1973
. Sept. 28, 1973

‘Aug. 13, 1969

Apr. 3, 1957

Jan. 8, 1960

“Feb. 23, 1966
~ Mar. 15,1966

‘Jan. 19, 1967
Sept. 29, 1967

. Dec. 11,1967
. Nov. 24,1970

Applied for

June 24, 1971;

_“converted to
Sect: 402

- permit

Sept. 14, 1967

Dec. 7, 1967
Mar. 26, 1971

CPPR-]

_DPR-S

CPPR-21
DPR-26

DPR-26, Amendments
land 2

DPR-26, Amendment 3
DPR-26, Amendment 4

CPPR-62
Permit No. 5236

Permit No. 5891

Permit No. 7184
Permit No. 7184-A

Permit No. 7184-B
Permit No. 7562

Permit No. 7589
Permit No. 7562-A

Letter of approval

Letter of approval
Letter of approval
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Table I-2 (continued)

Agency

Subject

Date
of issuance

Approval

New York State Water
Resources Commission

New York State Department
of Environmental
Conservation

New York State Department
of Health

" Dumping of rock spoil in

- Hudson River
Construction of extension of
discharge canal to separate
discharge from intake to a
point 300 ft south of present
location
Dredging for concrete screen-
well construction .
Installation of screenwell
cofferdam and discharge canal
Dredging at Lents Cove
Extension of discharge canal
98 ft'downriver and protection
with sheet piling

Redesigned outfall structure
including sluice gates

Construction of modified outfall
structure to change dpenings
from 18-ft depth to 12-ft depth

Discharge of chemical cleaning
sofutions

Discharge of chemical cleaning
solutions

Water quality certification for
Units Nos. I and 2 under Sect.
21(b) of WQIA of 1970

Water quality certification under
Sects. 401 and 402 of
FWPCAA of 1972 for testing
period for Units Nos. 1 and 2

* Water quality certification under

Sect. 401 of FWPCAA of 1972
for full power operation of
Units Nos. 1 and 2

Sewage disposal system
Construction of 214-ft cooling .
water discharge channel

Construction of fossil-fired
service boilers

Construction of an effluent
channel with a submerged
diffuser

Feb. 4, 1966

Mar. 2, 1966

Apr.’13, 1966
June 22, 1967

Nov. 30, 1967
June'30, 1970

Dec. 10, 1970

Nov. 4, 1971

" Nov. 13,1970

Feb. 10, 1971

Dec. 7, 1970

Apr. 24,1973

Sept. 24, 1973

June 10, 1959
Aug. 22, 1966

“ (expired Aug.

22,1971)
Apr. 12,1968

- May 19, 1970

Permit No. 8-1-66

Permit No. 8-4-66

Permit No. 8-11-66
Permit No. 8-31-67

Permit No. 8-78-67
Permit No. 8-22-70

Temporary; no
longer used
Temporary; no
longer used

Permit No. HA-680101



I-7

Table 1-2 (continued) .

- . Date ) g
- Age?cy ' Subject of issuance A;?pr.oval-
Westchester County Use of land for industrial purposes Nov. 9, 1970
Department of Planning ’
Village of Buchanan,
~ Building Department
Unit No. 2 !
Excavation ‘Dec. 1, 1965 Permit No. 373
Intake screenwell May 16, 1965 Permit No. 381
Turbine room, water bay, and May 24, 1965 Permit No. 387
(discharge water tunnel . } .
Primary auxiliary building and Sept. 28, 1966 Permit No. 404
‘waste holdup tank pit S ) :
Fuel storage building Sept. 28,1966 _ Permit No. 405
Containment building Sept. 28, 1966 Pérmit No. 406
Control room ) Feb. 18,1967 Permit No. 411
~ UnitNo.3 .
Excavation - June 16, 1967 Permit No. 421
Demolition of existing sforage July 10, 1967 Permit No. 425
and office buildings ’ - ‘ )
Installation of screenwell ‘July 11,1967 Permit No. 427
‘cofferdam and discharge canal ; .
Control house ; May 28, 1968 Permit No. 458
Containment building May 28, 1968 ‘Permit No. 459
Turbine building May 28, 1968 Permit No. 460
Fuel-storage building July 15, 1968 _ Permit No. 463
Primary auxiliary building Feb. 24, 1969 Permit No. 473
Waste-holdup tank Aug: 25,1969 - Permit No. 491
Aug. 26, 1969 - Permit No. 492

Service building




Iv. ENVIRONMENTAL IMPACT OF SITE PREPARAIION AND PLANT CONSTRUCTION

A, SUMMARY OF CONSTRUCTION STATUS -

Construction at the Indian Point site has been almost continuous
since 1956, when construction began on Unit No. 1. Construction
of Unit No. l'was completed in 1962. Construction of Unit No. 2
began in 1965 and was completed in‘-April 1973, after which this
plant achieved criticality on May 22, 1973. Construction of Unit
No. 3 began in 1969, is currently about-92% 'complete, and is °
scheduled for completion in 1975.- Unit No. 3 is estimated to be
ready for fuel loading by -the early part of. 1975 -and for power
operation by the -last half of 1975. ' The applicant has: received -
all the necessary Federal, State, and local permits and licenses
for the necessary construction work as described in Chapter I.

1

B. IMPACTS. ON LAND USE

-1, Onsite Construction

The site was formerly the Indian’ Point amusement park, which was
abandoned when the use of the park decreased.  "The applicant

purchased ‘the :abandoned site in the mid-1950's for use as a site
for a power plant. The site was zoned for heavy industrial use,

About two—thirds of the 239-dcre site has been affected by con-
struction-related activities for: all three Units. Upon completion
of construction, about 35. acres, or 15%, of the 239-acre site
will be utilized by permanent buildings and facilities.

During constructlon of Unit No. 3, few impacts of any significance
on land use resulted, because no changes were needed for rebullding
or relocating highways, railroad lines, or gas lines. Most access
lines and roads were built-during the construction of Units Nos.

1l and 2.. A permanent access road through the site starts at -the-
corner of Bleakley- Avenue and Broadway, ‘a few blocks away from the
New York—Albany Post Road (NYS Highway 9). Heavy equipment was
shipped into the site via this access road from existing highways,
expressways, and railroads or -up the Hudson River by barge. ' Much
of the construction work and impacts have been limited to the
confines of the site .itself. : :

Erosion in areas disturbed by construction will be reduced through
continuous efforts to landscape.and carry out vegetative measures
on the site as construction work is being completed. The major
effect of conmstruction of Unit No. 3 is to delay the restoration
of the areas of the site dlsturbed during construction of the
other Units. : -

Iv-1



ITI, THE PLANT
A. GENERAL

The Indian Point Nuclear Generating Plant consists of three Units.
Unit No. 1 uses nuclear and oil-fueled components in combination
to produce a net output of 265 MWe. It has been in commercial
operation since October 1962 and has generated a cumulative total
of 13,557,495 MWhr gross (as of December 6, 1974). Unit No. 2
uses nuclear fuel and has a net rated capac1ty of 873 MWe. On
September 28, 1973, the applicant received a license to operate
Unit No. 2 up to 100Z%Z of steady state power. The gross generation.
of power has amounted to 10,764,100 MWhr as of December 6, 1974,
Unit No. 3, with construction about 92% complete in the fall of
1974, also uses nuclear fuel and has a net rated capacity of 965
MWe. : :

-Waste heat from Units Nos. 1, 2, and 3 is d18$1pated by once-

through cooling with water from the Hudson River. In Unit No. 3,
cooling water is withdrawn from the Hudson River at a maximum rate
of 840,000 gallons per minute (gpm) through six pumps at full
capacity of 140,000 gpm each and six service water pumps of 5,000
gpm each for a total of 30,000 gpm for service water purposes.
Upon passing through three condensers, the circulating cooling
water is heated to about 15 F° above the background river water
temperature and discharged into a common discharge canal with Units

" Nos. 1 and 2. The heated water is then discharged into the Hudson
" . River through a submerged multiport discharge structure at a mini-

mum velocity .of 10 feet per second (fps). Dilution of the thermal
discharges takes place by jet entrainment and by diffusion, with
heat dissipation eventually .occurring by surface heat exchange in-
to the atmosphere. )

B. EXTERNAL APPEARANCE

The containment buildings and turbine buildings are the majorx
structures on the site (Fig. III-1). As viewed from the river,

the turbine building for Units Nos. 1 and 2 is on the left (north)
and that for Unit No. 3 on the right (south). The containment
buildings are just behind and extend above the turbine buildings
with Unit No. 2 on the left (north), Unit No. 3 on the right (south),
and the smallex building for Unit No. 1 in the middle.

Only the Unit No. 1 stack and the upper parts of the three contain-
ment vessels are visible from Broadway and parts of Peekskill.

For the most part, the Plant structures present an appearance sim—
ilar to other industrial structures in the area. The appearance
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Fig. III-1. Photograph showing construction of Indian Point
Unit No. 3. : :
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of the Plants would be decidedly changed if an alternative closed-
cycle cooling system as recommended by the staff in Sect. XI were
installed.

C. TRANSMISSION LINES

Transmission facilities uniquely identifiable with Unit No. 3 con-
sist of a truss framed into the turbine-generator building, four
tubular-steel transmission poles (three double-circuit poles and
one single-circuit pole) located within site boundaries, and two
tubular-steel terminal.structures at the Buchanan substation,
2,100 ft east of the site. Power from Unit No. 3 as well as from
Units Nos. 1 and 2 will be transmitted on existing transmission
facilities through the Buchanan substation to other substations
to the New York City area and other highly populated sections
around . the metropolitan area in the applicant's service area on
transmission lines shown in Fig. X-1 and described in Table X-2.

D. . REACTOR AND STEAM-ELECTRIC SYSTEMS

All three Units utilize pressurized light-water nuclear reactors.
Their descriptions have been given in detail in the ap licant s
Final Facility Description and Saféty Analysis Reports!»? and have
been summarized in the applicant's Environmental Reports (ER, IP-2,

Sect, 2.1.2 and ER, IP-3, Sect. 3) and in the staff's Final Envi-~

ronmental Statement for Unit No. 2 (FES, IP-2, Sect. IIL.D).. The
license application for Unit No. 3-is for 'a power rating ‘of 3,025

.MWt ds compared with 2,758 MWt for Unit No. 2..  The power leveis

for the three Units are summarized in Table IIT-1. The rated

-capacity is the capacity which is the basis for the license’ appli-

cation. The maximum guaranteed capacity is ‘the maximum output for
which the.vendor guarantees the turbine generators. The maximum
calculated (design) capacity is the ultimate capacity that the
applicant plans to achieve ("stretch" level).

Steam is generated to drive tandem—compound turbine—generator units
located in adjacent secondary-system buildings. There is one-
turbine-generator for each Unit, and the turbine assemblies for
Units Nos. 2 and 3 are essentially identical, each consisting of
one high—pressure and three low-pressure turbines on a single
shaft. Each of the low-préssure turbines exhausts into 4 sepa-
rate 51ngle—pass condenser (with divided water boxes) cooled by
water from the Hudson River.



IV. ENVIRONMENTAL IMPACT OF SITE PREPARATION AND PLANT CONSTRUCTION

A. SUMMARY OF CONSTRUCTION STATUS -

Construction at the Indian Point site has been almost continuous
sinceé 1956, when construction began on Unit No. 1. Construction
of Unit No. 1 was completed in 1962. Construction of Unit No. 2
began in 1965 and was completed in-April 1973, after which this
plant achieved criticality on May 22, 1973. Construction of Unit
No. 3 began in’ 1969, is-currently about-927% complete, and is
scheduled for completion in 1975.- Unit No. 3 is estimated to’ be
ready for fuel loading by -the early part of 1975 -and for power
operation by the ‘last half of 1975. ' The applicant has: received
all the necessary Federal, State, and local permits and licenses
for the -necessary construction work as described in Chapter- I.

B. IMPACTS ON LAND USE

1. Onsite Construction

The site was formerly the -Indian' Point amusement park, which was
abandoned when the use. of the park decreased. -The applicant "
purchased -the :abandoned site in the mid<1950's for use as a site
for a power plant. The site was zoned for heavy industrlal use.

About two—thlrds of the 239-dcre site has been affected by con-
struction-related activities for: all three Units. Upon completion
of construction), about 35 acres, or 15%, of the 239-acre site
will be utilized by permanent. buildings and facilities.

During construction of Unit No. 3, few impacts of any significance
on land use resulted, because no changes were needed for rebuilding
or relocating highways, railroad lines, or gas lines. Most access
lines and roads were built-during the construction of Units Nos.
l.and 2.. A permanent access road. through the site starts at the-
corner of Bleakley- Avenue and Broadway, a few blocks away from the
New York—Albany Post Road (NYS Highway 9). Heavy equipment was
shipped into the site via this access road from existing highways,
expressways, and railroads or -up- the Hudsoen River by barge.  Much
of the construction work and impacts have been llmlted to the
confines of the site .itself. : ‘ '

Erosion in areas disturbed by construction will be reduced through
continuous efforts to landscape.and carry out vegetative measures
on the site as construction work is being completed. The major
effect of construction of Unit No. 3 is to delay the restoration
of the areas of the site dlsturbed during construction of . the.
other Units. : -
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STATE OF NEW YORK

ExEcuTivE CHAMBER

ALBANY-, February 17, 1959

"-T0 the Legislature:

. The development and use of atomic enerﬂy for peaceful pur-
_:poses is a matter of important concern to the economic growth, and
the health and safety, of the people of the State.
I, The full nature of the opportunities foreshadowed by man’s
ab111ty to control nuclear fission and fusion are still beyond our
- power to visualize—just as our modern agricultural economy was
« peyond the vision of those who, thousands of years ago, first found
it possible to domesticate ammals and cultivate edible crops from
planted seed.
. New York should be the leader among the states in encouracrmcr
the development and use of atomic energy within the State as
fully as possible, consistent with the health and safety of workers
‘and the public as well as with the powers and responsibilities of
the Federal Government and’ the governments of other states.
~ It was in New York that the atom was split for the first time
this hemisphere, in 1939. New York is now the headquarters
more organizations having an interest in atomic energy than
are located in any other state. To encourage these and other
organizations to make New York the center of their atomic
activities, the State must be alert in providing the regulatory
climate, the trained personnel, and the incentives most conducive
to private atomic development.

1 The Need for State Actwn

‘For sixteen years the pace and direction of nuclear de\ elopment
ave been largely determined by the Federal Government and by
military considerations. Yet, the health of our citizens and the
vigorous development of our mdubtry are fully as much a State
ancl local concern as they are a Federal respon51b111ty Further-
more, the peaceful uses of atomic energy in industry, hospitals
and laboratorles are, at the, least, as many ‘and significant as are
the military.

© The health, the safety, the economic growth of our people are
vitally involved in atomic development. Expansion of our.indus-
try and increased individual well-being are among the rewards
for the State which fosters private initiative and leadership in
these matters.

" The need for a more coordinated and affirmative State roll in
atomic affairs is widely recognized. The Federal Atomic. Energy
Commission, members of the Congressmnal Joint- Committee -on
© Atomie Energy, the Council of State Governments, the Joint
“TFederal-State Action Committee created by President Dlsenhower
¥ and the state governors, members of the State Bar Association and
- the Association of.the Bar of the City of New; York, and other

[3]
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leading citizens have urged an increased assumption of atomic
energy responsibility by the State.

2. Recommendation for Atomic Energy Law and Offiice of Atomic.
Development

Accordingly, I urge the early adoption of a New York State

- Atomic Energy Law and the creation within the Executive Depart-
ment of an Office of Atomic Development, headed by a Director.

A law creating such an Office would provide both the legal

framework and the momentum to accelerate atomic development

programs. . While one cannot blueprint now all the specific steps
the State might take to encourage atomie developments, there is no
need to do so in the initial legislation.

I recommend that the initial State atomic energy legislation have
at least five major objectives:

Farst—Encouragement of the resourceful use of nuclear science
and nuclear knowledge by private enterprise and nonprofit organi-
zations for the fullest possible development of the economy of the
State and the well-being and safety of our people.

Second—Encouragement and support for nuclear science and
sducation so that the State will be in the forefront as a center of~
nuelear knowledge and activity.

Third—Wider and better understanding of atomic energy, its
prospects and hazards, through studies, surveys and reports.

Fourth—Agreement with' the Federal Government to clarify
those areas of government support, inspection or regulation which
are primarily a State or local function—to the end that the
Federal and State objectives will be mutually advanced.

" Fifth—Closer coordination of those departments, municipalities
and agencies within the State dealing with one or more aspects of
atomic energy—to foster the optimum use of atomic energy under
regulation that will be harmonious, and not burdensome, in its
application. '

3. Development; Activities of the Office

Each of these five objectives involves important State concerns.
I place special emphasis, however, on the need for resourceful
planning and incentives for the development of atomic energy
and increased use of it by private enterprise within this State.
In the industrial use of atomic energy, there is already evidence-
that New York State is losing the leading position it once enjoyed.
According to a recent survey by the Atomic Industrial Forum,
the State of California in 1958, for the first time, surpassed New
York in the number of industrial users of radioactive material.
This trend must and can be reversed. A new Office of Atomie
Development, such as I propose, is one of the necessary steps.
An essential part of the development function of the Office will
be close cooperation with the Federal Government. The Director




of the new Office must seek to clarify with the Federal Govern-
ment the areas of primary State responsibility in the atomic

field. He must also determine what, if any, opportunities for

the encouragement of atomic development are not now receiving

B -"the attention they merit at either the Federal, State or. local

levels of government. He should also represent the State at hear-
. ings before the Congressional Joint Committee on Atomic Energy
in Washington, such as those to be held next May on Federal-
State relationships in the promotion and regulation of peaceful
uses of atomic energy. The Director should, moreover, be directly
responsive and responsible to the Governor, and thus work at the
highest levels of the State administration.
To be successful, the Director will have to be knowledgeable in a
complex area, have the respect of industry, labor and federal
officials, and be capable of pioneering in a rapidly evolving field.
" To attract a man of the required specmhzed competence, adequate
compensation must be provided.

The initial staff of the Office can be small. It must, however,
have a high order of skill. The Office should also be able to draw
on the specialized facilities and services of existing State depart-
ments and agencies.

4. Coordinating Activities of the Office

The new Office should also coordinate the many atomic energy
activities of government departments or agencies in the State.
Similar coordination must be maintained with the other states.

Coordination, particularly in a field as intricate and specialized
as atomic energy, is difficult but essential. A way must be found to
avoid overlapping or contradictory regulations and procedures.
Yet coordination does not and should not mean shifting to the
new Office operating or program responsibilities of the agencies.

As an approach to this problem of coordination, I suggest that
the new atomic law require the departments, agencies and
political subdivisions (including municipalities) of the State
(1) to keep the Director fully and currently informed of their
activities relating to atomic energy, and (2) to submit all proposed
rules, regulatmns and ordinances relating primarily and dlreetly
to atomic energy to the Director for a reasonable period prior to
their becoming effective.

I also propose that there be a Coordmatmg Council to advise
and assist the Director in his coordinating function. 1 propose
that the Council be made up principally of representatives of those
departments or agencies whose activities and programs are most
involved. The Council would be expanded as other agencies or
groups emerge whose position should be reflected in its delibera-
- -tions -and recommendatlons

There is no need to make any changes in the powers or funetions
of any existing department or agency of our State in order to.
accommodate an atomlc energy program as I have outlined it in
this message. _



5. Adwvisory Committee

Such an Office of Atomic Development will face many novel and
challenging problems. It will be a pioneer among the states in
atomic energy development. So novel and intricate are these
problems likely to be that I urge the creation of a citizen Advisory
Committee, small enough to be effective, but large enough to be
representative of the varied industry, labor and professional points
of view which must have a voice in shaping a fruitful State
atomic program. Such a committee would be a source of invalu-
able informed advice for the Director on the many ramifications
of a State effort to promote the use -and understanding of atomie
energy: :

6. Conclusion

With an atomic energy law such as I propose, New York will be
in a position to exercise genuine leadership in atomic matters.
Such a law will also give the State a readiness to deal with any
future scientific developments which have important State
significance.

I am confident that the imagination and drive of private enter-
prise, with active cooperation from the State Government, will
point the way to atomic developments within the State which -
will be a source of strength to our economy and to our people.

: (Signed) NELSON A. ROCKEFELLER
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STATE ATOMIC ENERGY LAW Ch. 41

Burlington, Town of—Auditing and Fmancmg
Certam Claims -

CHAPTER 40

An Act to authorize the town of Burlington, Otsego county, to audit
and pay certain claims and to provide for the ﬂnancmg of the

payment thereof,

Became a law March 38, 1959, with the approval of the Governor, -
Effective March 3, 1959,

"The People of the State of New York, represented n Senate and
' Assembly, do enact as follows.

Section 1. The town of Burlington, Otsego county is hereby au-

thorized to borrow money and to issme a capital note pursuant to the
local finance law in an aggregate principal amount not exceeding the sum
of twenty-one hundred dollars, to provide money for the payment of cer-
tain unpaid claims against such town, incurred for material and equip-
ment furnished to the .town for h1ghway construction durinig the years
nineteen hundred fifty-six, nineteen hundred fifty-seven and nineteen
hundred fifty-eight. The period of probable usefulness of the. ‘object or
purpose for which such capital note is to be issued is hereby determmed
to be two years computed from the date of issuance thereof.

§ 2. Notwithstanding the provisions of any other general specml or
local law, such claims against the town of Burlington for material and
equipment furnished to the town for highway work during thé yéars
nineteen "hundred fifty-six, nineteen hundred fifty-seven and 'nineteen
hundred fifty-eight, are-hereby legalized and confirmed subject, how-

ever, to audit thereof by the town board in the manner prowded by law..

§ 3. This act shall take effect meedlately

Stale' Atomic Energy Law

' CHAPTER 41

An Act to amend the executive law, in rela.tlon to the creation of an
office of atomic development within. the executive depa.rtment. -
and making an appropriation for such office and its_expenses.

" Became a law-March 9, 1959, with the approval -of the Governor,*
- Biffective March 9, 1959.

The People of the State of New York represented mn Senate a'nd
Assembly, do enact as follows:

~ Section 1. The executive law is hereby amended by mse1t1ng therem
a neW artlcle, to be article nmeteen—d to read as follows H

ARTICLE 19-D
_ATOMIC ENERGY LAW -

Section _

450. Short htle _ :

451. Legislative findings and declaration of pohcy

452. Definitions.

453. Office of atomlc development dlrector, employees.

<_
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Section

454, General functlons, powers and duties of ofﬁce

455. Assistance of other departments, agencies and political subdivi-
_ sions; review of regulations.

456. Contracts for atomic energy facilities.

457.. Atomic energy special fund.

458.- Coordinating council.

459. Advisory committee.

460. No disqualification.

. § 450. Short title '

“This article shall be known, and may be cited, as the “state atomie. en-
ergy law.” _

#§ 451, Legislative findings and declaration of pohcy .

- The legislature hereby finds and declares that: o

1. The development and use of atomic energy for peaceful purposes is
s matter of. important concern to.the economic growth,.and the health

: and safety of the people, of the state. It is, therefore, declared to be
. the policy of the state to encourage such development and use within the.

state as fully as possible, consistent with the health and safety of work-
ers and the public as well as with the powers and responsibilities of the

.~

federal government and the governments of other states R

. 2. The development of atomic energy and of the industries produc-
ing ‘or utilizing such energy is certain to create new opportunities for-
affirmative state action in the public interest and to result in new condi-
tions calling for changes in. state laws, regulations and procedures.
Hence, it is declared to be the further policy of the state

(a) to initiate continuing studies of the ways in which atomic energy
activities may more fruitfully be developed and coordinated, and private
atomic energy enterprises more effectively encouraged;

(b) to adapt its laws, regulations and procedures from time to time
to meet the new opportunities and conditions in ways that will encour-
age the development of atomic energy and of the private enterprises
producing or utilizing such energy, while fully protecting the interest,
health and safety of the public; and :

(e¢) to assure.the coordination of the studies and actions thus under-
taken with other atomic energy development activities, pubhc and pri-
vate, throughout .the United States.

§ 452, Definitions

.When used in this article:

1. The term “atomic energy” means all forms of energy released in
the course of nuclear ﬁsswn or nuclear fusion or other nuclear transfor-
mation. ,

2. The term “director” means the director of the office of atomic de-
velopment. :

3. The term “office” means the oﬁﬁce of atomice development.

4. The term “person” means any natural person, firm, association,
public or private corporation,. organization, partnership, trust, estate,
or joint stock company, or any political subdivision of the state, or any
officer or agent thereof,

72 Changes or additions In text are Indicated by underilne
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8§ 453, Office of atomic development; director; employees
~ There is hereby created within the executive department an office of
atomic development. The head of such office shall be a director, who
shall be appointed by the governor, by and with the advice and consent
of the senate, and shall hold office during the pleasure of the governor.
He shall receive an annual salary to be fixed by the governor within the
amount available therefor by appropriation. He shall also be entitled

to receive reimbursement for expenses actually and necessarily incurred

by him in the performance of his duties. The director may appoint such
officers, employees, agents, consultants and special committees as he may
deem necessary, prescribe their duties, fix their compensation and pro-

vide for reimbursement of their expenses within the amounts avallable_
therefor by appropnanon '

§ 454, General functions, powers and dutles of office
The office of atomic development, by and through the du'ector or his

duly authorized officer or employee, shall, subject to the superwsmn .

and direction of the governor, have the following functions, powers and
duties: :

of gtomic energy research, development, education and regulation, and
to ‘make recommendations to the governor and the legislature des1g'ned
to assure increasing progress in this field within the state. :
.2, Mo advise and assist the governor and the legislature in develop-
Ing and promoting a state policy for atomic energy research deve'lop-
ment,. education and regulation. . R

"-3.7.To coordinate the atomic energy a.ct1v1t1es of the. departments,
agencies, offices, commissions and other agenciés of the state and the
pohtlcal subdivisions of the state. _ S '

4 ~To cooperate with business enterprise and other persons concerned
mth atomic energy, the federal government and the governments of
other states, and to correlate the atomic energy activities of the state and
its pohtmal subd1v151ons with the atomm energy activities of the forego-
mg R _ _ . .
5. To- sponsor or conduct stud1es, collect and disseminate 1nforma—
tlon and issue periodic reports with regard to atomic energy research,
development, education and regulation and proposals for further prog-
ress in the field of atomic energy. : o .

6. Té accept without regard to the hmJtatlons of section eleven of
the staté finance law relating to unconditional gifts but with the concur-
rence 0f thé director of the budget, and to administer loans, grants, or

L To advise the governor and the leguslature w1th regard to the stat- -

other contributions from the federal government or other sources, public

or private, for carrying out the policies or purposes of this article.
7. _To foster and support research and education relating to atoric
energy through contracts or other appropriate means of assistance, in-

cluding -acquisition of land and construction of facilities, on such terms

and conditions as the director may deem necessary or appropriate in the

' pubhc interest and within the amounts avallable therefor by appropna—

tion.

deletlon_s_ by st—r—Heeeu—te .. - . l . 73 -
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8. To keep the public infdrm’ed with respect to atomic energy devel-
opment within the state and the activities of the state and its political

subdivisions relating thereto.
. .9." To do all things necessary or convenient to carry out the functions,

powers and duties set forth in this article.

§ 455. Assistance of other departments, agenc1es and pohtlcal sub-
divisions; review of regulations -

1. "All departments, divisions, offices, commissions and other agencies
of the state and all politieal subdivisions thereof are directed to keep
the director fully and currently informed as to their activities relating to
atomic ehergy or ionizing radiation.

2. The director may request from any department, division, office,
commission or other agency of the state or any political subdivision there-
"of, and the same are authorized to provide, such assistance, services and
data as may be requu‘ed by the office.in carrying out the purposes of this
article. =~ e :

"3.. No. rule, reg'ulahon or ordmance or amendment thereto or repeal
thereof, primarily and directly relating to atomic energy or the use of
atomic energy, which any department, division, office, commission or
other agency of the state or of any political subdivision thereof may
propose to issue or promulgate, shall become effective until ninety days
.after it has been submitted to. the director, unless either the governor
or.the d_u'ector by order Wa1ves all or any part of such mnety day penod -

§ 456. Contracts for atomic energy faclhtles -

In making contracts or providing other appropriate assistance to foster
and support atomie energy research or education, the director shall re-
guire that any state funds provided through the office for the acquisition
of land or the construction of facilities affixed thereto be matched by
funds or other contributions from other sources of ‘at least equal amount
or value, and that any such land and facilities be available for research
and trairning, for such period of time and-on such terms as may be ap-
proved by the director, to the departments, divisions, offices, commissions
and other agencies of the state and of the political subdivisions thereof;
to educational and non-profit institutions in the state and to other per-
_ sons, consistent with the purposes of this law ;

§ 457, Atomic energy specml fund -

1. There is hereby established in the custody of the state comptroller_
a special fund, to be known as the “atomic energy special fund.” ’
- 2. All moneys received from grants or other contributions accepted
pursuant to subdivision six of section four hundred fifty-four of this
article shall be deposited directly in the atomic energy special fund.

3.  The moneys of the atomic energy special fund, subject to the
terms and conditions of such grants or contributions and to segregation
by the director of the budget, shall be available for payment of any and
all costs and expenditures, including contracts and grants under section
four hundred fifty-six of this article, required in carrying out the pur-
poses of this article, and costs and expenditures incidental and appurte-
nant thereto. All payments from such fund shall be made on the audit
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and warrant of the state comptroller on vouchers approved by the diree-
tor. - .

—_—

§.-458, Coordinating council - :
The governor shall designate a coordmatmg council, under the chair-
. manship of the director, to advise, assist and make.recommendations to

the director with respect to coordination of the atomic energy activities
of the departments, divisions, offices, commissions and other agencies of
the state and the political subdivisions of the state. The coordinating
council shall consist of such representatives of state departments and
agencies importantly concerned with atomic energy and such other per-
sons as the governor may from time to time des1gnate

§ 459 Adwsory comnuttee - .

" 1. There shall be within the office a general advisory comnuttee con-
sisting of not more than fifteen members appointed by the governor who
shall broadly reflect the varied interests in and aspects of atomic énergy
within' the state, one of whom shall be designated as chairman by the
governor and who shall serve as chairman at the pleasure of the gover-
nor. The advisory committee shall meet from time to time at the call of
the chairman . or the director, shall advise the director on atomic¢ energy
matters.and, if so requested by the d1rector, ma.y make partlcular atomic
energy studies. : :

2. The members of the advisory commlttee shall serve Wlthout com-
pensation  but shall be allowed their actual and necessary expenses in-
curred in the performance of their duties hereunder. .= ]

- 8.. All ‘members of the advisory committee shall be appomted for
terms of three years, such terms to commence on April-first and expire
on March thirty-first; provided, however, that of the members first ap-
pointed one-third shall be appointed for one-year terms expiring on
March thirty-first, nineteen hundred sixty, and one-third shall be ap-
pointed for two-year terms expiring on March thirty-first, nineteen hun-
dred sixty-one. Any member chosen to fill a vacancy created otherwise
than by expiration of term shall be appointed for the unexpired term
of the member whom he is to succeed.

§ 460. No disqualification _ _

No member of the coordinating.council or the advisory committee shall
be disqualified from holding any other public office or employment,.nor
shall he forfeit' any such office or employment by reason of his appoint-

ment hereunder, notwithstanding the provisions of any general speclal _

~ or local law, ordinance or. city charter.

§ 2. Sections four hundred fifty, four hundred ﬁfty-one, four hun—
dred fifty-two and four hundred fifty-three of such law are hereby re-
-numbered sections five hundred fifty, five hundred fifty-one, five hundred
fifty-two and five hundred ﬁfty-three respectively. -

-§ 3. The sum of ten thousand dollars ($10,000), or so much thereof
as may be necessary, is hereby appropriated out of any moneys in the
" state treasury in the general fund to the credit of the state purposes fund,

not otherwise appropriated, and made immediately available, for the ex—"

" penses of the office of atomic development, including personal service,
maintenance, operation and travel in and outside the state, in carrymg

delletlons'bysi-nu(-eae-tﬂs__ : - . 75
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by this act and for ‘the other purposes of sald article mneteen-d for
the balance of the fiscal year of the state ending March thirty-first, nine-
teen hundred fifty-nine. Such moneys shall:-be payable on the audit and -
warrant of the comptroller on vouchers cerhﬁed or . approved in” the
manter prescribed by law. _ .

§ ‘4, This act shall take effect unmedmtely

Teachers Retxrement Systems—35 Year Servxce

CHAPTER 42

. An Act to amend the education law, in relatlon ‘to an increased pension

for members of the New York state. te&chers retu-ement system
. for service in excess of thirty-five years. . :
: ‘Beca.me a law March 10, 1959 with the a.pprova.l ot the Governor

" Biffective March 10, 1959, T

The People of the State of New York represented 'm Semte and
' Assembly, do: enact as follows .

Section 1 Paragtraph g ‘of subdivision two of section ﬁve hundred
ten of the education law, such paragraph having been added as paragraph
f by chapter three hundred seventy-three of the.laws of nineteen hun-
dred fifty-five and relettered paragraph g by chapter seven hundred thir-
ty of the laws of. mneteen hundred ﬁfty—suc is: hereby amended ‘to 1ead

as follows:
g. The provision: of paragraph (c) of subd1v1s1on two of th1s sectlon

shall apply only to. members retiring on and after the date on which par-
agraph (c) of subdivision two of this section becomes operatlve and pnor
to July ﬁrst mneteen hundred emy s1xty-ﬁve ' _ O .

§ 2 Thls act shall take eﬂect 1mmed1ately

) .S‘_econd':'(.l.léss'." Cities—'-Péndlties: _ B

| CHAPTER B3
An Act to amend the second class cities law, in rela.tion to penaltles
- Became a law March 10, 1959, with the a.pproval of the Governor.
_ Effective March 10, 1959 o e

Tke Peo;nle of the State of New York represented in Se'nate a/nd-
~Assembly, do enact as follows

Section 1. Section forty-two of the second class c1t1es law i is hereby
amended to read as follows: . A

§ 42. Penalties for violation of ordma,nces "
Any person violating an ordinance of the common councﬂ shall be
guilty of a misdemeanor, except that an ordinance may provide that a

violation thereof shall be an offense, and the common council may provide

therein or by general ordinance, that any person guilty of such violation
shall be liable to a fine which shall not exceed one hundred -and fifty dol-
lars in amount, or to 1mpnsonment not exceeding one hundred and fifty
days, or to both such fine and imprisonment, or such ordinance may pro- .
vide for a penalty, not exceeding five hundred dollars to be recovered. by
the city in a civil action. The city may maintain an action or proceeding
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The People of the State of New Pork, by the Grace of Go,
_ Free and HIndependent,
1O ALL TO WHOM THESE PRESENTS SHALL COME, GREETING:
hnonlvs.'F%a , pursuant to resclutions of the Board of Cormiggioners

or uhe Lard ofrfs evadcpted Mgy 19, 195% nnd October 27, 1959, ené in

consideretion of the sux of two thousend six hu“ red fifty-oﬁe

dollars ($2, 1.00), lawful money of the United tetes, psid by

1

Consolldated Edieon Company of New York, Inc., a corporation or=-
‘ garlzed and exist*ng under ard bty virtue cf the Laws cf the Stete

of hew York and hav‘n 4te prinC¢pal ofrice and place of buslness

at No L Irving Place, in the Borough of Merh=t en, in the City of

New York and Stete of New York and upon the c0ﬁd1t10rs hereinpfter

.- .

expressed we heve given =nd gran*ed end b\ tnase presente do glve

: ezfl'q ,grent unto the said pONCO JZATED ED;SON COMPANY OF NEW YORK,

VINC.,.the ouner of uhe land sdjacent to the land herelﬂa’ter de=

ecrlbed ‘ts grantnes Or. SUCCesscrs in 1nter°st (hereinsrter re-
{erred ‘o as the petentee) tne fo’IOuing described lend under water
(K .

to wit:

P A11 that certaln pnrce‘ of land lying now or formerly under
tre weters of the dudsov Raver aituate in the Villasge of Buchanan,
Town of Cortlandt County of Westchester and State of New York,

ounded ana descr*bed as follows:

B

N Beglnnlng at & point in the Hudson Hiver on the exterior iine

'

of the hereln described grant of lends under water sald “51nt.be1ng
.o; 11ne with the westerly prolongation of the center line of a pier
and bearing Nofth 1fty-cne degrees, tﬂenty-31x minutes, twenty sec-
'onds wect slong the line of the center 1ine of ssid rier a distence
_of twc hundred tkerty ~two énd fifty~four one~hupdredth§ feet from &
eross cut 1n the concrete floér of = pavillioﬁ; thence 1n'the waters
of the dudsbn Biver ho*th h'rfy-eight degrees, thirfy-three mlnutesf
Afortv secnnds East eibht hundred sixty-nire end {ifty-four che-@un-

- N p4

dredths feet; thence still in tne waters of the Hudson River South

flfty one degrees, twerty s1x minutes, twenty secords Esst one hun- i

P

i
dred twenty-six and ninety-six ore-hundredthe feet to the nlgh weter

llne of the Hudson River; thence along ssid blgh water line the

|
|
|
!

following courses anc distances: South four degrees, fifty-four min-

utes Eget, seventy and twenty-six one-hundredtns feet; South ten

degrees, five minutes West, ninety-cne and fortyone one-hundredtis __




g /3 s ~rv\-
feet; ©Scuth seven degrees, fifty-eight minutes Esst, fifty and for—;
ty-eight one-hundredths feet; South twenty-seven degrees, fift& min-
utes, forty seconﬁs Weet, fifty-nine and ninety-five one-hundredths '
feet; South thirty-four degrees, sirxteen minutes, thnirty seconds
West, one hundred ninety feet; South thirty-nine degees, twenty-
five minutes, fifty seéonds West, one hundred sixteen and fifty-one
one-huncredths feet; South fifty;two degeees, twenty-five minutes
West, sixty-five and siﬁty-oﬁe one-hundredthe feet; South thirty-
nine degrees, tWe”ty-one rinutes, fifty seconds West thirty-elght
end thirty-one cne-hundredtns feet to the northeyst corner of &
grant of land under water to the Bonner Brick Compeny dated Jume 28,

1905; then;e eleong the inshore bounds of said Bonner Brick Company

grant South thirty-five degrees, forty-tihree minutes, twenty seconds '

West seventy-nine and thirty-five one-hundrgdthé feet and South
thlrty-ftvé‘aegrges, twenty-one minutes West, one‘hundred fourteen
feet to the northeriy boundary of & grent of lend under watér to
Williem Lyell, dated Hatch 24, 1857; thence continuing along-the
irshore bounds of the Bonner Brict Compeny érent South forty-th?ee
degrees, twenty-oge minutes West, fcur hundred ten feet and South
twenty degrees, twenty-one minutes West, cne huﬁdred nine feet to
the sputheast corﬁgr of tne aforesaid Bonner Brick Compény grant;

| thence along the high weter line of the Hudson»Rlver the following
r'cvm"ses and d*stqnces South twenty seven deg“ee thlrty five
m}putgs West, twenty -three and e*ghty four cne- hundredths feet,;
Sduth sevgnty-cight Qegrees, tnirty-four minutes, twenty seconds
West, ninety—five and thirty-ohe one-hundredtns feet; South sixty-
elgnt degrees f&rty-five minutes, ftrty seconds Wett rottyvand
thirty-*nree one- huncredths feet; due South twerty feet; South forty-
le degrees, twenty 81x minutees West eignt)-foﬁr and seventeen one-
nundredttq feet; South sixty-flve degrees, fourteen minutes West
forty~two and ninety f‘te one- hundreaths feet and Scuth forty-two
degrees, two mlnutes West one hundred n‘nety one sand eighteen cne-~
hundredths feet to the northwest corner of a working right of way of
the Algonquin Gas and Tr=nszisslon Company aﬁd the southecst corner
of the hereinvdescribed grant; thence into the waters of the Hudson

Biver North fifty-one degrees, twenty-six minutes, twenty seconds

West, one hundred sixty-six and three one-hundredtns feet; thence




still in the waters of the Hudson Hiver North thirty-eight degrees,
thirty-taree minutes, forty gecenie East nine hundred twenty-eignt
and nine one-hunaredtns feet to the point of beginning contalning
four nundred thirty-three trousand {ive hundred twenty-Tour square
feet, more or less, of which forty-eignt thousand seven hundred
fifty-five square feet, more Or iess, 1s filled in land end three
hundred eighty-four thousand seven hunired sixty-nine square feet,

more or less, is unfilled erd.

511 bearings refer tc the Buchanan True Meridisan.
£11 co-ordinates refer to the Cortlandt Grid. ——— —— SR
These letters-pstent are 1ssued, however, =nd this grant 1is

snd accented:

Upon the exrress con2itson thet if at the end of five yesrs
tre dete of these rresents or 2t any time tnereafter, any
of ssid l=nd hereby granted is net Amproved As follows:

1. Erection of a fuel unloading waarf.

2. Deposit of backfill between the upl=nd and

the wharf.

Construction of ash pits, screen wells, a water
condenser erd intake egni dischnerge tunnels.
Ercction of 2z mooring facllity, pile clusters, .
ice breakers and similar or related facilitles.
then these letters-pstent snd this grant shall becoze
null snd void as to the part not so improved; snd no right,
title or interest in and to the laznd hersinshove described
not so lwproved shall vest in the sald patentee or accrue by
virtue of these presents; snd The Peorle of thne State of
New York may thereupon re-enter into and become possssced of

1and hereinsbove dGescrided or any part thereof which has

been or which is not then so improved, without any liebility.

There 1s reserved to the said Feorle the full and free
right, liberty end privilege of entering upon and using all
and every part of the abgve descrided lsnd which has not

teen improved as eforessld, as the s=23d4 People might hsve
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,“~_>~.\_

done had this grent not been made.

Jln Essumunv TWhereof, e bawe fm/"c{/ rhese oer Lootters ro be made

Parenz, and the Grear Scal of ower said Stare o pe

Sercunto z{/f/}:,w(/.
" ——3Witness,. CARCLINE K. SIMON,

< - - . . .
".5[0‘{/(//*" a7 Seure of wur caid Seace ar owr (]1/)' af

/r
’/;1/, tre year of our Lord one f/,'a//m"a’ nine Frerared

e /fift;, nine. — ;, - Zaaaa—/

- 1959. —
Approved as to —_
Louis J. Lefxon:z ‘ H/(/Q 0

Attorney General Eyecutive
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| Leffer. of Trans'miﬂa'l""

OFFICE OF ATOMIC DEVELOPMENT
ALBANY

December_l, 1959

To the Honorable Nelson A. Rockefeller
Governor of the State of New York

As you know, you asked the New York State Legislature in its 1969
session to establish within the Executive Department of the State
Government an office of Atomic Development to advise you and the Legis-
lature on atomic energy matters, to coordinate the atomic energy activities
of the state and its political subdivisions, to cooperate with private
industry, the federal government and the governments of other states, and
to foster and support within the state the development of atomic energy
for peaceful purposes. e

This law was adopted by the Legislature and the 0ffice of Atomic
Development began functioning on April 3, 1959. As prescribed by the law,
and to advise the office with regard to its funotions, you subsequently
appointed a General Advisory Committee, consisting of fifteen of the
state's foremost nongovernmental experts in atomic energy, and a Coordinat-
ing Council, consisting of the heads of the governmental agencies of the
state most directly concerned with atomic energy, plus the Commissioner
of Health of the City of New York.

Your first instruction to the Office of Atomic Development was that
it prepare and submit to you as its primary order of business a report
on the current status of the State of New York in the field of atomie
energy together with a recommended program for improving that status with
the objective of enhancing the welfare of the people of the state subject
to the paramount objective of protecting the public health and safety.

This report is attached. It is submitted to you with the concurrence
of both the General Advisory Committee and the Coordinating Council, as
evidenced by the attached letter and memorandum. There is also attached a
memorandum from one member of the General Advisory Committee submitting

" an individual view regarding one aspect of the report. We would like you to

know that the generous amounts of time, energy and wise counsel contributed
by the members of the Gengral Advisory Committee and the Coordinating
Council have been of invaluable aid to us in the preparation of this report.

Respectfully submitted,
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An Afomic Development Plan
For the State of New York

In approaching the task assigned to us, it has been
impossible to be unaware of the fact that very serious
questions are now being raised in this country and
abroad about the radiation risks inherent in atomic
energy activitiy,. We have noted with satisfaction, how-
ever, that these questions have been correctly raised
almost entirely in regard to the testing and possible
usc of atomic energy as a weapon of war, and not with
regard to its use for peaceful purposes. We consider
that it would be most unfortunate if radiation safety
questions concerning the testing and possible use of
atomic weapons were to inhibit the peaceful develop-
ment of atomic energy.

Actually, our researches have shown, on the basis
of the record to date, that the peaceful development of
atomic energy can be among the safest of human
endeavors. We have been gratified to note, for example,

that no person has lost. his:life, and fewer than 25-
persons have received. detectable injuries, because ‘of
overexposure to radiation.incurred ‘in ‘the course of -
peaceful atomic development in the United -States.®:

We have been equally gratified to note that, although
there have been four known nuclear reactor accidents
in the world (one in Canada, one in England, one in

- the United States, and one in Yugoslavia), only one of

o

these has resulted in loss of life or measurable human in-
jury. This was an accident which occurred in a Russian-
supplied reactor in a Yugoslavian research institute and
which involved the loss of one life and mjury to five
other persons.

We do not mean to imply by. citing t.hcsc facts that
there are no risks associated with peaceful atomic devel-
opment. Such risks do exist, both gross and insidious,
as they do in regard to nearly every aspect of human
endeavor, In order to gain access to the energy con-

* Three radiation fatalities have occurred in the United
States atomic energy program; they all occurred in connection
with that part of the program related to weapons.

tained in conventional fuels, for example, humanity has
accepted such gross risks as those illustrated by the
Centralia, Illinois, and Texas City, Texas, disasters in
1947 and the fatalities from concentrated smog in
Donora, Pennsylvania in 1948, and in London, England,
in 1952 and 1956. The degree of the persistent, insidious
risks that may be involved in the use of conventional
fuels is still the subject of much difference of opinion
among medical experts as it is also in the case of
atomic energy.

In spite of the questions that have been raised in
regard to radiation hazards, the record to date demon-
strates that these hazards can be controlled, and through
careful control by the experts who are responsible for
protecting the public health and safety, can be held to
a level that is at least as low as the level which applies
in other encrgy mdustrxcs

A new force .

“MWhen : ‘aboriginal man discovered fire, he thereby
made potentially available perhaps as much as 50 quin-
tillioxi'BTU’sI of 'ener'gy When modern man discovered

probably as much as 600 quintillion BTU’s of energy.

"~ And when modern man discovered the thermonuclear

fusion reaction, he made potentially available more than
3,000,000,000 quintillion BTU’s of energy.

In considering the question of radiation safety, the
fact cannot be ignored that this incredible new force is
now loose in the world. The problem facing humanity

_today is not whether or not atomic energy can be wished

out of existence, because this is impossible; the problem
instead is to determine how best to control it and put
it to work for constructive rather than destructive pur-
poses. In our opinion, the best way to do this, in addi-

1A BTU (British Thermal Unit) is the amount of energy
required to raise the tcmFeratu:e of one pound of water one
degree according to the Fahrenheit scale, A quintillion is the
figure 1 followes by 18 zeros.
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tion to any arms control agreements that may be entered
into, is through the vigorous development of atomic
energy for peaceful purposes.

The energy releasable by nuclear fission and fusion
takes on special meaning when it is considered in the
light of the fact that the world is undergoing a surge
in population (from about one billion in 1850 to nearly
three billion today), and at the same time a surge
in the will of most of these people to raise their standa.rd
of living,
- This combination is resulting in very rapidly expand-

ing demands (as great now per month as per century
in the Middle Ages) on the earth’s store of energy. So
much so, in fact, that it is only prudent to assumie—no
matter how secure today's sources of energy may appear
to be—that, within a period measured in decades, per-
sistent shortages among the world’s economically acces-
sible reserves of “fire energy” fuels may be expected to
be encountered. And well before this happens, the long
tentacles of rising costs may be expected to probe, at

first sporadically but with ever increasing z{uthqr_i;:y, ~

throughout the older national and regional economies o

based on relatively limited local supplies—or politically
unreliable imported supplies—of coal, oil and natural
gas. The touch of this chill reality has already been
felt in Great Britain, where the response was the launch-
ing of the largest atomic power program in the world.

The peaceful importance of atomic energy, however,
lies only in part in its potential for shoring up the
world’s older and better developed economies against
the inevitability of rising costs and consequent declining
living standards, It lies also and primarily in the possi-
bility that it may be the most effective—and perhaps
the only—means by which the productiveness of the
earth can be sufficiently increased and sufficiently widely
distributed to eliminate those causes of war, and there-
fore of atomic war, that are traceable to economic in-
equities or inadequacies. Certainly, no other result of
peaceful atomic development could be more important
or more appropriate.

Present Status of New York State

Atomic energy is a very large and enormously complex,
still partially secret, subject. It is large and complex,
not only in regard to its implications, but also in regard
to the industry and technology which comprise it.

This year in this country approximately $3 billion
will be spent for purposes that can probably correctly
be called “atomic”. All but less than $150 million of this
sum will be federal government funds, spent primarily
to produce weapons, to manufacture atomic engines for
naval vessels, and to conduct research and development.

As can be seen from these figures, atomic energy

today is a big industry. In its private, purely civilian

aspects, however, it is a relatively small industry. Yet'

above and beyond this present disproportionate situa-
tion there lie these compelling facts:

1. This year there will be purchased by the United
States Government, primarily for military purposes,
approximately 33,000 tons of uranium,

2. If all of the new electric power plants which came
on the line last year in the United States (amounting
to 14 million kilowatts) had been of the atomic type,
the uranium nceded to provide their initial loading of
nuclear fuel would have amounted to approxinately
50,000 tons,

The reason the peaceful atomic industry is not a big
industry today is because atomic energy, although it
already ‘has been used successfully for such potentially
massive civilian purposes as the generation of electricity
and the propulsion of seagoing vessels, cannot yet do
these things as cheaply as can the energy derived by

2

fire from coal and oil. _
Meanwhile, because of the dual usefulness of uranium
as a source of both nuclear explosives and fuel, much
of what is done today for military reasons has a suffi-
cient peaceful pertinence to make it impossible to ex-
amine the atomic industry meaningfully without looking
at it from all of its principal aspects. _
_ This we have attempted to.do, and, as a result, have
concluded that the current status of New York in
atomic energy' can best be summarized under the fol-
lowing headings, which in their progression follow the

. production and utilization chain of the atomic industry:

Uranium mining

No uranium is'mined in New York State, and no
economically recoverable reserves of uranium are known
to exist in the state. The leading state is New Mexico.

Uranium milling

There are 23 mills in the United States where gross
impurities are removed from uranium ore. None is in
New York. All are located west of the Mississippi where

‘uranjum is mined, The leading state is New Mexico.

Uranium refining

There are three uranium refineries in the United
States where concentrates from mills are processed
to produce a virtually pure natural uranium product.
None of these is in New York. The active states are
Illinois, Missouri, and Ohio.




: States substannall'

Uranium enrichment

There are three plants in the United States, all fed-
erally owned and each costing about $1 billion, where
uranium is “enriched” to produce a product which is
to natural uranium as high octane gasoline is to crude
oil, None of the plants is in New York. The active states
are Kentucky, Ohio and Tennessee.

Plutonium production

There are two plants in the United States, both fed-
erally owned, where plutonium, another high efficiency
reactive material, can be produced from uranium in

' large quantities. Neither is in New York. The active

states are South Carolina and Washington.

Weapons manufacture

Except as a component supplier of relatively modest
rank, New York is not engaged in the manufacture of
atomic weapons, The leading state is New Mexico,

Uranium fuel preparation

There are two federally owned and four privately
owned plants in the United States where enriched
uranium is processed into the chemical forms used by
nuclear fuel manufacturers. None is in New York. The
leading state is Missouri, with two such plants.

Uramum fuel manufacfurmg
There are.10 pnvg;gly owned plants i in the Umted

riched uranium into the shapes, sizes and metallurgical
forms in which it is useful .as a nuclear fuel. One such
plant is located in New York. The leading states are

“-.+.. Connecticut, Massachusetts and Pennsylvania, with two
) ‘plants each. (So far as dollar volume is concerned, the
principal fuel manufacturing market today is the U. 8.

Navy. Five plants do all of this business. None is in
New York, although four of the five plants are located

in states bordering New York,)

Uranium fuel reprocessing

There are four plants in the United States, all feder-
ally owned, where used uranium fuel is processed to
recover reusable fuel and valuable by-products. None
of these plants is in New York. The active states are
Idaho, South Carolina, Tennessee and Washington,

Nuclear reactor manufacture

There are 15 companies in the United States which
have contracts for the design, development and delivery
of nuclear reactors, which are to atomic energy as fur-
naces are to fire energy. One of these companies main-
tains its reactor headquarters in New York. The leading
state 'is California, where five companies maintain such
headquarters. : :

ngaged ‘in’ ‘the fabncatxon of en-.

Reactor development centers

All manufacturers of nuclear reactors maintain pri-
vately ‘owned design and development facilities, as do
some engineering firms. The largest volume of reactor
developmhent work, however, is performed in six fed-
erally owned laboratories. One of these, devoted to the
development of reactors for the propulsion of naval
vessels, is the Knolls Atomic Power Laboratory at
Schenectady, New York. Two land-based prototypes of
nuclear reactors for the propulsion of naval vessels have
been constructed by the Knolls Laboratory at the Lab-
oratory’s test site at West Milton, New York, and one
other is under construction there. The country’s prin-
cipal center for the construction of prototypes, however,
is the federally owned National Reactor Testing Station
in Idaho.

Component and equipment supply

In addition to uranium fuel, nuclear reactors consist
of a large and complicated assembly of heavy and light
components, auxiliary equipment and instrumentation.
Unlike fuel, these are for the most part manufactured
in existing rather than new, specially constructed facil-
ities, and the actual site of the work performed is there-
fore very difficult to trace. The best current source of
information in this regard is a survey conducted by the
U. S. Burcau of Census for the year 1957, which
attempted to ascertain the dollar volume of sthments
by locale of the non-weapons atomic energy industry.
This survey was able to trace about $100 million worth
of such business, of which about 70% involved reactor
components, equipment and instrumentation, about 15%
involved radiation detection and monitoring instru-
ments, and about 15% involved equipment for the
processing and use of radioactive materials. According
to our evaluation of the results of this survey, New
York ranks seventh among states as a supplier of nuclear
components, equipment and instrumentation, following
Pennsylvania, Ohio, Illinois, Massachusetts, California
and Tennessee, in that order.

Atomic power plants

The largest potential use of the energy produced by
nuclear reactors, on the basis of current technology, is
the generation of electricity. At present there is one
full-scale atomic power plant in operation in the United
States. It is in Pennsylvania. Four more are in advanced
stages of construction, one each in Illinois, Massachu-
setts, Michigan and New York. Work is also underway
or planned on six more such full-scale plants, one each
in California, Florida, Michigan (its second), Nebraska, -
Pennsylvania (its second), and South Dakota. The New
York plant, now being constructed by the Consolidated
Edison Company at Indian Point on the Hudson’ R1vcr, _
will produce 151, 000 kllOwatts by mcans of atomxc .




zy nd 104- 000 kllowatts by means of an oil-fired
su rhcater This will make it the nation’s second largest
‘plant from the purely atomic energy standpoint.
Che largest is under construction in Illinois and will
produce 180,000 kilowatts from atomic energy. None of
these plants will generate electricity as cheaply as can
plants fueled with coal, oil or natural gas.

Small power plants

In addition to the 11 full-scale plants discussed above,
there are now operating, under construction or planned
18 small (less than 25,000 kw) atomic power plants or
prototypes. None is in New York. The leading state is
Idaho, with four.

Nuclear ship construction

At present in the United States there have been com-
pleted, are under construction or authorized, 37 nuclear
powered submarines, plus a merchant ship, a destroyer,
a cruiser and an aircraft carrier. None of this work has
been, is being, or is planned to be done in New York.
The active states are California, Connecticut, Maine,
Massachusetts, Mississippi, New Jersey and Virginia.

Nuclear test reactors
These are high-powered reactors which do not gen-
erate electricity or propel ships, but which are used to

. develop and test the fuel elements that will be used in

future power and propulsion reactors. At present there
are four such test reactors in the United States and
two are under construction. None is in New York. The
leading state is Idaho, with two such reactors.

Research reactor utilization

These are relatively small reactors used by univer-
sities, industrial concerns, government installations and
scientific institutions for research, training and medical
purposes. At present in this country there are 87 such
devices in operation, under construction or planned.
Eight are in New York, four of which are in existence
and four of which are under construction or planned,
The leading state is California, with 14,

Radioactive by-product utilization

Radioisotopes, the radioactive by-products of nuclear

reactor operation, are produced for commercial sale
almost entirely by the federal government in a reactor
located in Tennessee. About $2.5 million worth of these
materials is sold annually to users in the fields of medi-
cine, agriculture, industry and research, New York, with

a total of 536 users, stands first among states in the ..

overall utilization of these materials. In the important
specific category of medical utilization, New York also
stands first with 283 users. In the important category
of industrial utilization, New York with 157 stands
second to California with 188 users.
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Non-reactor research and development
New York occupies a leading position in this impor-
tant field, which involves primarily physical research,
biological and medical research, and research having
to do with the technology of utilizing radioisotopes. This
work is done primarily in six major federally owned
laboratories, two located in New York, two in Cali-
fornia, and one each in Illinois and Tennessee. The two
New York laboratories are the Brookhaven National
Laboratory on Long Island, which is devoted primarily
to basic research, including fundamental medical re-
search, and the atomic energy project at the University
of Rochester, which is devoted primarily to medical
research. New York furthermore stands first in the vol-
ume of non-reactor research work carried on outside
of government owned laboratories but under contract to
the Atomic Energy Commission. Under these contracts,
physical research in New York, outside of the field of
thermonuclear fusion, amounts to about $3.5 million
in the current fiscal year and involves 16 institutions;
medical and biological research amounts to $1.6 million
and involves 23 institutionis, and isotope research
amounts to over $540,000 and involves 7 institutions.
New York also stands first among states as a recipient
of grants from the Atomic Energy Commission for
equipment utilized by educational institutions for atomic
energy training purposes. To date grants totalling $1.1
million have been made to New York institutions.

Thermonuclear fusion research

In the special category of thermonuclear fusion re-
search, which promises ultimately a virtually limitless
new source of energy, the federal government this year
will spend over $35 million. All but about $1.4 million
of these funds will be spent in four major research cen-
ters located in California, New Jersey, New Mexico and
Tennessee. About one-third of the remaining funds will
be spent in New York, primarily at New York University -
and at the research laboratory of a private company.
The largest privately supported research program in the
thermonuclear fusion field is being carried on in
California.

Education and training

New York State has just under 10% of the nation’s
total population and, in the 1957-58 school year, granted
approximately 10% of all of the nation’s undergraduate
and graduate degrees in the physical sciences, engineer-
ing and mathematics, the fields of education most perti-
nent to the atomic industry. The number of degrees
granted in these fields by New York State institutions
was 6,991, a figure which placed the state—appropri-
ately, considering the state’s share of the total national
population—first in the nation. At the undergraduate
level, New York educational institutions granted approxi-
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mately 10.5% of all degrees in the physical sciences,

" approximately. 9% of all degrees in mathematics and

approximately 9% of all degrees in engineering. At the

graduate level, New York institutions granted approxi- .

mately 13% of all degrees in the physical sciences,

approximately 18% of all degrees in mathematics and -

approximately 12% of all degrees in engineering. New
York state with 41 out of a total of 259, also stands
first among states as a recipient of Atomic Energy Com-
mission fellowships to outstanding graduate students
in the fields of nuclear science and engineering and

health physics.

State government investment

The State of Georgia has allocated $2.5 million for
the conmstruction of a high powered research and
training reactor at the Georgia School of Technology.
The State of Pennsylvania has allocated or expended
over $2 million for nuclear research and training facili-
ties at Pennsylvania State University, The State of
California has allocated $1.5 million for use in coopera-

tion with_the federal government in the copstruction of

a nuc]car__reactor to produce energy f for_ the conversion
ater into -fresh water; ‘and . approximately
$300 000 __oward the .construction of a-nuclear training
center at the University of California at Los Angeles.
The State of New York is contributing $§1 million
toward the establishment of a nuclear research center,

including a nuclear reactor, at the University of Buffalo.
Many other states have contributed lesser amounts to

atomic energy research and development.

State regulation

New York is one of seven states that have adopted
comprehensive codes to protect the workers and general
public of the state against the hazards of atomic energy.
The others are Connecticut, Massachusetts, Michigan,
Minnesota, Pennsylvania and Texas. One other state,
California, has a comprehensive code to protect em-
ployees but it does not apply to the gcncral public. In
New York, the principal regulatory agencies are the
State Departments of Health and Labor and the New
York City Department of Health,* To assist in the
coordination of the activities of these and other govern-
mental agencies, all atomic energy rules, regulations and
ordinances within the state must, under the new state
atomic energy law, be submitted to the director of the
Office of Atomic Development 90 days before they take
effect, unless this waiting period is waived by either
the Governor or the director. The state atomic energy
law also created a Coordinating Council, chaired by the
director of the Office of Atomic Development, of which

* Each of these departments now requires the registration,
and has commenced inspection, of radiation sources within its
jurisdiction.

the heads of the principal regulatory agencies within
the state are members.

Workmen's compensation

The national Council of State Governments recently
recommended ten standards for use in determining the
inadequacies of the radiation injury protection afforded
by state workmen’s compensation laws, According to the
Council of State Governments, New York’s law expressly
meets seven of these ten standards. The laws of only
three other states (California, Hawaii and North Da-

. kota, each meeting eight) expressly meet more. The

extent to which any real inadequacies may exist in the
New York law in regard to radiation injury protection
and the measures that would be necessary to eliminate
them are now being examined by the Office of Atomic
Development and other appropriate state agencies.

State development organizations

The New York state atomic energy law adopted in
1959 goes beyond the law of any other state in its
express grant of authority to an administrative agency

" to assist the Governor and the Legislature in developing,

promoting and implementing a state policy for atomic
energy research, development, education and regulation;
to coordinate the regulatory and developmental activ-
ities of agencies of the state and its political subdivisions,
and to foster and support research and education through
contracts or other means of assistance., This New York
State agency is the Office of Atomic Development,
which has a full-time director responsible to the Gover-
nor and a staff of three professional people., One other
state, California, has a full-time atomic energy coordina-
tor responsible to the Governor and appointed pursuant
to state statute, He was appointed in September 1959.
Another state, Washington, has adopted legislation pro-
viding for a full-time coordinator, but the official has
not yet been appointed. Fourteen other states have
adopted legislation providing for a part-time govern-
mental commission, committee or official responsible to
the Governor, to coordinate the regulation and develop-

"~ ment of atomic energy within the state. Some of these

part-time agencies employ one or more staff members
on a full-time basis. In 23 additional states the Governor
or some administrative agency or official has appointed,
sometimes under specially granted statutory authority
and sometimes by independent administrative action,
a committee or commission with advisory or study
functions ' but without coordinating responsibility, In
addition to New York, California and Washington, the
states which at present have laws establishing some type
of agency, responsible to the Governor, to coordinate
atomic energy activities within the state are: Alaska,
Arkansas, Connecticut, Florida, Kansas, Kentucky,
Maine, Massachusetts, Nebraska, New Hampshire, :
North Carolina, Ohio, Rhode Island and Tennessee.
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Approach to the Problem

It is gratifying to note.that New York leads all states
in the utilization of radioactive materials in medical
research, diagnosis and treatment, a field of clear and
vital interest to the people of the stite and to people
everywhere.

It is equally gratifying to note that New York is one
of seven states to have adoptéed comprehensive regula-
tory codes to protect the people of the state against the
radiation hazards of atomic energy, and one of 17
states to have adopted legislation providing for the
coordination of state atomic energy activities as well
as the stimulation of atomic development,

New York also ranks high among states in the impor-
tant fields of basic nuclear research, applied non-reactor
research, the development of nuclear engines for ship
propulsion, the construction of atomic power plants,
training 'and education, and the utilization of radio-
active materials in industry,

A review of the present status of New York cannot
help but reveal, however, that the state plays no direct
role in the now well established multi-billion dollar per
year industry, mainly federally owned, involving the
production of atomic explosives and their fabrication
into weapons.

The state furthermore plays no direct role either in
the fabrication of fuel elements for the propulsion of
ships, which is now the only production line atomic
energy activity outside of the weapons field, or in the
construction of nuclear propelled ships. This is in spite
of New York’s important position as a research and
development center for nuclear propulsion units for
naval vessels and its traditional pre-eminent position as
a maritime state.

Probably the most disturbing single fact, however, is
that the expanding non-weapons portion of the atomic
industry, where the bulk of private investment in re-
search and manufacturing facilities is being concentrated
in anticipation of a large future market, has to date not
been secking New York as a principal site, -

Basic premises

We have approached the problem which appears to
be posed by these facts on the basis of the followmg
premises:

1. Reasonable competition among states in attracting

industry is a healthy activity and an effective stimulant ™

to the npation’s economic development, The United
States of America, however, is an economic unit, and
that which benefits any part of it must ultimately bene-
fit every part of it. This is particularly truc in the case
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of New York, which serves as the financial and business
management capital of the nation. In view of these

. factors, it is our opinion that competition among states

is most effectively carried on, not with the objective of
proselyting activities which are already located else-
where, or which with more economic logic might be
located elsewhere, but with the objective of finding the
best possible placement of new or expanding industries.

2. Nearly all atomic development activity in the
United States to date has been carried on either by the
federal government or by private industry. State govern-
ments have been almost completely inactive and there-
fore represent a latent “third force” whose proper role
has not yet been determined. Gonccxvably state govern-
ments could, if they desired, join the federal government
and private industry as substantial owners and operators
of atomic energy facilities. We believe, however, that
this would be neither practical nor wise, except in those
very few instances where the public health and safety
or education was importantly involved or where every
other means of accomplishing a clearly desirable end
had been exhausted. Our premise, instead, is that the
proper role of the states in atomic energy is that of a
discriminating catalytic agent which helps to bring into
being within the state important new activities that
reasonably should be placed there and that otherwise

- might not exist there. It is part of this premise that the

state’s participation must be of sufficient degree to be
meaningful in accomplishing the desired purpose.

3. The atomic industry until now, for safety reasons
having to do with the prudence that correctly accom-
panied a lack of experience, has primarily sought open
spaces, away from centers of population. This trend
has unquestionably worked to the disadvantage of the
industry of the State of New York. And yet, if there is
to-be an atomic age that has real meaning, atomic
energy must be brought back to where the people are.
It is our opinion that the atomic age is inevitable, and
that the first highly populated, highly industrialized
area to realize and exploit this inevitability will benefit
the most from it, in terms of industry, employmcnt and
overall well being.

4. Atomic development will progress most. rapldly,

. .m .our view, if the regulatory control of it can be made
as nearly normal as possible, so that atomic matters are
"'.not a.lways both literally and figuratively a “federal

" This involves a gradually but steadily increasing
role for states and localities vis-a-vis the federal govern-

ment in the regulation of atomic activities, not only in

the interest of normalization but also in the interest of
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bringing additional competent judgments to bear on the

important health and safety aspects of atomic develop- *

ment. It is important, however, that the assumption of
this authority by states and localities should at no time
exceed their capability to administer it fairly and effect-
ively. It is equally important that the radiation limits
specified in codes and standards be as uniform as
possible as between state and local governments and
the federal government, so that development is not
inhibited by confusion o by overlapping or conflicting
regulations,

With these premises in mmd it is our conclusion
that the best approach for New York to take in re-
gard to atomic development is to concentrate on the
non-weapons part of the atomic industry, which has
the largest potential for growth and .which is still
largely uncommitted to any particular geographical lo-
cation. Specifically, we believe that the state government
should attempt to identify and through appropriate
catalytic action help bring into being within the state
those projects which can find in New York and eco-
nomically sensible home, and which, as time passes, are
likely to serve as magnets for furthcr atomic and other
industrial development. In this way, both the cause
of the state and the overall cause of atomic progress

‘can be most effectively served.

Beyond this, we believe that the state should do all
that it reasonably can to create a regulatory, scientific
and educational environment which is conducive to
atomic development.

Activities to date

In keeping with this approach, the activities to date
of the Office of Atomic Development, aside from the
organizational activities associated with its establish-
ment, have been primarily channeled along five princi-
pal lines:

1.. A series of mvestlgatlons have been conducted with
representatives of private industry, other state agencies
and the Atomic Energy Commission with the objective
of identifying projects which with economic sense might
be considered for location in New York. The results of
these investigations are reflected in the recommendations
of this report.

2. A contract has been negotiated between the state
and the University of Buffalo under which $1 million
of state funds appropriated by the Legislature in its
1959 session will be made available on a matching basis
for the establishment in Buffalo of a $2 million Western
New York Nuclear Research Center, The Center will
serve state and federal agencies, education and research
institutions and private industry. Both private industry
and the federal government, along with the state,. are
contributing to the cost of thé Center, which will be
operated by a non-profit educational corporation to be

- formed for this purpose. Although the state will have a

voice in the management of the Center, it has agreed to
withdraw at any time that its contribution, less depre-
ciation, is repaid to it. Construction of the Center has
started and completion is scheduled for 1961.

3. The Officc of Atomic Development, on behalf of
the New York State government, testified for and sup-
ported the adoption by the Congress during its 1959
session of an Atomic Energy Commission sponsored bill
providing for the transfer, under individually negotiated
agreements, of certain regulatory authority from the
Commission to qualified states, This bill was enacted in
September. On September 16 negotiations were opened
between the state and the Commission with the objec-
tive of entering into an agreement at the earliest prac-
ticable date.- As a first step, the state has proposed that
state regulatory and inspection personnel be assigned
for indoctrination purposes to the Commission’s Wash-
ington headquarters and New York Operations Office.

4. In conformance with the requirement of the New
York State atomic energy law that all atomic energy
rules, regulations and ordinances within the state be
submitted to the director of the Office of Atomic Devel-
opment 90 days before they become effective, the New
York City Department of Health in August, 1959, sub-
mitted the radiological hazards provisions of a new City
Health Code to the director, together with a request
that the 90 day waiting period be waived so that those
provisions could take effect on October 1. In response
to this request, the director waived the waiting period
with regard to the radiological hazards provisions of the
Code, except for certain notification and approval re-
quirements which the federal government questioned..
A meeting between city, state and federal officials to
discuss the effect of these requirements was held in
November, in advance of the expiration of the waiting
period, and an agreement was reached that a resolution
of the problem could, should and would be negotiated.

5. The Office of Atomic Development has proposed
to the New York Joint Legislative Committee on Inter-
state Cooperation that it consider the desirability of
interstate cooperation to assure that all persons harmed
by a nuclear accident be compensated on the same
terms, The Committee has agreed to consider this
matter.

So far as the state’s future atomic energy activities

are concerned, the primary objectives; in both the

developmental and regulatory fields, are discussed under
the headings which follow. In regard to development,
the program envisioned focuses primarily on the estab-
lishment of a few “keystone” facilities which are deemed
to be vital to the growth of a substantial atomic indus-
try within the state and which give excellent promise
of -attracting. other atomic industrial enterprises as- the
overall production and uuhzauon of atornic encrgy con-
tinues to expand. co



L)

(_)

v
—

Lt

{

)

Discussion of Atomic Power

It is generally accepted. that the one transcending

event that would do more than anything elsc to trans-
form peaceful atomic development into a large, impor-
tant new American industry is the achievement of
economically competitive atomic power.

In the national effort to achieve this goal, the New
York State utility industry has to date made, or com-
mitted itself to make, the largest investment of any
state’s utility industry. This investment, including com-
mitments through 1965, amounts to approximately $110
million, the bulk of which is being paid by the Con-
solidated Edison Company for the $100 million atomic
power plant the company now has under construction at
Indian Point, near Peekskill,

This project, when completed in early 1961, will be
the nation’s second largest atomic power plant, It also
has the expensive objective of substantially advancing
the technology of atomic power by utilizing, along with
uranium, a new hitherto largely unused and little under-
stood material called thorium as a source of nuclear
fuel. et

Of the remaining $10 million invested by New York
State utilities, approximately $9 million represents contri-
butions to projects located in other states, and approxi-
mately $1 million represents the estimated cost of current
and projected design and feasibility studies conducted
" within the state.

There is no doubt that the New York State utility
industry will benefit from its forward-looking contribu-
tions to atomic power projects in other states, The fact
remains, however, that at present the Indian Point plant
is the only atomic power plant in existence, under con-
struction or planned within the State of New York itself.
The fact also remains that, at this important carly stage
of development, each atomic power project that is
undertaken serves as both a beacon and a magnet to
the scientific, educational and industrial worlds which
make its existence possible.

Need for a plan ,
With these considerations in mind, it is our opinion
that it would be in the best interests of the people of
the state if there were to exist a definite plan for the
construction within the state of at least one atomic

power plant in addition to the one now under con-, .

struction by the Consolidated Edison Company. Such a
" plan would provide continuity to atomic power develop-

ment within the state beyond the 1961 completion date

of the Indian Point plant, would tend to keep the state
in the forefront of such development, and would, most/
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importantly, serve as an effective stimulant to the atomic
industry generally in the New York area.

In view of the still relatively early stage of atomic
development, however, it is our opinion that any new
atomic power project in New York State should be well
and carefully conceived in regard to timing, costs and

_selection of plant type.

‘In this connection, the United States Atomic Energy
Commission 'is currently preparing a new national
atomic power development program, generally referred
to as the “Ten Year Program” which will include recom-
mendations as to specific full scale atomic power plants

" and prototypes deemed worthy of further development

and construction. It is expected that this program will
be proposed to the United States Congress in its 1960
session for the purpose of obtaining the Congressional
authorizations required to place the program into effect.
It may be reasonably anticipated, therefore, that by the
close of the next session of Clongress there will be in the
United States a specific national program to achieve
economically competitive atomic power within ten years.

It is our opinion that the New York State utility
industry should carefully review this anticipated new
national program with the objective of determining
whether at least one of the projects included in it might
productively be constructed in the State of New York,

-and, if so, proceed to develop and construct the full

scale plant or prototype on the basis of the schedule
provided in the program.

It is of course possible that no new national program
will be agreed upon in the next session of Congress. It
is also possible that, although a new national program
is agreed upon, no project included in it would meet
the specific requirements and conditions that prevail in
New York. In either of these events, we believe that
it would be appropriate and desirable for the New York
State utility industry to develop an independent pro-
gram, designed to meet requirements and conditions in
New York, which would proceed toward the goal of
economically competitive power within the state at the
earliest practicable date. .

We do not believe, considering the large investment
already made by New York State utilities, that it would
be either in the interest of the utility builders of the
p]ant‘l;} the people of the state if the plant envisioned
here were to be a full scale unit of a type that would be
likely to constitute an economic liability over all or most
of its useful life. We believe instead that the project,
exclusive of research and development costs, should be

preferably a full scale plant which will give reasonable .
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promise of being competitive on an averaged annual
basis over its useful life with conventionally fucled
power plants in the same geographical area, or a proto-
type which would lead directly toward the construction
of an economically competitive full scale atomic power
plant of the same type. Such an approach not only
seems to be prudent; it also scems to be possible. It
furthermore- has the additional overridingly important
advantage of keeping the state pointed directly at the
single most rewarding goal—economic competitiveness—
in the atomic power field today.

If such a project as that envisioned here, whether
developed independently or as a part of the national
program, were undertaken within the state, it may be
expected that there would be associated with it certain
research and development expenses ranging into the

millions of dollars. The government of the State of New

York, in its role as a catalytic agent, might appropriately
share these research and development expenses with the
understanding that the state’s contribution would be
at least matched by one or more utilities, some of which
might be located outside of the state; that the research

and development program would be undertaken for
the purpose of leading directly and specifically toward
the construction within the state of either a full scale
atomic power plant or prototype; and that the state’s
contribution would not be payable until completion of
the plant. It would be further understood that the state’s
contribution would be payable only in connection with a
project that either was a part of the anticipated new
national program, or was deemed by the state and the
sponsoring utility or utilities to be more suitable for
New York State than any project in the national pro-
gram, or was deemed by the state and the sponsoring
utility or utilities to be suitable for New York State in
the absence of a national program. The power plant,
whether full scale or prototype, would be of a type
selected by its sponsoring utility or utilities. It would
be further understood that the plant when completed
would be available to the higher educational institutions
in the state to the maximum extent possible for training

‘purposes, and that all information produced by research

and development work carried on with state funds
would be readily available to the people, including the

'NUCLEAR POWER EXPENDITURES: N. Y. UTILITIES

Expenditures . Presently Committed Future Expenditures Total
o 12/31/59 1960 1961 . 1962 1963 1964 1965 Expenditures
N1AGARA MoHAWK ) .
Mich, Research Project... §$ 1,145,600 $ 300,000 § 800,000 § — $ — $ — $ — $ 1,745,600
Pa. Plant Project........ 1,500 56,000 346,500 282,500 80,500 — — 767,000
Company Studies........ 25,000 100,000 150,000 200,000 200,000 200,000 200,000 1,075,000
Total. ....e.vtss . $ 1,172,100 § 456,000 $ 796,500 § 482,500 $280,500 $200,000 $200,000 § 3,587,600
ConsoLipaTED EpisoN
N. Y, Plant Project...... $53,350,000 $31,100,000 $15,550,000 § —~ $ — $ — $ — $100,000,000
Mich. Research Project.. . 766,000 = 100,000 100,000 — —_ — — 966,000
Total, .......... ... $54,116,000 $31,200,000 $15,650,000 §$ — $} — $ — $ — $100,966,000
Rocuester Gas & ELko.
Mich. Research Project... $ 616,800 — — $ — $ — $ — $ — $ 616,800
Mich. Plant Project...... 360,500 90,000 90,000 90,000 — — — 630,500
Mich, Plant Project...... —_ — — — — 40,000 40,000 270,000*
Pa, Plant Project........ 1,200 25,600 159,800 130,300 37,100 — —_ 354,000
. Total...covnvenrene $ 978,500 § 115600 $ 249,800 $ 220,300 $ 37,100 § 40,000 § 40,000 § 1,871,300
New Yorx STATE ELEG, AND Gas .
Mich, Research Project... $ 427,500 § 110,000 $ 110000 § — s — $ — 3 — $ 647,500
Pa, Plant Project........ 800 30,200 189,200 153,700 43,800 —_ — 417,700
Total...... e $ 428,300 $ 140,200 $ 299,200 § 153,700 § 43,800 § — $ — $ 1,065,200
CentrAL Hupson
Mich, Research Project... 8 143,000 8§ — s — $ — $ — $ — $ — $ 143,000
Mich, Plant Project. ..... 160,000 40,000 40,000 40,000 — — — 280,000
Mich. Plant Project. .. ... — —_ - — —_ 18,000 18,000 120,000
Total, ..........o0s $ 303000 $ 40,000 § 40,000 $ 40000 § — $ 18,000 $ 18000 § 543,000
Lono IsLAND LIGHTING i
Mich, Research Project... $§ 435,000 90,000 § — s — $ — $ — $ — $ 525,000
Mich, Plant Project. . .... 496,000 124,000 124,000 124,000 _ — —_ 868,000
Mich, Plant Project. ..... — —_ —_ — 124,000 124,000 124,000 372,000*
Company Studies,....... 91,500 15,000 15,000 15,000 15,000 15,000 15,000 181,500
Total, ............. $ 1,022,500 § 229,000 8 139,000 § 139,000 §139,000 §139,000 $139,000 $ 1,946,500
Grand Total,....... $58,020,400 $32,180,800 §$17,174,500 $1,035,500 $500,400 $397,000 $397,000 . $109,979,600
* Bank notes payable 1964 thru 1970,
9
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industries and educational institutions, in the state,

It is not the purpose of this report to try to determine
which utility or utilities, whether privately or publicly
owned, might most desirably undertake the type of proj-
ect described- here. Our purpose is only to attempt to
bring the project into being, for the benefit of the people
of the state, by proposing that the state participate in
the research and development phases to a meaningful
degree. In this connection, the New York State Power
Authority, under present law limiting its power genera-
tion activities to hydro development, would be precluded
from participating in such a project. The Authority has
informed the. Office of Atomic Development that it
would not be feasible for -the Authority to finance an
atomic power plant in the absence of more federal aid
than is now available, but nevertheless believes state law
should be changed to permit it to build such plants in
the future if it so desires. We consider that the question
of whether or not the Authority should be authorized
to construct atomic power plants is secondary to the
public policy question of whether or not the Authority
should be authorized to construct non-hydro electric
power generation facilities of any type, and we conse-

quently believe that it would be inappropriate for us
to make any recommendation regarding it.

Also in regard to atomic power, the Atomic Energy
Commission has recently invited rural electric coopera-
tives and municipally owned power systems to express
their interest in an atomic power plant of 16,500 elec-
trical kilowatts whose nuclear portions would be built
and owned by the Commission. The plant would not be
economically competitive, but the Commission would
sell the stcam produced by the plant to the power system'
at a subsidized competitive price. Furthermore, any re-
scarch and development costs would be borne by the
Commission. Two New York municipalities, Jamestown
and Wellsville, have expressed tcnta.twc interest in the
Commission’s invitation. :

.Although there would seem to be little that the state
government might bring to such an enterprise beyond

. what the federal government already provides, it is our

opinion that the state should stand ready to cooperate,
to the extent that the state can be useful, with any

:municipality wishing to pursue this project. The Office

of Atomic Development is in contact with the appropriate
officials in Jamestown and Wellsville with this end in
view,

Discussion of Nucle’qr Fuel

The largest industries in atomic energy today, except.

for the weapons field, are the design and manufacture
of nuclear reactors and the fabrication of their uranium

‘fuel elements. These are already substantial industries,

and they have the promise of becoming truly large in-
dustries later on, Both are by now fairly well established,

and they are, furthermore, established primarily outside .

of the State of New York.
There seems to be no clear economic reason why New
York should not have become more active than it is

" in regard to fuel fabrication and nuclear reactor manu-

facture. This is particularly true with respect to the
fabrication of fuel for use in nuclear ships, an activity
which is centered primarily in the northeast, but not at
all in New York. '

As the nuclear fuel market grows, as it must with the
conversion of the Navy to atomic propulsion and the
achievement of economically competitive atomic power,

there would seem to be every reason to expect that the

participation of New York industries in it can, and- - Whereas the fuel fabrication industry is now mainly

logically should, increase. There appears to be very
little that the state government can do to assist this,
however, except by offering its good offices in the estab-
lishment of new plants and the acquisition of new
business, by the creation of as favorable a business

10

climate as possible, and by the accumulation and dis-
semination of useful information, These things, we
believe, the state government should do, as vigorously
and as effectively as it can, We also believe it would
help to foster further growth if the state were to adopt
as a definite objective the enlargement of its present
role in fuel fabrication as the industry in general ex-
pands, including particularly the fabrication of fuel for
ship propulsion.

Reprocessing—an opportunity

Because it is an already rather well established, highly
competitive industry, the opportunities for increasing
New York’s participation in the nuclear fuel fabrication
business are limited. This is not at all true, however,
of the potentially very large companion industry involv-
ing the reprocessing of nuclear fuels after use. At present
this function is carried on entirely by the federal govern- -
ment, primarily for its own purposes, in its own facilities.

privately owned, except for prototype development and
manufacture, there is no private activity whatsoever in
regard to fuel reprocessing. This is because, at this.early
stage of atomic development, not enough nuclear reac-
tors have been operated long enough to produce a
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substantial volume of fuel reprocessing business. It is
inevitable, however, that as activity in regard to the
in-put of fuel into reactors increases, as it is doing today,
activity on the out-put end will increase proport.xonately
several years later, as the in-put of fuel comes due for
reprocessing and recovery.

There lies within this inevitability an opportunity for
the industry of the State of New York. Whether this is
a natural or forced opportunity, however, depends upon
the location of the market and the resources which the
state can bring to the problem of serving the market.

So far as the market is concerned, it exists in three
principal places. It exists in the servicing of fuel from
atomic power and research reactors in this country; it
exists in the servicing of fuel from nuclear ships,
whether Naval or civilian, operating under the flag of
this or some other friendly country, and it exists in the
servicing of fuel from abroad.

New York’s accessibility to the sea, representing as it
does both the maritime market (the nuclear Navy as a
minimum) plus the market potentially available abroad
(an undetermined but conceivably substantial quantity),

is well known and needs no elaboration.

With regard to the potentially very large market rep-
resented by domestic atomic power reactors, it is worth

Discussion of Waste

noting that the State of New York exists in a power
supply region which at present has both the largest
installed electrical generating capacity and the largest
annual volume of new construction of any of the eight
power regions into which the continental contiguous
United States is divided by the Federal Power Commis-
sion, Furthermore, the costs of producing electricity
from conventional fuels in most of New York and
New England range from medium to high as compared
to the rest of the country, with the result that the de-
mand for atomic power is likely to be greater initially
in this area than in most other areas.

So far as the resources which New York can bring to
the problem of fuel reprocessing and recovery are con-

- cerned, the state’s high rank in the fields of industry

generally, transportation and skilled labor are all perti-
nent. Particularly in the field of chemistry, which is the
industry most pertinent to fuel reprocessing, New York
ranks second (after New Jersey) in the nation.

The most important resource that any state can bring
to fuel reprocessing, however, is a clearly safe place to
store radieactive by-products and wastes. This iz true
of atomic energy in general, but is particularly true of
fuel reprocessing, which produces the largest concentra-
tion of waste materials of any aspect of the atomic -
industry.

Storage

A report issued in August, 1959, by the Joint Congres-
sional Committee on Atomic Energy, based on hearings
held by the Committee in January, February and July
of this year, said the following:

“For low level wastes, the program has been to dis-
pose of them to nature (air, ground, water) with or
without treatment, as required, under careful control
and management. The problem may be expected to
increase as the nuclear power industry increases in size
or if acceptable limits of radioactivity in the environ-
ment are further reduced.”

“High level wastes . . . are stored in underground
tanks. . . . While the cost of tank storage probably could
be borne by a nuclear power economy, there is consider-
able doubt that tank storage represents disposal in the
ultimate sense. This is particularly true since our experi-
ence is limited to 15 years and it is difficult to extra-
polate this experience to give a realistic tank lifetime.
Consequently there is considerable interest in developing
other methods of ultimate disposal.”

On the very important question of what approach
might be better than current practices, the Joint Con-
gressional Committee’s. report said:

“Although a number of possibilities were described
during the hearings, the conversion to solids and the
storage of these in salt formations seemed to be the
most favored at this time. The least favored was the
disposal of high-level wastes in the sea.”

As to why salt was favored,. the report pointed out
that salt occurs at great depths below the fresh water
table, that “salt has considerable compressive strength,”
that “excavations in salt are practically always dry,”
and that, “because of its plasticity, any fractures in salt
close rapidly.”

Salt, in the form of beds or domes, underliés more
than 400,000 square miles of the continental United
States. It exists primarily in three enormous deposits,
one in the Great Lakes area, one in the Gulf Coast area,
and one in the area of Kansas and the Texas Panhandle.
The most easterly extension of salt in the United States,
pointing meaningfully at both the sea and the relatively
high cost electric power area of the northeast, occurs in
New York State. This salt underlies over 10,000 square
miles of the southern half of the western part of the
state at depths ranging from about 800 to 6,000 feet,
below the surface of the ground, and extends east be-
yond the Finger Lakes.

11
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This huge, deep but accessible bed of salt represents a
potentially very valuable resource of the state so far as
the development of an atomic industry is concerned.

Considering this potential, it is our opinion that the
state government should, by contract with an engineer-
ing firm, survey the state with the objective of deter-
mining one or more places at which a by-product and
waste storage site might safely be established. This
would serve at least two desirable purposes. It would
serve to attract the fuel reprocessing industry (which is
as yet uncommitted to any geographical location outside
of federal reservations) to New York State, and it would
also work toward the establishment of a single site where
wastes from many sources within the state might be
concentrated and disposed of safely under easily con-
trollable conditions. :

We believe it to be appropriate that the state govern-

ment conduct this survey, not only because of its effect

on attracting an important new private industry to the
state, and not only because of the public health and
safety benefits that would. accrue to the people of the
state through the establishment of a closely controlled site
for radioactive waste storage, but also because the stor-
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age site itself would probably always have to be owned
by either the federal or state government in the interest
of the long-term health and safety of the public. The
site envisioned here, therefore, is more of a govern-
mental than it is a private concern. And, if the state

‘wishes to use the site for such of its own purposes as

the attraction of industry and the concentration of
wastes generated within its own borders, it is more of a
concern of the state than it is of the federal government.

In our opinion, a survey looking toward the establish-
ment of such a site in New York by either the federal
or state government should be undertaken as soon as
possible. The urgency exists because the Atomic Energy
Commission is presently undertaking to augment its
own fuel reprocessing and waste disposal facilities in
Idaho, South Carolina, Tennessee and Washington State
to handie the increased business expected to be forth-
coming soon from the Navy and privately owned atomic
power plants. Once this expansion of AEC capacity
takes place, private entry into the fuel reprocessing
business- may be postponed for some time, conceivably
even permanently. Without private activity, and without
a site for the safe storage of waste products, New York
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has very little hope of being the home of a fuel reproc-
essing industry.

At present the by-products of fuel reprocessing plants
are thought of as “wastes” because it is not yet known
how to utilize them economically for such foreseeable
purposes as the sterilization of foods, the production of
battery-type power and the catalyzation of chemical
reactions. They do, nevertheless, represent a consider-
able reservoir of energy, and it is conceivable that this
energy can be put to sufficiently productive use to add
a value to “waste” products beyond the cost of sepa-
rating them. In this connection, the U. S. Atomic
Energy Commission plans in the near future to establish

at the Brookhaven National Laporatory mn New York
a $1.6 million laboratory to attempt to find economic-
ally rewarding ways of using highly radicactive mate-
rials. The establishment of this laboratory at Brookhaven
creates yet another reason why New York would make
an excellent site for the introduction of a fuel recovery
and reprocessing industry. It is also pertinent to note, in
connection with 'so-called “waste” disposal, that the
Brookhaven Laboratory is onc of the Atomic Energy
Commission’s principal centers for the development of
means by which the residue from fuel reprocessing can
be solidified for safe storage and posszble future recla-
mation,

Discussion of Test Reactors

High powered nuclear test reactors are vital to the
development of the fuel elements that will feed the

atomic power plants and ship propulsion units of the
future. So important are they that three leading private
manufacturers of fuel and reactor components have
built or are building such reactors of their own, one in
California, one in western Pennsylvania, and one in
Virginia.

In addition to these, two even higher powered test
reactors are owned by the federal government. Both
are located at the Atomic Energy Commission’s National
Reactor Testing Station in Idaho, where they serve pri-
marily the government’s ship, aircraft and power reactor
programs and to a Jesser extent private industry. A

third government owned test reactor is under construc-

tion in Ohio by the National Aeronautical and Space
Administration. No such reactor is located in the north-
east,

The Atomic Energy Comxms.uon recently announced
that it believes its own requirements will increase suffi-
ciently within the next few years to justify the con-
struction of yet another test reactor, which would be of
the highest known power level in the world. The Com-
mission is currently conducting a survey to determine
how much use would be made of such a reactor by
private industry. Upon completion of this survey, the
Commission plans to invite private industrial interest in
building and owning the reactor under certain specified
conditions having to do with the volume of business the
reactor might expect to receive from the Commission,
and the charges that the Commission would be expected
to pay.

If no private company or group of companies ex-
presses interest in the project under the conditions pre-
scribed by the Commission, then the Commission may

be expected to construct and own the reactor itself. If
this is done, it may be expected that the Commission
will proceed to construct the reactor at its reservation
in Idaho, where both a site and supporting facilities
are readily available.

A valid project

It is our opinion that this reactor should be built in
the northeast and not in Idaho, and that it therefore
constitutes a valid project for New York State, for the
following reasons:

1. The Idaho test reservation of the Atomic Energy
Commission was established in 1949 when nuclear reac-
tors were not as fully understood as they are now, and
when, because of this lack of knowledge, there appeared
to be good reasons for placing test reactor facilities as
far away from concentrations of population, and there-
fore of industry, as possible. This has, however, worked
to the detriment of industry in other places, particularly
in the northeast, where no such test facilities now exist.
It is a major premise of this report that, if atomic devel-
opment is to continue on the most efficient possible basis,
a fair share of such key facilities as test reactors must
be Jocated where they will be of maximum benefit to
existing industrial centers,

2. Two of the largest users of the new reactor will
be the federal government’s naval ship propulsion lab-
oratories, one of which is in New York and the other
in Pennsylvania. Two other large users will almost
undoubtedly be the federal government's nuclear air-
craft propulsion laboratories, one of which is in Con-
necticut and the other in Ohio. The Jargest private users
will be the fuel fabrication companies, of which there is
a substantial conceptration—and a substantial potential
for expansion—in the northeast.

13
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We believe that it should be an objective of the State

~of New York to bring this proposed new high powered

test reactor to the state, not only because of the value
of the facility itself, which is expected to be between
$20 and $25 million, but also because of the stimulating
effect that the presence of this project would have on
the atomic industry generally in this area.

There are three ways that the project can be con-
structed in the State of New York: by private industry,
by the federal government, or by the state itself. In
conformance with our premise that the state’s proper
role is that of a catalytic agent, we do not believe that
the third alternative should be considered until the
other two alternatives have been fully explored. Because
of the importance of this project, we do not believe,
however, that the possibility of state ownership, perhaps
through the State University system, should be perma-
nently rejected.

Our first preference is that the project be brought
into being by private industry. Our second. preference
is that it be constructed by the federal government with
the state government or private industry bringing
enough-to the enterprise to make it necessary for the
Atomic Energy Commission to give serious consideration
to New York as the location.

Whichever route is followed, it will be necessary for
the project to have a suitable site. In its role as a

Discussion of Atomic

catalytic agent, and in the interest of having the project
placed in the best possible location from the point of

view of both the public health and safety and tht:.

project’s relationship to other projects in the state’s
atomic development plan, it would be reasonable, in our
view, for the state government to undertake a site survey
for this project as soon as possible.

We also believe, if this projeci‘. is not undertaken by

private industry, that the state should proceed to acquire
the most suitable site within the state and make it avail-
able to the Atomic Energy Commission, This site acqui-
sition would be done, however, only if the Commission
had previously agreed to utilize the site for the purpose

" intended. The possession of such a site by the state

conceivably could also serve to attract other important
future test projects, which might more productively be
constructed in the east than in Idaho, including those
of the nuclear ship propulsion laboratories at Schenec-
tady and in Pennsylvania, and the nuclear aircraft pro-

- pulsion laboratory in Connecticut,

‘We are not proposing that a site be acquired at this
time or at any time in the future in advance of reason-
able commitments to use it. We are, however, proposing
that a thorough site survey be accomplished as soon as
p_ossxble so that, if necessary, the site could be acquired
without delay if suitable commitments are forthcoming.

Port Facilities

New York shipyards have not to date been engaged
in the construction and servicing of nuclear powered
ships, in spite of the fact that 41 such ships have been
built, are under construction or authorized.

This type of activity, which has until now been fi-
nanced and directed exclusively by the federal govern-
ment, at present involves a total capital investment,
including commitments, of over $3 billion. Most of this

. work is being done at privately owned shipyards in

Connecticut, Massachusetts, Mississippi, New Jersey and
Virginia, and the rest of it in federa.lly owned yards in
California and Maine.

As is well known, there ‘exist in New York both pri-
vate shipyards and a major federally owned facility—the
New York Naval Shipyard, owned and operated by the
U. S. Nayy in Brooklyn.

There seems to be very little that the state government" -

can do’ to initiate private activity within the state in
regard to' the building and servicing of nuclear ships,
except to establish a state policy favoring such activity
and to offer the state’s good offices to the Navy, the
Maritime Administration and private industry. This
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latter action could be particularly meaningful, we be-
lieve, if it were to take the form of establishing, on the
basis of thorough study, the acceptability of such activity

in this area from the point of view of the public health
* and safety. The fact that seven other states are now

active in the nuclear shipbuilding field makes it possible
for this type of assurance to be based on a substantial
body of actual accumulated experience.

So far as the New York Naval Shipyard is concerned,
the suggestion has been put forward unanimously by
all members of Congress from New York that the yard
be the site of construction of the nation’s second nuclear
aircraft carrier, tentatively authorized in the 1959 ses-
sion of Congress, Whether or not this project should be
ﬁnally authonzed in the next session of Congress is a
natxonal pohcy question that clearly is beyond the pur-
pOSes of this report. We do believe, however, that, if
such authorization is forthcoming, there are a number
of good reasons why the Naval Shipyard in Brooklyn
should be seriously considered as the construction site.
The Brooklyn yard, for example, is one of the few places
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in the country capablc of handling a project of such
magnitude. It also is the only large Navy-owned yard
still inactive in the nuclear field.

From the standpoint of the state, if such a project
could be undertaken in New York, it' would tend to
attract additional projects-by serving to demonstrate to:
the shipbuilding industry generally the acceptability of.
nuclear ship projects in this area. It therefore would
seem to be appropriate and desirable for the state
government, regardless of whether or rot another nu-
clear aircraft carrier is approved, to request the Navy
to’ consider utilizing the Brooklyn shipyard for the con-
struction of nuclear naval vessels of all types., We con~
sider this suggestion to be particularly appropriate in
the light of the Navy’s declared objective to convert the
fleet entirely to nuclear propulsion at the earliest prac-
ticable date.

Beyond and in addition to the matter of building and
servicing nuclear ships, there is a need to provide in
the United States a number of ports through which used
uranium fuel from both ships and land-based foreign
and domestic reactors can be shipped enroute to fuel
recovery and reprocessing ‘plants. At present there are
only two ports where this has been done—Groton, Con-
necticut and thtcry, Maine (the Portsmouth, New
Hampshxre Naval thpyard) In both, only fuel from -

nuclear submarines has:been involved. In each instance
the fuel has been shipped overland, across the country,
including across the State of New York, to the Atomic
Energy Commission’s reprocessing plant in Idaho. This
is a practice which almost undoubtedly cannot be con-
tinued permanently, for both economic and safety
reasons,

- It seems to us that, if New York wishes to become a
substantial center of the growing non-weapons atomic
industry, it should attempt to capitalize on its leading
position as a maritime state by identifying within the
state one or more port locations where atomic materials
can be handled safely and economically.

It is our opinion that any special port facility cstab-
lished within the state to handle atomic materials should
be owned and operated by either private industry or by
one of the existing governmental agencies or authorities
already engaged in this type of activity. We are not
proposing, therefore, that the state government itself
contemplate undertaking such a project. It does seem to
us, however, that the state government has a sufficient
interest in the health and safety aspects of the problem,
as well as in the need for relating it to a possible state-
owned waste storage and disposal site, to warrant the
state’s identifying at least one acceptable port location
for the handling of used uranium fuels.

Discussion of Eduég_fibnal Facilities

One of the primary purposes of the Office of Atomic
Development, as described in the New York State
atomic energy law, is “to foster and support research
and education relating to atomic energy through con-
tracts or other appropriate means of assistance, includ--
ing acquisition of land and construction’ of facilities,”
subject to the conditions that “any state funds provided
through the office for the acquisition of land or the con-
struction of facilities affixed thereto be matched by

~ funds or other contributions from other sources of at

least equal amount or value, and that any such land

and facilities be available for research and training, for _

such period of time and on such terms as may be
approved by the director [of the Office of Atomic Devel-
opment], to the departments, divisions, offices, com-

.missions and other agencies of the staté and of the

political subdivisions thereof, to educational and ‘non-
profit institutions in the state and to other persons. . . .”

In approaching our responsibilities under these pro-
visions of the law, we requested the State Department
of Education to conduct a survey of the state’s 179

institutions of higher: learning to ascertain the nuclear .
training and research equipment which they presently- -

.

" have available plus what they consider to be their re-

quirements for such equipment in the immediate future.

This survey, which was conducted in August and
September of this year, showed that 6 institutions pres-
ently have relatively high energy nuclear particle accel-
erators or generators, 9 have sub-critical reactor-type
training devices, 19 have equipment for the utilization
radioisotopes, and 38 have at least some type of equip-
ment useful in physical or biological research and train-
ing in the field of atomic energy. In addition to these

. facilities and equipment whose total value amounts to

approximately $13 rmlhon, there are now under con-
struction within the state a $2 million nuclear research
center, including a nuclear research reactor, at the
University of Buffalo, and a $1.6 million similar center,
including a nuclear research reactor of a different type,
at Cornell University..

The Department of Education survey also showed
that 7 institutions require a high energy particle accel-
erator or generator either on campus or readily acces-
sible, 8 require a sub-critical reactor-type training device,
10 require either -on campus or readily accessible a

"nuclear research and- training- reactor, and 10- require
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equipment making possible the utilization of radioisotopes
for research and training purposes. In addition, 9 insti-
tutions reported that they require physical or biological
equipment not presently available.

In considering the results of this survey, we have been
mindful of the following facts:

1. New York State will in this academic year produce
approximately 10% of all of the nation’s graduates in
the scientific and technological disciplines most pertinent
to atomic development, a percentage that is roughly
proportional to the state’s share of the national popu-
lation, At the graduate level, the state’s rank as a pro-
ducer of trained people is somewhat higher than strict
proportional levels.

2. The state government through the Office of Atomic
Development is contributing $1 million toward the
establishment of the nuclear research center, to be
known as the Western New York Nuclear Research
Center, now under construction on the campus of the
University of Buffalo,

3. The Office of Atomic Development presently has
before it one specific proposal that the state participate
financially in the construction of a nuclear training and
research facility. :

4. The largest concentration of institutions desiring
access to specialized atomic energy research and training
facilities not now in existence is in the New York City
area,

5. The Brookhaven National Laboratory on Long

* Island is one of the nation’s leading nuclear research

centers. Although it is enormously valuable as a research
center to educational in ututions working in the most
advanced fields of nuclear research, its facilities are noc.
suitable, nor could they be used, as an' aid to under-
graduate and ordinary graduate training in the field of
nuclear education.

In our view, the fact that New York is producing
approximately its proportionate share of scientific and
technical people does not constitute grounds for com-
placency, considering the concentration of industry and
financial resources within the state, We do believe, how-
ever, that it suggests that any state support of education
and training facilities in the atomic energy field beyond
that already being made available in Buffalo be under-
taken on a most careful and discriminating basis.

In light of the information available to us, we have
concluded that the state should, particularly in the next
few crucial years, when the shape of the atomic industry
is still being formed, provide assistance not otherwise
available to the extent of approximately $1 million for
the establishment of atomic energy research and training
facilities at educational institutions outside of the area
served by the Western New York Nuclear Research
Center in Buffalo. In approaching this undertaking, we
believe that the state should be guided ‘both by the
relative technical capability of the state’s educational .

TECHNICAL DEGREES GRANTED, 1958% (]

LEADING STATES
Other Total all

Eng, Math. Chem, Phystes Met, Phy, Sci, Tech.
NEW YORR....ovevervinnnnnnnnes 3,986 887 1,016 591 2 509 6,991
PENNSYLVANIA. . ....0vvvienn.nn.. 3,115 609 693 350 30 283 5,080
CALIFORNIA, ... vvunsen, e 3,192 445 424 453 1 347 4,862
MASSACHUSETTS .. . .vvnvevnnnnnns. 2,625 341 451 341 0 171 3,949
TBXAS. ..ttt iiiiiii i 2,027 522 473 207 0 654 3,883
ILLINOIS. . .o vvivininnnennn ... 1,887 414 547 256 0 166 3,270

STATE-NATIONAL COMPARISON .

Number Granted by New York State Numbers Granted by All Higher Educational

Type of Physical _ Institutions of Higher Education Institutions in U. S, A.

Science Backelor's Master’'s  Doctor’s TotaLs  Bachelor’'s Master's  Doctor’s ToTALS
Mathematics.......... 623 226 38 887 6,924 1,234 247 8,405
Engineering........... 3,216 698 72 3,986 35,332 5,788 647 41,767
Chemistry. ........... 774 136 106 1,016 7,010 1,125 939 9,074
Physics............... 422 95 74 - 591 , 4,116 1,081 242 5,439
Metallurgy............ — 2 - 2. 40 3 - 10 83
All Others. . .......... 324 154 31 509 _ 3,186 795 464 4,445

TOTALS........... 4,865 1,154 303 6,991 ' 56,608 10,056 2,549 69,213
* State data from N, Y, State Dept. of Education; National data from U. S. Dept. of Health, Education and Welfare. I
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institutions and by the number of institutions that would
be benefited by the establishment of any proposed
facility at any given location. _ '

The above conclusion applies only to the establish-
ment of facilities, and not to grants from the state for
the operation of facilities. A marked difference of views
exists in regard to the desirability of making grants for
operating purposes. Although we do not wish to fore-
close the possibility permanently, it is our present view
that no state funds should be expended in atomic educa-

tion except for the achievement of measurable “closed

end” objectives, and that operating grants, therefore,

should be made available only for overriding reasons .

not now recognizable,

This is not to say, however, that the state, for reasons
having to do with the public interest, might not wish to
enter into contracts with educational institutions for the
performance of specific .atomic energy research work
leading toward clearly defined goals. We are not pro-
posing any such contracts at this time, but we can fore-
see the desirability of this type of activity in the future,
particularly, for example, in regard to the training of
state personnel in atomic energy inspection and regula-
tory techniques, the development of information useful
in the preparation of codes and standards, and the study
of methods by which radioactive wastes and by-products
can be packaged for storage within the state in a
manner consistent with the public health and safety.

Discussion of Other Objectives

In addition to the areas described under the headings
above, there are several other fields that warrant con-
sideration for inclusion in any atomic development pro-
gram for the State of New York. These, which have to
do both with development and with the regulation of
atomic energy in the interest of the public health and
safety, are as follows:

Federal relationships

The state’s relationships with the federal government
in regard to the peaceful aspects of atomic energy are
at present focused on the negotiations which have been
initiated by the state Office of Atomic Development
with the Atomic Energy- Commission to enter into an
agreement between the Governor of the state, on behalf
of the state, and the Commission providing for the
transfer of certain regulatory authority, primarily over
radioisotopes, from the Commission to the state, These
negotiations are being carried on under a federal law
which was adopted in September 1959 and which was
supported by the New York State government in public
testimony. _

It is our opinion, in the interests of both the normal-
ization of the regulatory aspects of the atomic industry,
and the public health and safety, that such an agree-
ment between the state and the Atomic Energy Com-
mission should be entered into at the earliest practicable
date. We consequently believe that the state should
begin immediately to prepare itself for such an agree-
ment by assuring that express statutory authority exists
for the state to assume and execute the functions cov-
ered by the agreement. We therefore suggest that, at
the next session of the Legislature, the Governor be
given express authority to enter into such an agreement,
and that the state Department of Health be given

express appropriate licensing authority*.

We further suggest that the state should proceed to
prepare itself for assuming the regulatory functions that
would be covered by such an agreement by a series of .
interim steps under which state personnel, in cooperation
with the Atomic Energy Commission, be indoctrinated
regarding present Commission regulatory procedures,

Also in regard to federal-state relationships, we note
that New York leads all states in the value of atomic
energy contracts and grants awarded to inmstitutions
within the state, These are roughly in the same propor-
tion as New York’s population is to that of the nation
and we therefore consider that the state’s present share
of contracts and grants is appropriate and requires no
specific state action,

Perhaps the most conspicuous present inadequacy in
regard to the state’s relationships with the federal gov-
ernment is that no member of Congress from New York
serves on the Joint Congressional Committee on Atomic
Energy. In this regard, New York is the only state in
which there are substantial Atomic Energy Commission
facilities within its borders that is not represented on
the Committee, We realize that this problem lies outside
of the purview of this report, but wish to note it
nevertheless,

Process heat reactor ,

Although a large amount of qmoney and considerable
effort has been expended on the national program to
develop atomic energy for the generation of electric
power and the propulsion of ships, relatively little has

* The State Department of Labor appears already to possess
adequate licensing authority (Sec. 28.2 of the “Labor Law”),
as does the Board of Health of the City of New York (Sec.

. 561, New York City Charter),
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yet been done to foster development in the very prom-
ising field of heat production for industrial process use.
The . principal project to be undertaken to date in the
process heat field is the project, recently approved, to
utilize atomic heat in.the purification of sea water in

a plant to be constructed in California. This project, -

costing an estimated $6. million to $10 million, is a
cooperative undertaking of the Atomic Energy Com-
mission, the Department of the Interior and the State
of California, The state will contribute $1.5 million.

In our opinion, the California plant, although desir-
able for the purpose intended, will not necessarily ade-
quately demonstrate in itself the value of atomic heat in
such industrial processes as those involved in the chemi-
cal and paper industries, both of which are important
to New York State. We therefore believe that it would
be in the intcrest of New York State as well as other
industrialized areas if there were to be built in the near
future a_denmonstration nuclear process heat reactor

specifically designed for use in an established industry,

such as the chemical or paper mdustry

If such a project were to be undertaken, we would of
course hope that it could be undertaken in the State of
Neéw York, because of the stimulating effect it would
have on atomic development generally in this area. One
way to accomplish this objective would be for one or
more industrial concerns within the state to undertake
the project without governmental assistance. Another
way would be for the federal government to undertake
the project with New York State industry bringing
enough- to it to assure a New York location. A third
‘way would be for the state government to participate
to' the extent required to assure a New York site for
the project. '
" We are not at this time proposing any’state participa-
tion in an’ enterprise of this sort, beyond the exercise of
the ‘state’s good offices with respect to any industrial
effort that might be made to launch such a project
within the state. We do believe, however, that a process
heat project merits very serious consideration by New
York State industrial concerns, and we believe further
that the state government may find good and sufficient
reason later on to participate in such a project if progress
is ‘not forthcoming in any other way. Certainly we
believe that the construction of a process heat reactor
within the state is worthy of being included as an objec-
tive of the state’s atomic energy program.

Radlmsoi'opes |

~ Although New York, by virtue of its population and -

h1ghly developed industry, might be expected to lead
the nation in the utilization of radioisotopes for indus-
trial purposes; the state actually ranks sccond, This may
be due to a lack of appreciation among the state’s
industry of the value of radioactive materials in indus-
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trial processes, We therefore believe that it would serve
a. most useful purpose for the Office of Atomic Develop-
ment to undertake an industrial education program to
make sure that the usefulness of radioactive materials i
fully understood throughout the industry of New Yorl'
State. We further believe that the state government,
by means of an educational and information program,
should attempt. to stimulate research within the state
directed toward the discovery of new productlve uses
for radioactive materials,

: Actually, the availability of radioactivity in massive
quantities is an impressive new phenomenon on earth
which has not yet been exploited to more than a fraction
of the extent possible. The volume of radioactive mate-
rials now used in medicine, agriculture, industry and
research is at present very small and production occurs
almost entirely in one nuclear reactor located in Ten-
nessee. The value of these materials produced each year

'is approximately $2.5 million, It is possible, however,
. that if sufficient new productive uses for the massive

quantities of radiation now becoming available in the
atomic industry could be found, the value of the annual

‘production of such materials could range into the scores

of millions of dollars. Such a development would not
only create an important new industry; it would also
help substantially the economics of atomic power, inas-
much a3 radioactive materials are always produced as a
by-product of atomic power generation.

Radiation protection ™ .
There are over 500 locations in the State of New
York where radioactive materials are in use. In addition,
there is considerable shipment in and through the state
by air, sea and land of such materials. The possibility
exists, therefore, however remote, of accidents occurring
which involve, or may mistakenly be believed to involve,
radioactive materials. :

We consider it to be only prudent that the state take
steps to insure that any such accidents be evaluated and
handled as eﬂ'ectxvely and as rapidly as possible. It is
therefore our opinion that the state should establish
training programs and prepare, maintain currently and
distribute within the state a roster of qualified radiation
experts and a list of the type and location of useful

- instruments and other specialized equipment within the

state so that competence in the radiation field may be
readily available in the event of any accident, fire or
disaster believed to involve radioactivity.* It is impor-
tant not only that such accidents be evaluated correctly,
but also that complete and accurate information con-
cerning them be made’ available to local oﬂicxals, as
well as to the press and public, without delay.

* The New York City Dcparunent of Health now has in
effect a working arrangement under which its own staff of
radiation experts are available to the City Fire and Poli
Departments -in the event of a radiation accident.
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A 12-Point Program

Based on the foregoing discussions, we propose the
following as objectives to be achieved within the state at
the earliest practicable date: :

1, Expansion of- the state’s atomic power capacity,
including particularly the construction at the earliest
practicable date of either an economically competitive

full-scale atomi¢ power plant or a prototype leading :

directly toward the construction of an econormcally
competitive full-scale plant.
We propose this because we believe that there is no

single event that would do more to establish the peace- -

ful atomic industry on'a permanent, flourishing basis in

the State of New York than the achievement of eco- -

nomically competitive atomic power in this area.

2. Construction of a uramum fuel recovery and re-
processing plant, !

We propose this because the fuel reprocessing industry
is not yet committed to a geographical area and because
we believe New York i3 uniquely well situated from the
standpoint of both the potential market and the state’s
resources to become the site of such an industry.-

3. Establishment of a site where radioactive by--

product and waste materials may be stored without
hazard to the public health and safety.

We propose this because we believe such a site to be
necessary from the standpoint of the health -and safety

of the people of the state, and also because the existence

of such a site’ would serve to encourage the growth ‘of
the atomic industry within the state.

4. Construction of a }ugh powered nuclear test
reactor.

We propose this because no such reactor exists in the
northeast, because most of the potential users of such
a reactor are located in the northeast, and because such
a reactor would tend to stimulate atomic industrial
development in the state.

5.. Establishment of at least one shipyard as a center
for the construction of nuclear ships.

We propose this because nuclear shipbuilding is a
large, growing industry, and because New York, al-
though a leading maritime state, is at present not en-
gaged in this type of activity.

6. Establishment of a port facility capable of handling
used fuel from nuclear ships and foreign and domestic
reactors entering the state by sea.

We propose this both in the interest of the public
health and safety and because such a facility would be
a necessary adjunct to any fuel reprocessing industry
that might be established within the state.

7. Expansion of the state’s volume of fuel fabrication

work, including particularly the entry of the state’s in-
dustry into the busmess of fabrlcatmg nuclear fucl for
ship propulsion.

We propose this because: New York is -well situated
with ‘regard to the nuclear fuel market, and bectause
the state is at present not engaged, outside of federally
owned laboratories, in the fabrication of nuclear fuel
for ship propulsion.

8. Construction of a process heat reactor for mdustnal
utilization,

We propose this because demonstratxon of the feasi-
bxhty of producing usable industrial heat from. atomic
enérgy ‘would stimulate atomic development within the
state and at the same time benefit such other of the
state’s imajor actxvmes ag the chemical and paper
industries.

9. Execution of an agreement with the Atonuc Energy
Commission providing for the assumption by the state
of regulatory authority over radioisotopes and such other
nuclear materials as may be possible under federal law.

We propose this because a law authorizing such an
agreement was enacted in the last session of Congress,
and because we believe that both the public health and
safety and the atomic industry will benefit if states play
an mcreamngly larger role in the regulatxon of atomic
activities,

10. Strengthening, on a state-w1de basis, of the atomic
research and training facilities of the state’s higher edu-
cational system.

We propose this because maintenance of a scientific
educational environment of high quality is necessary to
the growth of an atomic jndustry within the state.

11. Expansion of the industrial use of radioactive -
materials and of res¢éarch directed toward discovering
new productive uses for such materials.

We propose this because we believe that more indus-
tries within the state could productively employ radio-
active materials than are currently doing so, and because
such materials have an enormous potential for industrial
utilization that has not as yet been realized, to the detri-
ment of the economics of the entire atomic industry.

12, Establishment of training programs and identifi-
cation of personnel and equipment useful in handling
accidents believed to involve radioactive materials.

We propose this i the interest of the public health
and safety and also because we bélieve that the hazards
of radioactivity may not be so great in themselves as
the possibility that they may be misinterpreted and
consequently not handled in the most effective possible
way. S :
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Specific Recommendations

Meaningful progress toward some of the above objec-
tives can be made by the Office of Atomic Development
and other state agencies as part of their regular program
of activities. The other goals, however, are of such mag-
nitude or naturc that they can be achieved only by
means of special action, With this fact in mind, the
following recommendations for specific implementing
action in 1960 are respectfully submitted:

1. That the state government contribute to the costs
of research and development leading directly and spe-
cifically toward the construction within the state of (a)
preferably a full-scale atomic power plant which will
give reasonable promise of being economically competi-
tive, except for research and development costs, on an
averaged annual basis over its useful life with conven-
tionally fueled power plants in the same geographical
area, or (b) a prototype atomic power plant which
would lead directly toward the construction of an eco-
nomically competitive full-scale atomic power plant of
the same type. The power plant, whether full-scale or
prototype, would be of a type selected by its sponsoring
utility or utilities, It would be either part of an antici-
pated new national program, or deemed by the state
and spongsoring utility or utilities to be more suitable for
New York State than any project in the national pro-
gram, or deemed by the state and sponsoring utilities
to be suitable for New York State in the absence of a
national program. The costs contributed by the state
would be at least matched by the sponsoring utility or
utilities, some of which might be located outside of the
state, and not paid until completion of the plant. When
completed, the plant would be available to the higher
educational institutions in the state to the maximum
extent possible for training purposes, and all information
produced by research and development work carried on
with state funds would be readily available to the people,
including the industries and educational institutions, in
the state,
~ 2. That the state government locate within the state
one or more sites at which radioactive by-products and
wastes produced by industrial, medical, agricultural and
scientific organizations could be concentrated and stored
in a manner consistent with the public health and safety.
It would be understood that such a site, if found, would

be acquired by either the.federal or state government

and that it would be located in as close proximity as
possible to a suitable site for a uranium fuel recovery

and reprocessing plant.
3. That the state government locate within the state
one or more sites at which a high powered nuclear
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materials test reactor could be constructed and operated
in a manner consistent with the public health and
safety. It would be understood that, if the construction
of such a project were not undertaken by private in-
dustry, the state would acquire such a site and make it
available to the federal government provided that the
cost of the site is not excessive, that the federal govern- '
ment agrecs to utilize the site for the purpose intended,
and that the federal government fails to acquire the site
itself,

. 4. That the state government locate within the state
one or more port facilities capable of handling the fuel-
ing and servicing of atomic propelled vessels and the
shipping of used uranium fuel in a manner consistent
with the publi¢ health and safety.

5. That the state in the next few years enter into one
one or more arrangements with educational institutions
under which the state would provide a total of up to
$1 million of assistance not otherwise available on no
more than a matching basis in the establishment of one
or more nuclear facilities, designed primarily for train-
ing purposes, in an area outside of the area served for
training purposes by the Western New York Nuclear
Research Center in Buffalo or the Brookhaven National
Laboratory at Upton, Long Island.

"6, That the Governor be expresly authorized by
statute to enter into an agreement or agreements on be-
half of the state with the Atomic Energy Commission
whereby the federal government will discontinue, and
the state would assume, regulatory authority with re-
spect to atomic energy activities relating to by-product
materials, source materials, and special nuclear materials
in quantities not sufficient to form a critical mass within
the state now or hereafter regulated by the federal
government,

7. That the State Department of Health be expressly
authorized by statute to license the use of atomic energy
materials covered by any agreement entered into be-
tween the Governor of the state and the Atomic Energy
Commission. .

8. That the Officc of Atomic Development be ex-

pressly authorized by statute to prepare, maintain cur-

rently and distribute within the state for use in the event
of an accident, fire or disaster believed to involve radio-
active’ materials, a roster of qualified radiation experts
and a list of the type and location of useful instruments
and other specialized equipment within the state, and to
cooperate with the federal, government, and state civil
defense commission in establishing training programs
relating to handling such accidents; fires or disasters. ‘

3
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Appendix |

LETTERS OF CONCURRENCE AND COMMENT

(The foregoing report was submitted to Governor
Rockefeller by the Director of the Office of Atomic
Dgvelopment with the concurrence of both the State’s

General Advisory Committee on Atomic Energy and its~

Atomic Energy Coordinating Council. The membership
of these groups is listed on page ii of this document.
Their written concurrence is reproduced herewith in
the form of a letter from the Chairman of the General
Advisory Committee, Mr. Francis K. McCune, Vice
Prasident of General Electric Company, and a memo-
randum from the Secretary of the Coordinating Council,
Mr. ]. D. Anderson, together with the individual com-
ment on one part of the report by a member of the
Genéral Advisory Committee, Mr. Thomas F. Farrell,
con.mltant to the New York State Power Authority,)

Concurrence of the Advisory Committee

December 1, 1959
The Honorable Nelson A.-Rockefeller
The Governor of New York

' Albany, New York

Dear Governor Rockefeller

At Mr. Townsend's request thc New York State
General Advisory Committee on Atomic Energy has
reviewed and considered the report entitled “Atomic
Development Plan for New York State” which the
Office of Atomic Development has prepared for submis-
sion to. you. The whole Committee generally approved
of the report In one instance Mr, Townsend worked
with a subcommittee to revise a portion so as to be
more in conformancc with the thinking of those on the
Committee particularly concerned. As a result it is with
pleasurc that I inform you that the Committee concurs
in the report and its conclusions and recommendations.

It is my understanding that one member of the Com-
mittee, General Farrell, has submitted directly a sepa-
rate individual view concerning one aspect of the
report. The full Committee considered General Farrells
comments but did not recommend any change in the
position proposed by Mr. Townsend.

Sincerely, -
/5] Francis K. McCune
Chairman

Concurrence of the Coordinating Council
December 1, 1959

MEMORANDUM TO: Mr. Oliver Townsend, Chair-
man, Coordinating Council

FROM: Mr. J. O. Anderson, Secretary to the Council.

The report to the Governor of the Office of Atomic
Development entitled “An Atomic Development Plan
for the State of New York” has been reviewed by the
officials on the Atomic Energy Coordinating Council
and they have all notified me that they are in agree-
ment with the conclusions and recommendations of the
report.

/s/ ]. D. Anderson
Secretary to the Council

Memorandum From Thomas F. Farrell
October 14, 1959

MEMORANDUM TO: Mr. Oliver Townsend, Director
of Atomic Development

FROM: Mr. Thomas F. Farrell

It is reccommended that the Section of the report on
Atomic Power include a recommendation for permissive
State legislation authorizing the Power Authority to
build and operate nuclear power plants.

It is entirely possible as a result of additional assist-
ance not now available that the Authority may find it
feasible during the early years ahead to finance and
build an atomic power plant logically and economically
related to other facilities of the Authority which would
not otherwise be built in New York State. Permissive
legislation passed now would enable New York State to
have one more full scale atomic power plant in 6pera~
tion and thus take another step toward economically
competitive atomic power. The State should be at all
times in a position to accept and use assistance which
would help to reach this desired goal. It is not proposed
that the Authority be the exclusive State agency in the
atomic field, but that it be in a position to contribute
its share. Certainly the Authority should not be excluded.

/s/ Thomas F. Farrell
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Appendix Il

MEMORANDUM BY THE GOVERNOR

(In immediate implementation of certain of the rec-
ommendations of the foregoing report, Governor Rocke-
feller on December 3, 1959, submitted several specific
legislative proposals to the New York State Legislature.
The Governor's memorandum describing these proposals
is reproduced below.)

_ December 3, 1959
TO: The Leaders of the Legislature

The year 1959 has marked for New York State the
beginning of a coordinated program of State action in
the development and use of atomic energy for peaceful
purposes. Legislation enacted at the 1959 Session rec-
ognized- that atomic energy is a matter of important
concern to the -economic growth and the health and
safety of the people of the State. _

New York has been the leader in the medical uses
of atomic energy. It has, however, lagged with respect
to the development of atomic industry. The specific
steps taken in 1959 point toward placing New York in
a position of genuine leadership in atomic matters.
These steps include:

1. Enactment of a State Atomic Energy Law creating

. the Office of Atomic Development;

2. Initiation of the Western New York Nuclear Re-
search Center and negotiation of a contract be-
tween the State and the University of Buffalo for
the construction of the Center;

3. Completion of a definitive study by the Office of
Atomic Development identifying economically sound
atomic projects for location in New York;

4, Initiation of discussions between the State and the
United States Atomic Energy Commission looking
to the development of an agreement under which
the State would assume regulatory authority of
certain atomic energy activities;

5. Initiation of a systematic review of all rules, regu-

lations and ordinances pertaining to atomic energy .

within the State.

It is noteworthy that the act creating the Office of
Atomic Development anticipated the action taken by
the Federal Government in September of this year when
it authorized the transfer of regulatory control of certain
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atomic energy activities from the Atomic Energy Com-
mission to qualified states. Through its forward-looking
atomnic energy program New York now stands prepared
to assume such regulatory control.

When the State Atomic Energy Law was cnactcd
early in 1959, it was recognized that all the specific
steps to encourage atomic development could not be
taken in that initial legislation, The time is now at hand
to strengthen the State’s activity with respect to atomic
energy. A well conceived program for 1960 has been
developed based upon the comprehensive report of the
Office of Atomic Development. I am submitting for
your consideration a copy of this report with this memo-
randum. I have found the report of great value in
understanding the difficult and technical problems asso-
ciated with atomic development.

The report can and should be implemented by legis-

lation at the 1960 Session. Such legislation would focus
on three major areas: public health and safety with
respect to nuclear materials, development of atomic in-.
dustry in New York and cooperation with the Federal
Government in the regulation of atomic energy.
1. Public health and safety with respect to nuclear
_mat_enal:
" Atomic industry can be and must be safe industry.
As the report of the Office of Atomic Development
points out the peaceful development of atomic energy
can be among the safest of human’endeavors. Risks
associated with the peaceful development of atomic
energy cannot, however, be ignored, These risks can be
effectively controlled by careful planning. Such plan-
ning should take into account that the hazards of radio-
activity may not be so great in themselves as in the
poss1b111ty that they be mlsunderstood and thus not
handled in the proper manner.

I am proposing legislation to direct the Office of
Atomic Development to cooperate with the Federal
Government, the State Civil Defense Commission and
appropriate agencies of State and local Government,
including our fire and police organizations in establish-
ing training programs relating to the handling of acci-
dents, fires or disasters believed to involve radioactive
materials.
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In order to be further prepared to cope promptly and
effectively with any accident which might involve radio-
active materials, I am also recommending legislation
which would direct the Office of Atomic Development
to prepare and maintain a roster of persons within the
State qualified in the detection and handling of radia-
tion hazards and a list of the type and location of tech-

-nical equipment which could be of use in connection

with any such accident. The roster and list would be

distributed throughout the State, available to all
-agencies of government concerned with the public
‘health and safety.

These two measures would provide important steps

in discharging the State’s continuing responsibility for

the public health and safety as we move into thc
atomic era.

2, Development of Atomic industry in New York

The creation of jobs through economic expansion
requires forward looking policies to seize opportunitics
springing from nuclear developments, New York, as a
highly industrialized, highly populated State, can,
through careful planning, benefit to the maximum ex-
tent for the exploitation of atomic energy.

Such planning is being carried forward by the Office
of Atomic Development, which in its immediate recom-
mendations recognizes that the proper role of the State
is to act as a catalytic agent to provide incentives for
atomic development within the State.

To implement these recommendations, I am submit-

ting proposed legislation which would direct the Office
of Atomic Development to locate within the State, with
due regard for the public health and safety:
(a) sites at which radioactive byproducts could be
concentrated and. stored;
(b) sites at which an. atomic ' test reactor could be
constructed and operated ‘and _ '
(c) port facilities capable of handling the fueling and
' servicing of atomic’ propelled vessels and the
shipping of used uranium fuel.
(a) Storage sites for radzoactwe bypraduct: The use
of atomic fuels results in the creation of radioactive

‘waste materials which must be safely disposed of. Atomic

industry will be attracted to those arcas which provide
safe and convenient sites for the disposal of such waste
materials, The early identification of such sites is neces-
sary, not only as a health and safety measure, but be-
cause their existence would serve to encourage the

.growth of atomic industry within the State. It is con-

templated that such sites, when located, would be
acquired either by the State or Federal Government.
(b) Sites for an atomic test reactor. Nuclear test
reactors are high-powered reactors which do not gen-
erate electricity or propel ships, but which are used to
develop and test the fuel elements that will be used in
future power and propulsion reactors. Such test reactors
are vital to the development of the fuel elements that

will feed the atomic power plants and ship propulsion
units of the future. No nuclear test reactor exists in
the Northeast, despite the fact that most of the poten-
tial users of such a reactor are located in this area of
the country. The existence of such a reactor should
substantially stimulate atomic industrial development
within the State. The identification of a suitable site
in New York for such a reactor is, however, a prerequi-
site to its construction by private mdustry or the Federal
Government, :

(c) Port facilities for the atomic era. In order to
preserve New York’s pre-eminence in the maritime com-
merce, it is vital to plan for the atomic fleets of the

future. Now is the time to determine the feasibility of

locating within the State safe port facilities capable of
handling the fueling and servicing of nuclear ships as
well as the shipment of used uranium fuel entering or

leaving the State by sea.

These thcee measures would constitute significant
steps toward improving the climate for atomic develop-
ment within the State. I recommend them for your
favorable action.

3. Cooperation with the Federal Government with re-
spect to regulation of atomic energy.

The Federal Government recognizes the soundness of
State control over some of the peaceful uses of atomic
energy. In September 1959, the Congress established
procedures for the discontinuance of the Atomic Energy
Commission’s regulatory authority with respect to radio-
isotopes, natural uranium and thorium, and small quan-
tities of fissionable materials and for the assumption of
this authority by the states. The Atomic Energy Com-
mission was authorized to enter into agrecments with
any state for the transfer of such regulatory authority
from the Commission to the State, and to provide for
the performance of inspections or other functions on 2
cooperative basis, '

The State should assure that the dynamic forces of
private industry are put to work to bring the benefits
of the atomic age to its people. Hand in hand with
this new role of the State in atomic matters must go
the development of State regulations designed to protect
fully the health and safety of the individual citizen,

In order to provide for such State regulation, I tec-
ommend legislation:

(a) authorizing the Governor, on behalf of the State,
to enter into an agreement or agreements with
the Federal Government whereby the State
would assume regulatory authority over atomic
byproduct materials, source materials and special
nuclear materials in quantities not sufficient to
form a critical mass;

(b) authorizing the Office of Atomic Developmcnt
with' the approval of the Governor, to enter into
agreements with the Federal Government under
which the State will perform on a cooperative
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.basis with the Federal Government inspections or
other functions with respect to atomic energy
. activities within the State, ‘and .
(c) authorizing the State Department of Health to
license the use of atomic energy materials.

Such express authority will permit the State to assume
appropriate regulatory control over matters relating to
atomic energy and effectively to protect the health and
safety of the people.

S » * o

The ‘Legislative proposals which I have outlined, do
not embody two of the recommendations made by the
Office of Atomic Development in its report. These
matters. are under continuing consideration. One relates
to the development of an additional atomic power plant
within the State. The other relates to the establishment
of additional nuclear facilities for training purposes at

educational institutions. The question of atomic power

generation should appropriately await the - imminent
report of the Governor’s Committee on Power Resources.
The establishment of additional nuclear faciilties at edu-
cational institutions should be considered in the light of
the work presently going forward for the Western New
York Nuclear Research Center.

Conclusion

The measures which I have outlined are embodied in .

two proposed bills which I am submitting to you with
this memorandum with the request that they be pre-
filed. The enactment of this legislation would advance
the position of New York toward leadership in the
field of atomic energy by furthering the public health
dnd safety with respect to nuclear materials, by stimu-
lating atomic industry within the State, and by author-
izing the, State to assume regulatory control over various
aspects of atomic development. that touch upon the well-
being of the citizens of the State, _
(signed) NELSON A, ROCKEFELLER

Appendix I

BACKGROUND INFORMATION

The Nature of Atomic Energ&

Atomic reactions resemble fire in that the energy they

produce appears primarily in the form of heat. This
heat can be utilized in many of the same ways in which
heat from fire is utilized. Whatever other uses it may
have will in the long run probably be determined only
by the dimensions of man’s imagination.

Although the nature of atomic heat and fire heat is
the same, the quantities and concentrations are strikingly
different. Thus the heat from one pound of atomic fuel
is equivalent to the heat from 1,500 tons of coal. And,

whereas the maximum temperatures achievable by -

means of fire range upward to only about 10,000 degrees
Centigrade, the temperatures that can be reached by
atomic means range into the millions of degrees
Atomic heat also differs from fire heat in that it is
always accompanied by the release of energy in the
form of nuclear radiation. Before the discovery of
atomic energy, nuclear radiation was known chiefly as
an emanation from radium and X-ray machines. How-
ever, as in the case of heat, there is a striking difference
in quantity and concentration of radiation. Thus, the
nuclear radiation from one small atomic bomb explosion
exceeds that of all of the radium that has ever been

mined.
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The Status of Atomic .Developmen’r

- Atomic energy can be released by two principal types .

of reactions—nuclear fission, which is the process used
in the atomic bomb, and thermonuclear fusion, which
is the process used in the hydrogen bomb.

_At present, however, only fission can be used to re-
lease useful quantities of energy slowly and in a con-
trolled manner. This means that, whereas the world
today is beginning to gain access for peaceful purposes
to the 600 quintillion BTU’s of energy represented by
nuclear fission, it does not yet know how to utilize the
3,000,000,000 quintillion BTU’s of energy represented
by thermonuclear fusion except explosively.

As might be expected, therefore, the world’s major
atomic nations have substantial research programs un-
derway with the objective of harnessing the fusion reac-
tion for peaceful purposes. If and when success will be
achieved is now not known. The stakes, however, are
clearly enormous.

So far as the better understood fission reaction is con-
cerned, the controlled release of atomic energy is
accomplished in a machine called a nuclear reactor,
which is to atomic energy as a furnace is to fire.

‘To date, nuclear reactors have been developed to the
point where they have been used successfully for the
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propulsion of seagoing vessels and the generation of
electric power. Development has not yet progressed suf-
ficiently, however, for these things to be done through
atomic energy at a cost that is as cheap as the cost of
utilizing for the same purposes the energy derived by
fire from coal and oil. Consequently, much of today’s
atomic research is directed toward reducing the costs
of building and operating nuclear reactors. Much addi-
tional research is also being conducted with the objec-
tive of finding new productive uses for reactors.

Meanwhile, the radiation produced by reactors is be-
ginning to find many useful applications in industry,
agriculture, medicine and research. The impact of these
activities on the world’s economy has not yet been very
great, but their potential meaningfulness—in terms of
health, food, and the manufacture of industrial products
—can ultimately be very large. Certainly the availability
of nuclear radiation in massive quantities is a new
phenomenon on earth, and the implications of this fact
may in the long run be just as important as the dis-
covery that atomic energy can be released at all,

Government Control of Atomic Energy

In apparent recognition of the enormity of the forces
with which they are dealing, every nation that has ever
had anything substantial to do with atomic energy has
set up a special agency to develop and control it.

In the United States this agency is the Atomic Energy
Commission, which was established in 1946, soon after
Hiroshima. Comparable agencies now also exist in the
Soviet Union, Great Britain, France and every other
country with a noteworthy atomic energy program. All
of these agencies are empowered hy their governments
to develop, produce and use atomic energy, and to con-
trol through a system of orders, licenses.and regulations
all important functions which they do not perform
themselves. .

Even on the international level, where effective coop-
eration has often been hard to achieve, a special agency
—called the International Atomic Energy Agency—has
been created with all of the world’s major atomic
powers, -including the United States and the Soviet
Union, as members. The authority of this agency to
develop and control atomic energy is limited to those
activities placed voluntarily under its jurisdiction by
member nations. This authority, however, is no more
limited than is the authority of most other international
political bodies, including the United Nations itself, at
this point in the world’s history.

Regionally, too, insofar as nations have undertaken
cooperative endeavors, they have tended to treat atomic
energy as a special problem. For example, the six most
integrated nations of Western Europe—France, Italy,
West Germany and the Benelux countries—have entered
into agreements establishing not only a common market

and a common coal and steel cconomy, but aiso a
European Atomic Energy Community (Euratom).

United States Atomic Energy Commission

The basic atomic energy law of the United States, the
law that established the Atomic Energy Commission,
wag adopted in 1946, This law vested in the Commission
exclusive ownership of all atomic energy fissionable
materials and all major facilities, including nuclear
reactors, for the production of fissionable material. Thus
control of atomic energy was concentrated within the
Commission in a most effective way—exclusive and
direct ownership. As a result, no person other than the
Commission had the right under the law to engage in
the substantial production of fissionable material except

" as a contractor to the Commission.

The 1946 law also granted authority to the Commis-
sion to control for safety reasons all users of the radio-
active by-products of atomic energy (the radium-like
elements called radioisotopes), not through ownership,
but through the less stringent method of licensing and
regulation. . '

This situation prevailed until 1954, when a new law
was adopted to permit the Commission to exercise its
control over nuclear reactors and other major atomic
energy facilities primarily through'a licensing and regu-
latory systemn rather than through exclusive and direct
ownership. Thus the nature of the Commission’s control
over major facilities became more nearly analogous to
the nature of the control it had previously exercised

- over the users of radioisotopes. Thus, also, it became

possible for the first time for persons and organizations
other than the Commission to own and operate major
nuclear facilities, but only with the approval of the
Commission, The effect of this change in federal law
was to diminish the stringency of Commission control
over major atomic activities, but in no way to diminish
the comprehensiveness of its control,

This situation prevailed until September 1959, when

‘a new amendment to the nation’s basic atomic energy

law was adopted which authorizes the Atomic Energy
Commission to transfer to qualified states the regulatory
authority it now possesses over radioisotopes, natural
uranium and thorium, and small quantities of fission-
able material. Such transfers, under the law, must take
place on the basis of agreements to be entered into be-
tween individual states and the Commission. As these
agreements are negotiated and signed, they will result
in the first reduction in the comprehensiveness of federal
control over atomic energy in the United States since
the establishment of the Commission in 1946,

In spite of modifications in the law, the Atomic
Energy Commission has remained the nation’s largest
owner .and operator of atomic energy facilities. The
Commission’s facilities, for example, represent an invest-
ment of over $7 billion, and its annual operating budget
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exceeds $2.5 billion, The Commission employs over
6,000 people dxrectly and over 115,000 more indirectly
through contractors. It conducts and supports research,
development, training and promotional activities; pro-
duces all of the nation's refined atomic fuels and explo-
sives, and controls the dissémination of information. All

‘of these activities tend to enhance the force and effect

of the control the Commission exercises over the atomic
energy field by mcans of its licensing and regulatory

'system

Role of +he Sfai’es Prlor to 1954

Prior to 1954, state govemments were almost com-

'plctcly inactive in atomic energy, except for some state

universities which performed work under contract to

the AEC or used rad_:o:sotopcs in their own laboratories.

under AEQC license.
It is not surpnsmg that statc govcmmcnts were 80

.inactive, considering that their activity, except for taxa-
‘tion, falls generally into one of the following three

categories: regulation; ownership-operation; promotion.
They could not regulate, own fissionable material or
own or operate major facilities producing fissionable
material, all of which were owned exclusively by
the AEC and not subject to state regulation. Nor
could they. engage in promotional activities, because

-no person could engage in major atomic activities except
.as an AEC contractor,,

In the less federally dominated field of utilizing radio-
active byproduct materials, ownership of which was not

‘vested exclusively in the AEC, state governments could
have been more active than they were. They could, for

example, have engaged as AEC licensces in the pro-
motion of the use of radioisotopes in research or devel-
opment, medical therapy and industry. Conceivably,
they also could have challenged the exclusive right of
the federa] government to regulate byproduct materials,

because the intrastate aspects of public health and safety -

have been traditionally a state, rather than a federal,
responsibility,

The states, however, did not do these things, probably
partly because they did not possess the necessary knowl-
edge and skilled personnel, and probably partly also
because, no matter what they may have attempted to
do, they would in any event have been dominated by the
overriding authority concentrated in the AEC by virtue
of its exclusive right to own and operate all fissionable

material and major facilities producing fissionable

material,

-Role of the States After 1954

With the 1954 change in federal law and its conse-

.quent opening of the field of atomic energy to non-

federal ownership-operation- under AEC license, the
potential role of the state governments was greatly in-
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creased. For example, it became possible for them for

the first time to engage in promotional activities—a -

traditionally highly' valued and universally™ practiced
state function—in regard to major atomic facilities. It
also- became possible for state governments and their
political subdivisions themselves to own and operate

such facilities, either directly or through universities,

utility systems, authorities or some type of public body.

The 1954 change in federal law also had an impor-
tant impact on the regulatory activities of state govern-
ments and their political subdivisions, particularly. in
regard to public and industrial health and safety codes,
building codes, zoning, public utility operations, con-

‘servation, insurance, labor relations and transportation.
‘Whereas the AEC, the previous exclusive owner of

major atomic facilities, was essentially immune from

this type of state and local control, the private persons
‘who in 1954 became eligible to. own and operate such

facilities were traditionally subject to it.

"This extremely important regulatory impact of the

1954 change in federal law was in at least one respect
somewhat uncertain. This uncertainty, which stemmed
from the continuation of the AEC as a regulatory
authority over atomic energy activities, was particularly
troublesome in the field of public health and safety.
Although this field was historically a vital concern of
states and localities, it remained under the Atomic
Energy Act of 1954, a principal declared continuing in-
terest of the federal government in the control of atomic

.energy.

In recogmuon of this uncertamty, one of the first

-stated purposes of the new 1959 amendment to the Act

s “to clarify the respective responsibilities under this

Act of the States and the Commission with respect to’

the reg'ulatxon of byproduct, source, and special nuclear

‘materjals” in quantities not sufficient to form a critical

mass. The amendment accomplishes this by providing a
mechanism (agreement between individual states -and

“the AEC) through which exclusive regulatory authority

over these materials within a state may be transferred by
the federal government to the state government. With
regard to major atomiC energy facilities, however, fed-
eral law specifically precludes the AEC from relinquish-
ing to the states its regulatory .authority over public
health and safety, ,

The new amendment. also rccogmzcs that states have
a valid interest in the health and safety aspects of major
atomic facilities, and provides that state representatives
may participate in federal licensing proceedings to the
extent ‘that they may “offer evidence, interrogate wit-
nesses, and advise the Commission as to the application
without requiring such representatives to take a position
for or against the granting of the application.” Not-

‘withstanding the amendment, however, there still re-

mains unresolved the Constitutional question of whether
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state or federal authority would be supreme in this area
in the event of a jurisdictional conflict.

State Government Activity to Date
Following the 1954 revision in federal law, the interest

and activity of state governments in atomic energy

markedly increased. And, as national and international

- governmental entities that had dealt with the question

had done before them, they tended to consider atomic
energy as not readily assimilable into an existing govern-
mental structure,

The legislatures of 17 states since 1954 have adopted
legislation providing specifically for the creation of some
kind of special governmental commission, committee or
official with the functions of advising the governor
about, and coordinating activities with respect to, the
regulation and development of atomic energy within

" the state. Two of these states, California and New York,

have full-time officials responsible to the Governor;
several other states have full-time staff members respon—
sible to part-time commissions.

The legislatures of 13 other states have specifically

authorized by legislation or resolution the creation of a

committee or commission, with advisory or study func-
tions, but without coordinating functions.

In 10 additional states, the governor or some adminis-

trative agency or official has appointed a committee or
commission with advisory or study functions, but with-
out coordinating functions.

In the regulatory field, 7 states have adopted by
administrative actions of their departments of health or
labor, comprehensive radiation protection codes or regu-
lations. (The applicability of such state regulation to
AEC licensed activities, which include all major atomic
energy activities, has not been the subJect of ad]udl-
cation. It is clear, however, that state regulauon may
extend over certain radiation sources which are not
covered by the Atomic Energy Act of 1954 and which
neither the AEC nor any other federal agency has regu-
lated. Included in such radiation sources are natural
radxatxon emitting elements such as radium; x-ray and
gamma ray machines; and radioisotopes produced in
high energy machines such as particle accelerators.)

One state (Minnesota), acting through its State
Board of Health, has promulgated regulations prohibit-
ing the commencement of construction of a nuclear
reactor or facility without the "approval of the -Board
of Health, and prohibiting the operation of a reactor
without such approval. (The applicability or these regu-
lations to AEG licensed activities, about which there is
some controversy between the AEC and the State of
Minnesota, has not been the subject of adjudication.)

Twenty-four states have provided for registration of
radiation sources within the state.

Although there has been considerable interstate coop-
ration particularly in New England and the South, in

atomic energy studies, conferences and seminars, no
interstate compact has been entered into expressly refer-
ring to atomic energy. However, the Southern Regional
Advisory Council on Nuclear Energy has drafted and
forwarded a draft Southern Interstate Nuclear Compact
to its 16 member states (Alabama, Arkansas, Delaware,
Florida, Georgia, Kentucky, Louisiana, Maryland, Mis-
sissippi, North Carolina, Oklahoma, South Carolina,
Tennessee, Texas, Virginia and West Virginia)., This
compact provides for interstate cooperation for promo-
tion and development, but not the regulation, of atomic
energy.

The current status of significant state administration
in the field of atomic energy and radiation control is
summarized below. Except where otherwise indicated,
the bodies referred to are appointed by and responsible
directly to the goverrior. ' _

Alabama. Non-statutory advisory committee under
State Planning and Industrial Board to examine the
State’s needs in the nuclear field. :

Alaska. Statutory part-time coordinator. Registration
of radiation sources.

Arizona. No significant action reported to date.

Arkansas. Statutory part-time coordinator, and non-
statutory nuclear energy advisory committee, Registra-
tion of radiation sources.

California. Statutory full-time coordinator, plus statu-
tory atomic energy advisory council and departmental
coordinating committee. Radiatiori protection code ap-
plicable to workers. Registration of radiation sources.

Colorado. Non-statutory radiation protection advisory
committee under State Department of Health. Regis-
tration of radiation sources.

Connecticut. Statutory part-time coordinator, plus
non-statutory atomic energy advisory committee, Com-
prehensive radiation code. Registration of radiation
sources.

Delaware. Non-statutory atomic-energy-in-industry
advisory committee. Registration of radiation sources.

Florida. Statutory part-time coordinating commission
employing full-time executive director.

Georgia. Nuclear energy advisory commission estab-
lished by legislative resolution.

Hawaii. No significant action reported to date.’

Idaho. No significant action reported to date.

Illinois. Statutory atomic energy study commission,
plus statutory radiation protection advisory council
under State Department of Public Health. Registration
of radiation sources.

Indiana. Statutory radiation protection advisory com-
mission under State Board of Health, Registration of
radiation sources. .

Iowa. Non-statutory advisory committee on general
problem of power, including possible uses of atomic
power.
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Kansas. Statutory part-time coordinator, plus statu-
tory atomic energy advisory council and radiation pro-
tection advisory council. Registration of radiation
sources,

. Kentucky. Statutory part-time coordinating commit-
tee, plus statutory full-time director of nuclear informa-

tion within State Departifent of Economic Develop-

ment.

Louisiana, Non-statutory atomic cnergy advisory
committee.

Maine, Statutory part-time coordinator. Registration
of radiation sources.

Maryland. Non-statutory atoxmc energy advisory com-
mittee.

Massachusetts. Statutory part-time coordinator, plus
statutory atomic energy advisory commission. Compre-
hensive radiation protection code. Registration of radia-
tion sources,

Minnesota. Non-statutory atomic energy advisory
committee. Comprehensive radiation protection code,
requiring approval of Board of Health before com-
mencement of construction of nuclear reactor or facility
or operation of nuclear reactor. Registration of radiation
sources.

Mississippi. Non-statutory atomic energy advisory
committee, _

Missouri. Statutory atomic energy advisory commis-
sion.

Montana. No significant action rcported to date.

Nebraska. Statutory part-time coordinator.

Nevada. No significant action reported to date.

New Hampshire. Statutory part-time coordinator.

Now Jersey. Atomic energy advisory commission
established by legislative resolution, plus statutory part-
time radiation protection commission within State De-
partment of Health. Registration of radiation sources.

New Mexico. Statutory radiation protection advisory
council within State Department of Health, Registration
of radiation sources.

New York. Statutory full-time coordinator, plus stat-

utory atomic energy advisory committee and depart-
mental coordinating council. Registration of radiation
sources. .

North Carolina. Statutory part-time coordinating
committee. Registration of radiation sources.

North Dakota. Registration of radiation sources,

Ohio, Statutory full-time coordinator within State
Department of Industrial and Economic Development,
plus statutory radiation protection advisory council un-
der State Department of Health and statutory atomic

energy advisory board. Registration of radiation sources.

Oklahoma. Statutory radiation protection advxsory
committee under State Board of Health.

Oregon. Statutory radiation protection advisory com-
mittee under State Board of Health,
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Pennsylvania. Comprehensive radiation protection
code. Registration of radiation sources, '

Rhode Island. Statutory part-time coordinating com-
n'ussxon

South Carolina. Statutory atomic energy advisory .

committee. :

South Dakota. Registration of radiation sources.

Tennessee. Statutory part-time coordinator. Registra-
tion of radiation sources. '

Texas, Atomic energy study committee established by
legislative resolution. Comprehensive radiation protec-
tion code. Registration of radiation sources. -

Utak. No significant action reported to date.

Vermont. No significant action reported to date.

Virginia. Atomic energy advisory council cstabllshcd
by legislative resolution.

Washington. Statutory full-time coordinator, plus
statutory atomic energy advisory council,

West Virginia. No significant action reported to date.

Wisconsin. Non-statutory atomic energy advxsory
committee. :

Wyoming. Registration of radiation sources.

Activities of New York State to Date

The government of the State of New York first be-
came specifically interested in atomic energy in 1955
when both the State Departments of Health (which
regulates public and medical health matters outside of
the City of New York) and of Labor (which regulates
industrial health and safety matters throughout the
state) .adopted radiation safety codes.

Also in 1955 the Governor established by executive
action a Council on the Use of Nuclear Materials, con-
sisting of the State Commissioners of Commerce and
Health, the State Industrial Commissioner (who heads
the State Labor Department), and a State Public Serv-
ice Commissioner, and an executive secretary, with the
Commerce Commissioner as chairman. The functions of
the Council, as described in the statement of its estab-
lishment, were “to coordinate safety activities related
to atomic energy in New York State, to promote the
use of atomic energy in New York State by advising
industry on the use of new technological tools for the
control of atomic radiation, [and] to coordinate liaison
relationships with the Atomic Energy Commission.”

On August 7, 1956, the-Governor, also by executive
action, created an Atomic Energy Advisory Committee,
consisting of 21 members from science, industry, labor,
education and the federal government. The functions
of the Committee, as described in the announcement of
its establishment, were to “‘assist the Governor and his
Council on the Uses of Nuclear Materials in expanding
industrial applications of atomic energy and maintaining
the health and safety of workers in plants using nuclear
materials,” and also to produce “specific recommenda-
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tions for . . . necessary legislation.”

This Advisory Committee recommended legislation
which was proposed to the Legislature by the Governor
in 1958 but which failed to pass. The Legislature in-
stead, in 1958, passed a bill granting less authority to
the executive dapartment, which was vetoed.

Also in 1958, when the Health Department of the
City of New York adopted a radiation safety code,
each principal state regulatory agency within the state
was provided such a code.

The first atomic energy law to be adopted by New
York State was proposed to the Legislature by the
‘Governor in early 1959, was passed in February, and
was signed into law on March 9, 1959, This law in its
grant of authority to a state atomic energy agency
goes well beyond anything previously proposed in New
York State by either the Governor or .the Legislature,
and beyond any law adopted to date by any other state.

In essence, the New York State atomic energy law
of 1959 provides for the following:

1. That there be established within the executive
department of the state government an Office of Atomic
Development to be headed by a director responsible to
the Governor and appointed by him with the advice
and consent of the state senate.

2. That the Office of Atomic Development have the
authority to advise and assist the Governor and the
Legislature on atomic energy research, development,
educational and regulatory matters; to coordinate the
developmental and regulatory activities of the agencies of
the state and its political subdivisions, and to cooperate
with private industry, the federal government and the
governments of other states, including the correlation of
state atomic energy activities with the similar activities
of the foregoing.

3. That the Office of Atomic Development have the
authority to sponsor and conduct studies and dissemi-
nate information on atomic energy matters, and other-
wise to foster and support research and education

Appendix IV

through contracts and other means of assistance, includ-
ing the acquisition of land and the construction of
facilities, provided that in these latter two instances all
state funds be matched by funds from other sources.
4. That no rule or regulation or amendment thereto,
primarily and directly related to atomic. energy, that
any agency of the state or its political subdivisions
might propose to issue can take effect until 90 days
after it has been submitted to the director of the Office

. of Atomic Development, unless this waiting period is

waived by either the Governor or the director.

5. That there be established an Atomic Energy Co-
ordinating Council to consist of the director of the
Office of Atomic Development as chairian and such
other persons, including primarily representatives of
state departments and agencics, as the Governor might
appoint,

6. That there be established a primarily non-govern-
mental General Advisory Committce on Atomic Energy,
to be appointed by the Governor, which would “broadly
reflect the varied interests in and aspects of atomic
energy within the state,” and which would advise the
director of the Office of Atomic Development on all of
the atomic energy matters with which he is concerned.

To provide for its operation during its first year, the
Office of Atomic Development had appropriated to it
the sum of $100,000. It also had appropriated to it the
sum of $1 million for use on a matching basis in estab-
lishing, under contract with the University of Buffalo,
a Western New York Nuclear Research Center in
Buffalo.

In implementation of the New York State Atomic
Energy Law, the Office of Atomic Development, the
Coordinating Council and the General Advisory Com-
mittee have all been established and are now function-

ing. The contract with the University of Buffalo has

also been negotiated and signed and work on the
Nuclear Research Center provided by it is well under
way.

SUPPLEMENT -ON CERTAIN LEGAL ASPECTS

In the course of preparing the report, many areas of
possible State action were examined. Some of these
areas, and particularly those about which the report
contains a specific implementing recommendation, are

discussed in the report. The purpose of this portion of
the Appendices is to discuss areas not covered, and to
discuss in greater detail some areas covered, in the
report.

*Prepared by David N. Bressler, Counsel to the Office of Atomic Development.
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Amendment X to ‘the United States Constitution
reads: “The powcrs not delegated to the United States
by the Consututlon, nor prohibited by it to the States,
are reserved to the States respectively, or to the pcople.
The State possesses several powers which it may exercise,
or refrain from exercising, to promote the development
and use of atomic energy within the State for peaceful

purposes. Neither the existence nor applicability of these '

powers is unique with regard to atomic energy; the
powers exist and arc applicable generally with regard
to activities within the State. The quesnon becomes:
should the powers be exercised, and if so in what specific
manner, w_1th regard to atomic energy activities?

State and Local Taxation .
One such power, not dxscussed in the report is that
of taxation. .
It appears improbable that the economic impact of
State and local taxation, in and of itself, is sufficiently
great to be determinative of whether private enterprise

. will undertake a particular atomic energy activity. How-

ever, favorable State and local tax consideration could
be at least psychologically significant in the evaluation
of the overall State business climate, and would con-
stitute demonstrable evidence of the State’s favorable
disposition toward the development and use of atomic
energy. -

Two of the existing diverse incidences of State taxa-
tion might be modified in a manner that may be mean-
ingful in promoting the development and use of _atpmic
energy within the State,

The taxation of real property is such an mcxdence.
One possibility would be to exempt in whole from this
tax real property on which is situated a major atomic
facility. However, this exemption could have the serious
and obvious adverse effect of depriving localities of a
source of tax revenue. It would appear not unlikely,
therefore, that such an exemption could cause localities
to discourage the establishment of atomic facilities in
their areas, thereby retarding rather than promoting
the development and use of atomic energy within the
State.

. A compromise possible with regard to atomic power
plants, the capital costs of which are presently greater
than those of non-atomic power plants, is to grant a
partial exemption; i.e., limit the amount of real prop-
erty taxes on an atomic power plant to what would have
been the amount of the taxes on a comparable non-
atomic power plant. Thus, neither the locality nor the
atomic industry would be unduly penalized or rcwarded
because an atomic, rather than a non-atomic, power
plant was established.

This compromise applicable to atomic power plants
would, however, appear inapplicable to non-power
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atomic facilities, such as recovery and reprocessing
plants test reactors, fuel fabrication plants and waste
disposal sites, since these facilities are essentially unique
for which comparable non-atomic counterparts do not
exist. Therefore, any real property tax exemption
granted with regard to these non-power atomic facilities
would necessarily be somewhat arbitrary, and involved
the risk of incurring local antagonism toward establish-
ing the facilities. Nevertheless, it should be recognized
that localities might consider the presence of an atomic
facility to afford advantages, economic or ‘otherwise,
outweighing the disadvantage of losing revenue result-
ing from a real property tax exemption. Accordingly,
legislation might be enacted granting not only the par-
tial exemption with regard to atomic power plants
described in the preceding paragraph, but also granting
to localities within the State the right to exempt by
local law, in whole or in part, any atomic energy
facility from real property taxes, '

Relatedly, it scems’ clear that the core of a nuclear
reactor, like coal or oil fired in a furnace, is not and
should not be deemed to be, real property subject to
the real property tax. Rather, it is personal property not
liable to ad valorem taxation in the State.?

Taxation on the gross earnings or income, regardless
of profit, of certain organizations is the other existing
incidence of State taxation which might warrant modi-
fication. Particular reference is made to the gross earn-

ings franchxse tax on orgamzatxons formed for or prin--

cipally engaged in the business of supplying water,
steam; gas or electricity;® the gross income tax on utili-
ties;¢ and the gross direct premium tax on insurance
corporations.® Legislation might be enacted exempting
from these taxes gross earnings, income or premiums
derived from major atomic energy activities if the
activity did not yield a net profit,

Taxes such as the regular business corporation fran-
chise tax,® personal income tax’ and tax upon the in-
come of unincorporated business associations,® are
essentially upon net income. They tax net profits, the
existence of which could indicate an absence of circum-
stances justifying special tax relief. '

The ramifications of modifying taxation incidences are
complex and not always predictable, and a thorough
and detailed study would be in order before undertaking
such modification. Granting an ill conceived and un-
warranted tax benefit could result in proselyting to a
state activities which with more economic logic might
be located elsewhere,

N. Y. Real Property Tax Law, §300.
Ibid. - -
N. Y. Tax Law, §186
Id, §186-a.
1d. §187.
Id. §§208-219-pp.
Id. §§350-385.
Id. §§386-386k,



Interstate Compacts ... :

“The report mentions the. posslbxhty of interstate coop-
eration in the field of atomic energy. Article I, section
10 to the United States, Constitution reads: “No State
shall, without the Consent of Congress, . . . enter into
any Agreement or Compact with another State, or with
a foreign Power . . . .” Thus, although negatively
phrased, the “compact clause” quoted above affords a
mechanism by which states may handle reg:onal but
sub-national problems.

It appears that the New York State Leglslature has
authorized the State’s participation in not less than 32

interstate compacts.® Several of these compacts deal with.

intérstate boundaries. Generally speaking, the others

'represent interstate attempts to conserve, develop or
'regulatc the use of a common resource or solve a com-

7ion problem; and: they demonstrate the utility of the
interstate compact in handling regional matters better
bandled by collective, rather than individual, state
action. For example, New York State is party to the
Interstate Compact to Conserve Oil and Gas; the Ohio
River Valley Water Sanitation Compact; the New

England Interstate Water Pollution -Control Compact;,

the Delaware River Basin Water Commission Compact;
the Atlantic' States Marine Fisheries; the Military Aid
Compact; and the Interstate Compact on Mental
Health.

" The nature of the activities contemplated under inter-
state compacts may vary considerably. The Interstate
Compact to Conserve Oil and Gas illustrates a compact
envisaging essentially advisory, study and reporting
activities; and the Ohio River Valley Water Sanitation
Compact 1114ustrates a compact -envisaging continuing
regulation through an interstate agency or commission.

The Southwestern Legal Foundation has published a
study of the feasibility of interstate compacts in the
field of atomic energy.’® A final draft Southern Inter-
state Nuclear Compact for the states administratively
and geographically grouped under the Southern Gov-
ernors Conference has been prepared by the Southern

Regional' Advisory Council on Nuclear Energy, and

covers developmental purposes.?* The study does not

9. In addition to the 27 compacts listed in “Interstate Com-
pacts 1783-1956", (Council of State Governments, July,
1956), the New York State Legislature has authorized
the State’s participation in the following 5 interstate
compacts: New York-New Jersey Metropolitan Transit
District Compact; Interstate Compact on Detainers; New
York-New Jersey Transportation Ageney;: Ne__w York- New
Jersey Interstate Compact on Smoke and Air Pollution;
and New York-Vermont Interstate Compact on the Lake
Champlain Bagin,

10. Reproduced in part in pages 346-359 ‘“‘Selected Materials
on Federal-State Cooperation in the Atomic Energy Field”
published by the United . States Joint Congressional Com-
mittee on Atomic. Energy (86th Cong, 1st Sess., 1959).

11. BNA Atomic Industry Reporter §55. 141

emphasize, and the draft compact does not cover, the
regulatory aspects of atormc energy. In this regard, the
followmg recent comment is noted:

“There is nothing unique about the regulatory
control of radxatlon, as a public health or industrial
safety matter, which justifies a regxonal or mult-

 state regulatory group. The only aspect of radiation
- control whlch does have well defined geographic
lumts in more than onc State is waste disposal into
- intérstate streams or rivers. Existing compacts and
N the Water Pol]utxon Control Board provide ade-
quate means for adjustmg state interests in this

" area,”?

..Relatedly, the Commission of thc New England Inter-
-state Water Pollution Control Compact (to which the

states. of = Connecticut, Maine, Massachusetts, New
Hampshire, New York, Rhode Island and Vermont are
party) adopted at its Fall, 1959, meeting, a recommen-
dation of its Techmca.l Advxsory Board to add “radio-
actxvxty to the standards of water quahty in the Com-

mission’s Classification and Standards of Quality for

Interstate Waters

~ There may be, however, aside from waste dlsposal into
interstate streams or waters, at least one other aspect
of atomic. energy that transcends state borders and is
not entirely covered by federal legislation. This aspect
concerns compensating the public for harm sustained
from nuclear incidents, It-seems clear that if a nuclear
incident occurs, the publics of all states sustaining harm
should be compensated on essentxally the same terms,
and that none should receive or be denied compensatlon

.on dnfferent terms merely because of - fortuitous differ-

ences among substantive state laws concerning liability.

- The Price-Anderson amendments to the Atomic En-
ergy Act of 1954, as amended, were approved on Sep-
témber 2, 1957, They provide, in part, for the federal
government to agree to indemnify and hold harmless
persons from public liability arising from nuclear inci-
dents up to $500 million in excess of the level of any
financial protection required, and hmxt aggregate la-
bility for. a single nuclear incident at that amount.**
However, the amendments do not purport to set forth
substantive . laws prescribing the circumstances under
which publlc liability is to be imposed. In other words,
these provisions of the Price-Anderson amendments
apply if liability is imposed, but they do.not answer the
substantive question of when habxhty is imposed.

. Under traditional conflict of laws prmcxples the ap-

12. Berman a'nd Hydeman, “A Study-;FeduaI and State
'Responsibilities for Radiation Protection: ‘The Need for
Federal  Legislation” (Univ. of Mich., Jan,, 1959), re-
produced at pages 873-453 of “Selected Materials -, ,
ctc. referred to in note 10, Supra at page 411.

13. P.L. 85-256 (71 Stat. 576) added §170 to the Atomic
Energy Act of 1954, as amended - (P.L. 83-703),

14. Ibid.
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pficable substantive law governing tort lability is that
of the jurisdiction in which the wrong occurs;'® and,
that jurisdiction is generally deemed to be that in which
the harm is sustained® Thus, if a nuclear incident
causes members of the publics in more than onc state
(jurisdiction) to sustain harm, each such state could
apply its own different substantive law of public lia-
bility. For example, one crucial issue of substance would
be whether liability is to be predicated upon the

presence of fault, or rather is to be imposed “absolutely”

(even in the absence of fault). The unilateral resolution
of such issues by one state would not be binding upon
other states. Unless uniformity of state law is achieved,
such substantive issues could be resolved in the states on

a claimant-by-claimant basis, thereby possibly resulting -

in an unfortunate and unnecessarily inconsistent variety
of holdings.

The desirability of uniform state substantive laws
covering public liability for nuclear incidents appears
evident, and might be achieved through either federal
legislation nation-wide in application, or uniform state
legislation, or an interstate compact. The interstate com-
pact appears to be the most immediately promising
method of the three. Federal legislation, although re-
quiring enactment by only one (the federal) govern-
ment, simply does not appear to be forthcoming; and

. uniform state legislation, unlike the interstate compact,

is subject to unilateral state repeal or amendment.

An interstate compact might be of two types, The
broader type could set forth the substantive law of
public liability for nuclear incidents. The more limited
type could supply merely the mechanics for resolving
conflicts of substantive laws, by providing that the juris-
diction in which the tort occurs—and, therefore, the
jurisdiction whose substantive law will be applicable—
shall be deemed to be that in which is situate the
nuclear installation giving rise to the nuclear incident
(instead of the possibly multiple jurisdictions in which
harm is sustained).

The broader type of compact, since presumably its

provisions would be more controversial than those of

the more limited type, would probably be more difficult
and take longer to consummate. However, once con-
summated it would be more useful in resolving uncer-
tainty and achieving maximum uniformity. The rela-
tively non-controversial and more limited type would
assure only that all persons harmed by any particular

" nuclear incident would be compensated without dis-

crimination due to diverse state substantive laws; but
it would not prevent persons sustaining identical harm
caused by successive identical nuclear incidents (arising
from installations in different states, or even in the same
state) from being compensated on the basis of different

15. Restatement, Conflict of Laws, §378.

'16. Id. §877.
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and unpredictable substantive state laws. The broader

© type of compact would therefore appear to be prefer-
able,

Federal-State Relationships

Protection - of public health and safety, discussed
throughout the report, has been traditionally a state
responsibility. However, states have been reluctant to
assume such responsibility over byproduct,'” source *
and special nuclear’® materials, which are the radiation
sources covered by the Atomic Energy Act of 1954, One
cause of such reluctance was that although the Act pro-
vided “a comprehensive framework for development and
regulation of atomic energy uses by the Federal Govern-
ment . . . [it was] silent as to the corresponding respon-
sibilities and regulatory powers of State and local gov-
ernments, . . . Because of doubt as to whether Congress
had ‘preempted the field’ in certain areas of Federal
regulation, or whether the States were {ree to legislate,
many persons . . . urged Congress to amend the . . . Act
to delineate more clearly the respective areas of responsi-
bility of the Federal Government on the one hand, and
State and local governments on the other."?

On Scptember 23, 1959, the President approved
PL 86-373 which amends the Act and 'adds thereto
Sec, 274. Subsection b. of this new section authorizes
the Atomic Energy Commission, subject to the findings
and - certifications required by Subsection d., to enter
into agrecments with the governor of any state to pro-
vide for the transfer from the AEC to the state of regu-
latory authority with respect to byproduct materials,
source materials, and special nuclear materials in quan-
tities not sufficient to form a critical mass.®

It does not appear that the Laws of New York ex-
pressly authorize the Governor to enter into such an
agreement. The existence of such express authority
would be desirable, and should be conferred upon the
Governor by the Legislature when next it meets,

The licensing function is included in the regulatory
authority to be transferred to the state under a Sec.
274.b, agreement.*® Although New York may decide
against utilizing licensing as a regulatory device, the
appropriate governmental regulatory bodies within the
State should nevertheless possess express licensing au-
thority. Presumably, these governmental bodies will be

17. Atomic Energy Act of 1954, as amended, P.L. 83-703 at

§1l.e.

18. Id. §11.x.

19. Id. §1l.y.

20. “Selected Materials . . .” etc, referred to in note 10,

. supra at page 1.

21. §274b, and d,

22, “The words ‘and license’ were not considered necessary
because, as used elsewhere in the bill, the word ‘regulate’
includes the licensing function.” S. Rep. No, 870, 86th
Cong. 1st Sess. 2. (1959),
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those three which now require registration of radiation
sources -and conduct field inspections thereof within
their separate jurisdictions in the State: the State De-
partments of Health and Labor, and the New York
City Department of Health.

The State Department of Labor,® and the New York
City Department of Health, appear alrcady to possess
express licensing authority. However, the State Depart-
ment of Health appears not already to possess such
express authority,® which should be conferred upon it
by the Legislature when next it meets.

Before entering into an agreement pursuant to Sec.
274.b., the AEC will probably require that the state’s
proposed regulatory program fulfill certain conditions
or meet certain standards prescribed by the AEC. These
conditions or standards have not yet been publicly dis-

. closed; indeed, they may not even as yet have been

entirely identified or formulated by the AEC. When
they are disclosed, a re-examination of the state’s pro-
posed program and the powers of its regulatory agencies
will be in order, to ascertain whether they fulfill the
AEC’s conditions and meet its standards. Of course,
one cannot now predict with assurance whether such
re-examination will show at that time the need for
additional State legislation.

It should also be noted that Sec 274.i. of the Act

reads:

“The Commission in carrying out its licensing
and regulatory responsibilities under this Act is
authorized to enter into agreements with any State,
or group of States, to perform inspections or other
functions on a cooperative basis as the Commission
deems appropriate. The Commission is also author-
ized to provide training, with or without charge,

23. “Whenever the board finds that any industry, trade,
occupation or process involves such elements of danger
to the lives, health or safety of persons employed therein
as to require special regulation for the protection of such
persons, the board may make special rules to guard
against such elements of danger by , . . requiring licenses
to be applied for and issued by the department as a
condition of carrying on such industry, trade, occupation
or process, . . . .” N. Y. Labor Law, §28.2.

24. “The board of health may in its discretion grant, suspend
or revoke permits for businesses or other matters in respect
to any subject regulated by the department.” New York
City Charter, §561. _

25. §201.1 of the N. Y, Public Health Law reads: “The
department shall, as provided by law:.

(a)-(r) ...

(s) supervise and regulate the public health aspects of
the use of ionizing radiation and the handling and
and disposal of radio-active wastes.”

However, in other subsections ((i); (j); (r)) of §20L.1,
the department is given authority to “license, supervise and
regulate’” (underscoring supplied). The omission of the
word “liccnse” from subsection (s) may have been inten-
tional, : .

to employees of, and such other assistance to, any
State or political subdivision thereot or group of
States as the Commission deems appropriate. Any
such provision or [sic]® assistance by the Commis-
sion shall take into account the additional expenses
that may be incurred by a State as a consequence
of the State’s entering into an agreement with the
Commission pursuant to subsection b.”

Interim agreements entered into, and assistance pro-
vided, under the subsection quoted above could be par-
ticularly useful until, and to hasten the time that, an
agreement with the State is entered into under Sec.
274.b.

Non-Military Nuclear Incidents

The report discusses the remote possibility of a non-
military nuclear incident causing harm to the public,
and recommends that a plan exist to protect the public
in the unlikely event such an incident occurs, It might
be desirable to vest ultimate responsibility over the
radiological aspects of rescue, decontamination and
similar activities in an appropriate, preferably local,
official.

It is difficult to assert with certainty in whom such
responsibility is now vested—whether in the fire, police,
health or other department or official. This uncertainty
arises at least in part because some relevant State stat-
utes covering disasters do not expressly mention, and
may be interpreted to exclude, non-military nuclear in-
cidents. On the one hand, statutes covering civil defense
assistance in non-military’ emergencies refer to ‘“na- -
tural” disaster or disaster emergencies,3 which, it may
be contended, exclude all nuclear incidents, both mili-
tary or non-military. On the other hand, the New York
State Defense Emergency Act appears to cover only
enemy attacks, and to exclude natural or peacetime
disasters including non-military nuclear incidents.®® (It
should be noted, however, that the Interstate Civil De-
fense and Disaster Compact which refers to “any emer-
gency or disaster from enemy attack or other cause
(natural or otherwise)” may cover non-military nuclear
incidents.®® It should also be noted that the General
Municipal Law may be applicable to non-military nu-

26. Probably should read “of”.

27. N. Y. General Municipal Law, §209-n.(a); §209.0.2.

28. §3.3. The Report of the Joint Legislative Committee to
Study the Military Law states: “The definition of civil
defense in Article I, section 3, subdivision 8, differs from
that contained in the 1950 act in that it is now limited to
measures dealing with enemy attack. It no longer relates
to natural or peacetime disasters and, thercfore, civil
defense officials are no longer authorized to mobilize or
utilize civil defense forces for such disasters.”

29. §1, Article I (Laws of New York, 1951, c. 674,
§§1-3). :
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clear mcidents: it provides that emergency relief squads
may be organized within fire departments and fire com-
panies and “may render services in case of accidents,
calamities or other cmergencies in connection with
which their services may be requu'ed as well as in ‘case
of alarms of fire”.*%)

Clarifying legislation might be enacted to include ex-
pressly non-military nuclear incidents within the cover-
age -of the statutes providing for assistance in non-
military disasters and emergencies.

lnsurance :

The basic problems of nuclear liability and indemnity, -

not discussed in the report, have been handled by fed-
eral legislation, and it does not appear that major

problems exist calling for State action or adversely

affecting the State. The Price-Anderson amendments,®

enacted in 1957 'and amending the Atomic Energy Act:

of 1954, established the overall federal indemnity pro-
gram. When subsequent developments disclosed that

agenciés of some states applying for, or possessing, AEC"

licenses were unable to comply with the financial re-
sponsibility requirement,” amending legislation was en-
acted exempting from that requirement “any license

. for the conduct of educational activities to a per-

son found by the Commission to be a nonprofit educa-

tional institution, . , . .8 .
State assistance has been- -sought by the insurance: in-

dustry with regard to one phase of nuclear insurance in- -
which the State prescribes the contents of the insurance

policy. Affixed to most regular liability insurance policies

is a clarifying “Nuclear Peril Exclusion Clause”- declar-.

ing that the coverage of the. policy does not extend to

loss or damage caused by nuclear reaction or nuclear

radiation or radioactive contamination. The insurance
industry conterids that such exclusions are proper be-
cause the-nuclear peril was not contemplated when the
policies and -rates were conceived; and, furthermore,
because the public receives substantial protection under
the federal indemnity program and nuclear insurance
policies issued to- the owner or operator of a nuclear
facility. However, - to neither the statutory ‘“standard
fire insurance policy of the-state of New York”® nor the
automobile liability policies issued or delivered in the
State® is such a clause affixed. .

In many states including New York,* the form of
the standard fire.insurance policy is prescribed ‘by stat-
ute, and in -these states it would seem desirable (if not

30. §209-b.1.
31, See note 13 supra.

32, §170k of the Atonuc Energy Act of 1954, as amended,
was added by P.L. 85-744. (72 Stat. 837).

33. N, Y. Insurance Law,- §168.
34. Id. at §167. .
35. See note 33, supra.
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mandatory) that authority to affix to the policy" the:

nuclear peril exclusion clause be granted by amendment

to the statute. A’ uhiform bill for this purpose was pres:

pared by the insurance industry and approved by the
National Association of Insurance Commissioners at'its
meeting in December, 1958. At least 18 states have:to
date enacted into law the substance of the bill*® Al-
though' the bill was introduced into the New York
Legislature during its: 1959 session,? it was not enacted.
We have been advised that the bill will probably be
reintroduced into the next session of ‘the Legislature;

- It appears that -all states except New York and

Massachusetts have approved affixing nuclear peril ex-

clusion clauses to automobile liability policies. We have
been advised that.on August 19, 1959, proposed exclu-
sions were filed with the State' Insurance Department,
and that the Department’s action thereon is awaited, .

Workmen's Compensation

Workmen’s compensation, discussed in the report, has
been traditionally a state responsibility. The protection
of workers expesed to radiation hazards may present
serious problems under state -workmen’s compensation
laws. These problems stem, in part, from the inordin-
ately long period of time that may elapse between radia-
tion, ekposure and manifestation of injury, from. ‘the
difficulties in proving: that the injury was in fact caused
by radiation exposure; ' and from the possibility of injury
caused by the. cumulatwc effect of successive radiation
exposures, none of which md1v1dua.lly would _cause

injury. - _

With regard ‘to the general status of New York’s
Workmen'’s Compensation.Law in relation to radiation
hazards, it has been recently stated:

“The two states which lead in nuclear industry .

are also the two which have been most active and
- most adequate in providing for workmen’s compen-
sation. Indeed, New York and California codes are
" regarded as models by most informed commentators
in the field; and labor, in pressing for federal action
to insure adequate protection, is likely to be satis-
fied should national legislation raise the standards
of other states to the level of standards found in
those two states. The.legislative director of the
AFL-CIO, quoted earlier, told the Joint Committee
on Atomic Energy, at its hearing in February and
March, 1958, that the last time he had checked
into it, only. two states—New York and California

36." "Alaska; California; Connecticut; Hawaii; Idaho; Maine;
Michigan; Minnesota; Nebraska; Nevada; New Hamp-
shire; New- Jersey; North Dakota; Orcgon; Pennsylvania;
South Dakota; West Virginia; Wisconsin: -

.87. Assembly No. 4665; Senate No. 1462,
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. —were fully and reahstxcally facmg up to the
problem,’’®8
The Committee of State Officials on Suggested State
Legislation of the Council of State Governments pub-
lished in February, 1959, a Supplement to “Suggested
State Legislation Program for 1959”. This Supplement
discusses “Workmen’s Compensation Coverage in Light

of Radiation Hazards”, and declares that meeting the

following 10 standards is essential to adequate work-
men’s compensation coverage:

1. Compulsory laws requiring every employer subject
to the act to accept and comply with its provisions.

2. No numerical exemption, so that the law applies
to all employers subject to it regardless of the number
of employees.

3. Rccxprocal arrangements for extraterritorial cover-
age assuring coverage for an employee sustaining injury
in a state other than that in which was made his
employment contract.

4. Specific prohibition against employees waiving

their rights to workmen's compensation.

5. Full coverage of occupational diseases, so that any
disease caused by exposure to ionizing radiation is
covered as an occupational disease under the law.

6. Flexible time limit for filing claim in occupational
disease cases based on the date of the worker’s knowl-
edge and the date of disablement,

7. Unlimited medical benefits for both accidental
injuries and occupational diseases.

8. Authority for workmen's compensation agency to
supervise -and order changes in medical ‘care, so that
specialized treatment may be given in all cases deemed
necessary.

9, Second or subsequent injury "funds covering
broadly all types of permanent physical impairments
likely to hinder or impede employment,

10. Spccxa.l maintenance benefits durmg rchabxhta-
tion.

"Of the ten standards identified above, the Supple-
ment asserts that the New York law expressly meets
seven, and that the three standards not so met relate
to no numerical exemption, reciprocal arrangements for
extraterritorial coverage, and authority for workmen’s
compensation agency to supervise medical care. Accord-
ing 'to the Supplement, the laws of only three other
states (California, Hawaii and North Dakota) expressly
meet more of these standards than does the New York
law, and of only two other states" (anesota and
Washmgton) as many. :

Under present examination is the extent, 1f any, to
which the asserted failure of the New York State Work-

38. ‘“Development and Control of Nuclear Industry in Cali-
fornia,” a report prepared for the Subcommittee on Air
Pollution and Radiation Protection. of the Assembly In-
terim Committee on Public Health, by the Bureau of

. Public Administration, Umvcrslty of Cahfomla, at page
: 168 (February, 1959).

men’s Compensation Law to meet expressly those three
standards may actually constitute an inadequacy. The
Supplement notes with regard to the New York Law
that the “Numerical exemption applies only in cases of
nonhazardous employments, However, the fourteen
groups of hazardous industries are so comprehensive
that the numerical exemption seldom applies.**® More-
over, as the Supplement notes, the New York courts
have afforded some extraterritorial effect to the New
York Workmen’s Compensation Law.°

In this regard and in response to his inquiry, the
Director of the Office of Atomic Development received
from Solomon E. Senior, Chairman of the New York

"Workmen’s Compensation Board, the followmg letter

dated December 11, 1959:

“Dear Mr. Townsend: _

“Commissioner Catherwood has ‘asked me to
reply to your inquiry dated November 30th con-
cerning possible inadequate protection under the
Workmen’s Compensation Law for workers exposed
to radiation hazards.

“We do not believe that the report of the Com-
mittee of State Officials on Suggested State Legis-
lation, of the Council of State Governments, on
‘Workmen'’s Compensation Coverage in Light of
Radiation Hazards’ reveals any deficiency of the
New York Workmen's Compensation Law in the
field of radiation coverage. The only relevant com-
ment in the report, concerning authority of the
Workmen’s Compensation Board to supervise medi-
cal care, was expressly withdrawn by letter dated
April 17, 1959 after the error of the conclusion
was called to the Committee’s attention. The
Workmen’s Compensation Board does have ample
statutory power to supervise medical care furnished
to workmen’s compensation claimants.

“The reach of our statute with respect to em-

" ployees engaged 'in hazardous employment in this
State, and to New York employees working on
transitory assignment in other states, represents
additional protection to workers rather than a defi-
ciency of coverage. The employee, or his depend-
ents, may not be required to accept lower benefits
under that statutes of another state if he has
acquired vested rights in New York.

““The exemption of charitable, religious and edu-
cational institutions and other non-profit organi-
zations having less than four workmen or operatives
in" regular employment probably has no relevance
to radiation risks. Even if we may assume that some
nonprofit atomic research is carried on in this
State, it is not likely that such research project

““could be staffed with less than four employees who

39. At page 19.
40. At page 5.
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would fall within the workmen or operatives
category. :

“On the affirmative side the New York statute
not only covers radiation illness under §3, subd. 2,
pars. 20 and 29 thereof but it makes provision in
§828 and 40 for delayed responses to exposure.
Claim for disability may be made after the normal
two years statute of limitations, within ninety days
after disablement and knowledge that the radiation
disease is or was due to the nature of the employ-
ment. In a death case that does not follow a dis-
ability case claim may be made after two years but

. benefits are not payable unless the disease was
contracted within five years previous to date of
death, :

“Finally, we believe that this matter should be
brought into perspective by reference to the mini-

Appendix V

mal number of claims for radiation injury. Our
ionizing radiation code was set up in 1955 for
statistical purposes. In that year two radiation
cases were closed. The following year there were
five cases. Statistics for subsequent years have not
been published but it is believed that they do not
reflect a major departure from the pattern, Only
one New York workmen’s compensation case aris-
ing out of atomic energy development or research
has reached the Courts. It is.reported as Matthews
(Poirier) v. General Electric Company, 2 AD 2d
623. .
“I trust that this discussion will prove helpful to
you. Should any further question arise we shall, of
course, be pleased to advise.” '
Very truly yours,
/s/ S. E. Senior

UNDERGROUND STORAGE OF RADIOACTIVE WASTE* @

It has been apparent for some years that New York
State is ideally situated for the long term underground
storage of high level radioactive wastes which may result
from the expanded use of radioactive materials in indus-
try. Within the State there is an area of approximately
10,000 square miles in the western and west-central
sections of New York which is underlain by deposits
of rock salt. This occurs as individual beds up to 40
to 50 feet thick in a salt zone which increases in thick-
ness from 0 at the northern edge to approximately 1300
feet in the vicinity of Watkins Glen. The salt zone dips
gently to the south so that along the New York-Pennsyl-
vania border it may be as much as 3500 to 4000 feet
below sea level. This fact combined with an increase in
topographic elevation southward causes the salt to lie at
such depths that it is not considered economical to mine
it south of the latitude of the middle Finger Lakes.
Salt has been tapped in New York at depths under

2500 feet both in wells and in mines and more recently

in wells driven for the purpose of developing artificial
cavities by solution of the salt for storage of liquefied
petroleum gas.

*Prepared by John G. Broughton, State Geologist.

36

A report of the Committee on Waste Disposal of the
Division of Earth Sciences of the National Research
Council published in September 1957 formalized the
knowledge which we had merely assumed earlier, that
is, that rock salt is an almost ideal container for radio-
active waste. To summarize the conclusions in this
report:

a) Salt has sufficient strength in underground cavities.

b) Salt is impervious to water so that the mined out
space is very dry.

c¢) Salt deposits are essentially horizontal,

d) Salt deposits are usually found in areas where
there are few carthquakes. '

e) Salt has a rather high thermoconductivity so that
the heat gencrated could be rather easily dissi-
pated.

On the basis of pilot studies now under way it is
apparent that three types of storage in salt are possible;
these are: (1) storage in abandoned parts of existing
mines; (2) storage in cavities dissolved from the salt
by washing through walls, and (3) mining of cavities
specifically for the purpose in unworked beds of salt.
In New York it would be possible to develop storage
areas in salt beds which could be completely separate
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from those beds which are being worked for commercial
salt. In other words, there is sufficient salt both for

‘continuation of the New York salt industry and for

storage purposes for many-hundreds of years to come.
Furthermore, the salt is accessible in those areas in
which there is ready transportation and access to major
industrial centers.

In reaching a decision as to whether abandoned por-

Appendix VI

tions of operating mines or a mine particularly devel-
oped for storage purposes would be most satisfactory,
consideration must be given to cost of sinking a shaft
and developing the storage area. There is no question
but that storage of high level waste in an already
existing salt mine or in an especially excavated cavity
sunk in this mine would be the most economical method
of storing in rock salt,

NEW YORK STATE ATOMIC ENERGY LAW

NEW YORK STATE ATOMIC ENERGY LAW
CHAPTER ¢! LAWS OF NEW YORK

"AN ACT to amend the executive law, in relation to the
creation of an office of atomic development within
the executive department and making an appropria-
tion for such office and its expenses,

Became a law March 9, 1959, with the approval of the

Governor. Passed on message of necessity pursuant to

article VII, section 5 of the constitution by a majonty

vote, three-ﬁfths being present.

THE PEOPLE OF THE STATE OF NEW YORK, repre-
sented in Senate and Assembly, do enact as follows:

Section . The executive law is hereby amended by insert-
ing herein a new article, to be article nineteen-d, to read
as follows:

ARTICLE 19-D
ATOMIC ENERGY LAW

Section 450, Short title,
451, Legislative findings and declaration of policy.
452, Definitions. ’
453, Office of atomic development; director; em-
" ployees
454, General functions, powers and duties of office.
455. Assistance of other departments, agencies and
- political subdivisions; review of rcgulanom
456. Contracts for atomic energy facilities, '
457. Atomic energy special fund..
458, Coordinating Council. . \.--‘.\
459. Advisory committee. .
460. No disqualification, -

§ 450, Short title. This article shall be known, and may
be cited, as the “state atomic energy law.”

§ 451. Legislative findings and declaration of policy. The
legislature hereby finds and declares that:

1. The development and use of atomic energy for pcaccful
purposes is a matter of important concern to the economic
growth, and the health and safety of the people, of the
state, It is, therefore, declared to be the policy of the state

to encourage such development and use within the state as
fully as possible, consistent with the health and safety of
workers and the public as well as with the powers and
responsibilities of the federal government and the govern-
ments of other states. )

2. The development of atomic energy and of the industries
producing or utilizing such energy is certain to create new
opportunities for affirmative state action in the public interest
and to result in new conditions calling for changes in state
laws, regulations and procedures. Hence, it is declared to be
the further policy of the state

(a) to initiate continuing studies of the ways in which
atomic energy activitics may.more fruitfully be devel-
opcd and coordinated, and private atomic energy enter-
prises more effectively encouraged;

(b) to adapt its laws, regulations and procedures
from time to time to meet the new opportunities and
conditions in ways that will encourage the development
‘of atomic energy and of the private enterprises pro-
ducing or utilizing such energy, while fully protecting
the interest, health and safety of the public; and

(c) to assure the coordination of the studies and
actions thus undertaken with other atomic energy devel-
opment activities, public and private, throughout the
United States.

§ 452. Dcfinitions. When uscd in this article:

1. The term “atomic energy” means all forms of energy
released in the course of nuclear fission or nuclcar fusion or
other nuclear transformation.

2. The term “director” means the director of the office of
atomic development.

3. The term “office” means the office of atomic develop-
ment, :

4, The term “person” means any natural person, firm,
association, public or private corporation, organization, part-
nership, trust, estate, or joint stock company, or any political
subdivision of the state, or any officer or agent thereof.

§ 453. Office of atomic development; director; employees.
There is hereby crcated within the executive department an
office of atomic development. The head of such office shall
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be a director, who shall be appointed by the governor, by
and with the advice and consent of the senate, and shall
hold office during the pleasure of the governor. He shall
receive an annual salary to be fixed by the governor within
the amount available therefore by appropriation. He shall
also be entitled to receive reimbursement for expenses
actually and necessarily incurred by him in the performance
of his duties, The director may appoint such officers, em-
ployees, agents, consultants and special committees as he
may deem necessary, prescribe their duties, fix their compen-
sation and provide for reimbursement of their expenses within
the amounts available therefor by appropriation,

§ 454. General functions, powers and duties of office. The

office of atomic development, by and through the director -

of his duly authorized officer or employee, shall, subject to
the supervision and direction of the governor, have the fol-
lowing functions, powers and duties:

1. To advise the governor and the legislature with regard
to the status of atomic energy rescarch, development, edu-
cation and regulation, and to make recommendations to the
governor and the legislature designed to assure increasing
progress in this field within the state,

2. To advise and assist the governor and the legislature
in developing and promoting a state policy for atomic energy
rescarch, development, education and regulation.

3. To coordinate the atomic energy activities of the depart-
ments, agencies, offices, commissions and other agencies of

~ the statc and the political subdivisions of the state,

-4, To cooperate with business enterprise and other persons
concerned with atomic energy, the federal government and
the’ governments of other states, and to correlate the atomic
energy activities of the state and its political subdivisions
with the atomic energy activities of the foregoing.

- 5. To sponsor or conduct studies, collect and disseminate
information and issue periodic reports with regard to atomic
energy research, development, education and regulation and
proposals for further progress in the field of atomic energy.

6. To accept, without regard to the limitations of section
cleven of the state finance law relating to unconditional gifts
but with the concurrence of the director of the budget, and
to administer loans, grants, or other contributions from the
federal government or other sources, public or private, for
carrying out the policies or purposes of this article,

7. To foster and support research and education relating
to atomic energy through contracts or other appropriate
means of assistance, including acquisition of land and con-
struction of facilities, on such terms and conditions as the
director may deem necessary or appropriate in the public
interest and within the amounts available ‘therefor by
appropriation.

8. To keep the public informed with respect to atomic
energy devélopment within the state and the activities of the
state and its political subdivisions relating thereto.

9. To do all things necessary or convenient to carry out
the functions, powers and duties set forth in this article,

§ 455. Assistance of other departments, agencies and poli-
tical subdivisions; review of regulations,

1. All departments, divisions, offices, commissions and
other agencies of the state and all political subdivisions
thereof are directed to keep the director fully and currently
informed as to their activities relating to atomic energy or
ionizing radiation.

2, The director may request from any department, divi-
sion, office, commission or other agency of the state or any
political subdivision thereof, and the same are authorized
to provide, such assistance, services and data as may be
required by the office in carrying out the purposes of this
article,
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3. No rule, regulation or ordinance or amendment thereto
or repeal thereof, primarily and directly relating to atomic
energy or the use of atomic energy, which any department,
division, office, commission or other agency of the state or
of any political subdivision thereof may propose to issue or
promulgate, shall become effective until ninety days after it
has been submitted to the director, unless either the governor
or the director by order waives all or any part of such
ninety day period,

§ 456. Contracts for atomic energy facilities, In making

- contracts or providing other appropriate assistance to foster

and support atomic energy research or education, the director
shall require that any state funds provided through the
office for the acquisition of land or the construction of faci-
lities affixed thereto be matched by funds or other contribu-
tions from other sources of at least equal amount or value,
and that any such land and facilities be available for research
and training, for such period of time and on such terms as °
may be approved by the director, to the departments, divi-

. sions, offices, commissions and other agencies of the state

and of the political subdivisions thereof, to educational and
non-profit institutions in the state and to other persons, con-
sistent with the purposes of this law.

§ 457. Atomic encrgy special fund,

1.. There is hereby established in the custody of the state
comptroller .a special fund, to be known as the “atomic
energy special fund.”

2. All moneys reccived from grants or other contributions .
accepted pursuant to subdivision six of section four hundred
fifty-four of this article shall be deposited directly in the
atomic energy special fund,

3. The moneys of the atomic energy special fund, subject
to the terms and conditions of such grants or contributions
and to scgregation by the director of the budget, shall be

" available for payment of any and all costs and expenditures,

including contracts -and grants under section four hundred
fifty-six of this article, required in carrying out the purposes
of this article, and costs and expenditures incidental and
appurtenant thereto, All payments from such fund shall be
made on the audit and warrant of the state comptrollcr on
vouchers approved by the director,

§ 458, Coordinating council, The governor shall designate
a coordinating council, under the chairmanship of the
director, to advise, assist and make recommendations to the
director with respect to coordination of the atomic energy
activities of the departments, divisions, offices, commissions
and other agencies of the state and the political subdivisions
of the state. The coordinating council shall comsist of such
representatives of state departments and agencies importantly
concerned with atomic energy and such other persons as the
governor may from time to time designate,

§ 459. Advisory committee,

1. There shall be within the office a general advisory
committee consisting of not more than fifteen members ap-
pointed by the governor who shall broadly reflect the varied
interests in and aspects of atomic encrgy within the state,
one of whom shall be designated as chairman by the governor
and who shall serve as chairman at the pleasure of the
governor. The advisory committee shall meet from time
to time at the call of the chairman or the director, shall
advis¢ the director on atomic ecnergy matters and, if so
requested by the director may make particular atomic energy
studies.

2. The members of the advisory committee shall serve
without compensation but shall be allowed their actual and
necessary expenses incurred in the performance of their
duties hereunder.
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3. All members of the advisory committee shall be ap-
pointed for terms of three years, such terms to commence
on April first and expire on March thirty-first; provided,
however, that of the members first appointed one-third shall
be appointed for one-year terms expiring on March thirty-
first, nineteen hundred sixty, and one-third shall be appointed
for two-year terms expiring on March thirty-first, nineteen
hundred sixty-one. Any member chosen to fill a vacancy
created otherwise than by expiration of term shall be ap-
pointed for the unexpired term of the member whom he is
to succeed. .

§ 460. No disqualification. No member of the coordinating
council or the advisory committee shall be disqualified from
holding any other public office or employment, nor shall he
forfeit any such office or employment by reason of his ap-
pointment hereunder, notwithstanding the provisions of any
general, special or local law, ordinance or city charter,

§ 2. Sections four hundred fifty, four hundred fifty-one,
four hundred fifty-two and four hundred fifty-three of such

law are hereby renumbered sections five hundred fifty, five

hundred fifty-one, five hundred fifty-two and five hundred
fifty-three, respectively.

§3. The sum of ten thousand dollars ($10,000), or so
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much thereof as xriay be necessary, is hechy appropriated out
of any moneys in the state treasury in the general fund to

. the credit of the state purposes fund, not otherwise appro-

priated, and made immediately available, for the expenses
of the office of atomic development, including personal serv-
ice, maintenance, operation and travel in and outside the
state, in carrying out the provisions of article nineteen-d of
the executive law as added by this act and for the other
purposes of said article nineteen-d, for the balance of the
fiscal year of the state ending March thirty-first, nineteen
hundred fifty-nine. Such moneys shall be payable on. the
audit and warrant of the comptroller on vouchers certified
or approved in the manner prescribed by law.

§ 4. This act shall take effect immediately.

State of New York
Department of State} .

I have compared the preceding with the original law on
file in this office, and do hereby certify that the same is a
correct transcript therefrom and of the whole of said original
law,

CAROLINE K. SIMON
Secretary of State

FACTS AND FIGURES

ACTIVE AEC LICENSES FOR RADIOACTIVE ISOTOPES
Leading Five States and National Total*

*Data from U. S. Atomic Energy Commission.

Other

State ' Industrial Medical Total

. ' AUGUST 1959
New York. ... oviviiin i, 157 283 9% 536
California............ooviiiinninnen, 188 213 74 475
Pennsylvania.......................... 148 112 118, _ 378

00 EE Yo 109 109 63 : 281 .
B T 97 138 41 276
National Total.................... 2,098 1,511 - 1,419 5,028
' DECEMBER 1958
New York. .. ovvvvnineinin i, 160 280 94 534,
California.........oooviii it 173 197 - 52 o 422 °
Pennsylvania. .. .. P 137 95 62 294
Illinois, . ..,....... 100 106 54 260
Texas............. P T 90 128 40 258
National Total. ... ......ocvvun..., - 1,463 1,954 1,009 4,426
JUNE 1958 .

New York...... e et 150 255 60 465
California....... A SN 149 180 43 - 372
Pennsylvania. .. .. e e e 130 85 . 45 260
“Texas. . ... e e e e e 87 113 ) 29 T 229
Ilinois. .. ...cvvvin e, e 89 96 42 227
National Total.................... 1,334 1,734+ 682 3,750
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UNITED STATES ATOMIC POWER PLANTS*

’\C Power First
e Name - _ (Net electrical Kw) Criticality
ALASKA .
**U.S. Armyat Fort Greely........c.covvvvvinvinnenn.... Ve 1,700 1960
CALIFORNIA ' .
**General Electric Co. at ValleCitos. . ... ovvvrttinetrenneeinnr s ereesroanne 5,000 - 1957
Pacific Gas and Electric Co. at Humboldt Bay. ..............c.o0vvvinnrennn, 50,000 1962
B **U. S. Atomic Energy Commission-at Santa Susana...............o0veeevnnse. 6,000 1957
FLORIDA :
-Florida West Coast Nuclear Group in Western Florida..................... e 50,000 1963
IDAHO .
**U. S. Atomic Energy Commission at National Reactor Testing Station. . ........ 150 1951
**U. S. Atomic Energy Commission at National Reactor Testing Station.......... 16,500 1961
D - **U., S. Atomic Energy Commission at National Reactor Testing Station.......... 400 1961
*¥*U. S. Atomic Energy Commission at National Reactor Testing Station,......... 200 1958
ILLINOIS . .
Commonwealth Edison Co. at Dresden........ v e easereaenn et it aanes 180,000 1959
*¥*U. S. Atomic Energy Commission at Lemont. . ......co.vuvueveennenniiarnnns 4,500 1956
N MASSACHUSETTS '
2 Yankee Atomic Electric Co. at Rowe. ......... e ey e 110,000 1960 ~
MICHIGAN :
Consumers Power Co. at Big Rock Point. . ..........ciiiiiiin s 50,000 1962
/ Power Reactor Development Co. at Lagoona Beach. . .................00ven. 90,000 1960
MINNESOTA '
5 **U. S. Atomic Energy Commission at Elk River..............ccooviviiinini 22,000 1961
' NEBRASKA g -
: U. S, Atomic Energy Commission at Hallam........ e e 75,000 1962 ‘
NEW YORK : '
Consolidated Edison Co, at Indian Point..........0cciiiiiien i ine e 151,000 1961 v
OHIO -
D) **U. S. Atomic Energy Commission at Piqua......covvivrieriornenierieranness 11,400 1961
PENNSYLVANIA :
**General Public Utilities Corp. at Saxton...........cooiiiiirieerrriinirsan, 5,000 1961
J Philadelphia Electric Co. at Peach Bottom........ocvvvviiiiuneianeiiinn, 30-40,000 1963
U. S. Atomic Energy Commission at Shippingport.................c0viieeenen 60,000 1957~
SOUTH CAROLINA
2 **Carolinas—Virginia Nuclear Power Associates, Inc. at Parr. .................... 17,000 1962
SOUTH DAKOTA .
Northern States Power Co. at Sioux Falls...............coviiiiiererneennn 62,000 1962
TENNESSEE
**UJ, S. Atomic Energy Commission at Oak Ridge.........................ccue 24,000 1962
**1J. S. Atomic Energy Commission at Oak Ridge................ccoviiveieniens 300 1957
) VIRGINIA ' :
**U. S. Atomic Energy Commission at Ft. Belvoir........................... ... 1,855 1957
WYOMING : _
**U. S. Air Force at Sundance. ...............0. PRI e e 1,000 1961
SITE TO BE SELECTED ' - .
_ BB, S ATTIY .« e ettt e e ee e e e e e et e e e et et ey 1,500 1961
J **U. S. Atomic Energy Commission. .. ...c.uuvivieenrinenrainieriireianiiaan. 16,500 1962
* Proper names which appear in the above list are those of the organizations in which ownership of the nuclear reactor
' portions of the plants is vested.
*#Small power plants (less than 25,000 kilowatts), ‘
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UNITED STATES COMPANIES WITH NUCLEAR REACTOR CONTRACTS

CALIFORNIA ' - MICHIGAN
Aerojet-General Corp,, San Ramon Power Reactor Development Corp., Lagoona Beach
American Radiator Corp., Mountain View :
General Dynamics Corp., San Diego NEW YORK _
General Electric.Co., San Jose Alco Products, Inc., Schenectady
North- American Aviation, Inc., Canoga Park  PENNSYLVANIA
CONNECTICUT ' Curtiss-Wright Corp., Quehanna
American Machine and Foundry Co., Greenwich Westinghouse Electric Corp., Pittsburgh
Combustion Engineering, Inc.,, Windsor : _
VIRGINIA
ILLINOIS .
Cook Electric Co., Franklin Park Babcock and Wilcox Co., Lynchburg
MARYLAND WISCONSIN
The Martin Co,, Baltimore . : Allis-Chalmers Manufactunng Co., Milwaukee

PROTOTYPES OF POWER-AND MILITARY PROPULSION REACTORS
Operating, Under Construction or Planned

CALIFORNIA NEW MEXICO
SNAP Experimental Reactor Test No. 2 High Temperature Gas Cooled Reactor Experiment
CONNECTICUT Molten Plutonium Reactor Experiment No. 1
Small Submarine Reactor Prototype . Power Reactor Experiment No. 2
IDAHO
NEW YORK

Experimental Prototype Gas Cooled Reactor
Gas Cooled Reactor Experiment
Heat Transfer Reactor Experiment No, 2

Destroyer Reactor Prototype
Submarine Advanced Reactor Prototype

- Heat Transfer Reactor Experiment No. 3

Large Ship Reactor Prototype : WYOMING
Organic Moderated Reactor Experiment Portable Mcdxum Power Plant No. 1
SIW Reactor Facility
NEVADA ' SITE NOT DESIGNATED
Small Scale Nuclear Test Rocket Experiment One Classified Reactor Plant

NUCLEAR MATERIALS TEST REACTORS

. : Name ' - Thermo-Power
CALIFORNIA (Kilowatts) Start Up
General Electric Co. Materials Testing Reactor.........ivviviviinnnnnnn.. 20,000 1958
IDAHO
AEC Engineering Tcst REACTOr. vt vt vtvenrsnrrreiiertnerninsnsnas .. 175,000 1957
AEC Materials Tésting Reactor. R R R LR T T TN 40,000 1952
OHIO ™ |
~ National Aeronautics and Space Admu'ustratlon Reactor..........covunenns 60,000 1960
PENNSYLVANIA
Westinghouse Testing Reactor. ... .. T 20,000 1959
VIRGINIA i
Babcock & Wilcox Co. Testing Reactox'* ....................... e 60,000

*Contract bemg negotiated with Atomic Energy Commission,
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RESEARCH REACTORS IN OPERATION OR UNDER CONSTRUCTION

ARIZONA
University of Arizona (1)
CALIFORNIA _
Aerojet General Corp. (1)
American Radiator and Standard Samtary Corp (1)
University of California (1)
University of California at Los Angeles ( 1)
E. O. Lawrence Radiation Laboratory-Livermore (3)
General Dynamics Corp. (1)
General Electric Co. (1)
North American Aviation, Inc. (3)
Stanford University (1)
U. S. Naval Post Graduate School (1)

COLORADO

Colorado State Umvcrslty (l)
DELAWARE

University of Delaware (1)
FLORIDA |

University of Florida (1)
GEORGIA

Georgia Institute of Technology (1)
IDAHO

National Reactor Testing Station (6)

ILLINOIS
Argonne National Laboratory (5)
Armour Research Foundation (1)
IOWA

Iowa State College (1)
KANSAS

University of Kansas (1)
MAINE

University of Maine (1)
MARYLAND

National Naval Medical Center (1)
MASSACHUSETTS :

Massachusetts Institute of Technology (1)
Worcester Polytechnic Institute (1)

MICHIGAN
University of Michigan (1)

~ MISSOURI

University of Missouri (1)
NEBRASKA : :
Omaha Veterans Administration Hospital (1)

NEW JERSEY
Industrial Reactor Laboratories, Inc. (1)

NEW MEXICO
Los Alamos Scientific Laboratory (2)
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NEW YORK
Brookhaven National Laboratory (4)
University of Buffalo (1)
- Cornell University (1)
Nuclear Development Corporation of Amcnca. (1)
Union Carbide Nuclear Co. (1)

NORTH CAROLINA
North Carolina State Collegc (2)

OHIO
University of Akron (1)
Battelle Memorial Institute (1)
Ohio State University (1)
OKLAHOMA :
University of Oklahoma ( 1)
-Oklahoma State University. of Agnculture and
Applied Sciences (1)
OREGON :
Oregon State College (1)
PENNSYLYANIA
Curtiss-Wright Corp, (1)
Pennsylvania State University (1)

PUERTO RICO

Puerto Rico Nuclear Center (2)

* SOUTH CAROLINA

Savannah River Plant (3)
TENNESSEE
Oak Ridge National Laboratory (5)
University of Tennessee (1)
Vanderbilt University (1)
TEXAS
Rice Institute (1)
Texas A&M College (2)

- UTAH

"'University of Utah (1)
VIRGINIA
The Babcock -and Wilcox Co. (1)
University of Virginia (1)
Virginia Polytechnic Institute (1)
WASHINGTON '
Hanford Atomic Products Operatxons (1)
University of Washmgton n
Washington State College (1)
WASHINGTON, D. C.
- Catholic University of America (1)
Walter Reed Rospital (1)
WEST VIRGINIA _
West Virginia University (1)
WYOMING
University of Wyoming (1)



VALUE OF SHIPMENTS OF SELECTED ATOMIC ENERGY PRODUCTS
@' :For 1957 by Selected Regions and States* -

o Value of
' Shipments ($1000)

CONTINENTAL U. S,, TOTAL** . ... ........... et e e e 100,016

New England .. .........oitiisiineerinnennieannann, e 18,453

S Massachusetts .. ...oviiue it e i e e 11,741

Other (N.H,R. X, Conn.)...c..vununnn. T 6,712

Middle AHlantic. ... ..ot e e e e s e e e e 32,501

PennsylVamia- ... .uuustetunnttutttine it e e et e et 22,597

New York#** | et e et Ceeeea ettt e 5,871

~ New Jersey ....ovvvvinniiennnnn Pesecoriniad e et ettt e 4,033

- East North Central. . ... .cooiiiiiiiiiiiineiieeaiineeiinennnen, S 25,943

Ohio ......... Veseenan e e e te et e e e 12,635

JIHNOIS | \v it e e e et i i e et 12,054

Other (Indiana, Mich.,, Wisc.) ........ooooviviiiiiiiniiiiiinn s e e 1,254

9 West North Central (Minn., Towa, Mo:) . ........... e e e e . 2,194

Pacific............ e, SRR SRR 9,016

~ California ........ et e e e r e ety 9,016

All other™ ¥ e e, e 11,099
N *This information was supplicd by the Bureau of the Census of the U. S, Department of Commerce, Atomic Energy Products
~ referred to in this tabulation include: Nuclear reactors (only those reactors which are produced and assembled at the place of
manufacture) ; reactor vessels and tanks; reactor control rod drive mechanisms; accessory instrumentation for reactor comtrol; heat
exchangers, pumps, and valves uniquely designed for nuclear applications; pressurizers and other specialized reactor components;

complete reactor fuel elements shipped directly for installation or use in a reactor; partially fabricated fuel materials not shipped
directly for installation or use in a reactor; core structures (barrels, cans, boxes, plates, etc. not included in the above listed items);
hot laboratory equipment; radiation detection and monitoring devices; radioactive isotopes shipped from plants producing isotopes;
radiation sources and other radioactive materials produced from purchased isotopes; and control and measuring devices containing
radioactive isotopes. .

D *#The following states did not report shipping atomic energy products for 1957: Maine, Vermont, North Dakota, South
Dakota, Nebraska, Kansas, West Virginia, South Carolina, Georgia, Kentucky, Mississippi, Arkansas, Louisiana, Montana, Idaho,
Wyoming, Colorado, Utah, Nevada, Washington, Oregon, and the District of Columbia.. . - . :

*##0Of the New York total, each of the following items accounted for more. than $750 thousand value of shipments: accessory
instrumentation for reactor control; pressurizers and their specialized reactorcomponents; partially. fabricated fuel materials not
shipped directly for installation or use in a reactor; and radiation detection and monitoring devices.

##%#4More than half of this value is represented by Tennessee. - SRS

COMPANIES SUBSTANTIALLY ENGAGED IN'THE' MANUFACTURE AND

N
SALE OF ENRICHED URANIUM FUEL
CALIFORNIA = | - NEW YORK
General Electric Co., San Jose , . Sylvania-Corning Nuclear Corp., Bayside**
] CONNECTICUT . ' o
” *Combustion Engineering, Inc., Windsor
*Qlin Mathieson Chemical Co.’,'New Haven - PENNSYLVANIA
MARYLAND T Nuclear Materials & Equipment Corp., Apollo
The Martin Co., Baltimore : *Westinghouse Electric Corp., Pittsburgh
MASSACHUSETTS _ '
*M & C Nuclear, Inc., Attleboro VIRGINIA _
! Englehard Industries, Inc., Plainville ' *The Babcock and Wilcox Co., Lynchburg

*Fabricators of fuel for the Naval Reactor Program. - : . ,
##In addition the National Lead Company has recently completed a fuel fabrication plant at Albany, New York.
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U. S. ATOMIC ENERGY COMMISSION BUDGET DISTRIBUTION OF
ESTIMATED COSTS BY STATE

Fiscal Year 1960*

Total Costs
State " (in thousands)
Alabama ..... e iee e $79
AriZona ......viiiiiiiiinretie e, 5,701
Arkansas ............00000. e 220
California ............coivvienrernnn 161,828
Colorade ............covvvvvivvnennn. . 91,981
Connecticut ..........ccovvvvrvvennnnns 28,727
Delaware ......ocooiviierinniinnennns 22
District of Columbia................... 12,446
Florida .......cccoiiiiiniiiiiiinnnn 19,583
Georgia .......ovviiiiiiiiiieniiiin 309
Hawail ........00viiiiiiiiiiennnnns - 86
Idaho ........ccoviiiiiiiii it 68,781
IMinois ........ccovviiiviennnnreennn. 89,358
Indiana ..........coviiiiiinennnnn., 1,684
Jowa ... i e e 18,491
Kansas ..........coiviiiiiviinienans 896
Kentucky .......ocvvviiiiiininnnnn, 100,719
Louisiana ............ccvvvevvrnnnnnss 76
Maine .........coiiiiiiii i 86
Maryland ...l 29,332
Massachusetts ................c.cc0nnnn. 14,997
Michigan ...............cooin 1,461
Minnesota .....vvveviiiiiiiienierenns 10,124
Missouri ......ccoviiiiniierineneineny 136,591
Montana ......... e 39

, Total Costs
State (in thousands)
Nebraska .....coovvviiinineiiiininenas 6,809
Nevada .......coccvvniennnne e © 19,535
New Hampshire ,.......cccevvinenen, 38
New JErSey ...ooovvvnrinnveruneerroes 25,207
New MexXiCo .....ovviivnrniernsaannsnns 404,863
New York ....covvviinriianninneeinns 119,450
North Carolina ..........cocvvvnierens 4,659
North Dakota ..........civvvivnnnenns 8
() 71+ J 201,974
Oklahoma ..........coivivuinianonnns 122
Oregon ......ovovveeneoncnnninnsnnenss 4,951
Pennsylvania ............c.covneenenen. 79,651
RhodeIsland ................ PR 281
South Carolina ...............c000venn 125,759
South Dakota ................. e 7,284
TENnessee . .ovcvuvrrveurinerannnerens 254,431
TeXa8S +ovevverrenr i iiratiaaeranens 19,388
Utah ..ttt ettt nnes 61,095
Virginia ......... e 4,857
Washington ............00ciiiiiiiia 186,492
West Virginia ........................ 168
WISCODSIN .+ v vt v ivineenneonrens 2,680 .
Wyoming ,........... P, 39,987
Total .......c0o0uvus Mrereerreeaa $2,362,756

*Includes only those costs which are currently identifiable by state. Fiscal Year 1960 began July 1959. The amounts shown
represent costs incurred for operations in each state and, for any particular state, may include cost incurred for equipment,

materials and supplies procured from outside that state.

AEC CONTROLLED THERMONUClLEAR PROGRAM COSTS BY LABORATORY
Amounts for Fiscal Year Beginning July I, 1959

CALIFORNIA

University of California Radiation Laboratory...........cc.vveevviinniiiiiiiiin, $6,800,000
NEW JERSEY

Princeton UNIVEISILY ... .vvtvvsiuuussiennnasnaneessiainsonnesecetosiasiitinenoine, 19,364,000
NEW MEXICO ’ : '

Los Alamos Scientific Laboratory............. .. 0ot iin i i 3,350,000
TENNESSEE :

Ozk Ridge National Laboratory.... .............. e e e 5,570,000
B @0 1 3BT 1 1= S 1,467,000

1 N $36,551,000

*Includes $825,000 at New York University. In addition $135,000 was expended in calendar year 1959 for work performed
by the General Electric Company at Schenectady under & contract entered into prior to Fiscal Year 1960.
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CONTRACTORS WITH OVER 1,000 EMPLOYEES ENGAGED IN AEC WORK IN 1959 |

CALIFORNIA
North American Aviation, Inc., Canoga Park 2,372

University of California, Berkeley .......... 2,148

University of California, Livermore ........ 3,754
COLORADO

Dow Chemical Co., Rocky Flats ........... 1,767
CONNECTICUT .

United Aircraft Corp., Middletown ........ 1,796
FLORIDA |

General Electric Co., Pannellus ............ 1,213
IDAHO

Phillips Petroleum Co., Idaho Falls ,....... 1,878
ILLINOIS |

University of Chicago, Lemont ............ 3,444
IOWA -

Mason & Hanger—Silas Mason, Inc.

Burlington ......ooevvieninieiiirinanen 1,112

KANSAS

Bendix Aviation Corp., Kansas City ........ 7,707
KENTUCKY

Union Carbide Nuclear Co., Paducah ...... 1,713

NEW MEXICO '
ACF Industries, Inc., Albuquerque ,..... o117
Sandia Corp., Albuquerque ............... 7,135
University of California, Los Alamos ....... 3,481
Zia Co., Los Alamos ........ccvvvvineans 1,144

NEW YORK
Associated Universities, Inc.,, Upton, L. I. .. 1,878
General Electric Co,, Schenectady .......... 2,009

OHIO
General Electric Co., Evendale ............ 2,403
Goodyear Atomics, Inc., Portsmouth ........ 2,283
National Lead.Co., Fernald ............... 2,470

PENNSYLVANIA

Westinghouse Electric Corp., Pittsburgh ...... 2,769

SOUTH CAROLINA
E. I. duPont de Nemours & Co., Inc.

Savannah River .......covvvievvvnnns I 7,088

TENNESSEE _

Union Carbide Nuclear Co., Oak Ridge .... 13,516

WASHINGTON _ _

General Electric Co., Richland ............ 7,887

MAJOR FEDERALLY OWNED REACTOR DEVELOPMENT CENTERS*

Q.

CONNECTICUT
Connecticut Aircraft Nuclear Engine Laboratory
United Aircraft Corp.—Contractor
Middletown '

ILLINOIS :
Argonne National Laboratory
University of Chicago—Contractor
Lemont

NEW YORK ™.
Knolls Atomic Power Laboratory \
General Electric Co.—Contractor
Schenectady -

OHIO _ :
Aircraft Nuclear Propulsion Department
General Electric Co.—Contractor

" Evendale
PENNSYLVANIA

Bettis Plant
Westinghouse Electric Corp.—Contractor
Pittsburgh :

TENNESSEE
Oak Ridge National Laboratory
Union Carbide Nuclear Co.—Contractor
Oak Ridge

#A number of other federal laboratories are engaged to lesser extents in reactor development work, including Brookhaven

National Laberatory, Upton, Long Island; Hanford Atomic Products Operations, Richland, Washington; Los Alamos Scientific
Laboratory, Los Alamos, New Mexico; and Savanneh River Laboratory, Aiken, South Carolina.
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lNDUS;l'RIAL CONCERNS SUBSTANTIALLY ENGAGED IN NON-WEAPON

ATOMIC ACTIVITIES IN NEW YORK STATE*

EQUIPMENT

Alco Products, Inc.

Dunkirk, Schenectady

American Machine & Foundry Co.
Brooklyn

Anton Electronics Labs., Inc.
Brooklyn

Fairchild Camera and Instrument Co.
Syosset, L. 1.

Ford Instrument Co.

Long Island City

General Electric Co.

Schnectady

I.B. M.

Poughkeepsie, Endicott

Picker X-Ray Corp.

White Plains

Stromberg-Clarlson .

Rochester .

Universal Transistor Products, Corp.
Westbury, L. 1,

MATERIALS

Allegheny Ludlum Steel Corporation
Dunkirk, Watervliet

Bar Ray Products, Inc.

Brooklyn

Carborundum Metals Co.

Akron, Niagara Falls

Knapp Mills, Inc.

Long Island City

National Carbon Co.

Niagara Falls .

National Lead Co.

Albany

Nuclear Shielding Sup. & Ser., Inc.’
White Plains

Sylvania-Corning Nuclear Corp.
Bayside, L. 1.

Speer Carbon Co.

Niagara Falls

TRG, Inc.

Syosset, L. I.

. SERVICES & RESEARCH

American Electric Power Service Corp.
New York

Associated Nucleonics, Inc.

Garden City, L. 1.

Atomic Accessories, Inc.

Bellerose

Byrne Associates

New York

Burns and Roe, Inc.
New York

Consolidated Edison Co.
New York

Ebasco Services Incorporated
New York

Ford, Bacon & Davis, Inc.
New York

Gibbs & Cox, Inc.

New York

Gibbs & Hill, Inc.

New York

Lockwood Greene Engineers, Inc.
New York

Lummus Co.

New York

Nucleonics Corp. of America
Brooklyn

Nuclear Development Corp. of Amenca
White Plains :
Radiation Applxcat.xons, Inc.
New York

Radiation Dynamics, Inc.
Westbury

Radiation Research Corp.

New York

Sanderson & Porter

New York

Texaco, Inc.

Beacon

Vitro Corp. of America

New York

Union Carbide Nuclear Co.
Sterling Forest

*Compiled from Nucleonics “Buyers’ Guide,” AEC contractor and licensee lists and Atomic Industrial Forum “Dxrectory * Does ‘
not include companies with only corporate- hesdquarters in New York. -
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AEC RESEARCH CONTRACTS WITH NEW YORK. STATE ORGANIZATIONS
Obllgahons for the Fiscal Year Endmg June 30, 1959

: Biology and Radioisotops
Total Physical Rasearch Medicina Development
Institution No. 8Value No. $Value No. §$Value No.  § Valus
Airborne 1ndustrial Laboratory. ................ 1 18,524 — —_— 1 18,524 — —_
Albany Medical College...............co.nvven. 1 11,835 . — — 1 11,835 — —
Albert Einstein College. .. ......coovvvvvennenn, 1 10,000 . — — 1 10,000 — —_
American Institute of Physics........... e 1 w/o funds 1 w/ofunds* — — — —
Anton Electronics Laboratory, Inc.. .. ..o...v.sss 1 24934 — — 1 2493¢ — -
Army Pictorial Service..........coovviiiiiiin 1 88,000 = — — —_ — 1 88,000
Associated Nucleonies, Inc.. . ................... 2 135 ,000 — — —_ — 2 135,000
Associated Universities. .. ... ................... 1 95,000 1 95,000 — -~ — -
Bausch and Lomb Optical Company............. 1 10,000 1 10,000 — — — —
Boyce Thompson Institute..........00.00errun-. 1 8,000 — — 1 8,000 — —

' Brooklyn, Polytechnic Institute of,.............. .4 52,597 2 37,597 2 15,000 - -
Buffalo, University of . . ..............c00civeennn 4 41,720 3 41,720 1 w/ofunds — —
Canisfus College. . ....coovvvevenennnnnvinnnss 1 3,500 1 3500 — — - -
Clarkson College of Technology................. 2 29,100 2 29,100 -— — - -
Columbia University. . . . veveeeiirreiiinnnnnnes 32 2,293,976 .- 13 1,612,291 19 681,685 = — -
Cornell University.................... frreasrns 9 238,202 - 5 139,693 4 98,509 — —
Del Electronics Corporation, .. ...vvvvvvevnenaes 1 50,000 — — 1 50,000 — -
Evans Research and Development Corporation.... 1 25,500 — — —_ —_ 1 25,500
Fordham University........cccvviviiiinienanas 4 72,516 1 20,000 3 52,516 — —
Health Research, Inc.. ... N 1 10,778 — — 1 10,778 — -

. General Electric Company, .. ......c.0ovvivvnes 2 149,882 2 149,882% — —_ — —_—
Long Island Biological Association.......... e 1 36,333 -_ s 1 36,333 —_ —_
Materials Rescarch Corporation.........,....... 1 26,250 1 26,250 - — _ —_ —_
Mary Imogene Bassett Hospital. . ............... 1 33,013 — — 1 33,013 — —_
Montefiore Hospital. . .............o0vvninenn 3 73,632 — —_ .3 73,632 — -
National Industrial Conference Board, Inc.. ...... 1 34,0000 — I — —_ 1 34,000
New York Medical College...........ooveuvenes 1 15,000 — - ot 15000 — -
New York Society for the Relief of the Ruptured ' . :

and Crippled. ..............o0iiiiii e 1 18,831 — —_ 1 18,831 —_ —
New York, State Universityof. . ................ 3 16,548 - - . 3 16,548 — —
New York University. ...............cc0vvun.n. 9 498,211 6 446,626 3 51,585  — —
Radiation Applications, Inc..................... 3 123,500 — — — — 3 123,000
Rensselacr Polytechnic Institute. ................ 9 236,215 8 136,215 — — 1 100,000
Research Foundation for Mental Hygiene. . ... ... 1 - 14,650 — — 1 14,650 — —
Rochester, University of . .............c..eovvv. s .8 1,229398 3 1,117,896 5 111,502 — —
Sloan Kettering Institute...................000s © 30 272,657 — — 3 272,657 — —
Syracuse University............. e eaeae.s 60 78,002 2 44,458 4 33,544  — —
Technical Research Group cen N T 35,000 — — —_ — 1 35,000
Union Carbide Metals Co.....o.vovinuueilony. 2 48,725 2 48,725 = — — - =
New York State Total. ........ e 126 6,159,029 54 3958953 62 1,659,076 10 541,000

Total of all States, Wash.,'D. C. and Puerto
RICO. e e veeererieerennnnns AU 616 46,675,692 485 29,893,714 540 13,181,979 77 3,600,000

*Includes one G. E, contract ($135,000) and two N. Y. U. contracts ($348,632) for thermonuclear reséarch. The
no-cost contract with the American Institute of Physics is also for thermonuclear research.
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AEC GRANTS AWARDED TO NEW YORK STATE EDUCATIONAL

INSTITUTIONS TO DATE

Sei. and Eng.

Radioisotopes ’

Life Sciences

Institution Total § Value Total § Value No. $ Value No. $ Value

Adelphi College. .. .......oovveiiinnntn 7,500 — 1 7,500 — —
Albany Medical College of Union University . 10,000 - 1 10,000 — —
Buffalo, University of.........c.ovvevve.nn. 66,142 48,642 1 17,500 — —
City College of New York, ............... 18,787 18,787 — — —_ —
Clarkson College of Technology............ 21,448 21,448 — —_ - ~—
Columbia University. .................... 94,691 71,841 2 22,850 — —
Cooper Union. . ..o vviiieiininevanns ~ 13,413 13,413 — — — —
Cornell University. ...........oc0iiviua 258,825 209,525 4 49,300 — —
Hunter College. ............covviivnnnenn 1,628 —_ 1 1,628 — —
Long Island University. .........cooovvhts 8,000 — 1 8,000 — —
Manhattan College.............oovvvvnnnn 5,687 5687 — — — —
Maritime College............coovvvinnn, 6,240 6,240 — — — -
New York University........c..ovvvninnns 67,667 48,642 2 19,025  — —
Rensselaer Polytechnic Institute............ 340,650 330,610 1 10,040 — —
Rochester, University of. ................. 47,941 47,941 — — — —
Rosary Hill College. . ..........covvvinnnn 5,220 — 1 - 5,220 — —
State University of New York.............. 48,642 48,642 — — — —
Syracuse University., ..................... 107,576 80,396 2 27,180 — —
Yeshiva University. ..................00 15,000 — 1 15,000 — -

New York State Total,............... 1,145,057 951,814 18 193,243  — —

Total of all States, Wash.,, D. C. and

13,356,220 10,941,097 152 1,810,707 32

"Puerto RiCO....civ ittt

604,416 .

NEW YORK STATE EDUCATIONAL INSTITUTIONS REPORTING
SPECIAL ATOMIC FACILITIES OR EQUIPMENT

NUCLEAR PARTICLE ACCELERATORS OR
GENERATORS
Columbia University, New York
Cornell University, Ithaca
New York University, New York
Rensselaer Polytechnic Institute, Troy
University of Rochester, Rochester
Syracuse University, Syracuse
SUB-CRITICAL ASSEMBLIES
University of Buﬁ‘alo, Buffalo
The City College, New York
Columbia University, New York
**Maritime College at Fort Schuyler, New York
Manhattan College, New York
- New York University, New York
Rensselaer Polytechnic Institute, Troy
University of Rochester, Rochester
Syracuse University, Syracuse

NUCLEAR REACTORS
*University of Buffalo, Buffalo
*Cornell University, Ithaca
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*Not available but under construction,

ISOTOPE FACILITIES
**Albany, College of Education at, Albany

Brooklyn College, New York
Canisius College, Buffalo
Clarkson College, Potsdam
Columbia University, New York
Cornell University, Ithaca

¥*Downstate Medical Center, Brooklyn

Fordham University, New York

**College of Forestry, Syracuse

‘New York University, New York
Rensselaer Polytechnic Institute, Troy
University of Rochester, Rochester
Rockefeller Institute, New York

St. John’s University, New York
Skidmore College, Saratoga

Syracuse University, Syracuse

Union College, Schenectady

*#*Upstate Medical Center, Syracuse

Yeshiva University, New York

*#State University of New York.
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NEW YORK STATE INDUSTRIAL USERS OF RADIOISOTOPES*

December, 1959

Adhesive Tape Corp.
Brooklyn

G @
Adirondack Steel Casting Co.,
a Watervliet
Airborne Instruments Laboratory, Inc.
Mineola
Alco Products, Inc.
Schenectady
] Allegheny Ludlum Steel Corp.
Buffalo
Allegheny Ludlum Steel Corp.
Watervliet
Allied Chemical Corp.
New York
J Allied Chemical Corp.
Solvay
Alpha Portland Cement
Cementon -

American Can Co.

J Oswego
Q American Cyanamid Co.
Pearl River

American Machine & Foundry Co.
Brooklyn

=

American Tradair Corp.
Long Island Gity

American White Cross Laboratory, Inc.

New Rochelle

Amkor Corp.
| New York

Ansco

Binghamton

Anton Electronic Laboratories, Inc.
Brooklyn

Armstrong Cork Co.
Fulton

Asiatic Petroleum Corp.
New York

Associated Nucleonics, Inc.
Garden City

Atlantic Pipe & Line Co.

Caledonia S
“ *Data obtained from New York State Health and Labor Departments.

Atlas Stee] Casting Co.
Buffalo

Atomic. Accessories, Inc.
Bellerose

Barclay Manufacturing Co., Inc.
Bronx ’
Bausch & Lomb Optical Co.
Rochester

Behr-Manning Co.

Troy .

Bell Aircraft Corp,

Buffalo

Bendix Aviation Corp.
Sidney

Bethlehem Steel Co.

Staten Island

Blaw-Knox Co.
Buffalo

Boyce Thompson Institute for Plant Research Inc.
Yonkers '

Bristol Laboratories, Inc.

Syracuse

Bulova Research & Development Laboratories, Inc.
Woodside '

Burroughs Wellcome & Co.
Tuckahoe L
Cambridge Instrument Co., Inc.
Ossining

The Carborundum Co.

Akron . _

The ‘Carborundum Co.

Niagara Falls _

The Carborundum Co.
Wheatfield

Carrier Corporation

Syracuse

Chase Manhatta.n"Ba'nk‘ B
New York

Chrysler Corp.

Syracuse o
Columbia Box Board Mills, Inc.
Chatham
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INDUSTRIAL RADIOISOTOPE USERS (Cont.)

The Columbia Mills, Inc.
Minetto

Combustion Engineering Co.
New York

Commissariat A L’Energie Atomique
New York

Consolidated Edison Co. of New York, Inc.
New York

Cornell Aeronautical Laboratory, Inc.
Buffalo

Corning Glass Works
Corning

Coty Products Corp.
New York

Crucible Steel Company of America
Syracuse

Curtiss-Wright Corp.

Buffalo

Curtiss-Wright Corp.

New York

Disti]lation Products Industries
Rochester

Dunlop Tire and Rubber Corp.
Buffalo

E. L. duPont de Nemours & Co., Inc.
Buffalo

E. 1. duPont de Nemours and Co.
Newburgh

Eastern Testing Laboratories, Inc,
Corona

Eastman Kodak Co.

Rochester '

Electrical Testing Laboratories, Inc,
New York

Electronic Products Co.

Mount Vernon

Elm Coated Fabrics Co., Inc.
Brooklyn

Evans Research & Development Corp.
New York

Excelco Developments, Inc.
Silvercreek

Fairchild Qamera & Instrument Corp.
Syosset : : :

Finch, Pruyn & Co., Inc.
Glens Falls
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Fisher Scientific Co.

New York

The Flintkote Co.
Lockport : .
Food & Drug Research Laboratories, Inc.
Maspeth

Foster Wheeler Corp.,
Dansville

Geigy Chemical Corp.
Ardsley

General Dynamics Corp.
Rochester

General Electric Co.
DeWitt

General Electric Co.
Elmira

General Electric Co.
Schenectady

General Electric Co.
Syracuse

General Electric Co.
Waterford

General Foods Corp.
Tarrytown

General Measurement, Inc.
New City

General Motors Corp.
Lockport: o
General Time Corp.

New York
Gordon-Lacey Chemical Products Co., Inc.
Maspeth '
Gould Paper Co.

Lyons Falls

Grumman Aircraft Engineering Corp.
Bethpage

Guggenheim Institute
New York

Hampton Manufacturing Co.
New Rochelle

Haskins Laboratories, Inc.
New York

Harte & Co., Inc.
Brooklyn

Hooker Electrochemical Co.,
Niagara Falls

F. C. Huyck & Sons
Rensselaer
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INDUSTRIAL RADIOISOTOPE USERS (Cont.)

F. Q. Huyck & Sons

Huntington Station

Industrial X-Ray, Inc.

New Hyde Park

Interchemical Corp.

New York

International Business Machine Corp.
Endicott

International Business Machine Corp.
Kingston

International Business Machine Corp.
Poughkeepsie '
International Business Machine Corp.
New York ' -
International Paper Co.

Corinth ’

International Paper Co.

Niagara Falls

International General Electric Co.
New York

Jamestown Malleable Iron Corp.
Jamestown

The M. W. Kellogg Co.
New York

Kollsman Instrument Corp.
Elmhurst

Kieley & Mueller Inc.
Middletown

Knowlton Brothers, Inc.
Watertown

Lansen-Neeve Corp.

New York

Lederle Laboratories Division
Pearl River

Linde Air Products Co.
Tonawanda

Linde Company
Tonawanda

Lockheed Aircraft Service
Jamaica

P. Lorillard Co., Inc.
New York

Louvic Watch, Inc.
New York

Markite Co.

New York

John A. Manning Paper Co., Inc.
Green Island

Marinette Paper Co.

Fort Edward

Marubeni-lida (America) Inc.
New York

Materials Research Corp.
Yonkers

The M. L. Mason Corp.
New York

National Carbon Co.
Niagara Falls

National Dairy Products Corp.
Oakdale

National Manufacturing Co.

_ Penn Yan

Newton Falls Paper Mill, Inc,
Newton Falls

New York Sugar Trade Laboratory, Inc.
New York ,

New York Telephone Co.

New York :

New York Testing Laboratories, Inc.
New York

Nuclear Advisors, Inc,
Long Island City

Nuclear Development Corp. of America
White Plains _
The Nuclear Research and Radiography Corp.
Depew '

Nucleonic Corp. of America

Brooklyn _

Olin Mathieson Chemical Corp.
Niagara Falls

Charles Pfizer & Co., Inc.

Brooklyn -

Philips Electronics, Inc.

Mt. Vernon

Philips Laboratories

Irvington

Picker X-Ray Corp.

White Plains _

Presto Plastics Products Co., Inc.
Brooklyn

R & N Corp.

New York

Radiation Applications, Inc.
New York '
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INDUSTRIAL RADIOISOTOPE USERS (Cont.)

Radiation -Rescarch Corp.
New York

Radium. Chemical Co., Inc.
New York

Radiological Service Co., Inc.
Bellerose

Radiological Service Co., Inc.
Long Island City

Republic Aviation Corp.
Farmingdale

Revere Copper & Brass, Inc.
Rome

Rome Strip Steel Co Inc. .

Rome

Rubber Corp. of America
Hicksville

Rubins Industries Corp.
Flushing

St. Regis Pé.per Co.
Deferiet

St. Regis Paper Co.
Yonkers

Samea Clock Co., Inc.
New York

Sam Tour & Co., Inc.
New York

Schwarz Laboratories, Inc.
Mount Vernon

Foster D, Snell, Inc
New York

Socony Mobil Oil Co., Inc.
Brooklyn

Socony Mobil Oil Co., Inc.
Buffalo

Sperry Rand Corp.
Great Neck

Sperry Rand Corp.
Syosset

Standard Coated Products, Inc.
Buchanan

Stauffer Chemical Co,
Chauncey

Sterling Winthrop Research Institute
Rensselaer
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Sylvania Electric Products, Inc.
Bayside, L. I

Sylvania Blectric Products, Inc.

-Seneca Falls

The Symington-Gould Co.
Depew

Taylor Instrument Companies
Rochester

Technical Research Group
New ‘York

Technical Tape Corp.
Morris Heights

TRG, Inc.

Syosset

Terminal Radio International, Ltd.
New York

Texaco, Inc,
Beacon

Unex Products Corp.
New York

Union Carbide Nuclear Co.
Tuxedo

United Aircraft Corp.

- ‘White Plains
United Kingdom Treasury and Supply Delegation

New York

U. S. Gypsum Co.
Oakfield

United States Steel Corp
New York

Universal Transistor Products Corp.
Westbury, L. L.

The Upson Co.
Lockport

Julius Weinberger
East Northport

Westinghouse Electric Corp.
Elmira

West Virginia Pulp & Paper Co.
Mechanicville

Wheeler Laboratories, Inc.
Great Neck

Wilson'’s American Co.
New York

Yuta Consolidated Industries, Inc,
Buffalo
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Ch. 210  raws -o'F NEW -YOR’K- 1962

New York State Atomlc Research and Development
_ " Authority Act _
For text of memorendum relating te this chapter, see p. 861}.

_ CHAPTER 210
An Act to amend the public authorities law, in relation to creating the
New York state atomic research and deveiopment authority for
the purpose of encouraging the maximum development and use o_l’
atomic energy for peaceful and productive purposes within. the
state and providing for the powers of such authority. :
Became a law March 27, 1962, with the approval of the Governor.

Effectlve April 1, 1962,

The People of the State of New York, represented in Senate and &

Assembly, do enact as follows:

Section' 1. Legislative findings and declaration of policy. The legis-

lature hereby finds, determines and declares:

1. That the maximum development and use within the state of atomi 3 h\
t

energy for peaceful and productive purposes, consistent with the hea
and safety of the publie, will promote the state’s economie growth and
will be in the best interests of the health and welfare of the state’s pop-
ulation.

2. That the encouragement of such development and use requlres ac-
tion by the state in the provision of services required by industrial, com-
mereial; medical, scientific, educational and governmental o_rganizations.

3. That such encouragement further requires action by the.state in
conducting, sponsoring, assisting and fostering programs of research and
development in the methods of production and use of atomic energy as
well as in accumulating and. disseminating pertinent information.

.. 4 That such state action can most effectively and appropnately be
accomphshed by & public benefit corporation.

It is hereby declared to be the policy of the state to encourage, through
the public benefit corporation hereinafter created, the maximum devel-

opment and use within the state of atoch energy for peaceful and pro- -

ductive purposes. : f

§ 2. The public authorities law is hereby amended by addmg to artl-

cle e1ght thereof a new tltle, to be title mne, to read as follows:.

TITLE 9
NEW YORK STATE ATOMIC RESEARCH AND DEVELOPMENT

AUTHORITY
Section
1850. Short title.
1851. Definitions. o _ :
1852, New York state atomic research and development authority,
1853, Approval power of the governor.
1854. Purposes and specific powers of the a,uthonty
1855, (General powers of the authority.
1856. Acquisition of real property.
1857. Officers and employees; transfel, promotion and seniority.

1858. Assistance by state officers, departments, boards, divisions and -

commissions.
1859. Deposit, investment and accounting of moneys of the authority.

428 ‘ Changes or additlons in text are Indlcated by underline



STATE AToMmIC RESEARCH  Ch. 210

~ Section _
1860. Bonds and notes.

1861. Exemption from taxation of the property and inecome of the au-
' thority.

1862, Exemption from taxation of bonds and notes.

1863. Bonds and notes legal investments for fiduciaries.

1864. Right of state to require redemption of bonds.

1865. Rights and remedies of bondholders and noteholders.

1866. -State not liable on bonds and notes,

1867. Inconsistent provisions of other acts.

1868. Termination of the authority.

1869. Title not affected if in part unconstltutxonal or ineffective.

*” § 1850. Short title
This title may be cited as the “New York state atomie research and

development authority act.”

§ 1851. Definitions :

As used or referred to in this title, unless a dlfferent meaning clearly
"appears from the context ) -
~ 1. “Atomic energy” shall mean all forms of energy released in the
course of nuclear fission, nuclear fusion or other nuclear transformation.

2. ‘“Authority” shall mean the New York state atomie research and
development authority created by section one thousand eight hundred
fifty-two of this title.

3. “Bonds” and “notes” shall mean such bonds and notes as are is-
‘sued by the authority pursuant to this title.

4. “Comptroller” shall mean the comptroller of the state

5. “Person” shall mean any natural person, firm, association, publi¢
.or private corporation, organization, partnership, trust, estate, or joint
stock company, or any pohtlcel subdivision of the state, or any officer or
agent thereof,

6. “Real property” shall mean lands, waters, rights in lands or wa-
térs, structures, franchises, improvements and interests in land, includ-
ing lands under water and riparian rights, and any and all other things
and rights usually included within said term and includes also any and
all interests in such property less than full title, such as easements per-
manent or temporary, rights-of-way, uses, leases, licenses and all other
incorporeal hereditaments in every estate, mterest or right, legal or equi-
table

7. “State” shall mean the state of New York. . _

8, “State agency” shall mean any officer, department, board, commis-
sion, bureau, lelSlOD., coxporatmn, agency or mstrumentahty of the
state.

9. “Superintendent” shell ‘mean the superinténdent of publie works
of the state of New York.

§ 1852. New York state atomic research and development anthor-
1ty

1. There is hereby created the “New York state atomic research and
development authority’”’. The authority shall be a body corporate and
politic, constituting a public benefit corporation. Its membership shall
"consist of the du‘ector of the stete office of atomlc development and two

deletions by steikeouts S o -'._-4_29_ |
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members to be-appointed by the governor, by and with the a.dee and
consent of the senate.

2. The members first appomted by the governor shall serve for terms_
ending April first, nineteen hundred sixty-five and nineteen hundred six-
1y-eight, respectively. Persons appointed by the governor for full terms
as their successors shall serve for terms of six years each commenecing as
of April first. In the event of a vacancy oceurring in the office of a
member appointed by the governor, by death, resignation or otherwise,
the governor shall appoint a successor, by and with the advice and con-
sent of the senate, to serve for the balance of the unexpired term,

3. The director of the state office of atomic development shall serve
as chairman and shall be the chief executive officer of the authority. He
shall be primarily responsible for the discharge of the executive and ad-
ministrative functions of the authority. He shall not engage in any
business, vocation or employment other than that of serving as chair-
man, except as director of the state office of atomic development, or as an
advisor or consultant to other agencies of the state, the federal govern-
ment, or interstate orga.mzatxons of which the government of the state

'is & member.

4. The members shall serve without compensation, but each member,
including the chairman, shall be entitled to reimbursement for his ac-
tual and necessary expenses incurred in the performance of his official
duties. .

5. Any member (except the chairman) may engage in pnvate em-
ployment, or in a profession or business, subjeet to the limitations con-
tained in sections seventy-three and seventy-four of the public.officers
law. . The authority shall, for the purposes of such sections, be a “state
agency”’ and such members shall be “oﬁicers” of the agency for the pur-
poses of said sections. .

6. Notwithstanding any mcon51stent provisions of law, general, spe-
cial or local, no officer or employee of the state, or of any civil division
thereof,'sha.ll be deemed to have forfeited or shall forfeit his office or
eniployment by reason of his aceeptance of membership on the authority;
provided, however, a member who holds such other public office or em-
ployment shall receive no additional compensation or allowance for serv-

“ices rendered pursuant to this article, but shall be entitled to reimburse-
ment for his actual and Decessary expenses incurred in the performanee
of such services.

7. The governor may remove any member appointed by the governor
for inefficiency, neglect of duty or misconduet in office after giving him
& copy of the charges against him, and an opportunity fo be heard, in
person or by counsel, in his defense, upon not less than ten days’ notice. ,
If any member shall be so removed, the governor shall file in the office of
the department of state a complete statement of charges made against
such member, and his findings theréon, together with a complete record
of the proceedings. The liolding of office by the director of the state
office of atomic development shall continue to be governed by thg Prow-
sions of section four hundred fifty-three of the executive law.

8. The powers of.the authority shall be vested in and exercised by a
majority of the members,
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9. The authority may appoint such persons to serve as officers, agents
" or employees of the authority as it may deem advisable and may pre-
soribe their duties and fix their compensation, subject to the civil serv-
ice law and the rules and regulations of the civil service commission of
the state. . .

10. The authority may appoint one or more advisory committees con-
sisting of not more than seven members each to consider and advise the
authority upon all matters submitted to them by the authority and to
recommend to the authority such changes in the administration of this
title and the operations of the authority as the advisory committee may
deem desirable. Members of advisory committees shall serve without
salary for sueh terms, not to exceed four years, as the authority may de-
termine, and shall be entitled to reimbursement for their actual and nec-
essary travel expenses incurred in -the performance of their official du-
ties.

§ 1863, Approval power of the governor o :

1. No action taken at any meeting of the authority shall have force
or effect until the governor shall have an opportunity to approve or veto
the same.

2. For the purpose of procuring such approval or veto, the authority
shall by rule designate an officer of the authority to transmit to the gov-
ernor at the executive chamber in- Albany a certified copy of the minutes
of every meeting of the authority as soon after the holding of such meet-
ing as such minutes can be written out. The governor shall, within fif-
teen days after such minutes shall have been delivered to the executive
chamber as aforesaid, cause the same to be returned to the authority ei-
ther with his approval or with his veto of any action therein recited as
having been taken, provided, however, that if the governor shall not re-
turn the said minutes within the said period then at the expiration there-
of any action therein recited shall have full force and effect according to
the wording thereof.

‘8. If the governor within the sa1d penod returns the said mmutes
with a veto against any action recited therein, then such action shall be
null and void. : : .

4, The governor may by order filed with the authority relieve the au-
thority from the duty of procuring his approval of its action upon any
particular matter or class of matters, and thereupon the authority shall
be relieved from reporting the same to him.

§ 1854, Purposes and specific powers of the authority

The purposes of the authority shall be to encourage and cooperate -in
the maximum development and use of atomic energy for peaceful and
productive purposes within the state. In carrying out such purposes,
the authority shall, w1th respect to the activities specified, have the fol-
lowing powets:

1. Research and development To conduct, sponsor, assist and foster
programs of research and development in the methods of production and

use of atomic energy, including the power to establish, acquire, operate,
develop and manage facilities therefor, - -

| _deletions byswlkoo&t»s : - o ' | '- 431
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2. The provision of services.. To provide services required for the
development and use of atomic energy by the industrial, commercial,

medical, scientific, educational and governmental organizations- within
the state, including the power to establish, acquire and develop facilities

therefor not otherwise available w1th1n the sta.te, -and to operate and‘

manage such facilities, - :

- 3. The dissemination of mformatmn To accumulate and dlssem~
nate information relating to the development and use of atomic energy,
including the power to- conduet, sponsor, assist and foster studies and
surveys, and publish the results thereof.

In exercising the powers granted by this title, the authonty shall in-
sofar as practicable, cooperate and act in conjunction with industrial,
commercial, medical, seientific and educational organizations within the
state, and with agencies of the federal government, of the state ard its
political subdivisions, of other states, and joint agencies thereof,

In carrying out its corporate purposes and in exercising the powers
granted by this title, the authority shall be regarded as performmg :}
governmental function.

§ 1855, General powers of the authority :

Subject to the other provisions of this title and the provisions of any
contract with bondholders or noteholders, the authority shall have the
following powers in-addition fo any powers specifically conferred upon
the authority elsewhere in this title: -

- 1. To sue and be sued. -

2. To have a seal and alter the same at pleasure.

‘3. To make and alter by-laws for its orvamzatlon and internal man-

agement.

4, To make rules and regulations governing the exercise of its cor-
porate powers and the fulfillment of its corporate purposes under this
title, which shall be filed with the department of state in the manuer
provided by section one hundred two of the executive law. «

5. To purchase, receive, lease, or otherwise acquire and hold in the
. name of the state, and to sell, convey, mortgage, lease, pledge or other-
wise dispose of, upon such terms and conditions as the authority may
deem advisable, real or personal property, together with such rights and
privileges as may be incidental and appurtenant thereto and to the use
thereof, including but not restricted to, any real or personal property
acquired by the authority in the satisfaction of obligations contamed in
contracts, leases or other arrangements, _

6. To enter into contracts; leases or 6ther arrangements. providing
for the establishment, operation, development and management of any
property or facility under the jurisdiction of the authority.

7. To enter into contracts, leases or other arrangements permitting

any person to use any property or facility under the jurisdiction of the

authority; permitting such person to build or add facilities or improve-

ments upon such property or facility; and providing, at the diseretion
of the authority, for the acquisition by the authority of any such facili-
ties or improvements built or added by such person, upon such terms

and conditions as the authority may deem advisable.
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8. -To sell or otherwise make available, upon such terms and condi-
tions as the authority may desm advisable, any produet, by-produet or
service produced in or provided by any facility under its jurisdiction.

9. To fix and collect fees, rentals and charges for the use of any

property or facility under its jurisdiction, or for the sale of any product,

by-product or service produced in or provided by any such facility, and

.to establish the rights and privileges created upon payment thereof.

Such fees, rentals and charges shall be established by the authority so
as to produce revenues sufficient, together with any other funds available
to the authority, to meet the expenses of maintenance and operation of
the facilities of the authority, to repay any moneys repayable to the
state, to fulfill the terms of agreements with the holders of its bonds,
notes or other obligations, and to provide funds for such other corporate
purposes ag the authority may deem appropriate. '

10, - To enter into any contracts and .to execute all instruments neces-

sary or convenient for the exercise of its corporate powers and the ful-
fillment of its corporate purposes under this title. o

11. To borrow money and to issue negotiable bonds, notes or other
obligations and to provide for the rights of the holders thereof.

12. To enter into agreements to pay annual sums in lieu of taxes to -

any municipality or taxing distriet of the state in respect of any real
property whic_h is owned'.by the authority, leased by the authority to a
person and located in such municipality or taxing district, provided,

. however, that the amount so paid for any year upon any such property

shall not exceed the sum last paid as taxes on such property to such mu-

nicipality or taxing district prior to the time of its acquisition by the

- authority. . : ..
13. To procure insurance, or obtain indemnification from the federal .

government or other persons, against any loss in connection with the as-
sets of the authority and any liability in connection with the activities
of the authority, such insurance or indemnification to be procured or
obtained in such amounts, and from such sourees, as the authority deems
to be appropriate. © : : ;

14.  To accept any gifts or grants or loans of funds or property: or
financial or other aid in any form from the federal government or any
agency or instrumentality thereof or from the state or from any other
source and to comply, subject to the provisions of this title, with the
terms and conditions thereof. . - : '

15. To enter into any lands, waters or premises for the purpose of
making borings, soundings, surveys or other investigations necessary to
the purposes of the authority or to public health and safety.

16. To engage the serviees of bond counsel, financial advisors, ac- -

countants, engineers, attorneys and other private consultants on a con-

. fract basis for rendering professional and technical assistance and ad-

vice. .
17. To do all things necessary or convenient to carry out its eorpo-
rate purposes and exercise the powers given and granted by this title.

§ 1856. 'Acquisition of real property : .

1. Upon determination by the authority that ‘any real propertj is:

necessary for its corporate purposes, the superintendent shall acquire the
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same in the name of the state by dedication, by agreement, by condemna-
tion pursuant to the condemnation law, or by appropriation in the man-
ner provided by section thirty of the highway law, and payment there-
for shall be made by the authority from the proceeds of sale of its bonds,
notes or other -obligations, or from other available moneys therefor. The
authority shall hold such property in the name of the state and shall
have the right to possess and use for its corporate purposes, so long as
its corporaté existence shall continue, all such real property and nghts
in real property so acquired. "

. 2. At any time after this: title shall become effective, the authonty
may, by resolution, assume jurisdiction over and hold in the name of the
state all or any part-of the real property acquired and held in the name
of the state by the state office of atomic development. Upon the effec-
tive date of such resolution, the authority shall hold any such real prop-
erty in the name of the state and shall have the right to possess and use
for its corporate purposes, so long as its corporate existence shall eon-
tinue, any such real property.

§ 1857, Oficers and employees; transfer, promotion and seniority
1. Officers and employees of state departments and agencies may be

transferred to the authority and officers and employees of the authority
. may be transferred to state departments and agencies without examina-

tion and without loss of any- civil service status or rights. No such

‘transfer may, however, be made except with the approval of.the head of

the state department or division involved and the director of the budget

- and the chairman of the authority and in compliance w1th the rules and

regulations of the state civil service commission,

2. Promotions from positions in state departments and agencies to
positions in the authority, and vice versa, may be made from interde-
partmental promotion lists resulting from promotion examinations in
which both employees of the authonty and employees of the state are
eligible to participate.

3. In computing seniority for purposes of promotlon or for the pur-
poses of suspension or demotion upon the abolition of positions in the
service of the authority or in the service of the state, in the case of an
employee of the authority a period of prior employment in the service of
the state shall be counted in the same manner as though such period of
employment had been in the service of the authority, and in the case of
an employee of the state a period of prior employment in. the serviee of
the authority shall be counted in the same manner as though such period
of employment had been in the service of the state. For the purposes of
the establishment and certification of preferred lists, employees suspend-
ed from the authority shall be eligible for reinstatement in the service
of the state, and employees suspended from the service of the state shall
be eligible for reinstatement in the service of the authority, in the same
menner as though the authority were a department of the state.

§ 1858, Assistance by - state officers, departments, boards, d.1v151ons
and commissions

At the request of the authority, engineering and legal services for such
authority shall be performed by the department of public works and the
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department of law, respectively, and all other state agencies shall upon
request by the authority render services within their respective func-
tions.

§ 1859, Deposit, investment and accounting of moneys of the anthority

1. All moneys of the authority, from whatever source derived, shall
‘be paid to the commissioner of taxation and finance as agent of the au-
thority, who shall not commingle such moneys with any other moneys.
Such moneys shall be deposited in a separate bank account or accounts
to be known as the “atomic research and development operating fund.”
The moneys in such fund niay be expended for payment of any and all
costs and expenditures as required for the corporate purposes of the au-
thority; provided, until such time as the state of New York is reim-
bursed in full for all moneys repayable to the state by the authority, all
expenditures from this fund shall be subject to the prior approval of the
director of the budget of the state of New York. The moneys in such
fund when made available shall be ‘paid out on check of the commission-
er of taxation and finance on requisition of the chairman of the authox-
ity or of such other person as the authority shall authorize to make such
requisition. All deposits of such moneys shall, if required by the com-
missioner of taxation and finance or the authority, be secured by obliga-
tions of the United States or of the state of New York of a market value
equal at all times to the amount of the deposit and &1l banks and trust
companies are authorized to give such security for such deposits.

2. Notwithstanding the provisions of subdivision one of this section,
the suthority shall have power, subject to the approval of the commis-
sioner of taxation and finance, to contract with the holders of any of its
bonds or notes, as to the custody, collection, securing, investment and
~payment of any moneys of the authority, or of any moneys held in trust
or otherwise for the payment of bonds or notes or in ‘any way to secure
notes or bonds, and to carry out any such contract. Moneys held in trust
or otherwise for the payment of bonds or notes or in any way to secure
notes or bonds and deposits of such moneys may be secured in the same
manner as moneys of the authority, and all banks and trust companies
" are authorized to give such seécurity for such deposits.

‘3. _Any moneys of the authority not required for immediate use may,
-at the discretion of the authority, be invested by the commissioner of
taxation and finance in obligations of the state or of the United States
of America or obligations the principal and interest of which are guar-

anteed by the state or the United States of America.

" 4. Subject to the provisions of any contract with bondholders and
mnoteholders and to the approval of the comptroller, the a.uthonty shall
- preseribe a system of accounts.

§ 1860. Bonds and notes - _

1. The authority shall have the power and. is hereby authorized to is-
sue at one time or in series from time to time negotiable bonds and notes
~ a8, in the opinion of the authority, shall be necessary to provide sufi-

cient moneys for achieving the authority’s corporate purposes, including
the establishment of reserves to secure the bonds and notes and the pay-
. ment of interest on bonds and notes, which bonds and notes, however,
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shall not exceed an-aggregate prmclpa.l -amount of thlrty million dollars
($30,000,000), excluding bonds and notes 1ssued to refund outstanding

bonds and notes. : : .

- 2. - The authority shall have power from time to time to renew notes
or to issue renewal notes for such purpose, to issue bonds to pay notes,
and, whenever it deems refunding expedient, to refund any bond by the
issuance of new bonds, whether the bonds to be refunded have or have
not matured, and may issue bonds partly to refund bonds then outstand-
ing and partly for any other corporate purpose of the authority. . Bonds
issued for refunding purposes shall be sold and the proceeds applied to
the purchase, redemption or payment of the bonds to be refunded.

"~ 3. Except as may- otherwise be expressly provided by the authority,
‘every issue of bonds or notes shall be general obligations payable out of
any moneys or revenues of the authority, subject only to any agreements
‘with the holders of bonds or notes pledging any receipts or revenues.

4, Whether or not the bonds or notes are of such form and character

as to. be negotiable instruments under the terms of the negotiable instru-
ments law (constituting chapter thirty-eight of thé consolidated laws)
the bonds or notes shall be and are hereby made negotiable instruments
within the meaning of, and for all the purposes of; the negotiable in-
struments law, subject only to the prov1s10ns of the bonds for reglstra-
tion. o :
5. The bonds and notes shall be authonzed by resolutlon of the au-
thority, shall bear such date or dates and mature at such time or times as
such resolution shall provide, except that notes and any renewals there-
of shall mature within five years from their respective dates and bonds
shall mature within forty years from their respective dates. The bonds
and notes shall bear interest at such rate or rates, be in such denomina-
tion, be in such form, either coupon or registered, carry such registra-
tion privileges, be executed in such manner, be payable in such medium
of payment at such. place or places, and be subject to.such terms of re-
demption as such resolution or resolutions may provide. v

6. Bonds and notes shall be sold by the authority; at publie or pri-
- vate sale, at such price or prices as the authority may determine. Bonds

and notes of the authority shall not be sold by the authority at private
sale unless such sale and the terms thereof have been approved in writ-
ing by the comptroller, where such sale is not to the comptroller, or by
the director of the budget, where such sale is to the comptroller.

7. In the diseretion of the authority any bonds or issue of bonds or
notes or issue of notes may be secured by such resolution or by a trust
indenture by and between the authority and a corporate trustee which
may be any trust company or bank having the powers of a trust compa-
ny in the state or by a secured loan agreement or other instrument. Such
“resolution, trust indenture, loan agreemeént or other instrument may con-
tain any usual or customary provisions, covenants or limitations for
bYonds or notes of similar nature which shall be a part of the contract
with the holders thereof, including such provisions for protecting and en-
forcing the rights and remedies of bondholders and noteholders as may
‘be rea,sonable and proper and not in violation of law.
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8, Any resolution or resolutions authorizing any notes or bonds or
any issue thereof may contain provisions, which shall be a part of the
contract with the holders thereof, as to:

(a) pledging all or part of the fees, charges, gifts, grants, rents, reve-
nues or other moneys received or to be received and leases or agreements -
to secure the payment of the notes or bonds or of any issue thereot sub-
ject to such agreements with bondholders as may then exist;

(b) the rates of the fees or charges to be established, and the amounts
to be raised in each -year thereby and the use and disposition of the fees, .
charges, gxfts, grants, rents; revenues or other moneys recelved or to be
received; .

(¢) the setting aside of reserves or sinking funds, and the regulation
and disposition thereof;

'(d) limitations on the purpose to which the proceeds of sale of any.
issue of notes or bonds then or thereafter to be issued may be applied
and pledging such proceeds to secure the payment of the notes or bonds
or of any issue thereof;

(e) limitations on the issuance of add1t10nal notes or bonds; the terms
upon which additional notes or bonds may be issued and secured the
refunding of outstanding or other notes or bonds; _

(f) the procedure, if any, by which the terms of any contract with
bondholders or noteholders may be amended or abrogated, the amount of
notes or bonds the holders of which must consent thereto, and the man-
ner in which such consent may be given;

(g) any other matters, of like or different character, which in any way
affect the security or protection of the notes or bonds.

- 9, It is the intention hereof that any pledge made by the authonty
shall be valid and binding from the time when the pledge is made, that.
the moneys so pledged and thereafter received by the. authority shall im-
mediately be subject to the lien of such pledge without any physical de-
livery thereof or further act, and that the lien of any such pledge shall
" be valid and binding as against all parties having claims of any kind in
tort, contract or otherwise against the authority irrespective of whether
such parties have notice thereof. Neither the resolution nor any other
instrument by which a pledge is-created need be recorded. :

10, Neither the members of the authority nor any person executing
the bonds or notes shall be liable personally .on the bonds or' notes or be
subject to any personal liability or accountablhty by reason of the issu-
ance thereof. .

11, Subject to such agreements with bondholders or noteholders as
may then exist, the authority shall have power out of any funds avail-
able therefor to purchase bonds or notes at a price not exceeding (a)
if the notes or bonds are then redeemable, the redemption price then ap-.
plicable plus acerued interest to the next interest payment date thereon,
or (b) if the notes or bonds are not then redeemabls, the redemption
price applicable on the first date after such purchase upon which the
notes or bonds become subject to redemption plus acerued interest to -
said date, Bonds and notes so purchased shall thereupon be cancelled,

12. The state does hereby pledge to and agree with the holders of any
bonds or netes that the state will not limit or alter the rights and powers
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vested in the authority by this title to fulfill the terms of any contract
made by the authority with such holders, or in any way impair the rights
and remedies of such holders until such bonds and notes, together with
the interest thereon, with interest on any unpaid installments of interest,
and all costs and expenses in connection with any action or proceeding
by or on behalf of such holders, are fully met and discharged. The au-
thority is authorized to include this pledge and agreement of the state,

insofar as it refers’ to holders of any bonds or notes, in any contract w1th
such holders. :

§ 1861, Exemptlon from ta.xation of the property and income of the
authority

The property of the authonty and its income and operatlons shall be
exempt from taxation.

§ 1862 Exemptxon from taxation of bonds and notes ' C

The state covenants with the purchasers and with a,ll subsequent hold-
ers and transferees of bonds and notes, in .consideration of the accept-
. ance of and payment for the bonds and notes, that the bonds and notes
and the income therefrom, and all moneys, funds-and revenues pledged

to pay or secure the payment of such bonds and notes shall at all times
be free from taxation, except for estate and gift taxes and taxes on
transfers.

§ 1863. Bonds and notes legal investments for ﬁduciaiﬁes

The bonds and notes are hereby made securities in which all public -

officers and bodies of the state and all municipalities and municipal sub-
divisions, all insurance companies and associations and other persons
_ carrying on an insurance business, all banks, bankers, trust companies,
savings banks and savings associations, investment companies and other
persons carrying on a banking business, all administrators, guardians,

executors, trustees and other fiduciaries, and all other persons whatso-
ever who are now or who may hereafter be authorized to invest in bonds
or other obligations of the state, may properly and legally invest funds
_ﬁcludirig capital in their control or belonging to them. Notwithstanding
any other provisions of law, the bonds and notes of the authority are al-
so hereby made securities which may be deposited with and may be re-
_ ceived by all public officers and bodies of this state and all municipali-
ties and municipal subdivisions for any purpose for which the deposit of
bonds or other obligations of the state is now or may hereafter be au-
“thorized. ' -

§ 1864. Right of state to require redemption of bonds :

‘Notwithstanding and in addition to any provisions for the redemptmn
of bonds which may be contained in any contract with the-holders of
the bonds, the state may, upon furnishing sufficient funds therefor, re-
quire the authority to redeem, prior to maturity, as a whole, any issue of
bonds on any interest payment date nof less than twenty years after the

date of the bonds of such issue at one hundred five per cent of their face

value and accrued interest or at such lesser redemption price as may be
provided in the bonds in case of the redemption.thereof as a whole on
the redemption date. Notice of such redemption shall be published in at
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least two newspapers published and circulaﬁng respectively in the cities-

of Albany and New York at least twice, the first publication to be at
least thirty days before the date of redemption.

§ 1865. Rights and remedies of bondholders and noteholders
"The holders of bonds and notes shall have the following rights and
remedies, subject to the terms of the resolution authorizing such bonds
and notes or any trust indenture, secured loan agreement or other instru-
ment related thereto:

1. In the event that the authority shall default in the payment of
principal of or interest on any issue of bords or notes after the same
shall become due, whether at maturity or upon call for redemption, and
such default shall continue for a period of thirty days, or in the event
that the authority shall fail or refuse to comply with the provisions of
this title, or shall default in any contract made with the holders of any
issue of bonds or notes, the holders of twenty-five per centum in aggre-
gate principal amount of the bonds or notes of such issue then outstand-
ing, by instrument or instruments filed in the office of the clerk in the

county of Albany and approved or acknowledged in the same manner as
a deed to be recorded, may appoint a trustee to represent the holders of

such bonds or notes for the purposes herein provided.

2. Such trustee may, and upon written request of the holders of
twenty-five per centum in prinecipal amount of such bonds or notes then
outstanding shall, in his or its own name

(a) by mandamus or other suit, action of proceedmv at law or in equi-
ty enforee all rights of the bondholders or noteholders, including the
right to require the authority to collect fees, rentals and charges ade-
quate to carry out any agreements with the holders of such bonds or
notes and to perform its duties under this title;

(b) bring suit upon such bonds or notes; _

(¢) by action or suit in equity, require the authority to account as if
it were the trustee of an express trust for the holders of such bonds or
notes;

(d) by action or suit in equity, enjoin any act or things Whlch may be
unlawful or in violation of the rights of the holders of such bonds or

notes;
(e) declare all such bonds or notes due and payable, and if all de-
faults shall be made good then with the consent of the holders of twenty-

five per centum of the principal amount of such bonds or notes then out--

standing, to annul such declaration and its consequences.

3. Such trustee, whether or not the issuance of bonds or notes repre-
sented by such trustee had been declared due and payable, shall be enti-
tled as of right fo the appointment of a receiver of any property of the
suthority, the fees, rentals, charges or other revenues of which are

pledged for the security of the bonds or notes of such issue and such re-.
" ceiver may enter and take possession of such property, or any part or
parts thereof and operate and maintain the same and receive all fees,

charges, rentals and other revenues thereafter arising therefrom and ex-
ercise such other powers of the authority as the court may deem advis-
able and perform the public duties and carry out the agreements and
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obligations of the authority under the direetion of the court. In any

suit, action or proceeding by the trustes the fees, counsel fees and ex-
penses of the trustee and of the receiver, if any, shall constitute taxable

disbursements and all costs and disbursements allowed by the court shall .

be a first charge on any fees, charges rentals and other revenues derlved
from such properties,

4. Such- trustee shall in addmon to the foregomg have and possess
all of the powers necessary or appropriate for.the exercise of any func-
tions specifically set forth herein or incident to the general representa-
tion of bondholders or noteholders in the enforcement and protection of
their rights. '

5. The supreme court shall have Junsdmtlon of any suit, actmn or
proceeding by the trustee on behalf of such bondholders or noteholders.
The venue of any such sult actxon or proceedmg Shall be lald in the
county of Albany. ' :

" Before declaring the prinecipal of bonds or notes due ‘and payable,
the trustee shall first give thirty days’ notice in writirig to the governor,

to the authonty, to the comptroller and to the attorney-general of the
- state, . .

§ 1866. State not liable on bonds and notes

The bonds and notes shall not be a debt of the state of New York nor
shall the state be liable thereon and such bonds and notes shall contam
on the face thereof a statement to that effect.

-§ 1867, Incdnsistent provisions of other acts

Insofar as the provisions of this title are inconsistent with the provi-
sions of any other act, general or special, the provisions of this titla shall
be controlling, provided, however, nothing contained in any. provision of
this title shall be construed to relieve the authority of the obligation on
its part to comply with the provisions of article nine of the public au-
thorities law in. force on the effective date of this title, including the
obligation to 'submit an annual report as specified therein.

. § 1868. Termination of the anthority

- The authority and its corporate existence shall contmue until ter-
minated by law, provided, however, that no such law shall take effect so
lIong as the authority shall have bonds, notes or other obligations out-

<

- standing. Upon termination of the existence of the authority all its

rights, property, assets and funds shall pass to and be vested in the state.

For the purposes of this section, any appropriation or advance made to '

the authority by the state, which has not been repaid, shall not be deemed
to be an outstanding obligation of the authority,.

§ 1869. Title not affected if in part unconstltutxona.i or ineffective

If any subtitle, section, subdivision, paragraph, sentence, clause or ’

provision of this title shall be unconstitutional or be ineffective in whole
or in part, to the extent that it is not unconstitutional or ineffective, it
shall be valid or effective and no other subtitle, section, subdivision, par-
agraph, sentence, clause or provision shall on account thereof be deemed
invalid or ineffective.

§ 3. This act shall take effect- April first, nineteen hundred sixty-two.
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UNITED STATES
ATOMIC ENERGY COMMISSION

WASHINGTON 25, D.C.

OFFICE OF THE CHAIRMAN

November 20, 1962

Dear Mr, President:

I am pleased to submit herewith the report resulting from our “new and hard
look at the role of nuclear power in our economy,” as requested by you on March 17,
1962, In preparing this report, we have had the benefit of comments and advice from
interested offices and individuals within and without the Government. However, the

Commission takes full re'sponsibility for the. conclusions and recommendations of the
report, '

The Commission, of course, has concentrated on issues related to the develop-
ment and use of nuclear power; it has not attempted to appraise the possible effect of
major research efforts on the economics of non-nuclear energy sources or on im-
proved transmission methods for either source of energy. However, the study has been
greatly aided by the information furnished by the Department of Interior, the Federal
Power Commission, and the National Academy of Sciences Committee on Natural
Resources, ' o

Those who have participated in the study you requested are agreed that it has
proved to be very timely, While the Commission has been proceeding on a considered
course in general accord with its 10-year civilian power program adopted in 1958,
that program is now on the threshold of attaining its primary objective of competitive
nuclear power in high-fuel-cost areas by 1968. However, it became evident with the
passage of time that our attention had probably for too long remained focused narrowly
on short-term objectives. This restudy made it apparent that, for the long-term
benefit of the country, and indeed of the whole world, it was time we placed relatively
more emphasis on the longer-range and more difficult problem of breeder reactors,
which can make use of nearly all of our uranium and thorium reserves, instead of the
less than one per cent of the uranium and very little of the thorium utilized in the
present types of reactors. Only by the use of breeders would we really solve the
problem of adequate energy supply for future generations.

We believe that it still is necessary for the Government as a interim measure to
maintain a substantial program of research and development on advanced types of re-
actors other than breeder reactors, which are some years away. It appears from the
projections made that efficient converter reactors will be required in conjunction with
breeder reactors to meet the rapidly growing national demands for electrical power,
This Government program over the next several years is also important since it
provides the national means for “bridging the gap” between the infancy and maturity




of nuclear power, This interim aid will allow the consolidation of the gains made to
date and will permit the national nuclear program to proceed in an efficient and
sensible manner toward the development of more efficient and economical converter
reactors and eventually breeder reactors.

Furthermore, a vigorous national nuclear power program can be pursued without
interfering with a growing coal industry; in fact, all our projections indicate that, even
assuming an optimistic forecast of nuclear power development, the use of coal by the
rapidly expanding electric generating industry will increase severalfold over the next
40 years.

It should be recognized that, largely as a result of early optimism, we have, in a
short space of time, developed a competitive nuclear equipment industry which is
over-capitalized and under-used at the present time. This optimism has had some
good results in terms of bringing many able technical men, manufacturers, and utility
executives into the field, and assuring Congressional and industrial support during the
development years. : :

The optimism has also brought about some difficuties in that unless there are new
starts on atomic power plants, the atomic equipment industry will probably dwindle
down to fewer manufacturers than would be desirable for a healthy and competitive
nuclear industry. Fortunately, it now appears that only relatively moderate additional
governmental help will be necessary to insure the building of a substantial number
of large, water-type power reactors that will be economically competitive in the high-
fuel-cost areas of this country and the world. This would increase public acceptance,
keep the nuclear industry healthy, and help to furnish the plutonium necessary for a
breeder reactor economy as soon as it can be adequately developed.

In summary, nuclear power promises to supply the vast amounts of energy that
this Nation will require for many generations to come, and it probably will provide
a significant reduction in the national costs for electrical power,

The Commission unanimously concurs in this report.
Respectfully yours,

w3 Lo

Glenn T. Seaborg
Chairman

The President
The White House

Enclosure
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THE WHITE HOUSE
Washington

March 17, 1962

Dear Mr, Chairman:

The development of civilian nuclear power involves both national and interna-
tional interests of the United States. At this time it is particularly important that our
domestic needs and prospects for atomic power be thoroughly understood by both the
Government and the growing atomic industry of this country which is participating
significantly in the development of nuclear technology. Specifically we must extend our
national energy resources base in order to promote our Nation’s economic growth,

Accordingly, the Atomic Energy Commission should take a new and hard look at
the role of nuclear power in our economy in cooperation with the Department of the
Interior, the Federal Power Commission, other appropriate agencies, and private
industry.

Your study should identify the objectives, scope, and content of a nuclear power
development program in the light of the Nation’s prospective energy needs and re-
sources and advances in alternate means for power generation. It should recommend
appropriate steps to assure the proper timing of development and construction of
nuclear power projects, including the construction of necessary prototypes. There
should, of course, be a continuation of the present fruitful cooperation between Gov-
ernment and industry — public utilities, private utilities, and equipment manufacturers.

Upon completion of this study of domestic needs and resources, there should also
be an evaluation of the extent to which our nuclear power program will further our
international objectives in the peaceful uses of atomic energy.

The nuclear powerplants scheduled to come into operationthis year, together with
those already in operation, should provide a wealth of engineering experience per-
mitting realistic forecasts of the future of economically competitive nuclear power in
this country.

As you are aware, two major related studies are now or will soon be underway.
The study being conducted at my request by the National Academy of Sciences on the
development and preservation of all our national resources will focus on the Nation’s
longer term energy needs and utilization of fuel resources. The other study to be
launched soon by the Federal Power Commission will determine the long-range power
requirements of the Nation and will suggest the broad outline of possible programs
of. growth for all electric power companies—both private and public—to meet the
great increase in power needs, Your study should be appropriately related to these
investigations, _

The extensive and vigorous atomic power development programs currently being
undertaken by the Commission should, of course, be continued and, where appropriate,



strengthened during the period of your study. I urge that your review be undertaken
without delay and would hope that you could submit a report by September 1, 1962,

Sincerely,

/s/John F, Kennedy

Dr. Glenn T. Seaborg _
. C

Chairman

Atomic Energy Commission

Washington 25, D. C.
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Introduction

As a result of successes achieved during World War II, it was
widely recognized thereafter that nuclear energy could, if
properly developed, have important civilian applications, Inad-
dition to unique applications in scientific research, in medicine,
in agriculture and in industrial operations, it was believed by
many that nuclear energy could yield large economic advantages
in such massivé applications as the generation of electric power.
It was also recognized, though not emphasized, that over the
long term it would be an important resource, whose timely
introduction would help conserve for special uses our finite
supply of fossil fuels. .

The loug-term availability of abundant and economic sources
of energy and the development of new techniques and technologies
of general applicability are matters of concern to all the people
and therefore to the government. Federal responsibility for the
peaceful development of civilian uses of nuclear energy—for




both short- and long-term ends—within our normal economic
and industrial framework was clearly recognized by Congress
in the Atomic Energy Act of 1946, and clarified and broadened
in the Act of 1954, The latter states in Section 1 (Declaration):

It is ... declared to be the policy of the United States
that —

* * *

‘“b. the development, use and control of atomic energy shall
be directed so as to promote world peace, improve the general
welfare, increase the standard of living, and strengthen free
competition in private enterprise.”’

And in Section 3— (Purpose):;

¢“It is the purpose of this Act to effectuate the policies set
forth above by providing for-—

‘“a, a program of conducting, assisting, and fostering re-
search and development in order to encourage maximum sci-
entific and industrial progress;

* * *

“‘d. a program to encourage widespread participation in the
development and utilization of atomic energy for peaceful pur-
poses to the maximum extent consistent with the common de-
fense and security and with the health and safety of the public;*’
and

‘‘e. a program of international cooperation to promote the
common defense and security and to make available to co-
operating nations the benefits of peaceful applicationsof atomic
energy as widely as expanding technology and considerations of
the common defense and security will permit;”’

Many sections of the Act and many other acts of Congress ex-
pand on the above provisions and provide means and mechanisms
for implementing them,

In keeping with the responsibilities assigned it by the legisla-
tion, the Atomic Energy Commission has conducted vigorous
programs of research, development, and exploitation, directed
at realizing the many peaceful benefits potentially to be derived
from nuclear energy. Included in the applications are many,
such as those of radioisotopes, where nuclear phenomena have
special characteristics that are uniquely useful. The major
effort has, however, been directed at extraction of energy in
large amounts, primarily to accomplish conventional tasks or
extensions of them. The most promising, and hence the most
vigorously pursued among the various applications, is that of
generating electric power., It is with the power program that
this report primarily concerns itself,

The Commission has conducted and encouraged a national
program, aimed, first, at obtaining the basic scientific and
engineering data needed for proof of technical feasibility and
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safety of the more promising approaches to nuclear power
generation and, second, at demonstrating the actual or potential
economic feasibility of such approaches. This program has
been strongly backed in both the executive and the legislative
branches of the Government,

In its-early phases the program was largely one of-developing- -~ -

the technology. It leaned heavily upon, indeed it started from,
knowledge gained from other reactor programs, notably “pro-
duction” reactors for making plutonium, naval propulsion reac-
tors and “research” and “test” reactors used for scientific
purposes. In 1953 the Commission, with the encouragement of
the Joint Committee on Atomic Energy, embarked upoxi a five-
year “experimental” program to develop reactors giving promise
for civilian power applications. Construction was started on
several experimental power-producing reactors on Commission
sites, and one “prototype” reactor on a utility grid.*

The revision of the Atomic Energy Act in 1954, which en-
couraged industrial cooperation, and associated policy decisions
by the Government resulted in continued expansion of the pro-

"gram by both government and industry. An important step was

the addition, in 1955, of a “Power Demonstration” program
under which the Commission and industry have cooperated in
building and operating a number of nuclear power plants on
utility grids. In one segment of this program, Commission-
built and -owned “prototype” reactors are operated by utilities
that buy the steam; in another segment utilities are given re-
search and development assistance in designing and constructing
their own reactors and, for a few years no charge is made for
the lease of Government-owned nuclear fuel.

In 1958, as the five-year experimental program ended, the
Joint Committee on Atomic Energy of the Congress published a
report, prepared by its staff with the advice of consultants,
recommending objectives for an expanded program and various
steps that might be taken in furtherance of the program, During
that and the following year, the Commission conducted, at the
national laboratories and through contracts with the nuclear
equipment industry, a series of detailed studies and evaluations
of all the reactor concepts believed to hold promise for the de-
velopment of economic nuclear power. The results were care-
fully analyzed by the Commission staff and, on two separate
occasions, by advisory committees. On the basis of these
studies, analyses and recommendations, the Commission pub-
lished a series of reports, known to the trade as the “Ten-
Year Program”, which established short-range economic tar-
gets as well as long-range goals in economics, resource

* This Commission-built and -owned reactor, at Shippingport, Pa.,
provides steam at a plant of an investor-owned utility, which built the
power generating equipment and operates the reactor under contract
with the Commission.




conservation and international leadership, and outlined a pro-
gram for achieving these objectives, This has served as a
general guide to the Commission during the intervening period.

Meanwhile, beginning with initiation of the “Atoms for Peace”
program in 1954, and more intensively since the large Inter-
national Conference on that subject in 1955, the Commission, in
cooperation with the Department of State, has been very active
internationally. The United States was the leader in the estab-
lishment of the International Atomic Energy Agency which
conducts and sponsors cooperative programs throughout the
world. The Agency will increasingly be responsible for ad-
ministering safeguards against diversion of nuclear materials
to military use and for developing and recommending inter-
national regulations on safety and waste disposal. Cooperation
and assistance have been rendered by the United States through
formal agreements with such international organizations as

EURATOM, and with a large number of individual nations.
Western Europe and, more recently, Japan have significant
nuclear power programs in being as has the Soviet Union. Con-
siderable interest in nuclear power has also been shown by
many of the developing countries.

As a result of the various domestic programs, six sizeable
reactors of the more highly developed types are in successful
operation on utility grids (two of the largest and one other had
no AEC assistance); seven more of small and medium size will
be completed by the end of 1963; a few others are under con-
struction or nearly so.

Sufficient developmental and operational experience has been
accumulated to permit a reasonably accurate assessment of
future possibilities. Nuclear electric power has been shown to
be technically feasible, indeed, readily achieved. Power reac-
tors can be reliably and safely operated. However, contrary
to earlier optimism, the economic requirements have led to
many problems— combining low capital cost with long life and
assured reliability; lowering costs by improved efficiency; de-
veloping long-lived and, therefore, economic fuels. Attempts
to optimize the economics by working on the outer fringes of
technical experience, together with the difficulties always ex-
perienced in a new and rapidly advancing technology, have led
to many disappointments and frustrations, Experiments have
not always worked as planned. Many construction projects have
experienced delays and financial overruns. Such difficulties led
to considerable diminution of the earlier optimism regarding
the early utilization of nuclear power, which in turn contributed
to the withdrawal of some equipment and component manufac-
turers from the field,

Happily, more recently much progress has been made toward
solutions of these problems. Expectations are being more
nearly, and in some cases completely realized. Nuclear power
is believed to be on or near the threshold of competitiveness
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with conventional power for large plants, in areasof the country
where fossil fuel costs are high., Further cost reductions are
definitely in sight, provided an aggressive program is continued.

The developments to now have verified that, if extensively
used, nuclear power could have important implications—as a
means of exploiting a large, new energy resource; as an eco-
nomic advantage, especially to areas where fossil fuel costs
are high; as an important contributor to new industrial tech-
nology and to our technological world leadership; as a signifi-
cant positive element in our foreign trade; and, potentially, as
a contributor to the nation’s defenses. Its potential benefits
will actually be realized, however, only if it can be made
economically attractive, '

To surmount the economic hurdle is the most immediate
program goal. Unfortunately the reactors that will do so can
extract only about one percent of the energy potentially avail-
able in our reserves of nuclear materials, To utilize the rest,
which must be done if nuclear energy is to be of lasting useful-
ness, requires the development to an economic status of more
advanced and difficult reactors. This will be a rigorous and
expensive task. .

How best to pace the short- and long-term efforts, what rela-
tive emphasis to give to each, how diversified and intensive the
total effort shouldbe—these are the principal program questions.

The stage of development has also brought forward a number
of important policy questions. Many of them relate to nuclear
fuels., With extensive applications potentially in the offing, the
question naturally arises as to the desirability of changing, at
a reasonably early date, to private ownership of special nuclear
materials. Its adoption would give rise to the corollary ques-
tion of policy relating to the “toll” enrichment of privately-
owned uranium in the government’s diffusion plants, a service
which private industry cannot economically provide for itself;
this question arises internationally in any case. Action must
be taken on the Commission’s raw uranium procurement pro-
gram, contracts for which expire in 1966, and on extension and
adjustment of its schedule of guaranteed prices for plutonium
produced in non-government reactors, which expires in 1963,

Clearly the time has come for a major review and reassess-
ment-—a review more of basic policies than of detailed technical
activities; a review of where the nuclear electric power program
should be headed, at what rate and with what amount of govern-
ment participation., It is to these ends that this study has been
made.

A study of this nature requires special knowledge in many
fields outside the detailed cognizance of the Atomic Energy
Commission. Among these are current and projected rates of
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use of energy, including electric power requirements, our
reserves of fossil fuels, and economic trends in these and re-
lated fields. We have, therefore, worked closely with, and
relied heavily upon, other agencies and groups that are expert
in these fields. We have also taken advantage of studies and
evaluations that have been, or are being made by others in such
fields as the international impact of nuclear energy, the civilian
defense and national security aspects of the problem, and the
air pollution problems of fossil fuel plants. Of especial value
have been recent reports, some in draft form, prepared by the
Department of the Interior, the Federal Power Commission,
the National Academy of Sciences, the Committee on Interior
and Insular Affairs of the United States Senate, the General
Advisory Committee to the Atomic Energy Commission, and
the Advisory Committee on United States Policy Toward the
International Atomic Energy Agency.

We have had helpful discussions on the content of the report
with the Bureau of the Budget, the Office of Science and Tech-
nology, the President’s Science Advisory Committee, the Council
of Economic Advisors, the Department of the Interior, the
Federal Power Commission, the General Advisory Committee,
and the Joint Committee on Atomic Energy of the Congress.
However, the contents of the report are the responsibility solely
of the Atomic Energy Commission,

During the early weeks of the study a series of seminars was
held at which representatives of AEC contractor organizations,
various industries and others made presentations of their own
civilian power programs.

A list of reports and discussions is given in an Appendix
together with acknowledgments of more informal assistance.
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Summary

The Need for Nuclear Power

Our technological society requires ample sources of energy.
Although large, the supplies of fossil fuels are not unlimited
and, furthermore, these materials are especially valuable for
many specific purposes such as transportation, small isolated
heat and power installations, and as sources of industrial
chemicals. Réasonable amounts should be preserved for future
generations,.

Comparison of estimates of fossil fuel resources with pro-
jections of the rapidly increasing rate of energy consumption
predicts that, if no additional forms of energy were utilized, we
would exhaust our readily available, low-cost fossil fuels in a
century or less and our presently visualized total supplies in
about another century. In actual fact, long before they become
exhausted we will be obliged to taper off their rate of use by
supplementing them increasingly from other sources.

In contrast, our supplies of uranium and thorium contain al-
most unhmlted amounts of latent energy that can be tapped pro-
vided “breeder” reactors are developed to convert the fer-
tile materials, uranium-238 and thorium-232, to fissionable
plutonium-239 and uranium-233, respectively.* Suc_cessfully
done, this will render relatively unimportant the cost of nuclear
raw materials so that even very low grade sources w111 become
economically acceptable. : : .

The use of nuclear energy for electric power and, less im-
mediately, for industrial process heat and other purposes is
technically feasible and economically reasonable. In addition to
its ultimate importance as a means of exploiting a large new
energy resource, nuclear electric power holds important near-
term possibilities: as a means of significantly reducing power
generation costs, especially in areas where fossil fuel costs
are high; as an important contributor to new industrial tech-
nology and to our technological world leadership; as a signifi-
cant positive element in our foreign trade; and, potent1a11y, as
a means of strengthening our national defense. :

*The readily fissionable material found in nature is confined to
uranium-235 which constitutes only 0.7% of normal uranium. The en-
ergy contained in this 1sotope in uranium mineable at near present costs
is only a small fraction of that contained in our fossil fuel reserves.
Fortunately, the so-called ‘‘fertile’’ isotopes, uranium-238, constituting
the remainder of normal uranium, and thorium-232 constituting prac-
tically all normal thorium can be converted to fissionable plutonium-239
and uranium-233 by absorption of neutrons in a nuclear reactor.




In view of the above we have concluded that: Nuclear energy
can and should make an important and, ultimately, a vital con-
tribution toward meeting our long-term energy requirements,
and, in particular, that; The development and exploitation of

nuclear electric power is clearly in the near- and long-term
national interest and should be vigorously pursued.

The Role of the Federal Government

The technological development of nuclear power is expensive.
The reactors are complex, and operating units, even of a
scaled-down test variety, must of necessity be large and costly.
Furthermore, nuclear power does not meet a hitherto unfilled
need but must depend for marketability on purely economic ad-
vantages that will return the development investment slowly.
Hence, the equipment industry could not have afforded to under-
take the program by itself. The Government must clearly play
a role,

An early objective should be to reach the point where, with
appropriate encouragement and support, industry can provide
nuclear power installations of economic attractiveness suffi-
cient to induce utilities to install them at their own expense.
Once this is achieved the Government should devote itself to
advanced developments designed to meet long-range objectives,
leaving to industry responsibility for nearer-term improve-
ments. Gradually, as technological maturity is reached, the
transition to industry should become complete.

Thus, the proper role of Government is to take the lead in
developing and demonstrating the technology in such ways that
economic factors will promote industrial applications in the
public interest and lead to a self-sustaining and growing nuclear
power industry.

The Present Situation

Accordingly, in keeping with national policy, and with the re-
sponsibilities assigned to it by the Atomic Energy Act, the
Atomic Energy Commission has conducted and encouraged a
vigorous program directed toward the development and exten-
sive exploitation of nuclear energy for civilian purposes, with
emphasis on nuclear electric power. About $1.275 billion has
been expended by the AEC to date* on the civilian power pro-
gram, This program has included both research and develop-
ment and a “power demonstration” program, involving aid in
the construction and operation of practical reactors on utility

*We estimate that industry has expended épproximately $0.5 billion

of its own funds, mostly for plant and equipment.
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grids. Several reactor types are under development. Most
highly developed are ‘“converter” reactors that produce less
fissionable material than they consume; much less far along are
“preeder” reactors that produce more than they consume.

In one segment of the power demonstration program,
Commission-built and -owned “prototype” reactors are operated
by utilities that buy the steam; in another segment, utilities are
given research and development assistance in designing and
constructing their own reactors and, for a few years no charge
is made for the lease of Government-owned nuclear fuel, Six
sizeable reactors of the more highly developed types are in
successful operation on utility grids (the two largest without
AEC assistance); seven more will be completed by the end of
1963; a few others are under construction or nearly so.

Experience has shown that nuclear electric power is readily
achieved technically but difficulties have been met in developing
a technology that is economically competitive with conventional
power generation methods. Happily, in recent years these dif-
ficulties have been progressively overcome.

Certain classes of power reactors, notably water-cooled con- °
verters producing saturated steam are now on the threshold of
economic competitiveness with conventional power in large in-
stallations in high fossil fuel cost areas of the country. Fore-
seeable improvements will substantially increase the areas of
competitiveness. '

Technical Conéideralions

Saturated steam reactors, however, have certain inherent
limitations. They produce relatively low temperature saturated
steam which limits their efficiencies and requires the use of
large, expensive turbines; they are only moderately effective
converters.* Consequently, converter concepts utilizing other
moderators and coolants and promising improved economics
and fuel utilization are being actively pursued with encouraging
results; early competitiveness seems assured for some of
them. All of these are “thermal”t reactors. They include the
“spectral shift” reactor, the high temperature gas-cooled re-

*They convert 0.5 to 0.7 as much material as they consume. Com-
pounded, this results in doubling to tripling the energy finally made
available,

tIn a ‘‘thermal’”’ reactor most of the fission neutrons are slowed-
down (moderated) before interacting with the nuclear materials; this is
accomplished through many collisions with light nuclei such as hydro-
gen (in water or organic compounds), carbon (in graphite) or beryllium,
In a ‘“fast’’ reactor, little or no moderation is used, so that most of the
neutrons retain the high energies and velocities with which they were
emitted in the fission process. ‘‘Intermediate’’ reactors lie between,



actor, and the sodium-graphite reactor. All have relatively high
efficiencies and excellent economic promise. The first two will
have excellent conversion ratios; indeed they may eventually be
made to breed in the thorium-uranium cycle.* The sodium-
graphite reactor can achieve quite high temperatures, has good
safety features and helps develop the liquid sodium technology
necessary for fast breeders. The heavy water moderated reac-
tor also shows promise of high conversion ratios but present
designs are not so attractive economically as other types in the
United States. The organic-cooled and -moderated reactor may
have application for process heat. Some of these should be car-
ried to the stage of operating prototypes during the next several
years, and some will reach the full-scale operational phase by
the early 1970’s. Operating reactors of these types will help ac-
celerate the industry, will increase operating experience and
will help provide plutonium needed for the breeder program.

Although much technical progress has been made, breeder
reactors have not yet reached an economically useful stage of
development. Even when they do, they will not, initially at least,
make new material fast enough to provide the fuel for new
plants at the rate required if nuclear power is to increase its
proportional share of the national electric power load. Hence,
even after breeders become available, it will be necessary to
fuel some portion of the installations with uranium-235 until
such time as improved breeding gains and reductions in the
relative rate of growth in power consumption enable the breeders
to be self-sufficient. For the thermal reactors used to make
U-233 from thorium, this need can be met by substituting U-235
for U-233 in some of them, at a sacrifice in fuel produced. A
similar procedure would, however, be uneconomic in the “fast”
reactors required to breed plutonium. Hence, in the transition
stage, which will last for many decades, fast breeders that burn
as well as make plutonium will probably be augmented by ther-
mal converters burning U-235 and producing plutonium at a
slower rate. This need will enhance the desirability of the more
advanced converters both for economic reasons and because it
is important that the combination of breeders and converters
reaches an overall net breeding capability, or very nearly so,
while relatively cheap fuel supplies are still available.

In our opinion, economic nuclear power is so near at hand
that only a modest additional incentive is required to initiate its
appreciable early use by the utilities. Should this occur the
normal economic processes would, we feel, result in expansion
at a rapid rate. The Government’s investment would be aug-
mented manyfold by industry. Equipment manufacturers could
finance major technical developments, thus reducing the future
need for Government participation.

*See footnote, page 7.
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Continuation of the Commission’s present effort, with some
augmentation in support for the power demonstration pro-
gram, and with program adjustments to give added emphasis to
breeders, would, we believe, provide industry with the needed
stimulus to build a significant number of large reactors in the
near future, would bring.nuclear power-to a competitive status -
with conventional power throughout most of the country during
the 1970’s, and would make breeder reactors economically
attractive by the 1980’s.

Under these conditions, we estimate that by the end of the
century nuclear power would be assuming the total increase in
national electric energy requirements and would be providing
half the energy generated.* This rate of progress, projected
into the next century, would be an important step in conserva-
tion of the fossil fuels and, unless breeders lagged the con-
verters much more than we predlct would raise no problems
in nuclear fuel supplies. :

Under conservative cost assumptions, it is estimated that by
the end of the century the above projected use of nuclear power
would result in cumulative savings in generation costs of about
$30 billion.tf The annual saving would be between $4 and $5
billion. High cost power areas would no longer exist, since, in
the absence of significant fuel transportation expenses, the cost
of nuclear power is essentially the same everywhere. This would
be an economic boon to areas of high cost fossil fuels and, by
enabling them to compete better, should increase the industrial
potential of the entire country.

More generally, the introduction of nuclear power te'chnology
on a significant scale would add to the health and vigor of our
industry and general economy. Technical progress would assist
the 'space and military programs and have other ancillary
benefits, Our international leadership in the field would be
maintained, with benefit to our prestige and our foreign trade.
Nuclear power could also improve our defense posture; it would
not burden the transportation system during national emergen-
cies; furthermore, the ‘“containment” required for safety reasons
could, if desired, be achieved at little, if any, extra cost by
underground installations, thus “hardening” the plants against

nuclear attack.

A substantlally lesser program would sharply reduce these
benefits. Too great a slowdown could result in losing significant
portions of industry’s present nuclear capability thereby seri-

*Since, by Federal Power Commission estimates, the total use of
electric energy will grow tenfold in the same period, fossil fuel con-
sumption for this purpose would still increase by a factor of from four
to five.

t At 5% interest these cumulative savings would have a discounted
value of about $10 billion in 1970,
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ously delaying the time at which it would assume a major share
of the development costs,

On the other hand we do not believe that a major step-up in
the whole Commission program is appropriate. Taken as a
whole, support of the scientists and engineers engaged in
developmental work is about adequate and, in view of the
country’s other needs, it would seem unwarranted to increase
appreciably such manpower in this field.

To summarize we have concluded that the nuclear power
program should continue on an expeditious basis. Commission
support should continue with added emphasis on stimulating in-
dustrial participation. The program should include: (1) early
construction of plants of the presently most competitive reactor
types; (2) development, construction and demonstration of ad-
vanced converters to improve the economics and the use of
nuclear fuels; (3) intensive development and, later, demonstra-
tion of breeder reactors to fill the long-range needs of utilizing
fertile as well as fissile fuels,

An important corollary area is the development of econom-
ical chemical reprocessing methods whereby useful fissile and
fertile materials are recaptured from used fuel assemblies and
the fission products are removed. Another important line of
work concerns the ultimate storage or disposal of the large
amounts of radioactive fission products that will be generated
when a major power industry comes into being,

An overriding consideration is that of safety. Not only must
inherent safety be assured in fact but its existence must be
conclusively demonstrated to the public. Withadequate technical
improvements and the accumulation of satisfactory experience, it
should be possible gradually to remove many of the siting restric-
tions in force today, thus permitting plant locations closer to
the large load centers,

Possible Construction Program

A composite construction program for the next dozen years
might entail the following: (1) the construction and placing into
operation of seven or eight power-producing prototype reac-
tors, approximately half of which would be advanced converters
and the rest breeders; most of their cost would probably be
borne by the AEC; (2) assistance, as necessary, to iridustry in
the construction of 10—12 full-scale power plants of improving
design as time goes on; hopefully, industry will concurrently
bear full costs of many more of well proven design.

This construction would, of course, be backed by specific
development programs directed at the more advanced reactor
types, especially breeders, and by research and development
related to the underlying technology.

12
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Legal, Financial and Administrative Matters

Careful attention must be paid to several legal, financial and
administrative questions, among them (1) private ownership of
nuclear materials and related policies on fuel pricing and
“toll enrichment”;.(2) policies relating to the raw material and
other supporting industries; (3) licensing and regulation, in-
cluding reactor siting criteria,

The commission has recommended that private ownership of
special nuclear materials be authorized at an early date, thus
permitting the free play of normal economic forces and minimiz-
ing economic distortions of the technology. To prevent sudden
dislocations such ownership should not be made mandatory fo
a decade or so, - :

The Commission further believes that a policy of “toll en-
richment” or equivalent should be adopted. Industry could then
buy its raw materials on the open market, use privately owned
plants to prepare them for enrichment, and depend upon the
Government only for the actual enrichment in the diffusion
plants. This service should also be extended to our friends
abroad, subject to proper safeguards against diversion for
military use.

Before and during the period of transition to private owner-
ship the value set by the Commission on enriched uranium
for lease or sale should, as at present, be determined by the
actual cost, with appropriate allowances for depreciation and
other indirect expenses. The Commission has recommended
that prices for the purchase of plutonium be in accordance with
its “near-term” value as a reactor fuel, We believe that con-
sideration should be given to scaling the price in accordance
with the content of fissionable isotopes. The same pricing
policies should apply to purchases abroad of plutonium made
from uranium enriched in the U, S,

The Commission’s contracts with uranium miners and proc-
essors expire at the end of 1966. Since it seems probable that
the requirements for new uranium for weapons, the dominating
use to date, will decrease in the next decade, careful planning
is necessary to so guide further procurement that the uranium
industry will be kept viable during any slack period before
civilian power creates another large demand. With this in mind
the Commission is planning to offer the industry a “stretch-
out” program under which an AEC commitment t6 purchase ad-
ditional material after January 1, 1967 would be used as an -
incentive to induce industry to delay until after that date
delivery of part of the uranium presently under contract. If
successful, this program would result in a leveling-off process
that should carry through the period of slack use without
injuring the industry substantially or resulting in anunreasonably
large surplus.
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The Commission intends to continue and extend encourage-
ment to the industrial activities ancillary to the major equip-
ment industry. Many that could start on a small scale are
already well underway. There are, however, a few activities,
such as the chemical separation of used fuels, that are at-
tractive to industry only on a fairly substantial scale and for
which there will be little private business until civilian reactors
have operated for an appreciable period. Strong encouragement
is being given to private industry to embark in these fields with
some prospect of success. As rapidly as a private capability
comes into being the Commission should withdraw from all such
work deriving from industry and should utilize private plants
to fill its own requirements except, perhaps, for those related
to materials for weapons.

Recognizing that simplifying and streamlining licensing and
regulatory procedures can be a major help in encouraging the
utility industry to adopt nuclear power, the Congress and the
AEC have been taking steps in this direction. A major step is
the recent enactment of laws that will reduce greatly the num-
ber of mandatory public hearings for reactor licensing. The
Commission is studying means of simplifying its own licensing
procedures by reducing the volume and complexity of ad-
ministrative processes. Further operating experience should
reduce the time and effort required for technical analysis and
review,

Objectives for the Future

Clearly: The overall objective of the Commission’s nuclear
power program should be to foster and support the growing use
of nuclear energy and, importantly, to guide the program in
such directions as to make possible the exploitation of the vast
energy resources latent in the fertile materials, uranium-238
and thorium,

More specific objectives may be summarized as follows:

1, The demonstration of economic nuclear power by assuring
the construction of plants incorporating the presently most
competitive reactor types;

2. The early establishment of a sel-sufficient and growing
nuclear power industry that will assume an increasing
share of the development costs;

3. The development of improved converter and, later, breeder
reactors to convert the fertile isotppes to fissionable ones,
thus making available the full potential of the nuclear fuels.

4, The maintenance of U. S, technological leadership in the
worid by means of a vigorous domestic nuclear power
program and appropriate cooperation with, and assistance
to, our friends abroad.

14




L

U

The role of the Commission in achieving these objectives
must be one of positive and vigorous leadership, both to achieve
the technical goals and to assure growing participation by the
equipment and utility industry as nuclear power becomes
economic in increasing areas of this country and the world at
large.
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The Need for Nuclear Power

Nuclear Energy as a Resource

Next to the land, the water, and the air, without which we could
not exist at all, energy is by far the most important of our ter-
restrial resources. Without it our industrial society would be
impossible. In common with the other three it has no substitute.

Today’s society depends almost entirely upon energy origi-
nating in the sun, The vast bulk of this has been stored during
hundreds of millions of years in the form of fossil hydrocar-
bons such as coal and oil. The storage process proceeds so
slowly that, in terms of foreseeable human history, replenish-
ment must be considered negligible. Although the supply is vast,
we are consuming these materials at such a rapidly increasing
rate that if not supplemented they will begin to approach ex-
haustion within the span of a few generations,

The domestic fuel situation can be understood by reference
to Figures 1 and 2, showing on an annual rate and on a cumula-
tive basis respectively, various estimates* of future use of
fossil fuels in the U. S., and, in Figure 2, authoritative esti-
mates of our total reserves. _

The total energy contained in our recoverable fossil fuels of
all grades is variously estimated to be between 30 Qf (Energy
Study by the Committee on Natural Resources of the National
Academy of Sciences; National Fuels and Energy Study of the
Committee on Interior and Insular Affairs of the United States
Senate) and 130 Q (Energy Policy Staff; Department of the In-
terior).t The primary causes of the spread are apparently dif-
ferences in estimates as to the quantity of “marginal resources”
(e.g., coal in thin veins and/or at great depths), differences in
assessments of the feasibility and cost of recovering such mar-

*As indicated by dashed lines on the figures we have extrapolated
somewhat farther than did the authors of the estimates. In doing so, we
have used the same mathematical formulae as did they, although, of
course, they did not assert them to have validity for such longer term
extrapolations.

tIn discussing total energy reserves or cumulative energy consump-
tion, unwieldy numbers are avoided by using a very large unit, the Q
(for quintillion) equal to one billion-billion British thermal units (BTU)
or 25 billion-billion kilocalories of energy. This is equivalent to the
energy available in approximately 40 billion tons of average high-grade
coal, The U. S. currently consumes about ‘/20 Q per year.

1Geological Survey Bulletin 1136, ‘“Coal Reserves of the United
States’’ estimated remaining recoverable reserves of fossil fuels in the
U. S. at 25.7 Q. (Page 98).
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ginal resources, and different assumptions as to the fraction
actually recovered in a given operation; there is little disagree-
ment on the amount of readily recoverable reserves. The In-
terior Department believes that of its total estimate about 6 Q
can be mined at present cost with known technology and, say, an
additional 25 Q at 10% to 15% higher costs, provided the tech-
nology of mining exploration and extraction is much 1mproved
by further research. The remainder would presumably be in-
creasingly expensive with inaccessibility, to a degree depending
upon the effectiveness of new technologmal methods.

Although our current consumption of slightly less than .05Q
per year is small compared to the above figures, the rate is in-
creasing o rapidly as soon to be far from negligible. Est1mates.
of future consumption use past expenence to derive estimates
of future growth in population and in per capita use. of energy.
For example, curve A in each figure represents an. extrapola—
tion of experience during the past 60 years, when the average
increase in annual fuel consumption was 2.04%, or a. doubling
every 30 years. It is probably conservatwe, at least for the next
few decades, since the past increases would hayve been much
greater had it not been for improved efficiency of use which is
now beginning to approach theoretical limits in certain impor-
tant fields.

The estimate represented by curve B is based on more recent
experience. It is an extrapolation of an estimate for the year.
1980, made by the National Fuels and Energy Study of the Com-
mittee on Interior and Insular Affairs of the United States Sen-
ate and is the mean, in terms of relative increase in consump-
tion, among several. estimates furnished us by the Department-
of the Interior. It can be thought of as a composite of the 1.75%
annual rate of population growth during the past decade and a
1.5% annual rate of increase. in per capita use.* This seems to
us a reasonable. estimate for the next few decades, but popula-
tion pressures and a tendency to saturation in per capita use
seem likely to result in a levehngéoff process in the more dis-
tant future. For illustrative purposes we have constructed
curves C, in which the average decrement in the relative rate
of population growth since 1850 has been applied to the extrapo-
lated population figurest and an arbitrary decrement has been
applied to the relative rate of increase in per capita consump-
tion such as to halve it each 100 years. (The latter would still
result in tripling the per capita use during the next century.)

* The average annual increase in per capita use during the past dec-
ade was about 1%.

t The annual rate of population increase declined from approx1mate1y
3.5% per year in the 1850’s to 1.75% during the 1950’s. The formula
used predicts a population of about 320 million in 2000 A.D. and, if ex-
tended indefinitely, would saturate at about one billion.



As can be seen, different combinations of the estimates of
fuel reserves and of cumulative uses would predict that, if no
supplementary forms of energy were utilized, we would exhaust
our readily available, low-cost supplies of fossil fuels in from
75 to 100 years and our presently visualized total supplies in
from 150 to 200 years. Even if ultimate exhaustion of these ma-
terials were made tenable by the introduction of acceptable sub-
stitutes for every purpose, the transition would not be made
suddenly. Long before the point of exhaustion of the fossil fuels,
we would be obliged to taper off their use, passing through a
maximum, perhaps within the life-span of persons now alive.

The fossil fuel resources of the world at large are relatively
more limited. With but 6% of the world’s population, it is esti-
mated that the United States has approximately 30% of the
world’s reserves of fossil fuels.* The remainder of the world
is consuming its reserves at approximately the same fractional
rate as we but has been increasing its consumption two to three
times as rapidly.t The rapid growth of technology in the less
advanced areas— which we are endeavoring to foster—will
tend to accelerate this relative increase. Hence, unless we ex-
port fuel, the non-U. S. supply will be exhausted considerably

before our own. In any case, it seems certain that dependence

on foreign sources cannot assist materially the long-range con-
servation of our total domestic resources of fossil fuels. {

The long-range prospect should concern us even when con-
sidered only in the gross. It is more impressive in detail, In
many important applications the fossil fuels have special ad-
vantages that are not matched, at least directly, by their fore-
seeable large-scale substitutes such as fission, fusion, or solar
energy. Such substitutes are not directly applicable, for ex-
ample, to small mobile power units such as the internal com-
bustion engines that drive our autos and our aircraft, although
in time effective energy conversion schemes may be developed
to make them indirectly- so. Fossil hydrocarbons are essential
in the iron and steel industry and other metallurgical applica-
tions, Furthermore, these hydrocarbons represent a priceless
heritage of complex molecular substances, the possible uses
for which are only beginning to be realized.

The conclusion seems inescapable: We should, with reason-
able expedition, supplement the use of fossil fuels in those ap-
plications for which technically satisfactory and reasonably

*Estimate of the Energy Study of the Committee on Natural Resources
of the National Academy of Sciences.

tConsumption rates from the United Nations Statistical Papers
‘“‘World Energy Supplies,’’ Series J, No. 1 to 5. The estimates have
taken account of present import rates.

1This statement does not necessarily apply in detail, for example, to
petroleum; however, oil represents only a small fraction of the total
resources.
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economic Substitutes. can be utilized on a significant scale.*

As implied in the above conclusion, the ability of any potential
source appreciably to supplement our total energy supply rests
on positive answers to two questions: (1) Are there technically
feasible and economically reasonable ways to utilize the source,
and (2) are the potential uses and the available supply of suf-
ficient size to be quantitatively significant? Such positive an-
swers are indeed applicable to important uses of nuclear
energy. '

Of the two forms of nuclear interactions from which energy
can presently be derived, fission and fusion, only the former
can now be made to occur in a controlled manner. Whether or
not methods of producing controlled and useful fusion reactions
can also be developed is not yet predictable. It seems likely
that, at best, useful controlled fusion devices are far in the
future and that, if they do eventuate, they will be economically
feasible only in extremely large installations. Accordingly, our
discussions will be confined to the fission reaction.

A major portion of our consumption of fossil fuels is for the
simple purpose of providing heat—heat to make steam for
driving turbines, heat for use in industrial processes, heat to
warm buildings. Now the nature of a nuclear fission reactor is
such that most of the fission energy ultimately appears in the
form of heat, applicable to the same purposes as that derived
from fossil fuels.

There are, to be sure, certain limitations. Itis characteristic
of nuclear reactors that they must, at best, be relatively large
and must usually be surrounded by massive radiation shields,
Furthermore, the unit costs for energy become attractive only
on a large-scale basis. Hence, their feasible uses are confined
to fixed installations—or to large, mobile units suchas ships—
where there is a large local need or where some energy dis-
tribution method can be utilized efficiently.t Another restric-
tion, hopefully diminishing with knowledge and experience,
results from the fact that, for safety reasons, prudence now
dictates placing large reactors fairly far away from population
centers.

Two large-scale industrial applications of nuclear energy are
technically feasible—electric power generation and process
heat, These uses of fuel now account respectively for approxi-
mately 20% and 30% of the fossil fuel consumption in the country
and electric power is rapidly increasing its fraction. Nuclear

*Though recognizing the possibilities, the Commission has not given
detailed attention to the corollary matter of conserving fossil fuels
through more judicious use, e.g., by encouraging the use of less power-
ful, and hence less wasteful, automobile engines. :

+This analysis does not consider such applications as in space, where
shielding is unnecessary, or that and certain military applications where
economics are a secondary consideration.
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energy is economically reasonable for both. Indeed, inhigh-cost
fuel areas of the country, nuclear electric power is on or near
the threshold of being competitive in large units now. Undoubt-
edly, it could, in the relatively near future, also become com-
petitive for many large-scale process heat applications if
aggressively developed. In the more distant future nuclear re-
actors may well also provide an important direct source for
space heating in areas of concentrated use, provided attention
is given to appropriate distribution methods and safety can be
assured. Furthermore, at any time the economics permit, nu-
clear energy can provide heat through an electric link.

Thus nuclear energy is directly applicable to a significant
fraction of our total energy needs. There remains the question
as to whether or not our supplies of nuclear fuel are sufficient
to meet all, or a substantial fraction, of this need over a long
period of time. The answer is complicated. The fissionable ma-
terial found in nature is confined to uranium-235, constituting
only T/w of 1 percent of natural uranium. The fission energy de-
rivable from this isotope in the known and estimated United
States reserves of uranium that could be mined at costs not
much in excess of those of the high-grade ores being mined
today is estimated to be less than 1 Q. (See columns 1 and 2 of
Table I.) Thus, if this were our only potential source, the con-
tribution to our total energy reserves would scarcely be worth
the developmental cost. Fortunately, however, this is but a
fraction of the story. A reactor containing uranium-238 or tho-
rium in addition to its fissionable material, can be made to
create additional fissionable material, part of which is “burned”
in situ; the remainder can be reclaimed to serve as fuel in
the same or other reactors. The new fissionable materials
made by this “conversion” process are plutonium, made from
uranium-238, and uranium-233, made from thorium.* Further-
more, some classes of reactors can be made to produce more
fissionable material than they consume. This process is known
as “breeding.”

Breeding will make available as potential fuel all the uranium
and all the thorium instead of only the uranium-235., Thus, the
potential of a given amount of uranium is multiplied by, say,
100, there being some inevitable losses in the cycling process.
Furthermore, and importantly, this factor renders relatively
unimportant the original cost of mining the uranium or tho-
rium, thus opening up for potential use vast quantities of low-
grade ore (Table I), Indeed, uranium and thorium in only trace
amounts, as in the granite rocks, can be considered part of the
economical reserves which, on this basis, are almost limitless.{

*Because of this potentiality, uranium-238 and thorium are referred
to as ‘““fertile’’ materials.

tEven at only 50 grams of uranium or thorium per ton of rock, the
energy required for processing is small compared to that latent in the
nuclear fuel.
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TABLE I— FISSION ENERGY CONTENT OF DOMESTIC
NUCLEAR RESOURCES! '

Energy in Total Energy Content,
U-235, Q Q
Cost Range, Reasonably o Reasonably
$ per Pound Assured Estimated Total Assured Estimated Total
of Oxide? Resources Resources? Resources Resources®
I Uranium .

0-10 0.164 0.4¢ 224 504
10—30 0.17 0.3 24 ' 40
30-100° 5 10 700 1,400

100-500° 220 900 30,000 120,000
II Thorium

0-10 does not apply 6% 258
10-30 does not apply . 6° : 136
30-100° does not apply 700 . 2,200

100—500° does not apply 63,000 190,000

'The magnitude of the resources has been estimated by the USAEC. The
energy unit, the Q, equals one billion billion BTU, or 0.252 billion billion
kilocalories. The fission energy content is presented on the basis that all
the resource material will ultimately fission after being recycled through
reactor cores in refabricated fuel. The figures do not take account of
losses during fuel recycling and other relatively minor losses.

lpresent Commission contracts call for a price of $8.00 per pound of
uranium oxide. Its present open market price would be somewhat less.
Market prices have not been established for thorium oxide on a significant
scale.

3Includes geologic estimates of future discoveries.

Yincludes uranium already mined, most of which still exists as uranium.

SCost based on recovery of both uranium and thorium from granite, and
only uranium from shale and phosphate rock. :

GIncomplete estimate because of lack of data.

The enormous size of the nuclear fuel reserves, dwarfing as. .
they do the fossil fuels, makes their development and exploita-
tion of increasing and long-lasting importance; they can meet
our energy needs for the indefinite future. Nuclear energy will
account for a larger and larger share of our energy consump-
tion and ultimately will predominate. As need arises and tech-
nology and economms permit, its use can be expanded by
energy conversion methods, for example, by increased depend-
ence on electric power as an intermediate link and by the use of
chemical fuel cells for small mobile units. Properly utilized
nuclear energy will make it possible to reserve substantial
quantities of fossil hydrocarbons to meet long-range needs for
which they are especially suited.

Thus, the utilization of nuclear energy fulfills our three con-
ditions. It is technically feasible, it is economically reasonable,
and it can be done on a massive scale, We conclude, therefore,
that nuclear energy can and should make an important and,
eventually a vital contribution toward meeting our long-term
energy requirements.

23




Benefits of Nuclear Electric Power

Granted the long-term need for exploiting nuclear energy as
a necessary resource, let us examine the nearer-term advan-
tages to be derived from nuclear-electric power. As with any
new technology, its development and widespread use would add
to the health and vigor of our general industrial economy. The
technical developments would continue to interact with those

directed toward space and military applications of atomic en-

ergy, to the mutual benefit of all. The availability of an
alternative economic energy source would allow flexibility in
methods -of approach to different situations and lend the pos-
sibility of opening up new fields. For example, the develop-
ments to date have brought to light the promising possibility of
utilizing reactor heat for the economic large-scale desaliniza-
tion of water by the distillation process. Anadditional, competi-
tive source of energy would give a healthy stimulus to our
conventional power and fuel supplying industries. It would
provide incentive, as indeed the prospect has already, for
greater efforts to improve technology and minimize the costs
of conventional power.

A feeling for the magnitude of the potential impact of our
technology and economy can be gained from the fact that the
annual rate of spending for new plants by the utility industries,
currently about 10% of that for all industrial construction, is
expected to reach approximately $6.5 billion by 1980 and
$20 billion by 2000 A.D. Approximately 60% of this would be
for the steam generating equipment. At projected conventional
rates the annual cost of generating electric power is expected
to exceed §$15 billion by 1980 and to approach $50 billion by
the year 2000,

There can be substantial savings to consumers from the use
of nuclear ﬁower. The first to be forthcoming results from a
unique economic feature. The generating cost of nuclear power
is almost entirely independent of the area in which it is in-
stalled, since transportation costs for fuel are relatively
minor. In contrast, for conventional power fuel transportation
costs cause a range of nearly three to two in unit generating
costs between the most expensive and the cheapest areas,
As a result the average cost for power generation in the
country is approximately 20% higher than in the areas of lowest
cost, With the present power distribution and at the present
differential rates, this 20% would, if continued; amount to
almost $3 billion annually in 1980 and $10 billion in the year
2000, .

In our opinion, nuclear power is on the threshold of being
competitive with conventional power in the highest fuel cost

~ areas. With further cost reductions it can, if used, increas-

ingly reduce the inter-area differential in power generation
costs and eventually place the entire country on an equal
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basis,* Such a change would be an economic boon to the regions
where costs of fossil fuels are high. In addition to saving
substantial sums for the consumers, it would encourage addi-
tional industrial development in such regions and henceincrease
the industrial and economic potential of the nation. An interest-
ing technological effect would be that the reduction in electric
rates relative to fuel rates would tend to encourage incréased
use of electric power for industrial and space heating purposes.

There are important international implications. As stated
earlier, the United States has more thanits proportionate amount
of the world’s resources of the fossil fuels; many parts of the
world have none at all, Consequently, nuclear power has even
greater application in many other countries than in this; indeed,
in some there is an immediate need. There are vigorous nu-
clear power programs in Western Europe and in Japan, which
must import most of their fuel. India and other less technologi-
cally developed nations are embarking on important programs.
With a few exceptions the various countries look to us and to a

. very few others for technological assistance and as a source of

nuclear power equipment. So far the United States has led in the
sale of such equipment. .

The maintenance of a position of technological leadership in
nuclear power will enable us to maintain an important position
in the affairs of the International Atomic Energy Agency. In our
opinion, the role of this Agency should be a vital one when nu-
clear power comes into widespread use. In particular, through
its safeguards systems, it will be the best mechanism to assure -
that nuclear materials are not diverted to military purposes in
nations not otherwise possessing resources for a nuclear weap-
ons program.

Thus it is clearly to the advantage of the U, S, to maintain
world leadership in the nuclear powerfield. A vigorous domestic
power program will help enable us to do so.

Nuclear power could also have a bearing on the defense
posture of the country. The nature of the fuel makes trans-
portation requirements very small, Hence, in periods of na-
tional emergency, nuclear installations would not put a burden
on our transportation systems; in case of actual attack upon
the country, installations that survived need not be paralyzed
for lack of fuel, even though the transportation system actually
broke down., Furthermore, it would be quite feasible and
relatively cheap to locate our power installations underground
so that many of them could continue operation even after a
large-scale attack. Even though the distribution systems were

*The introduction of nuclear power will, of course, be gradual. The
power generated by conventional plants will continue to increase for at
least several decades, and consumption of fossil fuels, especially coal,
will increase accordingly. See page 61.
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temporarily disrupted, the existence of operable plants would
greatly hasten post-hostility recovery.

A further advantage of nuclear power relates to the in-
creasing smoke pollution of the atmosphere as the use of coal
increases. Nuclear power does not contribute to this problem.
Its waste disposal problem is of a different nature; it will be
discussed in a later section,

In summary we see that nuclear-electrie power holds enor-
mous possibilities—as an important means of exploiting a large
new energy resource; as an economic advantage, especially to
areas where fossil fuel costs are high; as an important contribu-
tor to new industrial technology and to our technological world
leadership; as a significant element in our international posture;
and potentially as a means of strengthening our defense posture.
From all these and other factors we conclude that the develop-
ment and exploitation of nuclear-electric power is clearlyin the

short- and long-term national interest and should be vigorously
pursued.
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The Role of Government

The continuing availability of abundant and economic sources of
energy is a matter of concern to all the people. To assure that
availability is, therefore, clearly a responsibility of Government.
The Atomic Energy Act recognizes this responsibility in the
case of nuclear energy.

Unlike such revolutions as those introducing the railroad, the
automobile, the airplane, the telephone, the radio, and, indeed,
electric power itself, the large-scale use of nuclear energy for
electric power generation will not result in qualitatively new
capabilities, Its public marketability will be based almost
completely on economic factors. Hence, working within our
free economy, the Government can best assure widespread use
of nuclear energy by fostering developments that make such use
economically attractive. o

The economics has two aspects: (1) The costs of initially
developing the technology; and (2) the costs of manufacturing
and using nuclear power plants vis-a-vis the costs of more
conventional methods.

The development of even a fairly simple nuclear reactor
concept is an expensive process, both because of the com-
plexities involved in the development of individual components
and processes, especially those involving radiation, and be-
cause operating units, even of a scaled-down test variety, must
of necessity be large and costly. Hence, a large investment was
required of someone before safe and®efficient operating units
could be designed and built, Since the product does not meet
some hitherto unfilled need but rather must depend for its
marketability upon purely economic advantages which, for some
time, will be small compared to the investment, industry could
not have afforded to undertake the development by itself. The
Government must clearly play a role.

Even a well-developed nuclear technology would notbe utilized
unless its manufacturing and operating costs were at least
competitive with those of more conventional methods. Hence
the task of government includes assuring that technological
developments are carried to the point where, with appropriate
encouragement and support, industry can provide nuclear power
installations of overall economic attractiveness sufficient to
induce public- andinvestor-ownedutilitiesto install them at their
own expense. Once this is achieved, and nuclear power becomes
a profitable endeavor, normal economic incentives will bring
about a growing business. The Government’s investment will
be augmented manyfold by industry. The equipment manufac-
turers can finance major technical development programs,
reducing, and finally removing, the burden on the Government.
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Hence, the creation of a self-sustaining and growing nuclear
power industry should be a prime objective of the program,

The developmental and promotional programs to attain these
ends must, of course, be carried out in such a way that both
short- and long-term goals are reached—that the economic,
technological and other immediate benefits are expeditiously
realized, that the total energy latent in our nuclear reserves
is made available and that a significant contribution is made
toward conservation of our fossil fuels, Hence, it is essential
that, within a reasonably short time, the goal should be attained
of making breeder reactors technologically and economically
attractive. The Government must take the lead in this regard.

Thus, the proper role of Governmentis to take the lead in de-
veloping and demonstrating the technology in such ways that
natural economic forces will promote industrial applications
and lead to a self-sustaining and growing nuclear power indus-
try; the program should be guided in such directions that those
economic forces will work toward ends in the public interest,
including the long-range conservation of both our fossil and our
nuclear fuel resources.
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The Present Situation

In bringing the civilian nuclear power program to its present
stage, the Atomic Energy Commission has carried out and en-
couraged a national program, aimed first at obtaining the basic
scientific and engineering data needed for proof of technical
feasibility of the more promising approaches to nuclear power
generation, and second at demonstrating the actual or potential
economic feasibility of such approaches. The program has
leaned heavily upon, indeed it started from, technical knowledge
gained in other reactor programs— notably “production” reac-
tors for making plutonium, naval propulsion reactors, and
“research” reactors used for scientific purposes. It has also
been vitally assisted by the existence of several AEC produc-
tion facilities, notably the large and efficient gaseous diffusion
plants for enriched uranium-235, the production reactors for
plutonium, and the chemical separation plants.

The scope of the program to date has been purposely kept
very broad, Not only has it included a whole spectrum of
reactor classes from almost pure burners to fast breeders,
but, in each general class, technical and economic uncertain-
ties have prompted many avenues of approach. The program
has included two distinguishable but interlocking phases:

1. A research and development program on a laboratory
scale to investigate and understand the basic science and to
develop and prove out the general technology. This program,
predominantly at AEC expense, has included work in the
National Laboratories and other Government-owned facilities
and in laboratories of the nuclear industry. It includes basic
and applied research in physics, chemistry and metallurgy;
development work on reactor components such as fuel ele-
ments, structural materials, moderators, coolants, and such
external system components as heat exchangers, pumps,
etc.—and the development of processes such as chemical
reprocessing, fuel fabrication and waste disposal. Knowledge
of reactor behavior is acquired through ‘“exponential” and
“critical” experiments to investigate the physics of the chain
reaction and through reactor “experiments” to study the
behavior of complete reactor systems,

2. A “power demonstration” program of utility installa-
tions to verify technology in actual practice, to yield eco-
nomic information and to provide experience on which to
base improvements. This includes Commission-owned, public
utility-operated “prototypes”, usually reduced in scale from
current utility practice, and utility-owned installations which
the Commission has assisted to various degrees.
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The arrangement for the Commission-owned prototypes,
usually on publicly-owned utility grids, has been that steam
produced in a Commission-built and -owned reactor is fed to
electric generating facilities owned by the utility. The utility
operates the entire installation with appropriate financial
arrangements covering operating costs and the market value
of the steam. Most such operating contracts are of 5-year
duration, with the utility holding an option to purchase the
reactor at a price commensurate with its utilitarian value at
the end of that period. An exception is the Commission-
owned reactor at Shippingport, Pennsylvania, operated by
the investor-owned Duquesne Electric Company which, during
the first 4 years of operation, absorbed a significant portion
of the operating loss, C
- Various forms of assistance have been given to investor-
owned utilities to encourage them to construct their own
nuclear plants. These include research and development as-
sistance to the fabricator; the use of government-owned fuel
at government interest rates, plus a charge for fuel consumed
and, in some instances, a waiver of interest (“use”) charges
during the first five years of operation., Offers of assistance
have been made in such a way as to encourage various
utilities, especially those requiring small plants, to adopt
a variety of reactor plants and thus help demonstrate their
feasibility.

To date, the Commission has spent approximately $1.275
billion* specifically on the civilian power program, including
$275 million for the development, construction and operation of
Commission-owned reactors on utility grids, and $37 million
for development assistance on utility-owned installations. The
present annual rate of expenditure is approximately $200
million,* During the past several years industry has spent
approximately $500 million, mostly for plant construction but
also for laboratory and other development facilities and for
development work.

Significant progress has been made in the 9 years since
authorization of the Shippingport reactor, the first built pri-
marily for the generation of central station power. In addition
to great technical progress all along the line, costs have been
reduced, from the first actual experience of about 50 mills
per kwh at the Shippingport prototype reactor in 1958 to less
than 10 mills per kwh for full-scale plants now in existence
and an estimated 5.5 to 6 mills for a large plant to be built in
the near future at Bodega Bay, California.

*These figures are somewhat indefinite since they include a rather
arbitrary assignment of the costs of research and development pro-
grams contributing technical results to other programs as well.
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In addition to the Government-owned Shippingport pressurized
water reactor,* which has generated 1.36 billion kilowatt hours
of electric power, and privately-owned “Yankee” pressurized
water reactor in Massachusetts, and the “Dresden” boiling
water reactor plant, built without Government assistance in
Illinois, have generated 1,45 and 2.43 billion kilowatt hours,
respectively.t Recently placed in operation are the Consolidated
Edison pressurized water reactor plant in New York, also
built wholly with private capital, an AEC-owned sodium-
graphite reactor in a plant of the Consumers Public Power
District of Nebraska and a boiling water reactor owned by the
Consumers Power Company in Michigan, They will bring the
total nuclear electric generating capacity in the country to
approximately 850,000 kilowatts, about 0.5% of.our total in-
stalled capacity. Seven other central station nuclear power
plants are scheduled to start operation in the next few months.
Table II lists these and other less complete power installations,
together with their capacities and types. The list does not
include five small experimental plants, of which two are
privately owned.

In addition to the previously mentioned assistance gamed
from other techmcal programs and from AEC production
facilities, the program has been aided by a number of cir-
cumstances, including: (1) The policy of both the Executive
Branch and the Congress to bring industry actively into the
development; (2) the optimism, indeed the over-optimism, on
the part of many people in the early years; (3) the prestige to
be derived by private utilities from engaging in this develop-
ment rather than leaving it entirely to public bodies; and (4)
the incentive of international prestige and international trade;
this was accentuated by the Suez crisis of 1956-57 which made
all Europe more concerned about its fuel supply and spurred
them to vigorous efforts, in many of whichthe U. S. has actively
participated. (Continental European countries alone have spent
some $200 million in their first five years of operation and the
United Kingdom has spent even larger sums and is presently
spending nearly $100 million per year.)

Experience has verified the fact that at the present tlme
construction costs and, hence, capital charges assignable to .
generating costs are higher for nuclear than for conventional
plants,I though the margin is decreasing. On the other 'hand,
fuel cycle costs are lower for nuclear plants in appreciable

*The various reactor types named here and in Table II are described
in a subsequent technical section.

tThese totals are as of October 29, 1962.

iEstimated near-term costs for large installations are roughly $125
to $150 per kilowatt for conventional plants and $160 to $190 per kilo~
watt for nuclear plants. '
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TABLE II-—NUCLEAR POWER PLANTS OPERABLE AND BEING BUILT!

NAME

REACTOR
OWNER . OPERATOR

NUCLEAR
CAPACITY, KWE?

TYPE OF REACTOR

Part I Operating Reaclors

AEC Duguesne Light Company

Shippingport Atomic Power Station 67,000° Pressurized Water
Yankee Nuclear Power Station Yankee Atomic Electric Co.! 165,000 Pressurized Water
Consolidated Edison Consolidated Edison Co. of N, Y. 202,0005 Pressurized Water (:"
Thorium Reactor (164,000) ”
Dresden Nuclear Power Station Commonwealth Edison Company 209,000 Boiling Water
Big Rock Point Plant Consumers Power Company‘ 50,000 Boiling Water
Hallam Nuclear Power Facility AEC Consumers Public Power 82,000 Sodium Cooled and
District of Nebraska Graphite Moderated
i Part II _Reactors to be completed by the end of 1963
| Elk River Reactor AEC Rural Cooperative Power 18,000° Boiling Water C
‘ Association (16,000)
Humboldt Bay Power Plant Pacific Gas and Electric Company 50,000 Boiling Water
: Carolinas-Virginia Tube Reactor Carolinas-Virginia Nuclear Power 16,0007, Heavy Water Cooled
: Associates* (15,700) and Moderated
‘ Enrico Fermi Atomic Power Plant Power Reaclor Development Company’ 65,900 Fast Breeder
‘ Pigua Organic Moderated Reactor AEC City of Piqua, Ohio 12,500 Organic Cooled
‘ . and Moderated
| Pathfinder Atomic Power Plant Northern States Power Company® 66,000 Boiling Water, with
i : " Nuclear Superheat
| Boiling Nuclear Superheat AEC Puerto Rico Water Resources 17,300 Boiling Water, with
} Reactor Authority Nuclear Superheat
Part LIl Reactors to be completed after 1963
Experimental Gas Cooled Reactor AEC TVA 29,400 Helium Cooled and
Graphite Moderated
La Crosse Boiling Water Reactor AEC Dairyland Power Cooperative 53,500 Boiling Water
Peach Bottom Atomic Power Station  Philadelphia Electric Company" 42,200 Helium Cooled and C

Graphite Moderated

! This table includes only plants operated by utilities. It does not include a few small plants whose power is used on site or

sold in small quantities.

‘2 The gross electrical generating capacity (KWE) is given for each reactor, For plants equipped with fossil-fired steam
superheaters, this gross nuclcar electric capacity is determined by prorating the gross electric output of the plant in accord

with the respective heat outputs for the nuclear reactor and the fossil-fired superheater;the alternate figure for capacity given
in parentheses assumes the reactor could achieve 28% efficiency in éonverting reactor heat to electricity. . C
% The plant will operate at a thermal output equivalent to 150,000 KWE in 1964.
‘AEC provided assistance on research and development, and waived use charges.
5 A fossil-fired superheater brings gross capacity to 275,000 KWE,
§ A fossil-fired superheater brings gross capacity to 23,000 KWE, |
T A fossil-fired superheater hrings gross capacity to 19,000 KWE,
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areas of the country. For new plants that can now be built,
these differences plus other minor ones approximately offset
each other for large plants in the highest fuel cost areas, The
unit cost of power, of course, decreases with increased plant
capacity in both cases, but somewhat more rapidly for nuclear
than for conventional plants. Hence, nuclear plants become
economically more competitive as the size of plant increases.
The growing trend to very large installations* thus favors
nuclear power,

In order to assess the competitiveness of nuclear plants, it
is convenient to express that competitiveness in terms of fuel
costs for fossil fuel plants having the same total generating
cost. Nearly all of the central station power in the U, S. is
generated at fuel costs between 15¢ and 38¢ per million BTU.
At efficiencies now achieved in first-rate large plants, each cent
per million BTU adds approximately .085 mills per kilowatt
hour (m/kwh) to the generating cost. For such plants, other
elements in the cost, which are nearly independent of plant'
location, amount (for an enclosed plant) to approximately 2,8 to
3.0 m/kwh. Hence, total costs range, approximately, from 4.1
to 6.2 m/kwh.

Manufacturers’ current estimates indicate that a large water-
cooled nuclear plant initiated now could initially generate power
at approximately 6 m/kwh or less and, therefore, compete with
about 36¢ fuel or even lower. However, over plant lifetime the
average generating costs could go down appreciably for two
reasons: (1) If researchand development are vigorously pursued,
“pburn-up”, i.e., the energy extracted from a given fuel loading,
could be improved and thus reduce the frequency of fuel re-
processing and fabrication; this, plus technical advances in
fabrication and reprocessing techniques, would reduce the
overall .cost for fuel; (2) the operating power level, which tends
to be set very conservatively initially, could be increased,
thus decreasing the fixed charge, operating, and maintenance
cost per kilowatt hour.t We estimate that the sum of these ef-
fects could decrease the total cost by an average of 0.5 or 0.6
m/kwh, thus making the plant, over its lifetime, competitive
with about 30¢ or 31¢ fuel. If so, sucha plant would be competi-
tive with conventional plants built at the same time in areas
which now account for approximately one-third of the electrical

*At present about two-thirds of the total electric energy in the U. S.
is generated in plants of 300 megawatt (300,000 kilowatt) capacity or
greater and 40% in plants of 500 mw capacity or greater. Plants as
large as 1 million kilowatts are now being considered by utilities and
equipment manufacturers. .

tConventional plants—utilizing as they do, a highly developed tech-
nology— cannot reduce unit generating costs over plant lifetime nearly
as much as can nuclear plants in the present stage of their development.
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energy consumption in the country.* Potential savings would be
from zero in 31¢ fuel areas to about 10% of the total generating
costs in 38¢ fuel areas.

In our opinion the above facts will, when demonstrated to
their satisfaction, give to an appreciable fraction of the utility
industry sufficient economic incentive to bring about extensive
installation of nuclear electric power. A few full-scale plants
will, we believe, provide that demonstration. Indeed, increasing
numbers of utilities in high fuel cost areas are considering
nuclear plants, For example, the Pacific Gas and Electric
Company is moving forward on a plan for an entirely self-
financed 325 megawatt installation at Bodega Bay, California,
in one of the highest fuel cost areas. Relatively modest ex-
penditures for assistance by the AEC will, we believe, be suf-
ficient to assure the construction of additional plants, in other
areas,

Thus we conclude that nuclear power is on the threshold of

economic competitiveness and can soon be made competitive in

areas consuming a significant fraction of the nation’s electrical

energy; relatively modest assistance by the AEC will assure the

crossing of that threshold and bring about widespread acceptance

by the utility industry,

* Electrical energy consumed in the U.S, is distributed roughly uni-
formly over the range of fossil fuel costs (38¢ — 15¢ = 23¢ per million
BTU). Hence, once nuclear power is competitive in the areas of highest
fuel costs, each 0.1 mill/kwh reduction in its cost will add 0.1/(23 x
.085) = 5%, to the fraction of the energy consumption for which it is
competitive.
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Reactor Systems

Several types of reactors are in various stages of development.
They include both “converters” that produce less fissionable
material than they consume, and “breeders” that produce more
than they consume. The following sections will describe briefly
several of the more promising of the various types.

Converters |

The most highly developed reactors for electric power
generation are reactors that are cooled and moderated* with
“light” or ‘“normal” water and produce saturated steam. They
are of two sub-types: (1) “Pressurized-water” reactors in
which the reactor and a closed primary cooling “loop” are
entirely filled with water so that no steam is formed therein;
steam to drive the turbines is formed in a secondary loop
coupled to the primary through a heat exchanger. (2) Boiling
water reactors, in which steam is formed inthe reactor proper.
Sometimes this steam is used directly in the turbines; some-
times a secondary loop is used. :

All of the large and many of the medium and small power
installations built thus far are of these types. Although there
is still room for improvement, such as attainment of higher
temperatures, higher power density, and greater fuel “burnup”,
they have definitely “arrived”. They are reliable and safe. It
is believed that large reactors of these types could now be built
and operated in high cost fuel areas with a lifetime promise of
greater economy than conventional plants. Even better eco-
nomics can undoubtedly be achieved in the future from better
fuel performance and other general improvements.

Although at present the most economical and reliable, these
reactors have certain inherent limitations. They suffer from
the fact that they produce relatively low temperature saturated
steam, which limits their ultimate efficiencies and requires the

*The neutrons emitted from a fissioning nucleus have very high ve-
locities and are spoken of as ‘“fast’’.. They are said to be ‘“‘moderated”’
when they have been slowed down through many collisions with light
nuclei such as hydrogen (in water or organic compounds), carbon (in
graphite), or beryllium. If moderated enough to reach equilibrium at
the temperature of the reactor, they are referred to as “‘thermal’’. Be-
cause their behavior depends markedly on the neutron energy spectrum,
reactors are characterized as ‘thermal’’, “intermediate’”’, or ““fast’’.
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use of large and expensive turbines. Furthermore, they do not
have the potential of breeding and, hence, cannot make ap-
preciable use of the fertile materials on which we must depend
in the long-range future. Consequently, other converters, prom-
ising improvements inthese respects, are being actively pursued.

Among the more highly developed of these improved types
are water-cooled reactors producing super-heated steam, Vari-
ants of this basic idea include systems in which (1) steam is
produced in one reactor and superheated in another; and (2)
steam is produced and superheated in the same reactor. In
some of the latter type the steam-producing portion of the re-
actor has a thermal neutron spectrum and the superheater has
a fast one. The superheat concepts offer fairly extensive eco-
nomic incentives because of the higher temperatures, and hence
higher thermal efficiencies, than in saturated steam reactors
and because smaller, less expensive turbines can be used. The
major problem seems to be development of materials to with-
stand the superheated steam. The “Bonus” and “Pathfinder”
prototype reactors are of this type.

Also fairly well-developed though not so extensively as the
saturated steam reactors are a number of converters utilizing
other moderators and coolants. Most promise better eco-
nomics, many of them markedly so. Others have improved
conversion ratios. Still others have special characteristics
such as the type of fuel they use or the tasks they can perform,
Some reactors combine two or more of these characteristics.
Among these potentially better converters are:

1. The organic-cooled and -moderated reactor, utilizing
organic liquids for moderation and for cooling, in order to
reduce the pressure and increase the temperature in the re-
actor vessel. Although showing early promise, this develop-
ment has been plagued by a tendency of the fluids to “foul”;
that is, to form gummy substances that coat the metal sur-
faces and interfere with heat transfer. This fouling increases
markedly with temperature. Although this problem will un-
doubtedly be solved, at least for moderate temperatures, it is
not clear that this reactor has better potentialities than the
light water ones for power generation, though it may for
process heat because the liquids used do not become radio-
active. The Piqua “prototype” reactor is of this type.

2. Reactors using “heavy” water; that is, water incorpo-
rating deuterium instead of normal hydrogen. Although not
so effective a moderator, heavy water has the advantage of
absorbing fewer neutrons, making possible the use of natural
rather than enriched uranium. If enriched fuel is used, the
neutron economy can result in higher conversion ratios and
greater fuel economy than in light water reactors. Aprincipal
drawback is the high cost of heavy water, requiring large
capital investment and extreme measures to prevent leaks
and, hence, economic losses. In enriched reactors, this draw-
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back can be reduced, at the expense of part of the neutron
economy, by using heavy water only as the moderator, and
cooling with organic liquid or with normal water, Heavy
water reactors are being energetically developed by the
Canadians who have a 20 megawatt reactor under utility
operation and a 200 Mw one in construction. We are co

operating closely with them, - — - :

3. The “Spectral-shift” reactor combining light and heavy
water. In this concept a freshly charged reactor is cooled
and moderated by a mixture of predominantly heavy water.
This results in “under-moderation” and a higher than ther-
mal neutron energy spectrum, leading to high conversion
ratios, As the fuel is used, and neutron absorbing fission
products accumulate, the ratio of light to heavy water is in-
creased, maintaining the chain reaction at its initial level.
This procedure avoids the necessity for expensive control
rods or chemical solutions that waste the neutrons and re-
duce the fuel economy. Thus quite high conversion ratios
can presumably be achieved over the fuel cycle. This concept
is especially promising for the thorium-uranium cycle. It
could, presumably, move to the construction stage quite
quickly.

4, 'The ‘“sodium-graphite” reactor, cooled by liquid sodium
and moderated by carbon in the form of graphite. This reac-
tor has potential for achieving quite high temperatures, and
hence thermal efficiencies, and could also be a somewhat im-
proved converter. The fact that molten sodium absorbs
iodine almost quantitatively will substantially ease the siting
problem of this type of reactor by minimizing the dispersion
of radioactive material in case of a reactor accident. Im-
portantly, the technology of liquid metals such as sodium will
be vital to the ultimate fast breeders, so that this develop-
ment has strong future implications. The Hallam reactor is
of this type. :

5. Gas-cooled reactors. Such reactors incorporate cooling
with such gases as helium, hydrogen or carbon dioxide and
moderation by a solid such as graphite or beryllium. They
give substantial promise for high temperatures and fairly
high conversion ratios. High temperature gas-cooled reac-
tors are especially promising for the thorium-uranium cycle,
where conversion ratios of nearly, if not quite, one seem
feasible. The Peach Bottom reactor, near Philadelphia, is
of an advanced gas-cooled type.

Breeders

In our discussion of nuclear resources we have seen that the

energy contained in fissionable uranium-235 in the supplies of
relatively low-cost ores is so limited that the fertile materials
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must be extensively exploited if nuclear energy is to be of
widespread and lasting benefit, Hence, there is a fairly near-
term, though not immediate, need for reactors that produce
more fissionable material than they consume,

Breeder reactors are of two general kinds, “fast breeders”,
utilizing the uranium-plutonium cycle and “thermal” breeders
utilizing the thorium —U-233 cycle. Unfortunately, none of these
are nearly so well developed at this time, either technically or
economically, as the converters are,

The nuclear properties of uranium-235 and plutonium are
such that more neutrons are released from fissions brought
about by fast than by slow neutrons., Indeed, the difference is
so great as to make breeding feasible in fast, but not in ther-
mal reactors utilizing these materials,* Unfortunately, there
are combined technical and economic difficulties in fast reac-~
tors, Good breeding gains obviously require that the fuel ma-
terial be not overly diluted with other substances that absorb
or moderate the neutrons.t Hence, to avoid large and expensive
fuel inventories, the power that they generate must be concen-
trated in small volumes. This gives rise to engineering and
safety problems of removing heat at the necessary rate.
Furthermore, it is difficult to develop concentrated fuels that
will endure until a substantial fraction of the fuel has been
consumed and hence minimize expensive refabrication of the
fuel elements, So far these factors have combined to make
fast breeders quite expensive. Fortunately, there are promising
developments for greatly improved fuels. These include “ce-
ramic” fuels such as uranium- and plutonium-oxides and
carbides. In the farther future is the possibility of utilizing
molten plutonium,

Most effort in fast breeders has involved utilizing molten
sodium or sodium-potassium alloys as the coolant, This has
required a complex and expensive new technology, including
development of pumps, heat exchangers, and the like, of com-

*In a ‘‘thermal’’ reactor the number of neutrons emitted per neutron
absorbed varies from somewhat below to slightly above 2 for both U-235
and plutonium, depending on the degree of moderation. The correspond-
ing figures for unmoderated fission neutrons are 2.45 for U-235and 2.94
for plutonium. In each case, of course, one neutron is required to keep
the chain reaction going. There are inevitably some losses through
leakage and absorption in other reactor materials. Hence, whereas
thermal reactors fueled with U-235 or with plutonium probably cannot
breed at all, fast reactors might technically achieve breeding gains of,
say, 1.2 when fueled with U-235 and as much as 1.6 when fueled with
plutonium. Economic considerations will, however, reduce these figures
appreciably.

TIn addition to producing fewer neutrons per neutron absorbed in the
fissile material, slow neutrons are more readily absorbed by other ma-
terials, including the fission products.
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patible materials, Fortunately, development work for the sodium-
graphite reactor has also contributed to this technology.

In the thorium-—uranium-233cycle, the situation is quite dif-
ferent. U-233 emits more neutrons in thermal fission than
does U-235; on the other hand, it is only slightly better in fast
fission than in slow.* Hence, thermal breeders offer greatest
promise, minimizing as they do the power density and fuel
endurability requirements. However, thermal breeders  have
a different complication in that fission products act as strong
absorbers of slow neutrons, requiring that these products not
accumulate too much., Among the most promising solutions of
this difficulty is to use the fuel in fluid form, thus permitting
continuous extraction and reprocessing to remove the fission
products. Various fluid fuels have been studied for this pur-
pose. The currently most promising approach is the use of
fused uranium salts which can be circulated, both for reprocess-
ing purposes and for heat transport. This technology is, how-
ever, in a fairly early stage.

Probable Trends

Even when breeder reactors become economic and begin to
be installed there will be a complication regarding fuel supplies,
At least for some time to come, economic breeders will have
breeding gains so low that they will produce not more than 3%
or 4% of their fuel inventory each year.t Hence, since the
annual growth in energy consumption is about 6%, it will be
necessary, if nuclear power increases its fractional share of
the total load, to fuel some portion of the installations with
fissionable uranium-235, '

This leads to no great problem in the thorium-uranium ther-
mal breeders., The fuel demand can be fulfilled simply by
charging some of them, initially at least, with U-235, though at

*At thermal energies, the average number of fission neutrons emitted
per neutron absorbed in U-233 is 2.3. This number is 2.58 for unmod-
erated neutrons and more like 2.35 or 2.4 for the neutrons in any actual
fast reactor.

1In thorium-uranium breeders, the inherent nuclear constants confine
economic breeding gains to not much more than one so that the excess
production is a very small fraction of the fuel consumed, and the rela-
tive rate of increase in U-233 is very low. In the ‘‘fast’’ reactors used
as plutonium breeders, higher breeding gains are feasible, but the fuel
inventory required is much larger compared to the consumption rate,
resulting again in low relative rates of increase. It is usually customary
to express the relative production rate in terms of the “‘doubling time?”’,
that is, the time required for a reactor to produce enough excess ma-
terial to fuel a second reactor. This will probably be 15 to 20 years, or
even longer for the first economic breeders.
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some sacrifice in economics and in the amount of U-233 that
they produce.*

On the other hand the “fast” reactors required to breed an
excess of plutonium are economically attractive only when
plutonium rather than U-235 is used to fuel them. Hence the
most promising arrangement for incorporating them ina rapidly
expanding nuclear power economy would undoubtedly be to use
thermal converters to help provide the plutonium needed for
added installations. This combination would continue until in-
creases in the relative “yield” of plutonium from the breeders,
together with a lower relative rate of growth of electrical
energy consumption enabled the breeders to catch up and pro-
duce enough plutonium by themselves.

This requirement enhances the need for the high efficiency
converters mentioned in an earlier paragraph. Not only will
their continued employment into the breeder era increase the
importance of their better economics, but their higher plutonium
yieldt will increase the rate at which new breeders can be
built and, hence, enrich the breeder-converter mixture. This
could be especially important if the requirement for converters
to complement the breeders extends beyond the duration of our
supplies of cheap uranium. Ultimately, of course, there must
be a net breeding gain for the nuclear power industry as a
whole.

Breeders will, of course, be attractive to the utilities only if
they compete economically with the best available converters.
This will depend on the relative capital costs, the operating
efficiencies and, importantly, on the relative abundance and
values of the various nuclear fuels, Considering all the facts,
we believe that fast breeders will become competitive with
converters in the next decade or two, and will be built on an
increasing scale along with additional converters. The eco-
nomics of the various fuels on a free market basis will, we feel,
automatically assure a proper ratio. Scarcity of plutonium
and/or abundance of uranium would lead to more converters
and vice-versa.! As breeders improve in economic breeding
ratio and uranium-235 costs mount with exhaustion of cheap

* When charged with U-235 such reactors will probably have a con-
version ratio less than one and hence will not then be breeders.

T The *‘yield’” of plutonium in a converter is the difference between
that produced and that burned in situ. Long burn-up times, important
economically, increase the fraction of plutonium burned in situ. -

1 At the expected economic breeding gains (less than 1.1) and fuel
values the economic advantage given to the breeders by the additional
plutonium they produce is more than offset by the added carrying charges
resulting from their large fuel inventory. Hence high plutonium values
are unfavorable to them. The situation would reverse at sufficiently
high breeding gains.
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ores, the proportion of fast breeders will increase, at a rate
limited only by the plutonium supply. '

Meanwhile, thorium —uranium-233 breeders will, if vigorously
developed, no doubt also become economic. Neglecting the
possible use of plutonium in such breeders, the situation is
less complicated than in the plutonium cycle, since only ther-
mal reactors are involved. The scale of use of such breeders
will, therefore, depend largely on the economics of the total
situation, Initial economic pressures may well, however, tend
to favor the uranium-plutonium cycle since plutonium will be
an immediate product of the converters that will constitute the
bulk of the initial power reactor installations.

Much developmental work and several generations of reac-
tors, involving many decades, will no doubt be required to
reach the point where improved economic breeders, together
with possible reductions in the relative rate of growth in power
needs, will make the breeders sufficient to themselves. When
that point is ultimately reached, new uranium will be required
only to provide the uranium-238, although use will, of course,
be made of the uranium-235 that it contains. By that time, or
even sooner, advantage can be taken of our large supplies of
“depleted” uranium from which the major fraction of the
uranium-235 has been extracted in the diffusion plants,

Thus, the future program should include the vigorous devel-
opment and timely introduction of improved converters and es-
pecially of economic breeders; the latter are essential to long-
range major use of nuclear energy.
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Assessment of the Degree of Urgency

Granted that there is an ultimate requirement for nuclear
power that, extensively used, it could provide important near-
term benefits and that Government should play a leading role
in its development, we should assess the degree of urgency,
taking into account the present stage of advance, the cost of
future development and the magnitude of the benefits to be
derived. '

It is perhaps worthwhile to recapitulate our assessment of
the present situation, As a result of comprehensive research
and development programs over the past dozen years much of
the technology has reached a highly developed stage. Water
reactors can now be built that, over their lifetime, will be com-
petitive with conventional power in significant areas of the
country; improved converters can be brought to the same stage
in a relatively few years; although much remains to be done,
definite progress is being made on breeders. Practical ex-
perience is being accumulated from a number of reactors in
operation on utility grids and much more will become available
in the near future. There exists a substantial nuclear equip-
ment industry that is eager and well able to build nuclear
power plants on a scale considerably larger than that for which
. there is a present demand. There is widespread and growing
interest abroad in the utilization of nuclear power and an in-
creasing tendency to turn to American industry as a manu-
facturing source. Nuclear power seems to be on the threshold
of coming into being on a significant scale,

It must be realized, however, that the development of a ma-
ture nuclear power technology and its utilization on an extensive
scale will be a long process. As in any other technology,
progress is brought about not only by research and development
but also through experience. Operating units must be used and
tested throughout their normal lifetimes. Unlike devices nor-
mally used intermittently, such as cars, airplanes and radios,
the process cannot be shortened by speeding up the tests. Hence
successive generations in the development are even decades
long.

There is also the factor of psychology. Before committing a
substantial fraction of their installations to nuclear technology,
utility executives will want to be convinced, themselves, that
nuclear power is economical, reliable and safe. With few ex-
ceptions this conviction will require observation of results of
actual installations operating for periods that are significant in
terms of the normal lifetime of power installations.

There is, of course, no absolute yardstick by which to meas-
ure goals for nuclear power. The relative advantages of
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progressing more or less swiftly are matters of degree. Per-
haps the most convenient method of assessment would be to
use the present Commission program as a frame of reference.

Continuation of that effort, with some augmentation in sup-
port for the power demonstration program,* and with program
readjustments. to give added emphasis to breeders, would, we
believe, provide 'i_ndustry' with the needed stimulus to build a
significant number of large reactors in the near future, would
bring nuclear power to a competitive status throughout rhost of
the country during the 1970’s, and would make breeder reac-
tors economlcally attractive by the 1980’s,

Assuming this’ result, we estimate that by 2000 A.D., nuclear
power would be assuming the total increase in electrical energy
production, and, taking account of the Federal Power Commis-
sion’s estimates, that about two-thirds of the energy then being
produced would be from plants built at a time when nuclear
power was more economical than conventional power in their
locations. Clearly, not all of these will actually be nuclear. A
given area will not always need a large plant when nuclear
power first becomes competitive. Furthermore, there will be
a natural reluctance to utilize a new tec_h_nology, rather than a
tried and true one,.until the economic difference becomes ap-
preciable. Allowing for these effects, we have crudely estimated
that by the century’s end nuclear mstallatmns might actually be
generating approximately half the total electric 'energy in the
country.t This fraction could be expected to increase over the
following several decades 'so that by mid-century all the energy
would be of nuclear origin except a small fraction generated in
special purpose plants, including, perhaps, some built for peak
load purposes. L

The rate of growth described is illustrated in Figure 3.
Curve A plots on a linear scale the rate of use of energy shown
logarithmically by the corresponding curve of Figure 1. Curve

* The ‘“power demonstration’’ program, as the term is used here in-
cludes research and development and operational activities, as well as
construction costs, related to utility installations',' whether Commission-
or utility-owned.

T The nuclear plant capacity would, undoubtedly, be appreciably less
than half, since the relationships between capital costs and fuel costs
would encourage using nuclear power more for base loading and con-
ventional power more for peak loading purposes.,
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B is obtained by subtracting estimates* of fuel energy to be
consumed for electric power from the values represented by
curve A, Curve C divides the consumption for electric energy
into two parts: That above the curve is due to nuclear power
and that below is due to fossil fuels. Thus, if no other use were
made of nuclear energy, curve C would be a measure of the
rate of use of fossil fuels.

For conservation of our fossil fuels, this rate of progress
would appear to be sufficient, if by mid-century nuclear energy
were also contributing appreciably to filling other needs, either
directly or through the use of electric power for tasks not now
performed by it.¥ Any appreciably slower rate of growth could
result, however, in undue short-term consumption of our fossil
fuels, especially if the more conservative views of their avail-
ability and ultimate recovery costs should turn out to be cor-
rect, Fortunately, provided the nuclear technology is developed
in a timely manner, the economic pressuresof a coming scarcity
of fossil fuel would tend to accelerate its use.

Provided our assumptions regarding breeders are reasonably
accurate, the estimated growth of nuclear power described
above would raise no problem with respect to the supply of
nuclear fuels.” By the year 2000 approximately the amount of
uranium listed in the 0—10 dollars per pound category of Table I
would have been mined, Of the .4 Q of energy originally con-
tained in the uranium-235, approximately half would still exist
in reactor inventories and in stockpiles of depleted uranium.
By that time the ratio of breeders and converters would be such
that a major fraction of the energy produced would be coming
from what was originally uranium-238 and thorium, so that
somewhat higher ore prices would have no appreciable effect
on the cost of power. On the other hand, should breeders be
seriously delayed, for example by as much as a few decades,
the high grade uranium ore might be exhausted while large
amounts of uranium-235 were still required. Hence, it is im-
portant that the breeder technology be developed expeditiously.

The financial benefits of such a growth would soon begin to
be appreciable. Using the same assumptions as above, the
savings in generating costs are estimated to be approximately
$2 billion to $2.5 billion per year by 1990, and between $4

* This projection was made by utilizing the Federal Power Commis-~
sion estimates of electric power needs to the year 2000, Thereafter the
relative use of electric power was further increased (from 47% of the
total consumption in 2000 A.D.) until it reached 50% and was held at that
fraction thereafter.

t Under the assumptions used, consumption of energy for purposes
other than nuclear power would, by mid-century, be about 10 Q and the
annual rate would be about 0.35 Q per year. By 2100 total consumptlon
would be between 25 and 30 Q. .
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billion and $5 billion* per year by 2000, By the latter date the
cumulative savings would approximate $ 30 billion.t The savings
would not be in direct proportion to the amount of nuclear
energy actually used since if that amount were smaller a greater
proportion of it would be in the areas where the greatest unit
savings would accrue,

Thus highly worthwhile results could be anticipated from a
continuation of the Commission effort with additional early
support of the power demonstration program, Industry would be
brought into full financial, as it has been in technical, partner-
ship in the enterprise, thus reducing the future need for govern-
ment participation, The development of the new technology
would add additional health and vigor to our industry and would
stimulate our whole economy. Our international leadership in
the field would be maintained with benefit to our prestige and to
our foreign trade. Substantial financial savings would accrue to
consumers of electric energy; properly designed and installed
nuclear power plants could add to our defense posture. An
enormous new source of energy would be tapped in a timely
manner..

An appreciably lesser effort would, in our opinion, result in
substantially reduced benefits. The reduction in financial sav-
ings would be more than proportional to the reduced federal
expenditures. If the program slowed too much, our international
leadership in this field could be lessened or even lost. Too
much delay could dissipate the potential benefits to national
defense.

It would be particularly unfortunate to fail to take advantage
of the present opportunity to stimulate a rapid industrial devel-
opment that would permit industry to assume increasing re-
sponsibility for future development in this field. Should the pro-
gram {falter too long, the nuclear power equipment industry
would suffer severe setbacks; many companies would no doubt
withdraw and turn their talents elsewhere, leaving the field with

* These calculations have conservatively assumed that the unit cost of
nuclear power does not fall below that for conventional power in the low-
cost areas during this century. Larger savings would, of course, result
if it should do so. Allowance has been made for projected decreases in
the capital and operating costs of conventional plants and for increased
efficiency in the conversion of heat energy to electrical energy. In the
latter connection it is assumed that by the year 2000 conventional plants
will achieve 50% efficiency and nuclear plants 40% efficiency. No account
has been taken of such possible new techniques as the use of magneto
hydrodynamics which would be equally applicable to both nuclear and
conventional plants. It is assumed that the plant-side costs of fossil fuel
remain unchanged, i.e., that on the average, changes in recovery costs
and in transportation costs cancel each other.

tAt 5% interest these cumulative savings would have a discounted
value in 1970 of approximately $10 billion.

46




o

L

W

too few companies. Technical skills and experience would be
dissipated. If this should happen, it would take time to rebuild
the capability and the program could be delayed far longer than
would be implied by the slow-down in the Commission program
proper.

Contrariwise, there would be, in our opinion, no virtue in a
greatly enlarged governmental program at this time. Taken as
a whole, support of the scientists and engineers engaged in de-
velopmental work is about adequate, though there should be
program readjustments in the near future, In view of the coun-
try’s research and development needs it would seem unwar-
ranted to increase appreciably such manpower in this field.
Only in the area of support of operating prototypes and full-
scale operating units does there seem to be a need for signifi-
cant increase, and that only for the near-term future. The in-
creased technical manpower needed for the industrial growth
would be largely design and production, rather than research
and development personnel.

To summarize, we have concluded that the nuclear power pro-
gram should continue on an expeditious basis with added empha-
sis on stimulating industrial participation; there should be some
augmentation of support for the power demonstration program
and program readjustments to give additional emphasis to the
development of breeders. -
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Statement of Objectives

Taking account of the need for nuclear power, the responsibili-
ties of the Atomic Energy Commission, the state of nuclear
power technology, its future possibilities, and the existence and
potentialities of the nuclear industry, we have arrived at the
following statement of objectives:

The overall objective of the Commlssmn § nuclear power
program should be to foster and support the growing use of nu-
clear energy and, importantly, to guide the program in such
directions as.to make possible the exploitation of the vast en-
ergy resources latent in the fertile materials, uranium-238 and
thorium.

More specific objectives may be summarized as follows:

1. The demonstration of economic nuclear power by assur-
ing the construction of plants incorporating the pres-
ently most competitive reactor types;

2. The early establishment of a self-sufficient and growing
nuclear power industry that will assume an increasing
share of the development costs;

3. The development of improved converter and, later,
breeder reactors to convert the fertile isotopes to fis-

sionable ones, thus making available the full potential of

the nuclear fuels.

4. The maintenance of U. S. technological leadership in the

world by means of a vigorous domestic nuclear power

program and appropriate cooperation with, and assist-

ance to, our friends abroad.

The role of the Commission in achieving these objectives rriust

" be one of positive and vigorous leadership both to achieve the

technical goals and to assure growing participationby the equip-
ment and utility industry as nuclear power becomes economic in
increasing areas of this country and the world at large.
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The Future Program

We have concluded earlier that a logical progression to achieve
the objectives of the nuclear power program will involve three
overlapping phases: (1) The immediate utilization of reactor
types that are, or can readily be made, economically competi-
tive with conventional power installations; (2) a transitional
stage, characterized by improving economics through higher
temperatures, longer fuel life and other technical improvements
and by the introduction of improved converter types with better
economics and higher conversion ratios; (3) a long-range phase
utilizing breeders that multiply by a large factor the energy ex-
tracted from the nuclear fuel, hence freeing the technology of
any marked dependence on the cost of raw materials and open-
ing up vast energy reserves; converters burning U-235 will
continue to be essential until such a time as breeders produce
enough new fissionable material to fuel the necessary additional
reactors; in the interval, conversion ratios will become in-
creasingly important as the costs of raw materials rise.

As seen in an earlier section, the technical programs now
under way include reactor types appropriate to each of these
three phases. Their complete development involves four pro-
gressive steps: (1) Conceptual studies of feasibility and meth-
ods of approach; (2) reactor experiments to study and to opti-
mize the reactor system concept; (3) construction and useful
operation of prototype power-producing systems, usually on a
reduced scale; in general these are not economically competi-
tive and hence must be built or strongly supported by the Gov-
ernment; (4) encouragement, and, if necessary, some financial
support of full-scale installations built by utilities; information
gained from their operation is, of course, fed back to assist
future development and design. .

The following sections will discuss our concept of the future
reactor development program. This program must be backed,
of course, by continuing and vigorous research and development
of the basic technology, and subjected to periodic re-evaluation,

A Program for the Immediate Future

The principal objectives in encouraging immediate full-scale
applications are to gain experience and knowledge from actual
operations, to get a growing nuclear equipment industry really
under way, and to convince utilities of the future economic bene-
fits that they can gain from increasing use of nuclear power.

Saturated steam reactors have reached a stage where, pro-
vided they are built and used, industry can and should increas-
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ingly assume the major cost of their improvement; only such
things as fuel and component development need be pursued by
the government;* benefit will, of course, continue to be derived
from advances in space and military programs, and from gen-
eral technological developments,

The Intermediate Program : Improved Converters

Successful as they are, saturated steam reactors provide an
adequate basis to achieve the general objective of bringing nu-
clear power utilization into being. Hence appreciable Govern-
ment financial support should be given to other converter types
only if they: Promise early marked improvement in unit costs
for power; are markedly higher ratio converters; have direct,
important technical bearing on breeder systems; or offer poten-
tial for other applications such as process heat. The Commis-
sion is reviewing the entire spectrum of non-breeder reactors
in the light of these criteria to determine which should be con-
tinued or redirected and which should be discontinued or phased
out. In some instances reliance can be placed on programs in
other countries. For example, at least in the immediate future,
we expect to depend primarily on the Canadian program for
heavy water, natural uranium reactors in which we are cooper-
ating at a modest level.

Several systems give promise of meeting the criteria. For
example, the spectral shift, the high temperature gas-cooled,
the sodium graphite and the nuclear superheat reactor systems
all show excellent economic promise. The first two are ex-
cellent converters and may be made to breed in the thorium—
uranium-233 cycle. Heavy water reactors are also excellent
converters but are less promising economically. The sodium
.graphite reactor utilizes the liquid sodium technology necessary
for fast breeders and its iodine absorbing quality is attractive
from the safety standpoint, The organic cooled and moderated
reactor can be economically competitive with saturated steam
water reactors and may have application for process heat
generation,

*An exception is the so-called ‘‘seed and blanket’’ reactor in which
zones of natural uranium are interspersed with zones of fully enriched
uranium. Developmental studies and experiments relating to this con-
cept are deemed worthwhile since, although leading to no marked ad-
vances in conversion ratio, this reactor type is less dependent on the
somewhat uncertain costs of fuel reprocessing and since, in the event
of large-scale disarmament, it could take advantage of the large supplies
of highly enriched uranium produced for weapon purposes. Further-
more, information gained could be of value in other types with discon-
tinuous zomes, such as those using differing degrees of enrichment in
different zones or, farther in the future, reactors using breeder blankets.
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The Commission must continue to evaluate these systems
carefully against the criteria described. Some should be carried
to the stage of building operating prototypes during the next
several years, but only when significant advantages seem
reasonably assured. Hopefully a few will ultimately warrant
full-scale construction by utilities. In addition to shedding light
on the specific systems in question, operating reactors of
these types will help accelerate the industry, will add addi-
tional operating experience and will help provide plutonium to
get the breeder program going.

Program for the Long - Range Future

Although breeding in the thorium —uranium-233 cycle can build
upon experience gained with less advanced reactors (indeed one
or more of the latter might even breed, though barely), vigorous
and specific efforts will be required to attain breeding on a sig-
nificant scale. Both fuel and blanket systems must be pushed.
Attention should be directed at methods of continuous removal
of fission products, including the use of fluid fuels (such as
fused uranium salts) and blanket materials. Experimental reac-
tors designed to breed must be built and operated. Hopefully,
within the next several years the program will achieve the stage
where operating prototypes will be appropriate.

In contrast, the fast breeders needed for the uranium-
plutonium cycle are quite different from the thermal reactors
now in use. Increased effort must be placed on their develop-
ment. Promising fuels such as the carbides must be pursued
with vigor, The plutonium utilization program should be ori-
ented with the fast breeder program well in mind, Economic
methods of handling and fabricating this difficult and dangerous
metal must be developed. Improvements in heat removal can be
of very great importance in fast breeders, Additional experi-
mental reactors must be built in the near future to serve the
usual purposes, with emphasis upon control and safety prob-
lems, It can be hoped that in the later 1960’s or early in the
following decade, the stage of operating prototypes will be
reached,

With luck and adequate effort, practical and economic full-
scale breeder reactors might be achieved by the late 1970’s or
early 1980’s. When they are, adequate steps must be taken to
see that they are built and utilized.

A Possible Construetion Program

A composite construction program for, say, the next 12 years
(FY-1964 through FY-1975) might entail the following: (1) The
construction and placing into operation of seven or eight power-
producing prototype reactors approximately half of which would




be advanced converters and the remainder breeders. Most of
their cost would probably be borne by the AEC. (2) Assistance
to industry in the construction of ten to twelve full-scale power
plants, of improving design as time goes on; hopefully, industry
will concurrently bear full costs for many more of well-prove
design, '

This program of construction would, of course, be backed by
specific development programs directed at the more advanced
reactor types, especially breeders, by research and develop-
ment related to the underlying technology, and by general safety
programs. '

To encourage construction of full-scale power installations
by utilities, the support of research and development and the
temporary waiver of fuel charges have recently been augmented
by the offer of reimbursement of design costs for fuel installa-
tions of 400 megawatts or more. Both public-* and investor-
owned utilities are eligible. It is hoped that these forms of as-
sistance will suffice to bring about a marked increase in the
number of full-scale installations, If it does not, further efforts
should be made to search for more attractive forms of incen-
tives or other means to assure that such large-scale installa-
tions are actually constructed, Although a few examples should
be enough to start the program going, it may well be necessary,
in future years, to offer incentives to encourage industry to in-
stall newer and improved reactor types that have not yet had
opportunity to prove themselves. An attractive incentive pro-
gram may be needed to encourage timely use of breeder reac-
tors when they reach the stage of full-scale application.

The demonstration prototypes involve a different situation.
Here the principal objective is to prove out in actual practice
a new and untried system which, in general, will not be eco-
nomically competitive at the stage of development reached and
the capacity involved. To achieve this best they should be under
AEC technical direction. Depending on the cost, the degree of
confidence, and the level of the competitiveness, a major frac-
- tion, or possibly all the cost of the reactor proper will gen-
erally be borne by the Commission. We believe that participa-
tion in such ventures should be open to publicly-owned utilities,
as in the “Second Round,” and to investor-owned utilities as in
the case of Shippingport. In some instances of very advanced
prototypes. it may be best for the Commission to build and op-
erate the installation on a government site, using the power for
internal purposes. '

*It is recognized that there are very few non-federal, publicly-owned
utilities that require installations of 400 megawatts or more. However,
the City of Los Angeles Water and Power Board has expressed consid-
erable interest in this offer.
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Supporting Technical Programs

In an earlier section we have described various reactor sys-
tems that give reasonably early promise of producing economic
nuclear power. This section will discuss briefly the supporting
research and development that is essential to success and to the
development of improved systems in the future. It also will de-
scribe the very important safety programs and their bearing on
reactor siting, and the program of handling the fission products
resulting from reactor operations.

General Technology

The general technology is being pushed with vigor. Unusual
problems are involved. In the reactor proper, one must find fuel
systems, moderators, and coolants that are mutually compatible
for long periods at high temperatures and in intense radiation
fields, while minimizing neutron losses by absorption and per-
mitting efficient heat transfer. In fast reactors, coolants, struc-
tural materials, and fuel diluents must not moderate appreciably.

Great progress has been made toward achieving these ob-
jectives all along the line. Perhaps most striking is the devel-
opment of many kinds of fuels and fuel assemblies, including:
metals and metallic compounds encased in almost foil-like con-
tainers of stainless steel or more exotic metals; thin sand-
wiches containing alloyed fuel in the inner layer; thinly-coated
pellets to maximize the heat transfer area; simple uncoated
fuels such as uranium in oxide or carbide form dispersed in a
graphite matrix; and fluid fuels containing fissile material as a
solution or a suspension slurry or in a molten compound. Each
has its application and its promise. Parallel problems relating
to coolants, moderators, and structural materials are by no
means minimal.

Difficult problems are also present in the external system,
particularly where new coolants are involved, Pumps, heat ex-
changers, valves, and piping must be compatible with the cool-
ant, and have high reliability. Where radioactivity is involved,
especially in the circulating liquid fuels, many safety precau-

tions must be taken,
Most of this development is done in the laboratory and in

“test” reactors, where the effects of radiation are studied by
long exposure of small material samples, full-scale fuel ele-
ments and, where appropriate, “loops” for fluid circulation.

In a corollary but important area lies the development of
economical chemical reprocessing methods whereby useful fis-
sionable and fertile materials are recaptured from used fuel
assemblies and the fission products are removed for storage or
disposal or, in some cases, for useful applications.
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Not to be forgotten is the development of reliable instruments
and control systems to monitor reactor performance andassure
no misbehavior,

Reactor Safety: Siting Problems

Vigorous efforts must be made to maximize the inherent
safety of reactor installations, both through careful design of
the reactors proper and through methods to provide protection
in the unlikely event of serious malfunction. A major program
involves deliberately letting trial reactors “run away” in order
to study their self-control mechanisms and the degree of
damage if self-control is insufficient. The efficient design of
contaiament vessels must be studied and exploited with a view
to decreasing costs. Continuing study must also be made of the
possible spread of fission products in case they do escape from
the reactor and its containment vessel,

The effectiveness of the solution has important economic
implications going beyond the installation costs themselves,
Until experience is gained and adequate safeguards are proved
out, prudence dictates that large reactor installations be fairly
far removed from population centers. This adds both to trans-
mission system costs and to expensive power lossesin the lines.
It also reduces the availability of sites, already low for large
plants because of the need for ample supplies of cooling water.

Not only must developments be pursued with vigor and in-
herent safety rigorously assured, but also convincing demonstra-
tion must be made that the desired results have actually been
achieved. Such demonstration will, in the final analysis, probably
depend upon proof by actual operation. The accumulation of
enough operating experience to permit statistical evaluations
should help eliminate much of the subjective type of safety
evaluation required today. With adequate technical improvements
and the accumulation of satisfactory experience, it should be
possible to gradually remove many of the siting restrictions in
force today.

One of the attractive possibilities to provide safe contain-
ment is that of placing the installation underground. The tech-
nical problems of such installations are solvable and, at least
in many locations, the costs would not differ greatly, if at all,
from well-contained above-ground plants. In addition to provid-
ing adequate containment this technique offers the special
advantage of affording considerable protectionto the plant against
damage in case of nuclear attack,

Waste Management

With a growing atomic industry, two problems in waste
management will assume growing importance., These are the
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disposal or concentration of large volume, low-activity wastes,
and the permanent storage of concentrated, high-level. wastes.

When nuclear activities were small in scale, wastes in-
volving very low specific activities could be discharged to the
environment without unduly raising the radiation background
level, Freedom to so dispose of them may be increasingly
restricted in the future, primarily because of the rapidly
increasing amounts and, secondarily, because aceeptable en-
vironmental limits have been reduced. Hence, it will be neces-
sary for the waste management research and development
program to develop, on an expeditious basis, improved and
more efficient methods for decontaminating le_rge volumes of
low-activity waste and concentrating the radioactive materials
removed. In a related sphere, continued support must be given-
to environmental investigations to: (1) determine the ultimate
fate of specific radionuclides in land, in water and in air
environments; (2) establish reasonable technical criteriafor safe
disposal of very low level radioactive effluents into. the envi-
ronment, Such programs are, and must be, pushed with vigor. .

Of equal importance is the program of developmg methods
for ultimate storage, or other safe disposal, of concentrated
high-level wastes. The problem is technically soluble but costs
are not accurately known. The present approach is to convert
such wastes to inert, water insoluble solid forms, case them in
corrosion resistant containers, and store them in, specific,
stable and dry, geological formatxons such as salt domes or
other safely-containing media. This method must in the near
future, be carried from the research stage to that of pilot plant
demonstration and field experiment. Aside from the central re-
actor development program proper, no other phase of the entire
program is more important than that of waste disposal,

The fission products resulting from reactor operations also
have a beneficial side. Certain of them are useful on an ap-
preciable scale .as sources of nuclear radiation for scientific,
medical, agricultural and. industrial applications. Others can
serve as sources of heat to generate small amounts of electric
power in satellites or in remote, unattended terrestrial devices
such as buoys and automatic weather stations that transmit their
data by radio. Considerable research and development is being
conducted on applications and on packagmg methods, the latter
being closely related to similar developments for waste dis-
posal purposes.
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Legal, Financial and Administrative Matters

The success of the program and particularly its acceptance by
industry will be strongly affected by decisions relating to a
number of legal, financial, and administrative matters relating
to: (1) Nuclear materials; (2) encouragement of the service
industries; and (3) licensing and regulation, including reactor
siting criteria.

Policies Relating to Nuelear Materials

Ownership of Special Nuclear Materials. Careful attention
has been given to the relative desirability of removing the
present legal requirement for Government ownership of special
nuclear materials. Originally this policy was adopted primarily
as a protective measure against the possibility that such ma-
terials would be diverted for military purposes. Although this
reason still has force, it is believed that at the present time
controls and regulations can give adequate protection.

The present system has both advantages and disadvantages to
industry. The Government monopoly subjects industry to rigid
control and price-fixing by the Government of the materials
most basic to the utilization of reactors. Furthermore, policies
in these regards are not completely predictable in advance by
industry, thus leading to uncertainties. On the other hand the
utility industry enjoys certain advantages under the present
system since: (1) Because of the Government’s large enrich-
ment plants the costs serving as the base for lease and “burn-
up” charges for enriched uranium are less than could have been
attained by industry alone for many years to come;* (2) the lease
charge rate for the fuel inventory is less than carrying charges
under private financing; and (3) it is not necessary for a utility
to raise the large amount of capital required for the fuel
inventory, at a time when it must raise funds for construction
of a plant that is more costly than conventional ones.

A change permitting private ownership would be a step
toward substituting the natural laws of supply and demand for
Government control of prices and of availability. Indeed, for
reactor products, plutonium and uranium-233, the step would
be complete; prices for these products would seek their natural
level and one source of distortion of the technology would be
removed. A complication is, however, that for a considerable

*An offsetting factor is that the AEC is presently committed to pur-
chase raw uranium at prices somewhat above the open market value.
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time, at least, the Government would have an actual, though not
a legal, monopoly on the means for producing enriched uranium-
235 and thus would fix the price of this basic and most widely-
used material. Hence, the situation would be one permitting
private ownership but not constituting free enterprise in its
broadest sense,.

The Government would benefit from private ownership in
that it could free itself from the obligation of owning rapidly
increasing supplies of materials being used by other parties.
A growing investment running ultimately to many billions of
dollars could be avoided. _ ’

On balance we believe it is a step that should be taken and
consequently we have recommended that legislation be enacted
to permit private ownership of these materials. In order,
however, to prevent any sudden dislocation, we recommend that
such ownership not be made mandatory for a decade or so, in
order that appropriate adjustments can be made by industry.
Meanwhile, we will adjust our prices to be consistent with the
true value of the materials.

Toll Enrichment. A further step to be considered is that of
undertaking “toll enrichment.” With this. available, industry
could buy its raw materials on the open market, use privately-
owned plants to prepare them for enrichment, and depend upon
the Government only for the actual enrichment process in the
diffusion plants. Since there is ample capacity and since Com-
mission policy has been to do such service work at cost,
industry could be assured of adequate supplies at prices in
which the only element in Government control would be rela-
tively small and would be reasonably stable and predictable.
Assuming that private ownership is indeed made possible, the
step of providing toll enrichment service, an equivalent pur-
chase and sale arrangement, or some other alternative should
certainly be taken, Such a step would, of course, affect future
AEC uranium procurement policies. Any toll enrichment service
should be extended to our friends abroad, subject to proper
safeguards against diversion for military use.

Plutonium Prices. A related problem is that of the values
set upon special nuclear materials for leasing purposes, the
prices paid by the Commission for such materials produced'in
private reactors and, if and whenprivate ownershipis permitted,

~ the prices to be charged in the sale of such materials. At the

present time, the value assigned to enriched uranium for
leasing purposes is approximately the cost to the Commission,
taking appropriate account of overhead, plant depreciation, etc.
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We expect to continue this policy inthe future, Values for U-235,
which have been reduced twice in the past 18 months, now run
from approximately $5 per gram for very low enrichments to
$12 per gram for very high enrichments,

The guaranteed plutonium prices (or, more properly, al-
lowances, in view of mandatory government ownership), which
by law are set at “fair value for the intended use”, have gone
through several changes. For several years they followed a
sliding scale depending on isotopic constitution. More recently
the value has been fixed at $30/gram regardless of isotopic
content, This price is guaranteed until June 30, 1963.

The Commission has recently concluded that, following that
date the guaranteed base price should be in accordance with the
“near-term value” for plutonium as reactor fuel., This is
calculated to be approximately $9.50/gram, for average reac-
tor product in metallic form, using the cost of U-235 as a base,
and assuming that the plutonium would be used inthermal
reactors. We believe that consideration should be given to
scaling the prices in accordance with the isotopic content,* and
that the same policy should apply to purchases abroad of plu-
tonium made from uranium enriched in the United States.

A similar basis would be used for setting the value of U-233;
a sliding scale might well be used because of the extra handling
and processing costs when radioactive U-232 is present.

If and when private ownership is permitted, the Commission
would continue for a time to set a guaranteed price, but, of
course, the utility producing the material would be under no
compulsion to sell it to the Commission, so that the offered
price would constitute a market floor. Presumably that price
would be adjusted from time to time in accordance with the
market value,

Uranium Procurement. Through a very successful series of
bonuses and guarantees of long-term contracts, the uranium
mining and milling industry was built from almost nothing in
1950 to a point where the country is now self-sufficient in this
field and need not depend on foreign sources., This industry
has, to date, relied almost entirely on the military program,
Since new weapons can utilize the nuclear materials from
retired, obsolescent ones, it is almost inevitable that the re-
quirements for new uranium for weapon purposes will decrease
within the next decade, even without the hoped-for success of
disarmament negotiations. On the other hand our projections for
nuclear power predict a significant and rapidly increasing need
for such material beginning in the 1970’s. By, perhaps, the
early 1980’s the requirements will equal or surpass present
rates of use. There will, however, be an interval of decreased

*The Pu-240 is not fissionable, though it is fertile. Hence it is a dilu-
ent reducing the fuel value of the material.
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requirement for perhaps a decade centered around the early
1970’s.

Present contracts with uranium miners andprocessors, which
carry to the end of 1966, will presumably result in a modest
surplus of material by that time. If the same level of procure-
ment were carried forward into the period of diminished re-
quirements, the surplus could grow considerably, The Commis-
sion is, therefore, faced with the problem of how best to
sustain the uranjum industry during the slack period without
accumulating too great a surplus. That it be sustained is vital to
the future interests of the country; a strong industry will be
required for the later period of accelerated commercial need.
Furthermore, without the prospects of a sustained market
following 1966, there might be a tendency among the miners to
“high grade” during the next few years and sooner or later to
abandon the lower grade mines with consequent permanent loss
of substantial quantities of these vital resources. o

Consequently, the Commission has decided to offer a “stretch-
out” program to the industry, A commitment to purchase
additional material after January 1, .1967 will be offered as an
incentive to induce a company to delay until after that date
delivery of part of the uranium presently under contract. If
successful, this program will result in a leveling-off process
which should carry through the period of slack use without in-
juring the industry substantially or resulting in an unreasonably
large surplus, :

Service lnduslries

In addition to a major equipment industry, a large-scale
nuclear power program will require the building up of industry-
engaged in such activities as the fabrication of fuels, the
manufacture of nuclear instruments and control equipment, and
the chemical processing of used reactor fuels to recover the
nuclear materials from the fission products and other wastes. -
Many of these are already underway since they could start on
a small scale, and since they have been given considerable
business by the AEC. They should be encouraged in every
reasonable way. The AEC should give them as much of its own
business as reasonable economy will permit, and, on no ac-
count, should it compete with them for private business, except
as an accommodation to industry in cases where no private
capability exists.

A special case is that of the chemical separation of used
fuels, which is attractive to industry only on a fairly substantial
scale, and for which there will be little private business until
civilian reactors have operated for an appreciable period.
The Commission, which has large plant capacity related to its
weapon program, hasbeen doing all such work. Strong encourage-
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ment is being given to private industry to embark into this
field, with promise of success. As part of the encouragement
the AEC has informally indicated willingness to provide suf-
ficient business to require 100 operating days per year ina
fair-sized private plant. We believe that as soon as sufficient
private plant capacity exists, the Commission should with-
draw from all such work deriving from industry and should
utilize the private plants to fill its own requirements except,
perhaps, for those related to materials for weapons.

Licensing and Regulation

Steps are being undertaken to simplify and streamline the
licensing and regulatory procedures. A major step is the recent
enactment of legislation that will reduce greatly the number of
mandatory public hearings. The Commission is studying means
to simplify its own licensing procedures by reducing the
volume and complexity of administrative processes,

The Commission is also studying ways to modify current,
regulations so that better guidance can be given to utilities on
the suitability of specific reactor sites prior to their making
substantial monetary outlays,

In the future, efforts will be made to reduce the number of
technical reviews required and to concentrate the reviews on
those features which have a potential effect on the health and
safety of the general public. This will be easier to accomplish
as reactors become more standardized. Increased emphasis on
the responsibility of the designer will permit him to exercise
more scientific and engineering judgment. As standardization
of reactors proceeds, published guides can provide assistanceto
manufacturers as to format and coverage required in site re-
ports, hazard reports and technical specifications so that the
quality of these reports can be improved and the cost can be
reduced.

When sufficient data are available to permit statistical treat-
ment of the probability and potential results of possible equip-
ment failures, we will be better able to evaluate the economic
impact of special safety features and hence address ourselves
to steps to minimize their costs,
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Possible Industrial Impacts
of the Nuclear Power Program

An important consideration in a transition such as that herein
proposed is its possible impact on various segments of industry.
We have already mentioned the fear that the existing nuclear
equipment industry might suffer severely if construction of
full-scale nuclear power plants does not accelerate at least
somewhat., The strengthening of this industry through such an
acceleration would not only improve the prospects for nuclear
power but it would add strength to our general technological
and industrial base and in particular would give added flexibility
and capability for the construction of reactors needed for other
purposes such as defense and the space program.

It is clear that no matter how great the acceleration in the
nuclear power equipment field, there need be nofear of disloca-
tion in the conventional power equipment industry in the light
of the rate of growth in total power requirements. Furthermore,
a substantial fraction of the companies in the nuclear power
field are also engaged in the manufacture of conventional power
equipment,

The Coal and Transportation Industries

Concern has been expressed lest conversion to nuclear power
might cause severe dislocations in the coal industry and hence
on transportation, especially the railroads. This is definitely
not the case.

We have seen from earlier discussions, and from the curves
of Figure 3, that even absorption of the total power industry by
nuclear installations would still leave no dearth of markets
for fossil fuels. Only a miraculous switch to nuclear energy
by other industries as well could slow a rapid growth in those
markets. Furthermore, the electric industry itself is growing
at such a rapid rate that no possible growth of nuclear instal-
lations could prevent power generation from consuming greatly
increasing amounts of fossil fuels for several decades—not,
indeed, until the absolute rate of growth of nuclear power equals
that of total power. By that time the consumption of fossil fuel
for electric power alone will be several times what it is today.
Curve A of Figure 4 illustrates that consumption, assuming
Federal Power Commission predictions on rates of use of
electrical energy (to 2000 A.D.) and our estimate of the rate
of growth of nuclear power, as illustrated in Figure 3.
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The concern of the coal industry has been brought about
primarily by two factors. During the first decades of this
century, marked increases in efficiency, especially in power
generation, reduced the consumption required to carry out a
given task. Although there is still room for improvement, this
effect can never be so great again, ) _

More recently the major factor in the decline of coal con-
sumption has been a loss of markets to other forms of fossil
fuels. During the past 15 years, annual consumption of coal
decreased from 550 million tons to 375 million tons, in spite
of an increase from 86 million to 180 million tons used for
electric power generation.* The decrease was brought about
by an essentially total loss of the railroad market and other
heavy losses in manufacturing and home heating. The result
is . that, whereas in 1947 the electric utilities consumed only
about 16 percent of all the coal, in 1961 they accounted for
almost half. Even though the other losses should continue
(many have shrunk so far there is not much more to lose), the
growth in power installations will inevitably more than offset
the loss.

In 1960 fuel burning electric plants in the United States de-
rived 66 percent of their energy from coal, 26 percent from gas,
and 8 percent from oil. These figures have remained constant
within 2 or 3 percent for a decade or more, with coal changing
very little and gas increasing slightly at the expense of oil.
In view of the large reserves of coal compared to oil and gas
and the preferred use of the last two for other purposes it seems
certain that within a relatively short time the fraction of elec-
tric power based on coal will increase appreciably. This trend
will be increased by the major, and successful, efforts of the
coal industry to reduce transportation costs and by the pos-
sibilities inherent in the trend to very large centralized power
plants which can in many instances be placed close to coal
supplies, The probability of this trend is borne out by the fact
that, whereas average coal prices to utilities have decreased
some 20 percent (in constant value dollars) over the last 8
years, those for gas, its principal competitor, have increased
by 40 percent,

Curve B of Figure 4 illustrates the rate of consumption of
coal for electric power, using the figures of curve A for con-
sumption of all fossil fuels for power and, conservatively,
assuming the present distribution ratio between the various
fossil fuels. It is readily apparent that, even though coal did
not increase its share, a very large increase in coal consump-
tion would nevertheless occur. Indeed, by 1970, consumption
for this purpose alone would exceed all coal consumption at the

*Statistics in this section were supplied by the Department of the
Interior.
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present time., The increase would continue for 40 years or
more and even under our assumptions would not recede to
present values until the middle of the next century, if then.
Well before that time the dwindling supplies of o0il and gas will
force increased coal consumption in other industries; coal and
coal products will begin to recapture the markets they have
lost. Indeed, as seen before, our concern is not that coal
demands will be too small but rather that they will be so large
that our supplies will be too rapidly exhausted,
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- Appendix

Sources of Information

Recent published reports used durihg the course of this review
included:

“Report of the National Fuels and Energy Study Group on an
Assessment of Available Information on Energy in the United
States,” a September 21, 1962 study prepared for the Com-
mittee on Interior and Insular Affairs of the United States
Senate. '

U. S. Geological Survey Bulletin 1136, 1961, “Coal Reserves of
the United States—A Progress Report, January 1, 1960,” by
Paul Averitt,

“Appraisals of Future Nuclear versus Conventional Electric
Power Costs by Leading Industry and Government Organiza-
tions Released by the Joint Committee on Atomic Energy,”
press release No. 368 from the Office of the Joint Committee
on Atomic Energy. The release is dated July 30, 1962,

“Development, Growth, and State of the Atomic Energy In-
dustry,” Hearings before the Joint Congressional Committee
on Atomic Energy on March 20, 21, 22, and 23, 1962,

“Report of the Advisory Committee on U. S. Policy Toward the
International Atomic Energy Agency,” a May 19, 1962 report of
an Advisory Committee Appointed by the Department of State.

“Report of the Ad Hoc Committee on Atomic Policy,” a March
1962 report of the Atomic Industrial Forum.

“Report to the Panel on Civilian Technology on Coal Slurry
Pipe Lines,” a May 1962 report of Department of the Interior.

“Steam-Electric Plant Construction Cost and Annual Production
Expenses, Thirteenth Annual Supplement, 1960, FPC-S-149”
Federal Power Commission.

“Steam-Electric Plant Factors, 1961,” Twelfth edition, July
1962, National Coal Association,

Other reports and communications used during the course of
this review included: '
“Supplies, Costs, and Uses of the Fossil Fuels,” a June 29,
1962 report prepared for the Atomic Energy Commission by
the Department of the Interior Energy Policy Staff. (Some in-
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formation in this report was updated subsequently and informally
- by the Department of the Interior.)

A letter report of June 8, 1962 to the Atomic Energy Commis-
sion from Joseph C. Swindler, Chairman, Federal Power Com-
mission, .

“Summary Report on Natural Resources,” an August 1962 draft
of a report being prepared by the Committee on Natural Re-
sources of the National Academy of Sciences.

»

“Energy Resources,” a draft report prepared by a panel of the
National Academy of Sciences Committee on Natural Resources.

“A Comparison of the Nuclear Defense Capabilities of Nuclear
and Coal-fired Power Plants,” BNL-6080, a May 1962 report
prepared by members of the staffs of Brookhaven and Qak Ridge
National Laboratories, assisted by the architect-engineer firms:
Burns and Roe, and Sargent and Lundy.

A draft of “Economics of Permanent Disposal of Power Reactor
Wastes in Tanks” by Stockdale, Arnold, and Blomeke. This re-
port is expected to become available as ORNL-2873 in a few
months.

Seminars on Civilian Nuclear Power were held at AEC Head-
quarters in order to provide the. Commission and the Commis-
sion staff with as much current information as possible.
Representatives of AEC contractor organizations and others
made presentations of their own on prospects for civilian nu-
clear power. Presentations were evaluated by consultants and
advisors to the Commission: members of the Subcommittee
on Reactors of the General Advisory Committee were present
at all seminars, and staff scientists and engineers from vari-
ous National Laboratories were present as appropriate. The
subjects and dates of these seminars were:

Boiling and Pressurized Water

Reactors April 19-20, 1962
Heavy Water and Organic-cooled

Reactors April 26, 1962
Gas-cooled Reactors May 4, 1962
Liquid Metal Cooled Reactors May 9, 1962
Plutonium Recycle and Thorium

Utilization May 10, 1962
Advanced Reactor Concepts May 14, 1962

Many of the repurts and presentations were identified as con-
taining proprietary information. A number of the reports were
incomplete in themselves, and intended to accompany the oral
presentation, Since they were intended for the use of the AEC
rather than for publication, they are not identified individually
in this Appendix, However, they were helpful and they are
acknowledged.
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In addition to the discussions acknowledged in the Introduc-
tion, Members and Staff of the Atomic Energy Commission had
helpful discussions with organizations such as the Atomic In-
dustrial Forum, and with many individuals during the course of
this review,
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CHAPTER I
INTRODUCTION

If we are to appreciate the significance of energy resources
in the evolution of our contemporary society it will be necessary
not only for us to understand the principal physical aspects of the
conversion of energy in the complex of activities transpiring on
the earth, but also to view these activities in a somewhat longer
historical perspective than is customary. For those of us who
live in the more industrialized areas of the world—particularly in
the United States—it is difficult to appreciate the unique character
of the industrial and social evolution in which we are participating.
During our own lifetimes, and during the immediately preceding
period of history with which we are most familiar, the pattern of
activity we have observed most consistently has been one of con-
tinuous change, usually continuous growth or increase. We have
seen a population begun by a small number of European immigrants
to North America expand within a few centuries to over 200 million,
while still maintaining such a growth-rate, even now, as to double
within the next 40 years. We have seen villages grow into large
cities. We have seen primeval forests and prairies transformed
into widespread agricultural developments. We have seen a tran-
sition from a handicraft and agrarian culture to one of complex
industrialization, Within a few generations we have witnessed the
transition from human and animal power to continent-wide elec-
trical power supernetworks; from the horse and buggy to the air-
plane.

Out of this experience it is not surprising that we have come
to regard continual growth and increase as being the normal order
of things. '

However, if we are to appraise more accurately what our
present position is in our social and industrial evolution, and what
limitations may be placed upon our future, it is necessary that
we consider, not only for the present but in historical perspective,
certain fundamental relationships which underlie all our activities.
Of these the most general are the properties of matter and those
of energy.
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From such a viewpoint the earth may be regarded as a ma-
terial system whose gain or loss of matter over the period of our
interest is negligible. Into and out of this system, however, there
occurs a continuous flux of energy in consequence of which the
material constituents of the outer part of the earth undergo contin-
uous or intermittent circulation. The material constituents of the
earth comprise the familiar chemical elements. These, with the
exception of a small number of radioactive elements, may be re-
garded as being nontransmutable and constant in amount in proc-
esses occurring naturally on the earth.

For the present discussion our attention will be directed
primarily to the flux and degradation of a supply of energy, and
secondarily to the corresponding circulation of the earth's ma-
terial components.

Flux of Energy on the Earth

The overall flux of energy on the earth is shown qualitatively
and diagrammatically in the flow-sheet of Figure 1.

ENERGY FLOW SHEET FOR THE EARTH

t 1 |
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Figure 1. Energy Flow Sheet for the Earth
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The energy inputs into the earth's surface environment are
principally from three sources: (1) the energy derived from the
sun by means of solar radiation, (2) the energy derived from the
mechanical kinetic and potential energy of the earth-sun-moon
system which is manifested principally in the oceanic tides and
tidal currents, and (3) the energy derived from the interior of the
earth itself in the form of outward heat conduction, and heat con-
vected to the surface by volcanos and hot springs. Secondary
sources of energy of much smaller magnitude than those cited are
the energy received by radiation from the stars, the planets, and
the moon, and the energy released from the interior of the earth
in the process of erecting and eroding mountain ranges.

No definite quantity can be assigned to the energy from any
of the foregoing sources because we are confronted not with a
fixed quantity of energy but a continuous flux of energy from the
various sources, at nearly constant ratés. The rate of energy
flux is measurable in terms of power, defined by

energy

POWer = time °*

and if the energy is measured in terms of the work unit, the joule,
and the time in seconds, the power is then in joules per second,
or watts. : ' '

Energy from Solar Radiation

The rate of energy flux from the sun, or the solar power,
intercepted by the earth is readily obtainable from the solar
constant, and the area of the earth's diametral plane. The solar
constant is the quantity of energy which crosses unit area normal
to the sun's rays in unit time in free space outside the earth's
atmosphere, at a distance from the sun equal to the mean distance
to the earth., It is, accordingly, the power transmitted by the
sun's rays per unit cross-sectional area at the mean distance of
the earth, : ' ‘

In heat units, the value of the solar constant, I, has been
found to be 1. 94 calories per minute per square centimeter
(Landsberg, 1945, p. 929). This can be converted explicitly to
power units by noting that 1 calorie of heat is equal to 4, 19 joules
of work, and 1 minute is 60 seconds, The solar constant in
watts/cm? is, accordingly, given by

-3-
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I= 1.94 x 4.19 joules/cm2
- 60 seconds

= 0. 135 watts/cm?,
The total solar power intercepted by the earth is then
P=IA=Isr?,

where A is the diametral area of the earth and r, equal to 6. 37

x 108 cm, is the mean radius of the earth. Supplying the numer-
ical values of I and r, we then obtain for the total solar power
incident upon the earth

P =17.2 x 1016 watts.

For comparison, the installed generating capacity of all the
electric utilities in the United States in 1959 amounted to 15.7
x 1010 watts (Dept. of Commmerce, 1961, p. 525). Hence, the
power of the solar radiation intercepted by the earth is about a
million times the power capacity of all the electric utilities in the
United States in 1959.

Energy From the Earth's Interior

The second largest input of energy into the earth's surface
environment is that which escapes from the interior of the earth,
which is estimated to be at a rate of about 21 x 1012 watts. Of
this, about 99 per cent is by thermal conduction, and only about
1 per cent by convection in volcanos and hot springs.

Tidal Ene rgy

The tidal energy is derived from the combined potential and
kinetic energy of the earth-moon-sun system. The total rate of
dissipation of this energy, as indicated by the rates of change of
the earth's period of rotation and the moon's period of revolution,
is estimated by Harold Jeffreys (1952, p. 227, 231) to be about
1.4 x 1019 ergs/sec. or 1.4 x 1012 watts. Of this, about 1.1 x
10lz watts, or about 80 per cent, is estimated to be accounted for
by oceanic tidal friction in bays and estuaries around the world.

Thus, tidal power is about an order of magnitude smaller
than that of the heat escaping from the earth's interior, and both

-4 -
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together are less than one-thousandth of the power impinging upon
the earth from solar radiation.

Energy Flow-Sheet

In view of its predominance, our principal concern is in
tracing the flow of the 17,2 x 1016 watts of solar power that is
being shed continuously on the earth. About 40 per cent of this,
or 6.9 x 1016 watts (Landsberg, 1945, p. 933), known as the
albedo, is directly reflected back into space. This leaves about
10. 3 x 1016 watts which are effective in propelling the various
material circulations occurring on the earth.

No further quantitative breakdown will be attempted. How-
ever, a part of the remaining solar power is absorbed directly by
the atmosphere, the oceans, and the lithosphere, and is converted
into heat. A large part of this heat is immediately reradiated
back into space as long-wavelength thermal radiation. Another
part, however, sets up differences of temperature in the atmos-
phere and the oceans, in suc‘h'a manner that convective currents
of both water and air are generated, producing the winds, ocean
currents, and waves. The oceans and the atmosphere serve in
this manner as the working fluids of a world-girdling heat engine
whereby a fraction of the thermal energy from sunshine is con-
verted into mechanical energy. The mechanical energy of the
wind, waves, and currents is again dissipated by friction into
heat at the lowest temperature of the surroundings.

Still another part of the solar energy fgfllows the evapora-
tion, precipitation, and surface run-off channel of the hydrologic
cycle. Heat energy is absorbed during the evaporation of water,
but it is again released when the water is precipitated. However,
the water vapor, being a part of the atmosphere, is convected to
high elevations by means of the convective energy already dis-
cussed; and, when Precipitation occurs at these elevations, the
water possesses potential energy, which again is dissipated back
to low-temperature heat on the descent to sea level. It is this
energy, however, that is responsible for all prec:.pxtation on the
land, and for the potential and kinetic energy of surface lakes and
streams,

A final fraction of incident solar radiation is that which is
captured by the leaves of plants by the process of photosynthesis.

Although enormously complex in detail, this is the driving

-5-
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mechanism for the synthesis of common inorganic chemicals,
such as H;0, and COp, into the chemical compounds of living
plants. Schematically this process is represented by the reaction

Energy + CO, + H0 -+ Carbohydrates + O,

during which solar energy becomes captured and stored as chem-
ical energy. By the reverse reaction, as in the burning of wood,

OZ 4+ Carbohydrates - CQZ + H0 + H_eat,
and the stored energy is released as thermal energy.

The energy-flow channel whose first step is photosynthesis
is that which sustains the entire complex of organisms on the
earth, We have the familiar food chain:

Plants » Herbivores » Carnivores - Parasites~ ....

in which the energy of each link is a small fraction of that of the
preceding, the remainder being dissipated by heat. The end-
product of this chain is the complete degradation of the photo-
synthetic energy to heat at the ambient temperature, and the
conversion of the material constituents back to their initial in-
organic state,

The Fossil Fuels

If the energy stored in plants by photosynthesis could be
systematically retained, as for example in the form of firewood,
it is clear that the aggregate amount would increase without limit,
and could, in a few decades or centuries, become very large
indeed. Actually, in the natural state, the rate of decay of organic
compounds and the release of their stored energy as low-temper-
ature heat is very nearly equal to the contemporary rate of photo-
synthesis. However, in a few favored places such as swamps and
peat bogs, vegetable material becomes submerged in a reducing
environment so that the rate of decay is greatly retarded and a
storage of a small fraction of the photosynthesized energy becomes
possible.

This, in principle, is what has been happening during the

last 500 million years of geologic history. During that time a
minute fraction of the existing organisms have become buried in
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sedimentary muds under conditions preventing their complete
decay. These accumulated organic remains comprise our present
stores of the fossil fuels: coal; petroleum and natural gas, and
related products, the energy content of these fuels being derived
from the solar energy of this 500 million-year period which was
stored chemically by contemporary photosynthesis.

Summary

The energy flow-diagram, which we have just reviewed,
represents, in broad outline, all the major channels of energy
flux into and out of the earth's surface environment. By the First
Law of Thermodynamics, the quantity of energy in any particular
channel, although repeatedly transformed in transit, remains
constant in amount. It follows, therefore, that, with the exception
of an insignificant amount of energy storage, the energy which
leaves the earth by long-wavelength thermal radiation into space
must be equal to the combined energy inputs from solar and stella.r
radiation, from tidal forces, and from the earth's interior.

By the Second Law of Thermodynamics, however, this flux
of energy is unidirectional and irreversible. It arrives as short-
wavelength electromagnetic radiation, corresponding to the tem-
perature of the sun; or as mechanical energy of the tides; or as
thermal energy from a temperature higher than that of the earth's
surface environment. By a series of irreversible degradations it
ultimately is reduced to thermal energy at the lowest temperature
of its environment, after which it is radiated from the earth in the
form of spent, long-wavelength, low-temperature radiation.

During this energy flux and degradation the material con-
stituents of the earth's surface, while remaining essentially
constant in amount, are circulated. The wind blows; oceanic
currents, tides, and waves are formed; rain falls and rivers
flow; volcanos erupt and geysers spew; and plants grow and ani-
mals eat, move about, procreate, and die.

But for this energy flux none of these things would or could

happen and the matter of the earth's surface would be as dead or
inactive as that of the moon.

Biologically, the human species is simply a member of the
energy-consuming chain which begins with the energy capture and

storage of plants by photosynthesis. Man is both an herbivore
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and a carnivore, and, as such, i8 merely another member of the
biological complex, depending for his essential energy supply—
his food—upon other members of the complex, and ultimately on
the energy from the sun captured and stored in plants by photo-
synthesis, :

In addition, however, man has been able to do what no other
animal has ever achieved; he has learned to tap other channels of
the energy flow-sheet, and he has managed to divert the energy
flow from its customary path into other channels appropriate to
his own uses.

An understanding of these processes is essential if we are
to appreciate the significance of energy resources in determining
what is possible and what is impossible in human affairs,
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"CHAPTER 11

EVOLUTION OF MAN'S ABILITY TO CONTROL ENERGY

Since energy is an essential ingredient in all terrestrial
activity, organic and inorganic, it follows that the history of the
evolution of human culture must also be a history of man's in-
creasing ability to control and manipulate energy.

Consider the earliest stages of this evolution. From geo-
logical and archeological evidence, organic evolution had pro-
ceeded far enough that by about a million years ago one of the
ape-like species had reached the stage where his few skeletal
remains are now classed as those of early man. How many of
this species there may have been at that time can only be con-
jectured, but from the scarcity of the remains it may be sur-
mised that the numbers were not large—possibly comparable to
those of gorillas or chimpanzeeées at the présent time.

This species must have coexisted in some sort of ecological
adjustment with the other members of the biologic complex of
which it was a member, and upon which it depended for a share of
the solar energy essential to its existénce. At this hypothetical
stage its sole capacity for the utilization of energy was limited to
the food it was able to eat—the order of Z. 000 kilocalories per
capita per day. .

Between that stage and the dawn of recorded history, this
species distinguished itself from all others in its inventiveness of
means for the capture of a larger and larger fraction of the avail-
able flux of energy. The invention of clothing, the use of tools
and weapons, the control of fire, the domestication of animals
and plants, and other similar developments all had this in common:
Each increased the fraction of the contemporary flux of solar
energy which was available for the use of the human species, and
each upset the ecological balance in such a manner as to favor the
increase in the human population, with corresponding adjustments
in all other populations of the biologic complex.

-9.
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Although little is known about the time when many of these
developments first occurred, tool making and the use of fire date
back at least as far as Peking man (estimated at about 500, 000
years ago), but from the length of time involved the rate of change
must have been extremely slow (Harrison, 1954). The pace
quickened, however, at about 10, 000 to 12,000 years ago when,
with the domestication of animals and the cultivation of plants,
man began to change from a food-gathering to a food-producing
species (Childe, 1954).

After a few thousand years of cultural incubation, there
followed almost simultaneously in each of three localities, the
Tigris-Euphrates delta and the Indus and the Nile valleys, at
about 3500 B. C., the rise of cities with populations estimated at
8,000-10, 000 supported by an intensive agriculture.

At least as early as about 1900 B, C. the use of oxen for -
ploughing is depicted in paintings in Egyptian tombs (Harrison,
1954, Fig. 43). Similarly, pictures of sailing ships of advanced
design occur in Egypt as early as 1500 B, C. (Childe, 1954,

Fig. 32).

This quickening of pace continued for the next few thousand
years, but the energy supply available was dominantly that which
was tapped from the biological channel of solar energy. It per-
mitted a very large increase in the population density in favorable
agricultural areas, and a corresponding increase of the total
human population as the new culture spread geographically, but
throughout this period the energy available per capita was still
not much more—possibly only two or three times greater—than
that of the food consumed.

Energy from a nonbiological source was first obtained when
the energy of the winds and the hydrologic cycle was tapped for
human uses. This apparently occurred first with the use of sails
for the propulsion of boats and ships. Then followed water mills
and windmills.

According to Forbes (1956a), both the water mill and the
windmill are thought to have originated in the Middle East, the
water mill during the last century or so B, C., but the windmill
not until about 900-1000 A, D. The first water mills were small
affairs, with a horizontal wheel and vertical shaft requiring a
continuous stream of water and capable of turning small family-
size grain mills, This type of mill was improved by the Roman,

-10 -

Digitized by Google




O

Vitruvius, during the first cehtury B. C. by making the wheel
vertical and gearing the horizontal shaft to a vertical shaft turning
the millstone, :

However, water mills were not extensively used by the
Romans before near the end of the Roman Empire, From this
time forward, even during the Dark Ages, the use of the water
mill spread throughout Western Europe, until by the sixteenth
century it had been adapted to every kind of industrial use requir-
ing stationary power. This use has continued subsequently in both
Europe and North America.

However, it has only been since about the beginning of the
twentieth century that advancing technology, particularly the trans-
mission of power by electricity, has made it practical to build
water mills larger than the tens-to-hundreds of kilowatts range of
power capacity. This new technology made the small mills obso-
lete at the same time that it rendered practical the building of
water-power plants in the huhdre_ds-oﬁmegawatts range.

Windmills appear to have been first developed in the Persian
province of Seistan about the tenth century A. D. Windmills began
to be built in the Low Countries and elsewhere in Western Europe
about the thirteenth century, but whether as an independent inven-
tion, or introduced by the Muslims by way of Morocco and Spain,
is uncertain. In any case, since the thirteenth century, windmills
have been used in Western Europe and later in North America and
the West Indies for such uses as grinding grain, pumping water,
and operating mills for crushing sugar cane.

Escape from this dependence upon contemporary solar energy
with its inherent limitations in the quantity utilizable per person
was not possible until a new and hitherto unknown source of energy
should become available. Such a source was represented by the
fossil fuels. Although Marco Polo reported that the Chinese used
"black rocks" for fuel (Nef, 1957), and recent studies indicate that
the Chinese may have used coal in small amounts for two or three
millenia previously, the use of coal as a major source of energy
did not begin u