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FOREWORD 

TEXT OF LETTER FROM PRESIDENT JOHNSON TO DR. GLENN 
T. SEABORG, CHAIRMAN, ATOMIC ENERGY COMMISSION, 
APRIL 18, 1965 

diDear Dr. Seahrg:  
(‘1 wish to thank you for the two very informative reports* describing the 

qgnce my association with our atomic energy programs began in the House 
of Representatives nearly 20 years ago as a member of the Joint Committee on 
Atomic Energy, I have followed the program closely. 

6‘1 want you and your fellow Commissioners to know that your reports impress 
me from a number of points of view. 

“First, they present solid evidence that the Commission is pursuing a vigorous 
popam of nuclear weapons research and development ; 

“Second, they make it clear that a steadily increasing proportion of the Com- 
mission’s budget is being devoted to the peaceful applications of the atom, a 
matter which is particularly gratifying to me ; and 

“Third, they clearly reflect that the Nation is being well served through the 
healthy partnership of our Government with our industries and universities. 

“As you and I have often discussed, it i s  essential at all times that we look 
far ahead in our planning for this vital activity. I would, therefore, like to 
convey to you some of my views and hopes in relation t o  the program. 

‘We have been able to maintain our clear superiority in nuclear weapons, 
while a t  the same time we have been responsible and realistic about our needs. 
The orderly cutback in the production of fissionable materials is a significant 
example of this realism. 

“I appreciate the Commission’s cooperation in the advancement of measures 
for effective arms control. I look fomard  hopefdly-and confidently-to the 
day when our national security and the security of the human race can be 
further increased through agreements and actions among nations which build 
upon the important first step of the limited test ban treaty. 

“I look for the continuation of the important progress that is being made in 
the peaceful uses of nuclear energy. For example, in the field of civilian nuclear 
power, I lmk forward to the development of the advanced converter and breeder 
reactors, which will be required for the more efficient and economical use of 
o u r  Nation’s nuclear fuel resources. Nuclear energy will IW an  important role 
in partnership with fossil fuels in meeting the growing energy requirements of 
our Nation. As you b o w ,  I also anticipate that nuclear power will play a 
significant role in the desalting of sea water. 

“It is characteristic of nuclear energy that its great potential is continually 
expanding. The full range of its ultimate contributions cannot be foreseen. 
We must continually press toward the discovery of areas and applications of 
which we have not yet dreamed, even as we strive to realize the full potential 
of the areas already defined. 

Energy Commission’s activities during 1964. 

- 

.The two reports referred to are the Commiesfon’s ‘‘Annual Report to Congress for 
1964” and the supplemental report, ‘‘Fundamental Nuclear Energy Besearch-1964.” 

‘c‘ 
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VI FOREWORD 

“Basic to all of the applications of nuclear energy is the conduct of fmda-  
mental research in the physical and biomedical sciences, and I favor the vigorous 
pursuit of these activities. 

“On the other hand, we must also remember-keeping in mind always the 
essentiality of Government control of the uses of nuclear energy in the interest 
of the national security and public safety-that nuclear energy, after a period 
of intensive development, is now an integral part of the American industrial 
scene. It should not be regarded as a Government preserve. I look forward 
to the assumption by the private sector of our economy of a steadily increasing 
share of the responsibility for the derelopment of the applications of nuclear 
energy. 

“In the field of the application of radioactive isotopes, I would like to see 
continued emphasis on the development of this humanitarian tool for  the diag- 
nosis and treatment of disease. I believe that we have only begun to realize 
the potential of these remarkable substances for the alleviation of human 
suffering. I also want to encourage continued development of their application 
to industrial and other processes. 

“In the field of space, we should continue the development of isotopic and 
reactor SNAP devices to enable us to take advantage of their unique application 
to the generation of electric power for our spacecraft. The recent successes 
of the nuclear-rocket reactor tests indicate that nuclear rockets can be ready 
for the long-range space missions of the future. 

“In the field of education, the contributions made by the Commission are 
many and appreciated. I believe we can achieve even closer cooperation between 
the many Government laboratories and the universities throughout this country. 
The national resources in these lalboratories can benefit the research and educa- 
tion processes in the universities. The laboratories will, in turn, greatly profit 
from their association with the universities. 

“I wish to commend particularly a use of advanced planning by the AEC 
which is being carried out without much fanfare, but so very effectively. Ths,  
for example, the cutbacks in special nuclear materials production were planned 
sufficiently in advance so that the Commission, in cooperation with the local 
officials and business and labor people, could take appropriate actions, such as 
diversification programs, to minimize any significant economic impacts. 

“Our capacity for achievement in atomic energy development never has been 
greater. The Commission has achieved a high degree of cooperation with private 
industry and the universities. The Congress, especially the Joint Committee 
on Atomic Energy, has effectively supported our nuclear program. This team 
in being-uf government, industry, and the educational community-constitutes 
an unparalleled force for accomplishment. I look to the Commission to continue 
and further enhance these effective and harmonious relationships. 

“On this course, I believe we shall ultimately achieve a society in which man 
can live in peace, enjoy the freedom and personal security to shape his destiny 
according to his individual beliefs, and have the leisure to contribute to the 
culture of his civilization. I recognize that our goals will not be easily reached. 
There will be disappointments and hard choices in priorities to  adjust to con- 
tinually changing requirements and circumstances. We have the will and the 
capacity. We also clearly have the duty, For if man would inherit from the 
generations that have preceded him, he must %equeath something of value to  
the generations that succeed him.” 

Sincerely, 
(s) LYNDON B. JOHNBON. 
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2 THE ATOMIC ENERGY PROGRAM-1 9 6 5 

T k  Atomic Energy Commission and Advisory Committee. The members of the 
Atomic Energy Commission in 1965 were left to right: Commissioner Gerald E’. 
Tape, Commissioner John G. Palfrey, Commissioner James T. Ramey, Commis- 
sioner Mary I. Bunting, and Chairman Glenn T. Seaborg. Dr. Bunting’s term ex- 
pired on June 30 and she returned to her position as President of Radclif€e College, 
Cambridge, Mass. Photo below, made in July, shows the members of the AEC’s 
General Advisory Committee. The Committee was originally established by the 
Atomic Energy Act of 1946, and continued by the Atomic Energy Act of 1954, to 
advise the Commission on scientific and technical matters relating to materials, 
production, and research and development. The members are appointed by the 
President. Shown seated, left to right, are: Dr. Darol Froman, Dr. John H. 
Williams, Dr. L. R. Hafstad, chairmart, Dr Kenneth S. Pitzer, Dr. Stephen 
Lawroslii ; standing: William Webster, Dr. Manson Benedict, Dr. Norman E’. 
Ramsey, and Dr. John C. Bugher. Not shown is Howard G. Vesper who replaced 
Dr. Pitzer when he retired from the Committee during the latter part of 1965. 
(See also Appendix 2.) 
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Chapter I 
€ 

! - THE ATOMIC ENERGY PROGRAM- 
1965 

The year 1965 was one in which nuclear power was given routine 
consideration =by a growing number of electric utilities as they planned 
for expansion of generating capacity ; communities throughout the 
Nation sought to be the site selected for a proposed multimillion dollar 
research center which would greatly advance the Nation’s high-energy 
physics program ; new nuclear-associated businesses were broadening 
the economic base of geographical areas; and the power of the atom 
was foreseen as an “economic tool” in ever-increasing ways. It was 
8 year in which there was an ever-increasing awareness of the part 
the atomic energy program could play, directly and indirectly, in the 
t~onomic aspects of everyday life. 

Listed below, in the order of their appearance in Par t  One of this 
Annual Report to Congress for 1965; are “highlight” summaries of 
some of the more noteworthy activities and events of the year. Fol- 
lowing the “highlights,” are brief discussions of some of the year’s 
more “significant developments.” The regulatory and ad judicatory 
activities are summarized in Parts Two and Three. A supplemental 
report, “Fundamental Nuclear Energy Research--1965,” * describes 
many of the advances being made through AEC-sponsored basic re- 
search and development. 

HIGHLIGHTS OF AEC PROGRAMS 
Chapter 2-The Industrial Base 

Strengthening the economic base of the Richland, Wash., area be- 
gan, as new contractor operators for ‘the AEC’s Hanford Works an- 
nounced plans for conducting normal commercial activities in the area. 

The annual Bureau of Census survey showed a 14 percent increase 
in U.S. manufacturers’ shipments of material for nuclear work. 

IThis Annual Report to Congress for 1965 is available to the public under an alternate 
title, “Major Activities in the Atomic Energy Programs-January-December 1965,” 
from the Superintendent of Documents, U.3. Government Printing Office, Washington, 
D.C., 20402, for $1.50. 

a “Fundamental h’uclear Energy Research-1965,” is available from the Superintendent 
Of Documents, U.S. Government Printing OfEce, Washington, D.C., 20402, for $2.25. 
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4 THE ATOMIC EKERGY PROGRAM-1965 

RouaZ Visitors. England’s Princess Margaret and Lord Snowdon visited the 
AEC’s Lawrence Radiation Laboratory on the University of California’s Berkeley 
campus on November 6. They saw the 184-inch cyclotron and the use of this 
machine in the treatment of pituitary diseases such as Cushing’s Disease and 
acromegaly. In the course of the visit the Director of the Laboratory, Dr. Edwin 
M. McMillan, used a model of the Bevatron accelerator to explain about high- 
energy physics. Shown above, foreground, are: Dr. McMillan, Lord Snowdon, 
and Princess Margaret. Mrs. McMillan and Dr. James Born are in background. 

Chapter 3-Industrial Relations 

Employment in the atomic energy field, a t  both Government and 
private establishments, declined during 1965 due primarily to cutbacks 
in nuclear weapons production and from changes in reactor programs. 

Chapter W p e r a t i o n a l  Safety 

The AEC’s injury frequency rate for the past 23 years was 3.32 
as compared to all-industrial rate of 8.17. The AEC’s accidental 
property damage loss from fires over the 23-year period averaged less 
than one cent per $100 property evaluation as compared to the national 
average of private industry of 2.8 cents per $100 of property. 

5004280 

Spent High Neutn 
tion at the Saran 
ation. The high-1 
reactors to produc 
(5XlW neutrons/ 
any other operatin 
charges are shown 
were just discharg 
discharged a mon 
semblies that h a v ~  



ABWARE'-DECEMBER 1 9 6 5 5 

this 
and 

dWiIl 
high- 
.don, 
und. 

md 
cks 
ms. 

.32 
tal 
ess 
la1 

f 5 0 0 8 2 8 1  



6 TEU3 ATOMIC ENERGY PROGRAM-I 9 6 5  

Chapter 5 4 o u r c e  and Special Nuclear Materials Production 

0 With the signing of the 11th contract for deferred delivery sf 
uranium concentrates on November 26, negotiations for stretching-out 
the AEC’s uranium procurement, deliveries thmugh 1970 were 
completed. 

0 Hanford’s “N” reactor (previously referred to as the “NPR”- 
New Production Reactor) began routine plutonium production during 
the year. Electric power for the Washington Public Power Supply 
System using steam produced by the “N” reactor is expected by mid- 
1966. The reactor and generating facilities will, at that time, constitute 
the world’s largest operating nuclear power station (800,000 ekw) and 
also the largest dual-purpose (plutonium production and electricity 
generation) reactor facility. 

0 During a high flux demonstration to expedite production of cur- 
ium 244 and other transplutonium elements, a Savannah River produc- 
tion reactor attained the highest sustained neutron flux (5.4 X 1Ol6) of 
any reactor in the world. High spec5c activity cobalt 60 (in excess 
of 500 curies/gram) is being produced during the high-flux demon- 
stration runs for  special research applications, including heat source 
demonst ration. 

Chapter 6-The Nuclear Defense Effort 

0 Under Presidential authorization, the production of nuclear 
weapons in 1965 continued to meet the Department of Defense mili- 
tary requirements. 

0 The AEC continues to investigate advanced concepts to improve 
the capability of warheads to penetrate potential enemy defense 
systems. 

The Commission announced 27 underground nuclear tests during 
1965, including the third joint AEC-DOD Vela Uniform (under- 
ground test detection) program event conducted in Alaska on Octo- 
ber 29,1965. 

The atmospheric test readiness capability was attained on 
January I, 1965, and was maintained and improved through the year. 

0 Two more AEC-instrumented satellites for test detection in 
space were successfully placed in orbit in July, making a total of six 
such satellites now in orbit. 

Chnpter ?-Civilian Nuclear Power 

Private utilities announced plans to build six large nuclear central 
power stations-ranging in size up to nearly 900,000 electrical kilo- 
watts (ekm) -which would nearly triple the existing nuclear electric 
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in this country. At the end of the year, 12 central station- 
e nuclear powerplants with a combined capacity of more than one t9p 

DiUion electrical kilowatts were in operation, and 15 such plants (in- 
cluding the Washington Public Power Supply System’s 800,000 ekw 
facility at Hanford) with a potential combined capacity of more than 
7.3 million ekw were under construction or committed for construction. 

a Studies were completed-in coordination with the Department of 
Bterior-of large nuclear power-desalting plants for Southern Cali- 
fornia and Israel ; a cooperative study of a large nuclear power-desalt- 
bg plant was initiated with the Government of Mexico ; and the rtppli- 

f r n  - .  

“Water for Peace.” On the same day that President Johnson announced the 
United States would undertake an international “Water for Peace” program to 
fkd solutions to man’s water problems, the United States and Mexico signed an 
agreement for a joint technical and economic feasibility study for a large nuclear 
power and desalting plant in Mexico, near the Gulf of California. The study 
will be under the auspices of the International Atomic Energy Agency (IAEA) . 
If built, the plant will provide power and water for  portions of Arizona and 
California in the United States and to the Mexican states of Sonora and Baja 
California. Photo shows the October 7 agreement signing. Left to  right in 
photo are : ( barely visible) Sigrard Eklund, Director General of the I D A  ; Mexi- 
co’s Ambassador to the United States, Hugo Margain ; AEC Chairman Glenn T. 
Seaborg ; President Johnson ; and in act of signing the agreement, Nabor Cnrrillo 
Flores of the Mexican Nuclear Energy Commission. The signing took place dur- 
hg the U.S.-sponsored First International Symposium in Water DesaIination, Oc- 
tober 3-9, in Washington, D.C., and which was attended by delegates from 55 
nations and six international organizations. ~ 



8 THE ATOMIC ENERGY PROGRAM-19 6 5 

cability of desalting to the water requirements of New Pork-New 
(Jersey metropolitan areas m-as investigatect. 

The world’s first atom-powered mercliant ship, the X$j 
Xava~z,nah, went into regular coniinercial service. 

Chapter &Nuclear Space Applications 

0 Development of nuclear-propelled rockets continued to progress 
as an advanced type of Rover space reactor completed a series of suc- 
cessful ground tests. 

0 The SNAP-1OA was the first reactor power unit to be launched 
into orbit. It was remotely started after achieving a stable orbit and 
operated for 43 days in space before a sequence of failures in electronic 
components shut it down. 

An isotopic power system, the SNAP-27, is under development 
for use in NASA~s Apollo program. It is planned for use in powering 
data-collecting-and-transmitting equipment which will be left on the 
lunar surface by astronauts. 

Chapter 9-Auxiliary Electrical Power for Land and Sea 

Increased interest in oceanographic science is leading to identifi- 
cation of a number of potential uses of nuclear power generators for 
underwater applications. 

The first isotopic SNAP generator to be put into commercial use 
was installed on an oil rig in the Gulf of Mexico. 

Chapter 1 O-Military Reactors 

There were 59 nuclear-powered ships and submarines in opera- 
tion, and 45 more under construction or authorized, as the nuclear 
Navy entered its second decade of growth. 

Chapter 11 -Advanced Reactor Technology and Nuclear Safety 
Research 

A steering committee composed of key AEC officials was estab- 
lished to assure that the experimental information developed in the 
reactor safety research program is keyed to the needs of the continu- 
ing development of the nuclear industry and the requirements of the 
Commission’s regulatory program. 
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First Reactor in Space. The above is 
a drawing of the major components of 
the compact SNAP-1OA nuclear power 
system which was successfully orbited 
on April S t h e  first operating reactor 
unit to be put into space. The nuclear 
reactor (top) provided heat for the 
generation of electricity by direct 
conversion (T/E-thermoelectric) 
units mounted along the cone-shaped 
structure. The 500-watt (electrical) 
SNAP-1OA system was successfully 
operated for 43 days before a mal- 
functioning voltage regulator caused 
the reactor to shut down prematurely. 
Photo at right shows the launching 
from Vandenberg Air Force Base, 
Calif., aboard an Agena rocket which 
had been specially modified by Lock- 
heed Aircraft C o n .  The SNAP-1OA 
was developed for the AEC by Atomics 
International, a division of North 
American Aviation, Inc. 

5 0 0 9 2 8 5  
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Nuclear Power on the hfoon. Artist’s concept of a SNAP47 nuclear power 
generator (center) on the moon. The AEC has executed a contract with the 
General Electric Co. for development of the SCLwatt, plutonium 238 fueled 
generator for use in the NASA Apollo Lunar Surface Experiment Package 
program. The nuclear device will supply power to the lunar experiment 
packages, one of which is shown at right, alongside the telemetry antenna. 
The lunar excursion module which will deliver the astronauts and the packages 
to the moon is at the Zeft in this General Electric drawing. The packages, which 
will transmit selected measurements back to earth, will be left on the lunar 
surface for 6 months to a year so  that a maximum amount of scientific informa- 
tion can be obtained. 

Chapter 12-The Plowshare Program 

The AEC received its first proposal from industry for conducting 
a joint project to investigate the application of a deep buried nuclear 
explosion to stimulate the flow of natural gas from a relatively imper- 
meable formation where normal production techniques are uneco- 
nomical. Two other feasibility studies-f or copper ore recovery, and 
gas storage-are currently underway. 

0 One nuclear excaration experiment was conducted during the 
year, and progress continued to be made in developing “clean” ex- 
plosives and emplacement methods to  minimize the release of radio- 
activity in nuclear excarstion. 
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Chapter 13-lsotopes and Radiation Development 

Out of 180 firms which expressed an interest for coopemtive ar- 
rangements with the AEC, 78 companies were selected to participate 
in a program under d i ich  samples of their wood products would be 
converted to wood-plastics. 

0 Petitions requesting clearance for unrestricted public consunip- 
tion of six species of radiation processed fish fillets were filed with the 
Food and Drug Administration. 

0 The AEC announced its withdrawal, in favor of industry, from 
the routine production and distribution of antimony 125, calcium 45, 
iron 59, selenium 75, tin 113, and zinc 65. 

Chapter 1 ”Facilities and Projects for Basic Research 

During the year, additional new laboratories were provided for 
several biomedical research efforts. 

0 Organization of the Civil Defense Research Program at Oak 
Ridge National Laboratory was completed. An initial project under 
tlG program was an improved method for urban sheltering through 
the study of a tunnel-grid shelter installation in a 25-square mile area 
of Detroit, Mich. 

‘Ilie Commission prepared a “Policy for National Action in the 
Field of High Energy Physics” which, after being concurred in by 
other executive agencies, was forwarded by the President to the Con- 
gressional Joint Committee on Atomic Energy. I n  order to imple- 
ment one of the niajor plans in this report, the Commission initiated 
site selection procedures for a new national accelerator laboratory 
which will include as its principal research instrument a high-intensity 
proton accelerator in the 200 billion electron volt (Bev) energy range. 
A preliminary design report and cost estimate for this unique scien- 
tific research tool was submitted by the Lawrence Radiation Labora- 
tory in June 1965. (Also see discussion under “Some Significant 
Developments” section of this Chapter 1.) 

Three new reactors of importance to  the basic physical research 
program, the Ames Laboratory Research Reactor, the Oak Ridge 
High Flux Isotope Reactor, and Brookhaven’s High Flux Beam Re- 
actor, achieved nuclear criticality during 1965. 

Chapter 3 5-lnternational Cooperation 

More thaii 21 of the nations with which the United States now 
has bilateral Agreements for Cooperation in the Civil Uses of Atomic 
5089288 
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Energy have agreed to the administration by the InteriiationalL4t0rnic 
gnergy Agency of safeguards over US.-supplied nuclear materials 
and equipment. 

In  1965, three enriched uranium fueled power reactors were con- 
tracted for by other countries,for a new total of 15 power reactors 
built, under construction, or planned abroad using U.S.-produced 

0 During the First International Symposium on Water Desalina- 
i;ion, October 3-9, President Johnson announced that the United States 
mould undertake a "Water for Peace" program as a step toward 
solving the world's mater-shortage problem. The symposium was 
&ended by delegates from 55 nations arid six international organiza- 
tions. The AEC is represented on the Interagency Committee for 
Foreign Desalting, which will provide guidance on foreign desalting 
programs, and took an active part in the symposium since nuclear 
pnergy is expected to play an important part in the Water for Peace 
pmgam. 

uranium. 

Chapter 1 &Nuclear Education and lnformution 

Under a nuclear engineering pilot program, 50 trainees were se- 
lected by 13 participating universities during September for graduate 
Fork in this field. 

Four new specialized information and data centers for nuclear 
science and technology were established, bringing to 19 the number of 
such centers sponsored by the AEC. 

SOME SIGNIFICANT DEVELOPMENTS 

PROPOSED NATIONAL ACCELERATOR' 
LABORATORY 

The Atomic Energy Commission received 126 proposals from 46 
States recormlending more than 200 sites for the location of a planned 
national accelerator lnborstory. The central facility of this labora- 
tory would be a 200 billion electron volt (Bev) proton synchrotron, 
about a mile in diameter (see also Chapter 14-Facilities and Projects 
for Basic Research). 

In April of 1965, the Commission entered into an agreement with 
the National Academy of Sciences (NAS) for the evaluation of sites 
Proposed for this new facility. The NAS appointed a special 
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200 Beu Accelerator. As a part of the study made for the AEC by Lawrence 
Radiation Laboratory (LRL), Berkeley, a design study report on a proposed 
200-billion electron volt (Bev) national accelerator facility was submitted. 
The preliminary engineer-architect design work which was started during 1965, 
is based on this LRL study. The proposed accelerator would really be a system 
of four accelerators, one feeding another in series. Inside the main ring there 
would be first, a preinjector, a conventional Cockcroft-Walton accelerator to 
produce a beam of 0.75-million electron volt protons which pass to a linear 
accelerator 500 feet long, where the protons’ energy would be increased to 200 
MeV. The protons would then be directed into the injector proton synchrotron 
(or booster), a ring of magnets and radiofrequency (RF) accelerating statione 
647 feet in diameter. Here the energy of the beam would be stepped up to 8 Bev. 
The protons would then be injected into the main ring, a circle of 500 magnets 
nearly a mile in diameter (4,528 feet), containing about 20,000 tons of steel. 
A vacuum tube about the size of a man’s arm would thread the entire ring, and 
in this magnetic racetrack protons would make 60,000 revolutions in one second 
continuously being accelerated by RF electric fields and reaching an energy of 
200 Bev. The giant ring would be housed in a tunnel under 20 feet or more of 
earth for radiation shielding. The intensity of the beam (3x1015 protons per 
pulse) will be about 10 times higher than present machines, with 30 pulses p a  
minute. 
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dttee ,  known as the Site Eraluation Committee: to perform the 
. I n  their emhation, the XAS was asked to give particular 

the detailed technical requirements, the scientific benefits, 
her factors associated with sites as would assure scientific 

uctivity and success of this high energy physics enterprise. 
September, the Commission, after careful consideration of the 
oposals for more than 200 sites, asked the NAS to consider each 

which there was sufficient data to indicate the location 
c criteria established for t.he site-85 proposa.ls were in 
. As part of the further evaluation, inspection visits were 

de to each of the locations that met the minimum criteria by the 
i&t teams of AEC personnel formed for this task. The visits af- 

forded an opportunity to clarify uncertainties and to obtain firsthand 
These inspections Kere completed in early 

During &lay, as a preliminary step toward providing better cost 
for future congressional authorization for the project, the 
n had selected a coalition of four firms to perform advance 
gineer services concerned with the development of the 

%ope of work and cost estimate for such a facility. The firms are 
Daniel, Mann, Johnson, and Mendenhall, Los Angeles; the Office of 
Max 0. Urbahn, New York; Seelye, Ste.venson, Value and f i ech t ,  
bc., New York; and George A. Fuller Co., New York. The firms, 
referred to as DUSAF, are undertaking the design work as a j o h t  
venture. 

formation. 

SLAC POWER LINE 

Work on the Stanford Linear Accelerator Center (SLAC) near 
Palo Alto, Calif., progressed during the year toward its anticipated 
completion in late 1966 (see Chapter 14-Facilities and Projects for 
Basic Research). Previously, construction of the overhead high- 
voltage power line to supply the accelerator had been held up for a 
considerable period by court actions by the town of Woodside. The 
AEC’s plans for the poaerline in,cluded a specially designed type of 
pole that would blend in with the countryside, and extraordinary 
measures would be taken to avoid any unnecessary removal or destruc- 

NAS Committee-Chairman, Dr. Emanuel Piore, Vice President for Research and 
Development, International Business Machines Corp. : Prof. Robert Bacher, Provost, 
California Institute of Technology; Prof. Harvey Brooks, Dean of the Division of Engi- 
neering and AppIied Physics, Harvard University; Prof. Val. L. Fitch, Princeton Uni- 
m i t y  ; Prof. William B. Fretter, University of California, Berkeley ; Prof. William F. 
pks, University of Wisconsin ; Prof. EdPFin L. Goldwasser, University of Illinois; Dr. 
Crawford H. Oreenewalt, Chairman, Board of Directors, E. I. du Pont de Nemonrs and 
eo., Inc. ; Dr. Q. Kenneth Green, Chairman, Accelerator Department, Brookhaven National 
Laboratory ; Dr. Herbert E. Longenecker, President, Tulane University. 

~ 
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tion of trees or despoilage of the natural landscape. Horrever, th, 
town of Woodside and the county of San Mateo contended that tht 
line mould mar the natural beauty of the area and should be placed 
underground. 

When the town first sought to challenge ,4EC's authority to pro. 
ceed to construct a Gorernment transmission line to serve the SLAc 
project, the U.S. District Court for the n'orthern District of Cali. 
fornia upheld AEC's right to condemn a right-of-way and constmc( 
the line. This decision was appealed to the Ninth Circuit Court oj 

Appeals which, on May 20, 1965, reversed the District Court and held 
that Congress intended by section 271 of the Atomic Energy Act oj 
1954, as amended, to subject the AEC to the authority and regulation$ 
of local agencies in regard to the generation, sale, or transmission oj 
electric power. 

Subsequently, the language of section 271 was clarified by Congra. 
sional action to conform to the original intent of Congress underlying 
the previous text-that the AEC is not subject to  such local authoritv 
or regulations in regard to the generation, sale, or transmission of elec. 
tric power. The amendin g bill was signed into law by the President 
on August 24, 1965. His accompanying statement 'indicated that in 
the interest of the SLAG project, the AEC should proceed with ih 
plan to build the overhead power line and take special measures to  
protect the natural environment. The President's statement also ex- 
pressed the vier  that the Federal Government should immediate11 
undertake a program of accelerated research in the technology of 
placing high-voltage transmission lines underground, and that the 
AEC should agree to replace its overhead line with an underground 
line when full power is required for the period-estinisted to be some- 
time between 5 and '7 years-assuming that the local area has made 
reasonable progress with its own efforts to, underground the power- 
lines in the community. 

DETERMINATION ON STATUTORY FINDING OF 
PRACTICAL VALUE 

Currently, civilian nuclear power reactors are licensed by tlic AEC 
under section 10ib of the Atomic Energy Act of 1954, as amended, 
as facilities involved in the conduct of research and development 
activities leading to the demonstration of practical value for industrial 
or commercial purposes. Section 102 of the Act provides that when- 
ever the Commission has made a statutory fmding in writing that any 
type of utilization or production facility has been s6cient ly  devel- 
oped to be of practical mlue for industrial or commercial purposesj 
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fioductiva Land Mcvnagernent. A comprehensive land management program 
. ras initiated by the AEC at its Sarannah River Plant in South Carolina in 1952 

cooperation with the U.S. Forest Service. Since that time, 90 million pine 
wdlings have been planted on 80,OOO acres of land in the 200,000-acre reserva- 
tion. Book value of the pine plantations in 1965 was $20 million and the value 

appreciating at the rate of $2 million annually. The 1965 book value is about 
$1 million more than the Federal Government paid for the land on the Savannah 
River Plant site. At  intervals, pulpwood and sawtimber are sold to  private deal- 
ers on a high-bid basis. The above picture is a scene of an area of the Savannah 
giver Plant in 1955. The photo below shows the same area as it appeared in 
1965. 
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the Commission may thereafter issue licenses for facilities of that typ 
only under section 103, Khich concerns commercial licenses. 

A finding of practical value under section 102 would, in essenQ 
be a determination that direct Federal fbancial assistance Todd Q, 
longer be available for  certain types of reactors to be constructed 
In effect, this is already the situation for the light-water reactor, 
since, in recent years, no construction permits for  new projects 11 
volving Federal assistance for nuclear electric plants utilizing boilhi 
water or pressurized water reactors have been authorized. 

During January, a legislative-type public hearing was held befor( 
an ad hoc board at AEC Headquarters, Germantown, Md. Tmti 
mony was receired f rom representatives of the coal, petroleum, and 
railroad industries, mine workers’ union, reactor manufacturers, Stat( 
governments, and utility companies. During March, the board cer. 
tified the Record of the Hearing to the Commission. 

In December, the Commission determined that there has not ye1 
been d c i e n t  demonstration of the cost of construction and operatior 
of light-water reactor, nuclear electric plants to warrant making a 
statutory finding that any types of such facilities have been  sufficient]^ 
developed to be of practical value within the meaning of section 10: 
of the Atomic Energy Act. 

REGULATORY PROGRAM STUDY 

In  January, the Commission appointed a seven-member panel 
from outside the Government to conduct a comprehensive study of the 
AEC’s regulatory program in the areas of (a )  the overall policies 
applied and being developed to administer the nuclear facility hens. 
ing function, and ( 6 )  the decision-making process in the regulatoq 
program. In  July, the panel, composed of persons with long experi- 
ence and diverse backgrounds in the atomic energy field, submitted 
its report with a set of recommendations for improving the facilitg 
licensing process. (See Part Two, Regulatory Activities.) 

See pp. 15-17, “Annual Report to Congress for 1964.” 
Regulatory Review Panel-Chairman William Mitchell, Washington, D.C., attorney 

and former General Counsel of the AEC : Dr. Manson Benedict, head of the Department of 
Nuclear Engineering, Massachusetts Institute of Technology, Cambridge : Roger J. Coe, 
Vice President, Yankee Atomic Electric Co., Boston, Mass. ; Dr. Emerson Jones, President, 
Technical Management, Inc., Lincoln, Nebr. : Dr. C. Rogers McCullough, Senior Vice Pred 
dent, Nuclear Utility Services, Washington, D.C. ; James F. Young, Vice President-Gened 
Manager, Atomic Products Division, General Electric Co., San Jose, Calif. ; and Dr. 
Walter H. Zinn, Vice President, Combustion Engineering, Windsor, Conn. 
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PRICEANDERSON INDEMNITY ACT 

A comprehensive study by the AEC of operations under the Price- 
,bd&son indemnity legislation led during 1965, to congressional 
iGtion to extend the Act by 10 years beyond its expiration date of 
4%mst I, 1967. The extension (Public JJaw 89-210) was signed by 

president on September 29, 1965, and gires the private insurance 
bus&?,!% a larger role in the nuclear industry. The extension is of 
%dicular importance to the continued growth of the nuclear power P (See Part  Two, Regulatory Activities.) 

LOS ALAMOS COMMUNITY DISPOSAL 

progress continued during 1965 toward termination of AEC owner- 
ship and management of the Los Alamos, N. Mex., community. Los 
garnos was built during World War I1 by the Federal Government 
8s the secret site at which the atomic bomb was developed. The termi- 
nation of Federal ownership and management is in accordance with 
the objectives of the Atomic Energy Community Act of 1955, as 
amended.’ 

1 

Utility Systems 

In August, the Commission agreed to supply water, electricity, 
and natural gas to Los Alamos County for resale to consumers. The 
utility distribution systems in the community will be transferred to the 
county in 1967, along with various municipal installations. 

Transfer of the community telephone facilities awaits evaluation of 
proposals from companies which seek to serve the community. Such 
?roposals were inrited by the AEC on September 15. The AEC’s 
dection of a transferee mill not be announced until after January 31, 
.966. Proposers were given until that date to submit evidence of 
egal authority to operate a telephone system in the community. 

Nunicipal Functions 

The Commission has entered into contracts with Los Alamos County 
or performance of certain municipal functions so that the county 
an gain operating experience before transfer of municipal installa- 
ions by &4EC. Several additional contracts were entered into with 

‘Section 170. Atomic Energy Act of 1954, as  amended, which was enacted by Congress 

‘See pp. 2.5-26, “Annual Repol-t to Congress for 1964.” 
in 1957. 

.; and Dr. 
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Lawrence Award Wiitizers. Five young nuclear scientists received a gold medal, 
a citation, and $5,000 each on April 29 as co-winners of the AEC’s annual E. 0. 
Lawrence Memorial Award. The five awardees are shown flanked by Dr. John 
H. Lawrence (Eeft) , brother of the late Dr. Ernest 0. Lawrence, who invented the 
cyclotron and in whose memory the award is given, and AEC Chairman Glenn T. 
Seaborg (right). The winners were (Zeft to right) Dr. Arthur C. Upton (second 
from Zeft ) , Oak Ridge Xational Laboratory, Oak Ridge, Tenn.-“for outstanding 
contributions to radiobiology and to the pathology of radiation injury.” Dr. 
George A. Cowan, Los Alamos Scientific Laboratory, Los Alamos, N. Mex.-“for 
notable accomplishments and leadership in the application of radiochemistry 
to weapon diagnostics and for the measurement of fundamental physical quanti. 
ties using nuclear explosions as neutron sources.” Dr. Theodore B. Taylor, 
Defense Atomic Support Agency, Washington, D.C.-“for outstanding contribu- 
tions to the design of nuclear weapons and for  his significant role in the devel- 
opment of the TRIGA research reactor.” Mr. Floyd L. Culler, Oak Ridge 
National Laboratory, Oak Ridge, Tenn.-“for meritorious contributions to the 
development of processes for the recowry of irradiated nuclear fuels.” Mr. 
Milton C. Edlund, Babcock & Wilcox Go., Lynchburg, Va.-“for his role in 
writing the first authoritative book on nuclear reactor theory, for major con- 
tributions to the development of many reactors including the Homogeneous 
Reactor Test, the Consolidaed Edison Thorium Reactor and the powerplant of 
the NS Savannah, and for inventing the ingenious principle of the Spectral Shift 
Control Reactor.” Dr. Lawrence is an Associate Director of the AEC’s Law 
rence Radiation Laboratory and Director of its Donner Laboratory on the Uni- 
versity of California’s Berkeley campus. 
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Fermi Award Presentatio?z. T’ice Admiral Hyman G. Rickorer (USK) received 
the eighth Enrico Fermi Award from President Johnson on January 14, 1965. 
The presentation was made just 3 days before the 10th anniversary of the 
first sea voyage of the first nuclear-powered submarine, the Nautilus. Admiral 
Rickorer, currently serving in a dual capacity as Director of the AEXYs Division 
of Kava1 Reactors and the Nary’s Assistant Chief of the Bureau of Ships for 
Suclear Propulsion had been named the 1964 recipient of the AEC’s 
Fermi Award ( see pp. 31-32, “Annual Report to Congress for 1964”). The award 
consists of a gold medal, a citation, and $25,OOO. Admiral Rickover’s citation 
included “. . . . For en,gineering and administrative leadership in the devel- 
opment of safe and reliable nuclear power and its successful application to 
our national security and economic needs. . . .” The Admiral has directed the 
development and construction of the Kary’s fleet of nuclear submarines and 
surface ships and the AEC’s Shippingport, Pa., nuclear power facility. Photo 
ahom ( l e f t  to  right) President Johnson, Admiral Rickover, AEC Commissioner 
James T. Ramey, and AEC Chairman Glenn T. Seaborg. 

t,he county during the year. The AEC is providing hancial  assistance 
to enable the county to contract for services and hire employees as 
part of its preparations for assuniing full municipal responsibilities. 

Sale of Real Property 

Platting of the community was completed during 1965. The AEC’s 
classification of properties in the community and the FHA-appraised 
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values of approximately 1,500 single-f amily and duplex propertie 
were posted on Sugust 30. On October 19, the ,bidministrator of the 
U.S. Housing and Home Finance ,4gency made a formal finding that 
there was a "reasonable possibility" that the sales program could be 
completed satisfactorily. The first offerings of individual houses 
(single and duplex) were made on November 1, and the first house 
mas sold to  a priority purchaser on Kovember 18. 

Predisposal Construction Projects 

During the year, further work was done on community road and 
street improvements and rehabilitation of utilit? systems, and claw 
rooms were added to several schools. Plans r e re  completed for a new 
county court house and administration facility and construction bids 
were solicited ; bids exceeded the Government estimate requiring cer- 
tain redesign and readvertising. 

Private Housing Construction 

Private housing construction, which will help to alleviate the hous- 
ing shortage at Los Alamos, continued during the year in the Barranca 
Mesa and White Rock areas of Los *41amos County. An additional 
141 lots were offered for d e  by the AEC on Barranca Mesa. Private 
contractors have completed or have under construction approximately 
337 homes on Barranca Mesa. Eight subdivisions in White Rock, in 
which approximately 375 homes have been completed or are under 
construction, are being developed by private builders. Adjacent t o  
White Rock are two additional subdivisions, called Pajarito Acres, in 
which 191 tliree- to five-acre tracts are being privately developed. An 
additional 57 homes have been completed or are under construction 
in these areas. 

CIVIL' RIGHTS ACT 

Title VI of the Civil Rights Act of 1964 provides that no person in 
the United States shall on the ground of race, color, or national origin, 
be excluded from participation in, be denied benefits of, or be sub- 
jected to discrimination under any program or activity receiving Fed- 
eral financial assistance. 

Pursuant to the Civil Rights Act of 1964, the Commission issued 
a regulation (10 CFR 4) effective January 30,1965, which implements 
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Gold Recovery. During the normal maintenance and improvement of gaseous 
diffusion plant equipment, large quantities of contaminated aluminum scrap are 
generated. Facilities installed at the AEC’s Paducah Gaseous Diffusion Plant 
for the smelting and recovery of this material have recently been used for recov- 
ery of gold from gold-plated parts. The gold is made into bars of greater than 
98 percent purity. Photo above shows a Paducah Plant official transferring re- 
covered gold to an AEC representative for return to the U.S. Treasury. Photo 
below shows some of the gold recovered during 1!363. Over $ lOO,Ooo  credit has 
been realized t o  date from the gold recovery program a t  the Union Carbide Cow.- 
operated plant. 
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title VI with respect to AEC programs of financial assistance. At 
year's end, approximately 3,200 assurances of compliance with title 
VI and the AEC regulation had been received from current, and 
prospective, recipients of financial assistance from the ,4EC. 

AEC Federal Equal Employment Opportunity Program 

As an integral part of its regular recruitment program, the AEC 
continued to intensify efforts to obtain well qualified minority group 
candidates for direct AEC employment. During fiscal year 1965, 
the perce.ntage of Kegro employment within AEC increased from 2.9 
percent to 4.3 percent. 
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Chapter 2 

THE INDUSTRIAL BASE 

During the year, as companies added nuclear-related work to their 
operations and nem- firms were founded, the industrial base for the 
xa;tion’s nuclear energy effort continued to broaden. The commis -  
sion increased its solicitation of industry views and plans especially 
with regard to future planning in the use of nuclear energy. 

CONTRACTOR REPLACEMENT AND 
DIVERSIFICATION 

The major growth factors in the broadening industrial base for the 
xation’s atomic energy program were associated with the contractor 
replacement and diversification activities at the AEC’s Hanford, 
n7ash., complex. The private business diversification being under- 
taken by the AEC’s new operating contractors at the Hanford Works 
is providing the beginnings of a broadened economic base for the 
nearby communities ; if present estimates materialize, there should 
be little or no net reduction in the long-term employment in the area. 
Efforts to put to productive use AEC facilities no longer being fully 
used were having an effect in such communities as Oak Ridge, Tenn., 
Paducah, Ky., and Portsmouth, Ohio. 

ACTIVITIES AT HANFORD 

The selection of contractors to replace the General Electric Co. as 
operating contractor for the AEC’s plants and facilities near Rich- 
land, Wash., was completed during 1965. 

As a result of the President’s January 1964 announcement1 of a 
reduction in the rates of production of plutonium and enriched ura- 
nium, three of the nine plutonium producing reactors a t  Hanford 
have been shut down. In  addition, one of the two chemical-separation 
plants is scheduled for shutdown in 1967. The Commission has co- 
operated extensively with the dynamic local community leadership 

See pp. 17-23, “Annual Report t o  Congress for 1964.” 

1 3 0  i 
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provided by a group known as the Tri-City Nuclear Industrial Guncil 
(representing the communities of Richland, KenneEick, and Pasco), 
to reduce the economic impact of the shut doxns through diversifica- 
tion of the local economic base. 

At the end of the year, six new contractors were involved in taking 
over operations previously performed by the General Electric Co. at 
Hanford. The AEC and General Electric in January 1964 had an- 
nounced a mutual decision that General Electric would withdraw 
from its role as the single operating contractor for the Hanford 
Works, a function the company had conducted since 1946. I n  addi- 
tion to its primary concern that the new contractors be qualsed to con- 
tinue the standards of excellence which have characterized operations 
under AEC programs at Hanford, the Commission has sought to as- 
sist in stimulating diversification of the economic base of the “Tri- 
Cities Area” by giving consideration to the additional private business 
activity each contractor has proposed to bring into the area, if selected, 

NEW CONTRACTORS 

Laboratory Operations 

On Januray 4, 1965, the Battelle Memorial Institute of Columbus, 
Ohio, took over operation of the AEC laboratory activities at Han- 
ford. At the same time, the laboratory facilities were renamed the 
Pacific Northwest Laboratory. Battelle has announced that, over a 
10-year period, it will carry out a $19 million private construction 
program in the Tri-Cities area. Battelle estimates that its private 
work will employ at least 200 additional persons by 1970. 

Reactor Operations and Fuel Preparation 

The Commission selected Douglas United Nuclear, 1nc.-a joint 
venture formed by Douglas Aircraft Co., Santa Monica, Calif., and 
United Nuclear Corp., Centreville, Md.-to operate initially five, and 
ultimately all six, of the plutonium-production reactors currently in 
use at Hanf ord, together with the related fuel-preparation facilities, 
and to continue surveillance of the shut down reactors. Douglas 
United Nuclear commenced operations under the contract on Novem- 
ber 1,1965. I n  furthering diversification of the economic base of the 
area, the joint venture and the parent companies will : 
( I )  Invest $6.6 million in private facilities in the Richland area, and 

thus create an estimated 300 new jobs by 1970. 
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(8) Contribute to the University of Washington, $100,000 a year for 
five years toward establishment of a Graduate Study Center at 
Richland. 

(3 )  Establish a small business investment corporation, with initial 
capital of $150,000, to  assist in the formation and gror th  of new 
small businesses in the area. 

General Electric Go. will continue to operate the ‘W reactor and 
associated fuel preparation facilities until the reactor has demon- 
strated satisfactory operation. (See Chapter 5-Source and Special 
Nuclear Materials Production.) 

Chemical Separations 

Isochem, Inc., of Richland, Wash., joint venture of the U.S. Rubber 
CO., and Martin-Marietta Cop., both with headquarters in New York 
City, will operate the Hanf ord chemical separations facilities begin- 

Xew Private Research PaciZity. After taking over as  the AEC’s operating con- 
tractor fo r  the Pacific h’orthwest Laboratory (formerly Hanford Laboratories), 
the Battelle Memorial Institute announced it would also undertake a $19-million 
private construction program a t  nearby Richland. The drawing is an  archi- 
tect’s aerial conception of the construction program planned to extend over a 
10-year period. Buildings on the lower right side of the rectangle are a mathe- 
matics building (Zeft) and research operations building ( r i g h t ) .  These two 
structures, together with the 300-seat auditorium (above research operations) 
and multipurpose pool at Eeft will be in the first phase of construction. Other 
structures are projected for construction in future stages. The pools will con- 
tain the cooling system evaporation sprays, and have trees surrounding them 
to create an oasis-like character to contrast with the area surrounding the site. 

o c \ 3 0 3  
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ning Janua.ry 1, 1966. Isochem d l  build and coiimiercially operate 
a $8 million plant for converting and encapsulating fission products 
from Hanford’s radioactive wastes. The new plant is expected to  
create about 150 jobs by 1970. (See “Fission Products Productioil‘? 
item in Chapter 5.) 

Support Services 

ITT Federal Support Services, Inc., a new Richland, Wash.? sub- 
sidiary of International Telephone and Telegraph Corp., New York 
City, will operate the Hanford support facilities and provide services 
to other operating contractors, beginning March I, 1966. Included 
are transportation and maintenance, plant utilities, purchasing and 
warehousing, and certain administrative services. During the first 5 
years of operation, the new contractor and its corporate affiliates will 
invest ‘approximately $2 million in a regional complex of facilities for 

I 

I 
I 

Xem Private Radioisotope Facility. An artist’s concept shows the proposed 
Fission Products Conversion and Encapsulation Facility planned for private 
construction a t  the BEC’s Hanford complex, near Richland, Wash. The $8- 
million plant will be used to  prepare and package useful radioactive byproducts 
of Hanford for marketing. Isochem, a subsidiary of US. Rubber Co. and Martin 
Marietta Corp., was awarded, during February, a contract to operate the Han- 
ford Chemical Processing Department. Isocheru mill  build and commerciallj 
operate the conremion and encapsulation facility. I t  is one of several new 
enterprises being established in the Richland area as a result of the AEC’s con- 
tractor dirersification a t  Hanford. 

Since Julyv 
been pro’ 

the AEC prof 
computer eqr 
some of its PI 

private work 
approximatel: 

Radiation Pr 

United Stat 
a new $250,00 
services for A 
tract, eff ectivc 
forming work 
maintenance : 
bration, and t 

pected to  be c 

The AEC h 
Washington f c  
State has sublc 
Calif., for pui 

The -i4EC 11 
Slope in the ST 

ing the northe 
available for 1 

of the area be 
and “H” react 
more productj 
under the juri 
also handle 1( 
reached by th 

2Not an affilinte 



lly operate 
n products 
xpected to 
’roduction” 

,Yash., sub- 
New k70rk 
ide services 

Included 
hasing and 
: the first 5 
Eliates will 
xilities for 

the proposed 
3 for  private 
ish. The $8- 
;e byproducts 
0. and Martin 
-ate the Han- 
commerciallS 
several new 

le AEC’s con- 

JANUARY-DECEMBER 19 6 5 29 

nlanufacturing electronic components and providing a variet.? of 
technical and engineering serT-ices. It is expected that such private 
sork will create 350 additional jobs by 1970. 

. Automatic Data Processing 

Since July 1,1965, Computer Sciences Coip,  of El Sepndo,  Calif., 
bas been providing the computing and data processing services for 
the AEC programs at Hanford. The company is providing additional 

- computer equipment with its own funds and expects to centralize 
some of its private operations at Richland as well as to seek further 
private work to be done there. The firm’s private work will require 
approximately 60 positions by 19’70. 

Radiation Protection Services 

United States Testing Co., Inc.? of Hoboken, N.J., ha construct d - 

- a new $250,000 facility in Richland to perform radiation-protection 
services for AEC programs at Hanford under a fixed unit-price con- 
tract, effective January 4, 1965. I n  addition, the company is per- 
forming work for others on a prirate basis in commercial instrument 
maintenance and calibration, nondestructive testing, glassware cali- 
bration, and engineering inspection. Fifty additional jobs are ex- 
pected to be created by 1970. 

LAND RELEASE 

The AEC has leased 1,000 acres of the Hanford site to the State of 
Washington for use by the State in developing nuclear industry. The 
State has subleased 100 acres to  California Nuclear, Inc., of Pleasanton, 
Calif ., for  purposes of land-burial of low-level radioactive waste. 

The ,4EC has announced that 39,000 acres of land on the TVahluke 
Slope in the safety buffer-zone around the production reactors, adjoin- 
ing the northeast perimeter of the Hanford reservation, is being made 
available for nonresident farming under controlled conditions. Most 
of the area becomes available as a result of the shutdown of the “E”? 
and “H” reactors. The action will permit utilization of one of the 
more productive natural resources of the area. Irrigation will be 
under the jurisdiction of the U.S. Bureau of Reclamation, which will 
also handle leasing arrangements, in accordance with agreements 
reached by the AEC and the Bureau. 

*Not an afElinte of the U.S. Government. 
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GENERAL OBSERVATIONS ON HAlyFORD ACTIVITIES 

TJ%ile it would be premature to make predictiolls concerning the 
future effects of the changes at Hanford, the Commission is highly 
pleased with the initial results of the contractor-replacement program. 
It has been most encouraging that so many large and capable private 
firms in this country showed an interest in operating portions of the 
Hanford Works-and also that they found opportunities for  private 
investment in the area. The cooperative effort with the residents, 
through the Tri-City Nuclear Industrial Council, has been important 
to the progress made to date. The Commission plans to continue 
working with the community representatives to maximize diversifi- 
cation of the local economy. Not only the AEC, but the administra- 
tion as a whole, is watching this program closely. It may well be that 
what is being done at Hanford will prove to be applicable a t  other 
locations that may now, or in the future, face similar substantial cut- 
backs in employment with a probability of consequent adverse eco- 
nomic effects. 

NRTS CONTRACTOR REPLACEMENT 

On May 3, the AEC announced it was inviting proposals from 
industry for operation of its test reactors, chemical processing plant, 
and associated research and development and for support services work 
at the National Reactor Testing Station (NRTS) near Idaho Falls, 
Idaho, under a single, cost-plus-fixed-f ee contract. 

The main facilities to be operated under the contract include the 
Jdaho Chemical Processing Plant and related facilities, the Materials 
Testing Reactor, the Engineering Test Reactor, and the Advanced 
Test Reactor. 

Support services are to be provided for the entire NRTS by the new 
contractor. These services include such things as operation of the 
bus system, teclmical library, radioactive waste disposal facilities, 
analytical laboratory, metallurgical and hot cells, motor-pool, cafe- 
teria, printing, phot,ogaphy, and maintenance shops and will also 
conduct general stores purchasing and Farehousing. 

This work is currently performed for the AEC by the Phillips Petro- 
leum Co. Phillips will continue to conduct the extensive nuclear 
safety prograin and associated activities at the KRTS. Besides Phil- 
lips, other coiit ractors conducting Coinmission ~ ~ o r k s  at the KRTS in- 
clude the Argonne Kat ional Laboratory, Westinghouse Electric Corp., 
General Atomic, and General Electric Co. 
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lncluded in the invitation, among other things, m-as a requirement 
that the new contractor must not currently have a major operating 
or on-site services cont.ract with the AEC. Consideration was also to 
be given to the degree of interest in the commercial atomic ener-gy 
industry as evidenced by the firm’s activity and investment in the field. 

At year’s end, two proposals had been received-one from General 
Dynamics Corp. and a joint proposal from Aerojet-General Corp. and 
Allied Chemical Corp. These proposals were being evaluated with 
selection action expected to be completed early in 1966. 

OTHER DIVERSIFICATION ACTIONS 

In cooperation with local leaders at Oak Ridge, Tenn., Paducah, 
Ry., and Porhmouth, Ohio, the AEC has actively sought new uses for 
production facilities at those locations, which are no longer being fully 
used. Particular emphasis has been placed upon making laboratory, 
testing, machine shop engineering, and other unique research and 
development and fabrication skills available for use by other Govern- 
ment agencies. 

Facility Utilization by Others 

In support of the U.S. Department of the Interior desalination pro- 
gram, the engineering skills availzble ,at Oak Ridge are being applied 
in the conceptual design of large evaporator plants and in the develop- 
ment of many of the plant components which will be required when 
large desalting systems are built. 

Development and fabrication of unique items of hardware for aero- 
space and other applications are being performed at the Paducah and 
Oak Ridge installations, for the National Aeronautics and Space 
Administration and for the Department of Defense. 

At the Portsmouth plant, AEC’s action in making warehouse space 
temporarily available, in cooperation with local development efforts, 
led to permanent location of a new automobile parts manufacturing 
plant at Waverly, Ohio. The company will build its own facility 
shortly, and eventually mill employ 250 persons. 

INDUSTRIAL(-PARTICIPATION ASPECTS 
The Commission, in accordance with section I b  of the Atomic 

Energy Act of 1954, as amended, has a responsibility to help develop 
and strengthen free competition in private enterprise. 
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AEC ACTIONS IN COOPERATION WITH ZNDUSTRI 

During 1965, some of the inanj- cooperatii’e steps the Commissi( 
hm taken with industry to help achieve a competitive nuclear indust 
came to fruition. 

The negotiation of contracts for  the stretch-out program on ra 
material purchases was completed. It is anticipated that, as AEC 0 
contracts expire by 1970, the uranium mining industry will be su 
tained by private sales. (See “Raw Materials” section, Chapter 5 

0 The first AEC base-load parantee to encourage a private spen 
fuel reprocessing industry became effective as irradiated fuels we 
turned over to the first privately owned reprocessing plant. O m (  
and operated by Nuclear Fuel Services, Iiic., the target date for con 
mercial operation is January 1966. The plant began receiving i 
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SUBCONTRACT DOLLARS - TOTAL 
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SnzaZE Business’s 511 are. Small business participation under the AEC’s prin 
contracts and subcontracts continued to receive emphasis throughout the AE 
organization and by AEC’s major cost-type contractor purchasing officers. Sma 
business received a significant share of the total AEC subcontract awards durh 
fiscal Fear 1965, totaling $312.3 million, or 46.1 percent of the $677.3 millic 
total subcontract awards. The small business share of the AEC subcontrac 
for the period, 1951 through 1965, was 41.4 percent. The chart shows, on 
percentage basis, the share of AEC subcontracts that have gone to small busine! 
during the past 15 years. 
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fuel elements during June. The Commission is studying 
,,-bat steps, if any, it should take to encourage additional reprocessing 
,,pacity. 

The development of central station nuclear po-ser technology has 
the point where a number of additional utilities are purchas- 

ing nuclear powerplants without the financial incentives of the coup- 
emtive Povi-er Reactor Demonstration Program. These and addi- 
tional projects now under consideration by utilities Kill help encourage 
8 competitive base of reactor component suppliers. (See Chapter 7- 
Civilian Nuclear Power.) 

In  connection with the award of operating contracts, the Com- 
mission’s policy of taking into account the interest and investment 
made by members of the civilian nuclear industry is beginning to bear 
results. The contractor replacement activities a t  HsLnford and NRTS 
described earlier in this chapter have provided several of these com- 
panies, as well as other companies selected, an opportunity to partici- 
p%te directly in the Government‘s atomic e n e r a  program. (See L L A ~ -  
ticities at Hanford” and “RTRTS Contractor Replacement’’ items in 
this chapter.) 

0 Informal discussions with utility organizations and atomic equip- 
ment companies to learn of their plans are continuing. The‘informa- 
tion will be used by the Commission in its internal long-range planning 
for the continued development of the nuclear energy program. (See 
9leetings With Utilities and Equipment Firms” item, this chapter.) 

The Advisory Committee on Isot~pes and Radiation Development 
is siding in broadening the industrial interest in isotopes. The Com- 
mittee’s composition has been gradually changed over the past year 
to bring in additional representatives from the various se,ments of 
the isotope industry; it also cooperated in an industrial survey. (See 
“Technology Utilization” item, Chapter 13-Isotopes and Radiation 
Development. ) 

(See “Fuel Reprocessing” item? Chapter 5.) 

Industry Associations 

Good channels of communication between private industry and the 
AEC are essential to the maintenance of the U.S. position as a world 
leader in peaceful applications of atomic energy. Formal meetings 
mere held by the Commission with groups such as the Atomic In- 
dustrial Forum, the U.S. Chamber of Commerce, and the Edison Elec- 
tric Institute. Informal meetings were held by the AEC staff with 
other industry groups with an actire interest in the atomic energy 
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program such as the Kational Sssociation of Manufacturers, th, 
American Public Power Association, the National Rural Electri, 
Cooperative Association, the National Security Industrial Associa 
tion, the Aerospace Industries Association, and the Manuf act&l 
Chemists’ Association. The meetings provide for a free exchange 0: 
ideas and a means of resolving common problems. 

First Private Reproccssing. A 234011 cask containing a single fuel element from 
the Yankee Atomic Electric Co.’s Rowe, Mass., nuclear reactor is lowered into 
the unloading pool a t  Nuclear Fuel Services (NE’S) reprocessing plant at West 
Valley, K.T. It was the first such shipment to be received at private industry’s 
first nuclear reprocessing plant. The fuel element was removed underwater and 
transferred to an adjoining storage pool where it will remain until undergoing 
reprocessing. Through chemical purification, the unspent portion of the nuclear 
fuel will be recovered and made available for reuse in a reactor. Commercial 
operation of the $28 million NFS project will begin in January 1966. NFS is a 
majority-owned subsidiary of W. R. Grace C Co. 

over the pa 
fomal discus: 
p w e r  to lean 
Commission vi- 
outlook in reg 
bearing on the 
11 of which tc 
utilities and u 
obtain a better 
ing new plants 
In these me 

ways of stimu 
been discussed. 

Recently, th 
with the p r i m  
equipment COLT 

changes of viex 
hand, the cox 
nuclear indust- 
ested in encour 
industry. 

Utility Surve3 

As an exten! 
nuclear power: 
electric utilitie, 
their future g 
the AEC in its 
diffusion plant 
portions of its 

Contacts we 
private and p 
of the present 
sions mere alsc 
the American 
Cooperative A 

Atomic Indusi 
Administrati01 



turers, the 
tl Electric 
11 Associa- 
uf acturing 
schange of 

alement from 
lowered into 
ant at West 
te industry’s 
.erwater and 
1 undergoing 
i the nuclear 
Commercial 

i. NFS is a 

JANUARY-DECEMBER 19 6 5 

fleetinge with Utilities and Equipment Firms 

over the past several years, the Commission has been holding in- 
formal discussions with utility organizations interested in atomic 

Such discussions hare provided the P 
Commission with an opportunity to receive industry% comments and 
outlook in regard to the growth of the nuclear industry and have a 
baring on the Commission’s planning for  the future. These meetings, 
11 of which took place this year: hare been held xi th  more than 30 
atzties and utility groups. They have enabled the Commission to 
obtain a better understanding of the factors utilities consider in select- 
ing new plants and reactor manufacturers. 

these meetings, the trend toward industrial concentration and 
ays of stimulating the growth of a competitive industry have also 

cently, the discussions have been extended to include meetings 
the principal atomic equipment companies. Ten meetings with . 

quipment companies were held during 1965 and involved frank ex- 
hanges of viewpoints between the Commission and industry. On one 
hand, the companies are concerned about their future role in the 
nuclear industry; on the other hand, the Commission is keenly inter- 
~ t e d  in encouraging the healthy development of a competitive nuclear 
industrg. 

ower to learn of their plans. 

been discussed. 

UtiZity Survey 

As an extension of its previous efforts in forecasting the growth of 
nuclear power, the AEC during the year conducted a spot survey of 
electric utilities to obtain additional first-hand information regarding 
their future growth and plans. This information will be used by 
the AEC in its long-range planning for continued reactor development, 
diffusion plant operation, re,o;ulatory staff level of activity, and other 
portions of its overall program. 

Contacts were made throughout the Nation with approximately 50 
private and public utility organizations, constituting over one-half 
of the present total national electric generating capability. Discus- 
sions mere also held with appropriate national organizations, such as 
the American Public Power Association, the National Rural Electric 
Cooperative A4ssociation, the Edison Electric Institute, and the 
Atomic Industrial Forum, as well as with the Rural Electrification 
Administration. 
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INDUSTRIAL CAPABILITY 

Private industry has developed a capability to provide almost all 
the materials, equipment, and services needed in tlie generation of 
electric power from enriched uranium. A major important exceptioll 
is the enrichment of uranium in the uranium 235 isotope that is ac- 
complished in the Government-owned gaseous diffusion plants at Oak 
Ridge, Tenn., Paducali, Ky., and Portsmouth, Ohio. I n  tlie absence 
of commercial enriching facilities, “toll enrichment“ is provided for 

Photographic Engineering “Drawings.” The National Lead Co. of Ohio, operator 
of the AEC’s Feed Materials Production Center at Fernald, Ohio, is using a 
photographic technique to make engineering “drawings.” The method all but 
eliminates costly drafting time and is particularly useful when changes are to 
be made in existing equipment. Photographs are taken of the equipment involved 
on 2%” x 2%’’ black-and-white negatives. After development, the negative8 
are mounted in microfilm aperture cards which can be filed, sorted, and retrieved 
with standard punched-card equipment. The mounted negatives are enlarged 
and 18” s 24” matte-surfaced prints a r e  made on which it is a simple matter 
for  the engineer to sketch in the desired changes, as shown above, using a black 
marking crayon. 

3For a complete report on the private atomic energy industry, see The Nuclear I* 
dusty--1965, available from Superintendent of Documents, U.S. Government Printing 
Office, Washington, D.C., 20402, fo r  $0.55. 
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in the legislation which authorized prirate ownership of special nu- 
clear material.* The AEC has prepared and published for public 
cOmnent, a draft of proposed criteria under which this service would 
be offered. (See “Private Ownership Act Implementation” item, 
Chapter 5.)  

PRIVATE NUCLEAR INDUSTRY GROWTH 

During the year, there were a number of clianges in the nuclear in- 
dustry that, despite some withdrawals or contractions of operations, 
sllowed a continuing orer-all growth of industrial capability. 

Some 1965 Changes 

Three firms-the Continental Oil Co., Reynolds Eleotric Co., and 
Edgerton, Germeshausen and Grier, Inc.-have formed a new com- 
pmy called CER Geonuclear, Inc. This firm proposes to assist other 

in familiarization with Plowshare (peaceful uses of nuclear 
explosives) technolo,gy and ultimately, when industrial applications 
of nuclear explosives are ready for commercial use, to offer a complete 
service to industry in which AEC would supply only the nuclear 
device and assure compliance with safety requirements. Holmes and 
xarver, Inc.. and R. F. Beers, Inc., are also offering similar services. 

The Atlas Corp. closed its mill at Mexican Hat, Utah, but will 
continue to process ore at its mill at Moab, Utah. Vitro Chemical 
Co., Salt Lake City, Utah, and the Cotter Corp., Canon City, Colo., 
are no longer processing uranium ores. 

Kerr-McGee completed a new plant near Oklahoma City for the 
production of uranium metals, oxides, and compounds. Nuclear Fuel 
Services completed a new facility at Erwin, Tenn., to produce uranium 
oxide microspheres by a new process. Minnesota Mining and Manu- 
facturing ceased production of coated uranium particles. 

The Allied Chemical Co. p lmt  a t  Metropolis, Ill., may be reopened 
in 1966 for uranium hexafluoride production after having been closed 
since June 30,1964. 

The Westinghouse Electric Corp. will concentrate more on the pro- 
duction of commercial and rocket fuels. Capacity previously used to 
fabricate Nary fuel will be devoted to this work. 

‘See pp. 12-15, “Annual Report to Congress for 1964.” 
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Babcock & Wilcox began production of radioisotopes for commerci: 
sale at its Lynchburg, Va., facility. Isochem, Inc. (jointly owned b 
U.S. Rubber and Martin-Marietta) has taken initial steps toward pr. 
vate construction of an $8 million plant which will separate useft 
radioisotopes from waste products at the AEC’s Hanford mTork! 
Richland, TiVash. Iso-Serve, Inc., one of the principal producers 0 
radioisotopes, changed its name during the year to Cambridge Nuclea 

The Gamma Process Co. was established and will use tthe Westing 
house hot cells at Waltz Mill, Pa., for encapsulation of cobalt 60 an1 
other work. 

The Kewport News Shipbuilding & Dry Dock Co. announced th 
formation of a subsidiary, Nuclear Engineering &; Construction GO 
Inc., to engage in specialized work (refueling and periodic overhaul 
on land-based nuclear plants. The firm has had prior experience U 
nuclear work as builder of the nuclear carrier Enterprise and 22 nu 
clear submarines, and has refueled the E n t e r w e  and the nuclea 
cruiser Long Beach. 

L4 third company entered the low-level waste management fielc 
with the licensing of California Nuclear, Inc., to operate a burial sit, 
a t  Richland, Wash. 

The X-Ray Monitoring Co. and its subsidiary, the Atomic Fih 
Badge Corp., Long Island City, N.Y., terminated their activities re 
lating to film badges. The United States Testing Co. entered t& 
field with the establishment of a private laboratory at Richland, Wash 

Corp. 

SHIPMENTS OF ATOMIC ENERGY PRODUCTS 

Shipments of specialized atomic energy products during 1964, u 
reported by the Bureau of the Census,6 reached $261 million, an all- 
time high and 14 percent above the 1963 total of $228 million. 

These totals do not include shipments of nuclear instruments which 
formerly were included in the Census survey for the years prior to 
1963. Nuclear instruments are nom included by the Census Bureau in 
a survey of the instrument industry. The 1964 figures for this surve! 
were not available at the time of printing this report. 

h’uclear Engineering Co. operates low-level waste burial facilities at  Beatty, Nev., and 

* The report, “Selected Atomic Energy Products-1964” [Series M38Q (64)-1], is a d ’  
Morehead, Ky. 

able from the Bureau of Census, Washington, D.C., 20233, for $0.25. 

Nuclear Fuel Services operates a burial site at West Valley, N.P. 
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MILLIONS OF DOLLARS 
400 

- 

_ -  

Bhipments o j  Products. Chart shows the relative volumes of shipments of 
atomic energy products from privately owned facilities over the calendar years 
1057-64 as based on data collected by the annual Bureau of Census surveys. The 
rolume of nuclear instruments shipments for 1963 and 1964 are estimates by the 
AEC's Division of Industrial Participation staff. 

DEVELOPMENT WORK IN INDUSTRIAL 
LABORATORIES 

Table 1 shows the distribution of AEC research and development 
exclusive of that related to production and weapons activities) by 
Fpe of organization. Both the dollar value of work in industrial 
Lboratories and the percentage of such work in terms of total research 
Id development expenditures decreased in 1965, the first decrease 
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1965 
--- 

1.0 
53.2 
16.0 
3.9 
3.1 

77.2 
-- 

since this information was initially collected in 19%. This reflects in 
creases in the cost of research and development vork at. ,4EC labom 
tories in the physical sciences and in biology and medicine rather thsr 
cz significant trend in reactor development work. In reactor work, ex 
penditures decreased overall by about five percent xith somewhat cola 
parable reductions in le,i+els a t  both ,4EC laboratories and in industria 
facilities. 

I964 

2.2 
4.2 
0. 8 
0 .4  
0.3 

7.9 

TABLE l.-DISTRIBVTIOX O F  RESEARCH AKD DEVELOPMENT 
EXPENDITIJRES 

[Fiscal years-millions of dollars] 

1964 
-- 

1.3 
145.3 
52.0 
2.4 
2.9 

203.9 
-- 

Type of Organization 

1965 

1.4 
169.3 
56.9 
1.1 
2.7 

351.4 Total 7 .____________ 

1964 
-- 
197.5 
283.9 

, 2.8 
1 4. 1 

14.0 

502.3 
-- 

1965 

180.9 
267.1 

2.4 
3 .3  

23. 8 

477.5 

19646  - 
1.5 

48.5 
14.8 
3.3 
2.9 

71.0 
- 

1965 - 
1.9 
5.3 
0. 8 
0. 3 
0 .5  

8 .8 

1 Reactor development. 
a Physical research. 
a Biology and medicine. 
4 Isotopes development. 
6 Peaceful nuclear explosives. 
6 Revised. 
7 These totals do not agree exactly with totals shown iu the Annual Financial Report. Depreciationan 

Commission-owncd facilities and cost of special nuclear material consumed are not included here but are 
included in the Annual Financial Report. Also, this table includes some estimates of expenditures based on 
contract commitments. 

SOUTHERN INTERSTATE NUCLEAR BOARD 

During the year, the Commission worked closely on several projects 
with the Southern Interstate Nuclear Board (SINB) , the executive 
agency of the Southern Interstate Nuclear C~rnpact .~ 

Two briefing sessions on commercial uses of atomic energy mere held 
in cooperation with the SINB at Oak Ridge, Tenn., one in May and a 
second in August. Each session was attended by more than 100 leaders 
from the southern States. 
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Section 4 of Public Law 57-563 specifically authorized the AEC t o  cooperate with 
SINB in areas of common interest. h'athaniel Welch of Auburn, Ala., was appointed in 
April 1963 by the la te  President Kennedy t o  serve as Federal Representative to  the  
Southern Interstate Nuclear Board, the  executive agency of the  Southern Interstate 
Nuclear Compact. Mr. Welch's reporting channel to the President is through the Chafr. 
man of the AEC. 
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contract Studies 

One AEC contract was placed with the Board for a survey of prob- 
lems related to shipments of reactor fuel elements. A particular 
objective of this study is to develop ways of encouraging the shipment 
of irradiated fuels from abroad for reprocessing in the United States. 
finder another contract the SINB was studying mechanisms which 
could bring irradiated wood-plastic materials into commercial produc- 
tion with special reference to the southern States and to Appalachia. 

The Commission also cooperated with the SINB, NASA, and the 
Department of Commerce in a study-work project on the value of 
nuclear and space technologies to the industrial resources of Charles- 
ton, W. Va. This mas an experimental effort to test the idea of using 
new technologies to increase employment in economically depressed 
areas such as Appalachia. 

ACCESS PERMIT PROGRAM 

The Access Permit Program continues to provide private industry 
with access to classified information for peaceful, private uses of 
atomic energy. Initiated in 1955, over the years it has provided a 
means by which about 2,000 individuals and organizations have kept 
abreast of classified developments in nuclear work of interest to them. 

The largest number of Access Permits, 1,432, were in effect in 1958. 
Since then, the number has declined as research and development work 
on peaceful applications of atomic energy have been progressively de- 
classified. As of the end of November 1965 there were 495 Access 
Permits in effect (376 for access to Secret Restricted Data, and 117 for 
Coddential) as compared with 547 a year earlier (416 for Secret and 
131 for Confidential). Table 2 on page 42 shows the principal fields 
of interest. 
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TABLE 2.-ACCESS PERMIT HOLDERS BE' PRINCIPAL FIELDS OF 
IXTEREST 

E 1 NOV. 30,1964 1 NOV. 30, 1965 

I I - 1  

I 



L FIELDS O F  

i, 1964 NOV. 30,1965 i - 
2 
35 
35 
67 

5 
45 
17 
30 
73 
10 
32 
51 

2 
34 
18 
16 
11 
40 
18 
69 
43 

4 
10 
21 
10 
13 
39 
15 
12 

4 
7 

2: 

3 
22 
23 
59 

5 
36 

' 11 
30 
66 
14 
33 
45 

0 
34 
17 
14 

7 
32 
18 
61 
37 

6 
11 
25 
14 
15 
34 
12 
13 

5 
3 

21 1 
807 1 726 

I 
erest, resulting in a total 

5 0 f  

Chapter 3 

INDUSTRIAL RELATIONS 

Employment in the atomic energy field, a t  both Government and 
private establishments, declined during 1965. However, the efforts of 
the AEC, its contractors and others, in assisting in the placement of 
surplus contractor employees helped to minimize the impact of these 
reductions. 

MANPOWER IN THE ATOMIC ENERGY FIELD 

The annual survey of manpower in the atomic energy field which is 
conducted by the Bureau of Labor Statistics (BLS) for the AEC 
shows employment in industrial establishments in the atomic energy 
field of 139,200 in January 1965, compared to 145,000 in January 1964, 
II reduction of 4 percent. The reduction in Government-owned estab- 
lishments was 2.1 percent, and in privately owned establishments was 
9.1 percent. (See Table 1, Appendix 4 for a two-year comparison by 
economic segment of personnel employed in Government-owned and 
privately owned establishments in 1964 and 1965.) 

The page 44 table reflects employment changes (on a preliminary 
data basis) in occupational categories at industrial establishments in 
the atomic energy field as of January 1965 in comparison with January 
1964. 

Employment in the atomic energy field in economic segments, which 
are not included in the BLS survey of industrial establishments, was 
estimated in January 1965 at 45,000. These segments are: uranium 
mining, private nonprofit research laboratories, university research 
and teaching, construction of nuclear facilities, and the Federal service. 

AEC CONTRACTOR EMPLOYMENT 

Employment at Government-owned establishments operated by 
AEC prime cost-type contractors engaged in production, research, 

43 

3 1 9  
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Scientists aud engineers in re- 
search and development 
work- - - - - - - - - - - - - - - - - - - - -  

Scientists and engineers in re- 
search and development 
work--,------------------ 

January 
1964 

13, 795 
8,905 

15,287 
70, '754 

108, 741 

16, 037 

7,060 
2,122 
7,068 

20,043 

36,293 

4, 675 

JaIlUEUY 
1965 

13,300 
9,363 

15,429 
68, 325 

106,417 

16,439 

6, 726 
1,999 
6,592 

17,4TO 

32, 787 
-- 

4,658 

Actual 
change 

- 495 + 458 + 142 
-2, 429 

-2, 324 

+ 402 

- 334 
- 123 
- 4'76 

-2,573 

-3, 506 

- 17 

Percent 
change - 

-3. + 5. 
+o. ! 
-3. 

-2. : 
- 

- 

$2. [ 
w - 

-4. i 
- 5 .  t 
-6. 7 

-12.8 

-9. 'i 
- - 

-0. 4 

(Table 2 in the Appendix 4, shows employment by.occupationa1 categories in Oovernment-owned and 
privately owned industrial establishments by economc segments BS of January 1865.) 

development, maintenance, and test activities continued to decline in 
1965 as shown below : 

No. of 
Employment Date conlructors 

109, 875-- December 1963 _ _ _ _ _ _ _ _ _ _ _ _ - _ - _  38 
109, 250-_ December 1964 _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _  36 
100,940-, November 1965 _ _ _ _ - _ - _ _ _ _ _ _ _ -  36 

Of the 100,940 eniployees, 41.9 percent were production and related 
(manual) ; 24.2 percent were clerical and related (nonmanual) ; and 
18.8 percent were nonsupervisory scientists and engineers. The re- 
maining 15.2 percent were executive, administrative, and professional 
personnel other than nonsupervisory scientists and engineers. 

Employment Reductions 

The reductions during the year stemmed primarily from cutbacb 
previously announced in 1964 in the weapons program and from, 
clianges in reactor demlopment programs announced in 1965. i z n a c : . j e i j  
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On September 27,1965, the weapons modification facility operated 
by phson & Hanger-Silas Azason &I. at Clarhville, Tenn,, was closed, 
sljfts in reactor program emphasis led to the closing, starting in July, 
of the Connecticut Advanced Nuclear Engineering Laboratory 
(CANEL) at Middletown, Conn.; the termination of the Army Gas- 
Cooled Reactor prograni at the National Reactor Testing Station 
(RRTS), Idaho; and a reduction in the SNAP and sodium graphite 
no& at Atomics International. Weapons modification activities at 
tlie Medina Facility, San h t o n i o ,  Tex., operated by Mason & Hanger- 
s & ~  Mason Go., will be phased out by mid-1966. I n  addition, the 
lutonium weapons parts fabrication at  the Hanford, Trirash., plant P 

\5.as closed out in late 1965. 
The largest net employment reductions during 1965 were : 

'Contractor 
ACF Industries, Inc- - - - - 
Aero jet- General Corp - _ - _ 
Atomics International, - _ 
Bendix Corp _ _ _ _ _ _ _ _ _ _ _ _  
Dow Chemical Co _ _ _ _ _ _ _  
General Electric Co,-- _ - - 
Mason & Hanger-Silas 

Pratt & Whitney - _ _ _ _ _ _ _  
Union Carbide Corp. 

Mason. 

(Y-12). 

Approzimate 
ernpbumcnt 

Location reduction 
South Albuquerque, N. Mex- 195 
NRTS and San Ramon, 160 

Canoga Park, Calif _ _ _ _ _ _ _ _  1,020 
Kansas City, Mo _ _ _ _ _ _ _ _ _ _  2,030 
Rocky Flats, Colo _ _ _ _ _ _ _ _ _  200 
Richland, Wash _ _ _ _ _ _ _ _ _ _ _  1,050 

220 Clarksville, Tenn., and 
San Antonio, Tex _ _ _ _ _ _ _ _  170 

Middletown, Conn _ _ _ _ _ _ _ _ _  1,250 
Oak Ridge, Tern _ _ _ _ _ _ _ _ _ _  740 

Calif. 

Employees affected by these reductions were largely concentrated 
in production, maintenance and clerical classifications. Relatively 
few hires of these surplus personnel in other contractor establishments 
were possible since the employment increases in AEC multiprogram 
and weapons laboratories occurred among scientific and technical 
categories. 

Placement Assistance 

Efforts were made to assist personnel in finding new employment 
and to minimize the impact of the cutbacks on the communities 
involved. The AEC compiled and distributed monthly lists of occu- 
pations of surplus personnel and of vacant pusitions among contrac- 
tor~ throughout the program. AEC contractors assisted employees 

preparing r&urn& ; made contacts with other employers to identify 
vacancies; invited other firms into the plants to interview employees; 
informed employees of all available information on job possibilities ; 
encouraged early retirements, where feasible ; and permitted employees 
to terminate before scheduled layoff dates in order to accept positions 

imqaf ,e ly  available, including positions in contractors' nrivs.t,e 
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Through November 1965, 39 labor agreements have been involved 
in negotiations of contract renewals or modifications under reopening 
provisions. The ,4tomic Energy Labor-illlanagenlent Relations Panel 
had intervened 11 four instances where negotiations reached an 
impasse. These were: 
Mason & Hanger-Silas Mason, Inc., Amarillo, Tex., and the llIeta1 

Trades Council ; 
Dom Chemical Co., Rocky Flats, Colo., and District 50, United hihe 

Workers of America ; 
Reynolds Electrical and Engineering Co., Kevada Test Site, and tile 

International Brotherhood of Teamsters representing a unit of reg. 
istered nurses ; 

Reynolds Electrical and Engineering Co. and Catalytic Constructioo 
Co., Kevada Test Site, and International Brotherhood of Teamsters 
representing truck drivers and warehousemen. 

~ 

Work Stoppages 

From January through December, over 770,000 man-hours were lost 
in work stoppages-compared to about i2  i ,000 man-hours in 1964. 
The lost time was approximately 0.3 percent of the total scheduled 
work time. 

Of the 770,000 man-hours lost, 96 percent resulted from strikes at 
the Kevada Test Site (NTS) and primarily from a strike of 5-weeks’ 
duration in September and October. The strike ended following 
negotiation of new construction project labor agreements between 
Reynolds Electrical and Engineering Co., Inc., and Catalytic Con- 
siruction Co. and a group of construction craft unions. These agree- 
ments, which run for a period of five years, contain procedures for 
settlement of disputes and provide a basis for improved labor- 
management relations on construction work a t  NTS. Earlier in the 
year, three-year labor agreements applicable to maintenance and oper- 
ations work performed by the Reynolds Go. were negotiated. These, 
too, provide procedures for dispute settlement and avoidance of work 
stoppages. At year’s end, consideration mas being given to the estab- 
lishment of a preventive mediation program as a further step in 
assuring stability in NTS operations. 

kP. 

CONTRACTOR EQUAL EMPLOYMENT OPPORTUNITY 
PROGRAM 

The tempo of AEC’s program for assuring Government contractor 
compliance with Executive Order 11216 and affirmative action to 
assure equal e m p l o p e n t  opportunity to minority group membfi 
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iacres ed during the year. The AEC had responsibility for nearly 
io enlployers with about 1,300 establishments in which periodic corn- & 

plirtnce reviews, in accordance with Government-wide criteria, are 
Since the start of this Compliance Revier Program in 

1963, the AEC has conducted reviews at  more than 1,200 facili- 
ties, 565 of these in the 11-month period ending Kovember 30, 1965. 
ImP etus to the equal employnient opportunit>y program was given by 

P facility employers ; 12 such rei-iews were conducted with corporate 
Concentration of the major compliance review workload 

in five offices (Albuquerque, Chicago, New York, Oak Ridge, and San 
Francisco) as of July 1, 1965, contributed to increased effectiveness. 

July 

erformance of corporate comdiance - reviews of certain multi- - 

WORKMEN’S COMPENSATION STANDARDS 

uthough the atomic energy program historically is one of the safest 
industries in the nation and few of the injuries in the program have 
inrolved radiation (see Chapter 4--Operational Safety), there is a 

to assure adequate workmen’s compensation coverage for those 
mdiation injuries which do occur. Three studies aimed at finding 
means to achieve improvements in workmen’s compensation systems, 
in the area of radiation injury, mere completed in 1965. The studies 
Kere jointly sponsored by the AEC and the U.S. Department of Labor. 
The Commission also took action on a set of recommendations made 
by its Labor-hlanagement Advisory Committee. 

COMPENSATION STUDIES 

bgisEation Study 

The first study, “Federal-State Cooperation in Improvement of 
Korhen’s Compensation Legislation,” was conducted by contract 
Ki th  the University of Wisconsin. The study proposed amendments 
to state laws generally, based upon federal grants-in-aid to ( a )  im- 
prove administration, (6)  increase permanent disability benefits, (e) 
provide physical rehabilitation, (d )  broaden coverage of second injury 
funds to facilitate employment of workers with known prior dis- 
ability, and (e) provide full medical benefits. The report was re- 
\%Fed by the Atomic Energy Labor-Management Advisory Commit- 
tee and was the subject of a workshop conference on workmen’s 
compensation, held in Washington, D.C., on January 25 and 26,1965. 
-. 

’.me first and second studies, under their indicated titles, are available from the Su- 
mtendent of Documenta, U.S. Government Printing OfBce, Washington, D.C., 20402. 
The first study (including the proceedings of the 2-day workshop) is $1.25 ; the second is 
@*85; the third is not yet available in printed form. 

9 3 3 3  
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Compensation C l a i m  Study 

The second study, “The Incidence, Nature and Adjudication 
Workmen’s Compensation Claims Involving Radiation Exposure a 
Delayed Injury,” was made by the Georgetown University I,; 
Center, Tashington? D.C. The study co-rered experience in establis 
ing causal relation in radiation injury claims filed with WorBmel 
compensation commissions and disclosed considerable inadequacies 
workmen‘s compensation coding systems and uncertainty as  to t 
frequency with which radiation injury has occurred. The stu, 
proposed, among other things, a Federal-State cooperative progra 
under which State radiation cases could be reported to  the ,4EC a1 
later analyzed by the State following the disposition of the case. 

Record-Keeping Study 

The third study, “Report on Ionizing Radiation Record Keeping 
was prepared by Woodward and Fondiller, Inc., consulting actuari, 
of New York City. The study emphasized the need for exposul 
records in workmen’s compensakion cases. The recommendations j 
the report deal with the question of which records ought to be retsine 
by the employer, by the State, and by the Federal Government. 

ADVISORY COMRIITI‘EE RECOMMENDATIONS 

In  May, the AEC’s Atomic Energy Labor-Management Advisor 
Committee recommended the adoption by the Commission of 11 stanc 
ards for inclusion in State workmen’s compensation lams for the prc 
tection of the radiation worker. 

Standards 

The standards recommended by the committee cover such matten 
as the need for compulsory workmen’s compensation laws, elimination 
of numerical exemptions, extra-territoriality, second in jury funds 
adequate time limits for f l ing claims, coverage for radiation injuql 
full coverage of medical expenses and physical rehabilitation, VOCB. 

tional rehabilitation, authority to  review medical care, and lump D 
settlements . 

I n  October, a t  a conference on Workmen’s Compensation and 
Rehabilitation held in Oklahoma City, Okla., AEC Commissione: 
James T. Ramey stated that the time is appropriate for a new degref 
of Federal-State cooperation in the field of workmen’s compensatim 
for radiation injury. Consistent with the Atomic E n e r g  Labop 
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uement Advisory Committee’s recommendations, the Commission 
roved in late October a program of action to assist in accomplish- ”! t j ~ e  improvements needed to meet the above described standards in, radiation workers. for 

The Program to Date 

A task force, under the Assistant General Manager for Operations, 
appointed to implement the program. I ts  work in developing 
&veS and preparing detailed proposals for carrying out the 

ic Energy Labor-Management Advisory Committee’s recom- 
dations was well underway at  the end of the year. Illa 

During December, the AEC announced that, in conjunction with the 
Department of Labor, it is soliciting State cooperation in a program 
to improve State workmen’s compensation laws for employees involved 
in radiation work. The States are being asked to study their work- 
men’s compensation laws, provide information to the AEC on radia- 
tion injuries, and cooperate in keeping standard records. 

The studies of State workmen’s compensation laws will determine 
the extent to which the laws meet standards adopted by the AEC and 
That changes are needed to meet those standards. The AEC plans to 
enter into contracts with the States for such studies. 

Under another phase of the proposed program, the cooperating 
States would furnish the AEC with copies of radiation exposure 
reports filed by employers and radiation claims filed by employees. 
This information mould be used by the AEC as part of its study of 
the processing of compensation claims by State agencies. I n  addition, 
certain of the information will be used by the AEC in its biomedical 
research program. 

A4dministrative expenses incurred by the States in setting up a re- 
porting procedure will be reimbursed by the AEC. Also, the A E C  
-Rill contract with States for  an analysis of all radiation claims which 
have been settled by State workmen’s compensation authorities. These 
analyses mill be used, among other things, t o  study the standard of 
proof of causation in effect in the several States. 
In addition, the *4EC is studying the feasibility of developing a 

cooperative, uniform employer-State-Federal record-keeping system 
and the desirability of furnishing the States with some form of 
financial assistance for the installation and maintenance of such a 
Sskm. The system would not only provide a source of information 
for statistical, evaluative and other type studies, but also would provide 
wful information to the States in their review and adjudication of 
vorben’s compensation claims and in furthering their radiation 
safety programs. 
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NUCLEAR MANPOWER THROUGH CONTRACTOR 
TRAINING 

It is ,4EC policy to encourage and support programs of its cost. 
type contractors that are directed toward developing disciplines and 
skills needed to increase the supply of competent personnel for atomic 
energy development. Some 35 AEC operating and research and de. 
velopment contractors conducted such programs in 1965. These 
programs provide part-time and temporary employment for studente 
and faculty as a supplement to their study and teaching activities, as 
well as work experience for employees of private firms and institu. 
tions engaged in the civilian applications of atomic energy. 

AEC contractors also conduct extensive training programs for 
their regular employees. These include a wide variety of in-plant 
training and development activities, and assistance in outside educa. 
tion. In 1965, 12 AEC contractors assigned regular employees to 
colleges and universities on a full-time basis for advanced education 
or research projects. (See also, Chapter 16-Nuclear Education and 
Information.) 

The table on the opposite page shows a two-year comparison of the 
types of training activities under these programs. 
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Tenzporary and part-time use of students and faculty: 
A d  Cooperative education participation- - - - - - - - - - - 

(Students taking similar courses alternate 
between school and work and normally provide 
continuous position coverage.) 

B. Research and engineering participation- - - - - - - - 
(Students or teachers combining part-time 

university attendance or teaching with part- 
time laboratory assignments or alternate 
periods of AEC research with university attend- 
ance or teaching.) 

c, Guest appointments- - - - - - - - - _ _  - - - _ _  - - _ _  - - - - 
(Temporary emplovees appointed to gain 

experience through performance of research 
projects which are part of the contractor’s 
mission.) 

D. Summer technical-- - - - - - - - - - - _ _  - - - - - - - - - - - - - 
(Vacation employment of university land 

secondary school studentsIand faculty .) 

. .  work experience traanang- - - - - - _ _  - - - - - - - - _ _  - - - - - - 
(Employees sponsored by other organizations 

r h o  participate to  meet the demonstrated needs 
of their sponsor where such training is determined 
to be in the best interest of overall atomic energy 
development.) 

, .  
j o b  related actzvzty- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

(College level training courses and research 
assignments for regular contractor employees. 
Only training courses or research assignments of 
more than 168 hours’ duration are reported.) 

Number of participants 

Fiscsl yesl 
1965 

283 

1, 140 

699 

2,008 

329 

194 

Fiscal yeti 
1964 

292 

1,039 

312 

1,812 

479 

206 

Percent 
change 

-3.1 

$9.7  

+124.0 

+lo. 8 

-31.3 

-5 .8 



Chapter 4 

OPERATIONAL SAFETY 

Contributing to the Nation’s atomic energy effort during 1965 mere 
roximately 7,000 AEC employees and 126,000 AEC-contractor em- NPP 

loyees conducting a $2.5-billion-a-year program in facilities valued at P than $8 billion. This imposed an obligation upon the AEC, 
aralleling its responsibilities in the past, to so conduct its affairs that P bese people could work under conditions conducive to the guarding 

of their general health and to freedom from the potential hazards of 
m&ation as well as the normal hazards of industrial employment. 
Likewise, it was necessary that the physical properties represented in 
fie figure given be protected, insofar as possible, from damage by fire, 

and other means of destruction. Hence, the nature of the 
D C ’ s  safety program involved a wide spectrum of activities-in- 
dustrial safety, fire protection, health physics, industrial hygiene, in- 
dustrial medicine, reactor safety, materials processing, and nuclear 
explosives safety-all requiring unique technical competence to con- 
duct safe operations. The effectiveness of the AEC’s health and 
safety propam is best evaluated by its record in the three categories 
of In-Plant Operations, Off-Site Activities, and Associated 
Activities. 

IN-PLANT OPERATIONS 
Occupational In juries 

During the past 23 years there have been 16,265 lost-time accidents of 
dl types.l This gives an overall frequency rate of 3.32 injuries for 
each million man-hours of work. An average calculated from 
Sational Safety Council (NSC) figures covering the experience of 42 
industries over the 1943-64 period shows an “all-industry” rats of 8.17. 

‘During 1965, a publication was prepared by the AEC’s Division of Operational Safety 
mtitled “Operational Accidents and Radiation Exposure Experience Within the United 
htes  Atomic Energy Commlssion, 1943-64,” available from Superintendent of Documents, 
c.8. Government Printing OfBce. Washington, D.C., 20402, $0.40. This publication ln- 
dudes the results of a comprehensive compilation of accidents statistics in the AEC’e 
WratfOnal activities and brings together available informatfon, descriptions, and sta- 
wa regarding disabling injuries, radiation exposures, COntamlnatiOnB, criticalities, 
frtalities, and property damage accidents. A similar compflation for 1965 l a  being pre- 
med and will be arailable about the middle of 1966. 

~ 
~ 
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ACCIDENT FREQUENCY RATES 
IN  AEC PROGRAMS COMPARED 

WITH INDUSTRIAL AVERAGE 
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3w% the AEC’s gross rate, which includes construction, is less than 
b ~ l ~  the industrial average. ( See Chart-Accident Frequency Rates 
‘ AEC Programs Compared With Industrial Average-1943-65). 

‘The year 1965 mas one of the more accident-free years the AEC has 
erienced. There was a total of 475 lost-time accidents during 1965 ; 

eQ two of these injuries were due to radiation. Both of these re- O d  from x-ray exposures to fingers, one occurring at Lawrence 
pdiati0Il Laboratory, Livermore, Calif., and the other a t  the AEC’s 
Banford plant. 

Radiation has been a minor factor in injuries in AEC operations; in 
fact, during the past 23 years, only one-half of one percent of the lost- 

injuries were due to radiation. 
The severity rate of occupational injuries per million man-hours of 

in the atomic energy program showed a substantial decline from 
1943 to 1965, particularly after 1951. (See Chart-Industrial 
Soverity Rates.) The severity rate peaked in 1946, 1948, and 1951, a 
dection of heavy construction activity. The 1964 AEC severity rate 

283 which compared favorably to the NSC rate of 693. 
During 23 years, there mere 25’7 fatalities from all causes. These 

i&.~ded 156 in construction; 90 in production, research, and service 
&&dies; and 11 in direct Government operations.2 For  the 1943-65 
@id, this gives an average calculated death rate per 23 years of 11 P 

per 100,000 employees which is less than half of the NSC rate. There 
rere six fatalities in AEC operations during 1965, none due to  
radiation. 

Accidental Property Damage 

Other measures of safety in the AEC’s program include the amount 
of property damage resulting from accidents and fires. 

Accidents. Over the 23 years, accidents caused property damage 
totaling $26 million. About 45 percent of this loss resulted from fire, 
34 percent from reactor-associated accidents, and the remaining 21 
percent f roni acts of nature, explosions: and various miscellaneous 
causes. 

‘ S i x  deaths have been attributable to  nuclear causes. Three of these occurred at Los 
-os (Aug. 21, 1945, May 21, 1946, Dec. 30, 1958) and were a direct resuIt of exposure 
to a massive dose of nuclear radiation. The immediate causes of death of the three 
additional fatalities mere the physical effects (Le., blast, flying debris, etc. ) associated 
rith the S L 1  nuclear accident of Jan. 3, 1961 at the National Reactor Testing Station 
fn Idaho ; however, the radiation levels associated with that accident were extremely 
hi=h and probably mould have been fatal. (See p. 330, “Annual Report t o  Congress fo r  
1964“ regarding licensee fatality.) 

*EI~RATUF.I : The opening sentence of the fourth paragraph, p. 153 of the AMll’s “Annual 
&Port t o  Congress for 1963” erroneously showed the word “tons” where the word 
bnnds” should have appeared. The sentence should have correctly read “A chemical 
RPlosion (approximately 120,000 pounds of high explosives) occurred in a n  igloo a t  the 
xeledinS Facility, near San Antonio, Tex., on November 13, 1963 . . .” 



58 OPERATIONAL SAFETY 

Eight major accidents caused more than half of the total propert 
damage losses during the 23-year period. During this period, th 
AEC’s average property damage and loss from all causes amounte, 
to about two cents a year per $100 of property. 

F i r e s .  The 23-year fire loss rate experience was less than one cen 
a year per $100 of property. I n  industry, companies in the ‘‘impror;@ 
risk” category have annual fire losses approximating 2.8 cents per $10, 
of property. Thus, the AEC’s fire loss rate is only about one-thir, 
that of the “improved-risk” industrial firms. 

1965 Industrial Property Losses 

The AEC industrial property loss of approximately $3.6 milliol 
during 1965 resulted in a 2.6-cent loss per $100 of AEC-owned prop 
erty. Most of the AEC damage and loss during 1965 resulted from 
the two incidents described below : 

A flash fire, followed by explosion and a second fire, caused mop( 
than $1.4 million worth of property damage and injured eight em 
ployees (one fatally) on July 5 at the Cambridge Electron Accelera 
tor, Cambridge, Mass. 

An accident during operation of the Plutonium Recycle Test Re 
actor a t  the Pacific Northwest Laboratory on September 29 result% 
in leakage of contaminated light-water coolant into the heavy-mate] 
(D,O) moderator systems and other auxiliary systems and ?enera 
contamination of all surfaces within the reactor containment vessel 
Of the $895,000 loss suffered, about half resulted from decontamina 
tion costs and the remainder from loss of heavy mater which ma! 
degraded to a degree precluding economic recovery. 

Radiation Exposures 

AEC and AEC-,contractor employee whole-body exposure experi. 
ence for the past 18 years shows over 99.8 percent of the employee 
monitored received an annual dose of less than 5 r e m ,  and that oTer 

94.6 percent received 1 r e m  or less. 
1965 exposures.  There mere 37 employees mho received radiation 

exposures exceeding normal operating criteria in 1965 4 :  11 vert 
internal exposures (3  were thyroid exposures and 8 were lung ex. 
posures), 5 exposures vere to hands, and there mere 21 whole-bod: 
exposures. 

The three highest exposures in 1965, estimated at  80,000, 3,500 
and 1,000 rem, occurred to the fingers and were the result of X-W 

u7 
c- ‘? 

b . J  

L L ?  
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See p. 403, “Annual Report to Congress for 1962,” for reporting criteria 
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Versatile Foam. A recent innovation 
in fire control methods is the use of 
a high-expansion foam-a water-de- 
tergent solution dispersed as bub- 
bles-which is particularly useful for 
indoor fires. As a reverse “technology 
spinoff,” the AEC is finding a variety 
of uses for the commercially devel- 
oped foam. During the year, AEC of- 
fices and contractors conducted tests 
involving imaginative applications 
ranging from fighting brush fires, to 
containment of radiation releases 
where no fire is involved, to suppres- 
sion of fire in records in storage. 
Photo above shows an Oak Ridge 
Gaseous Diffusion Plant test that 
demonstrated the effectiveness of the 
foam in extinguishing open air fires 
in wind velocities up to 15 miles per 

hour. A large diesel oil fire was controlled in less than 3 minutes. Photo a t  
left shows a test at Hanford to determine the effectiveness of high-expansion 
firefighting foam as a containment aid. One hundred curies of argon 41 were 
released within the “F” production reactor building. (The reactor had pre- 
Fiously been shut down as a part of the production cutback.) The building air 
containing the argon 41 was converted to foam by a foam generator as it left 
the building through the 200-foot air-exhaust stack. The photo shows the foam 
king forced out of the stack and floating to the ground below. Monitoring of 
the plume emitted from the stack during the test indicated that the foam was 
successful in bringing the argon 41 to the ground. With use of a long-lasting 

the release of the gas to the atmosphere could be spread over a period of 
Eeveral days. 
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Combination Badge. The combination security-credential and film-badge holde 
now used at the Nevada Test Site was designed and developed to replace 
cumbersome arrangement where photograph, film badge, and metal charged 
plate hung loose from a clip. The compact unit, encasing all components, make 
security inspection easier and refines radiation dosimetry capacity. The fih 
badge measures thermal neutron, beta, and gamma radiation ; fast  neutro 
doses can be measured if another film is included under the charge-a-plab 
Other dosimetric devices, for high-range gamma and neutron dosage determinl 
tions, are accommodated in the holder when needed. At  left is the new con 
bination badge ; to the rig7lt, in progressive order, the components of the badr 
are broken out. 
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@&ation on three different occasions and were not due to reactor 
Toduced material. The 80,000 rem finger exposure occurred a t  Han- P ford in September when an individual wiped moisture from the 

shutter ares of an X-ray machine, not realizing it was operating. The 
low-energy X-rays which produced this high exposure had a lorn 
pnetmting ponw and affected primarily the superficial tissues of the 
fiaers. 

OFF-SITE MONITORING ACTIVITIES 

Environmental monitoring is conducted around every major AEC 
insbllation. Summaries of the data obtained are printed in the U.S. 
public Health Service monthly publication Radiological Health 
Dab.5 The Nevada Test Site (NTS) is mentioned here due to the 
Go&nuing public interest regarding any radioactivity released to the 
off-site environment by effluents from tests. 

NEVADA TEST SITE 

Operational and long-term safety programs are essential to safe 
conduct of current nuclear test operations and to provide knowledge 
for better understanding of fallout and other effects. There is no 
sharp dividing line between the two programs but, in general, opera- 
tional safety programs concern themselves with current activities 
while the long-term safety studies aid in foreseeing future require- 
ments and provide needed basic information. 

Pre-Test Studies 

Before any nuclear test is condycted, detailed evaluations are made 
of such possible hazards as radiol&cal, biological, hydrological, and 
seismological effects. For  these studies, the AEC solicits the advice 
of several Federal agencies and recognized authorities. The agencies 
cooperating are the U.S. Public Health Service, the Environmental 
Science Services Administration (which includes the U.S. Weather 
Bureau and the U.S. Coast and Geodetic Survey), the U.S. Geological 
Survey, and the U.S. Bureau of Mines. Commercial contractors in- 
clude Roland F. Beers, Inc., Alexandria, Va. ; Reynolds Electrical and 
Engineering Co., Inc., Las Vegas, R'ev. ; Hazleton-Nuclear Science 
carp., Palo Alto, Calif. ; John A. Blume and Associates, Los Angel-, - 

'Available from Superintendent of Documents, US. Government Printing Office, Wash- 
heon, D.C., 20402, $0.50 for single copies, $5.00 per year by subscription (foreign: 
86.50). 
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Wound Xampler. Photo shows one of the inexpensive mobile air sampling units 
(right of photo) used at the Nevada Test Site by Reynolds Electrical & Engineer. 
ing Co., Inc. (prime support contractor at the AEC's site) which has proved 
to be highly reliable and efficient in monitoring airborne radioactivity. In&. 
vidual sampling units are operated remotely by a power supply mounted on the 
trailer unit, making it possible for three separate points over a span of 1,OOO 
feet to be sampled simultaneously during operation. A retractable wh&l design 
permits the trailer to rest solidly, greatly reducing the possibility of damage 
from ground motion in underground detonations. 

Calif. ; and Holmes and Narver, Inc., Los Angeles, Calif. As neces- 
sary, the specialized services of various laboratories and scientific and 
technical consultants are obtained. 

Of-Site Monitoring 

During 1965 there were 25 announced underground weapons de- 
velopment and/or Department of Defense tests, one underground 
Plowshare experiment, and five nuclear reactor tests conducted at the 
Nevada Test Site. I n  addition, the underground Long Shot event vas 
conducted on Amchitka Island, Alaska, on October 29. 

Off -site radiological monitoring near NTS and other test sites is COD 
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N E V  A D A  

indicates the permanent radiological monitoring stations around NTS. 
Many additional points can be monitored if there appears a need to 
do so. 

Detectable levels of radioactivity were measured off -site by s o u n d  
monitors f roin only three of the underground nuclear detonations : 
Palanquin (a Plowshare excavation experiment), April 14 ; Tee, 
llay 7;  and Diluted Waters, June 16. Of these, only the first resulted 
in readings at populated areas (the highest at Stone Cabin Ranch, 

3 b  795-95-6---6 
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Xev., a ranch about 20 miles north of the test site). This reading RQ 
only 3 milliroentgens per hour a t  the peak. It dropped to about 
milliroentgen per hour in 4 hours and to less than 0.1 milliroeqer, 
per hour the following day. 

Film Badges 

Approximately 1,800 film badges were issued to the off-site popula. 
tion surrounding the Nevada Test Site during the year. Of all the, 
film badges which were related to off-site exposures associated wit-/., 
KTS events, none showed exposures above 20 milliroentgens rnonthl,, 
which is the lower detectable limit for these films. 

Milk Monitoring 

During 1965, about 285 routine milk samples were collected at21 
different routine milk sampling stations. I n  addition to the routbe 
milk samples, over 1,600 special samples were collected for the PloR. 
share event, 129 special samples for reactor activities, and 23 Special 
samples for weapons events. 

The highest radioiodine content found in milk during the year wag 
at Martin Ranch, Eureka, Nev., where a peak level of 11 nanocuriese 
per liter of milk was recorded on April 18. However, the highest value 
found a t  a farm where children were living was a t  Pasquale-Richarh 
Ranch, Paradise Valley, Nev., where the peak level of 5.5 nanocurie 
per liter of milk was recorded on April 20. This is about one-fortieth 
of the Protective Action Guide of the Federal Radiation Council. 

Water Monitoring 

Domestic water supplies are monitored for gross beta contamination 
in the off-site area around the Nevada Test Site. During the year, 
samples of Tater were collected a t  40 different locations. Of the more 
than 100 samples collected, only seven demonstrated positive results for 
fresh fission products. The highest level of radioactivity found W E  
160 picocuries of iodine 131 per liter in samples collected a t  Calientq 

. A  nanocurie is equal in activity to one-thousandth of a millionth of a gram of radium. 
A picocurie is  equal in activity to one-millionth of a millionth of a gram of radium. 
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gev., on June 28, and at Blue Jay Maintenance Station on July 7. 
It is most likely that the iodine 131 in the water came from the Chinese 
Btnlospheric test conducted on May 14, the nuclear rocket engine test a t  
the NRDS on June 25 or possibly from the Diluted Waters event on 
June 16, or a combination of these events. The highest value at- 
tribatable to operations at STS was 70 picocuries of iociine 131 per 
liter on April 18. 

Gross beta radiation in air. There were from 36 to 94 air sampling 
&ons located in the area surrounding the NTS operating 24 hours 

er day each month. In  addition, up to 20 supplementary sampling P 
units were employed during specific events. 

The highest gross beta activity in air in a populated area mas meas- 
ured at Clark Station, Kev., on April 14, 1965, with a value of 23,000 
picocuris per cubic meter averaged over the time period of about 12 
hours during which the high concentration occurred. 

While the gross beta activity in the air has little value in determining 
radiation doses to persons, the data obtained by air samplers are used 
by the off-site monitoring group as an indication of presence of air- 
borne radioactivity in a specific area and to determine the areas where 
milk, water and vegetation samples should be collected. 

ASSOCIATED ACTIVITIES 
Radiolo&al Assistance Program 

The AEC maintains radiological assistance teams at  39 installations 
to provide emergency assistance in the event of incidents involving 
radioactive materials. Assistance is available in response to requests 
from AEC contractors, Federal and State licensees, agencies of Fed- 
eral, State, and local government, private industry, and private or- 
ganizations or responsible individuals. Since June 1958, when the 
teams were organized, the AEC has responded to 572 requests for 
assistance from transportation companies, State agencies, local police 
and fire departments, the military, licensees, Federal agencies, AEC 
hstallations, and others. In 284 of these incidents, assistance was dis- 
patched to the incident scene; in the remaining 288 incidents, verbal 
advice on procedures to be followed was all that mas necessary During 
1965, none of the incidents to which teams were dispatched in response 
to requests for assistance proved to be of any significant hazard to the 
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public. The following t~able shows the number of responses on a 
endar year basis through 1965 : 

\ 

Year Total Assistance Advim I requests 1 sent I adequate 

1 i I i T - -  
67 
37 
41 
37 
28 
38 
36 - 

Total--_--------__---------------- 1 572 1 284 I 2~ 

\ 

1 The data on responses during this 1%-year period could not be fully separated into the last 6 monthsol 

* Large increase believed due t o  including requests for information that should not have been 
1958 and the year 1959. 

as radiological incident assistance. 

Safety of AEC-Owned Reactors 

At the end of 1965, 26 AEC prime contractors were operating 81 
stationary reactors, 4 propulsion reactor test stands, and 39 critical 
facility test cells that are owned by the *4EC. There are 11 neF 
reactors, and one test stand under construction. 

The AEC staff devoted approximately 60 man-j-ears of safety effort 
during the year to functions aimed at assuring safe operation of the% 
124 facilities. These functions have included developing and enforc. 
ing operating limits, inspecting facilities, and reviewing reactor pm 
posals. As a result of these efforts, more than 100 reactor-years of 
operation were accumulated in the past 12 months, involving opera- 
tions by about 1,700 individual reactor operating personnel, wit.h no 
reactor-induced injury to contractor personnel, AEC personnel, or 
the public at large. Further, no significant releases of radioactivitj 
hare occurred. 

Epidemiological Study of Contractor Employees 

A long-range study to  determine if mortality might be related with 
occupational radiation exposure has been initiated by the UniversiQ 
of Pittsburgh Scliool of Public Health. Test runs have been initiated 
using employee records from selected *4EC contractors t o  see if such 
personnel, employment, medical, and radiation records can be used to 
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est ablish the relationship, if any, between mortality patterns and levels 
Of occupational radiation exposure. This project will provide infor- 

indicating the presence or absence of an accumulated effect on 
healthy humans of small doses of radiation received over a long period 
,,f time. 

Weather Study. The US. Weather Bureau is conducting a “Long Range Tra- 
j e t o n  Project” at the AEC’s Nevada Test Site which is serving a double 
purpose. For the Weather Bureau, it is providing new data on the movement 
Over great distances of air masses in the lower atmosphere; for the AEC, it 
is providing information for predicting, and tracking when necessary, the 
movement of any ofT-site radioactivity release. Photo above shows helium- 
filled, constant-volume baIIoons ( tetroons) being launched at the Yucca Weather 
Station. Tracking of the constant-volume balloons on the Nevada Test Site is 
accomplished with 31-33 radar, as shown beEm. Offsite tracking of the bal- 
loons uses radar scopes at the various Federal Aviation Agency (FAA) centers. 
During this project, the 72inch tetroons have been tracked up to 53 hours and 
for distances up to 1,400 miles. 
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Accelerator Safety Panel 

% An Advisory Panel on Accelerator Safety was established in J 
1965 to review unique safety problems which may arise in S E C  Opera. 
tions (see Appendix 2) .  Such characteristics as the lzigh energy, the 

s pulse nature, and the complex spectrum of the radiation immediate1 
adjacent to the accelerators have made the measurement of radiation 
and the estimation of radiation dose to personnel difXcult. The spe. 
cialized skills of the Advisory Panel will be available to all &c 
offices to assist in carrying out surveillance and provide advice on 
these scientific tools. 
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SOURCE AND SPECIAL NUCLEAR 
MATERIALS PRODUCTION 

During the year, negotiations for stretching out uranium procure- 
deliveries mere completed. The AEC’s production of enriched 

ur@ ium and plutonium continued to be cut back consistent with 
m ~ ~ u s  announcements and, when the planned reductions are corn- P l e t d  in 1969, annual savings in excess of $125 million will accrue. P The AEC began implementation of the 1964-enacted law which 
mvides for private ownership of plutonium and enriched uranium. P 

RAW MATERIALS 

Uranium Procurement 

T]le procurement of uranium concentrate (u,o,) in 1965 was ap- 
pr&mately 4,000 tons of UsOs less than in 1964. The following table 
~ O T T S  the sources and quantities for the 2 years : 

Tons OJ UsOa 
1964 1966 

USA - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  11,850 10,490 
C a n a d a _ _ _ _ _ _ _ _ _ _ , _ _ _ _  1,760 720 
South Africa _ _ _ _ _ _ _ _ _ _ _  3,530 1 ,930  

Total - _ _ _ _ _ _ _ _ _ _  17,140 13,140 

The Canadian and South African contracts, with uncompleted bal- 
ances of approximately 720 and 1,330 tons respectively, expire in 1966. 

Domestic Procurement Program 

Kegotiations to implement the domestic stretch-out program an- 
nounced in November 1962 were completed, with signing of the last 
contract amendment in November 1965. Eleven contracts with 10 
companies have been modified, covering the operation of 11 uranium 
mills through 1970. The total U,O, deferred for delivery in 1967 and 
1968 by all producers participating in the stretch-out program is 
about 15,300 tons, with an equal amount to be delivered during 1969 
and 1970. The price for such deferred deliveries through 1968 re- 
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mains unchanged at $8 per poruld of U808. The price to be paid Ql 

1969 and 1970 Kill be $1.60 plus 85 percent of the allowable production 
costs per pound of U,O, during the prior six years, subject to a maxi. 
mum price of $6.70 per pound. In addition, under the 

roQ program, the AEC Kill purchase U,Os in concentrates recovered f 
all up to one million pounds of U,O, in ore per year supplied from sm 

property may produce up to 10,000 pounds in a six-month period. The 
price per pound of the U,Os obtained from this source wiU be 
through 1968 and $6.70 in 1969 and 1910. For all U30s delivered in 
1969-70 the average price is expected to lie between $5.50 and $ 6 ~  
per pound. 

Table 1 shows the companies participating in the stretch-out prb 
gram whose contracts have been extended through 1970 as well 
those whose contracts expire in fiscal year 1967. 

mining properties. Subject to the million-pound ceiling, such a sm 41 

TABLE 1.-STRETCH-OUT PROGRAhl 

Company 

Contracts extended through 1970 

Anaconda -_-_ _ _ - _ _ _ _ _ _ _ _ - _ - _ - - - 
Atlas Corp . . . . . . . . . . . . . . . . . . . . .  
Federal-Radorock- Gas Hills 

Homestake-Sapin Partners-_ _ _ _ _ _  
Kerr-Mc Gee Corp- _ _ - - - _ - - _ _ - - _ 
Union Carbide Corp _ _ _ _ _ _ _ _ _ _ _ _  

Do _ _ _ _  _ _ - _ - - _ _ _ - _ _ _ _ - _ _ _ - 
United Nuclear Corp _ _ _ _ _ _ _ _ _ _ _ _  

Partners. 

Utah Construciion & h,Tining Co-- 
Vanadium Corp. of America _ _ _ _ _  - 
Western Nilclear, Inc- _ - _ _  _ _ _ _ _ _  
Contracts expiring in Jiscal year 

1967 

American Metal Climax, Inc- - - _ _ 
D a m  Mining C o . * _ _ _ _ _ _ _ _ _ _ _ _ _ _  
El Paso Natural Gas Co _ _ _ _ _ _ _ _ _  
hlines Development, Inc _ - _ - _ _ _ _ 
Petrotomics Co ..____ _ _  _ _ _ _ _ - _ _ _ _  
Susquehanna-Western: Inc _ _ _ _ _ _ _  

Mill location 

Bluewater, N. hTex--- _ _ _ - _ - -  
hloab, Utah _ _ _ _ _ _ _  _ _  _ _ _ _ _ _  - 
Fremont County, Wyo - _ _ _ _ _ _  

Grants, N. Mex,- _ _ _  _ _ _ _ _ _ _ _  
. _ _ _ - d o _ , , - _ _ _ - - _ - _ - _ _ - _ _ _ _ -  
Natrona County, Wyo- _ _ _  - - - 
Rifle & Uravan, Colo _ _ _ _ _ _ _ -  
(Ores treated in Homestake- 

Fremont County, Wyo _ _ _ _ _ _ -  
Shiprock, N Mex _ _ _ _ _ _ _ _ _ _ _  
Jeffrey City, Wyo _ - - _ - _ _ _ _ _ - 

Sapin mill). 

Grand Junction, Colo _ _ _ _  _ _ _ _  
Ford, Wash - _ _ _ _ _ _  _________.  
Tuba City, Aris _ _ _ _ _ _ _ - _ _ _ _ -  
Edgemont, S .  Dak-_ _ _ _ _ _ _ _ _ _  
Carbon County, Wyo _______. 
Falls City, Tex ___-_____-_--. 

- 
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The following four mills discontinued operations during the year : 
ktlas Corp., Mexican Hat, Utah; Vitro Chemical Co., Salt Lake City, 
i t&;  Cotter Corp., Canon City, Colo.; and Davn Mining Co., Ford, 
flash. 

peserves 

isbulation beloK : 
ore reserves at the beginning and end of 1965 are shown in the 

Percent Contained 

Estimated reserves Jan. 1, 1965- _ _ _  63, 000,000 , 24 152,000 
Estimated reserves Jan. 1, 1966---- 61,600,000 .235 145,000 

Shipments to mdls in 1965 ___-__--_ 4, 400, 000 .24 10,600 

Tons of ore UIOS ton8 UIOB 

Decrease in estimated reserves- - - _ - 1,400, 000 -- 7,000 

At year's end, there were at the mills approximately 2,860 tons of 
U 3 0 8  in ore stockpiles, and 2,580 in process and finished product, 
IIl&ing a total inventory at  the mills of 5,440 tons. 

Ret additions to reserves during the year mere approximately 3,600 
tons of contained U308, partially offsetting production and delivery 
to mills of about 10,600 tons. Although withdrawals in 1965 again 
csceeded net additions to reserves, the uranium industry is showing 
an increased interest in exploration, and prospects for a step-up in 
the discovery of new ore appear favorable. 

Table 2 shows reasonably-assured resources and geologic estimates 
of future discoveries for the United States and the non-Communist 

TABLE 2.-URAKIUM RESOURCES 1 

Price range per lb. Us08 

\ 

Short tons of Ut08 

World total a United States; 

195,000 
325,000 

150,000 
200,000 

170,000 
440,000 
515,000 
965, 000 

640,000 
680,000 

680,000 
500,000 

430,000 
1,100,000 
1,750,000 
2,280,000 

* AdoDted from European Nuclear Energy Agency publication of August 1965. 
'0.s. fimres suDplied to E N E A  by USAEC. Reasonably assured figures include 152,000 

'Including United States, but excluding U.S.S.R., China, and Eastern Europe. 
'The figures f o r  possible additional resources refer to geologic estimates of future  dis- 

evaes for those regions in  which important efforts have been made in the  field of 
tmspeeting o r  evaluation. 

at  $8 per pound of U30a as of Jan.  1, 1965. 
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world at various price ranges, which should be taken into accoUht. 
assessing availability of supplies of nuclear fuels to meet expecd' 

d future demands. 

Thorium 

Thorium, as a possible source of nuclear fuel supplementarg 
uranium, continues to be of interest; and, although there has be, 
only relatively small demand for thorium to date for both nonnuclea, 
and nuclear purposes, the belief is that a gradually increasing ma 
will develop in time. However, total thorium requirements for nucleat 
use in the next 15 years probably will be measured only in hundreds of 
tons, with annual requirements of less than 100 tons during most 
that period. 

Preliminary investigation indicates that the reasonably mured a 
sources of the United States are more than ample to  meet foreseeable 
requirements. Thorium resources, on the basis of up to  $10 per pound 
of thoria (Tho,),  are: 

rht 

Short tons of Tho2 
~~ 

United States World totd 1 

Reasonably assured _ _ _ _ _ _ _ _ _ _ _  - - 100, 000 565, 000 
Possible additional 2- - - _ - _ - - - - - - 975, 000 500, 000 

1 Taken from European Nuclear Energy Agency publication of August 1965. Excludes U.S.S.R., Chior, 

2 The figures for possible additional resources refer to geologic estimates of future discoveries for that 
and Eastern Europe. 

regions in which important efforts have been made in the field Of prospecting or evaluation. 
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NUCLEAR MATERIALS PRODUCTION 
P urbg 1965, although AEC production of enriched uranium and 

lutonium decreased substantially as planned, national defense and 
use needs were met successfully. P 

CUTBACKS IN PRODUCTION 

Caseous Diffusion Plants 

power reduction. I n  February, a third reduction 111 the future pro- 
duction of enriched uranium was announced under which the total 
paer 1 requirements of the AEC's three gaseous diffusion plants will, 
drop to  two million electrical kilowatts ( e h )  by January 1,1969; the 
previous reduction announced in April 1964,2 was to reduce the level 
to 2,970,000 ekw, some 40 percent below the previously planned 
schedule. 

This latest reduction in enriched uranium production a t  the AEC's 
tllree gaseous diffusion plants-at Oak Ridge, Tenii. ; Paducah, Icy. ; 
md Portsmouth, Ohio-was the result of a continuous reassessment 
by the AEC of the production level necessary to meet projected mili- 
tary and civilian requirements. The 1965 power cutback of 970,000 
electrical kilowatts is made up of the following components : 205,000 
&W of Tennessee Valley Authority (TVA) power a t  Oak Ridge; 
?40,000 elm of TVA power at Paducah; 325,000 ekw of Electric 
Energy, Inc., power a t  Paducah; 200,000 ekw a t  Portsmouth supplied 
b j  Ohio Valley Electric Corp. When the power reductions that were, 
announced in 1964 and 1965 are completed on a step-by-step basis by 
January 1069, the diffusion plant operating power level will be about 
GO percent below the 4,850,000 ekw level planned prior to the 1964 
cutbacks. When fully effected, these reductions will save the Govern- 
ment about $100 million in annual power costs. 

Process development. Even though the production cutbacks are 
taking place on schedule, a continued aggressive development program 
directed toward further advances in gaseous cliff usion technology has 

'The power is used to pump uranium, in a gaseous state, through a series of porous 
membranes ; the uranium passing through the porous membranes becomes enriched with 
the fissionable uranium 235 isotope. 
'The first reduction was announced in the President's State of the Union Message on 

January 8, 1964; see p. 17-18, 44-48, "Annual Report to Congress for 1964." 

$3 
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been approved by the Commission. Long range goals have be en $t 

SEil in view of the probability, within the next decade, of sharply increa 
demand for enriched uraniuin primarily fox* use in commerci a 1 nuclea, 
power reactors. 

Reactor Operations 

Reactor sluutdowns. The “F” reactor at the Hanford Works bi 
Washington was shut down 011 June 25, 1965, completing the seri@ 
of production reactor shutdowns aimounced by the President in ~~~l 
uary 1964. Previously, the b‘DR’? a i d  ‘‘H” reactors at Hanford were 
shut down in December 1964 and April 1965, respectively. The ‘qp 
reactor a t  Savannah River m-as shut down in June 1964. These shut, 
downs will save about $25 million annually. 

OwLine Gonzputer. Operating safety and efficiency of a large production reactor 
at the Savannah River Plant were improved during the year by use of an on-line 
digital computer which scans 3,200 instrument sensors every 5 minutes and corn- 
pares calculated performance data with operating limits. Photo shows super. 
visor examining computer printout in reactor control room. Computer results 
are used with existing written procedures for control of reactor operation: 
specific applications of direct control by the computer are being developed. 
Savannah River Plant is operated for the AEC by the E. I. du Pont de Nemom 
eo. 
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c i p  yewtor conversion study.  A year-long study on the possible 
version of Savannah River’s shutdown “R” reactor to a nuclear 

nerplnnt by the Savannah RiT-er Suclear Study Group (consisting 
11 Soutlieast utilities 3 )  conclucled that the cost of electricity from 

plant wu~ild exceed that from a new nuclear powerplant. 

con 

Of 

The study was niade at no cost to the Governnlent. 

PRODUCTION OPERATIONS 

Feed Materials 

opmtions in the feed materials plants a t  Fermald, Ohio, and Wel- 
don Spring, Rilo., continued to show a slight decline in the production 
outpu t. Employment was reduced, reflecting not only the decrease 
io net requirements, but also improved scrap ninnagenient and recovery 

Centrifugal Castiizg PiEot Plant. The centrifugal casting of nuclear fuel element 
tube blanks, or billets, directly from an  induction furnace or electrolytic cell will 
be accomplished in the facility shown in the :above sketch. This pilot-plant unit 
isoperated by the Mallinckrodt Chemical Works for the AEC at the Weldon 
spring, Mo., Feed Material Plant. In  addition to producing S3-inch-long tube 
blanks, castings of hollow billets up to 8 inches in diameter will be made. The 
molten uranium can be cast close to the final desired dimensions, thus reducing 
the machining losses to a minimum. - 

*Utilities comprising the Savannah River Nuclear Study Group were : Alabama Power 
Carolina Power and Light Co., Duke Power Co., Florida Power Co., Georgia Power 

Power Co., Mississippi Power CO., Savannah Electric Power Co., South Carolina cO-, 

Elethic and Gas Co., Tampa Electric Co., and Virginia Electric and Power CO. 
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techniques and improved use of manpower in these plants. 
was an increased demand for thorium for the. production of uraniU 
233 with a low uranium 232 content. 

ni 

Commercial Cold Uranium Scrap Processing 

During 1965, cold (nonirracliated) enriched scrap continued to 
made ax-ailable to private industrial firms to recover the contained 
enriched uranium. Twenty-eight contracts having a total cost of 
about $831,500 were awarded to Nuclear Fuel Services, Inc., ErN* 

‘4, Tenn. ; Nuclear Materials and Equipment Corp (NUMEC), -LLpollO 
Pa. ; Kerr-&Gee Corp., Gutlirie, Okla. ; and General ,Qtomic DipiI 
sion of General Dynamics Corp., La Jolla, Calif. 

Boron 10 Production 

The *4EC-owned plant at Model City, N.Y., for separation of boron 
isotopes, has been reactivated by the operating contractor, Nuclear 
Materials and Equipment Corp. Production of boron 10 was resumed 
in July at product purities comparable to, or slightly better than, thw 
achieved before the plant was shut domn in 1958. The boron 10 prG 
duced from this plant will be used to satisfy Government-wide needs, 
and to supply the small commercial demand for this product since 
there is no prirately owned boron isotope separation facility in 
United States. 
Sales Department of the Oak Ridge National Laboratory (ORNL) at 
Oak Ridge, Tenn. 

Heavy Water Production 

Boron 10 sales to industry are handled by the Isoto 

Heavy water (DzO) sales to U.S. customers totaled 8,292 poun 
in 1965-a slight increase over 1964 sales. Foreign sales during 
year totaled approximately 21.4 tons and leases, principally to Canads 
for the first Candu reactor a t  Douglas Point in Ontario, totaled 186 
tons. H e a y  water requirements in the next decade may increas 
substan tially because of increased emphasis in advanced converter re- 
actors such as the heary mater-moderated, organic-cooled reacton 
which are under development in the United States. 

Hanford Dual-Purpose Reactor (“N” Reactor) 

Reactor operatio?l. Full design power of 4,000 megawatts (thermal) 
n-as atainecl in the ‘3” reactor at Hanford in December 1965. Equip ~ 

nient malfunckions, normal to any new plant? were encountered earl! 
: 
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1965 during the power ascension and run-in phases of operation; 
difficulties were experienced in facilities peripheral to the reactor 

itself. The resulting shutdoKn periods vere used for routine main- 
%rice and for tie-ins with the new electrical generating plant. At 
’s end, the “K” reactor had reached a nornial level s f  operation. t@ 

eRr 

power generation project. Construction of the 800,000 electrical 
blloratt (ekw) power plant by the TT’ashington Public Power Supply 
i;cstm (WPPSS) was essentially completed in 1963. Initial power 
Meration, using steam produced in the “K” reactor is expected in 
February 1966. Full power generation of 800,000 ekw is expected 
duur;ng the summer of 1966. 

c.i  

3 

Dual-Purpose Plant. The world’s largest nuclear powerplant was nearing com- 
pietion at Hanford, Wash., at the end of the year. The AEC’s “N” production 
mctor, housed in building on Zejt, became operational for plutonium production 
during the year. A t  year’s end, turbines were being installed in the integrated 
W,OOO electrical kilowatt (ekw) generating plant, on &ght, being b d l t  by 
the Washington Public Power Supply System. Steam generated by plutonium 
Nuction will be piped (center of photo) to the turbines for production of 
*i@tricity. Power is expected to be delivered from the first of two 400,000 ekm 
ab in early 1966. The dual-purpose facility’s claim to fame as the “world’s 
bt” mill be short lived since other plants presently under construction or 
h N ,  both in the United States and abroad, will have equal or  larger electrical 
~ 1 m a  tt ratings. 

5 8 0 9 3 5 0  



~- ~ .~ 

78 SOURCE AND SPECIAL hWCLEAR MATERIALS PRODUCTION 

SPECIAL REACTOR PRODUCTS 

The production reactors of the AEC were built specificallx to provid, 
fissionable material for the Nation% defense. Historically, certak 
small amounts of products for other purposes had been nlade all[ 
recently an increaing interest has been evidenced for these other pro, 
ducts. The products fall into three main classes ( a )  other fiSsion&it 
materials, (6) those having unique scientific interest, and (e) heat, 
producing isotopes. 

Other Fissionable Materials 

Bigh ex:;zosure pZutonium. The operation of power reactors will 
produce plutonium having high percentages of the istopes plutoniw 
240 (20 to 30 percent) and plutonium 291 (2 to 8 percent). A4 long. 
range goal is to burn the plutonium made in porn-er reactors in sub .  
quent fuel cycles of the same reactors or in breeder reactors. ne 
presence of significant quantities of plutonium 240 and 241 in such 
fuels will make their performance in the reactors different from that 
of the relatively pure plutonium 239 hitherto available for experi. 
mental purposes. Both Hanford and Savannah River demonstrated 
their ability to manufacture plutonium containing 25 to 40 percent 
plutonium 240 during 1965. Although such materials are more ex. 
ipensive, a considerable interest has been shown in obtaining them 
that experimental programs may proceed expeditiously in advance 
of the time major quantities are produced in power reactors. 

U-$33’. Production of uranium 233 was increased during the year 
as reactor and fuel cycle development needs for this material con- 
tinued. Production by irradiation of thoria (Tho,) was carried out 
at both Hanford and Savannah River. For  research and development 
purposes, high-purity “clean” uranium 233 is specified because of ik 
low radioactivity so that direct handling and fabrication are pa- 
sible without the use of heavy shielding. The uranium 232 content of 
such L L ~ l e , ~ ~ P  uranium 233 is approximately five parts-per-million 
(ppm) . Production of this special material is expected to continue 
in 1966. 

U - 1  
0 
c3 Scientific Znterest 

w 

- 
A2 

an Eigh flux demoizsfration. The ability to  operate a large nuclear 
reactor a t  high neutron thermal flus offers significant advantages for 
the generation of special isotopes, especially where short half -lives 
low cross-sections, or many neutron captures are involved in the pr0- 
duction chain. The possibility of such an operation at one of the 

Eiigh Flux Fuel As 
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ga5.annah River plant production reactors was raised in 1964 by the 
1, du Pont de Kemours Co., the ,kEC?s operating-contractor at 

vnmah River. A demolistration program was authorized by the E. 
5% p,,mission for several purposes, one of which was to pilot reactor 

High Flux Fuel AssemMy. The use of one of the Savannah River Plant’s produc- 
tion reactors to  generate special isotopes, such as curium 244, not only required 
apecia1 operational procedures but also modifications to components of the 
reactor, Photo shows IT. P. Overbeck (right), Director of the A E C k  Savannah 
River Laboratory, being briefed on design innovations in a reactor fuel assembly 
bFa design group leader. With this type of fuel assembly, a Savannah River 
reactor was operated at the highest thermal neutron flux ever achieved in a 
reactor, 5 x 1015 neutrons per cm*-sec. 
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conditions needed for more efficient production of curium 244. 
dition to this, other benefits are: ( a )  productioii of californium .,, 9. , 
for possible use in the cancer program; (6)  advancement of 
technology and world leadership in this field; ( e )  new produ * 

teclmiques to decrease costs on other neutron produced products sut; 
as polonium 210, curium 2-44, and high-intensity cobalt 60; ( d )  P r h .  . 
vides a test bed for use in the fast reactor program; (e) colltributei 
to the higher isotope program. 

The high flux demonstration began in February 1965, and will cor,. 
tinue into 1966. A t  yeark end, a record high flux level, 5 . 4 ~ 1 ~ :  
(five quadrillion) neutrons per square centimeter per second ( n/cmz 
sec) had been attained. This is the highest sustained flux ever ai* 
tained in any reactor in the world. The average flux level for tht 
entire reactor is about 20 percent below the peak level and the fib 
in the target material used for isotope production is about 5 to 10 per- 
cent below the peak level. The average flux is available over a r o l ~ ,  
of 165 cubic feet. 

During the high flux demonstration, a large number of researti, 
samples vere irradiated for the various ,4EC national laboratories 
One of the unique experiments is a series of irradiation tests beh. 
performed by Lawrence Radiation Laboratory scientists from Liver- 
more and Berkeley in an attempt to measure the half-life of fermiuQ 
258-thought to be very short. These experiments were performed 
at  the reactor site and involved the use of a rapid-discharge devia 
known as a “rabbit,” by which the samples were removed from the 
reactor directly into an identification device. Such means of rapid 
handling were made necessary by the extremely short half-life of the 
isotopes of interest,. Results from this particular experiment are 
inconclusive to date, and additional irradiation experiments ape 
planned for early 1966. 

ari. 

react(,: 
%If, 

t 

Heat-Producing Isotopes 

A number of heat-producing isotopes of major interest for space 
snd terrestrial applications are produced in the production reactor 
complex. The more important of the isotopes produced directly b! 
neutron addition reactions in nuclear reactors are plutonium 238, 
curium 242 and 244, cobalt 60, and polonium 210. (Some of the aspecb 
of production and characterization of these materials as isotopic pover 
fuels are discussed in Chapter 13-Isotopes and Radiation Develop 
nient. I n  addition, the fission product isotopes, SrDo, Cs13? 7 PrnI4’ 
and Ce144 have important uses and Chapter 9-Auxiliary Electria] 
P m e r  for Land and Sea, provides a discussion of isotope characteris 
tics T T ’ I ~ I c I ~  are significant to t,heir applications. The direet use of ha1 
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tllese isotopes is covered in Chapter 8-Nuclear Power for Space 
Space applications involving the 

3pp rsion of isotopic heat to e1ec.tricit-y are also discussed in Chapters 
p n 1  

i ’fillfg - %nd 9.) 

licat,ions, and in Chapter 13. 

? ’  

products production. I n  February, the ,4EC selected a 
j&t prop osal by the Martin-Narietta Corp., and the U.S. Rubber 

to operate the irradiated fuel processing facilities at  Hanford 
to undertake a large-scale fission product recovery fabrication @*7 

at Hanford as a private commercial enterprise. The two 
pflgraz:tions nanl subsequently established a jointly owned corporation, 
& hem, Inc., which has negotiated a contract with the ,4EC to con- 
IsOc wet, own, and commercially operate within the Hanford reservation 

ision Products Conversion and Encapsulation (FPCE) plant. 
Isochem will develop and expand markets for the plant‘s products. 

The FPCE plant, vhich will cost about $S million and is scheduled 
for ,peration in 1968, will be capable of processing each of the four 
&ion products-strontium 90, cesium 137, cerium 144 and pronieth- 

147-into appropriate chemical and physical forms and of en- ja 
&psulating them into heat and radiation sources. Feed material for 
the FPCE plant will be obtained from Hanford’s waste management 
operations. Long-lived fission products are to be removed froin both 
qord and current high-level radioactive wastes so as to permit solidi- 
fiation of those processed wastes to salt cakes for safe long-term 
dorage. 

the meantime, as has been done since early 1961, Hanford is 
mting portions of its current high-level wastes in available facilities 

recover selected fission product radioisotopes which are required 
by ,mC  program^.^ During 1965, the following deliveries of these 
p d u c t s  were made : 

KiZo- 
Fisaion products C W i e U  To 

Strontium 90 _ _ _ _ _ _ _ _ _  1, 200 Oak Ridge National Laboratory, 

Cesium 137 _ _ _ _ _ _ _ L _ _  546 Oak Ridge National Laboratory. 
Cerium 144 _ _ _ _ _ _ _ _ _ _  420 Oak Ridge National Laboratory. 
Promethium 147- _ - - _ 180 Pacific Northwest Laboratory. 

250 Martin Co., Quehanna, Pa. 

PLUTONIUM SCRAP RECOVERY 

Plutonium contaminated materials and scrap, generated during the 
production operations, can constitute significant losses of plutonium 
to the Teapons program unless they are treated for plutonium re- 
N w y .  The recorery process results in a discardable residue and a - 

‘See P. 56, “Annual Report to Congress for 1964.” 
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plutonium product that can be returned to the production operat‘ 1OQP 

At Hanf ord, the plutonium bearing waste solutions and leacha& 
plutonium scraps are processed in the Plutonium Reclamation PacGir, 
(PRF).5 I n  conjunction with the P R F  operations, 197 Dams ;! 
americium 241, a decay product of plutonium 241, were recovered 

0) 
use in AEC research programs. 

At Sarannah River, the plutonium scrap is recycled for pluton’ 
l% 

recovery at  appropriate places within the plant’s plutonium prodUe 
tion operations. I n  addition, Savannah River employs a cllem* Ita: 

fusing process 6 t o  reduce the plutonium in refractory oxides to a 
uble form. At times, Savannah River also processes some plutonib 
scrap from the AEC’s Rocky Flats plant in Colorado. 

Prior to 1965, the Richland Operations Office (Hanford) had thf 
responsibility for the disposition and/or treatment of all plutoniun 
scrap generated by AEC contractors and laboratories, except whe, 
the plutonium in the scrap was recovered by the generating orga& 
tion. Starting in June 1964, all AEC plutonium scrap-other tb 
that generated from the AEC’s plutonium production and weapo& 
fabrication programs-was held in storage pending determinatioo: 
of actions to  be taken to encourage development of private pluton& 
capabilities. I n  March of 1965, the AEC announced steps to  giv, 
further encouragement to the growth of competitive plutonium prN 
essing and fabrication, indicating that it would procure commercia 
services of most of the nonweapons plutonium processing, inclu$ 
plutonium scrap processing services. 

In  December 6, 1965, a contract was signed between Nuclear F u ~  
Services, Inc. (KFS), and the AEC for NFS to  recover an estimak 
16.5 kilograms of plutonium from approximately 820 kilograms 0 

uranium-contaminated plutonium scrap being stored at Hanford 
This is the first such scrap processing contract to be awarded to privati 
industry by the ,4EC. NFS provided the most favorable response1 
the In\-itation for Proposals, n-hich was sent to  seven firms in Norem 
ber 1964, and plans to  do the scrap processing at its Erwin, Tern 
facilities. 

FUEL REPROCESSING 

Up to iiow, the reprocessing of “spent” fuels from operating reactor 
to  recover the still fissionable (burnable) materials has been don 
only at the SEC’s Hanford, Idaho, and Savannah River facilitie 
Kow, Kith one, privately owned reprocessing plant ready to beg; 
operations during early 1966, there is el-idence of growing cornme] 
cia1 interest in reprocessing operations. 

See pp. 50-51, “Annual Report to Congress for 1964.” 
e See p. 51, “Annual Report to Congress for 1964.” 
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priv a& Owned Fuel Processing Plants 

Stofus of A’FS plant. On RIay 37, 1965, Kuclear Fuel Services, 
(XFS) , was g a n t e d  a license to receive and store ‘(spent” fuel in 

basin at its reprocessing facility located in TT’est Yalley, N.Y. the ple first irradiated fuel (from the Yankee reactor) was placed in 
+,rage in the KFS basin on June 5. Since then, fuel receipts by NFS 

consisted of both private- and Government-generated fuels. As 
of par’s end, startup operations were nearing completion and it is 
esF Lcted that the plant will be available for spent fuel processing on 
:I full-scale commercial basis early in 1966. 

b 

Priratc Processing CapnbiEi ty .  Private industry’s capability to reprocess re- 
actor fuels to recover the unspent fissionable materials will become a reality 
early in 1966 when the Nuclear Fuel Services, Inc. (XFS) ,  plant at West Valley, 
S.T., goes into operation. Heretofore, fuel reprocessing has  been done only 
at the AEC’s plants in Idaho, South Carolina, and Washington. Photo on 
icf t  shows the nuclear fuel shipping cask and specially designed railroad carrier 
wed by KFS to transport the highly radioactive fuel elenleiits arriving a t  the 
Wrocessing plant. After i ts  removal from the rail car, the ?‘%ton cask was 
Placed in the unloading pool. Photo at rigkt shows underwater removal of a 
nudear fuel assemblF from i ts  shipping cask. The assembly is one of 24 contained 
i!~ the first multiple-fuel element to arrive at the plant site. This shipment, 
from the Dresden Power Station of the Commonwealth Edison Co., Chicago, Ill., 
WGplaced in the fuel storage pool adjacent to the single-fuel element from the 
h k e e  reactor which had arrived 10 days earlier during June. It represents 

first rail transport of nuclear fuel ever made to a privately owlied reprocess- 
k plant. 
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Activities by others. During February, the General Electric c5, 

announced that it had awarded a contract to Fluor Corp., Ltd,, f b *  

d e s i p  and coiistruction of a nuclear fuel reprocessing plant tentativel; 
planned to be located on the West Coast. Detailed engineering ar,; 
construction of the plant with a yearly capacity of 300-nletric-tons 

0: 
spent low-enriched fuel is scheduled to begin in 1967. At year:s e,s 
General Electric had not made public its choice of a. plant site. 

I n  March, the Dom Chemical Co. advised the AEC that, afk 
Pur. thoroughly reviewing its activities, potential contribution, and op 

tunities in the application of chemical technology to the processing (J! 
Qi: nuclear fuels, the firm had decided that continuation of its Progra 

related to spent fuel processing was not justified. Previously, 
August 1964, Dom and Westinghouse had announced plans fo r ,  

g,’ joint research and development program on nuclear fuel reprocessin 
The responses to a March AEC press release indicated that othe 

domestic companies are considering having private fuel reprocessinp 
plants in operation in the early 1970’s. In  April, Allied ChemiG 
Corp. announced an extensive nuclear fuels development prograb 
The initial step will consist of a “cold” (nonradioactive materialj 
pilot plant to provide chemical engineering technology for a cOrnmer 
cia1 fuel processing plant using fluoride volatility technology. Thr 
pilot plant, to be located in Metropolis, Ill., will have a daily capacitr 
of 2.5 tons of unirradiated fuel and is scheduled to be in operati; 
by the end of 1966. 

AEC Fuel Reprocessing 

During 1965, the AEC received “spent” fuels from five domesti 
and four foreign reactors for chemical reprocessing, at its own and th 
NFS plant, to recover plutonium and uranium. The deliveries an 
summarized in Table 3. 

RADIOACTIVE WASTE MANAGEMENT 

At the AEC‘s three chemical processing facilities a t  Hanford, Si 
vannah River, and Kational Reactor Testing Station (NRTS) , Idah 
highly radioactive waste solutions, resulting from the reprocessing 0 

spent nuclear fuels, are concentrated and stored in large undergomi 
t a n k 8  To conserve valuable tank space (ranging in cost betwee 
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See P. 59, “Annual Report t o  Congress for 1964.’’ 
See p. 3G, “Annual Report to Congress for 1964.” 
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$0. 40 to $1.10 per gallon for carbon steel tanks to over $3 per gallon 
for stainless steel tanks) all three sites have been developing methods 

further concentrate the stored waste solutions (liquors) . The con- 
trations that can be achieved are limited by the abilitv to dissipate 

to 
e@ 
the heat from radio-decay of the fission products in the concentrate. 

- - 

T b B , , ~  3.-IRRADIATED FUEL DELIVERED DURING 1965 T O  AEC 
FOR REPROCESSING 

A4s received 

Total 
con- 

tained 
uranium 

41.7 
573 
756 

31.0 
20, loo 
8. wx) 

43 
17.9 
174.2 

E .  0 

- 

Per- 
cent 
,--23: 

- 
84.3 
2.7 
2.8 
2.3 
0.6 
1.7 
56.0 
82.1 
17.0 

85.0 

I 

lp&msed by AEC under 30 F.R. 3886 which guarantees purchase prices for plutonium and uranium 

I Nationel Reactor Testing Station, Idaho. 
jgaramah River Plant, S.C. 
4 Fael stored at reactor sites for delivery to Nuclear Fuel Services, he., plant hy the AEC. 

d&yJ in the isotope UW. 

IVaste Calcining Facility 

The NRTS has a prototype Waste Calcining Facility (IVCF) which 
uses a ff uidized bed principle to evaporate and convert the stored liquid 
aastes to granular calcine product, having about one-ninth of the ori- 
ginal solution volume.* The calcined product is sent to underground 
bins, especially designed for heat dissipation, for long-term storage. 
The WCF was not operated during 1965 since the available bin space 
vas filled in October 1964. New bins, now being constructed, will be 
ready for filling early in 1966. 

Sdt Cake Concentration 

Techniques to evaporate the liquid wastes to very concentrated salt 
solutions and slurries which mill solidify to moist salt cakes as the 
bquors cool are being developed at Hnnford and Savannah River. 
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Concentration to a moist salt cake is possible only for those liquid 
wastes with a lorr fission product content, such as would result frob, 
( a )  aging for decay of the fission products to permissible levels, ~~ 

(6) processing the liquid wastes to remove and segegate the fissiob 
products, or ( e )  a conibination of (a) and ( 6 ) .  '1Vlde methods 
remove and segregate the fission products from the liquid wastes are 
being considered, both Hanford and Savannah River already ha\., 

Savannah River is circulating the liquors in the waste tanks through 
large pot evaporators with the evaporator bottoms being returned 
the tanks for cooling and crystallizing, and the condensates being de- 

SOURCE AND SPECIAL NUCLEAR MATERIALS PRODUCTION 

large quantities of waste suitable for concentrating to  moist salt cak e. 

Waste  Solidification. Drawing abor 
is a schematic of the process to be use 
in the waste solidification engineerin 
prototype (WSEP)  plant at Hanfon 
Construction of the plant was COD 
pleted during the year. Drawing( 
ref t shows the engineering-scale 
calciner and continuous melk 
(These components are located a b  
the unconnected arrow a t  bottom' 
schematic of process.) 

0 
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raste  CaZcining Pacilitg. At the end of 1965, new dry-storage bins were nearing 
w,,pletion at the AEC's Waste Calcining Facility (WCF) at the Idaho Chem- 
ical processing Plant. I n  photo aboue, the partially-completed 69-foot-deep dry- 
storage vault is shown at estreme r ight .  The tank will contain seven 1Zfoot 
diameter by &foot long stainless steel bins which will store the solids resulting 
from the fluidized bed calcining of highly radioactive liquid wastes. Drawing 
belog is a schematic of the storage unit. The V C F  did not operate during 1965 
Mause the WCF's original storage bins, marked by the small black stack in 
photo, mere filled in 1964 af ter  the plant had completed 312 consecutive days of 
operation with a 99.3 percent on-stream time. During this period, 510,000 
@ions (68,200 cubic feet) of high-level liquid wastes mere converted to 7,500 
c&ic feet of granulated solids at an average rate of 68 gallons per hour-13 
percent above design capacity. Operation of the WCF in 1966 is pending com- 
pletion of the new storage bins. 
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Dmest  ic 1 icensees 
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&’i Foreign nations 
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200,000 
110,400 
15,450 

150, 000 
105,000 

s, s50 

contanlinated by ion-exchange treatment prior to discharge to seep age 
basins. During 1965, tliis technique was used at Saraniinli I:irer to 
evaporate 3,000,000 gallons of vater from its stored waste. Hanford is 

PQa. developing an in-tank solidification (ITS) scheme inrolviiig epa 
tion by using either heated air blown tlirougli the liquors or electrical 
heater elements iinniersed in the liquors ; the nioisture in tlie 
leaving the tank is condensed. The condensate would be sent to aa 
underground crib (a  porous, graveled-bot tomed structure) where th 
relatively small amounts of radionuclides in tlie condensates xould 
be retained by tlie ion-exchange properties of the soil. During 1g,q 
operations of a prototype ITS unit evaporated approximatel, 

% 1,490,000 gallons of water from stored wastes, thereby recover; ’ 
this volume of tank space for further use. 

NUCLEAR MATERIALS MANAGEMENT 

Availability of Special Nuclear Materials 

Section 41b. of the ,4tomic Energy Act of 1954, as mended, pro. 
vides for Presidential determination of the quantities of special nu- 
clear materials arailable for distribution to U.S. licensed users and to 
nations having A4greements for Cooperation with the United States, 
During 1965, AEC commitments for uranium 235 increased by 36,OM 
kilograms for domestic licensees. The status, in Bilograms, of tile 
determinations for 1065 was : 

1 un5 

- 
QSee p. 5S, “Annual Report to Congress for 1964.” 
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pnda rd Reference Materials 

pllring 1965, major emphasis was placed on improving plutonium 
ical and isotopic standards. TTorB was begun to compare the 

C W f l  ,l,tolliun? isotopic standard with sp the t ic  blends of high purity 
5 ItltDnium isotopes, prior to f h a l  certification by the Kational 

ted for use as a chemical stanclard, the first two batches being 
,Ill% 
I i t d Y  exhausted. Efforts were continued to find LZ stable plutonium 
i$@ ound for use as a priinary standard. Kegotiations and sample 

h8nges were initiated with the United Kingdom Atomic Energy 
t?SG 
iutllority for joint acceptance of a natural uranium isotopic standard. 
’preparations were begun for t\To new uranium isotopic standards, one 

97.7 percent uranium 235, and one at, 0.016 percent uranium 235. 

P U,lre-,~ of Standards. A third batch of plutoiiiuin metal T T ~ S  encap- 

plufonizcnz Stmdard .  Photo shows the multiple containment (left f o  r i g h t )  
aed  for protecting plutonium isotopic standard samples (powder in  bottom of 
bttle on left) .  The plutonium metal standard is similarly packaged, except 
!hat a sealed glass ampoule replaces the glass bottle, to reduce atmospheric 
mrrosion. These standards are used by both domestic and foreign laboratories 

basic “benchmark” in high-precision plutonium analysis. 

lniernutional Symposium on Nuclear Materials Management 

The First International Symposium on Kuclear >faterials Afanage- 
ment vas sponsored by the Inteniational Atomic Energy ,4gency 
r LmA) a t  Tienna, Qustria, August 30-September 3. Kineteen 
I.IEL4 member goveimments, including the U.S.S.R. and Czecho- 
donlria, and two supranational groups were represented. The United 
h t e s  supported this symposium by the presentation of 31 papers (21 
from AEC and 10 froin private industry), dealing with methods ap- 
plicable to the nianageinent of both irradiated and unirradiated nu- 
clear materials. It,  is noteworthy that the Soviet bloc representatives, 
i~ addition to presenting a paper, participated freely in this sym- 
posium and indicated there would be even greater contributions at 
future meetings. 

5 ? 0 c 1 3 b 2  
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Research Toward Improved Materials Management 

A study by Combustion Engineering, Inc., Windsor, corn., to 
uate the calculations of fuel consuniption in nuclear reactors hdica9 

Pet. the best precision that can be obtained at  the present time is 5 2  
cent for uranium 235 depletion, and 2 4  to 5 percent for plukniuc, 
production for a large batch of fuel assemblies.1o These calculatioQ 
will provide basic data which will help all nuclear reactor operat 

04 improve their knowledge of nuclear material burnup and pluton. ‘ur: production. 

& 
A nondestructive assay technique using gamma ray spectrometry 4 

been developed by the AEC New York Operations Office for det, 
mining the uranium content of absolute air filters. Field experienQ 
has demonstrated that this technique (precision of t10 percent) 
be useful to most atomic energy installations in determining the 
nomical recoverability of the contained uranium in air f2ters.11 

An  investigation by the Stanford Research Institute (SRI), Mea 
Park, Calif., of the application of modern mathematical statistics b 
management and control systems for nuclear materials is nea% 
completion. SRI is presently constructing and evaluating math; 
matical models. This work will simplify and improve nuclear ma. 
terials management and control within both the AEC and prirab 
industry. 

An Oak Ridge (Y-12 Plant) fundamental study of mixing para. 
eters in critically safe tanks in long cylindrical geometrics ( 4 ” 4  
diameter, 10’-60’ length) is nearing completion. The study ai 
permit the design of critically safe processing and storage for m.’ 
nium solution systems in which homogeneity of process solutions 
be assured.12 

A bibliography of published information related to the managp 
ment and control of nuclear materials has been prepared.13 The 
bibliography contains over 800 references selected from Nuclm 
Science Abstracts covering such nuclear materials subjects as techni- 

lo “Analytical and Experimental Methods of Determining Heavy Isotope Content a 
Operating Fuel Elements,” USAEC Report CEND-540 (in publication) t o  be avallabk 
from Clearinghouse for Federal Scientific and Technical Information, U.S. Department d 
Commerce, S p r i n ~ e l d ,  Va., 22151, for about $5.00. 

“Non-Destructive Measurement of U-235 Retained in Absolute Air Filters,“ lJSA!X 
Report XYO-10726 ; available from Clearinghouse for Federal Scientific and Technik 
Information, U.S. Department of Commerce, Springfield, Va., 22151, for $0.50. 

“Mixing and Sampling of Enriched U-235 Fluids in Cylindrical Storage ContainemF 
USAEC Report T-1502 (in publication) ; to be arailable from Clearinghouse for Fed& 
Scientific and Technical Information, U.S. Department of Commerce, Sprin&eld, Ft- 
22151. 

“Nuclear Naterials Management, An Annotated Bibliography of Selected Literatna: 
USAEC Report TID-3315 (August 1965) ; available from Clearinghouse for Fedem 
scientific and Technical Information, U.S. Department of Commerce, Springfield, % 
22151, for $5.00. 
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measurement methods, waste management) and recovery, inventory, d and auditing, and internal control procedures. flc 

Gse of Laboratories as Measurenzent Cmpires 

Because of the complexities of measuring special nuclear materials, 
,,,glified umpires are needed to settle diflerences when parties to a 
&nsfer cannot agree on the quantity transferred. To answer this 

d the AEC has initiated a program to evaluate various industrial tlee 7 
private commercial laboratories, both in the United States and 

&broad, as potential uranium and plutonium measurement umpires. 
preliminary screening of about 40 domestic laboratories and IO for- 
ann laboratories was in process a t  the year’s end. Preparation of 

el, 
.mples of h o r n  constituteuts for use in the program was also under- 
W at several ,4EC laboratories. 

PRIVATE OWNERSHIP ACT IMPLEMENTATION 
4 r m  Purchase Prices Established 

During the year, the Commission began implementation of the Pri- 
rate Ownership of Special Nuclear Materials ,4ct l4 of 1964 by es- 
&lishing new guaranteed purchase prices for uranium 233 and 
plutonium and by developing proposed criteria under which AEC fa- 
&ties could be used for enriching privately owned uranium after 
&ceiiiber 31, 1968. Under the 1964 law, domestic private ownership 
of special nuclear materials for all licensed uses became permissive ; 
after June 30, 1973, it will be mandatory for power reactor fuels. 

Guaranteed prices a t  which the AEC will purchase privately owned 
plutonium and uranium enriched in the uranium 233 isotope were es- 
tablished during March. The price set for plutonium, $10 per gram 
for the isotopes Pu239 and Pu2*l, applies to material delivered to the 
B C  before January 1, 1971, provided it mas produced in a domestic 
reactor under conditions stipulated in section 56 of the Atomic Energy 
Act of 1954, as amended. The price set for uranium enriched in the 
ktope U233 of $14 per gram of isotope U233 is subject to the same pro- 
duction criterion as that for plutonium and is also subject to sdjust- 
merit for the presence of other uranium isotopes. The uranium 233 
F ~ C S  also applies until January 1, 1911, but the Commission may es- 
bblish a guaranteed purchase price beyond that date if deemed ap- 
propriate. The plutonium purchase price may not be guaranteed after 
fht  date. Both the plutonium and uranium 233 prices are subject to 
Cftang.0 if the AEC rerises the schedule of charages for uranium en- 
zithed the isotope U235. 
L 

PP. 12-15, ‘‘Annual Report to  Congress for 1964.” 
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Criteria jor Enrichment Services 

The 1961 private ownership revision of the Atomic Energy A 
mthorized the AEC to enter into contracts to provide, after DeceQ( 
31, 1968, “enrichnient services“ for privately owned Lu‘aiiiulll - 
draft of proposed criteria under which these services would be 
was published in the Federal Register on October 1, 1965, for 
comment. Pl’inety days vere allowed for the receipt of co 
After incorporation of any appropriate changes resulting fro 
comments, the criteria vi11 be submitted to the Joint Committee 
Atomic Energy pursuant to the private ownership act. 

t Varhead Advc 
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Chapter 6 

THE NUCLEAR DEFENSE EFFORT 

\forking with the Department of Defense, the &4EC continued to 
provide the Nation a strong nuclear military posture and during 1965 

a high priority to the maintenance of the four safeguards1 
5 L  jsted to Congress in 1963 in connection with the ratification of the 
limited nuclear test ban treaty. 

E 

WEAPONS DEVELOPMENT, PRODUCTION, 
AND TESTS 

WEAPONS DEVELOPMENT 

During the year, the AEC continued the progressive effort necessary 
to meet the limited nuclear test ban treaty safeguards requirements 
and continued the development of veapons designed to meet Depart- 
ment of Defense (DOD) military requirements. The AEC, through 
its laboratories, continued to participate with the DOD in the research 
a d  development of nuclear detonation detection techniques (Vela 
Program). 

aarhead Advances 

A major weapons development objective has been the improvement 
cf the penetration capability of strategic missile warheads by further 
decreasing x-arhead vulnerability to advanced enemy antiballistic mis- 
sile countermeasures. Laboratory computations and experiments 
hare identified several possible designs toward achieving these im- 

:Prior to ratification of the  test ban treaty in 1903, t h e  late President Kennedy had 
tnnounced as U.S. National Policy, four safeguards which mould be maintained to provide 
the Piation with a national defense nuclear readiness posture. The four safeguards were : 
5 1 1  continuation of an aggressive underground nuclear weapons test program ; (2) m a i n t e  
mCe of a progressive laboratory program; (3) a readiness capability to  resume 
amospheric tests if the treaty should be broken by other signatories; and (4 )  the  im- 
mvement of our capability, within feasible and practical limits, to  monitor the terms 

The four safeguards were reafirmed in April % bY President Johnson. See p. 56, “Annual Report to Congress for 1H3” ; pp. 66, 70- 
’*-and 74 of “Annual Report to Congress fo r  1964.” 

the treaty and to detect violations. 
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provements. 
1% 

of producing-m-ithin anF given set of limitations in size, weight) al,, 

yield-a systmi with hardness balunced agiinst all possible threat 

% Field tests to demonstrate the durability of hardened derices have b 
made and further tests are in preparation. 

Significant weapons tests in the areas of nuclear safety and eEcieQ, 
were also conducted. I n  addition, the laboratories continued the( 
investigations of advanced concepts and technologies to assure 
tinued U.S. technical supremacy in the nuclear defense field. E&,~, 
to simplify and miniaturize nonnuclear components as well as tE, 
reduce weight have been continued. 

The designs are under further studF, v i th  the puq 

s 

Progressive Laboratory Programs 

The three AEC weapons laboratories-Law-rence Radiation 
oratory, Livermore ; Los Alanios Scientific Laboratory, and Sandi, 
Laboratory, Albuquerque and Livermore-conthue to function in a 
healthy and modern condition. The fiscal year 1966 budget (July 1, 
1965 through June 30, 1966) prorides for continuing progressive 
laboratory programs in basic nuclear weapons technology, and ap 
plied nuclear research and development directed toward stated mili. 
tary requirements. It also provides for continuation of progrm 
to simulate various wenpons phenomenology in laboratory enriron. 
ments. The improvement in facilities, the maintenance of challen&g 
research and development programs, and the continuing underground 
testing program have enabled the laboratories to continue expan% 
the “state of the art” as well as to retain and recruit the necessan 
technical staff to conduct the assigned programs. 

Included in the laboratory research and development objectim 
were the design and fabrication of more sophisticated test deviw 
vhich were used in the continuing underground test program at the 
Nevada Test Site. I n  addition, the laboratories maintained and im- 
proved their readiness capability to resume atmospheric testing in the 
event of an abrogation of the limited nuclear test ban treaty by an- 
other nation and a subsequent decision by the United States to resume 
testing in the atmosphere. 

The fiscal year 1866 appropriation included almost $13 million for 
nine major construction projects for the three laboratories (three for 
Livermore, fire for Los Alamos, one for Sandia) with an additional 
$2.52 million for three support projects at the Kevada Test Site. In 
addition, equipment and minor construction funds were provided 3 
3, level consistent with laboratory needs. This has included upgrad. 
ing, and additions to, the scientific computer complexes which an 
considered vital to the development programs at the laboratories. 
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iron Physics Research Using Nuclear Detonations fi'eu 

T ~ O  mccessful neutron physics research experiments in which neu- 
irons from underground nuclear detonations were used as the source 

cross-section measurements-utilizing the neutron flight time to  
define neutron energy-were carried out by the h s  Alamos Scientific 
baboratory at the Nevada Test Site in conjunction with weapons test 
,vents. The technique for these measurements, as it was developed 
in the past year, permits: ( a )  many experiments requiring high- 
a e r g  neutrons to be conducted simultaneously; (6) high energy 
#&tion, comparable to that available using modern laboratory 
BMelerators; ( C )  recovery of electronic equipment and samples of raze 
isotopes located near the neutron flight path; ( d )  observations on ism- 
topes too short-lived for conventional laboratory experiments ; and 

observations to be made on microgram quantities of materials. 
mtmity levels in the underground weapon experiments were so great 
fiat hundreds of years would be required for acquisition of the same 
,j&a using laboratory accelerators as nehtron sources. 

Efforts were directed toward measurements of immediate interest 
in connection with design and development of weapons and reactors; 
however, new fission cross-section data were also acquired for the 
uranim isotopes 233, 235, and 238, and plutonium 239, 240, and 241. 
xmerous capture cross-sections were also measured. It is antici- 
pated that, as these methods become more highly refined, other unique 
Speriments requiring intense neutron sources will be conducted. 

WEAPONS PRODUCTION 

Under Presidential authorization, the production of nuclear weap- 
ons in 1965 continued to meet the Department of Defense military 
requirements. Weapon production activities, including fabrication 
and assembly of new weapons and factory and field modifications of 
existing weapons, continued during the year with no major problems. 

Stockpile Improvement 

Weapon production during the year incorporated several design and 
technological improvements which contribute materially to improved 
reliability, safety, and efficiency. Efforts to simplify and mhbtur- 
ke nonnuclear components as well as to reduce weight and increase 
operational reliability have continued. An additional portion of the 
stockpile was modified to  incorporate devices for prevention of unau- 
thorized use. Improved demolition munitions were introduced into 
stockpile during the year. 

~ 

795-9 58--66----8 S O O C 1 3 b 8  
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The retirement of obsolete weapons continued on a planned, orcierlp 
basis with emphasis placed on re-use and mnsiniunl salvage of b * 

nuclear and nonnuclear components and materials for use in cllrreQt 
5 production, research and development, and training programs. F 

Consolidation of Facilities 

The weapons niodification centers a t  Mediiia Base, Sa11 -4nto1iio, 
Tex., and at  Clarksville, Tenn., were scheduled for closure by Julp 
1966 with their functions transferred to the Burlington ,4EC Plan;, 
Iowa, and tlie Pantex Plant at Amarillo, Tex2 The Clarlrsviu, 
facility (the smaller of the modification centers) was closed in late 
September 1965 and the facilities made available to  the Departnlent 
of Defense. AEC operations a t  Rfedina will be terminated by SuiJ 
1966 and the facilities will either be transferred to another E’edeQi 
agency or disposed of by GS14. The termination of these two 
operations will result in an estimated annual savings of about $3.1 
million. 

Consolidation of Development Work 

I n  mid-September, a decision was made to consolidate neutron gen- 
erator development work conducted for the AEC by the General 
Electric Co. in the GE-Milwaukee Plant, with closely related \Tort 
a t  the GE-operated AEC Pinellas Plant in Florida. Savings of oyer 

$900,000 annually are estimated when the transition is completed about 
September 1966. 

Transfer of Uranium 235 Fabrication 

I n  late January, tlie AEC announced the transfer of certain ura- 
nium 235 fabrication work from the Rocky Flats Plant, Colo., to the 
Oak Ridge, Teim., Y-12 Plant where other similar work was per- 
formed. Tlie transfer was accomplished by the end of June 1965: 
this action is estimated to save up to $1.5 million in future annual 
operating costs. The Rocky Flats Plant is operated for the AEC 
by the Dow Chemical Co., and the Y-12 Plant by Union Carbide 
Kuclear Corp. 

Termination of Parts Fabrication at Hanford 

c-9 - 
c, 
a 
LL’ 

0- 
a 

I n  mid-November, the AEC announced the termination of pluto- 
nium weapons parts fabrication a t  the Hanford, Wash., Works by the 

See pp. 18-19, 73-74 of “Annual Report t o  Congress for 1964.” 
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of 1965. The net savings from this action will amount to over end 
$1 dll ion annually. 

qudies of Weapons Production Capacity 

tlie interest of economy and efficiency, the AEC is continuing an 
oTepsll review of the capacity of plants 111 the weapons production 
system. The basic objective of this review is to determine the oper- 
D i b g  structure and capacity that will most economically assure a 
cnp ability to meet all foreseeable nuclear weapons needs. 

Reduction of Contractor Production Personnel 

Employment levels a t  the AEC’s contractor-operated weapons pro- 
duction plants were reduced by approximately 13 percent during 
1965. L-4 major reduction occurred at the Bendix Corp., Kansas City, 
310,~ plant. Early in 1965, it was announced that a reduction from 
6,100 employees at the beginning of the year t o  about 6,700 by yearend 
ao~ld  be effected. At  mid-year, it was announced that the eniploy- 
merit level by year end would be further reduced, to about 6,300. The 
net reduction was sliglitly more than 2,000. Other reductions were 
abut 740 positions in the Y-12 Plant at Oak Ridge, about 200 at 
the Rocky Flats plant, and about 195 at the South Albuquerque, 
s. AIex., Works. 

UNDERGROUND NUCLEAR TESTS 

The AEC has continued to conduct an underground nuclear test 
program at the Nevada Test Site under the terms of the limited test 
ban treaty since its signing on August 5, 1963, by the United States, 
Cnited Kingdom, and U.S.S.R. representatives. Through a compre- 
hensive series of underground tests, a sophisticated capability has 
been developed to support a wide range of full-scale underground 
experiments. ,410ng with advanced laboratory techniques, new and 
improved methods continue to be developed for conducting experi- 
ments that ivere not previously considered feasible in the underground 
test environment (see previous ‘;Neutron Physics Research Using 
Suclear Detonations,’ item) . 
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“Bigger and Bigger”. The “technology spinoff” from the AEC-Department of 
Defense underground test program continues to add new equipment and t& 
niques useful to the drilling industry. Laboratory requirements for larger and 
deeper cased holes during 1965 made it necessary for the Nevada Test Site 
architectural and engineering serrices contractor for drilling and mining opera. 
tions (Fenix & Scisson, Inc., and Petroleum Consultants) to design new eqnip 
ment and methods and for suppliers to fabricate special equipment. Hugh B, 
Williams Co. fabricated this 160-inch drill-hit assembly for drilling a hole which 
required a 144-inch inside diameter casing that had walls Z%-inch thick. La%@ 
and deeper holes make it possible to conduct underground tests that previous4 
were thought possible only through atmospheric detonations. Under the 1s 
limited nuclear test ’ban treaty, atmospheric detonations are prohibited. 

5 0 0 9 3 ‘ 1  I 
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1965 TEST PROGRAM 

phetstone-Flintlock Series 

~ 1 1 0  current test series, Operation Flintlock (commencing July 1, 
1965 and ending June 30,1966), will help to meet the objectives of the 

*or programs of the AEC and DOD through underground tests mal 
mnducted at the Nevada Test Site. Operation ’CVhetstone was the 
rime of the preceding underground series which ended June 30,1965. 

The planned events of Operation Flintlock, as approved in prin- 
ciple by the President, are grouped into four broad categories: (a )  
seapons and/or device development events, ( 6) Plowshare experi- 
ments (peaceful uses of nuclear explosives), (e) Department of De- 
fense effects events, and ( d )  joint AEC-DOD tests designed for 
research and development on improved detection methods and systems 
to enhance the U.S. detection capability (Vela Program). Included 
in the first category are events to further weapons and device develop- 
a&, investigate advanced concepts and technologies, assure the 
,liability and safety of nuclear weapons, and investigate nuclear 
outputs and detonation effects on weapons materials and components. 
Events, with increasing magnitudes of yield on a step-by-step basis, 
$re planned for the higher-elevation area of Pahute Mesa which was 
added to hTTS in 1964. The Plowshare experiments (see Chapter 
ISThe Plowshare Program) are planned to develop “clean” (less 
radioactive fallout) excavation explosives, and to carry out studies 
of nuclear explosives designed to produce very high fluxes and with 
them special isotopes such as those of the transplutonium elements. 
The DOD effects events are designed to extend knowledge of weapon- 
generated effects. The joint Vela Program events are planned to 
improve the capability to detect, identify, and locate underground 
nuclear explosions. 
As has been true in preceding test series, each event was reviewed 

and approved in accordance with Commission-developed procedures. 
The events are executed only with the expectation that they can be 
conducted within the requirements and constraints of the limited test 
ban treaty. 

Test Event Summary 

Sixteen events, including four DOD effects events and one Plow- 
share event, were publicly announced in 1965 as being conducted 
under Whetstone and 11 events (including a United Kingdom event) 
bare been announced as being conducted under Flintlock through 
Deernber 31, 1965. Two of the Whetstone announced events mere 
5 9 u  n C I ’ z l 2  I J  
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conducted in the Paliute Mesa area of the KTS. 
weapons development event and the other a Plowshare experiment. 

One event vas a 

Table 1 summarizes the announced 1965 test events. 

TABLE 1.-ANNOUNCED UKDERGROUND SUCLEAR D E T O X A T I ~ ~ S  
(January 1-December 31, 1965) 

Event name Date 
- - 
Low yield. 

Type of event 1 

Do. 
Do. 
Do. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
D O .  
Do. 
Do. 
Do. 

Low intermediate J-ield. 

Low yield. 

Low intermediate yield. 
Low yield. 

Do 
Do. 

Low intermediate yield. 
Low yield. 
Low intermediate yield. 
Low yield. 
Intermediate yield. 
Low yield. 
Low intermediate yield. 

1 Low yield-less than 20 kt; low intermediate yield, 20 kt  to 200 kt, intermediate yield, 200 kt to one 

2 Department of Defense events conducted with AEC laboratory assistance. 
a Plowshare (Peaceful Uses of Nuclear Explosives) event. 
4 Jointly with the United Kingdom. 
6 Joint AEC-DOD Vela Uniform event conducted in Aleutian Islands. 

megaton. 

cn “TECHNOLOGY SPINOFF” 

c> 
*3 

Commercial drilling and mining techniques continue to be a- 
hsnced ’ by innovations being made at  the Xerada Test Site for con- 
6ucting iiuclear detonations deep underground. Some of the neff 
developments that can be adapted by industry are illustrated b.f 
photos in this report; another is cited on page 102. 

W 

w 

a See p. G S ,  “Annual Report to  Congress for 1963”; pp. 11, 67-68, “Annual Report t@ 
Congress for 1964.” 
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event was a 
periment. 

.TONATIONS 

of event 1 

.ediate yield. 

iedilzte yield. 

nediate yield. 

nediate yield. 

ite yield. 

mediate yield. 

yield, 200 kt t o  one 

jirqmrfniif DriZliitg Adranee.  The Dowell sonar caliper survey tool developed 
r: Sevada Test Site during 1965 prorides drilling engineers with a much more 
murate representation of large-diameter drilled holes than was possible with 
wrentional caliper logs. B y  rerealing potential areas of difficulty the system 
?3ables engineers to carry out remedial work when it is most economical-before 
a h g  operations commence. The tool is a n  adaptation of the familiar type 
‘Jf sonar gear used in submarine detection. A rotating sonar beam scans the 
RUS of the hole and transmits a trace of its findings to a photographic film. 
F r ~ m  this Elm the scale models of the hole shown in the abore picture are con- 
QWed. These provide a pictorial representation of the  drilled holes, showing 
W irregularities or  deviations and enable scale models of the casing string 
’&e clear plastic tubes shown in the picture) to  be run in the hole. This pin- 
Nints areas where remedial work is needed. The tallest of the three models 
%I is that of a 4,200-foot-deep hole drilled and cased on Pahute Mesa. 
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“Lost” Equipment Recovery 

An additional new technique, developect during 1965 and of 
to the drilling industry, is an integrated telerision circuit and p ~ m o ~  

manipulator for down-hole equipment recorTeq. 
The televisioll-manipulatol. system provides a means of recover+ 

drill bits, drill pipe, and other equipment or material which lQV6 
broken loose in down-hole drilling operations. The system include, 
closed television circuit (previously del-eloped a t  NTS for dom&; 
use) to provide a view of conditions in a hole whether in dry soil O! 

underwater, and to facilitate operation of the remote manipulate,, 
which can lift up to 26,000 pounds. 

When a drill bit, cutter, drill pipe, or other piece of equipmen, 
breaks loose during domi-hole drilling, it is necessary to  “fisll” fu, 
the equipment with various mechanical devices. For the most paM 
“fishing” operations are conducted blindly. Frequently, they hkr 
long periods of time and occasionally it has become necessary to 
drilling entirely because of the inability to  clear the hole. Drill..; 
technicians believe development of a means for “seeing” Condition, 
down-hole and for nioi4ng, gripping, and lifting “lost” equipment 
with sensitive manipulators will be more efficient and more economic3’ 
(both as to time and cost) than the “fishing” techniques ordinarilr 
used by the drilling industry. 

ATMOSPHERIC TEST READINESS CAPABILIn 
As directed by the late President Kennedy and r ea rmed  in Apc 

1964 by President Johnson, the AEC continued to  maintain and im. 
prove the capability for resumption of nuclear testing in the test ba 
treaty prohibited environments (atmosphere, underwater, and ir 
space) should it be directed to do so in the event of an abrogationd 
the treaty or in the interest of national security, within a minimun 
reaction period. This capability was attained on January 1,1965. 

a. 

<= 
LJJ 
2 

Summary of Major Readiness Accomplishments 
r3 

9 
The following major projects have been accomplished and are be% 

maintained in a state of readiness : ( a )  substantial upgrading of fb 

cilit.ies at Johnston Atoll, the base of operations for the majorit; d 
any planned tests ; ( b )  construction of scientific and support facstia 
throughout the Hawaiian area and a t  Johnston Atoll ; ( e )  mods* 
tion and instrumentation of three G135 aircraft, t o  permit basic m* 
urements of device diagnostic data and phenomena for the AEC; (b 
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dification and instruinelit ation of RB-57 aircraft for debris sam- 
purposes; ( e )  availability of adclitioiial B-57 aircraft for 

t]ifl, 
leunclling airborne rocket samplers ; (f) arailability of B-52 aircraft 

as device drop aircraft ; ( g  ) development, f abric,ation, and for use 
,&@iling of special ballistic cases for nudear devices ; ( h )  establish- ‘ of the capability for a high altitude program by development 
g1eDt 

booster vehicles as derice carriers, and small instrumentation rock- 
(;> comprehensive instrumentation development to  establish ad- @f 

pis I 
ced equiplent designs m-liich can perf orin reliable and accurate ciul 

fn&urements of device outputs and weapons effects ; and ( j )  identifi- 
tstioll of operational systems tests as well as nuclear tactical exercises 

rime interest to the services and the development of plans and of P 
gifetY 

In addition, full-scale and abbreviated air-array exercises of a non- 
nuclear nature to check the diagnostic capability, based on Johnston 
gtol l  and in the United States, respectively, have been conducted and 

p]amd. These help to  maintain n state of readiness by increas- 
in, the technical proficiencies of both air crews and civilian techni- 
dans, as Tell as to test’ and exercise the diagnostic aircraft and the 
jndnimenta tion. 

studies required to place them in readiness. 

AECIDOD Agreement on Johnston Atoll 

The Conmission and the Department of Defense, in February 1965, 
atered into an agreement regarding contractual arrangements at 
Johnston Atoll. f l i e  principal points are: 
(1) A single contractor, operating under one contract, will provide 

engineering, construction, maintenance and operations support 
services at the Atoll. 

k?) Except for contract administration, which remains an AEC 
responsibility, the Commander of DOD’s JTF-8 (Joint Task 
Force KO. 8) Kill exercise operational control. 

The DOD assumed base construction, maintenance, and operations 
costs on July 1, 1965. Through appropriate delegation of authority 
and coordination, the operational requirements were merged with the 
contract administration mhich is being accomplished by the AEC. 

Establishment of Honolulu Area Ofice 

ne AEC‘s Honolulu Area Office was established on May 1, 1965, 
increase the efficiency and economy of operations in connection with 

?he administration of Pacific operations. These activities, previously 
out both in Honolulu and Las V e e s ,  Nev., involve adminis- 
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tmtion of contracts for engineering, construction, and operation SUI,. 

port services related to test readiness in the Pacific Area. 

Participation in Solar Eclipse Expedition 

Los Alamos and Sandia diagnostic aircraft participated in a xa 
OaJ 

tional Science Foundation expedition (based on American Sam 
to  the South Pacific Ocean area to make observations of the excep- 
tionally long-duration total solar eclipse on &fay 30, The Par- 
ticipation was preceded by an AEC determination that no 
effect would result to the readiness posture and that such an experj- 
ment would provide additional valuable training for both the flight 
crews and cirilian technicians. Solar and astrophysial phenomeb 
are areas of interest to the AEC in view of their special connectiork 
with both the Vela satellite and surf ace-based detection prograu 
I n  addition to  aircraft participation, during the eclipse, Sanb 
launched several rockets, from a base on the island of Rarotonga in 
the Cook Group, carrying LASL-developed X-ray detectors to ob 
serve X-ray fluxes from the partially-obscured sun. 

The scientific commander of the Los Alamos-Sandia expedition 
ported that about 85 to 95 percent of the possible total data was ob 
t ained and that essentially all equipment operated satisf actor&, 
Shortly after the eclipse, the two diagnostic aircraft flew to Australia, 
from where missions mere flown to obtain cosmic ray data in t h e  
vicinity of the south magnetic pole. The aircraft returned to their 
home base in the United States in early June. 

DETECTION OF NUCLEAR EXPLOSIONS 

The AEC continued in 1965 to participate in studies on ways and 
means to improve detection techniques and systems (Vela program) 
for both underground and space nuclear explosions. The Vela pro- 
b uram is supervised by the Advanced Research Projects Agent! 
(ARPA) of the Department of Defense and is a research and devel- 
opment effort conducted to improve capabilities of detecting, locating 
and identifying nuclear detonations. The ultimate objective is ded -  
opment of a system, or systems, capable of adequately monitoring8 
comprehensive nuclear test ban by ( a )  detection of underground de 
tonations; ( 6 )  detection, by means of satellites, of nuclear explosioE 
in space; and (e) detection of nuclear explosions in space through 
ground detection equipment. 
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VELA UNIFORM PROGRAM 
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Durillg 1966, measurements of ground shock accelerations and other 
and the operation of both short- and long-range seismic record- 

in, @ stations continued, in conjunction with underground test events 
at t11e NTS as a part of the Tela Ti’niforni program (underground test 
cle,e&on). The DOD has the administrative, funding, and technical 
CejP onsibility for the program, and the AEC is responsible in comiec- 
tion pith certain nuclear events, for : ( a )  conducting the experiment 
sitllin the provisions of the limited test ban treaty; ( 6 )  assuring 

safety ; ( e )  constructing emplacement facilities and firing; (d )  P determining the yield and conducting post-shot drilling ; and ( e )  
instrumenting for close -in niea suremen t s. 

Three underground events have been conducted under the Vela 
cniform program. The first was Project Shoal, a nuclear detonation 
of about 12 kilotons (kt) in granite, conducted on October 26, 1963, 
nmr Fallon, Nev.,4 to record seismic signals from a nuclear detonation 
for comparison with signals generated by a naturally occurring earth- 
quake. The second was the October 22,1964, Salmon event of Project 
~ribble,~ in salt a t  the Tatum Salt Dome, near Hattiesburg, Miss., 
directed a t  exploring decoupling techniques. The third event was 
Long Shot conducted on October 29, 1965, on Amchitka Island in the 
,-eutian Chain. 

Project Dribble 

The primary technical objectives of Project Dribble were to obtain 
data which can be extrapolated to indicate the significance of decou- 
pling at the five kiloton level and to study seismic wave propagation in 
the southeastern United States. 

During 1965, following investigation of the Salmon cavity, the 
Dribble site was placed on a standby-ready status. Currently, there 
6 a DOD-approved program for re-entry into the Salmon cavity 
through the emplacement casing. The purpose of this project is to 
determine whether the Salmon emplacement hole can be used again 
in the event that a decision is made to request permission for another 

‘See p. 70, “Annual Report to Congress for 1963” ; p. 75, “Annual Report to Congress 

‘See pp. 75-76, “Annual Report to Congress for 1964.” 
‘“Tamped” is the placing of an explosive device underground in direct contact with the 

medium fn which it  will be fired so that the shock and earth movement generated by the 
PrPlosion will be directly transferred by close physical coupling to the medium. 

“&coupled” is the use of an underground cavity as an explosion site to reduce the 
hgerence of the explosive energy and hence the amount of shock and earth movement 
b a r t e d  to the surrounding medium, thus possibly concealing the true magnitude of the 
qlosion or reducing the elPects of the explosion below the detection capabilities of a 
detection system. 

for 1964.” 

5OC9’116 
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DOD experinleiit. Real estate lease agreements on the Dribble 
are being maintained. 

SalrnotL post-shot investigation. Following the 1964 detonation 

was requested by the Advanced Research Projects L4gency to  allo - 
unhampered surface inrestigations. Postsliot drilling was p tart^,] . 

e 

the 5-lit Salmon event in a 2,'iOO-foot hole, a 2-iiioiith waiting . .  peri,j 0) f 

-'bu ] 
early January 1965 and the cavity mas penetrated in early 
The cavity was about 112 feet in diameter with the bottom 94 feet me 
with solidified melt and with a void volume of about 690,000 cutj 
feet. The temperature was 400" F., about 280" hotter than befol 

Space Detonation Detector. Tela research satellites use Sandia Laboratoe 
designed logic systems and Los Slamos Scientific Laboratory-designed detecton 
for the detection of nuclear derices detonated in space. The third set of v& 
satellites was placed into orbit some 60,000 miles in  space during July. A Roru 
wide tracking network tapes data from the satellites. The tapes are p r o d  
by Sandia Laboratory and the reduced data are sent to Los Alamos Scient& 
Laboratory for final analysis. Photo above shows a satellite being readiedh 
testing a t  Sandia Laboratory before being encased in its sheath and shippedtr 
Cape Kennedy, Fla., for  boosting into space. The satellites measure 54 inche 
in diameter, weigh about 500 pounds, and are  icosahedron (20 sides) shap& 
Each of the triangular sides is covered with solar cells which draw energy fm 
the sun for operation of all internal electronic equipment, A central c p l i  
houses the orbit injection rocket and provides structural rigidity. X-ray de& 
tors a r e  at the corners of the spacecraft. Neutron and gamma radiation &e 
tectors a re  located inside the satellites. It is believed that the sensors will all@* 
detection of nuclear tests conducted in  space more than  ten million miles fm 
earth. In photo opposite p a g e  S. P. Schn-artz, Saiidia Corp. president, shoFsi 
satellite model to  representatives of the All-Pueblo Council, Mescalero and Jies 
rilla Apache Tribes and Narajo Tribe, who risited the AEC's Sandia Laboat@ 
in MaS. The purpose of the program was to brief the Indian officials On €k 
nature of Sandia's work and employment opportunities and practices at tB 
Laboratory. 

/ 
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e &ot. Livemore scientists responsible for the technical programs 

the temperature will decline slowly. S t  the time penetration 
made into the cavity, radioactivity had declined to about one- $as th of a roentgen per hour, and the cavity gases were under a racuum 

t@ 20 inches of mercury. 
s m n  claims. The AEC, as part of its responsibilities in con- 

of 

tion with conduct of the Salmon event, handles investigation and n& qtptlement of claims pursuant to the provisions of paragraph 167 of 
Atomic Energy Act (reimbursable to  the AEC by the Department 

of Defense). I n  early 1965, payments of claims beyond 12 miles from 
omd zero of the Salmon event were deferred until detailed studies 

Chnical consultants could be made of the ground structure and 6 
bF te side propagation. The studies were completed in mid-1965 with a 
mnclUsion that the previously stated thresholds of damage criteria 
(based on chemical explosions) mere not applicable in the case of 
-on. A number of factors such as local geological features, energy 

agation phenomena, orientation of buildings, and preshot stress Prop @nditions were recognized as significant in specified individual cases. 
n e  studies did not identify any single cause for damage. Claims of 
sj,@o or less are now being settled when supporting evidence shows 
hat the damage claimed had directly resulted from the Salmon 
dbtona t ion. 

Long Shot 

Long Shot was the third joint AEGDOD Vela Uniform nuclear 
event and was executed on October 29,1965. The experiment was con- 

cc 



108 THE hXJCLE.AR DEFENSE EFFORT 

ducted deep underground on Amchitka Island in the -.!!leutian ch 
magnitude of about 5.75 (moderate) was achiex-ed. The event had 
world.R-ide seismic coverage. K e n  niedia representatives \yere press. 
ent on Amchitka before and after the detonation. The objective ,,,\'86 

Uhd 
to obtain a new set of seismic travel-time curves from an undergro 
disturbance in a high-incidence earthquake area. The AEC partic.+ 

constructing emplacement facilities ; ( e )  superyising emplacement of 
the device and stemming the hole; ((2) developing and directing tl,p 
public safety program ; and ( e )  assuring that the experiment was cap. 
ried out in accordance i-i-ith the pox-isions of the limited nuclear test 
ban treaty. 

was fully contained. Preliminary results indicate that a s e a  

pated by : ( a )  furnishing! timing. and firing the nuclear device; tt, 

Unmanned Seismic Observatory ( U S O )  

A prototype model of an unmanned seismic observatory is being de- 
veloped for the Advanced Research Projects Agency by the Amg 
Sandia Laboratory. Initial field test of a prototype unit is expected 
to begin in February 1966 near Albuquerque, K. Mex., with field tesk 
of production units in Alaska (Arctic enrironment) beginning kl 
April, and in Utah (Uinta Basin Seismological Observatory to cor. 
relate data with that from a well-instrumented site) beginning about 
July 1966. 

The project, which was authorized in 1964, calls for development 
of a compact, reliable system capable of operating unattended fora 
minimum of 90 days (120 days now appears feasible). For  a given 
station, the planned timing accuracy is 0.1 second or better over the 
operational period. The system is to continuously record three com- 
ponents of short- and long-period seismometer outputs and is planned 
for operation under the extremes of normal terrestrial environments 

The present design concept envisions a US0 in three equipment 
units-to provide flexibility-consisting of : (a )  down-hole unit con. 
sisting of three short-period seismometers and three long-period seis 
monieters ; (6) an electronic package including electronic logics, tap 
recorder, timing system, etc. ; and (c) a thermoelectric power suppls. 

VELA SATELLITE DETECTORS 

The AEC continued to participate in the Vela satellite program! 8 

research and development effort to develop satellite-based instru- 
ments and detection systenis for the detection of nuclear explosions 
conducted in space. 

5 0 0 9 3 1 3  I 
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YHnawied Seisntic O b s m a t o r y .  The schematic drawing shows how a n  un- 
mned seismic obserratory, now under development for the Department of 
Iefense by the AEC’s Sandia Laboratory, would appear in a typical underground 
mllation. The borehold package is positioned inside the pipe by a gSro 
d t  and mechanically locked in place. The center section of the package 
mtates to aline short-period seismometers to compass points : long-period seis- 
%meters are in loKer section with stabilizing weight. The first prototype unit 
admluled to undergo field testing near Albuquerque, N. hlex., early in 1966. 

rogram, a 
:d instru- 
3xpI osions 

i Third Pair Orbited 

&bother successful Atlas-,4gena launch on July 20, 1965, placed 
&e third pair of tandem AEC-instrumented satellites into widely- 

ositions on a near circular orbit with average radius of about 
$ 3 8 2  
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60,000 nautical miles. The newest pair of nuclear test detecti,, 
satellites joined the four satellites placed in similar orbits by ta 
earlier launches in October 1963 and July 1964. Improred type  
detectors designed by Los Alamos Scientific Laboratory, and ne, 

OrP integrated circuits for the logic systems clereloped by Sandia C 
are aboard the twin detection satellites. The six spacecraft contai 
radiation detectors for neutrons, gaimna r a p ,  and x-rays. Ti, 
second and third launch satellite contained instrumentation io 
measuring characteristics of tlie “solar wind” in iiiterplanetarp Spac, 
charged particle fluxes as seen in the ’Lmapetosphere’? and “transiti,,, 
regions of space, and solar X-rays so that the effects of these back 
ground radiations can be evaluated and understood. I n  addition, ti, 
third launch satellites were also instrumented to obtain data on 
ener,ay solar X-rays. 

All spacecraft are performing their nuclear test monitoring func 
tions as intended. Although there hai-e been failures of some corn 
ponents in certain detection systems, these have not appreciabl, 
affected the detection capabilities of the spacecraft because of th; 
electronic ciyxiit and sensor redundancies incorporated into tlie par 
loads. A fourth Vela satellite launch is scheduled for late 1966i4 
place two additional AEC-instrumented satellites into orbit witt 
further improvements and au-mented capabilities. I n  addition tc 
the currently authorized satellite laiuiches, AEC-developed instn 
ments t0 measure solar x - r a y  emision were flown on low-akitudf 
rocket probes. 

VELA GROUND DETECTORS 

The AEC continued to participate in the program for the ground. 
based detection of nuclear explosions in space. The primary effor: 
was on the air fluorescence method. The fluorescence system is b a d  
on the detection of the fluorescent light produced when nitrogen i. 
bombartled by X-rays. 

Efforts \\-ere directed toward five general areas: ( a )  analysis of ai: 
fluorescence data obtained from the Dominic atmospheric weapon; 
test series of April-Kovember 1962, ( 6 )  studies of the energy pah- 
tion into various frequency bands, (e) calculations on the effectsof 
atmospheric attenuation on air fluorescence signals received on 
ground, ( d )  investigation of the charge transfer processes that OCCE 

under high altitude conditions, and ( e )  conduct of a joint AEG-DOD 
summer lighting study to investigate lightning backgrounds 3s the! 

See pp. 62-68, “Annual Report to Congress for 1963.” 
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MUTUAL DEFEKSE L4GREEMEKTS 

under. the provisions of the Atomic E i i e r a  Qct  of 1954, as 
,,ellL]ed, the President maj- authorize the United States to cooperate 
kill1 another nation or regional defense orgaiiizatioii to which the 
fnited States is cz pwty and to coiiimunicate certain classified data 
$-; is determined necess:try for mutual defense purposes.* During 
196j, exchanges of iiiforniat ion for  mutual defense purposes con- 
*iIlued uiider I1 such agreemeiifs with A4iistraIi,z, Canada, Beigium! - 

FIan@, the Federal &.?pblic of Geriiiany , Greece, The Ketherlands, 
ru&eJT, Italy, the Korth -4tlantic Treat,y Organizatioii (NATO) , 

the United IGngdoni. The agreement, wit.li the United lfilgdom 
is nluch broader than the other 10, and includes the exchange of 
n.eapons design iiif ormation through visits a i d  reports and t.lle es- 

rllange of nuclear materials. A revision of the agreement with 
s,Y.I'O, submitted to the Cougress on June 30, 1964, became effectire 
~{Iring Narcll 1965 upoil approrzl by all iiiember natioiis of SLYTO. 

- 

- 
b See pp. 77 and 79, "Annual Report to  Congress for 1964." 



Chapter 7 

CIVILIAN NUCLEAR POWER 

During 1965, a growing number of electric utilities moved forward 
accepting--or seriously considering the selection of-nuclear power- 

Ian& for installation on their systems. in 
f 

CENTRAL STATION NUCLEAR POWER 
one of the most important civilian uses of nuclear energy-that of 

electric power-is obtaining an increasing amount of the 
fipidly expanding power market. Several nuclear power plants 
fin,& v in size from 500,000 to 8’73,000 ekw (electrical kilowatts) are 

When 
tjpse plants become fully operational, substantial amounts of nuclear 
parer Till have been brought to many areas of the United States 
ahere fossil fuel costs are relatively high. As Table 1 indicates, the 
Orster Creek, Kine Mile Point, Dresden No. 2, Millstone Point, Boston 
&son, Florida Power & Light, and Indian Point No. 2 plants all fall 
Fithin this size range. Also, the San Onofre and Connecticut Yankee 
plants under construction, and the planned Malibu, Colorado High 
Temperature Gas-Cooled Reactor, and Brookwood plants all will have 
apacities greater than any nuclear povi-erplant in operation today. 
In addition, when the Washington Public Porer  Supply System 
(‘FTPPSS) facility, which will draw its heat from the ‘W’ Reactor a t  
Hanford, goes “on the line” in early 1966, it will be the largest operat- 
ing nuclear power facility in tlie Kation. (See Chapter 5-Source 
and Special Pu’uclear Materials Product ion.) 

e 

currently under construction or are firmly planned. 

NUCLEAR POWERPLANTS BEING CONSIDERED 

In addition to the projects listed in Table 1, page 114, numerous other 
utility organizations, tlirough public announcements or in discussions 
aith the AEC, have expressed serious interest in tlie installation of 
buclear power generating units on their systems. Among those whose 
fibhations hare reached an advanced stage are the Florida Power & 
k h t  Co. for a second approximately 760,000 ekw unit to be in opera- 

r3C19385  113 
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Suclear powerplant 

- 
Operable 

Shippingport Atomic Power Station. - - - - 
Dresden Nuclear Pon-er Station, Unit 1. 
Yankee Nuclear Power Station. - - - - _ _ - 
Big Rock Point Nuclear Power Plant--- 
Elk River Reactor _ _ _ _ _ _ _ _ _ _  - . ---_ _ .  
Indian Point Station _ _ _ _ _  - - _  - _ - _ - _  - - -  
Carolinas-Virginia Tube Reactor__- - - - - 
Enrico Fermi Atomic Power Plant -. _ - - 
Humboldt Bay Power Plant- - - - I - _ - _ _ 
Piqua Nuclear Power Facility- _ _ .  - _ _  _ - 
Boiling Nuclear Superheat Reactor 

Pathfinder Atomic Power Plant _ _ _ _  - - - _ 
{BONUS). 

Under Construction 
Peach Bottom At.ornic Power Station__ - 
Lacrosse Boiling Wat8er Reactor_- - - - - - 
San Onofre Nuclear Generating Station- 
Connecticut Yankee Atomic Power 

Oyster Creek Kuclear Power Plant--- _ _ 
Kine Mile Point Nuclear Station _ 

Plant. 

e1 T I >  rU Reactor (WPPSS powcr takeoff) _ - 

Planned 
Mdibu Nuclear Plant - _ _ _ _ _ _ _ 
Colorado High Temperature Gas-Cooled 

Dresden Kuclear Power Station, Unit 2 
Millstone Point Xuclear Plant-__ - - _ _ _  - 
Boston Edison Plant _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ _  
Brookwood Power Plant_- _ _  - - _ _  _ _  - - _ _  
Florida Power 8: Light 
Indian Point No. 2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Reactor (PSC-HTGR). 

Grand total _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _  

Locntioii 

Shippingport, P,I _ . . - - - - _ 
Morris, 111 _ _ _ _ -  - - -. - --. 

Ron-e, nlass- - _ _  _ - _ _ _ - _ - 
Big Rock Point, Mich _ _ _  
Elk River, I\Iinn- - _ - .  _ - 
Indian Point, h ' .Y__-  - - - _ 
Parr, S.C _ _ _ _  _ _  _ - - - - - - - -  
Lagoons Beach, Mich -.  - _ 
Eureka, Calif- - _ - - - - - - - _ 
Piqua, Ohio ___-_  - - - _ _ _ _ - 
Punta Higuera, Puerto 

Sioux Falls, S. Dak- _ _ _ _ _  
Rico. 

Peach Bottom, Pa _ _ _ - - _  
Genoa, Wis-__ _ _ - _ _ _ _ _ - - 
San Clemente, Calif-- _ - - - 
Haddam Neck, Conn- - - - 

Hunford, Wash .___ 

Coral Canyon, Calif- _ _  _ _ . 

Platteville, Colo- _ - _ _ _ - 

Morris, Ill__ - _ _  _ _ _ _  _ _ _ _  
Waterford, Conn- - _ _ _ _ _ _  549, O! 
. _ _ _ _ _ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _ - _ _  600,OO 

Turkey Point, Fla _ _ _ _ _ _ _ _  652,m 
Indian Point, N.Y _ _ - _ _ - - - 8'i3,00 

4,6Ol,@ 

Ontario, N .E' _ _ _ - _ - - - _ _ _ - - 420,w 

- 
=e=== 

8, 405,s - - _ - _ - - - _ - _ -  _ _ _ _ _ _ _ _ _ _ -  
I 

- 1 Condensed from "Nuclear Reactors Built, Beinf 
available from Clearinghouse for Federal Scientific E 
ards. U S .  Department of Commerce, Springfield. Va., '22151, for $0.50. Single copies mag be 
of charge from the Division of Technical Information Extension, US. Atomic Engery Comls lon*  
Box 62, Oak Ridge, Tern., 37831. 

uilt, or Planned in the United States" (TI- 
Technical Information, National Bure3u Of 
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about 1971; C a i d i i ~ a  Pox-er “C Light Co. for a 650:000 e k ~  

t o  go into operat ion in I l I f O ;  I’ac.ific Gas & Electric CO. for 311 

,s;iniatel~ 750,000 elm- unit to go into operntioii in 1911 or 1979; 
rt nS,lnlers Power CO. for ,Z 600,000 elin- miit for 1970 operation; Cen- 
i.0 
J Irerrnont Public Serrice Corp. for a 450,000 ekw unit to be ready ’‘ full power operation by the early 1970‘s ; Tennessee Valley *4uthor- for 

. for a, one million ekF nuclear powerplant at Browns Ferry near it!’ 

EjnIl ’)S 

*pP‘  

Dresden KO. 2. Cutaway drawing 
aboz;e shows the general layout plan- 
ned for the second nuclear power unit 
the General Electric Co. will build for 
Commonwealth Edison at its Dresden, 
Ill., site. The 715,000-793,OOO ekm 
plant is scheduled for 1969 operation, 
and when operated in conjunction with 
the present Dresden No. 1 nuclear 
powerplant (200.000 ekw) will be the 
largest atomic power station in the 
world. Drawing at Zeft shows the 
major components of the compact- 
3% times greater power than Dres- 
den KO. 1, but only 20 percent larg- 
er  in ~olunie-boiling-water reactor 
planned for the second unit. One of 
the new features will be the use of 
jet  pumps (heavy arrow, right of 
drawing) which will reduce the 

*her of primary recirculating loops from five to two. The plant will be 
%It entirQir l r - i t h  r\r;..n+r e--.- 2- 



116 CIVILIAN NUCLEAR POWER 

Decatur, Ala.; and New Pork State Atonic Space and Developmk, 
Authority for a 2?500 ekw, one-million-gallon-l,er-da~, poJTer and ci‘’ 
salting plant which Ts-ill also be capable of producing high- enerp: t-- 

Many other utilities have expressed an intent to illstall 
power during the 1970’s, but have not :-et niaile final cletern<natioh, 

Some utilities made thorough coniparatiIre evaluations of fossil 
power versus nuclear power during the year, but decided on fossil fuFj 
units for their next installations. Among these utilities were put . 

lltl 
Service Co. of Kew Hampshire, Duke Porn-er CO. (Cllarlotte, ~c 

s t .  

Virginia Electric Power Co., Union Electric Co. (St. Louis, lfoaj, 
Florida Power Corp., and Puerto Eico Water Resources AuthoritT~ 

SIGNIFICANT PLANT OPERATIONS 
The majority of the 12 operable central station-type nuclear poFer. 

plants shown in Table 1 continued to operate routinely throughoQt 
1965. See Part  Two, Regulatory Activities, for license actions, 
veillance, and significant operating experience a i d  construction stah 
of privately owned nuclear power reactors. 

radioactive isotopes. * -, 

+On January 3, 1966, t he  Maine Yankee Atomic Power CO.  announced its intention, 
construct a water reactor uni t  in the 650,000 to 800,000 elm size range fo r  on-line 
tion in early 1972. 

EXPERIMENTAL CIVILIAN NUCLEAR POWER PROJECTS 
A I  OF JANUAIY  1961 

EXISTING PLANNED or BUILDING 
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;jmlificant c 3  operatiiig experiences of nuclear power reactors owned 
p. tile * 4EC and operated by utility companies under tlie Power Re- 
$(.to’ Demonstration Program (PRDP) are reported in this Par t  

are contractual matters and specific research and clerelopment @Pe. 
til-ities on privately owned nuclear reactor powerplants and infor- 

#- Illation on reactors planned or under consideration for which n license 
licatioll has not get been filed with the Director of Regulation. @P 

gallam Nuclear Power Facility 

The Hallam Nuclear Power Facility is not listed this year among 
the P resently “operable?‘ plants shown in Table 1. The plant had 

rated well with only ininor technical difficulties until a moderator 
w e  element problem developed. The purpose of tlie 1’7-f oot-long, hex- 
cron&shaped, graphite-filled moderator cans is to “slow down” the 

47 neutrons produced by fission and thus increase the probabilty of fur-  
ther fissioning of the uranium. Sodium coolant had leaked into 
gren of the stainless-steel-clad graphite moderator elements which 
h$d cracked during operation, and the reactor was shut down on 
9ptember 27,1964. 
*in examination of the failed moderator cans showed that all but 

tine had failed in about the same area-slightly below the top of the 
\lead. The cause of failure was identified as cracking of the stainless 

CIVILIAN NUCLEAR POWER PROTOTYPES 
As or aNUAmv w u  

o PSC-HTGR 
0 TURKEY PT. -3/ 

BONUS 
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steel due to long-tinie stress rupture of the clnclclillg a t  oI)erat* ‘tie 

temperatures. 

Ed 
Because of tlie technical probleiiis! the -2EC in -2ngust terlllillat 

the contract with Consumers Public Pom-er District (CPPU) of xe- 
braska under which CPPD had operated the nuclear. facility, T~~~ 
failed moderator cans linve been disposed of, a n d  tlie nuclear pl:ll,t 
was being maintained in a standby condition ut  year‘s end. 

Although the ,4EC is no longer pursuing tlie socli~~l~i-graphit~ 
actor concept,, information cleT-elopecl during the clesigll, testing, 
operation of the Hallain fncilitr can be applied in illlprovina 8 til, 
reliability and performaiice of future socliun~-coolecl reactors. 

Shippingport Atomic Power Station 

I n  late April, the Shippingport, Pa., reactor returned to pox- er 
operation with its second core installed. Operation and testing of 

the plant up  to tlie maximum reactor rating of 505 thermal megawarts 
began in early Ma37 and continued during the remainder of the p a r ,  

Elk River Reactor 

On June 4, the Rural Cooperatiye Power L4ssociation (RCPAii 
xsnmeci control orer  the operat ion of the E . O O O  net e k r  boiling Kater 
reactor a t  Elk Rirer, Minii. The facility, located about 30 mile 
northwest of tlie twin cities of Minneapolis-St. Paul, had previouiv 
been operated by RCP,4 personnel tinder the super\-ision of SI&. 
Chalmers Manufacturing Co., builder of the reactor. As of Octohr 
31, tlie reactor had been “on tlie line” for 61 days without interruption. 

Piyurr Nuclear Power Facility 

I n  mid-February, the Piqua Nuclear Power Facility (PNPF) irt 
Ohio experienced a sudden loss in power potential. A detailed ta 
program attributed the most, probable cause of the loss to an organic- 
moderator flow restriction which caused local orerheating, and pos 
sible local boiling, of the moderator in the center region of tlie fuel 
elements. Difficulty T ~ S  also experiencect with the control rod driw- 
clue primarily to haring an electrical coiinection submerged in the 

- organic coolant. Xinor modifications to  the connections were made 
to w s o l r ~  this dificulty. Tlic PNPF ~ v a s  operntcd continuzlly from 
iiii rl-3Za y t 11 1~0iigIi 11 i i tl -.Tu1 y m-i t 11 011 t, any sign i ficaii t (1 i flic 11 1 ties. 
,July IS to September 7,  tlie pl:iiit, was shut, doini for in-vessel fi1W 
replacenient and tlie correction of the electrical feecl-through probleE 
mentioned zbove. The PXPF operated until October 12, when it J V ~  

* .  . .  i 
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Uoderutor C a n  Crack. Photo shoms a typical crack (indicated by arrow) of 
the type found in 19 of the moderator cans of the  Hallam, Nebr., sodium-cooled 
reactor. It was through such cracks in the stainless steel sheaths of the 
17-foot-long inoderator cans that  the molten sodium penetrated and caused the 
Loderating graphite to swell. The contract for operation of the reactor was 
rminated in mid-1963. The reactor had been shut down in September 1964, 
ahen it was beliered only seven of the cans had cracks. 
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shut doxn for replacenlent of the six outer control rod fuel eler,l,Q1, 
because of the above-mentioned organic-inoderat 01- flow restrict$ 

llJI, Tlle reactor Il-ent back into operation on October 24, and bv tilc 
of KoiTeinLer h:id generated 1O,OOO niegawn t t -cIass of tllerinaJ ellerg!, 
(9 megawatt clay is the total 1ie:it generated in one clay at a polverl,, 

t: 
E€ on0 megawatt.) 

“ill The *4EC has determined that the second core for the PNpp 
I consist of sintered aluminum powder (SAP)-clad uranium carbide 

fuel’assemblies. Inasmuch as this fuel is also the prime fuel can& 

it, date for the Heavy Water Organic-Cooled Reactor (HWOCR) 
use in- Piqua will provide direct technical information in support 

6 expected to  significantly reduce fuel cycle costs, is in progress 
Atomics International, The detailed design of a catalytic hydro. 
cracker, which reclaims decomposed organic coolant, was initiag-j ir! 
AGpst. By reclaiming the previously unuseable irradiated Organic 
coolant, the  hydrocracker could reduce the organic coolant makeup 
requirements for the Piqua plant by as much as 90 percent, allorr& 
a further improvement in energy cost for organic-cooled reactol.; 
Construction of the hydrocracker is expected to begin in mid-1966. 

the AEC?s m T O C R  program. Final design of this core, ~1~ic.. of 

* 

Boiling Nuclear Superheat Reactor (BONUS) 

Conclusions drawn from the examinations made by the Oak R i b  
National Laboratory of the BONUS superheater fuel assembly which 
failed on November 11,1964, and of an unirradiated spare fuel mm. 
bly, are that the superheater fuel difficulties are related to fabricati& 
quality control and inspection procedures, and are not peculiar to & 
intended application of the fuel. 

Several additional defective superheater assemblies were located 
after the Kovember 11 failure, and the reactor at Punta Higuera, 
Puerto Rico was shut down while the superheater core was shia 
On February 15, the reactor again achieved criticality, and operationaf 
testing proceeded satisfactorily with a 24-superheater-assembly CQE 

instead of the 32-assembly-core for which the reactor was designed 
I n  mid-June, crzcl-s were detected in the stainless steel inlet ad 

outlet steam piping to the steam preheaters-dryers. These units m 
part of the reactor pressure vessel internals and assure that only 
steam enters the superheater fuel assemblies. This difficulty was cor- 
rected, the superheater zone fuel loading was increased to 32 asem 
blies, and the test program was resumed in August. Operation of 
the full BOhXJS core at 50 thermal megawatts was achieved on SeP. 
tember 15, and by September 21 an electrical output of 16,500 e b  
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res&ed. Design output of the BONUS plant turbogeneratm- 
Plans call for opera.thig 

reacMr continuously at this power for the nest six months. 
@ 
e i o ~  e]LT-W8S achieved on Kovember 9. 

he 
, 1 f' 

Dlllhfi rider Atomic Powerplant 

contract was signed in mid-January by R'orthern States Power 
' md Allis-Chahers hfanufacturing Co. covering the design, test- 

d fabrication of a, second, advanced core for the Pdifinder lg? erllat reactor at Sioux Falls, S. Dak. I n  the new core, which is aP cheduled for delivery in late 1966, both the superheater and boiler 
elements mill be made of low-enriched uranium oxide. The pres- ld 

@re consists of low-enrichd boiler fuel elements, but full-enriched ntv 
erheater elements. The new-type core, in addition to being less UP #nsive, will allow the reactor outlet temperature to be increased 
fm 725 to 825" F., thus enabling the plant to generate more elw- 
ici ty  than it does with the present core. 

Re 

hTCLEAR POWERPLANTS UNDER CONSTRUCTION 

Mrosse Boiling Water Reactor 

Construction of the 50,000 net ekw Dairyland Power Cooperative 
nu&m powerplant near Genoa, TVis., mas delayed in 1965 by the late 
klivery of several critical components. Consequently, completion of 
he Lacrosse Boiling Water Reactor project by Allis-Chalmers Manu- 
fxturing Co.-originally scheduled for June 28,1966-is now expected 
idbe delayed until late 1066 or early 1967. 

NUCLEAR POWEXPLANTS PLANNED 

hrge Seed-Blanket Reactor 

On January 1,1965, a Memorandum of Understanding was executed 
b~ the AEC and the Department of Water Resources, State of Cali- 
fornia, mhich provided for a cooperative arrangement leading to the 
design, derelognient, and construction of a nuclear central station 
plant with a capacity of about 525,000 net elm. Public Law 89-32 
athorized the Large Seed-Blanket Reactor (LSRR) project and 
y~tlmrizecl 2pproprintion of $91.5 million for the -4EC's portion of 
fie project cost. I n  April 1965, before tlie LSBR project was au- 
Gofized, the AEC notified the Congress and the State of California 
k research and development work had identified teclinical prob- 

5 0 0 ' 1 3 9 3  
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Qigl lems which indicated that the design of the LSBR fuel elements 
not be adequate for the long life (about nine years between refuk 

O t  
ings) planned for the LSBR initial nuclear core which was t 
provided by the AEC. Late in December 1965, the AEC amoul,,, 

O cof, that it had notified the State of California of its decision not t 
tract for construction of the planned LSBR nuclear central 
because of technical problems encountered in the LSBR research 
development program. The AEC plans to reorient the seed-blaa, 
development work to a research and development pro- rrram directa 

e tl toward the thermal breeder type design. The objective mould b 
develop technology in the areas of fuel elements, nuclear physics, 
reactor engineering necessary to explore the feasibility of a subsequer: 
demonstration of the breeding potential of the seed-blanket concep 
in an operating reactor. 

Colorado High Temperature Gas-Cooled Reactor 

On November 1, the AEC signed a definitive contract with ui, 
Public Service Co. of (Denver) Colorado and the General Atomi, 
Division (GA) of General Dynamics Corp., San Diego, Calif. finde: 
its terms, the utility firm is to provide a plant site for, and fund tb 
construction of and own, a 330,000 ekw high temperature gas-wld 
reactor (HTGR) prototype powerplant to be ready for operation or! 

the Colorado system no later than March 1912. General Atomic Fi~j 

perform certain required research and development and will de&@ 
and construct the plant on a 1,600-acre site about 35 miles northof 
Denver near Platteville, Colo. The AEC, under ceiling cost arraw 
ments, mill partially finance the design of the plant, a research ani 
development program, the fabrication of certain specialized first-of- 
a-kind equipment and the first core, and will waive fuel use charges 
The AEC is contributing to the plant because this advanced converter. 
type reactor is expected to result in more efficient use of fuel, hasb 
potential for economic power production, and will contribute to tfe2 
development of fast gas breeder reactor technology. 

The Colorado-GA proposal was submitted to the AEC after tbe 
February 12 announcement by G14 and the Rochester Gas & Elect.& 
Corp., that they had terminated negotiations on a contract to builds 
260,000 ekm HTGR nuclear powerplant on the Rochester, N.Y.? e 
tem. The termination was caused by the inabi1it.y of the reactor rnm 
ufztcturer and the utilit_v company to agree on contract terms; the b s r  
coiicept of the HTGR was not an issue in the termination of MP 
tiations. 
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fi"t"n Edison Plant 

glr Boston Edisoii CO. announced on August. i t1i:tt it had awarded 
to the General Electric Co. to build a boiling Tater nuclear 
plant of about 600,000 ekw capacity. The utility expects 

At the time of the announce- 
[he P ,,lent, a, final decision had not been made on the location of the plant. 

Edison is part owner of the Yankee plant a t  Rowe, Mass., and 
Ib@ Connecticut Yankee plant under construction at  Haddam Neck, 

B 

]ant to be in service by mid-1971. 

cQao 

Florida Power & Light 

In mid-November, the Florida Power & Light Co. publicized its 
&sard of a contract to Westinghouse Electric Corp. to supply the 

reactor and related equipment for a 652,000 net ekm pressur- 
ized Rater reactor nuclear generating plant at Turkey Point, 25 miles 
south of Miami on Biscayne Bay, Fla. The utility is scheduling its 
6stnuclear plant for construction completion in early 1970. 

OTHER crmrm POWER PROGRAM ACTIVITIES 
HEAVY WATER POWER REACTOR PROGRAM 

On January 8, Combustion Engineering, Inc. (acting through its 
Suclear Division at Windsor, Corm.) and North American Aviation, 
be. (acting through its Atomics International Division at Canoga 
Park, Calif.), signed prime contracts to conduct a heavy water- 
moderated, organic-cooled reactor (HWOCR) research and develop- 
ment program for the AEC. Subsequently, a single prime contract 
K i t h  the two companies, replacing the two contracts, was negotiated 
and v a s  expected to be signed in early 1966. 

The President of Atomic Energy of Canada Limited (BECL) and 
the Chairman of the U.S. Atomic Energy Commission signed an agree- 
ment on February 24 permitting the AEC to use the U-3 organic- 
mled loop hi the NRU (natural uranium heavy water moderated) test 
reactor at AECL's Chalk River Nuclear Laboratory in Ontario and 
part of the Whiteshell Reactor-1 (MTR-l), a heavy water-moderated, 
orwic-cooled test reactor at AECL's Whiteshell Nuclear Research 
Establishment at Pinawa, Manitoba, for  development of the HWOCR 
uoncept. The Canadian facilities made available under the terms of 
this agreement will be used in direct support of the work being 
Performed by the Atomic International-Combustion Engineering 
IU-CE) joint renture organization. 

he reactor mm- 
terms ; the b n  
nation of n e p -  
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H WOCR Development 

Durillg 1965, the major derelopment effort in the I I e s q  1~ atel 
Organic-Cooled Eeactor (HnTOcX) program was directed towah 
the preparation of a conceptual HTTTOCR design for a 1,000,000 & 

el powerplant, and to the initial design, fabrication, and testing of f~ 

The design engineering effort included all aspects of the plant, bb, 
emphasized the most critical components and novel fe a t ures of %F 
concept which are to be demonstrated in a 300,000 to  500,000 ekF: 
prototype. 

The sipificant effort in the fuel development area was the fabpi 
ca.tion. of sintered aluminum p o d e r  (SAP) -clad uranium CQbidl ,  
and zirconium-clad uranium dioxide fuel assemblies for test irradi. 
ation in the U-3 loop in the NEU reactor at  Chalk River, Ontario, lra 
radiation of these test assemblies began on July 28, 6% months ahet 
the m O C R  program was initiated. Further efforts have ben &. 
rected toward designing and fabricating the fuel assemblies to be in- 
cliated in the WR-1 reactor in Manitoba in 1966. 

Lower cost processes are being developed for fabricating uranib 
carbide fuel elements for the KVDOCR. A program was initiateda: 
the Oak Ridge National Laboratory, in support of AI-CE egon. 
to develop a method for producing reproducible SA4P for use as bot- 
fuel cladding and pressure tubes. Zirconium alloys are also bekg 
considered for the same application, but their use is predicated upor, 
a successful solution of the severe hydriding problem in an organic 
environment. Work includes both fuel element fabrication and out- 
of-pile and in-pile testing of the material. Out-of-pile loops Thick 
will accommodate the testing of both pressure tubes and fuel elemenb 
have been designed and are either operating or under construction. 

Associated Work 

The continued operation of the Piqua Nuclear Power FacilitF ii. 
Ohio is providing information to the KWOCR program on coolm 
purity control and on coolant and component performance. The 
data output will increase with the fabrication and operation of Piqmf 
second core consisting of SAP-clad uranium carbide fuel assembk- 
,4 hydrocracker, which will reduce the organic makeup requiremenE 
for the Piqua plant and provide technology needed for the H l T O C ~  
program, is being designed (Phillips Pet.roleum, Bartlesville, OM% 
is the principal contractor) and should be in operation by early 1% 

A HWOCR thorium fuel cycle development program is be@ 
carried out by the Babcock & Wilcox Co. The results of this dereloP 
ment are expected to show the potential of operating an HWocR 
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tllorium thermal breeder reactor. This effort is closely coupled 
,,*it11 the thorium utilization n-ork 111 progress at ORKL. The 
$1‘. .Innah River Laboratory and Brookhaven Xational Laboratory 
$SSls a - t  by performing physics experiments relative to the thorium- 
h e a l - ~  water system. 

a 

Desalting Potential 

$11 the above work is being done as the result of the Commission’s 
~~~l~ 1964 action to redirect its heavy water-moderated reactor con- 

t toward the use of an organic coolant. The HTVOCR concept Bas @P tentid not only for very large central station powerplants, but also 
leading candidake for application to large-scale water desalting PO 

ij a 
,perations. The deirelopment plan for the H’TTOCR concept initially 
illcludes the construction and operation in the early 1970% of a 300,- 
rm to 500,000 ekw HWOCR power-only prototype. Successful de- 
Felopment and operation of this prototype plant would then be ex- 

ted to lead to the construction by the power industry, in the mid- 
or latae-197@?s, of successively larger combined electric power-water 
pec 
desalting plants with heat outputs ranging from 3,500 to  10,000 
megawatts. 

GAS-COOLED REACTOR PROGRAM 

ggperirnental Gas-Cooled Reactor (EGCR) 

Construction of the 21,900 ekn7 Experimental Gas-Cooled Reactor 
iEGCR) a t  Oak Ridge, Tenn., was essentially complete by the end of 
I96j-about three years behind schedule. On January 7, 1966, the 
.IEC announced it was terminating the project. Factors cited as  coii- 
rributing to this decision were : ( a )  continuing design and engineering 
Ji5culties with corresponding delays and rising costs; (6) the dimin- 
ishing potential of timely and significant contributions of the EGCR 
project to commercial development of high-temperature gas-cooled 
mctor technology in light of current industrial trends; and (e) com- 
peting demands for limited funds. 

BREEDER REACTOR PROGRAM 

Experimental Breeder Reactor N o .  2 

The control and oscillntor rod malfunction vliicli the Espeiiniental 
&Mer Reactor KO. 2 (EBR-2) experienced late in 1964 was cor- 

in 91arcli 1965, and the plant resumed power operation. The 
5 0 0 9 3 4 1  
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EBR-2 Dedicated. The dome-shaped containment shell (photo above)  hous 
the Experimental Breeder Reactor No. 2 which was dedicated September 1: 
19% at the Atomic Energy Commission’s Sational Reactor Testing Station h 
Idaho. A unique feature of EBR-2 is its integrated Fuel CScle Facilir! 
(circular-ended building to right of dome) where spent fuel from the reactor i 
melt-processed and refabricated into new fuel pins using slave manipulatob 
and other reniotely operated equipment behind concrete and lead glass shieldin; 
In  photo belozc, AEC Commissioner Gerald F. Tape ( l e f t )  chats with Dr. Gmrp 
W. Beadle, President of the University of Chicago, and Dr. Albert V. Crewe 
Director of Argonne K’ational Laboratory, in one of the EBR-2 control room 
Dr. Tape was the principal speaker at the dedication. 
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I.p:,CtO1', locxtecl :kt the Sational Reactor Testing Station, Iclaho, has 
511 ~,~equeiitly been operated routinely at porn-er levels up to 45 
i l l e r l~ l~ l  nieg;i~~-atts and lins geiiei-at ecl ;~pprosi inatel~ 14,000 Won-atts 

rrlle first reeyeled fuel subasseiiibly to contain EBX-2-irracliatec~ fuel 
,rocessecl and fabricated in the reactor's adjacent integrated Fnel 

f (ycle Facility was inserted into tlie reactor early in May, and the first, 
6' lcled fuel with the hitiall clesign-le~-el b ~ ~ i ~ i ~ i p  of one percent was 
Rtllriied to tlie reactor early in September. The  e d u a t i o n  of fuel 
prforniance is being continued by tlie periodic removal of fuel 
Rss,mblies for examination a t  increasiiig burnup increnients. 

The initial fuel loaciiiig has been safely taken to about one anct one- 
qllarter percent buriiup ( approximately 12,000 megawatt days per 
ton). This level, which surpzsses initial design expectations by 25 

rcent, has been tentatively established as the burnup level for the pe 

p o ~ e r .  
0 

I fuel. 

Southwest Experimental Fast Oxide Reaclor 

Construction of the Southwest Experimental Fast. Oxide Reactor 
($FOR) was started late in 1965 on a, 620-acre site at, Cove creek, 
&out 20 miles southwest of Fayetteville, Ark., and is scheduled to be 
con~pleted in early 1968. When t l k  20-thermal-megawatt sodium- 
cooled reactor facility becomes operational, it will be operated in the 
conduct of a planned international research and development pro- 
3 cram aimed at studying the nuclear characteristics-particularly the 
Doppler effect-of a fast breeder reactor system which uses mixed 
plutonium oxide-uranium oxide fuel and sodium coolant. 

The reactor is being constructed by General Electric for t.lie South- 
west -4tomic Energy Associates ( SAE14), Little Eock, Ark., a group 
of 17 private power utilities from the Southwest and Midwest. 
SAE-4 is associated in the construction of SEFOR with Gesellschaft 
fur Kenif orscliung, a nonprofit corporation of the Federal Republic 
of Germany, which will make contributions to the project for itself 
and for the European Atomic Energy Community (Euratom). 

AEC support for  the SEFOR project includes reimbursing General 
Electric, up to a specified ceiling, for research and development neecled 
in support of the reactor design, for operating and maintaining the 
reactor following completion of its construction, and for performing 
specified eq)eriinent:d tnslrs in the reactor that, constitute AEC's 
fe*arcli ohjectivea. In addition, tlic AEC is proviciing, without 
charge, certain of its facilities, equipment, anct materials for use in 
&e supporting researcli 2nd deve~opinent program. 
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XEFOR Dedication. Construction of the internationally-sponsored SEFrlg 
(Southwest Experimental Fast Oxide Reactor) near Fayetteville, Ark., 
underway during 1965. Photo shows AEC Commissioner Gerald F. Tape spes. 
ing at  the October 27 dedication of the sodium-cooled reactor facility. & 
project is being jointly supported by the Southn-est Atoinic Energy Associate,, 
17 private power utilities of the Southwest and BIidwest; the West Germ: 
Government ; the European Atomic Energy Coiimunity (Euratom) ; and tk 
AEC. The General Electric Co.-built sodium-cooled reactor, which is S C ~ & R I +  

€or 1968 completion, will be used for studying the nuclear characteristicr g 
fast breeder reactor systems using mixed plutonium oxide-uranium oxide ftk, 
No electric pon-er will be produced by the facility. 

Fast FLUX Test Facility 

During the year, the AEC completed an intensive revier and eralp- 
ation of the facilities it Kill need in order to develop and test the fuch 
and materials required for its fas t  breeder reactor program. A s s  
consequence of this revieiT, the Commission determined late in 1% 
that the Fast Eenctor Test Facility (FARET) which it had propw. 
for construction at  tlie Kntionnl Eeactor Testing Station did not hitn 

the required testing capability. FARET \\-as consequently terrnillats 
prior to tlie start of construction, anci the AEC is proceeding witblb 
design of a Fast Flus Test Facility (FFTF) which mill provide& 
needed capability. 
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Tile first phase of conceptual design study for the Fast Flux Test 
4,cilit,y was completed in 1963 by Pacific Northwest Laboratory, with F. ,IlppOrtiiig assistance f rom Rrgonne Katioiial Laboratory, Atomic 

Poaq Developinen t Associates, A4tomics International, Bechtel Corp., 
suclear Teclmo1og-y Corp., Vitro Engineering Go., and Battelle 
,orial Institute of Columbus, Ohio. The interim conceptual de- 

study report described the parameters of the test reactor plant 
defined the areas requiring research and development. This re- 

rt is currently being reviewed by ,4EC laboratories and industrial 

d e , i p  of a facility which will have adequate capability with respect 
to such factors as fast neutron intensity, space for test specimens, and 
bility to completely control the test environment in closed loops. 

if 
2 
Po Mntractors. Conceptual design effort will continue, leading to a h a 1  

NUCLEAR DESALTING APPLICATIONS 
~uring the year, the AEC accelerated its program-conducted in 

@rdination with the Office of Saline Water, U.S. Department of the 
bterior-to develop and demonstrate suitable nuclear energy sources 
for intermediate and large-scale desalting of seavater by : ( a )  desig- 
riding the Oak E d g e  National Laboratory as the primary teclinical 
a p p ~ r t  organization to the AEC in its desalting program ; (6) corn- 
Dleting specific studies of large nuclear power-desalting plants for 
&e Metropolitan Water District ( AnYD) of Southern California and 
&e Government of Israel; (e) participating in a Government task 
force investigation of the applicability of desalting to the water re- 
quirements of the New York-New Jersey metropolitan area; and ( d )  
initiating a cooperative study with Mexico of a large nuclear power- 
halting plant. 

The AEC’s desalting program has two major areas of endeavor: 
he first is to provide appropriate nuclear reactor energy sources to 
meet desalting needs during the next 5 to 15 years; the other is a 
:ljnger-term endeavor to provide, by the niid-I970’s, demollstrated 
rttfineering and economic data for those reactor systems that could 
kconsidered as economic energy suurces for water desalting in size 
&%*es appropriate for intermediate and large-scale water supply ap- 
$Litions beyond 1980. 

h i f i  Application Studies 

, ~ e ~ ~ ~ o p o l i t a n  TPater District. The BITVD study was performed by 
*echtel Corp. under the joint sponsorship of Interior, the AEC, 

qd the RflVD. A preliminary report on the initial phaes  of the 
QaSt ybv$&l # ~ i  Bechtel in June, indicated that a two-unit nuclear 
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po~~-erplaiit producing 1,800,OOO gross electrical l r i lo~~at t s  (ekw) C O I ~ .  
plecl n-it11 a 150 million g:illons per d:~y (ingd) w t e r  desjnltillm b Pl&r,, 
could p o c i ~ e  fresh water at about "ti cents p w  1,000 ga l lo~~s  deli 1 

ered to the JITVD system. In the final pliase of the study, Qu: 
refined design effort was applied to tliis plant, and two sites 
nian-made island about 4:OOO feet, offshore and the other an on 
s i t n w e r e  investigated. The filial report of the RIWD study 1 indi- 
cated that the island site is a practicable locution for the plant it 
ecoiioniicall~ preferable to the onshore site. It further i11dicatq til, 
the plant could be operational five years after construction RG 
au tliorized. 

-One 

ShOh 

Xe2u Yor7c-New Jersey. Federal officials met with the Goverllor 
Sew Jersey and the Deputy Mayor of Kew York City in Augustb 

WrougIit proof " the northeastern metropolitan area in tlie event 
prolonged periods of below average rainfall. AS a result of this met* 
ing, a Federal task force was appointed to  conduct a p~liminah 
assessnient. The task force llicludes representatives from the Dep&+ 
iiieiit of the Interior, tlie Federal Power Commission, the Office of 
Science and Technolou, Council of Economic L4dvkors, and the &c 
This group, working closely with the State and local officials, and 
representatives of the n-ater and power utilities serving the area, issued 
:in interim report in Kovember. The interim report indicated that: 
((c) desalting is sufficiently promising to warrant further consideration 
along with other slternatire sources of water; (6) large power-desalt. 
ing plants may provide economical insurance against p r o l o n ~  
drought ; ( e )  large nuclear powerplants are the preferred source of new 
power generation by the electrical utilities participating in the studv: 
( d )  sites suitable for large nuclear desalting plants are deemed avail. 
able within the prime load area ; ( e )  tlie electric power produced from 
the large power-desalting facilities being studied could be beneficial]! 
utilized v-ithin the KelT York-Sew Jersey area; and ( f )  continuing 
xnalysis leading to-ivarcl a detailed engineering feasibility study k 
warranted. A final report on the task force inwstigation is expected 
in February 1966. 

consider the potential use of large nuclear desalting facilities . . .  to blp 

ZsraeZ. Under the auspices of the Governments of the United SbtE 
and Israel, a detailed engineering feasibility and economic study ms 
undertaken by Kaiser Industries Inc., Oakland, Calif ., with Cataljtic 
Construction Co., Philadelphia, Pa., as subcontractor. This study is 

T1D-223330. T'olS. 1, 2 ,  and 3, will be available in January from the Clearinghouse for 
Federal Scientific and Technical Information, National Bureau of Standards, U.S. DePfl; 
ment  of Commerce, Springfield, Va., 22151 ; Vol. 1 (Phases 1 and 2 )  at $4.00; - 
(Phase 3) a t  $4.00, and 1-01. 3 (Summary) at $1.25. 

5 '3 i i  2 I.) 0 2 

G 

The Oak Rid; 
p r h a r y  technic: 
its general t e c h  

desalting. Ge 
to: (a )  determin 
Kith nuclear POT 

of large nuclear 
process operatioi 
with large nucle: 
ducing little or r 
~ a l  feasibility a 
snd ( e )  investig: 
to large sizes nc 
mpts being devc 

Deep Pool-Reac 

A preliminary 
only application 
Which was initial 

-- 



struction lyas 

e Governor of 

d i t ies  to  help 
L the event of 
it of this meet- 
a preliminary 
m the Depart- 
> the Office of 
and the AEC. 

L officials, and 
he area, issued 
ndicated that: 
* consideration 
; power-desalt- 
nst prolonged 
i source of ne% 
5 7 in the study; 
deemed avail- 

produced from 
beneficially 

; f>  continuing 
iility study is 
ion is expected 

in August to 

3 United States 
Jmic study -as 
with Catal>-tic 
This stud3 

: Clearinghouse for 
dards, U.S. Depart- 
I at $4.00; vo1- 9 

JANUARY-DECEMBER 19 6 5 131 

cestigatillg dual-purpose plants Kith capacities in the range of S j  
130 mgd of water and 175,000 to 800,000 electrical kilowatts. ,4 

@liminary report on the first phase of the study, submitted in July, 
ended that a nuclear plant capable of producing 200,000 net recofllm 

and I00 mgd of desalted water be further investigated in the 
nd phase of the study. 

eb 
$CO 
ill the second phase of the study, the design of this selected plant 

refined, and detailed time schedules and estimates of cost mere 
prepared. Final estimates of the cost of producing water in the plant 
qeT0 96 9 40, and 62 cents per thousand gallons for fixed-charge rates 
of 5,  7 7 and 10 percent, respectirely, a t  a fixed value for  the saleable 
electric power of 5.3 mills per Bilovmtt-hour. The final report was 
@bmitted to the Governments of the United States and Israel in 
December. 

ze&o. A technical and economic feasibility study was initiated 
by the Governments of the United States and Mexico, under the aus- 
ices of the International Atomic Energy Agency, of large nuclear 
ewer-desalting facilities which could provide power and mater to P 

ortions of Arizona and California in the United States, and to the P 
P 

in 
to 

of Sonora and Baja California in Mexico. 

GENERAL TECHNICAL PROGRAM 

n e  Oak Ridge National Laboratory has been designated as the 
qfmary technical support organization to the AEC in the conduct of 
its general technical evaluations of t.he application of nuclear reactors 
to desalting. General analyses and evaluations were initiated in 1965 
to: (a )  determine the best method of coupling desalting plant systems 
K i t h  nuclear powerplant systems ; (6) investigate the siting problems 
of large nuclear dual-purpose installations ; (e) determine if other 
process operations could be conducted advantageously in conjunction 
aith large nuclear desalting plants; ( d )  survey reactor concepts pro- 
ducing little or no byproduct electric power to determine their techni- 
a1 feasibility and economic potential for water-only applications ; 
mnd (e) investigate the technical and economic potential of scaling-up 
to large sizes and combining with desalting plants the reactor con- 
cepts being dereloped under the civilian power program. 

1 

Deep Pool-Reactor Study 

preliminarv study of a dee.p-pool reactor for a water-desalting- 
application was completed during the year. This investigation, 

RGch was initiated on January 6 by the Bechtel Corp., San Francisco, 
5009403 
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AE( 1 

Pletq 

under contract to the AEC, was directed toward refiiing an 
originated (Chicago Operations Office) reactor concept that inclod:: 
a low capital cost reactor system which uses 270” F. reactor \rate; 
coolant to heat sea-water. The filial report * on this study, corn 
in June, indicated that at reactor sizes appropriate to 10, 50, and 
million-gallon-per-day (mgd) wate.r plants, energy could be deliv,,l 
to the water plant a t  80, 32 and 24 cents per million Btu, l*espectiPele 

I* 

New York “SURFSlDE” Proposal 

ork On September 3, the AEC received a proposal from the R‘e& p 
State Atomic and Space Development Authority for AEC parti,,.,- 
pation in project “SURFSIDE” (Small Unified Reactor FacilitT 

DesaZtifig Work Agreenaent Xigizing. On April 2, the AEC and the Department 
of Interior signed a n  interagency agreement to  conduct research, development, 
and  engineering ser-rices on water desalting under the general direction of the 
AEC’s Oak Ridge Xational Laboratory (ORNL). Present at the signing were 
(left to  r igh t )  : S. R. Sapirie, Manager of the BEG’S Oak Ridge Operations; 
AEC Commissioner James T. Ramey ; Frank C .  Diluzio, Director of the Interior 
Department’s Office of Saline K a t e r  ; and (behind Commissioner Ramey) R. p- 
Haminonil, Director of ORNL’s h’uclear Desalination Program. 

“Deep-Pool Reactor for Water Desalting,’’ arailable from Clearinghouse for  Federal 
Scientific and Technical Information, National Bureau of Standards, U.S. Department of 
Commerce, Springfield, Va., 22151, fo r  $5. - 3 g [ ] q : ’ u \  
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3p stems for Isotopes, Desalting, and Electricity). The proposed plant 
,.auld be located in the town of Riverheact on eastern Long Island, 
,Ild would prodnee one iiiillioii gdloiis per day of fresh rater,  3,500 
;cilomtts of saleable electricity, and tlie equivalent of 400,000 curies 
,j radioactire cobdt per year. 

puerto Rico Discussion 

U.S. representatives met with the Puerto Rico Water Resources Au- 
thority in June to discuss the applicability of desalting to the water 

of southern Puerto Rico. It was mutually agreed that an ef- 
[Ntive evaluation could not be made until more information on alter- 
native natural water resources was developed. 

CIVILIAN NUCLEAR MARITIME PROGRAM 

ys Savannah 

T]ie vorlld?s first nuclear-powered merchant ship, the NS Suean- 
@h, went into the regular commercial service of American Export- 
Brandhen Lines (AEIL) in August. Under the terms of a charter 
pad with the Government, First Atomic Ship Transport Inc. (FAST) 
of New York City-a wholly owned subsidiary of AEIL-is to op- 
e+b the Savannah for a period of three years as a cargo vessel only; 
be 60-passenger accommodations have been sealed off and large-scale 
pnblic visits have been discontinued. 
Prior to becoming a commercial freighter, the Savannah made trips 

in 1965 to San Juan, P.R.; Piraeus, Greece; New York-Hoboken; 
Port Everglades-Miami ; and Mobile, Ala., before docking a t  her main- 
tenance base in Galveston, Tex., on March I O  for annual inspection 
ad overhaul. 

In the two years of demonstration voyages conducted under special 
arrangements between the Government and the AEXL, the atom- 
pmered ship had “opened” 43 foreign and domestic ports to nuclear 
merchant ships ; had been inspected by one million Americans and one- 
hlf million foreigners during her “open house” periods; and had 
2awled more than 90,000 miles under nuclear power-the equivalent 
ofnmrly 3% times around the world. The Xuvanmh had consumed 
’$33 pounds of enriched uranium fuel-which, because of its den- 
59, is about as much as could be put into a man’s hat-as compared to 
W e  than 1’7,000 tons of fossil fuel which a conventionally-powered 
SP, traveling the same distance, would hare required. 



Aduanced Maritime Reactors 

Tlie AE(' 11:13 1)roposjecl :I fire-year iiiiclenr merclmit, ship %;lpr.: 
xncl clevel olmeii t, pi*ogram wi tli t lie object il-e of del-elopin o 

propellect sliips that, together with improi-ecl cargo liandling allc~ olh,f 

nonnuclear innorations, can make possible the superior service 
sary to make and keep the l7.S. Merchant Marine ecoliol~iica,]] 
petitire. The program involves a dual approacli, one of which entaii, 
the construction of an AEC-owned land-based facility for tile de- 
~elopnient and testing of improved components and systems for corrj. 
pact pressurized water reactors, and for  the perfornlance of reeapG 
and development on water and aclvancecl reactor concepts llavir, ' 
potential for niaritime applications. 4 h 

The other program approach recognizes the need for slljp~lo,td 
demonstration of civilian nuclenr propulsion systems, and t o  that 
the AEC proposes to cooperate with industry in del-eloping tllemN 

am promising nuclear propulsion plant concepts, at  appropriate st 
and in building and operating nuclear propulsion plants in civiliae 
maritime ships. 

I n  mid-October, an L4EC-Alaritime Sdministration liaison con;- 
mittee, comprised of four senior staff members from each agency, ab 
established to assure continued coordination between the two agenci@ 
in the development of economic nuclear nierchant ships. This corn- 
inittee will review all proposed nuclear maritime programs and asuR 
that each agency is kept informed of the other agency's plans for 
reactor development and nuclear ship construction and operation, b- 
cluding problems, studies, requirements, and progress. 

The United Xuclear, General Electric, and Babcock tk TTilcox cos- 
panies, which in 1964 submitted proposals for the construction of 
In~lct-based prototype maritime nuclear propulsion plants, have ha 
xdrisecl that they may submit new bids in line with the newly propmi 
11 rogr:~ 111, v-I 1 en a 11 1) rop ri a t e. 

nuc]$; 

ne,, 
s cob,. 

SUPPORTING REACTOR ENGINEERING 
TECHNOLOGY 

During 1965, a T7igorous advanced research and development pm 
gram was maiiitaiiiecl for measuring neutron behavior in reactors and 
for measuring properties of Iiigh-temperature reactor coolants. Major 
admnces in gas-lubricated bearing technology were demonstratd 
Tit11 the first known self-snstained operation of a gas turbine-con 
pressor set operating on self -acting hydrodynamic gas-lubricated bear- 
ings. Two-phase flow heat transfer, fluid dynamics, and stabiE6 
experiments resulted in an improved understanding of the themd 

F j u 0 9 m  
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ll+raulic effects in boiling reactors. Heat. transfer properties of 
+, fl,-telnperat,ure gases and liquid and rapor alkali metal coolants 
!I!$ easured and their behavior in practical energy transfer systems 
cpr* 
j,,Tejt ;gated. Derelopnzent work continued on coniponents and sys- 

for  new and improved remotely-operated machines 
[@ (Additional details concerning ,Id w 

brodp-hased propanis being conducted in support of the Coni- 
&e 
@ision's Civilian Kuclear Power Program will be found in the publi- 
#tions ;;Funclamental X idea r  Energy . Researcli-1965," 3 and 
*T,,clfilr Fuels and Materials Development.?' 

P 71 

ertite in unique environments. 

plutonium Utilization Program 

E B T ~ ~ ?  fueZ experinzenfs. ,4 plutonium fuel irradiation denion- 
gfltion program, using the Experimental Boiling Water Reactor 
E B ~ )  at Argonne, Ill.? is being conducted jointly by Argonne Na- 

tion%] Laboratory and Pacific Northwest Laboratory. The experi- 
nlent r i l l  provide data on the nuclear characteristics of a boiling 
tight w t e r  reactor partially fueled with plutonium, and the behavior 
(,f the fuel in such an enrironment. The core will hare a central zone 
fif 36 elements containing abo~it 1,300 zircnloy-clad rods of plutonium- 
,nriclied fuel, an intermediate zone of 60 slightly enriched uranium 

(UO,) fuel elements to maintain system reactirity, and an outer 
zone of natural 'EO2. The plutonium fuel is 1.5 percent plutonium 
Glide (Pu02) in depleted Uo, and was fabricated by the Pacific 
Sorthn.est. Laboratory. Initial criticality with the plutonium assem- 
blies in the EEWR was attained on September 22. Since the main 
purpose of the experiment is to generate physics information, the 
Etctor will bo shut down periodically to conduct appropriate experi- 
rients to determilie clinnges in characteristics with exposure. 

i 

'7 

PRTR conremion. Design and development work, started late in . 
gcd, to convert the Plutonium Recycle Test Reactor (PRTR)  at  the 
-Innford, Wash., plant to operation with a higher power density core 
vrntinued in 1965. The purpose of this effort, is to shorten the period 
if time required to achiei-e significant irra.diation exposure of pluto- 
iium-enriched fuel and to duplicate more nearly the conditions of fuel 
emperature and heat flux to  be encountered in poxer reactor cores. 
l e  basic core loading for tlie high power density experiment, which 
:to 1)egin early in IMG, will ?)e 55 file1 elements similw t o  tlie present 
1____ 

'-4Wable from the Sriprrintendetlt of Documents, U.S. Government Printing Office, 
'&bin&tan, D.c., : o + I o ~ .  for  $2.25.  
'TI%11295 (4th ea.)  June 1965. Available from t h e  CIearin, -house for Federal Scien- 

Technical Information, National Bureau of Standards, U.S. Department of Com- 
a* Springfield, Va., 22151, for $7. 

S O O C i r i O l  
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19 rod clusters, but with the plutonium enricliinent incress 

OQo . natural uranium oxide and the fuel length of the elements decrea. 8 

the previous maximum of one to two percent plut onillm ed fr!, 

from 88 inches to 58 inches. The total polyer generation froln tt,k y. 

.= 

Pioitser Reactor's A'ew Role. A plu- 
tonium fuel irradiation demonstration 
program, using the old Experimental 
Boiling Water Reactor (EBWR) at 
Argonne National Laboratory, is be- 
ing conducted jointly bx Argonne and 
the Pacific Northwest Laboratories. 
The experiment will proride data on 
the nuclear characteristics of a boil- 
ing light water reactor partially 
fueled with plutonium, and the be- 
havior of the fuel in such an  environ- 
ment. The core has a central zone of 
36 elements. one of which is shown 
being loaded into the reactor in the 
c t b 0 t - c .  photo. n m w i n g  at rig71t sho\vs 
the components of the plutonium fuel 
elements being used in the experiment. 
The EBWR began operating in  late I-*-- 

1056 and was a pioneer in the development of boiling water reactor technol@ 

T; !-I rt (' 1.: il' 6 
,* 
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Its will be about the same as for the prerious €&element core; ,]erner 
rer, the total reactor power may be increased from 70 to over 100 

ihenlltll megawatts with various experimental fuel elements occupying 

‘bburing 1965, major efforts were directed toward the necessary de- 
lopment work required to assure the successful operation of the high 

x7,1-er density (IIPD) core, and toward fabrication of the fuel assem- 
Several prototype assemblies were irradiated in the PRTR 

Lure loop” to  check the adequacy of the fuel design. During one *fiP 
these test irradiations on September 29, the in-reactor process tube 
the rupture loop in the PRTR failed after having operated rou- 01 

of 
inaly for four days, and the reactor was shut down. There. Tas no en- 
Tironmental contamination as a result of the incident, but the heavy 
aster moderator was diluted and contaminated by the light water 
@]ant which was released as a result of the tube rupture. Detailed 

ms were prepared for the removal of the ruptured tube and fuel 
Jment, but at year’s end the reactor remained shut down as cleanup 
of the various systems continued. 

jiov‘e’ 

17 positions surrounding the basic core. 

fP  

FJ 

Thorium Utilization Program 

Construction of the Thorium-Uranium Fuel Cycle Development 
Fscility (TUFCDF) started during June at the Oak Ridge National 
bhratory and was about 31 percent complete by December. On 
&w 6,  Blount Brothers Corp., Montgomery, Ala., was awarded a 
m&act to  build the facility, which is expected to be completed in mid- 
196i. The facility will be used to demonstrate remote operation of 
theentire thorium fuel cycle for a variety of fuel types which mill 
b e  been subjected to  varying degrees of irradiation. It will incor- 
prate improvements in fuel preparation and fuel element fabrica- 
tion derived from the ORhX Rilorod program experience and from 
iie Cold Microsphere Development Facility which is currently being 
quipped and tested at ORhZ. 

8oIten Salt Reactor Experiment 

On June 1, the Molten Salt Reactor Experiment (MSRE) which 
&ad been under construction for 4 years at the Oak Ridge National 
hboratoT, achieved initial criticality. A three-month period of non- 
inclear testing had preceded this milestone, and the final approach 
fi a self-sustaining chain reaction was smooth and uneventful. During 
he remainder of the year, the reactor power was gradually increased. 
?his call for operating the reactor at the full IO-thermal-megawat.t 
kD power during most of 1966. - 

PP. 132-133, “Annual Report to Congress for 1904.” 
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First of its kind. The AEC's Molten Salt Reactor Experiment (I lSRE) at c4 
Ridge Xational Laboratory became operational on June 1. The MSRE Ilgbt 

&E fuel a molten salt solution of fluorides of lithium 7, beryllium, zirconium 
uranium. This first-of-its-kind reactor will be used to demonstrate that rir 
molten salt  reactor concept offers a number of adyantages oyer water reactat, 
for large central-station powerplants-such as high teniperature aIld i.-- U ,  
specific power operation with a low system pressure of 50 pounds per q~,,: 
inch. Use of the thorium-uranium fuel cycle also offers a breeding potentia 
In the above preoperational photo, the pressure vessel ( t o p ,  certter) of tt- 
MSRE is shown within i ts  24-foot-diameter containment cell. Drawing ttlkr 
shows the major components of the experiment. 

REMOTE MAINTENANCE 
CONTROL ROOM 
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5 THERMAL SHIELD I I  FLUSH TANK 
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esperimental reactor, which uses a circulating molten salt soh-  
of fluorides of lithium '7, berjlliuiii, zirconium, and uranium as 
is One of the advanced converter power reactor concepts vhich has 

,Iltial advantages for the production of electric power in large 
Lml-stntion powerplants. The MSRE concept oRers potential ad- 

@ 
&lt% ges, Then compared with water reactors, of operation a t  high 

erature and high specific power with lorr system pressure of ti0 @P ,lIlds per square inch, and of breeding by using the thorium-uranium 
P cycle. Alsoj since its fuel is molten, fuel elements as such are 

;nated and fuel processing is somewhat simplified. fuel 
el& purkg the nest two years, niniii emphasis Trill be placed on operat- 

tjle MSRE for periods of approximately six months-each fol- 
in, 10n.e d by shutdown for niaintenance, inspection, and experimenta.1 

aes--to obtain the c in ts  and experience necessary to demonstrate 
1J e techniml feasibility of the molten salt reactor concept. 

pot 



Chapter 8 

NUCLEAR SPACE APPLICATIONS 

mess continued to be made toward the use of nuclear energy in 
qt\’ation’s space effort. The year 1965 was marked by the successful he .- cll md operation of the first atomic reactor in space, and the com- 

ia@ Jetion of a series of successful ground tests on Rover rocket reactors. 
on June 21, 1965, the AEC reorganized its space-related research 

development activities, and established a Division of Space Nu- dtd 
Systems. All AEC space-oriented work on SNAP reactor and 

d 0 P  8 electric power systems was transferred to a newly-created 
Electric Power Office (SEPO) in that division. The isotopic P mter propulsion work,l which had been under the jurisdiction of 

he ,aC’s Division of Isotopes Development, was transferred to the 
sidhg AEC-NASA4 Space Nuclear Propulsion Office (SXPO) , the 
(her element of the Division of Space Nuclear Systems. A major 
,drantage of the new organizational alignment is the improved com- 
nanicstion and ease of coordination between AEC and NASA in the 
@Fer area. 

P O D  

NUCLEAR ROCKET (ROVER) PROGRAM 

The nuclear rocket program is a joint National Aeronautics and 
’pace Administration (NASA) and AEC effort, with funding and 

Substantial progress was made in 1965 in advancing the technology 
for developing nuclear-rocket propulsion systems which will ulti- 
ziately enable the United States to undertake long and complex space 
zissions possible only with nuclear energy. Throughout 1965, the 
ujor emphasis in the program was on development of solid-core 
mphite-reactor and engine-system technology capable of proyiding 
a specific impulse (a measure of rocket propulsion efficiency) sub- f qantially Iiigher tlian that attainable with chemical rocket engines. 

1 wponsibilities shared by both agencies. 

I 
t 

‘ fuel  and capsule development work for the isotopically-powered SXAP electrical 1- Propulsion systems continues t o  be the responsibility of tlie Division of Isotopes 
k~~1uPment.  

141 



PROJECT NERVA 

The NEBVA (h'uclear Engine for Rocket Vehicle Al)plica 

provide the technology for complete nuclear-rocket engines. Th 
for achieving this objective has been to continue the development 
ing of graphite reactors, critical engine compoiients, and gr0Ud-b 
experiment a1 engines until a thorough understanding of eqniprn 
subsystem, and system interactions and behavior is obtained. 

project is an Aerojet Geiieral/~~~estiiigliouse contractor te $111 eff;;; 

e PI@ 
a!* 
Qe 
@k 

Significant A'ERVA Experiments 

During 1965, Aerojet and Westinghouse completed three exm: 
inents on an XKX-A reactor designated the XRS-,42, and prepam: 
to conduct the first experiments on an experimental engine system de 
ignated the NRX-A4/EST (XRX stands for KEKT'A Reactor h- 
periment). I n  addition, Aerojet completed the first phase of tests 
a nonfueled test device called the Cold Flow Derelopment Test SjsteK 
(CFDTS) at its test facility in Sacramento, Calif. 

NRX reactor tests. The three experiments with the NRX-A3lp3 
actor were conducted on April 23, May 20, and May 23 at  the KucIw 
Rocket Development Station (KRDS) in n'evada. I n  the first tm 
experiments, the reactor was operated for a total test duration of a h  
25 minutes, 16.5 minutes of which were at  full design conditions, Fd- 
lowing tlie tx-o experiments a t  full power, the reactor was a g i  
restarted and used to investigate the characteristics of reactor open- 
tion, and the effects of the liquid hydrogen propellant on react@ 
control in the low-to-medium power region. ,4t the completion of tie 
three experiments, a total of more than 60 minutes of reactor operah 
had been accumulated. I n  each of the tests. reactor nerformance 

Ub 
r s  
I- I 

J. 

23 very good, and excellent operational data were obtained. I n  addith 
_ _  
e the three experiments provided a proof-test of the Aerojet-Genew. 

stainless-steel U-tube nozzle that will be used, witli a hot bleed pOg 

in tests of the K'RX/EST. 

L 

LJ 
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;ae XERT-A KRS-d3 Experiments. One of the major achievements demon- 
Crated under the Rover program during 1965 was the ability to operate a nuclear 
Met reactor a t  near full design power for a significant run duration. The 
.';Bs-83 reactor shown above in an upward-firing position was operated for 
&ore than 60 minutes a t  power through three power cycles. About 16% min- 
=el of this operating time was at or  near full design power (1,100 megawatts). 
Bf Fay of coml)arison, the foreseen missions for nuclear rockets will require 

poffer operating times of 16 to 20 minutes in some cases-which has already 
*Bell demonstrated-and 30 to 40 minutes in other cases. The colorless hot 
%drogen heated by a nuclear reactor and rushing from the NRX-A3 nozzle, 
h& 8 barely visible plume against the background of Nevada Test Site moun- 
*S in the photo. The rush of the heated hydrogen will provide the propul- 
@R &rust for the rockets. 5 O O U  l b  

7 9 ~ 9 5 5 4 G - - - - l l  
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Engine system tests (E#?‘). I n  December, prepa.rations were 
pleted for conducting the first NERVA Reactor Engine SysteQ 2’ 6 
(hTRX/EST) planned in the KERYA teclinoloa del7e1opment prQ 
gram. The NRX/EST coniprises n reactor (the Ih’ItS-A4, positionb 

era in an up-firing position on a modified re:ic,tor test car)? a regeQ 

63 tively cooled nozzle with a bleed port through xhicli hot exhaust 
tbl will be ducted to drive the turbine, and a turbopuinp located 

a41 test car. These components are connected by a systein of valva 
of al piping to simulate as closely as possible the flow characteristics 

actual flight engine. The ERX/EST system will be used to inv,ti 
gate engine startup characteristics, and major component interactig 
during startup, power operation, and shutdown. 

Cold flow development test system experiments. The first phWa 
tests on the Cold Flow Development Test System ( CFDTS) mas corrt, 
pleted at the Aerojet-General Test. Facility in Sacramento on April% 
1965. “BootStrap” startups were achieved with liquid h~drogp, 
and the information obtained will be used in conjunction with 
from the NRX/EST to establish the startup conditions for tests Qj 
future ground experimental engines (XE’s) in Engine Test stan,: 
No. I. 

Phoebus Graphite Reactor Technology Program 

The objective of the Phoebus program, conducted by Los Aim 
Scientific Laboratory, is to advance the graphite reactor technolq 
provided under project Kiwi and being used under project NER~A 
toward higher power and temperatures and longer operating dm 
tions. The technical plan for achieving this goal is .to (a )  grad 
test a series of Kiwi-sized Phoebus-1 reactors to explore the spe& 
technological problem areas associated with the design of large re& 
tors, and ( 6 )  design, fabricate, and test a series of larger-diamek 
higher-powered Phoebus-2 reactors which mill ultimately lead to th 
definition of a high-perf ormanee reactor design suitable for inclusk 
in a high-thrust engine system. 

During the Sear, the Phoebus effort was marked by the completk 
of the Phoebus-2 preliminary design, and the completion of t h e b  U-i 

0 Phoebus-1 reactor experiment. 
0 

c c - 
cn 

A -- 
The design of the NERVA engine requires that liquid hydrogen first be forced thmd 

the system usin& hydrogen tank pressure to start the engine turbopump and flow S e f W s  
The turbopump is then brought up to speed by hot hydrogen from a bleed port i n f k  
exhaust nozzle. Thereafter, Propw 
flow through the reactor is maintained by the turbopump. 

to Con&ress for 1964.” 

This is what is meant by a “bootstrap” start. 

See pp. 110-112, “Annual Report to Congress for 1963” ; pp. 109-112, “Annual 
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Wbus Test h!eacto?-. As a part of the AEGNSSA nuclear rocket program, the 
siof the Phoebus reactor experiments was conducted at the Nuclear Rocket 
"elopment Station on June 25. Photo shows the Los Alamos Scientific Lab- 
Wrydereloped Phoebus-1A shortly before it was operated for 10% minutes 
full Power. The Phoebus series of nuclear rocket reactor experiments are to 
a d  the graphite reactor technology that was demloped under the Kiwi series 
higher Po-er and temperature and will ultimately lead to  a high-thrust 
dear engine system for use in deep-space exploration. In the photo, the 
qor, with its rocket nozzle pointing skyward, sits atop the remote-controlled 
t tar. 
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The first of the Phoebus-I series of reactor experiments wu 
ducted on June 25 at KRDS. Tlie Phoebus-IA reactor used f 
experiments was run at full power and temperature for ab 
minutes. Reactor operation was in good agreement with desim 
dictions during the start to full power and the full power hold. 
ever, during shutdovn the liquid hydrogen coola.nt-propellant 

Suppi 
in the facility was unintentionally exhausted, and as a cons 
the reactor core was damaged from overheating. This o c c u ~ . ~ ~ ~ ~ ~  'R.- 

not due to a reactor malfunction, but rather to the malfunction of ~~ 

liquid hydrogen storage tank level gage which indicated 
than actual content of propellant. Steps have been taken to p r ~ ;  
the recurrence of this problem. 

The next Phoebus-1 experiment is scheduled for the s m  
et fi 

1966. 

'% 
Or th5 
Out Ille 

e q k n f j  

a hiEb 

d 

Rover Program Safety Test ~ 

In  addition to the reactor experiments conducted during 196~ 
advance the state of graphite reactor and engine system techno]* 

hlf safety experiment known as the Ri~~i-Transie~it-IYuclear-Test a$ 
was conducted in January 1965 to determine the accuracy of t h e o ~  
cal techniques deyeloped for predicting the response of a graphite 
tor to very large and rapid insertions of reactivity. 
ment, a Kiwi-sized reactor was deliberately destroyed by subjwia; 
it to a very fast power increase. The results of the test were in 
agreement with predictions. The experiment demonstrated t& em 
under launch accident conditions, entailing a maximized pr rer  e m  
the safety of personnel both on and off site could readily be  as^^ 
Nevertheless, program plans include incorporation of c o u n t e r m u  
to prerent any such accident. 

In the 

ADVANCED RESEARCH AND TECHNOLOGY 

Tungsten Research 

The primary objective of the tungsten research program is to e d e  
ate the feasibility and performance potential of tungsten-core n u k  

VI rocket reactor concepts. I n  support of this work, the Argonneh 
a tional Laboratory continued during 1965 to investigate a fast 
a concept, and KASA's Lewis Besearch Center (Cleveland, Ohio), 
4=. thermal water-moderated reactor concept. Tlie potential adv 
2 of such tungsten systems are long operating durations or 

weight engines in the low thrust range (on the order of 10,000 PO 
thrust). 

0 

-~ 
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rhe key to feasibility and perfornmnce potential of both tungsten 
le tor concepts lies in the cspabilit,y of the fuel elements. During 

par :  several fuel fabrication processes were d e d o p e d  to produce 
etallurgically s o u ~ d  fuel elements. The ability of small-scale 

les of fuel material to Kithstand simulated operating cycles was 
from several c~wles  prior to failure, to 100 cycles prior t o  

InP 

i1W.e. I n  1966, the effort will be coiiceiitrated on improving the stn- 

e ,  

“The Beetle.” Looking like some- 
thing from an old science fiction mag- 
azine, “The Beetle” is a piece of 
equipment used at the Nuclear Rocket 
Development Station (NRDS) in Ke 
vada. The remote-controlled, self- 
propelled machine is capable of 
handling “hot” equipment in connec- 
tion with nuclear rocket development 
experiments. Photo above shows the 
General Electric-built machine being 
demonstrated during a NRDS “Fam- 
ily Day.” At l e f t ,  a youngster finds 
that one of the Beetle’s claws can 
take a pencil from her hand just as 
gently as her mother could. 
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biliby of the basic fuel materials, and on de1nonst)rating their d 
recycle, and te.niperat ure capabilities. if,% 

Advanced Nonreactor Technology 

O100 & 
The major work on iionreactor and engine system teclm 

velopment during the year was directed tom-ard the developmerlt 
feed systems, nozzles, controls, and instrumentation to supp Gi 

0l.t t& graphite reactor and engine system techiio1ogy effort. This inclod& 
basic research to  obtain fundaniental heat transfer data to 
the perf omance of conventional components ; the develop,,le,ntt i: 

P rir\ gt; selected areas, of new components ; and the establishment of im 
tecliniques for systems analysis. The greater portion of this ~~~ 

is conducted either bj7 NASA’s Lewis Research Center or by 
I wntb, 

tors working under the direction of Lewis. 

Feed systems and nozzles. Of major importance to  the conduc,2d 
the Phoebus graphite reactor teclinology program has been the& 
velopment work on propellant feed systems and nozzles to  support tk 
testing of high-powered reactors. Development of the hi’s-3 f 

system, at the Rocketdyne Division of Sorth American Aviatj 
Inc., as a test facility pump is in support of future Phoebus netri, 
This system, designed to meet the pressure and flow requirements fle 

the Phoebus-2 high power density series of reactor tests, incorporuk 
a pump with a new blade design, and, when coupled to its fire stam 

turbine, is designed to operate a t  speeds up to  34,000 revolutionsF, 
minute (rpni) . During 1965, performance mapping of the punlp t: 
30,000 rpni m-as completed, and system tests with the five-stage turiJhp 
to 29,000 rpm were conducted. 

I n  the area of nozzles, hardware developed for tlie Riwi/KERTl 
program appears to  be adequate for the support of tlie Phoebk-: 
reactor test program. Testing of the Phoebus-2 reactor, on the 0 t h  

linnd, will require a nozzle with larger diameter and with the abili 
to withstand higher heat fluxes and stresses. The Aerojet-Genm 
Corp. was selected in the spring to begin tlie development of thisw 
hardware. The technology from this effort will be applied to tk 
clei-elopment of nozzles for the NERVA engine based on Plioebu:: 
t eclmolo~-.  

Cold-flow engine experiments have been in progress in tk~ 
Nuclear Rocket Dynamics and Control Facility of NASA’s L w ~  
liesearch Center to gain a better fundamental understanding of 
clear engine system behavior during the important and critical pbL* 
of engine startup. The absence of radiation from these tests aflo? 
quick access to the engine and facility for any necessary or WB 

=4 

ISOTOI 
The isotopic t h ~  

ileat hydrogen, ’I- 
tfmst. Such 5 s 
hemal powers ra 
aould be capable c 
to n quarter of a I> 
with hydrogen. 1 
thruster systenzs a 
zs deep-space pro1 
high earth-orbits, 

In February 11 
1 % ~  at the AE( 
&&ire decay of PO 
of polonium 210 f 
the needs of specij 
mlogy portion o 
nOmpson-Rarno: 



the conduct of 
s been the d6 

e hTS-3 feed 
(can Aviation, 
3 hoebus needa 
pirements for 
s, incorporate 
o its five stage 
-evolutions per 
,f the pump to 
e-stage turbine 

to tlke 

Xiwi/l<EIXAi 
tlie Phoebus-I 
r, on tlie other 
yith the abilit!- 
ero j et -*General 
mt of this nea 
applied to the 
on Phoebu+-;-'l 

3gress in t l l ~  
L'ASA's LeKis 
tanding of nu- 
critical p h m  
:se tests allom 
;UT or experi- 

~ 
~ 

~ 149 

modifications. This allows for a wide variety of tests and a 
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flexible test program. $I? at 
\?e- 

il&e eldZdotcvL. During 1965, 10 espe.i<nients were completed by 
is designed to  explore engine chilldown (cooling by the liquid 

""' @en propellant) and to determine the range of conditions for 
* *  flow oscillations .c~~ill occur in an engine systeni. An additicnal 
$l w s  were conducted to obtain data on the starting of 

Analyses of the data from these experiments have 
3 Llu 
ifidimfid that nuclear rocket engines should be able to start smootlilp 

i@ 

E91S 

;,,-df% 

clear engne. 

d stabljT over a wide range of startup conditions. 

Adrmeed Nuclear Rocket Propulsion Concepts 

ln the field of advanced nuclear rocket propulsion concepts, basic 
@diS nnd research are continuing on dust bed, liquid core? and gas- 
Has core nuclear-rocket concepts, with primary emphasis hifig given 
& this time to the fluid flow and heat transfer aspects. Work con- 
ducted under AEC auspices included exploratory deuterium oxide 
ast,y reactor critical experiments at the Los Alamos Scientific Lab- 
pntory, and investigations of the behavior of fluidized beds subject 
f17 l$h centrifugal accelerations a,t Brookha.ven National Laboratory. 

ISOTOPIC THRUSTER PROPULSION 
The isotopic thruster concept envisions the use of a radioisotope to 
kd hydrogen, which is expelled through a nozzle to produce low 
b s t .  Such a small rocket engine, or thruster, would have total 
&rmsl powers ranging from a few watts to about five kilowatts, and 
gould be capable of producing thrusts ranging from a few millipounds 
to a quarter of a pound at a specific impulse of up to  700 to 800 seconds 
rith hydrogen. Based upon these perf orrnance capabilities, isotopic 
:!ruater systems appear attractive as an upper stage for missions such 

deep-space probes, for propelling payloads from low earth-orbit to 
qgh earth-orbits, or for low-thrust orbital operations. 
In February 1965, an experimental m d e l  isotopic thruster was 

Med at the AEC's Mound Laboratory, using heat from the radio- 
r?tira decay of polonium 210. Mound is continuing the development 
rf  polonium 210 fuel forms and fuel encapsulating tecliniques to  meet 

needs of specific space applications. Tlie engine or t,liruster tech- 
alqy portion of the program is presently being supported at 
~ompson-Ramo-~ooldridge, Inc. (TRW, Inc.) in California. 

1 .  
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Isotopic Thruster. A radioisotope-fueled rocket thruster experiment wag ~~ 

cessfully conducted at the AEC's Mound Laboratory during the year in a ~ 

operative effort with the Air Force. Photo shows the inner liner of the thrw, 
after being removed from its cooling transfer cask and in  the process of t # j  

loaded into the outer thruster assembly. which has been installed in t h e t h ~  
walled stainless steel test chamber. 
sules, each containing nearly 10,000 curies of polonium 210. 
from this highly radioactive isotope is used to directly heat the h y d r w  
lropellant. 

The inner liner holds the three fuel 
The decay 

SATELLITE AND SMALL POWER SOURCES 

Under its SX-4P (Systems for Nuclear Auxiliary Pox-er) progm- 
the AEC is developing compact, lightweight nuclear deviaes for spa 
use. (See Chapter 9-Auxiliary Electrical Power for Land and k 
for  other uses of sx21P units.) Tlie program includes the develop 
iiient of techniques, materials, and equipment required to appl~ 
and advance the technology of nuclear auxiliary and propulsive e k  
tric power. Under this program, coinpact nuclear electric pow 
packages through conversion of fission beat (reactors) or radioactit' 
decay (isotopic) heat to electricity, are being developed for us 
satellites and space vehicles. 

SNAP-1 OA Grou 

SNAP-IOA 
system-3 (FS-3) - 
test system, was I 
h n m e n t  on Jan 
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SPACE REACTOR ACTIVITIES 

1OA Flight Test (Snapshot-1 ) 

istJory was made on April 3, 1965, with the successful launch and 
rlltion of the first reactor power unit in space. The 500-watt 

1OA reactor system, mated to the forward end of a specially 
d and adapted Agena spacecraft, was boosted by an ,4tlas mis- 

Vandenberg Air Force Base, Calif., into a 100-nautical mile- 
polar orbit circling the earth every 112 minutes. The 
1014 spacecraft mill continue to orbit for several thouand 

s, In its 43 days of operation, until May 16, the Abmics 
mational-built SNAP-1OA system produced more than a total 
00,000 watt-hours of electricity. Then, the spacecraft failed to 

MThen satel- PI 
si0 telemetry sigpak, powered by batteries designed to function in 
e of reactor malfunction, again resumed about 40 hours later, they 
adjwted the reactor had been shut down and was inoperable. 

Snapshot-1 was considered to be successful in that all test sys- 
rpBs operated satisfactorily throughout the critical early stages of the 
figjlt, and all performance data recorded during the test confirmed 
,;ai@ predictions and ground test experiences. The system achieved 
$ orbit approximately four hours after lift-off and a ground 
@nunand then initiated nuclear startup. Nine hours later, the power 
mit had achieved full power. On the sixth day after launch, the 
Ractor was put on static control-Le., it operated automatically with- 
out manipulation of the controls either from the ground or from its 

After the reactor system suddenly stopped operating, various ground 
t d s  viere made in an effort to simulate the failure, and telemetry 
hh acquired from the satellite during the reactor's operation were 
adjzeci in an attempt to determine the cause of the premature 
Mctor sliutdomn. The analysis concluded that the most probable 
w e  of the shutdom was a sequence of failures in electronic compo- 
mts of the spacecraft which generated spurious signals that com- 
mnded the reactor to shut down. No other Snapshot flights are 
mently planned. 

,art as it passed over the Hawaii Tracking Station. 

electronic controller. 

iSAP-1 OA Ground Tests 

The SNAP-1OA nuclear ground test system-designated the Flight 
;?stem-3 (FS-3) -a flight qualified copy of the Snapshot-1 orbital 

system, was put into operation on the ground in a vacuum en- 
koment on January 22. The system accumulated more than 70 
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days of operating time prior to the Snapshot-1 launch. 
the remainder of the )-ear, tlie system contintied to ol>erute snticf,r_ 

p J l y [ , r  
output cliange is due to a combination of theriiioelect rk perfohll:,l,,A 
decrease and a downward drift of tlie reactor outlet coolant teln l’Q* ature which is following a trend noted in the fliglit test also. r, ahHlp- 
a b r y  tests are in progress to aroid such perforilinnce loss. Tile EL 
2 system has operated continuously since January 1965, aiIC1 as 
December 1965 had exceeded by four months t.he prelTious record 
continuous power operation of any kno~rn  reactor. At year‘s eild il 
was still operating. 

torily but with a gradual degradation in porn-er outplt. 

01 

4 %  

SNAP-8 

Development of SK’AP-S as a coiiiplete 3.~-electrical-kilo\r~tt po,,.e, 
system was deferred as 3 result of budgetary decisions early in lyG, 
NASA is continuing its development work on the polver convelsion 
system to obtain as much test time and experience as possible lyitlkiE 
the fiscal year 1965 funds available. ,4EC is continuing reactor devel- 
opment througli testing of the SNA4P-8 De~-elopinent ReactrJr 
(S8DR) now being fabricated to  test adraiiced fuel elements and 
automatic controls. Such testing is needecl to establish the technolow 
needed to provide such power levels. 

Tlie SNAP-8 Experimental Reactor (S8ER) -the first poKer reac- 
tor of the SNAP-8 series-was shut, down A4pril 15, completing 
operation for this reactor. During 500 days of non-continuous 
operation, S8ER produced in excess of 5 million kilowatt-hours of heat. 
The Atomics International-developed unit was operated in the 400 to 
600 thermal kilowatt power range with a 1,300’ F. coolant outlet tem- 
perature for 365 days, 100 days of which mere a t  600 thermal kilowak 
and 1,300” F. The last 5,000 hours (over 200 days) of operation Fen 
uninterrupted. After shutdown, examination of the S8ER slio~4 
that 80 percent of the fuel elements had cracked cladding tubes. Tlte 
cause of these cracks is being determined, and the fuel elements for 
the next S K D - 8  reactor will be modified accordingly. 

Testing of the SKAP-8 Developmental Beactor Riockup (S8DR3f) 
was completed in July 1965. The S8DRM is a nonnuclear versionof 
the second power reactor in tlie SNAP-8 series and is used to inye 
t igate the survivability of the SNAP-S reactor systeni under environ- 
mental conditions of launch and space operation. SuccessfuG! 
completed tests involved launch sliock and vibration, orbital stadup 
simulation, and exposure to high operating teniperature and meum 

t; 
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,:nnced Space Reactor Technology Development 

j d  

qy,@-50. 111 June, 1965, the SKAP-50 nuclear space electric 
er eff oi-t was redirected to a broad technolog>- derelopiiieiit pro- 

so as to provide the capability to respond to a variety of long- c@ irrnl future. space mission requirements when such requirements 
3p31op. The Prat t  & TT1iit.ne.y work conducted a t  the Connecti- 

(Middletown) Advanced Nuclear Engineering Laboratory 
tu ,ctkN]EL), w l k h  was oriented to a specific type of system, was termi- 

ed and followon v-ork was initiated a.t the AEC’s Lawrence Radia- 
Pat 
$11 Laboratory (LRL) , Livei-niore, Calif. This work will include 

broadened liquid-metal-cooled reactor development effort placing 
hasis on achieving the best reactor system possible. Power con- e@ 

redon component development work which has been in progress a t  
IjBesearch (Phoenix, Ariz.) and JTestinghouse Corp. (Lima, Ohio) 
i; being continued. 

h, 

3 

yediurn Power Eeactor Expcriinent (MPRE) . The MPRE under 
demlopment a t  the Oak Ridge Kational Laboratory is an advanced 
pactor coiicept d i k h  employs boiling potassium as the coolant. Tlie 
ie3ibilitY of the concept is being tested with elect.rically-heated “fuel 
c.lpments*’ in mockups of the boiling reactor core and other system 

During 1965, both potassium and water (simulating 
ptassiuni) system \\-ere built and operated. Smooth initiation of 
nucleate boiling n-as demonstrated and stability and control charac- 
teristics of these loops were shown to be good under load demands. 

?IO Program. The objective of the Advanced High Temperature 
Reactor Program ($10 Program) was changed in 1965 from a skort- 
i i e ,  re ry  high-temperature reactor experiment to a reactor suitable 
for a iiuclear Brayton cycle space power system. The Brayton cycle 
ctilizes an inert gas for cooling the reactor and driving the power 
pnnversion equipment. This concept avoids sonie of the fundamental 
dhdties that mag arise in developing and using high-temperature 
:iquid-metal-cooled reactors in space. The teclmology previously 
keloped in this program is applicable, and major emphasis during 
365 Ras placed on developing and testing gas-cooled fuel elements 
rith the necessary long lifetime. This work is being performed by 
‘:le General Electric Co. at  El-endale, Ohio. i. 

S 9 i l P 4 2 4  
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SPACE ISOTOPE POWER ACTIVITIES 

Operable Units 

SNAP-3. On June 29, 1965, the first nuclear power generatort, 
be launched into space marked its fourth annirersary. &ring 
4% years in orbit aboard a 175-pound drum-shped experirnenta‘; 
Department of Defense (Navy) navigational satellite, th 
grapefruit-sized, 2.7-watt SNAP-3 radioisotopic generator 
was developed for the AEC by the Martin CO., Baltimore, 3fd 
traveled more than 500 million miles-the equivalent of more than IK ~ 

solar power for the transmitters on the satellite, which is SignaUkg 
clearly and regularly to tracking stations around the world, 

e b W q *  
, “hi$& 

*>  hkz 

round trips to the moon-and has been continuously Supplementing 3 $It 

SNAP-98. The two Martin-developed SNAP-SA generator 
which were launched into orbit in September and December 1963 pb 
vided all of the power required by two of the Navy’s navigational satel- 
lites for the life of the functional satellite components. 
telemetry data received since launch indicates that, although the &+ 

bility of power output of the generators was adequate, there Re4 
design deficiences in SNAP-SA (notably in the hermetic seals of tb 
generator housing and in the thermoelectric materials used) Vhid 
have caused a power degradation rate greater than predicted before 
launch. These design deficiencies have been taken into account in the 
designs of newer power systems. 

Earlier aerodynamic analysis had predicted the burnup of the pin- 
tonium 238 fuel inventory of the SNAP-SA space nuclear generatap 
which failed to achieve orbit in April 1964.* These predictionshare 
been verified through analyses, made in 1964 and 1965 by the AEc: 
Health and Safety Laboratory in New York City, of samples of radk 
active material collected in t.he upper atmosphere by balloons. The 
analyses of the balloon samples clearly indicated that upon its re-entn 
into the earth% atmosphere, the 9A’s fuel burned up to submicron-& 
particles at an altitude of more than 130,000 feet and hence in170ln 

no health hazard. 

iz 

I - .  L,  4 

. .  Generator Development 

4- _+ #NAP-11. A SNAP-11 thermoelectric generator capable of pm 
ducing between 20 and 25 electrical watts is being prepared by 
Martin Co. for loading with a curium 242 radioisotope heat source5 

~- 
-3 

:o 
0 1  

4 See p. 117, “Annual Report to Congress f o r  1964” ; pp. 113-114, “hnual  Report fu 
Congress for 1963.” 
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TABLE 1.-SPACE ISOTOPE POWER UKITS 

Application 

‘Kavigational satellites 

Navigational satellites 

Experimental devices. 
Nimbus-B (NASA). 
Apollo lunar surface ex- 

periment package 
(NASA). 

(DOD). 

(DOD). 

fi,iLl-196G. Electrically-heated prototype models will be delivered to 
qA\s14?s Jet Propulsion Laboratory (Pasadena, Calif.) and the 
iouston Manned Spacecraft Center in Texas for environmental and 
,ompatibility testing. The SNAP-11 system is unique in that it 
m&es use of power flattening-a regulated, insulated door system 

the release of excess heat generated by the high-power-density 
5bort-hdf -life radioisotope. I n  the event that early Surveyor missions 
&odd show that the present solar-panel power system is not usable 
on the lunar surface because of dust or other unknown factors, con- 
rideration would be given to the use of SNAP-11 generators in this 
xd&4 Surveyor soft-lunar-landing program. 

SJAP-19. Two SNAP-19 30-watt generators mounted in tandem 
sill be used to deliver auxiliary electrical power to the NASA Nim- 
bus-B Feather satellite sclieduled for launch in late 1967. In Febru- 
m, two electrically-heated SNAP-19 prototype generators were 
cl&red by the Martin Co. to NASA’s Goddard Space Flight Center 
{Greenbelt, RId.) where they were subjected to electrical performance 
and electrical integration tests based on Nimbus-B weather satellite 
>pcifications. In  November, two SNAP-19 generators were shipped 
to General Electric (Valley Forge, Pa.) for dynamic mechanical 
:sting aboard a siniula ted Nimbus-B sensory ring. 

81TM’--27. The SNAP--27 program, initiated in 1965, is aimed at 
the design, development, test, and demonstration of a 5.0-watt plu- 
tonium 238-fueled poi\-er supply to be used by NA4SA in the Apollo 
Pm@’am. This isotopic power system, planned to provide the total 
Porn requirements for the Apollo Lunar Surf ace Experiments Pack- 
%@ (ALSEP) , will be placed on the lunar surface by the astronauts. 

S n n a ! r  7 k  
CI J i: i ‘4 L Y 
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ALSEP is a combination of instruments and supportin, cr SUbsJstel, 
(self-contained m c i  automatic) ainied at collecting and trallsmittio 
back to earth various scientific data regarding the 1110011 alld it, 

.’ ;I* sociated environments for a period of about n year. General E]ectpirq 

SA7&’-19. When NASA puts an  experimental R’imbus-B weather satellite in@ 
orbit late in 1DG7, two SKAP-19 isotopic generators will be aboard to proridt 
Power f o r  the instrumentation. 
Jlartin Co. at Baltimore, ~ d . ,  the plutonium 238-fuelecj ssL-ip-is’s will prorik 
30 watts of electricitF and have a design life of 5 Fears. Artist’s concepti@ 
shows how the Nimbus-B will look with its isotopic power source (left side of 
drum),  

Kom under derelopment for the AEC by 

Large h a t  soti 
euriurn 244, plutc 
wit11 thernioel e~ t 1 

subsystems of 1 

which provide 1 t 
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.\fissile and Space Dirision a t  Valley Forge, Pa., is developing the 
’ rfl dioisotope thermoelectric generator, SXAP-27, under AEC 
co13tract. 

Generator Studies 

High-powered, 7ong-life units. In Deceinber 1965, the AEC initi- 
ged generator endneering studies to determine the feasibility of 
njoj,o 300 watt plutonium- and st ron ti n m- fueled t liennoelectric power 
isterns which would be particularly suitable for long life space appli- 
,&ions. These studies will include consicieration of advanced tech- 
llologies which are needed to achieve a lightweiglit design and also 
to investigate safety features which include the use of a controlled 
re-entry systeni. Because of the amouiit, of plutoiiiuiii and strontiiim 
fuel which must be used in such a poFer system, and because the 
is0tol)ic power system is to be applicable to a variety of space missions, 

controlled re-entry package will be included as an integral part, of 
the power supply design. 

PoZonkm power system. I n  September 1965, the ,4EC initiated 
p1irninar;r: engineering, design, and integration studies on a polo- 
,iW-fueled thermoelectric generator for possible applicatior, in a 
DOD mission. 

Large heat soume studies. Large radioisotope heat sources using 
cnriurn 244, plutonium 233, and polonium 210 which are compatible 
~ t h  tl-lermoelectric or dynamic conversion devices are of interest 
8 subsystems of manned and unmanned space electric power systems 
&ich provide 1 to 10 kilowatts of electricity. As a first step in the 
S C ’ s  consideration of such power systems, two parallel preliminary 
design and safety studies are being conducted : one by Atomics Inter- 
national, Canoga Park, Calif., the other by General Electric’s Missile 
and Space Division, T’alley Forge, Pa. The design studies will be 
sufficiently detailed to define and eT-aluate the general configuration 
md the attractireness of using each of the isotopes, to indicate a 
technical approach to the associated problems of nuclear hazards, and 
to recommmd research and development areas to be investigated be- 
fore proceeding with a detailed design. 

‘ Thermoelrctric co?ivrmion: Thermoelectric conversion is based upon a principle dis- 
mered about 150 years ago by a German scientist, Thomas Johann Seebeck. Seebeck 
Wrved that an electrical current is produced when two dissimilar metals are joined in 
a dosed circuit and the two junctions arc kept at  different temperatures. Such junctions 

Dynamic conversion: A dynamic 
&nVersiOn system utilizes moving machinery in converting thermal energy to electrical 
fpeey. A reciprocating steam turhine powering an electric generator i s  an example of 
a dynamic conversion system. 

WUed thermoelectric couples or thermocouples. 
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POWER CONVERSION TECHNOLOGY 

Compact Thermoelectric Converter 

I n  June, IITestinghouse Electric Gorp's Astronuclear L a 1, oratcJh 
Pittsburgh, Pa., and the Radio Corp. of ,4merica, Harrison, I *  

4, 
under AEC contract, initiated parallel developnient p r o p  lm or1 tk, 
concepts of a high-perf ormance, compact thermoelectric conven 
be used in space applications with either zirconim-uralhrn hydFid* 
reactors or radioisotopes as the heat source. 
of modular form and develop 1 to 20 electrical kilowatts. The modd; 
permit close packing of the thermoelectric elements-\\-hich conyeE 
heat directly into electricity-into small prepackaged units. 3. 11: 
arrangement offers the advantages of high reliability and &reaM 
flexibility for integrating the converter with the pover system and the 
power system with the spacecraft. The converter will use a 
ary coolant system to  remove waste heat from the converter and trwk 
port it to a separate radiator for rejection to space, thus facilitatk 
the installation of the radiator and minimizing the radiation rewivi 
in the crew compartment from primary (reactor) coolant. 

The complete three- to five-year program will be conducted in four 
phases. The current competitive phase, an engineering stud?, 
scheduled to be completed early in 1966. Later phases will cover 
module development, module qualification, and prototype convertet 
fabrication and qualification. 

@ 

Each converter is tr, 

Thermoelectric Technology 

Lightweight generator. A lightm-eight thermoelectric generatar 
concept under development at  the General Atomic Division of Gene&] 
Dyiianiics Corp., San Diego, Calif., uses radiant thermal coup1iq 
between the heat source and the hot junctions of small thermmoupks 
I n  1965, this program progressed from the testing of two-couple 
modules to the fabrication and test of a complete six-panel dais 
rliich is a thermal simulation of an isotopic power generator. 

Cmcaded a d  segmented thermoelectrks. Improved enera COB- 
version efficiency is achieved when the heat passes first througbs 
high-temperatruro stage (using germanium-silicon alloy thermde 
tries) and then through a low-temperature stage (using lead telluride 
thermoelect rics) . The difference in physical properties of t h e  
materials requires engineering development to permit cascading therrt- 
Alternatively, certain promising semiconductors, whose material Prop 
erties are similar to germanium-silicon, can be combined directly xib 

Cnnique hiew Pump. I: 
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rrineilted couples) to improve power output. The Radio Gorp. of 
,I1erica, Harrison, K. J., is testing prototype modules of these types 
,I.der to establish their suitability for space applications. 

Aiyvac (Si /Ge)  thermoe Zectric module development. This new 
‘OD ma,m is intended to provide basic tpechnolo,gy useful to a r i d e  
Pb of future radioisotope tliermoelectric generator designs. It 
ill be directed a t  developing fabrication techniques and establishing 
,erational feasibility for beryllium based modules utilizing RCL4’s 
licon-germanium Airvac thermocouples. Module operation in both 

(5% 

%we Xew Pzcmp. Dmelopment of a new liquid metal thermoelectromagnetic 
mP, which has no moving par ts  and  requires no power hookup to operate, is an 
W w t h  of work conducted by Atomics International under the AEC’s SNAP 
-aar reactor power program. About a foot long, it consists of a direct cur- 
=liquid metal conduction pump powered by a thermoelectric generator. Heat 
h n  the liquid metal being pumped is converted directly into electricity by the 
3Wftl thermoelectric elements. This electricity then drives the conduction 
-P. 

P l t  
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c' air and vacuum at hot junction temperatures from SO0 to 1,00(,. 
cold junction temperatures from 300 t o  .'M" C. are tile ilrZ" 
objectiiw. 

Zn.suZcttio?z. A new prograiri for the es1)eriinentnl c I e v ~ ~ o I ~ ~ ~ ~ ~ , l ~ ,  
IrigIi temp era t u re therm a1 i ii sul a ti on for isotope he a t e d the rill celpp, F, i.f 

and thermionic power systems was initiated b)- the A4EC * 111 1:#p. 
This prograin d l  pursue two concepts : one a fibrous or part;,,,l:: 

the otlier a multiple layer, vacuum, metallic foil insulatio11 sIj:,nI,jIz,- 
the temperature range of 400" to 3,100" F. 
posite insulation structure, adaptable to intricate shaping Jyjtllirl 
isotope power generator, is the object of this program. 

insulation operable in the temperature range of 400" to I,80cp p dr 

a*, 

-4 l~lul t i -p~~llose 

Thermion.ics technoZogy. The SKAP-12 low poiTer (12.5 lTatt, 
themiionic demonstration has acliieiTed its objectiI7es of mo&le h- 
f ormance, life, and environment a1 integrity. Radioisotope fueling ST 
the SK'AP-13 generator wit11 curium 5342 was accomplished by 0, ~ 

Ridge National Laboratory in November 1865. A neiv multipha, 
program has been initiated in which the goal is the development * 

radioisotope-fueled thermionic modules, adaptable to power demal,,:= 
in the 100 to 10,000 watt range. Fuel will be either clmiuiyl 2~ Gt 

poloniiim 210? suitable for use in various space powei- applicatiow. 

4. 

G: 

SPACE NUCLEAR POWER SAFETY INVESTIGATIO~~S 

-4 number of safety investigations were conducted during the 
in the space nuclear pov-er program. I n  the SKAP reactor iK 
countermeasures and safety design concepts were investigated, inc],~,] 
ing means of niaintaining the reactors subcritical in the event oi 
lauiich accidents, postniission disposal techniques, and range safe41 
techniques. Safety investigations and analyses continued in the am; 
of impact, reactor disassembly during re-entry, and aerotliermodps 
inic effects on reactor fuels. I n  the SKAP isotopic power area!k 
vestigations xere conducted on countermeasures, including controll& 
re-entry, recovery, burnup, and impact-resistant fuel capsules. Radic 
biological experiments n-ere conducted on Sp\T,4P fuels at the lie 
Alanios and Pacific Korthv-est Laboratories. This effort is in S U P ~ O ~  

of new and emergent SSAP systems. 

Thermionic coi lremion: I n  thermionic conversion, two metals of different energy l& 
a re  placed in close prosirnit?- with a vacuum or a n  ionized medium between. The 
energy material  is heated and the electrons which "boil off" its surface are collectelk 
t he  cooler low-energy material, creating a flow of electricity. 

P 
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AuXiLIARY ELECTRICAL POWER 
FOR LAND AND SEA 

The AEC is actively engaged in the delTelopiiient of a family of 
ZCt, liglitmeight, reliable, long-lived nuclear power systems for ,lap. 

in a mriety of applications on tlie earth‘s surface, in outer space, 
?iq 
c u t 1  1 e sea’s surface, and under the sea. These systems-some of which 
e7q tile heat of radioisotopic decay as their energy source, and others 
0 *fwllicli use the heat produced by atomic fissioning in a small nuclear 
T2ctor-hsve heretofore been included under the general term “Sys- 
fpmS for Nuclear Auxiliary Power”-better known by its acronSmous ;i8, SNAP.’ 

The development of SNAP systeins for space applications is re- - 
rie\ced in Chapter 8--“Kuclear Space Applications.” This chapter 
,centrates only on the programs for laiicl and se,a applications. 

4- <%4P radioisotopic systems capable of producing froiii a thou- 
jndth  of a watt (one milliwatt) to 200 watts of electrical power are 
,urrently under del-elopment ; it is anticipated that within the near 
;Jture higher-power isotopic generators and nuclear reactor systems 
$Fable of proriding electrical pov-er in tlie kilowatt to megawatt 
r q e  Till also be under development. 

POTENTIAL APPLICATIONS 

DPepSea Applications 

There is little doubt that nuclear power can materially enhance 
3 ~ ’ s  ability to pursue many deep-sea and ocean-bottom applications. 
h t l i  isotopic and renct>or heat sources hold great promise for pro- 
riding the auxiliary and propulsive power needed for many such 
kure oceanographic applications as : (a)  exploration and survey, 

‘ h i a l l y ,  however, some of the  SNAP systems are  being developed to provide a ~ o u r c e  
., Primary power as  well as for auxiliary power functions ; hence, the program title has 
&jhJme 8 misnomer and has been superseded by the title, “Satellite and Small Power 
L1r@S.” The systems developed and to  be developed under this program, however, 
4tinUe to bear SNAP designations. 
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j b )  research into physical properties of the oceans, biological 1. 

objects, ( d )  exploitcztion of uiideinater oil and mineral resou - 
navigation, detection and identification system, and ( f )  under,Tatks 
stations and facilities. 

cycles, etc., (e) search, identification, and recovery of under,,,tep 1 fe 

% ( . j  

i 

Terrestrial Applications 

Future requirements for nuclear power are almost unlimited lvl% 
the power requirements for the remote and semi-remote areas of 
world are considered. 

E- 
SNAP-23 series of strontium 90 generators, are expected to ]lave a * 

plication in airfield instrument landing aids, seismological statio& 
and small instrumentation packages. Additional intended appliQ 
tions for these and future generators will be in microwave pebp 
stations, unmanned tracking sites, automatic weather stat’ions, inst;- 
mentation packags, lighthouses, and floating buoys. 

Isotopic units, for example the 

ISOTOPIC DEVICES 

Radioisotope generators operate on the principle of directly 
rerting the heat generated during radioactive decay to electfi& 
energy. A typical radioisotope such as strontium 90 (SrS0) d a F  
or disintegrates spontaneously, a t  a completely predictable and reliabh 
rate, emitting particles that generate heat when they are absork 
either in the encapsulating material or in the radioisotope itself. 

C o  nvets ion Met hods 

The heat from decaying isotopes may be converted to useful elee. 
trical energy by means of a thermoelectric, thermionic, or dynamit- 
conversion system (see footnotes, numbers 5 and 6 of Chapter 8). 
Radioisotopic generators developed, and under development, use th 
thermoelectric principle. Thermionic conversion is primarily limitd 
at this time to space applications. Dynamic-conversion devices d 
come into use in the high power range of from one to  five liilomtt~ 

A typical radioisotope thermoelectric generator consists of a fd 
capsule (the radioisotope fuel is enclosed in a strong, corrosirn 
resistant container) surrounded by a very efficient thermal insula@ 
material. This insulator directs the heat of the fuel out one particdc 
section of the generator where the thermocouples are positioned 
convert this heat to electrical energy. The entire assembly is end& 
in a protective outer metal sliell to  contain all of the components of* 

5 3 rJ p. 3 3 ~ 
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erator and provide protection from corrosive environments. There 
&I' 
c many variations to the assembly of these vital components; the 
@ illustrates but one. &Ove 

essary Characteristics 
$PC 

~~r a radioisotope to be suitable to serve as the energy source in a 
&erator, it must have several important characteristics : ( a )  it must 
g,,, 51 half-. .fe (the time it takes a radioisotope to decay to half its 

TYP CAL RADIOISOTOPE THERMAL ELECTRIC GENERATOR 

HEAT FLOW 

THERMAL - 
INSULATION 

B IOLOG I C A L 
SHIELD 

TypicaZ Radio28otope Thermoelectric Generator. The above schematic of the 
radioisotope thermoelectric generator depicts the major components used in a 
m a l  terrestrial unit. Nucleardecay particles from the spontaneous decay 
d the radioisotope fuel are absorbed in the fuel and fuel container, producing 
%at. The flow of this heat is directed to the thermoelectric converter by proper 

k t d  by the fuel is provided by a dense-material shield surrounding the fuel 
- %taker. Heat, upon entering the thermoelectric converter, causes one thermo- 

to be heated to a higher temperature 
A number 

*timing of the thermal insulation. Shielding from the nuclear radiation pro- 

*ttric-couple junction (hot junction) 
'-ban the other (cold junction), and electrical power is generated. 
dthese thermoelectric couples are connected in series to produce the amount of 

,a1 insulating z 
partiCL1l'r 

positioned to 
Ip is encloyd 
,orients the mer and voltage desired. 
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original strength) of a t  least 100 days-long el lo^@ to nlnke 
while to put into a generator; (6 j it must not 13roduce excessive 
tion-the protective shielding required to reduce radiation 
to the containment device would be too henq- for some 
( e )  it must produce at  least 0.1 watt of electrical energy per 
and ( d )  it must be capable of beinf; produce.ci in adequate qua 
at a reasonable cost. Of the well oi'er a thousand radioisotope 
are h o m n  to exist, there are eight that meet these requirement 

Wit, 
w, 

land and deep-sea applications, strontium 90 has  been predominao s. P, I 
t .  its use because of its desirable combination of the above charscteri+.f L 3- ~ 

h 1% - 
w However, other isotopes do fit special needs and are either biiig 

or are being considered for use. 

REACTOR DEVICES 

Mounting awareness that the oceans of the world are a 1+UJh 
portant and relatively untapped field for technical study, and re- 
source of great potential utility to mankind, is giving rapid r-: 
tion to the unique capabilities of nuclear energy for oceanogmpt; 
applications. Some of the characteristics of nuclear power souh 
that contribute to t,his unique capability are : ( a )  compatibility with it2 

undersea environment, having no need for oxygen, sunlight, or sbo,c, 
term attention; (6)  availability in an electrical power range from rnib 
liwatts to megawatts, (c) ability to operate unattended for extend& 
periods of time; (d )  general availability as a compact, entire17 
contained unit ; and ( e )  a demonstrated history of safe, reliable ON- 
tion over the years. 

Isotopic power sources have already demonstrated the ability to >p 
ply sustained unattended power for extended periods in undersea 
vironments. Although nuclear submarines have been in o p m &  
for more than a decade, nuclear reactors have not yet been employi 
in non-propulsive oceanographic applications, Reactors for  wexis 
graphic applications will use the same reactor operating principb 
and concepts so well proven in the past. However, they will d i k  
in specific design features since an undersea or marine envim 
ment imposes certain characteristic criteria and requirements. 
program to develop reactors for oceanographic applications rill t 
built upon the wide base of nuclear technology that has been defG 
oped to date. It will also develop the additional technoloa requhf 
for oceanographic react,or systems. Among the areas where T 
cialized developinent is anticipated to  be required are : heat. rejeCt@ 
systems, methods of reactor and plant control, physics of d e *  
shielding, containment, and safety, maintenance and repair con@Fs 
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1 Il~xmler of prototype stroiitiuiii %)-fueled generators lixx-e demon- 
sfit ted the feasibility, reliability, and long life of isotopic sources of 

tI-ical enerG. These generators, in the 7.5 to 6O-vatt power level, le t  
.ere developed under the S N e - ' i  program. L 

rile rather costly m c i  relat irely ineEcient SKAP-7 generators were 
first efforts at  developing radioisotope thermoelectric generators 
terrestrial uses. They were designed, fabricated, and operational- 

~ tested under varying terrestrial ancl marine environments. Tests 
' 'ere made to determine the reliability and perforniance characteristics 

to demonstrate to potential users the advantages that these units nd 
fer There long unattended operation is required. Use of these first- 
bne ration units has led to development effort on an advanced series 

thermoelectric generators. The general character- 
des of these units are shown in Table 1. 

+ 

18 

TABLE l.-LAKD AJSD SEA SSAP UKITS 

use 

Axel Heiberg 
Weather Station. 

A-arigational buoy- 

Fixed navigational 

Land weather station 
light. 

Floating weather 
station. 

Ocean-bo t tom 
beacon. 

Xarigotional equip- 
ment on oil rig. 

Small electronic 

Adranced undersea 
apparatus. 

Adraneed terrestrial. 

Power 
(watts) 

5 

10 

60 

10 

60 

i .  5 

643 

0.001 

1040 

?5-200 

Weigh 
Obs.) 

1,680 

1,870 

4,600 

1,870 

4,600 

6, OOo 

4, fioo 

<1 

'500 

2 900 

Isotop 

hlini- 
mum 
design 

life 
(years) 

2 

2 

2 

2 

2 

2 

5 

5 

5 

5 

Remarks 

Installed Arctic, August 1961; 
remored October 1965. 

Test a t  Coast Guard's 
Curtis Bay, Md., facility, 
January 1964. 

Installed Chesapeake Bay, 
May 1964. 

Installed -4ntarctica, Febru- 
ary 1962. 

Installed Gulf of hlexico, 
January 1964. 

Installed -4tlantic Ocean, 
July 1964. 

Installed Gulf of Mexico, 
June 1965; removed, Octo- 
ber 1965. 

Operational test of fueled 
pro to types. 

Prototype generator fabrica- 
tion and testing started, 
December 1965. 

Design and component de- 
velopment completed, De. 
cember 1965. 
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Land Units 

da*eZ-Heiberg (Sentry).  A strontium 90 therlnoelectric gel,ep 
became operational in August 1961 on the uiiinliabited A~4-13 . ‘b 
Island 700 miles from the Korth Pole, and provided continuous 
trical power to a U.S. Weather Bureau automatic weather 
for four years. Because of technical difficulties with the electroa. 
section of the weather station, the still-operable generator * 
returned to the United States in October 1965. It is anticipated k% 
the repaired electronics section and the radioisotope generator . 

pF;e be placed under test a t  another, as yet undetermbed, remote site 
the near future. 

elk,, 
el< 

SNAP-7C. I n  February 1962, the U.S. N a v  placed an autornafi- 
weather station in operation near McMurdo Sound some 700 
from the South Pole. The lo-watt SNAP-7C radioisotope generaton 
1 - r ~  provided continuous and satisfactory performance, and has prove 
the reliability and adaptability of these units for locations where tb 

Q?J- severity of the environment would cause other electrical power 
plies to falter. 

Marine Units 

SNAP-7A. The U.S. Coast Guard is presently evaluating 
10-watt thermoelectric SNAP-7A generator in a navigational bum 
located on the sea’s surface at Curtis Bay, Md. A reworked genera& 
began operating in January 1964, and is producing 5% watts of 
electrical power needed to periodically flash the buoy’s light 
Although the generator’s power is steadily declining, its testing 
evaluation will be continued so long as it is able to power the buo!. 

SNAP-7B. This heavy 60-watt generator, after months of lahon- 
tory testing, was installed during May 1964 in Baltimore LL$E 
(lighthouse) in Chesapeake Bay. As the only source of power to the 
light, it has functioned perfectly during its installed lifetime. Ted- 
ing of this early-inodel generator has provided data important to th 
Coast Guard in determining the future use of improved radioisotop 
generators in their lighthouse network. Consideration is presend: 
being given by the Coast Guard to  relocating the unit in a remotel: 
located and unattended lighthouse. 

SNAP-7D. A floating Navy automatic weather station anchos 
in the center of the Gulf of Mexico is powered by the 60-na 
SSA4P-7D radioisotope generator. Called NOMAD (Navy OC@~@ 

,$er sound tra  
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z ? -  &er station is a forerunner of a network of such stations planned 
the Navy. Having operated successfully since installation in Jan- 

113rY 1964, and having successfully weathered Hurricane Hilda in 
p-54 and Hurricane Betsy in 1965, the KOMAD with nuclear power 

established itself as a reliable source of weather information, ll@ 
ecially during the hurricane season. SNAP-7D will continue to e$ 

be operated to further illustrate the continued reliability and economic 
,ttractiveness of radioisotope generators for applications such as this. 

sh7AP-7E. Continuous operation since July 1964 of an under- 
sound transducer powe.red by a thermoelectric generator, the 

- *  1 .a- watt SNAP-7E, has helped to demonstrate the reliability and 
of these units. Implanted under 15,800 feet of water on 

be bottom of the Atlantic Ocean about 750 miles east of Jacksonville, 
Fla., the SNAP-7E has remained unattended and still faultlessly 

RerS its associated electronic equipment. The transducer and gen- Po 
erator mill remain undisturbed so long as they continue to perform 
s&factorily. This unit is similar in construction to others in the 
L*  qYAP-7 series, although it uses 2 forged-steel pressure vessel to 
vithstand the 8,000 pounds per square inch pressure at its operational 
site on the ocean bottom. 

JNAP-7F. The first radioisotopic generator to be put into com- 
mercial use, the SNAP-7F, was installed in June on an offshore oil 
and gas platform in the Gulf of Mexico about 80 miles southwest of 
Xorgan City, La. Under a two-year UC-cooperative demonstration 
program, the AEC provided, at no cost, the 60-watt generator which 
the Phillips Petroleum Co. installed OR one of its offshore drilling 
rigs to power navigational warning aids. Phillips was to continu- 
ously monitor the operation of the 7F and make the operational data 
available to all me.mbers of the offshore oil and gas industry. The 
strontium 90-fueled SNAP-TF performed satisfactorily from June 
until late October when its power was observed to have dropped 
sharply from 56 to 30 watts. The generator was removed from the 
offshore platforni and returned to  the Martin Co., Baltimore, Md., 
Rhere it is undergoing extensive analysis and testing to pinpoint the 
Precise cause of its loss of power. Upon restoration of power, the 
unit will be returned to the Phillips platform for continued environ- 
mental testing. ion anchored # 
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SNAP-73’. Narigational aids on thF 
oil and gas platform in the Gulf a: 
Mexico were being powered for the 
first time by a nuclear generator, tho 
SNAP-7F, at time photo above we 
taken. Operation of the generater 
represented the first commercia 
of such a device. Drawing at & 
shows how the 60-watt SNAP-7~ 
erator was installed a t  the bottom of 
one of the platform’s four steel tnhp. 
lar legs. The generator rested on t 
concrete pad about 40 feet below HE 
waterline and was used to povrer txe 
flashing light beacons and an el@ 
tronic foghorn. The generator sas 
installed during June and operated 
effectively until late October when iFs 
power suddenly dropped from 56 to% 
watts. It was removed and was taka 
to the Martin Co. plant near Balti- 
more, Md., to determine the causeof 
the power decrease. The unit d l lh  
returned to the platform when Es 
power has been restored. 
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DEVELOPMENTAL WORK IN PROGRESS 

ii$en the feasibility of terrestrial radioisotope generators Tas con- 
jire]y demonstrated with the application and testing of the SNAP- 

began development work 011 an adranced generation 
f isotopic devices. This developmental program is aimed at sig- 

,ificmtly advancing radioisotopic thermoelectric generators to the 
stems will not only have greater reliability and 
imes, but will also, in many cases, be economically 

isting power sources. 

t isotopic generator development effort specifi- 
d deep-sea applications began in March 1964 and 

gs designated SNAP-21. SNAP-21, designed to proride electrical 
ger for various undersea applications, is to be a rery compact 

gmntium 90-fueled generator enclosed in n lightweight, corrosion- 
,istant pressure vessel capable of witlistanding undersea pressures 
,dull to 10,000 pounds per quare  inch. It is tdo be developed in 10, 

4 q,, 211d 60 n-att power levels, with the lowest pox\-er level to be de- 
&ped first to demonstrate the adequacy of the design and to provide 
&cient operational test data for development and test of the higher 
IloKer levels. I n  1965, an electrically-heated prototype l0-watt gen- 
?ntor was fabricated and successfully tested by the Minnesota Mining 

Manufacturing Co., St. Paul, Minn. A fueled prototype 10-watt 
is expected to be ready for  testing under actual operating environ- 

x n t s  in 19GG. Iiicreased efficiency, reliability, and a substantial 
reduction in size and weight of the SNAP-21 thermoelectric generator 
%expected to  be achieved through the use of newly developed and 
proven thermoelectric materials, higher hot-junction temperatures, 
improved theriiial iasulation, and an improved design. As an ex- 
ample, the 7.5 watt SKAP-7E unclerseca generator weighed 6,000 
;vim&; tl IO-mttt, SKAP-21 unit is expected to weiglr about 500 
y l l l  ds. 

:enerator 4 

~~A4P-%?.  The second major development effort has been in prog- 
since June 1964 on an advanced radioisotope generator for op- 

%tion 011 land or on the sea (buoys, lighthouses, etc.) . Designated 
2x-1p-23, these devices will also be developed in three power levels- 
*'+ 60, and 100 vi-atts-n-itli the GO-matt size being developed first. 
% h n e s o t n  Mining & Manufacturing Co. is conducting the first 

of this effoi-t--ctesign and component dewlopent .  Results 
indicated that the second phase-prototrpe generator fabrication 

5 0 0 q 1; 4 0 
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and testing-will be started during 1966, with a fueled 60-n-att 

operational situations to  ndidxte the desigm clmracteristics aIld “~uf, b“ if, 
their reliability and stability. 

With the use of m n y  of the same advancements as are b . 
corporated in SNAP-21, the SNAP-23 generators are also 
to produce reliable, long-lived, and economical electrical pow 
at higher power levels. Terrestrial generators must be econom- ’Calli. competitive with other more conW3ntiOnal power SourGeS if th - 
to be widely used. The SNAP-23’s, therefore, are h h g  ~ p e c ~ ~ l F  
designed for ease of fabrication, ease of maintenance, and extende;i 
operating lifetimes. It is anticipated that these features, togetlle, 
with greatly increased conversion efficiency, will eventually lower ppb 

duction costs to  the point where these generators can colnpete econom, 
ically with conventional portable power supplies, especially in 
remote and semi-remote areas of the vi-orlcl. 

tot,ype being made available in 1967 for eiivironinental testbl P€& 

emg ill- 
expectq 

er, tqt 

e!’ a& 

SNAP-15. I n  addition to the above two major development 
work is also in progress to improve and upgrade the SNAP-15 ong 
milliwatt generator being developed for possible use with control 
strumentation. Current efforts are directed toward perfecting a 
outer canister seal and an improved electrical insulation for the m= 
erators. It is anticipated that greatly enhanced generator life 
result from these improvements. 

Reactor Units 

Prior to initiating the development of auxiliary nuclear power rm- 
tors for terrestrial or oceanographic use, application and powerpb 
definition studies must be conducted. These studies, the development 
of the required reactor technology, and the definition of the f u h  
auxiliary power reactor program will begin in 1966. 

SNAP SAFETY PROGRAM 

Extensive safety analysis work has been conducted for S K U  
isotopic generators. Containment and shielding of the nuclear fuel 
in these isotopic units to  meet the requirements of normal o p e d @  
and a11 credible accidents has constituted the heart of the SN-Q 
safety program. 

Containment of the fuel is possible by using a suitable metallic fud 
container. Only after a fuel capsule has been actually fabricatdof 
highly corrosion-resistant and chemically compatible metals a d  sst- 
isfactorily passed a specified series of severe qualification tests, in- 
cluding fire, thermal shock, vibration, hydrostatic pressure, w d  

6NAP-15A. The SN 
compact, power supp! 
level of 6 volts. Wt 
uses plutonium as its 
Ilkision of General I 
hg its rated power UI 
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and successfully tesb 
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THERMAL / i 

. -  

CAPACITOR 

&tP-l5A. The SNAP-15&4 radioisotope thermoelectric generator is a lugged, 
compact, power supply producing 1 milliwatt (0.001 watt) of power at a voltage 
k e l  of 6 volts. Weighing less than a pound, and of beer-can size, this unit 
lwes plutonium as its nuclear fuel. Developed for the BEC by the General Atomic 
Itirision of General Dynamics, San Diego, Calif., this device is capable of supply- 
mg its rated power under extreme conditions of temperature, shock, and vibration 
tar periods of up to 5 years or longer. Fueled prototype units hare been fabricated 
and successfully tested to demonstrate the adequacy of design. Devices similar 
3 this design have potential for use in providing small individual power supplies 
hr critical components in electronic assemblies, or in providing power to a series 
Mteh for a long-lived system with intermittent activation. 
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1s i t  design considered accept able. * -  

Radiation shielding for personnel protection is bcorporat ecl Il.i,Li 

tile fuel capsule with a very high-density metal, tb;vpiCally exe k 

QP1&k2- 
by lead, in such a fashion that the capsule and the protective sllie,ldit! 
are maintained as an integral unit even under extreme conditioraf 

Additional studies and tests are conducted to select generator ~ , ~ .  
terials tliat mill not undergo galvanic corrosion in sea vater 
release radioactive material to the sea. T1lorough testing: and anaii- 
sis is also conducted on other components of a generator--pre,, Sbk 
vessels, feed- through connectors, and thermal ins1~1ation-t~ ._ .- 
that the materials and generator design meet the stringent nuclear. 
safety needs of these unique power supplies. 

Before a radioisotope generator is transported to an Operation,l 
site, a very extensive and thorough safety analysis is conducted. 

erator development are reviewed. A site-safety analysis is also 
that evaluates the credibility of various postulated accidents at tjtr 
site during implantment and operation. In addition, several indP- 
pendent groups are asked to make cz nuclear safety evaluation of 
generator operating at its intended location. Only after these lrarioe 
analyses have shown the generator to be safe can it be installed, 

It is because of this continuing analysis of the safety of generato,, 
and missions, and by backing up analysis with comprehensive testin, 
programs, that the many radioisotope generators now in service har2 
a spotless safety record. 

the generator. This protection is normally prol-ided by Surrou'ldiri,, 4. 

this analysis, all the test and analyses data produced during th e sen. 
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Chapter 10 

MILITARY REACTORS 

the Army reactors program, four powerplants continued opera- 
ion throughout the year; one project, the barge-mounted nuclea 
lore rplant, is nearing completion ; and t x o  projects were terminated. 
rile n%v'al nuclear propulsion program continued to meet its objectives. 

NAVAL PROPULSION REACTORS 
n e  objective of the naval nuclear propulsion program continues 

,,, be the design and development of improved naval nuclear propul- 
;ion plants for installation in ships ranging from small submarines 
lolarge combatant surface ships. 

To date, Congress has authorized 99 nuclear-powered submarines, 
of &ich 56, including 34 of the Polaris missile-launching type, are 
t ~ 1  operation. The aircraft carrier Enterprise, the guided missile 
&er Long Beach, and the guided missile destroyer leader Bain- 
:ridge are ttlso operational, and a second guided missile destroyer 
d e r ,  Truxtun? has been launched. 

The Enterprise completed her first general overliaul and refueling 
of dl eight reactors in July 1965. Enterprise and Bairnbridge joined 
&e 7th Fleet in the Pacific for assignment off South Vietnam in late 
:%I5 

.fm Project 

-1s announced by the President in April 1965, tlie AEC and tlie 
ckpwtment of the Kavy are jointly developing a nuclear-powered 
kp submergence research and wean engineering vehicle. Nuclear 
?Opulsion in n ~--ehicle of this nature will provide greater inde- 
rendence f roin surf ace support ships and essentially unlimited en- 
; 3 Q n ~  of propulsion and auxiliary pover for detailed exploration 

1 :+the ocean. 
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cn 
c 
c3 
23 
c - -- 
cn 

March 17,1959 

U.S.S. SKATE 

became the first ship to surface at the 
North Pole. During the voyage Skate 
traveled 11,495 miles, 11,220 of which 
were fully submerged and 3,090 of 
which were under the polar ice cap. 

August 25,1960 

U.S.S. SEADRAGON 

charted the  Northwest Passage. Sur- 
faced at the North Pole where the 
crew played softbalL 

Januarg 17,1955 

u.s.S. A'AUTILUB 

went, to sea for the first timL,,t:.q 
derway on Nuclear Power',, 
a.m. Nautilus, shown here enterin, 
New Pork Harbor in 1956, made g 
first submerged polar transit, su 
merging off Point Barrow, Alaska 

* %  August 1,1933, and surfacing honb 
later in  the Greenland Sea, l,&30 
from Point Barrow. 

at 11 

M a g  10, 1960 

U.S.S. TRITON 

completed the first submerged circm 
navigation of the  world, following the 
route of Ferdinand Magellan36@ 
miles in 84 days. 

~ u.s.s 
U.S.S. 

and U.S.S. 
romprising the worlC 
Poffered task force, 
-tion Sea Orbit", a 
aif@ around-the-worl 
=bOnstrated the N: 
a d  these high-speed 
h &e world without 
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August 2,1962 

U.S.S. SEADRAGOW 
and U.S.S. SKATE 

4d”cted the first rendezvous be- 
* fi the ice at the North Pole to con- b mtisubmarine warfare exer- 
@; surfaced together through an 

ing at the geographical North 
@@ 

H E  

October 3,1964 

U.S.S. ENTERPRISE 
U.S. S. BAIA’BRID GE 

and U.S.S. LOSG BEACH 

mprising the world’s first nuclear- 
mered task force, completed “Op 
won Sea Orbit”, a 2-month 30,500- 
@ around-the-world cruise which 
bnshated the Navy’s ability to  

. .  

November 15, 1960 

U. S .  S .  GEORGE W A  RHIXGTOW 

deployed in the Atlantic on the initial 
armed Polaris missile patrol. 

April 14,1963 

U.S.S. SAM HOU6’TON 

entered the Mediterranean to begin 
the first Polaris patrol in that sea. 
The ship is shown here as she returned 
to the Holy Loch, Scotland, upon com- 
pletion of this patroL 

these high-speed ships anywhe 
a at? world without logistic suppor 

-. 
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Research and Development 

Throughout 1965, research and development continued on devel% 
ment of advanced longer-life naval reactor cores and 
ment of naval reactor systems, components, materials, and 
techniques. Emphasis was placed on design and development ‘pehiifi a 

craft carrier on a schedule which will permit its installation in 
next aircraft carrier planned for construction. & 

Testing of advanced longer-life reactor cores comrnenwd 
land prototypes-the Submarine ,4dvanced Reactor ( S3G) 
Milton, N.Y., and the Katural Circulation Reactor (s5G) at ~ 

National Reactor Testing Station (NRTS) Idaho. Fabrication ; 
an additional advanced longer-life core for surface ship apPlicatik 

P R&* was completed, and its testing will commence at the Large sb 
tor (AlW) prototype plant at NRTS in 1966. 

On iQpp,;e- 

reactor for application to a two-reactor nuclear-pwered attack of hit. p 

at i& 
at rc,  

ARMY REACTORS 
Status of Reactor Plants 

McMurdo Station, Antarctica. After the summer work seasrrr, 
during which a new core was installed in the Portable &ledin  porn 
Plant No. 3A (PM-3A), the reactor resumed carrying the 
AicMurdo Station, Antarctica, electrical load on March 31. F~ 
that time through December 18, the Phl-3A mas available for porn 
operation 78.5 percent of the time. During this period, it SUPPN 
approximately five million kilowatt-hours of electrical power 
recorded continuous power runs of 1,096,993, and 682 hours. 

Fort GreeZy, AZaska. On October 13, the Stationary Medim 
Power Plant No. 1A (SRI-1A) at  Fort Greely, Alaska, was shut do= 
to load its third core and conduct annual maintenance. It is schednld 
to return to power operation early in January. As of December €1 
the reactor had, during 1965, produced 5.4 million net kilowat&hmT 
of electrical power and 82.7 million pounds-per-hour of steam fur spm 
heating, with a total accumulated burnup of 14.11 megamatt-yema 
the first core and a total accumulated burnup of 12.64 megawatt-JW 
on the second core. The SRf-IA had achieved an availability factor& 
69.8 percent as of December 11. 

Fort BeZvoir, Vu. The Stationary Medium Power Plant so.! 
(SM-1) at  Fort Belvoir, Va., remained shut down throughout& 
major portion of 1965 while major building modifications, which e 
started in September 1964, continued. Plant operation resumed i~ 
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d-septernber 1965. The reactor operated in its customary intermit- 
anner in fulfillment of its normal training mission until De- ctg 17 when it was shut down for scheduled maintenance. It was 

@ ed to power operation on December 29. 

I\;atim2. Reactor Testing Station, Idaho. Preparations for con- ’ 
thg a series of tests on the pressure vessel of the Portzble Medium 
er Plant No. 2A (PM-2A) to examine the nil ductility (embrittle- 
t) phenomenon as a result of long-term irradiation started in Jan- 

and the pressure vessel is now being readied for a static pressure 
The test program will include destructive testing of the vessel. 

p&2A had been dismantled and returned to the United States 
&AW st 1964 after almost three years of operation at Camp Century, ‘ 

land. The remainder of the PM-2A primary reactor systam is 
f?@l 

at NRTS, and the power conversion secondary system at in 
Cumberland Army Depot, New Cumberland, Pa., pending com- 

hment by the Army in support of another mission. 

@ t u p  

P* ’@ 

Sundance, Wyo. The Air Force continued throughout the year to 
the Portable Medium Power Plant No. 1 (PM-1) at the 

u qmdance Air Force Radar Station, Wyo. As of October 31, the 
b t  had, during 1965, supplied 4.6 million kilowatt-hours of gross P electrical power and 2.6 million equivalent kilowatt-hours of station 
hat, load. The first core had an accumulated burnup of 12.42 mega- 
atbyears through October 31. Control rod actuator thimble corro- 
ion and malfunctioning of the pressure relief valves are the major 
operational problems of this reactor. The corrosion problem has been 
be primary cause of reactor down-time since the plant was accepted 1 by the Air Force in November 1962. Interim measures have been ap- 

# - piied to correct these problem areas until a permanent solution is at- 
urined. As a result of these interim measures, the PM-1 had a plant 
availability factor, through October 31, of 86.8 percent for the year. 

= 

= 
~ 

~ MH-I A (Sturgis) 
~ 

= (hstruction of the Army’s barge-mounted nuclear powerplant 1 anhued throughout the year. Completion is scheduled in early 1966. 

z MOR. The Militarg Compact Reactor (MCR) base technology 
PFogram was terminated effective June 30, following a j o h t  deter- 
hation by the AEC and Army that its continuation was not war- 
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ranted in view of higher priority programs in the AEc. 
reports on fuels and materials investigations conducted 
program have been published. 

Topi% 
under tb 

UL-I. The joint AEC-Army program for the deldoprnent 
Of loa. 
RiU k power, mobile gas-cooled reactor systems for the militarg 

phased out during fiscal year 1966. Principal activities of th 
gram were conducted at the National Reactor Testing Statio,: e 

(NRTS) , Idaho, and at the Aerojet-General Nucleonics plant at SQ Ramon, Calif. Phaseout began in late October following a c 
0-k 

sion review of the program in which major considerations vere 
current status of the ML-1 development and the Amy's position ht 
L~~ type power systems were too costly for early procurement. 

During the approximately nine years that the program has bee, 
effect, it has achieved many significant developments in the field 

ation of the ML-1 plant a t  NRTS at rated turbine speed for ma 
than 3,000 hours, and operation of the reactor for more than c ; ~ ~  
megawatt-hours. The technology associated with the design, fabri- 
cation, and testing of high-temperature gas-cooled reactors and th 
compact Brayton closed-cycle power conversion components wg 
greatly enhanced by the work done in the program. Fuel elemenk 
that can operate at temperatures above 1,750' F. in excess of lowj 
hours were developed. Many of the power conversion cornponeniai 
d o p e d  could have use in small electric power source applicatio& 
both nuclear and nonnuclear. 

closed-cycle gas-cooled reactor systems. b o n g  these were the oper- of 
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Chapter 11 

ADVANCED REACTOR TECHNOLOGY 
' U D  NUCLEAR SAFETY RESEARCH 

During the year, the advanced reactor technology program con- 
ed to make progress in providing basic information applicable €w 

to be development and improvement of reactor systems of all types. 
Jnid-Aupst the Commission appointed a stewing committee, com- 
d of top AEC officials, to coordinate the reactor safety research pose 

plVgram* 

ADVANCED REACTOR TECHNOLOGY 
I 

Detdoprnent of Research and Test Reactors 

The advanced reactor technology program includes research and 
development work necessary for the design and construction of ad- 
meed reactor facilities for research and irradiation testing. Impor- 
wt current projects include the 100-thermal-megawatt High Flux 
htope Reactor (HFIR)  at Oak Ridge, the Argonne Advanced Re- 
mrch Reactor (AARR), the High Flux Beam Reactor (HFBR) at 
Brookhaven National Laboratory, the 250-thermal-megawatt Ad- 
raced Test Reactor (ATR) in Idaho, and the High Temperature 
kttice Test Reactor (HTLTR) near Richland, Wash. 

BFIR. During the year, HFIR construction was completed, and 
operation of the reactor at powers up to 50 thermal megawatts (Mwt) 
Fas achieved. Post-operational development work is being continued 
€0 reduce fuel element fabrication costs and increase the fuel element 
cycle time. (See also Chapter 1AFacilities and Projects for  Basic 
Research.) 

AARR. Engineering design of the AARR (also referred to as the 
-I'R2) was started vi th  the award of a contract in March to Burns 2k 1 - b, Inc., of New York City, to perform architect-engineer services. 
%ration of this advanced research reactor facility a t  Argonne Na- 
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tional Laboratory is expected to start in 1970. Development tasks 
in progress to provide the design bases for fuel elements, contr a& 01 bla4% and other reactor internals. In 1965, critical experiments 

~ r i .  ducted in which nuclear mockups of the core at  several stages of b 

Or hjc* Research.) 
were studied. (See also Chapter 14-Facilities and Projects f %lb 

Be&, 
* ?ti, 

HFBR. Construction of the 40-thermal-megawatt High F] 
Reactor was completed and criticality achieved in October 1965 

Q b  heavy water moderated and cooled research reactor kcorPorat 
sign features to reduce the fast neutron background while enhanch 
the low energy neutron flux to  the beam tubes from which stream 

' h  neutrons are extracted for basic research external to the reactor 
addition to the beam tubes, irradiation facilities are provided in tb 
reflector and central core areas of the HFBR where a maxbuln t4 of more than a quadrillion (1.6 X neutrons per Square wk 
meter per second will be provided at full power. 

1 ATE. The 250-thermal-megawatt Advanced Test Reactor  AT^ 
under construction at the National Reactor Testing Station in 1~~ 
is scheduled for initial startup early in 1966. 

System tests conducted in January 1965 disclosed leaks in two of 
four primary heat exchangers. Subsequent examination indicated 
that excessive vibration at  certain flow conditions resulted in abr&@ 
wear which damaged about 6 percent of all the tubes in the four 
changers; the remaining 94 percent of the tubes were considered 
usable. The Westinghouse Electric Corp., Sunnyvale, Calif,, wa 
selected in June to dismantle, redesign, and repair the four e x c h a m  
and to design and fabricats a fifth exchanger for excess coolant Q- 

pacity and redistribution of the pressure at a lower flow rate. It 
estimated that about a year would be required to complete this vok 

The heat exchanger modification did not significantly affect & 
schedule for ATR operation, since various system tests and low-pow 
physics studies were performed concurrently with the modificatim 
Criticality of the ATR is expected early in 1966, and attainment of full 
power in the summer of 1966. 

Design and procurement continued throughout the year on a 2,oo1to 
F. helium-cooled irradiation loop to be installed in the ATR, with c~m. 
pletion expected in 1967. 

BTLTR. Construction of the High Temperature Lattice Test Re 
actor (HTLTR) for the Pacific Northwest Laboratory at Richland 
Wash., is expected to be completed in 1966. The HTLTR will be usd 
to obtain fundamental reactor physics data for high-temperature, so@ 

BBOR Completed. 
the Experimental Bt 
Plete in the fall of 
D O R  is an experi 
moderated reactors 
@earn cycle. The 
for the AEC by Gen 



in two of the 
on indicated 
d in abrasive 
the four ex- 

onsidered =- 
, Calif., wm 
r exchangers, 
;s coolant ca- 
rate. It was 
:te this vi-ork, 
;ly affect the 
id low-power 
modification. 
nment of full 

tr on a 2,000' 
'R, with com- 

kice Test Re- 
at Richland. 
Z will be used 
)erstme, solid 

JANUARY-DECEMBER 1 9 65 181 
~ 

gator reactor lattices, and nuclear engineering data for the sup- 
$' f design and safety analyses of high-temperature power reactors. 
f@zsive testing on the materials to be used in the reactor mas per- 
ped throughout 1965. 
fi@ 

pflctor Experiments 

Dur'ag the year, research and development continued on a number 
reactor experiments which show promise of contributing d $@ant technical information pertinent to the ultimate exploitation 

the f ollowkg specific reactor concepts for varied applications : 
Experimental Beryllium Oxide Reactor (EBOR) , for investi- of 

beryllium oxide as a moderator in high-temperature gas-cooled L 
ps cbr systems ; the Ultra High Temperature Reactor Experiment 
PTREX) for studying the fission product retention characteris- 
i@ of high integrity ceramic fuels and the problems of dealing with 

@g 

EBOR Completed. Workmen are shown installing the lower core support for 
he Experimental Beryllium Oxide Reactor (EBOR) which was 99 percent com- 
Me in the fall of 1963 at the National Reactor Testing Station in Idaho. 

is an experiment on high-temperature, helium-cooled, beryllium-oxide- 
"@rated reactors which could be used with a closed-cycle ga5 turbine or 
hm cycle. The reactor experiment was designed and will be operated 
or the AEC by General Atomic Division, General Dynamics Corp., San Diego. 

5 0 0 9 b 5  2 



contaminated gas reactor systems; and the Fast Beactor co 
Facility (FRCTF) for studying the problems of molten 
fuel systems for fast breeders. 

re T& 
i". 

EBOR. Construction of the EBOR at the National Re 
ing Station was 99 percent completed during 1965, and inltlal aCtor Teq- 
icality should be attained by mid-1966. A progI-am of lo,v~I~,pe~ '€i* 

watts) and the initiation of extended reactor operation by G~~~~~~ 5% 

testing will precede achievement of full power (10 thermal lhrr 

Atomic. 

UBTREX. The tl~ree-thermal-mega~~att DTTREX at L~~ 4% 
mos Scientific Laboratory is scheduled for completion of constructiq 
in mid-to-late 1966, with criticality planned by the early part of 

FRCI%. Construction of the F R C T F  building at  LO^ 
is expected to be finished in 1966, and installation of the initial reaw 
experiment will begin immediately thereafter. Criticality is esm 

4 to occur in 1970. The reactor will also contribute information 
to the Los Alamos Molten Plutonium Program (LAMPP). 

UHTREX.  The reactor vessel for the UHTREX (Ultra High Temperature 
actor Experiment), shova here at the beginning of its journey, arrived at the Ls 
Alamos Scientific Laboratory, N. Mex., on August 23, 1965. The vessel, w a  
weighs 55 tons, will house a reactor designed to  evaluate the problems of opent 
ing a helium-cooled reactor at temperatures up to 2,400' F. including the 
formance of unclad fuel elements fabricated of graphite and uranium €arbi&= 
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ofhg?* concepts. Analytical and experimental evaluation of the 
;te B lanket Reactor concept (Atomic Power Derelopment Associ- 

Detroit, Ilicli.) continued during 1965, as did work on the 
p l ~  

are53 Bed Reactor (Brookhaven Kational Laboratory) . &led 

Conversion 

fiesearch and development effort on the direct conrersion of nu- 
dear energy to electrical energy has been directed primarily to fission- 
, :ie ?ted thermionic converters. During 1965, tests were successfully 
flllducted over longer time periods than those previously attained ; 
everal simulated fuel elements, consisting of three-cell assemblies 
‘,t]lin til a common envelope, were operated in-pile with fission heat. 
lneressed emphasis was placed on thermionic reactor analysis to de- 

h e  optimum cell dimensions and component design. This work 
$ being carried out at General Electric‘s Vallecitos Atomic Labora- 
€ a 1  near Pleasanton, Calif., and at the General Atomic Division of 
weral Dynamics Corp. in San Diego, Calif. 

NUCLEAR SAFETY RESEARCH AND DEVELOPMENT 

addition to project-oriented safety efforts, the AEC is engaged 
in a general nuclear safety research and development program to 
_aerate and apply information which Kill insure the safe develop- 
ment, design, construction, and operation of nuclear reactors and nu- 
clear devices in environments ranging from the ocean depths to outer 
?ace. The major areas corered by this program are: ( a )  reactor 
jsfety research and development, ( b )  engineering field tests, (e) efflu- 
ent control research and development, and ( d )  analysis and evalua- 
rion. Durbig 1965, a broad new effort, involving all four of these 
mess, was initiated. This effort entails planning and special testing 
o provide additional assurance that large nuclear powerplants of 
he future may be safely located in or near high population zones. 

Beering Committee on Reactor Safety Research 

I n  mid-August, the Commission appointed a steering committee, 
wmposed of top AEC officials and chaired by the ,4ssistant General 
!Imager for Reactors, to assure that the experimental information 
hreloped in the reactor safety research and development program is 
[eyed to the needs of tI1e continuing development of the nuclear in- 
inst9 and to the requirements of the ,4EC’s re,o;ulatory progam. 
b, principal functions of tliis committee mill to (a> review, 



evaluate, and recommend priorities in reactor safety researell 
review and evaluate the specific research p'Og%nlS now ' '5 PrOnt, - 
or which may be proposed ; ( e )  review and encourage the deoelop;l,,r,r 
of procedures and programs through mhich the lllfornlation eQerat_ in the reactor safety research program can be promptly 

Illat* and used by the nuclear community; (6) review and evaluab - 
Plat, and programs for the development of criteria, standards, and coci,, 

for nuclear reactor safety, and act as a focal point for coordination ; 
the work of the regulatory and operatiollal staffs of the &Q 

k criteria, standards, and codes; and ( e )  carry out such other spwG 
assignments and functions as they may be assigled. 

Reactor Safety Research and Development 

XPERT program. The SPERT (Special Power Excursion R-~ 
tor Test) program, conducted for the AEC by the Phillips Petrol& 
Co. at the NRTS, is devoted to the experimental and theoreija 
investigation of reactor excursion phenomena. 

During the year, the SPERT-111, a high temperature and pre- 
facility, was loaded, after appropriate modifications, with a 
emichment uranium oxide, ststidess steel-clad core of the type used it 
current power reactors. A program to study the self -shutdom effm 
of this core at various conditions representatire of pressurized f f a ~  
reactor operation mas initiated. 

A program of capsule experiments on the phenomena associatd 
with the rapid meltdown of reactor fuel samples was initiated jn & 
Capsule Driver Core (CDC) utilizing the SPERT-IV facility. &. 
program will be a precursor to the more extensive subassembly melt. 
domn program planned for the Power Burst Facility. 

Power Burst FaciZity. The design of the Power Burst Facibv 
(PBF) was modified to include steady power operation up to 8 
thermal megawatts in addition to its capacity of testing reactor m- 
terials under transient conditions. This addition will permit &E 

study of long-term loss-of -flow, loss-of -coolant effects, as well as tm 
sient phenomena. Construction at  NRTS of the PBF began latek 
1965 by Ho-i-i-ard S. Tr igh t  & ASSOC., Seattle, Wash., and is expectd 
to be complete in about two years. 

u-i 
0 
c? 
m n Engineering Field Tests 

C r l  

c- 

Engineering field tests are conducted for both terrestrial and aem 
space application to assess the predicted beharior of complete n d w  
systems when subjected to both normal and abnormal operat@ 
conditions. 
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Yotcer Burst FaciZity. Construction was begun in late 1966 on the Power Burst 
Facility (PBF) , shown in this artist’s conception, at the AEC’s National Reactor 
Testing Station in Idaho. The $g.Zmillion safety test facility will include a 
pool-type pulsed reactor ( a  type of research reactor which produces short, 
intense surges of power and radiation and a much higher neutron flux than 
could be tolerated in steady-state operation). It will also be able to operate 
at steady-state power levels up to 20,000 kilowatts for short periods before 
initiation of a power burst. The reactor is being designed to produce transient 
power bursts capable of melting test fuel samples without damaging the facility 
itself, and thus lead to a better understanding of phenomena which affect the 
Mctirity and stability of a reactor’s system. The PBF is to be part of the 
Commission’s reactor safety testing program and will be operated for the AEC 
bS Phillips Petroleum Co. 
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TmrestriaZ systems. Detailed design of the Loss of p l  . 
(LOFT) facility was essentially completed in December bT uld liai, 
Engineers, Oakland, Calif. A contract to  fabricate the Coll~nilaip t 

vessel for the LOFT facility, which d l  be located at N P , T ~  i6* 

awarded in January to Pittsburgh-Des bloines CO., Pittsburgh; 
;a- by 31. W. Kellogg, prime contrqctor for the collstruction of the I 

facility. The reactor vessel fabrication contract was amarc& , 

the facility, expected to be complete in late 1961, 1 lad Passed a& 
10 percent completion mark by December. Within this reusabl 

conduct a loss-of-coolant test on a 50-thermal megawatt press& 
water reactor. Following an extensive nonnuclear test pro@ 

October to the P. F. Avery Corp., Billerica, &ss. Constmctiooof 6 

facility, the flatcar-mounted LOFT reactor system will be usd ek 

am, 1.. 

LOFT Facility. 
Fluid Test (LOFT) Facility, depicted here by an artist's conceptual d rawb  
Below-ground-level construction started in October 19f.54, and LOFT is especud 
to be operational in late 1967. A cutaway section of the containment shell show 
the reactor safety experiment mounted on a double-width flatcar or dolly FFhief 
can be gulled by shielded locomotive over quadruple rails to a nearby "hot Shofi' 
for post-test analysis. 
demonstrate the safety of water-cooled power reactors by deliberately trig@* 
a runaway power burst caused by major coolant pipe rupture, a highly improbat' 
but the worst conceivable accident for  such reactors. LOFT is part of the 
test engineering program conducted for the AEC by Phillips Petroleum cos 

Construction reached ground level during 1965 on the Loss 

crl 
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- clear test will be conducted in the spring of 1969. Supporting 
'& gch and derelopmellt programs mere established at national 
F@ @P tories and AEC field installations to test equipment and special 
@trlmentation, and to perform analytical studies for predicting the 
@ and magnitude of events expected to occur in the LOFT 
411ence 

+SI g 

e-rospace systenzs. Transient experiments on uranium-zirconium 
reactors for space nuclear power applications continued dur- 

year at the National Reactor Testing Station. These experi- ' p&S, conducted by the Phillips Petroleum Co. with the support of 
ltoTdis International and Edgerton, Germeshausen, and Grier, Inc., 
' investigating the kinetic behavior of SNAP reactors when sub- 
@ &d to large and rapid reactivity insertions. The SNAPTRAN-1 
en aeS of experiments to investigate the behavior of a reactor in the 
@ destructive region was completed in September 1965. SNAP- 
~ a - 2 ,  to follow, will project the investigations into the destruc- 
&e Wge* 
*. series of full-scale re-entry flight tesh, supported by applied 

*arch, have been pursued to determine the effectiveness of using the 
pait, generated by the atmosphere during re-entry to burn up nuclear 
cgenis. This burnup, with the subsequent wide dispersal of the 
&& in the atmosphere, would thus serve as a safe means for 
sdioactive fuel disposal. 
During 1965, further analysis was made of the data acquired from 

9 n t r y  fligl-rt tests conducted on a simulated SNAP-1OA reactor in 
12y 1963 and October 1964. This flight analysis has provided proof 
iat the specific systems tested would disassemble as designed, and has 
iktsmtially increased confidence in the ability to predict re-entry 
eating effects from theoretical analysis. 

4 

'fluent Control Research and Development 

The programs in effluent control research and development are di- 
cted toward the safe management and disposal of various types of 
idioactire wastes resulting from nuclear reactor operations, the 
iantitative determination of the behavior of these residual radio- 
b e  effluents in the environment, and the development of engineer- 
g criteria associated Kith the environmental aspects of nuclear tech- 
)logy operations. This work provides a basis for defining and 
@trolling the ultimate fate and possible effects of radioactivity 
le environment. 

5 0 0 q 14 5 8 
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f 

DRY SOLIDS STORAGE BINS 

PUMP HOUSE 

Fracturing DisposaZ PiEot Plant. During the year, analyses of core sampla 
showed that a demonstration project of the hydrofracturing process as a mem 
of intermediate level radioactive waste disposal for installations underlain b! 
shale formations was successful at the Oak Ridge Kational Laboratory (ORhZh 
The pilot plant, which was used in the 1963-64 experiment, is now being W 
graded for use as an operational facility to accept waste concentrates from 
new waste evaporator soon to begin operation at ORNL. Photo at top shoffs a 
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h-~meZ waste $reatme&. Construction and “cold’’ testing was 
tRd of the Waste Solidification Engineering Prototype 
p> plant a t  the Pacific Northwest Laboratory. A demonstra- 
several processes for solidifying high radioactivity level power 
fie1 reprocessing wastes is scheduled to begin early in 1966. 

h-zeveb waste storaye. Construction phases were completed, 
rrproject Salt Vault” operation began in November at an aban- 

mine of the Carey Salt Co. near Lyons, Kans. This two-year 
tal project is designed to demonstrate the suitability of rock 

qzzits for the long-term storage of solidified high-level radio- 
d v e  ’ wastes such as those from power reactor fuel reprocessing. 

such solid wastes are not currently available, canned irradiated 
$@ from the Engineering Test Reactor are being shipped 

the National Reactor Testing Station and installed in the Kansas J 
ty in order to simulate the radiation and heat characteristics of 
e solidified wastes. The canned fuel assemblies will be ex- w & for freshly-irradiated assemblies every 6 months for a period 
years to insure a high radiation dose to the salt for  determining 

belong-term effects of radiation on salt formations. At the end of 
$et~co-year program, sufficient data should be available on which to 
&e 8 determination of the feasibility of using underground salt mines 
ior the full-scale disposal of high-level radioactive waste. 

P&Y testing device. A chemical method of analysis has been de- 
doped by the Harvard Air Cleaning Laboratory which allows in- 

checking of the efficiency of the air cleaning (halogen removal) 
&em aboard the NS Savannah with immediate interpretation of test 
&dts. The method mill allow testing of the Sawannah’s iodine- 
rdsorption system before entry into any port to  further demonstrate 
;hesafety of its nuclear operations. Previously, the filter tests re- 
ired radiometric analyses which were performed by land-based 
rboratories ; hence, the results were not immediately available. 

‘dysis and Evaluation 

In the analysis and evaluation program, increased emphasis has 
FD given to assuring that objectives of separate programs are di- 

re sample from hydraulic fracture waste disposal experiment being examined. 
le thin, white vein in the sample, lower right, is the layer of radioactive grout. 
Ire samples were useful in determining the spread of wastes through the bedded 
ale and the size of the individual grout veins. The lower drawing is a Cutaway 
Utration of the hydraulic fracture radioactive waste disposaI experiment 
Offing the path of wastes as they are injected into impermeable sheets of 
dded shale about 700 to 1,000 feet below the ground’s surface. 

5rJ09400 
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rected toward safety-related needs of pai-ticular reactor sS 'khis t 

the most adequate and efficient way. Preliminary steps haI,e tr. 

ST"fAi: 

: 
Of COOr taken to assign to single management contractors the task 

nating all related efforts in particular areas of endeavor 'i - 

program. A study of power reactor safety experience and tL 
reliability has been completed. I n  its fhal phase is a study atterril: 
ing to correlate measurable personal cliaracteristics and attl.ii,,;t;,- 
with those of the ideal operator. A study to  f ~ m d a t e  a probabili 
methodology for the safety evaluation of commercial power 
systems is also in its final stages. Direct participation in naticJl,,i 
standards committees has increased. New programs in the c o l ~ ~ , ~ ~ , ;  
and dissemination of safety-related information through the xucleaF 
Safety Information Center (see Table 2, Appendix 6) have hh 
initiated. 
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Chapter 12 

THE PLOWSHARE PROGRAM 

, ,aress in the AEC's Plowshare program to develop peaceful ap- 
.. ltlons for nuclear explosives can be viewed as resulting from &]r: 

separate but interrelated efforts : Research and development in ,e Inborat.ory, field experiments, and studies and demonstrations of ge licatiom in conjunction with groups which would make use of 
~ F F  ]ear esplosives. During 1965, advances occurred mainly through 
4 
@dies and development of plans for  Plowshare applications and 
@Ut, & research and development based on data gathered during 

par from Seven 1964 field experiments and from experiments con- 
jutted in other programs such as the AEGDOD Vela Uniform 
;$ban event. Only one Plowhare field experiment, a cratering 
ZPe 
Cmpanies in the natural resources fields are becoming increasingly 

-Irerested in contained nuclear explosions for underground engineer- 
applications. Several companies are evaluating the possibilities 

;rthe use of nuclear explosives in their operations. As a result of 
uch evaluations, the El Paso Natural Gas Co., Rennecott Copper 
'op, and the Columbia Gas System Service Corp. have joined with 
$e AEC in f easibility studies of applications. 

I r  p 

. "  

riment called Palanquin, was conducted in 1965. 

POSSIBLE APPLICATIONS 
UNDERGROUND ENGINEERING 

The underground engineering category of applications mainly in- 
)Ires coiitainect nuclear esplosions to fracture rock for a variety of 
dustrial purposes, such as stimulating production of natural gas and 
1: storing natural gas, other products, or wastes; and mining min- 
ds  by leaching or block caring. During 1965, a preliminary feasi- 
l i t j  study of natural gas production stimulation was completed. 
KO other studies were begun on copper leaching and natural gas stor- 
E The preliniinary feasibility study of natural gas production 
hulation resulted in st proposal from the El Paso Natural Gas Co. 

191 

- 
795-958-66-14 



192 “HE PLOWSHARE PROGRAM 

of El Paso, Texas, for undertaking jointly with the AEC, tile 
merit, called the Gasbuggy, proposed by the study group. Th ehh,. 
ities grew out of work that has been underTTay for several 
industry and other Government agencies, particularly the ~ , s ,  + 

The Commission’s policy of cooperating with industry in 
peaceful uses for nuclear explosives was most recently expr 
Chairman Seaborg on January 5,1965, during hearings on ti 
share Program before the Joint Committee on Atomic En 
he said: 

~ 

e@ 
Qeab kit: 

of Mines. b%, 

% 
esseci b- t 
le Pio; 

Rtc, 

“We believe that we now have enough data on underground engineerit e 

i 

t~ 

warrant undertaking a demonstration project in cooperation With 
We have had numerous discussions with several companies about 
joint projects. Our nexlt step in this area will probably be aided 
interests.” 

“ % g b  

PR& 

PROPOSED GASBUGGY TEST SITE 

I nm- I 

Gasbuggy Location. If nuclear fracturing proves commercially feasible for L 
creasing production from a natural gasfield in the San Juan Basin (left abowi 
it might be employed to great advantage in the other Rocky Mountains natun: 
gas-producing fields ( r ight  above) which contain certain similar gas-beu 
formations. Fracturing refers to cracking the formation rock to  induce grab 
production. For  best results from nuclear stimulation, a reservoir should 
too “tight” for conventional methods of fracturing to be of much value, ad 
thick enough to absorb the full effect of the nuclear explosion. An e x p e d a  
Project Gasbuggy, in the $an Juan Basin was recommended in a report made@ 
a study group comprised of representatives of El Paso Natural Gas c0.t th 
San Francisco Operations Office of the Am, and the U.S. Bureau of Mines. 

“Peaceful Applications of Nuclear Explosives-Plowshare,” hearing before the &’ 
Committee on Atomic Energy, January 5, 1985 ; available from Superintendent of D@ 
menta, U.S. Government Printing Office, Washington, D.C., 20402, $2. 
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. -  
18 months of study, a technical group composed of repre- 

of the El Paso Natural Gas Co. (EPNG),  the AEC San 
Operations Office (SAN), and the U.S. Bureau of Mines 
assisted by the Lavxence Radiation Laboratory (LRL) , 
Calif., reported on M a y  14, 1965, their conclusion that 

# 

PROPOSED PROJECT GASBUGGY EXPERIMENT 

PREDICTED UNDERGROUND EFFECTS 

DETONATION AFTER DETONATION 

FORMATION 
- - -  ~ FRUITLAND 

I LEWIS FORMATlON 

NOT TO SCALE 

SEALED I EMPLACEMENT HOLE 

---- 
FORM ATION 

CAVITY I 

I ’LEWIS FORMATlON I 
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. 

b h w y  Concept. The simplified drawings illustrate the anticipated effects Of 
rnaclear explosion deep in the earth. Such an explosion has been proposed for 
h j W t  Gasbuggy as a means of increasing production from a natural gasfield. 
a: the moment of detonation (Eeft), the explosion creates a giant cavity and 
b e s  the rock in all directions. Shortly afterward (right), the ceiling of the 
a b  collapses, resulting in a rubble-sled “chimney.” On June 17, the El Pas0 
%ml Gas Co. (EPNG) proposed that Project Gasbuggy be carried out as  a 
~ ~ A E C - E P N G  project. 
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the effects of a contained underground nucleap explosion Could 
stantially increase the production of natural gas frcm hn.-perlnea,, 
geologic formations. A specific ,rras reservoir fol-lnation of lo,T 11 

ductivity was chosen by tlie group for aiislysis to determine 
a field test myas feasible and desirable. 
the effect of tile explosion might well hsve a beiieficial efIect UPon 
producing characteristics of the foriliation. Estimates based lapg 
upon anticipated fracturing effects indicate that production rate ;; 
producible reserves will be greatly increased by this treatment, therci - 
providing the means by which the natural gas resources of the rai. 
States could be more effectively exploited. 

Subsequently, on June 1'7, EPNG proposed to  the ConlmissioIl t% 

Project Gasbuggg be carried out as a j o h t  experiment to obtain i: 
ther data and to test specifically the effect of the explosion 011 th P a  
duction of gas. After an extensive review of this proposal, the -4b 
has developed a concept for the experiment which would involve 
detonation of a 20-kiloton nuclear explosive s h e  4,200 feet undg 
ground in an area about 55 miles east of Farmington, N. &lex. TF: 

company and USBM would participate in the evaluation of the 
of the experiment on the production of natural gas. In  addition, t;= 
company would provide such things as an existing gas vel1 on 

%up site, geologic and production data, technical personnel, certain 
porting services, and would assume the risk for damage to their neigL 
boring property. I f  the experiment were carried out it would be 
first use of a nuclear explosive for industrial purposes anywheRk 
the world. 

Although the Commission has concluded Gasbuggy rrould be a ralE 
able technical experiment in the development of the technology for & 
peaceful application of nuclear explosives, funds are not present1J a. 
pected to be made available to  the AEC in fiscal year 1967 to prom: 
with the experiment. 

'&L]l,, The analysis indieat 

-i 

d 

, I-. 

Other Underground Engineering Applications 

Project Retch. Based upon a general economic appraisal of 
cr; 
a 

23 

st orage in underground fractured zones made by nuclear eqlosioE 
the preliininary review of data on the volume of space made avail& 
by a nuclear explosion, and studies of the ability of t,he zone to hdr 
pressure, the Columbia Gas System Service Corp. (CGSSC) 
suggested a more detailed examination of this application. For thi 
purpose, another feasibility study group has been formed with 
sonnel from the CGSSC, SAN, and LRL. Since the teclinicalfes 
bility of this application, called Project Ketch, depends great]? II 

tlie specific geologic formation involved, tlie group will carefa: 

i z  

- 
-r- 

0- 
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The locations being examined 
@$itbin the central portions of Columbia% service territory which 

arts of New Pork, Pennsylrania, Ohio, Maryland, West 
irginia, and Kentucky. The AEC’s Nevada Operations 

also participate in the preliminary study. This applica- 
ls dependent upon tlie availability of appropriate geologic forma- 

@’ tight competent rock which xould hold the gas in tlie nuclear 
$5. &pneY under pressure, or a permeable formation with a tight cap- 
=&in% suitable geologic structure. 

pwject Sloop. Technical studies, which have been underway for 
,Fer31 9 ears of in situ leaching of copper from low-grade ore frac- 
4 by nuclear explosions, reached the point during the year that 
fjemecott Copper Corp. joined with the AEC and USBM in a 

c preliminary feasibility study of this application, called & 

wject Sloop. A study g o u p  was formed of personnel from Kenne- 
d ta s14N, USBRt, and LRL to consider the feasibility of this appli- 
&ion in the context of specific ore bodies, e.g., a Kennecott-owned 
kpSit near Safford, Ariz. The group is considering available data 
nd Kill determine whether an experiment is necessary to acquire 
jdtional data. If SO, the group is expected to propose a preliminary 

for such an experiment. The Oak Ridge National Labora- 
= .  is making a preliminary assessment of the feasibility and costs 
f processes which might be necessary to remove radioactivity from 
be processing plant. It is expected that the study will be completed 

alternative, specific locations. 

F 

ps 

a&g 1966. 

Other applications. Discussions are continuing with other corn- 
snies and groups to  determine their interest in participating with 
!e AEC in studies of other applications in the specific technical and 
momic framen-ork of the user. (Progress in research and develop- 
lent related to  these applications ;s described later in this section 
der the heading “Contained Explosions.”) Applications of par- 
alar interest to AEC for detailed examination are waste disposal, 
rcorery of oil from oil shale, and block caving mining applications. 

EXCAVATION 

Vhen nuclear explosives are detonated underground at an 
3propriate depth, they excayate earth, leaving a crater useful .for 
@neering purposes, e.g., canals, harbors, or,  cuts . for roads. 
lthough the basic principle of explosive excavation has ’been demon- 
Qtd, a development program,- consisting of several- experiments, 

5 0 0 9 b b b  
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is considered necessary before the precision required for large er,,, 
neering projects using explosives in high nuclear yeld ranges 
undertaken. 
is discussed in a later section of this chapter entitled L(ExCaJ,atir 
Program.”) Sdicient data now exist so that several Project C 
received preliminary study or are being studied. There Rere 

tt further activities in 1965 in connection with Project Carryalls 

excavation development propam and the interstate highn- 
struction program. 

& (The progress and status of this development 
pro&.., 

h, 

view of the present incompatibility of the pace of the nuclg it 

ay %. 

Interoceanic Canal 

Pursuant to Public Law 88-609, the President appointed, 011 Apn. 
18, 1965, a Commission to “make a full and complete invetietiR 
and study, including necessary onsite surveys, and mnsideri$ 
national defense, foreign relations, intercoastal shipping, inkrocean;, 
shipping, and such other matters as they may determine to be bb- 
tant, for the purpose of determining the feasibility of, and the Qm - 
suitable site for, the construction of a sea-level canal 
Atlantic and Pacific Oceans; the best means of constructing such 
canal, whether by conventional or nuclear excavation, and the &. 
mated cost thereof.” 

The Atlantic-Pacific Interoceanic Canal Study Commission ha: 
selected the Chief of Engineers, U.S. Army, as its Engineekng & 
to conduct an Engineering Feasibility Study of three sea-level roub: 
The present Canal Zone, the Darien Region of Panama, and nod.  
western Colombia. The Engineering Agent will coordinate the actir, 
ties of the Corps of Engineers, the AEC, and the Panama Canal(=r 
in this study. The AEG is responsible for collection and evaluatie 
of data on meteorology, high altitude winds and temperatures, seis& 
wave propagation and structural response, and the land and sea 
vironments. The Environmental Science Services Administratk 
(which includes the U.S. Weather Bureau and the U.S. Coast, tui 
Geodetic Survey), the Sandia Laboratory, the Columbus, Ohio, l a b  
ratories of the Battelle Memorial Institute, and other specials 
groups under contract to  AEC will be responsible for implement3 
these programs. The AEC’s requirements for data will be estabm 
by technical working groups, under the AEC’s Nevada Opentie 
Office. These groups will include scientific personnel from thebr  
rence Radiation Laboratory, Livermore, the primary data couecttif 
agencies, and other expert groups. 

‘See pp. 164-165, “Annual Report to Congress for 1964.” 
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,d&tion, similar technical working groups have been established 
e Corps of Engineers to develop technical criteria for nuclear 

bj fation and engineering aspects of a sea-level canal. These groups 
use of data acquired from the AEC's nuclear excavation 

i'flsm. The Canal Study Commission, in its first annual report, f2td to the vital relation between data from further nuclear 
fo %tion experiments and its studies. 

lfl 
uh 

kl@v 

SCIENTIFIC 

The principal scientific applications for nuclear explosives are : 
duction of heavy elements, neutron physics measurements, and 

h+al re~earch.~ Although research in heavy element produc- 

ion during the year, it has not reached the point where a 

C o r t a n t  applications of nuclear explosives to  scientific research 
d during the year under the weapons testing program (see see@ 

@&pt,er &The Nuclear Defense Effort) and have proved the use- 
falness of the nuclear explosive as a tool for basic scientific research. 
for example, the Los Alamos Scientific Laboratory carried out several 

physics experiments which added significant data to basic 
datific knowledge. I n  addition, use of gamma rays from under- 
murid nuclear explosions for scientific research was suggested by 
;beAEC's Savannah River Laboratory and research has begun on 

c project can be considered. 

possible new application. 

EXCAVATION PROGRAM 

The program to develop a nuclear excavation technology, which 
ms begun in 1962, continued to make steady progress during 1965. 
5gnificant activities included : the execution of a small-scale crater- 
hg experiment, called Palanquin ; the acquisition of empirical data 
hm cratering experiments in hard rock; the development of plans 
ind diagnostic techniques for future cratering, device, and emplace- 
mt experiments; and progress in developing a theoretical under- 
mding of cratering. 

PROJECT PALANQUIN 

Palanquin w w  a four-kiloton excavation experiment in a hard, dry 
It  mas detonated at a depth of 280 feet on April 14, at the 

h t d a  Test Site (NTS) , and was the third small-scale experiment - 
'&e PP. 171-172, "Annual Report to Congress for 1964." 
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r k  
Gamma-Mmitoring system. A Fersatile radio-linked system for spot monito 
ground and low-altitude gross gamma radiation over areas as large as ,Lq 
square miles has been developed by Lawrence Radiation Laboratory, Liverhm 
The system provides for  transmission of radiation data, from unmanned & 
stations equipped with ionization chambers, by radiofrequency signal to a cenbL 
data-recording station. Photo above shows an  integrated unit containing bG 
Bensor and antenna. The conical cover is a n  integral part of the antenna 
also acts as a roof for the ionization chamber. The chamber is also eoyerab 
a lead collimator. The sensor units a r e  designed to operate Unmanned e 
unattended as long as six weeks. Photo beEow shows a repeater station with ba 
helical antenna directed at the-data-collection trailer 15 miles away (see phoh  
opposite p a g e ) .  The 10-foot aluminum tower can be carried by one man and t&r 
antenna assembly by another. The system represents a decided advance in 
technique of routine monitoring for airborne radioactivitr and fallout pattern 
such as might occur .during Plowshare excavation detonations, and for meteq- 
ological phenomena. ’ The system was first used in connection with the 
share Program’s Sulky event of December lS ,  1964. 

Gatnw-yomito ring 
#&. Signals rec 
vma radiation sei 
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and data-c 
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wlmo.blolzitoring System-contin- 
4. Signals received from the 
-a radiation sensors (see photos, 
*Bite p a g e )  are received at the 
sml and data-collection trailer 

above) which is topped by the 
djcal antennas of the receiver-trans- 
;iiter assembly. A t  the extreme left 

&e pori-er generator, at  the right 
9 air conditioning and heating 
qipment. Photo at right show8 in- 
$& the data trailer. Vertical panels 
lpft to  r igh t )  contain the radiofre- 
mq-telemetry apparatus, the data- 
: a g e  and the data-readout, the logic 
mitry for programing and for inter- 
e k g  the sensors, and an IBM 
wrrriter. 
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since 1963 in the excavation p r ~ g r a m . ~  The main purposeS 
experiment were: (a )  to determine the ability of emplacem Of @& 
niques developed in 1964 to reduce the amount of radioactivit ent b* -ih 

t o  the atmosphere from a deeply buried cratering-type d we&$ 
(6) .to obtain basic cratering data, and ( e )  to document ebQati< 
the dispersion and fate of the small amount of radioactivity re‘%= Sfl& 

*- 

Atypical Crater Formation 

A crater was formed with an apparent radius of 120 feet and g 

O @k Palanquin cratering behavior was not typical in comparison t 
nuclear cratering experiments in hard rock, such as Damy Bog (lgQ, 

h and SUM (1964). 
erosion of the broken material rather than by its throw-outa 
behavior resulted in the escape of a small amount of radioactipit, 
which would normally have been filtered by the broken 6 
terial in the dome. 
peak pressures and initial ground motion were very C l o s e  to prediste,: 
values. The extensive data collection program in operation du% 
the experiment provided unprecedented detail on the behavior of 

experiment, especially the early cavity history and the dispersion ui 
fate of the radioactivity. 

depth of 70 feet. The average lip height was 21 feet. N owever, tg, 

It appears that the crater was formed 

The explosive performed as expected, 

f a  

Exploration of Explosion Region 

A post-shot exploration program, designed to obtain much n& 
data on the physical behavior of the emplacement technique & e  
the Palanquin cratering experiment, is underway. It involves  mi^& 
a vertical shaft near the edge of the lip and extending a horizoni 
drift toward the underground region where the explosion occurred~r 
that samples can be obtained and the shot-time cavity and true craB 
can be defined. The exploration will be completed in 1966. 

OTHER CRATERING WORK 

a; Pre-Schooner ZZ Experiment 

- n 

G 

I -  -- 
il’ 

The Corps of Engineers’ Nuclear Cratering Group (NCG) 
ducted a non-nuclear cratering experiment called Pre-Schooner 
on September 30, in southwestern Idaho, to provide craterhgd 
ciency data for the type of hard, dry rock present at the site. ’I% 

-L-. - 
See p. 157, “Annual Report to Congress for 1964,” and pp. 211-213, “Annud a* 

to Congress for 1963.” 
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.afm*'n~ Experiment. On September 30, as a part of the studies leading to- 
& use of nuclear explosives for excavation work, the AEC and U.S. Army 
:a@ of Engineers detonated a high explosive (nitromethane) charge in south- 
&tern Idaho. The photo above was taken, by an Idaho Falls Times-News 
#tmapher, shortly after the 85 tons of liquid nitromethane high explosive 
*pre detonated some 71 feet underground, 50 miles south of Mountain Home. 
3 r a l t i n g  visible crater, shown below, was an average 78 feet deep and 228 
~;rctcross. The experiment, pre-Schooner 11, was one of a series to provide 
d c  hardrock cratering data and design information for a proposed (Project 
W n e r )  nuclear excavation experiment. 
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experiment which used 85 tons of the chemical explosive nitrorngl 
will be of use in further planning for the proposed Schooner 
cratering experiment, an event in the joint AEC-Corps of E - t-L 

%ib% excavation program (see “Future Excavation Experiments.; . : 
later in this chapter). The pre-Schooner I1 experiment al% 
vided an opportunity for Lawrence Radiation Laboratory L. 1% 

effects for use in the research and development effort. I 
several new experimental measurement techniqiles were att 

using a laser gun and measurement of air blast asymmetry 
struments suspended from balloons. Though neither of these 

experiments. 

(LRL), and others, to obtain basic data on cavity growth ’ and lv%r* ~ i i ,  

additi 
‘e, 

Among these were determination of the volume of the debris “9L-  

successful, both appear promising and will be attempted on fUtQf ka; 

elf& 
Rith & 

Post-Dugout and -Sulky 

Post-shot investigations of the 1964 Dugout and sulky 5 &tonat, 
were carried out in 1965 by the Corps of Engineers to obtain 
engineering data related to slope stability and other properties of ~ 

clear craters. 
nuclear excavation for engineering projects. 
true crater-cavity boundaries and other parameters is being kq *- 
LRL in its research and development effort. 

This information is essential to the practical 
The data obtained 

EXPLOSIVES DEVELOPMENT 

One goal of research in the area of excavation development is toE 
duce to a minimum the amount of radioactivity released. From& 
standpoint of reducing the size of the area near a nuclear crater 
which radioactivity falls out in potentially hazardous amounts a 
consequently which needs to  be controlled to assure public safetF,n 
markable success has been achieved through developments over tb 
past two years. I n  addition to reducing the amomt of this radioah 
ity to assure public safety, it is necessary to limit the release of ndk 
activity in order to meet the requirement of the Treaty BannkSe 
clear Weapon Tests in the Atmosphere, Outer Space and E& 
Water that any underground nuclear explosion not cause radio=i* 
debris to be present outside territorial limits of the coun@ @ 

ducting the test. 

See pp. 157 and 159, “-4nnual Report to Congress for 1964.” 
8 See p. 211, “Annual Report to Congress for 1963.” 
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&ZOP mental Goals 
F 

l p o  BPP roaches to the goal of reducing the amount of radioactivity 
d are under development : ( a )  reducing the amount of fission 

relation to the total yield of the explosive, and (6)  special Id 1* Iscement techniques to increase the amount of radioactive debris 
dergromd during the cratering process. Developments so far 
possible to produce explosives in a wide range of yields up to 

ficluding a megaton with no more than a few kilotons of fission, 
lms were made during the year for further experiments to 
the amount of fission products released during a cratering 

@€‘ 

$gt 

’ 
PBtion- 
$@ 

Made 

Rowever, during 1965, chief emphasis was put on emplacement tech- 
& with the extension of the results from the contained Dub (1964) 
dent7 to the cratering-type situation in Palanquin. A great iP 
v~ learned from the Palanquin experiment about emplacement spe 

@ 
diques, pointing the way to modifications and refinements which 

be tried on future experiments. 
progrexs was also made in the research and development effort at 

the chemistry and biomedical areas. Particular effort was 
on identifying substitute structural materials which are not 

&rated, which have less hazardous radioactive products, or which 
chemical transitions which make them less available biologically. 

FUTURE EXCAVATION EXPERIMENTS 

ne program of experiments necessary to advance nuclear excava- 
technology to the point where it can be used in large construction 

mjects has been described in past Annual Reports to Congress * and 
&recently by AEC Chairman Seaborg on January 5, at a hearing 
dore the Joint Committee on Atomic Energy.Q I n  January, funds 
mrequested in the President’s budget for fiscal year 1966 for the 

experiment in this program, Project Schooner. Subsequently, 
&mount of these funds was reduced by Congress in view of an 
&cipated delay in execution of the experiment because of the plan- 
% and extensive approvals required. I n  addition, the results of 
hhnqUin showed that further device tests and at least one other 
M-sale nuclear cratering experiment were needed in order to - 
‘h P. 161, “Annual Report to Congress for 1964.” ? P. 161, “Annual Report to Congress for 1964.” 
&e footnote 1 of this chapter. 
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develop more advanced devices and emplacement techniques, 
are now being made to conduct these experiments in 1966, 

RESEARCH AND DEVELOPMENT 
The understanding of those effects of nuclear explosions pph‘ tq be used for peaceful purposes is becoming increasingly refin 

sophisticated. Knowledge and theory of these effects begins with* 
aE 

the different forms of energy released and their dynamics, and 
immediate effects of this energy on the surrounding and often diffe< 
geological media. An understanding is then sought of the 
transmissions of source energy into its ultimate effects. 

Although a distinction can be made between those undermw 
explosions which have the ultimate, apparent effect of leaving 
and those whose effects are mainly contained underground, the sr~ 
quence of events shortly after the explosion occurs is the same and 
theory, understanding, and predictive capability for them has a 
mon beginning. 

In 1961 and 1962, this understanding was largely empirical, beir, 
based simply on the relations to each other of observed pheno- 
such as crater size, cavity size, depth of emplacement of the e q ] &  
and yield of the explosive. 

ed 

understanding of the immediate results of the detonation . ’ esP%lj, 

PG 

a 

DEVELOPMENT OF PREDICTIVE THEORY 

Beginning in 1963,IO however, thousands of piece of data h a v e h  
collected from past experiments and organized with mathema 
models so that the data can be handled in the large computers at tfr 
Lawrence Radiation Laboratory, Livermore. These calculational p 
grams are then used to test the general theory by comparing its p~ 
dictions for a specific situation against the observed results. 

Computer Codes 

A computer code, called SOC, developed in 1962, to calculate& 
effect of the shock wave and cavity expansion on earth materials, wi 
refined and extended during 1965 with the data acquired from eWi * -  

\ . r  I 

- merits in 1964, with the results of laboratory studies, and with fib 
-r: field measurements of rock properties. These calculations can 
.f= 

- I 
See pp. 211-213 and 219-220 of “Annual Report to Congress for 1963.” For 0 Son, an example of the earlier empirical approach can be found on p. 246 of the ’’- 

Report to Congress for 1962:’ 
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diet with good agreement the measured results of detonations-the ’ +eDt of explosion-induced fractures, cavity size, and earth motion. 
the 1964 Salmon event of the Vela Uniform program, for example, 

ured peak pressure and peak velocity in the one to  600-meter 
less 

e were within 20 to 50 percent of calculated results, time-of -arrival sg ft,he shock front was within 1 to 10 percent, displacement of the media 
00 meters was within 25 percent, and surface motion of the ground 
ctly over the detonation was within 19 to 50 percent. t 3  

ire 
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wy F m a t i o n .  In a program to develop a detailed understanding and theory 
*Wch to base predictions for future experiments and applications, the AEC’s 
dmence Radiation Laboratory, Livermore, has developed computer codes 
mch Can produce in a series of printouts, examples of which are shown here, 
a w b l y  close approximations to the formation and growth of the cavity 
#@Ed by a nuclear explosion. Note the asymmetry which develops as the 
WY grows toward the free surface. These calculations accurately reproduce 
*QVities made by several high explmive and nuclear detonations. 

. *  

.- 2 : I  ” c; !I -1 h 
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TWO additioiial codes, called TEKSOK. and PUSH, lTete 

development during the year. 
sophisticated predictions of the response in two dimensions ’% 
medium to the shock wave. Among other things, TENSOP Of f.:* 

accounting for many of the nonuniform responses of th 
different points. PUSH is used to predict in a similar R 

plosion. These codes are extremely useful in predicting th 

successful in predicting results which compare with preriouslr -* 

served surface motion behavior. Further refkement of thesec 
mill be undertaken using data from laboratorg studies, from f 

from Plowshare and other experiments. 
e lk4 Measurements of the spectrum of the ground shock from th 

Salmon detunation, which were obtained from the PhvshaE  adde 
experiment,ll mere analyzed during the year and compared ~ t h  tL 
claims for damage which have been received. Although meaw 
t, vround motion was in good ,agreement with predictions, the large 
ber of claims suggested that further research to isolate and define k“ 
f actors-such as geology, structural practices, foundation &ancte: 
istics, and seismic wave properties-which contribute to stmctura: 
damage should be undertaken. This research presently involve tiP 
instrumentation of some appropriate structures in areas near tb 
Nevada Test Site. 

The existing computer codes used to predict fallout from under. 
ground nuclear detonations which release, or may release, radioactiri; 
were improved, updated, and checked against measured results of 6 
experiments. Among the improvements to the cude is an indiridd 
treatment for each radionuclide considered and a pictorial represen& 
tion of the integrated, inhi te  dose pattern l2 to be expected with th 
actual wind conditions that exist a t  the time of detonation. 

TEPI’SOE is used for 

4L& -_ 
e Qerliuh 

aJ the sponse of the media to the late-time gas acceleration phase of tl,Fpr t; 

of cratering detonations. I n  early trials during 1965, these codQ Prd -_ 

postshot investigations to obtain such data as is still available, we 

e rts; 

LABORATORY STUDIES 

One very important area of research in the Plowshare program8 
U T  concerned with the properties of rocks, especially ‘as these prope& 
c vary over itlie range of conditions from the natural state to t h p d  
a dynamic deformation at high pressure and temperature. Existing a 

perimental techniques for determining these properties are often ir 
2 adequate for Plowshare purposes and new techniques are dedo@ 

c 

r-- c- 

d 

See pp. 1634364, “Annual Report to  Congress for 1964.” 
l2 A definitbn of infinite dose and examples of fallout patterns are shown on P. 3’ ‘ 

the “Annual Report to Congress for 1963.” 
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%hi& new measurements can be made. During the year, a new 

k! ,rimental technique was developed to determine the failure char- 
6P istics of brittle material under stress. Measurements of various p' 

of rocks using this technique have been factored into the corn- 

PUteie&cting the extent of explosion-induced fractures, cavity size, $ P  
'-amlficant results were produced during the year by studies of 

0 of particles in fallout. With the increasing emphasis on a 
iled understanding of the behavior of radioactivity released from Seta 1eil.r explosions, it has become possible to describe, for many radio- 

$IC 
@@pes, the amount of radioactivity released in cratering detonations 

ording to the physical form of the radioactivity (i.e., gaseous, vola- 
& 3et or solid) and to relate this, where applicable, to the size of the 

r~c10 to which the radioactivity adheres. This situation can be 

@ of radioactivity released in terms of the amount in the fallout 
b $ttm. This work is being extended to additional radioisotopes, is 
' factored into the computer codes discussed above, and is planned khr3 
be extended into consideration of the biological availability, or non- 

,F8&&ility in the case of chemically insoluble isotopes, of the radio- 
&i ty. 
bother example of these laboratory studies is a very small-scale 

r.Jtering detonation using two grams of high explosive or exploding 
in a plastic that has properties which simulsate certain key 

or geological media. The transparency of this type of 
&stic, even with the shock wave passing through it, makes it possible 
Bstudy and to make direct measurements of certain explosion phe- 
amena. These results contribute to the evolution of explosion theory, 
Frovide data to improve computer codes, and suggest important 
Fhenomena to be studied in future full-scale experiments and ways 
amake measurements of these phenomena. 

$pes codes, discussed above, and have greatly improved their accuracy 

d Bee field earth motions. 

51tY 
&0 siz 

@Dtmsted P to the previous practice of describing the gross percent- 

D 

CONTAINED EXPLOSIONS 
Studies of the effects of contained underground explosions and the 

drtionship of the effects to possible Plowshare applications continued 
b h g  1965. Results in the areas of the size distribution of rock frag- 
%ts in chimney rubble and the distribution of fractures in the rock 
mounding a chimney are of particular interest. The results of the- 
mica1 and empirical analyses of both these effects have been used 
%analyzing proposed applications. 
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POST-SHOT EXPLORATIONS AND STUDIES 

Handcar Results 

Post-shot investigations to date of Project Handcar,*3 a 10-ki]ot(, 
explosion fired at a depth of 1,320 feet in dohmite on N O V ~ ~ ~ , !  
1964, indicate that the gas generated ~ L S  about the volume ex&.,te; 
and did not cause the release of radioactivity or add appreciabl 

p t  cavity size. The cavity radius was about 69 feet, slightly less ih 
that expected for a similar shot in granite. A major purpOs, fi 
the experiment was to study the effects of a nuclear explosion ;n 
carbonate medium that yields a large volume of nOnCondelsib1 

e @  upon dwomposition. 
a l l apse  of the cavity occurred shortly after detoxlation, but h:, 

from post-shot drilling showed that the collapse was terminated 
the bridging of large rock fragments at a p i n t  above the shot 
Further postshot exploration is expected to provide more infomati@ 
on chimney height and collapse phenomena. 

Surface motion measurements within eight miles were in good am 
ment with theoretical calculations. 
ment at ranges of 950 and 1,250 feet from surface zero SUl’Ti\-edti. 

explosion without detectable damage. 

Alockups of gas well-head 

Salmon Results of Plowshare Interest 

Salmon was a five-kiloton nuclear detonation, conducted by thea(  
for  the Advanced Research Project Agency of the Departmenttr 
Defense, at a depth of 2,716 feet in a salt dome near Hattiesbtq 
Miss., in October 1964.14 The Salmon cavity did not collapse, 
postdrilling indicates that the cavity diameter is about 112 feet, FC 
close to the radius predicted on the basis of Gnome results. That& 
cavity would hold fluids or gases under pressure was indicated b 
the fact that the absolute gas pressure within the cavity upon rea{ 
by drilling was less than 1/3 atmosphere. 

OTHER RECENT RESEARCH RESULTS 

In Situ Retorting Advance 

Recent studies at Lawrence Radiation Laboratory, Livermore, pe‘ 
mit the prediction of the approximate particle size distribution in I 

13 See p. 162 of the “Annual Report to Congress for 1964.” 
See pp. 163-164, “Annunl Report to Congress for 1964.” 
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r chimney. This information is essential to considering the tech- $id@ feasibility of in situ retorting of the oil in the shale. With a i d  
bodedge, it will be possible to load a pilot-scale retort with par- &is 

which approximate those which would be found in a nuclear 
ey and to study whether the heat flow around these particles id@ 
*P d be s sc i en t  to release enough oil to make the recovery economi- 
@uY attractive. Studies with the U.S. Bureau of Mines on appro- 
iate oil shale formations in the western part of the United States 

for 
nuclear explosions were carried out during the year. 

qamr Resource Development 

A s m a r y  and the principal conclusions of work which has been 
@demay in the U.S. Geological Survey on water resource develop- 

t applications for nuclear explosions were reported and published IW 
doring 1965 as USGS Report No. TEI-851.15 The current emphasis 
~ f b b  work is to locate and evaluate specific hydrological situations 
&em nuclear techniques might be used. 

g M q  Element Program 

plowshare program add-on experiments to weapons tests during the 
rear studied the use of a heavier target (plutonium 242) and various 
Lpvements in design to increase the neutron flux in order to pro- 
dam heavy isotopes, and possibly new elements. It was concluded 
$at plutonium 2& would not be a suitable target and that substantial 
improvements in the flux through minor modifications were possible. 
J. theory was evolved by the Los Alamos Scientific Laboratory which 
Ght lead to the selection of a better, more productive target than 
Pranium 238 or plutonium 242. 

SAvaiIable from Clearinghouse for Federal Scientific and Technical Information, 
Wonal Bureau of Standards, U.S. Department of Commerce, Springfield, Va., 22151, * $4. 



Chapter 13 

I ISOTOPES AND RADIATION 
DEVELOPMENT 

During 1965, progress continued in the development and demon- 
@tion of new technolog for uses of isotopes and radiation, impor- 
:at to $he national economy and welfare; a new era of AEC-industry 

eration for expanding the commercial potential of isotopes and EOOP 
appeared likely; and the AEC continued to withdraw from 

'&OP e production activities in favor of private industry. 

PROCESS RADIATION DEVELOPMENT 
T~ develop essential technology leading to commercial use of large 

fl&ation sources for processing of chemicals and other materials, an 
anderstanding of the complex effects of radiation on materials is 
required if useful chemical reactions or changes in the properties 
of materials are to be induced by radiation. 
During the year, the AEC continued sponsorship of an extensive 

warch program to determine the nature of significant chemical re- 
&ions through studies on the two major mechanisms of ionic and 
free radical transformations. Measurements of yields of potentially 
important radiation-induced reactions and the rates at which these 
reactions proceed are being determined. Research includes : (a )  reac- 
50ns between amines and olefins ; (6) oxidation-reduction reactions 
i doped inorganic laser crystals ; (c) emulsion polymerization of 
~~1 acetate; ( d )  effects of radiation on colloidal systems; and ( e )  
ndiation induced fluorination of hydrocarbons. 

1 3 DEVELOPMENTAL APPLICATIONS 

Tilere research has indicated a radiation-induced reaction is tech- 
Cd1y feasible, and where it is apparent that a commercially useful 
'drduct can be obtained, engineering, economic, and development 
adies were carried out to determine the factors required to convert 

reaction into a manufacturing process. Industry has been brought 

21 1 
7. 



~ - ~ 
~ 

~ 

~ 
~ ISOTOPES AND RADIATIOPU’ DEFTLOPMENT .~ 212 

into each such project at the earliest possible time to maxi 
utilization of the technology. Some examples of studies havin Qhe 
tial industrial significance are summarized below. POlpt. 

Radiation-Processed Wood-Plastic Materials 

The AEC’s program for developing the process for wood -P&& 
materials production was significantly expanded during 1965 * TIi; 
material is produced by impregnating wood with a liquid 
and then irradiating it with ionizing radiation, such as cobalt p- 
gamma rays. The radiation polymkes the plastic molecules and Fie& ’: 
a solid wood-plastic composite which exhibits improvements in ha 

d. ness, compression strength, moisture resist an=, static bend. 
9 

-I 

Wood-PEastic Uses. During the year, the AEC selected 78 companies to partifi 
pate in a program for demonstrating the practical ralue of wood products wbkl 
have been irradiation processed into a wood-plastic that is more desi& 
than the conventional wood product. Above are some products that hareM 
fashioned out of radiation-processed wood-plastic material, and mill be t&@ 
in their final product form. Included are production “blanks” for bowling @ 
gun stocks, cue sticks, hammer handles, rulers, shoe lasts, floor tiles, and 
boards. The wood-plastic combination is produced by impregnating Wood vi$ 
a liquid monomer and then irradiating it with gamma rays. The end prodg 
is many times harder than the original wood. 
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h, impact strength, abrasion resistance, and toughness and yet 
d’y$its inherent natural beauty as a wood product-the material 
fM’n dved throughout with natural “stains” or artificial colors. 
c-@ B“materia1s have promise in such markets as: furniture (in- 

d outdoor), floors, window frames, sills and doors, tml handles, 
The 

door an mtive trim, sporting goods, boat decks and fittings, and dies 
d@, . 
gd 

methods for producing wood-plastic materials have Ibeen m 
dgy improved during the development effort of the past 3 years1 

rience with impregnation techniques, using various monomers jtps, 
w methacrylate, vinyl acetate, acrylonitrile, styrene, and vinyl 
P doride), radiation doses, and catalytic additives has disclosed several 
fhoficuts having economic significance. 
- Preliminary reports by an AEC contractor, Vitro Engineering Co., 
qeW york City, indicate that a production plant, designed to produce 

pounds of wood-plastic material per hour on an 8,000-hour- 
’ mr basis, could produce unfinished products at the following 
ds, exclusive of the wood itself: floor tile (9 x 9 x 1/4 inch)-I2 cents; 
ki& diameter, cylindrical shapes (linear foot) -25 cents ; shoe lasts- ; cents; salad bowls (15-hch diameter, 4-inch height)-57 cents; 
L b o w h g  pins-88 cents. These costs were based on a hardwood/ 
d h y l  methacrylate composition (0.7 lb. monomer/l.O lb. of wood). 
m g  the year, the AEC provided the wood products industry 

tib samples of wood-plastic material for fabrication into specific 
pducts. I n  response to a solicitation, 180 firms expressed an interest 

cooperative arrangements with the AEC in which their wood 
mples will be converted to wood-plastics by the AEC in return for 
&I firm’s evaluation of the material in its end-use application; 78 
apnpanies have been selected to participate. 

P-7 

Ipdiation-Produced Polyethylene and Copolymers 

4 process for the continuous production of polyethylene and ethylene 
qolymers has been under study at Brookhaven National Laboratory. 
fse process seeks to replace conventional proprietary catalysts such 
t organic peroxides, with gamma radiation. 
Earlier work was performed in small batch experiments. During 

%, a continuous flow apparatus was constructed to obtain more 
- 6 g f u l  information on reaction kinetics. High conversion rates, 
mparable to commercial rates at conventional high pressure con- 
$OB, have been obtained for ethylene polymerization. 

E- 

’-’& PP. 197 and 199 of “Annual Report to Congress for 1963”; pp. 189-190, “ A n ~ U 8 1  
pD”t to Congress for 1964.” 
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A wide variety of ethylene c o p d p e r  plastics hare been forlrLM 

butylene, chlorotrifluoroethylene, trans-2-butene: methyl acq,lat; !h 

using such monomers as carbon monoxide, sulfur dioxide - 4  

methyl methacrylate, vinyl acetate, acrylonitrile, allyl acetate, ' %%Qc . -. 

prene, propylene, vinyl chloride, l-butene, cis-2-butene, ~iT:p: ! IX, 

pyrrolidone, methyl vinyl ketone, and &vinyl benzene. These hare al; - 1  

been produced at  room temperature. For the case of the ethylen 
carbon monoxide copolymers, high molecular weight, h' '& melt; 
point, products have been produced at 68" F. 9 crptalline meltj,, 
point of 465.8" F. and an onset of decomposition at  482O F. 
ured for a 50-percent carbon monoxide copolymer. These results ind;. 

I& cate that several new plastics with important properties In 
produced with radiation on an economical basis in the relatipel 9 ne future. 

The products have shown evidence of enhanced properties as coni. 

* pared to conventionally produced copolymers. Preliminary cost 
mates indicate that the process should be economically attracti,, 
These materials are part of a class of polymers which are producaO 
in quantities of billions of pounds per year for the manufacture 
molded plastic shapes, transparent films, and extruded forms. 

were '4G 

RADIATION PROCESSED FOOD 

The development of necessary technology for extending the s~ 
life of perishable foods and for reducing insect and bacterial cos. 
tamination of foods through the use of low doses of radiation continud 
through 1965. 

Status of Research and Development 

Five species each of seafoods (clams, haddock, shrimp, Pacific C& 

and flounder) and fruits (strawberries, peaches, grapes, lemons, & 
oranges) were originally selected for initial study in the early phaze 
of the program. Radiation preservation of the five species of seaf& 
continues to show promise for ultimate commercialization, and o t k  
seafoods (such as sole, ocean perch, pollock, and cod) have been addd 
to the program. Some of the fruits (such as lemons and grapes) * 
lected initially, however, have failed to respond well to rttdiatig 
treatment and have been replaced by more promising candidates (k 
as bananas, papayas, and mangoes). ,4pproximately 13 varieties ' 

c1 

a 
-5 - 
L7 

-i= 

c 

w- 

Seafood : haddock, cod, ocean perch, flounder, sole, pollock, clams, crab, shrimp, Ofsm 
halibut, hake, and fresh water fish. 
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aWm Preservation of Fruit. Bananas, in particular, have been found to 
CtQeficially affected by radiation from such sources as cobalt 60 in studies 
*nct@d by the University of California. Simple, inexpensive treatment delays 
wng and extends the shelf life for two weeks. In the photo, the two-week-old 
*Ol fruit ( top)  was a deep yellow; the irradiated fruit, which had been 
&ht~H for five minutes at each of the two indicated levels, was still ereen * * ”  

f 
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seafood and 15 varieties 

that a low dose of radiation will delay the time of ripenin 
quently, ripening can be induced at will by the Standard 

extension should have major economic significance. 
Fmd and Drug Administration (FDA) approval of 

processed foods for general public consumption is a prerqulsih 
commercialization. No new approvals were made during 1965. 
wheat and wheat products had been approved in 1963, 
in 1964. A petition was accepted for consideration by the vDA 

B September 8, 1965 which involves the clearance of six species of ~ 

(cod, flounder, haddock, ocean perch, pollock, and sole), in cOmWie 
with the work supported at the Bureau of Commercial E&% 
Gloucester, Mass., and sites. 

International activity in this field is beginning to gather mow 
turn, and the AEC is providing support k the form of persomel 
a large cobalt 60 source to  the International center for F~ 
Irradiation at Seibersdorf, Austria, where a program on rad&m 
pasteurization of fruit juices is receiving major consideration, 

of fruits, vegetables, and grains 
under intensive study. Recent work on bananas, for examp1 ape ht, 

g* “‘ltsc 

y i a t i u a  

e, k i i c %  

treatment. The resultant savings in spoilage losses through shelf e%&& ~ 

Demonstration Program 

Because of the good progress being made, increasing e m p h i  
now being directed to activities for early commercialization of 
food irradiation technology. Cooperative projects with private 
dustry involve large-scale shipping, storage, and market 
construction and operation of pilot facilities. These Gove 
facilities are being offered for limited use and testing to private & 
dustry. A phase concerned with consumer acceptance is dso 
planned. 

An AEC solicitation to industry in May for participation in& 
food irradiation program met with an enthusiastic response. 
20 commercial fish processing companies are now using the ?&irk 
Products Development Irradiator at Gloucester, Mass., for lar@ 
testing of several marine products under cooperative a r r a n e  
with the AEC and the Bureau of Commercial Fisheries. None- 
using the facility prior to May. Further cooperative G o v e e =  
industry projects in both the fish and fruit fields are being a d  
at the AEC’s other large-scale food irradiators. 

The AEC expects to participate in a cooperative industy-m 
AEC project for the design, construction, and operation of 8 @ 

om- 

tomatoes (ripe), bananas, papayas, mangoes, figs, wheat, nectarines, Prunes* pioae 
and potatoea. 

s Fruits, Fegetables. and grains : strawberries, sweet cherries, plums, Peachest 
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*&tion sterilization facility to demonstrate the process as an indus- 
4 ,peration. A solicitation of interest of firms was made on 

ber 24 proposing construction of a facility with private funds. 
;ep'%m 40 meat packers and construction companies showed an 

in such a project. The Army intends to purchase a significant 
prerest ,&on of the facility's output. The ,4EC plans to provide a radia- 

(either cobalt 60 or machine) and may also provide other 

j&1 

I.oa dstance. Indications are that the project may proceed rapidly in 

t966* 

k&hmrs 

The us of four AEC research cobalt 60-irradiators and the Marine 
proancts Development Irradiator (MPD1)-a pilot plant facility- 

rte 1965, the truck-mounted Mobile Gamma Irradiator (MGI) 
mpleted by the Vitro Engineering Co. and wi l l  be sent to @ @  

#fOrn;ct for final checkout and field operation by the University of 
~ o r n i a .  The mobile unit will be used for large-scale processing of 
~ t ,  including strawberries, bananas, and peaches, during the 1966 
flp season. 
ne Grain Products Irradiator (GPI) located in Savannah, Ga., 

mnearing completion by the Vitro Engineering Co. and will be put 
3w operation in late 1965. Although originally intended for insect 
aestation in grains, the GPI  has drawn interest from processors 
if packaged mixes, cereals, and flours who have expressed a desire to 
mprate in test irradiations of their products. The design of the 
mdiator has been modified to accommodate these uses. 

Two shipboard irradiators were fabricated for the AEC by Nuclear 
bterials and Equipment Corp., Apollo, Pa. The first is to be on 
EES. Department of Interior fishing vessel working out of Glouces- 
@,Mass. The second unit will be operational in early 1966, and op- 
r i te in a similar manner out of Pascagoda, Miss. Irradiation of 

products as soon after catch as possible permits extended 
;*rage at quite low radiation doses. The 17-ton irradiators are versa- 
ile in their ability to handle a variety of products. A third such 
ait was ordered from Radiation Facilities, Inc., h d i ,  N.J., and will 
@d cooperatively with selected segments of the poultry and fruit 
m b g  industries. Although the capacity of these shipboard irra- 

is much less than the MPDI, they provide urgently needed 
ational units for scale-up testing beyond laboratory conditions, 

contributing materially to the success of the food program. 

d 

am ideally suited for this purpose. 

*& pp* 186-W "Annual Report to Congress for 1964." 
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e@% Preservation of Fish. 
mercially available for general public consumption, it must be approTed ~ 

the Food and Drug Administration (FDA). During Septmber, the mA af. 
cepted several species of fish for consideration. Photo on Zeft shows fraf, 
fillets being placed in the cobalt 60 irradiator a t  Massachusetts Institute of F~ 
Technology in experiments to prolong the shelf life of fish by radiopaaemk+ 
tion. Photo on right shows a 30,000-curie, cobalt 60 on-ship irradiator 
tested at Brookhaven National Laboratory. The 17-ton irradiator, Which a 
handle 75 pounds of fish per hour at 200,000 rads, was developed at  Broob;harpr 
and constructed for the AEC by Nuclear Materials and Equipment Corp., ~~k 
Pa. It will be used aboard fishing vessels so that fish can be processed & 
diately after they are caught. 

Before any radiation-processed food can be mad 

Design work was begun in the fall by Nuclear Materials and E q q  
ment Corp., on the Hawaiian Development Irradiator (HDI) tQ bF 
located in Honolulu. Radiation preservation of tropical fruits fcs 
shelf -life extension, reduction of spoilage, and quarantine contrd 
will be done on a near-commercial scale when the HDI is completed k 
early 1967. Industry participation in the use of the irradiator will Br 
invited. 

ISOTOPES SYSTEMS DEVELOPMENT 
The development and demonstration of radioisotope-instmmd 

systems during the year showed promising substantial benefits 
solving problems of direct Government and industry interest. 
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TECHNICAL DEVELOPMENT 

@urn 3 Activation Analysis 

219 

w technique in activation analysis using nuclear reactions re- 
from accelerated helium 3 ions has been further perfected for 

A-EC by General Atomic, San Diego, Calif. The technique was 
'e developed at the Lawrence Radiation Laboratory, Berke- origin The high sensitivity of this technique, especially for the meas- 

mt of oxygen and carbon in metallic surfaces, has drawn w 
a@ &able interest from industry. Oxygen determinations have 

made on stainless steel, tantalum, and platinum. Xeasurements 4 
en in stainless steel heated to high temperatures have revealed been 

d o q g  
fulness' of the method in degassing studies. Several industrial tbe use 

are currently developing small-size cyclotrons (weight about 14 w 
ttfns) to meet industrial and governmental needs, both for this 
bsrged-particle activation analysis technique and for the production 
of small quantities of short-lived radioisotopes for use in such 
,ppliations as medical diagnostics. 

A ne 

j@u.Excited X-rays 

pammetrics, Inc., Waltham, Mass., is working on the generation 
of mmmenergetic, characteristic X-rays of various materials, without 
he usual Bremmstrahlung radiation present with beta irradiation. 
The X-ray yields of aluminum, titanium, copper, and vanadium have 
b n  measured and found to be significant. Spectra have been ob- 
mined for targets of all four elements, and results of the first three 
indicate that such sources can be used for highly sensitive X-ray 
Soorescence and absorption analysis application. Investigations are 
andemay in conjunction with other agencies to determine the feasi- 
bility of applying this technique to lunar analysis and to  analysis of 
rear products in aircraft engine oils. 

SYSTEMS ENGINEERING 

During the year, several isotope activated devices moved from the 
helopmental stage to practical demonstrations of their applications. 

-Mytical A p p l  icat ions 

A project at Tracerlab, Inc., 
t fa lhm, Mass., is directed to the development of a comparatively 

fitable hotope measurement. 

5 0 0 9 ! 8 9  
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Helicopter Formation Keeping. A Nary helicopter is shown t e s t i i  variati% 
in the response of an onboard radiation detector to a 100-milfiCUrie cobalt& 
soarce mounted on the pole in the background. Industrial Nucleonics of hlm 
bus, Ohio, is developing a radioisotope system for use by helicopters to 
safer formation flying and landing under conditions of limited visibility, 

inexpensive microwave spectroscope to measure stable isotopes ~& 
very high sensitivity. I n  some instances, it is desirable to emplm 
stable isotopes as tracers, rather than using radioactive isotopes, 
as in medical diagnostic procedures in children. A prototype,  hid 
operates in the millimeter wavelength range, has been cornpletdb 
measure such isotopes as nitrogen 15 with the highest possible sen& 
tivity, in the temperature range of -8OOC. to 300°C. The cons& 
unit, when completed, will be the size of a desk top, and easily trans 
portable. The spectrometer was chosen by Industrial Research Map- 
zine as one of the 100 most significant developments in 1965. 

GoZd detector. A radioisotope-activated, narrow-band X-ray gold 
detector, built by Tracerlab, Inc., has generated much internatiod 
interest by gold prospectors, mine owners, and customs officials. TEP 
device is completely transistorized, rugged, portable, and has  be^ 
tested by the U.S. Customs Bureau. It employs xenon 133 to actif& 
gold X-ray lines and can measure the gold in samples c o n t a ~ ~ l  
percent or more of gold, or a minimum of one-millionth of an 
thickness of gold, as a plating. Development of similar portable mk 
for the measurement of other elements such as cadmium, copper,& 
tungsten in ores appears possible. 
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oc8an-bottom measurements. Tests conducted by the U.S. Navy 
()@%no, m p h i c  Office at Panama City, Fla., with an ocean-bottom 
,d&ent density meter exceeded expectations. The completely self - 
~ &ned device, developed by Lane Wells Co., Houston, Tex., em- 

s a cesium 137 gamma scattering technique, and can measure the COD 

dBnsity of ocean sediments to a thickness of 11 feet at any ocean depth 
to within an accuracy of one percent. Further, it can make meas- 

at approximately 60 coring sites per 8-hour day; conven- 
eon coring techniques yield only 4 or 5 core measurements per day. 
The anit is to be modified by Lane wells co. to also permit measur- 

the moisture content of sediments via a neutron absorption- io, 
,cattefing technique. 

ploy 

d 

gnoironrnental Applications 

Several projects were continued for solving problems in snow and 
rcatemhed management, automatic calibration of high-head turbines, 
determination of source of water loss in large reservoir sites, and for  

P oUution control of paper waste discharge into rivers. 

finowwater management. A long-term project is continuing with 
the U.S. Forest service, Berkeley, Calif., to develop 8 snow-water 
management control system for  the State of California. Efforts in- 
&de the development of automated telemetry systems to  transmit 
btapic measurement of snow characteristics data, and the evalua- 
tion of hexadecanol as a means of retarding evaporation of water 
from the snow pack. The hexadecanol, either in powder or solution 
form, is applied by dispersion from an airplane and forms a film 
over the snow. The snow measuring unit consists of a portable source- 
detector employing the backscatter from neutron and gamma sources 
to determine snow characteristics in half -inch vertical increments 
d h  an accuracy of 95 percent or better. The hexadecanol study em- 
ploys radioisotope tracers to measure the concentration and distribu- 
tion of the microscopic covering of hexadecanol on the snow and to 
determine the efficiency of the protection from evaporation. 

Turbine rater. An isotopic turbine rating technique, previously d0- 
reloped for low-head turbines (water drop of less than 200 feet), of 
the found in the TVA complex, is now being extended to high- - 

‘see Pp. 192-193, “Annual Report to Congress for 1964.” 
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head turbines by the U.S. Bureau of Reclamation, Denver, cola , 
technique uses the isotope dilution principle (as shown 
schematic drawing). 

; 1’11, 
In ti& 

Isotopic Turbine Rating. Under a joint project, the AEC and Departmentd 
Interior have developed a turbine calibrating system of highest precision ae: 
accuracy to  permit a better control of water management and of production& 
electricitg. The advantages of an isotopic system employing short half-tB 
tracers such as gold 198 a re  ( a )  providing a precision of 1 percent in watr: 
volume measurement (as good or better than conventional methods) ; ( 8 )  P 
viding immediate answers on volume flow (conrentional methods require ser& 
months for data acquisition and analysis) ; ( c )  it can be used without shutdm 
of turbines (conrentional methods require turbine shutdown) ; and ( d )  it P@ 
vides the one and only unique method of automatic feedback control for Tfam 

flow (other methods are not compatible). As an example of what imPmd 
benefits in electrical power and water management control can mean, con& 
the fact  that  an  error of 1 percent in water volume control can result in a loss‘ 
$1-$3 million per year per dam-such as Grand Coulee on the Columbia am- 
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$fore accurate turbine ratings help conserve water to achieve tChe 
,patest benefit from its uses. The basic principle of isotopic tracing 

h &ort-lived (64 hour half-life) gold 198 has already been estnb- 
but detailed studies are now in progress to design isotopic 4 

fished, 
*&tion equipment for  hi& pressures, and to obtain good measure- ’’’ of activity under very rapid flow conditions. Comparative 

ratory studies have been conducted on the niixing uniformity of Id@ eected solutions of salt, dyes, and tracers. Results indicate that $1 der rapid flow conditions, a 95 to 9’7 percent lateral mixing occurs 
ipe length equal to 55 times the diameter. The final objective is tul 

@ P  
fO derdop n remote command system which will permit the automatic 
eJibration of individual turbines without shutting down the turbine. 

THERMAL APPLICATIONS 
During 1965, developments for direct utilization of thermal energy 

frc~n radioisotope decay for applications in marine, terrestrial, and 
environments progressed in several areas. Uses range from P a8]1 auxiliary heaters to maintain stable operating temperatures in 

& m e n t  components to large heat sources for propulsion purposes. 
Radioisotope heat sources, properly encapsulated and shielded, are 
Sfe for handling and offer simple long-life, dependable power. 

HYDROSPACE USES 

9 survey,6 conducted by Aero jet-General Nucleonics, San Ramon, 
Calif., of several hundred people in Government, industry, and aca- 
&mic institutions, to determine potential underwater (hydrospace) 
g s  of radioisotopes, showed many potential applications. These 
included underwater sound generation, instrument electrical power 
apply, propulsion for small submersibles, electrical and thermal 
p e r  for undersea platforms, and small heat sources. Several of 
b e  concepts are being explored, and in some cases, cooperative 
programs are underway with potential users. 

Submersible Propulsion Engine 

A design study is being conducted by Aerojet-General Nucleonics 
the AEC to integrate an isotopic heat source with a turbine for 

?mpulsion of small undersea craft. The project includes conceptual - 
‘Amable in report No. AGN-8135, “Evaluation of Radioisotope Applications in Hydro- * March 1965, from Clearinghouse for Federal Scientidc and Technical Information, 

b a e l d ,  Va.. 22151, for $5. 
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design, detailed program planning, and initial research and c~eTelob 
ment of a four-shaft horsepower proof -of-principle engine fop 
cific hydrospace applications. Numerous en,&e cycles and ‘I%- 
conversion concepts have been studied. A turbine Rankine-cml 
using Dowthem-A (an organic material) as a working fluid &-& 

direct, single loop, regeneration system and a cobalt 60 boiler 

Pap, 

proposed. k 

Swimsuit Heaters 

A cooperative project is in progress with the Department of th 
Navy to develop a 300-thermal matt plutonium 238-fueled soupceo 
supply heat to underwater swimmers. The heat 
fluid, through vein-like tubes embedded in a diver’s Swimsuit, or 
pilot’s astronaut suit. This heating unit will permit the diver to 
his operating t h e  for several hours-to the limit of his phHa 
ability to perform work under mater. It mill be back-packed, 
approximately 15 pounds, and the diver will be completely safe frorri 
radiation. 

transmitkd, 

extead 

OUTER SPACE USES 

Small Spacecraft Thrusters 

Design has been completed by TRW-Space Technology Laborah* 
Redondo Beach, Calif., on a radioisotope capsule to heat the caMn 
bed of a monopropellant hydrazine engine. A Nuclear Isotope Mom 
propellant Hydrazine Engine (NIMPHE) , to be used for propulsia 
of unmanned space vehicles, is capable of an unlimited numberd 
startups and delivers excellent propellant performance over a widt 
range of duty cycles. The catalyst bed, however, is not capableat 
initiating hydrazine decomposition at ambient temperatures and m a  
be heated. The radioisotope makes it possible to use a catalystd 
unmatched physical and chemical properties at high temperah 
The engine has had a test run of 2,000 starts using an electrical heatpx 
to simulate an isotope heat source. 

CL‘i -- - 
a Space Life-Support Systems 
rl 
7 The AiResearch Manufacturing Division of the Garrett Corp., 

bgeles,  Calif., has completed an evaluation of the applications d 
isotopes for life-support systems in manned spacecraft. These inclu& 
water recovery, carbon dioxide removal, oxygen recovery, heat@ 
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and particle removal within the spacecraft. Radioisotope heat 
were evaluated against other conventional sources of power. 

"@ res ults indicate that the direct use of isotopic thermal energy 
f A l 5  distinct - .  advantages over electricity-to-heat conversion systems 

0 l i W  

8rtain misslons. j w -  

cooperative program with the Department of the Air Force, a 
tual design was completed by AiResearch of an integrated water In 

''@' having the capability of recovering potable water from urine, e densate, and wash water ; and heating, cooling, and dispersing the 
*w an d maintaining it in a pasteurized condition. Plutonium 238 
,being evaluated by Mound Laboratory and promethium 147 by 
' Northwest Laboratories as heat sources for this purpose. 

5 

w 8  

TECHNOLOGY UTILIZATION 

A effort is being made to translate isotopes technology into 
@toad sale utilization by industry, Government, and research orga- 
&tions. During 1965, major activities included visits with industry 

debmine trends and exchange information, collaboration with 
der Federal agencies, technology utilization meetings, an Isotopes 
$formation Center (see Appendix 5) training films, lectures, 
,,pation of books, and technical exhibits. 

'lldWriaZ Z7tiZizatio.n of Radioisotopes. Eastern Airlines, Miami, Fla., has 
beloped a radiographic procedure, using 50 curies of iridium 192, for inspecting 
@e COmPressor exit guide vanes during their routine maintenance program on 

This method of inspecting the vanes has cut the time needed to 
wt these critical parts which are deep inside jet engines from 125 man- ronrs ours, saving 120 man-hours per engine inspected. TJ il"tp?ePS 
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Industry s Evaluation of lsotopes and Radiation 

The Chairman of the Advisory Committee on Isotopes and RaG% 
tion Development (then Dr. Lauchlin hl. Currie-see Appe Ilf 

and a member of the AEC‘S staff conducted b t e r ~  jiew wit11 o&cbi 
of 40 firms representing a cross section of industrial users. The su~vc;  
was designed to determine the extent of industrial development 

G: 

obtain recommendation of how the AEC might better help this Port;% 
of the atomic energy program. 

Industrial response indicated a tremendous potential for expa&;, 
of routine applications of isotopes and radiation applica,t,ions 

considered to be about three to five percent per year-could reach 
34 20 percent a year with more specific AEC assistance in critical a% 

The consensus was that the AEC should: 
( I )  Actively seek joint funding projects for isotopes and raaaha 

( 2 )  Set up procedures for  loan or rental of large radiation souw: 
( 3 )  Broaden AEC patent procedures in connection with moperati; 

arrangements with industry for demonstration projects invoj* 
commercial or near-commercial size facilities ; -- 

( 4 )  Extend the use of the general licensing provision of AEC reb%- 
tions in light of past experience; and 

( 6 )  Adopt a more positive public information program to offset 
founded fears about isotopes and radiation. 

ndis 2. 

isotopes and radiation, identify the factors that limit their use! aq 

predicted the present rate of growth in industrial uses of &tOk aFc 

developments with industry ; 

The results of the survey (known as the “Currie Report”) are k i  
studied by the AEC. It is planned to make a followup study aid 
the same firms in one or two years, after the recommendations in 
report have had a chance to take effect, to assess the impact of any nea 
policies and actions resulting from the 1965 survey. 

Trends and Economics 

A study of present industrial radioisotope usage, trends, and em 
nomics was completed in midyear by Arthur D. Little, Inc., Cambri@ 
Mass., under contract to ,4EC.‘ A similar study had been made by th 
Kational Industrial Conference Board in 1958. I n  both studies, 21 
major industrial areas were surveyed, and case histories obtained 00 

the use of isotopes and radiation. 

‘ The report, No. NPO-3337-16, “Isotopes in Industry, Trends in the Industrial lMd 
Radioisotopes and Ionizing Radiation, September 1965,” is available from the Clearw 
house for Federal Scientific and Technical Information, Springfield, Va., 22151, for 
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results of the A. D. Little study are broadly encouraging for 
re development of the industrial use of isotopes and radiation. 

iasbnce, significantly, isotopes seldom lose an application in 
for they have been found suitable, and new opportunities are con- ,b”hus being introduced. The study also showed the growth is slow 

,,Msdy, and there seems to be every indication of an ample long- 
return on investments which have gone into the development 

I‘ll0 

futu 

&l@ 

af 
& isotopic technology. 

RADIOISOTOPE PREPARATION AND 
MATERIALS TECHNOLOGY 

9s Doted in Chapter &Source and Special Nuclear Materials Pro- 
duction, radioisotopes are made to  meet national needs and continuous 

rch and development conducted on preparation methods and 
dojsc&ope properties to provide these products in useful forms for 

r thermal power, and radiation applications. There is increasing tw 7 
~ o ~ ~ t o p e  preparation activity by private industry, resulting in the 
*%tic withdrawal of the AEC from this area. 

PREPARATION AND SALES 

During the 11 months ending November 30,1965, a total of 1,111,603 
flies of processed radioisotopes mere distributed from Oak Ridge 
5a;stional Laboratory. This represents a 95 percent increase in unit 
&, mainly due to  increased sales of cobalt 60, cesium 137, and tri- 
ium. An additional noteworthy shipment was 670,766 curies of 
halt 60 from the Savannah River Laboratory to Brookhaven Na- 
ional Laboratory for use in the High Intensity Radiation Develop- 
nent Laboratory. 

!Tithdrawals f rum Preparation 

The AEC withdrew from the preparation (for purposes of sale) 
)f antimony 125, calcium 45, iron 59, selenium 75, tin 113, zinc 65, 
Bd strontium 85 during 1965. It is the Commission’s policy to dis- 
anthue providing materials or services which are reasonably available 
mm commercial sources. 
a c  withdrawal from preparation and distribution of strontium 90, 

Eiesium 137, cerium 144, and promethium 147, is planned for  late 1968. 
h i s  action will coincide with commercial , operation of the private 
’@ion Products Conversion and Encapsulation plant to be con- 
meted near Richland, Wash., by Isochem, Inc. (See “Fission 
+od~cts Production” item, Chapter 5 . )  
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Price Changes 

The AEC reduced the prices on 12 radioisotopes and incr tiIE prices on 52 others8 during the-early part Of the year. 

%ab. tion and distribution. 

promethium 147, and cerium 144 in order to stimulate developQi; 
of the market for these materials in the period before the Priratd 
operated Fission Products Conversion and Encapsulation plant ? 

&% into operation in late 1968. 
Effective as of December 18, the AEC revised part of its p$ 

schedule on cobalt 60 which is widely used in medicine and 

@& cents (from 50 cents) per curie in the one to 15 curies per gram 

@Qk 
activity category, and increased-from the previous 30 curies pep 
to &-the maximum limit on specific activity of material which& 
AEC will supply. 

Th increases were necessary to recover full costs of radioisotope e P f a  ~ 

Price reductions ranging up to 90 
(effective November IO, 1965) were made on strontium 90, miuQ @%: l'.. 

TWO of the major changes in the new schedule reduced the cost u"'.r. tog 

Krypton 85 Enrichment 

A thermal diffusion facility has been installed and tested at % 
Ridge National Laboratory for increasing the isotopic concentmtiu 
(from 5 percent to 45 percent) of the fission product rndioisotop 
krypton 85 (KrS5). This higher isotopic concentration will incm 
the usefulness of krypton 85 in commercial applications such as lmio. 
ous signs and radioisotope density gages. With normal feed mate$ 
(containing 5 percent radioactive I<rS5, and miscellaneous amounts 
stable KrS2, He, KrS4, and Krs*), an annual output of 3,000 curieci 
45-percent Krs5 can be obtained through two thermal diffusion cai- 
cades containing 216 electrically heated tubes. 

Technetium 99" Generator 

One of the more important recent advances in nuclear medicine l~ 
been the cooperative development by Brookhaven National Lsk- 
oratory with Argonne Cancer Research Hospital of the methods fg 

preparing and utilizing technetium 99" ( Tc9sm). The radioisotope 
administered to the patient in special preparations, and localize ir 
organs such as the liver, brains, thyroid, spleen, and bone man@ 
The organ is scanned with a sensitive radiation detector, and tk 
radiation reading reveals anatomical details and information on 

a A  full list of prices is available from the Isotopes Sales Dept., Isotopes DeveloPd 
Center, Oak Ridge National Laboratory, Post Office Box X, Oak Ridge, Tenn., 376a- 
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tion of the organ. Technetium 99 is formed by the decay of 
@’ .,ion P roduct, 67-hour molybdenum 99, rhich can be loaded onto a 

from which the metastable Tcg9” (6-hour half-life) is 
*p:diy md easily “milked” at will by the user. The generator is a @P apparatus containing an ion exchange resin manipulated to 

pt&’” “parent” radioisotope :tnd release the “daughter” product. 
reparation of very short-lived radioisotopes makes it possible ;ucb P * these materials in places remote from reactors or accelerators. 
enerators are now routinely available from a number of com- 

ISOTOPIC POWER FUELS DEVELOPMENT 

q,plications of the thermal energy from radioisotope decay are 
developed as small power sources for space, terrestrial, and being msr;ne purposes. Radioisotopes provide a highly reliable energy 

Eoarc 6 with a predictable life and a high power density. 

gemllurgical Development 

Major developmental efforts in 1965 mere concerned with plutonium 
a, polonium 210, strontium 90, curium 242, curium 244, promethium 
147, and cerium 144, all of which are leading candidates for isotopic 
PKer fuels. Primary emphasis was on metallurgical development to 
%&eve encapsulated sources capable of operating at  temperatures up 

8,000” C. Other essential criteria include containment of the radio- 
hotope under all conditions, except during re-entry from space where 
it may be desired to have the radioisotope source burn up and disperse 
;n the atmosphere. 

Plutonium $38. The plutonium 238 ( P U ~ ~ ~ )  isotope is currently 
me of those preferred for power generating devices where compact- 
ness, lightweight, low radiation fields, and long life (87.2 years half- 
5fe) are of importance. On the other hand, strontium 90 is the 
preferred radioisotope for terrestrial and marine applications because 
of low cost and ready availability. However, it, is possible that certain 
-pxialized terrestrial and marine needs also will require the use of 
PuW. Production of Pu238 as a byproduct of current prodqction 
operations9 continued a t  Savannah River during the year. Such 
lrroduction results from the irradiation of the neptunium 237 re- 
%wed from plants at Savannah River and Hanford which perform 
h chemical processing of irradiated fuels. Forecast requirements - 
‘ h e  Chapter 5-Source and Special Nuclear Materials Production. 

S0091rY 9 
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for P p S  for the next decade exceed the routine production cap 
presently employed. As a result, new methods to increase procluctir, abilit;, 

at Hanford and Savannah River are being considered, p,. s2 

in the fuel. The U236 is reinserted in the reactor to generat Jt 

~ 

efforts are directed toward necessary uranium 236 ( u236) Concentrdt;" Q-la 

such that certain paver applications will be required to use substituc t, 

Mound Laboratory. Facilities for the fabrication and characterb- ai 

Ilium 237 which is separated and irradiated as a target element e Q"Pta - 
PuZ3*. Despite these efforts, inherent production limitations O f o b  

for plutonium 238, such as promethium 147, curium 244 and strontin$ 
90. 

Test quantities of fuel forms of Pu"* with melting points aboq 
2,000° C. were prepared and characterization studies hi t ia t4  

ed tion of large sources for use as space power units are being inshB 
with scheduled operation in 1966. The characterization studies  em^ 

eut- phasize encapsulation systems for long-term operation at high 
perature and burn up upon re-entry from space, when desired, 

C u k m  ,O@ and 244. Small amounts of curium 242 (Cm242) 
produced by the irradiation of americium 241 (hZ4') at Oak Ri% 
National LaboratoT ( ORNL) . Long-term availability of Si&jcant 
quantities of Cm242 is limited by the availability of Am241 which is the 
decay product of plutonium 241 (half-life 13.5 years). 

However, curium 244 can be made directly by the irradiation of 

Puz4z which is obtained by burning Pu239 in a nuclear reactor, A 
program to produce three kilograms of C1n244 for ,charactPrizatim 
purposes vas  begun by the AEC in 1964. The initial irradiations of 

VI 

0 
0 

Curium 242 Heat Rozirce. The above 10-gram curium 242 pellet is a sourced 
heat so concentrated that it  is incandescent while resting on a cool surface. I t  a 

uf 
0 
0 

is a portion of the largest quantity of curium 242 eyer purified and formed in@ 
a single pellet. It was processed at  Oak Ridge National Laboratory. 
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n39 to produce Pu242 was completed in early 1965. Separated Pu242 
tllen fabricated into target elements which hare been charged into 

@ ~ , T ~ n n a h  River reactor for further irradiation under high flux ' ations ( IOl5 n/cm2/sec range). Special facilities for chemical $Id' 
ation of the curium are being provided in the Sarannah River $pa* 

Gram quantities of ,curium 244 have already been obtained as a by- 
d u c t  of another program. ,4t ORNL a,nd SRL, curium work has 
! du&d the acquisition of chemical and physical property data of 

and source forms along with the development of en- @ 

glation techniques. At, ORh%, 10 grams of curium 242, the I 

rbe 
@P qMt quantity ever processed, was purified. ORhZ also has pro- 
w s  about 10 grams of curium 244 from SRL feed material. A 
+ p m  prototype source of CmZ4* has been successfully fabricated; 

ut 5 grams are being prepared for critical mass measurement, and &o 
remainder is being used for properties studies. 

f,gboratory (SRL) - 

pjsed 
d@ 

cobalt 60. A total of five million curies of cobalt 60 ( Co60) has been 
$uced, and distributed, from AEC reactors since 1955. Nearly 
16million curies were being produced, or planned for production, at 
b e n d  of 1965. This includes one lot of approximately one million 
aries a t  specific activities from 300 to 600 curies per gram, and will be 
be highest specific activity cobalt ever produced. 
Savannah River Laboratory is developing Cog" isotopic fuels tech- 

Dology for applications requiring up to 400 kilowatts of thermal 
mergy. The total energy available from cobalt 60 is about the same 
gpolonium 210, and is large compared to that obtainable from any 
d e r  radioisotope. The most immediate potential applications of 
hese heat sources are to provide energy for propulsion of smdl  sub- 
mible vessels and to provide heat and electricity for remote land- 
Sased and marine applications. 

Polmiurn 210. The polonium 210 ( PoZ1O) isotopes shares the desir- 
ible attributes of plutonium 238, but its short half-life (138 days) 
inits its use to missions of short duration. The Department of De- 
& and the National Aeronautics and Space Administration are 
bested in large-scale use of Po21o isotopic fuel for missions up to 
I? days. Applications include both electric power generation and 
Wulsion. During the years, detailed studies have been made of 
he production reactors for production of PoZlo in thermal megawatt 
Inantities. The high flux demonstration (see Chapter 5 )  provides the 

basis for producing polonium 210 at a concentration of 
host 100 curies per pound of bismuth, thereby greatly increasing the 
l'hltial capacity of the installed separations facilities. 
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At Mound Laboratory, in support of the radioisotopic 
catio:g' thruster program (see Chapter S----Nucle.ar Space Sppli 

prototype capsule was fabricated and operated at 1,4500 c 5 

hours. A number of polonium compounds can be used f 
' for ; 

tions in the temperature range Of 1,600' to 2,000" c., and Or applie sevep 
compounds are being intensively studied for space applications, 4 

Ttt 
to firi properties of refractory metals and alloys are being examined 

more suitable materials to encapsulate the polonium fuel at 
temperatures. 

Scientific kr 
h o d -  and lor: 

continue 
e r c h  proje 
new Civil De: 
orstory. Dur 
s0re complete 
tion effects on ; 

e0e.rg.y appfics 

Operation HA 

The High 
Rhich had be 
half of 1965 m 
high volhge . 

n~ed as the nc - 
* Available from 

Pahington, D.C., 
'&e PP. 21&21f 



Chapter 14 

FACILITIES AND PROJECTS FOR 
BASIC RESEARCH 

During 1965, the AEC continued to  expand its programs and facil- 
for conducting basic studies in the areas of biological, medical, pie” 

@ & O D  ental, and physical research. (This chapter summarizes only 
&e prop ess made in new facilities, and two projects related to nuclear 

2nd civil defense. Noteworthy results of basic research con- 
hcted under the above areas are included in the supplemental report, 
.;Fondarnental Nuclear Energy Research-1965.” l) 

dgfs 

BIOLOGY AND MEDICINE 
Scientific knowledge needed to understand more fully the possible 

hod- and long-term biological effects that may accompany nuclear 
vlergg applications, with emphasis on overcoming the attendant haz- 
& continues to  be obtained. Discussed here are a nuclear effects 
m r c h  project to be conducted at the Nevada Test Site and the 
g e r  Civil Defense Research Program at Oak Ridge National Lab- 
d o r y .  During the year, four new laboratory construction projects 
rere completed to  provide additional facilities for research on radia- 
,on effects on life. 

NUCLEAR ENERGY CIVIL EFFECTS 

Operation HENRE 

The High Energy Neutron Reactions Experiment (HENRE)* 
&ch had been planned for field operations beginning in the first 
df of 1965 was rescheduled for 1966. Technical difiiculties with the 
kh voltage power supply for the linear accelerator which is to be 
WI as the neutron source have prevented all but a few preliminary 

‘Available from the Superintendent of Documents, U.S. Government Printing OfBce, 
F”bZtOn, D.C., 20402, for $2.25. 
‘&+e PP. 218-219, “Annual Report to Congress for 1964.” 
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at ti 
tests at Oak Ridge National Laboratory. The field operation 
Nevada Test Site are now planned for March 1966. 

The Operation HENRE study, jointly supported by the A E ~  
the Defense Atomic Support Agency of the Department of Defense, a4 

aimed at better defining the propagation of neutrons and g a u  
a QJ in the atmosphere. For this, an accelerator will be used as an * 

“lte,, source of monoenergetic neutrons. It --ill be installed on the 1,53 
foot high BREN tower, which was used in 19623 for g a m a  

l-2 angular distribution tests, at the Nevada Test Site. The Source fQ, 

‘ - *  

Recovering Virus Particles. The band recovery apparatus is one of a fa&g 
of new instruments and equipment developed to attack the problems of 
centrating, detecting, and recovering virus particles in a high state of p n e  
The motor-driven, syringe-type liquid-withdrawal instrument has a ba& 
light source, which is directed up through the bottom of the centrifuge tube,& 
distinguish the “band” of particles present by scattered light. Colorqodb,j 
spherical beads of narrow, but known ranges of densities, help determine tttl 
density of the particles banded in a liquid whose density increases toward& 
bottom. The combination camera-band recovery unit provides a photo,gapb 
record (right photo) which includes the tube, density beads, the band, mi 
other pertinent information. The zonal centrifuge development program B 
sponsored jointly by the AEC and the National Institutes of Health (NIH) ad 
is conducted at the AEC’s Oak Ridge Gaseous Diffusion Plant and the Oak Rib 
National Laboratory. The program began a s  a “technology spinoff’ Then. 
1963, technology attained during work on centrifuge methods to separate U r d s  
isotopes led to development at Oak Ridge of a high-speed zonal centrifuge& 
the large-scale isolation and purification of viruses fo r  use by the KIH in stn& 
ing the role viruses play in the cause of such diseases as  leukemia, cane 
bepatitis, and even the “common cold.” 
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See pp. 318-324, “Annual Report to Congress for 1962.” 
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i s  designed to have a neutron yield of trillions of neutrons a second 
it? ictr esposure periods of four hours each. 

‘1 Defense Research Program tiat 

Organization of a civil defense research program, supported jointly 
and the Office of Givil Defense, was completed in 1965. The 

gram was established at Oak Ridge National Laboratory in 1964 
bJ 

p2%luate the feasibility of various future national civil defense pro- 
s, taking into account both technical and social factors. Among @ ie topics to be studied are effects of current and future weapons 

*terns and the interaction of active and passive defense systems. bfi+, will be developed for advanced shelter systems such as urban 
and fire protection. Human behavioral aspects and attitudes 

gsard alternative systems will be studied. The research effort will 
improve the understanding of preattack preparations for post- 

@& ecoverg operations. 
an initial project, an improved method of urban sheltering has 
devised consisthg of blast-resistant tunnels, the so-called tunnel- 
shelter, which could be laid under the streets of a city with fre- 

at entryways and underground emergency utility and life support F 
mp&rtments attached. A study of the installation of such a system 

8 25-square-mile section of Detroit, Mich., was completed in June 

10 

NEW BIOMEDICAL RESEARCH FACILITIES 

Mecular Biology Laboratory 

.kt Oak Ridge National Laboratory, the new Molecular Biology 
Moratory is now in use. The $330,000 laboratory provides ‘7,400 
quare feet of floor space, including a new intermediate floor of 2,800 
p r e  feet. The new facility is used for studies in the fields of 
&I genetics, immunology, and enzymology. 

Apicultural Research Laboratory Addition 

At the University of Tennessee-AEC Agricultural Research Lab- 
atstory, Oak Ridge, a new one-story and basement laboratory addi- 

has been completed and is in use. This building addition, total- 
% 16,400 square feet, provides 14 new office-laboratory rooms in 

combinations and with related facilities, including cold, prep- 
son, counting, instrument; wash, storage, and photographic space. 
u - b a l  rooms and a room for the laboratory’s rat colony are 



~~ 

~ 
~ 
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also provided. The $685,000 addition is cmnected with the old 
inal laboratory by corridors. 7 GQg 

. 
t 

N e w  Facility for Plant Research 

Brookhaven National Laboratory has opened an extension to 
B &thg biology laboratories to provide facilities for reearch 

ture, humidity, and the amount of ionizing radiation. 

double advantage of making it possible to flow almost rtg 
research purposes at any time of the year, and ensuring that th 

. . .  
plants grown under precisely controlled conditions of light, bh q 

is physiologically the same during a developmental period rem% e Pk 

The Controlled Environment Facility for Radiobotany has ~ 

9 P‘Bpth 

“Technologyl Spinoff’ in Pigs. Because pigs eat almost anything, as m a n  
their gastrointestinal tracts are about the same as man’s. So is their 
structure and skin composition (although thicker), and their bone mags 
body mass approximate man’s for a time. Thus, pigs are ideal for 
research except that as they mature, their weight ’becomes a problem. htn 
months of age, they weigh 16CL180 pounds, about the weight of an average ~BS 

However, a t  maturity, pigs become hogs weighing 600 pounds or more-md 
too heavy for easy handling in medical research. About five years ago, L 
AEC’s Hanford Laboratories (now renamed the PacSc Northwest Laboraw 
began to develop a breed of pigs that would reach-and stay at--the a w m  
size of 160-180 pounds. Such pigs have proven to be invaluable in the BE& 
of radiation effects because of their close similarity to man’s body StmE@= 
The photo compares a mature “Hanford Miniature” (right) with One d B  
parent stock, a huge Palouse white swine. A breeding herd of 100 has-w 
a t  the laboratory to supply the increasing demand for the animals. At P m  
the demand threatens to surpass the supply as hospitals and uniVeamB 
the miniature pigs useful in research applicable to humans ranging from 
braces and tartar formation to heart failure and consequent lung and resPfnw 
changes. 
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w Plant Research Facility. Photo shows antirrhinum (snapdragon) plants 
ehg arranged a t  rarying distances from the location of a 12,000-curie source 
:cesium 137, which will bombard the plants with gamma rays for 20 hours 
lch day in the new Controlled Environment Facility for Radiobotany at Brook- 
uen National Laboratory. While biologists are in this shielded room, the source 
hered inside the pipe into a shielded container below the floor. The tele- 

Wing cover will allow the intensity of radiation to be altered to different de- 
kd levels. A t  a later date, a cesium 137 source of about 24,000 curies will be 
W e d  for use in this room. Controlling the environment in the laboratory 

allow for groxing plants at any time of year and under any reproducible 
!*oJmental condition to study the effects of radiation on plants. 

I- r p I 
.'I j :  J I :d X !  J rJ -1 
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of planting time. Thus, the facility will increase the ef€iciellcy ~ 

&crease the ultimate cost of research with plants by allowino hi 

out the year, and avoiding environmental changes. The nem facili,; 
will not replace the existing greenhouses or outdoor fields, 

experimental accuracy with fewer plants permitting research t3 tilrou grQb 

growth chambers equipped with fluorescent lamps which can "8 f% prorid, 

The plant growth facilities will allow plants to be grow 
continuous and controlled gamma radiation exposure under COntrob 'Qde 
and reproducible environmental conditions. Tile area includes 
room containing eight large (10 x 15 feet) and 10 smaller (4 @ 

varying light intensities up to 4,000-f oot candles. H d d i t y  canh 
controPled at any point from 40 to 90 percent and temperat- 
be maintained from 40" to 95" F. fati 

The basement of the building has six heavily-shielded rooms ~- - taining gamma sources ranging in intensity from 40 to 12,000 
of cesium 137 (eventually, the largest source will be 24,000 c u ~ e o I  
cesium 137). Acute and chronic irradiation experiments ~ p i u  
carried out at times in combination with controlled enviro- 
chambers. 

The laboratory section of the new extension is in a two-storrI 
shaped structure. I n  addition to offices, instrument rooms, a $man 
conference room, and service equipment rooms, there are eight l a b .  
tories variously equipped for studies in radiobiology, photobiolws 
cytology, genetics, ecology, plant physiology, and biocliemistq, 

The total gross area of the facility is 33,300 square feet. C O M ~  
tion was begun in early 1963, and the cost was $1.8 millioll. 

Fission Product In halation Laboratories 

The balance of construction on the Fission Product Inhalation M 
oratories at the AEC's Sandia Base, Albuquerque, N. Mex., was cm. 
pleted in February 1965. These facilities, operated as an AEC pmj- 
ect by the Lovelace Foundation for Medical Education and Resear& 
together with those furnished by the Foundation, now provide 99@ 
square feet of space for  research operations. The construction 
for the total facilities were $2,500,000. I n  addition, to  supporttEr 
requirements for data collection, storage and retrieval, a Burro@ 
B-5000 computer was purchased late in 1964 by the AEC at a costd 
$506,470. The computer, is located at  Lovelace Foundation h d  
quarters in ,4lbuquerque. 

PHYSICAL RESEARCH 
The objective of the basic physical research program is to @ 

the understanding of the basic laws of nature which influence dd 
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clopaent, use, and control of nuclear enermgy. Inherent in such a 
'eC,ranl is the responsibility of providing adequate facilities to con- 

such research. During 1965, three new reactors for the research )rOz 

crI'nnl achieved criticality and design work was started for  another 
,I% 
eeqzrc~l reactor. Construction was nearly completed on the Trans- 

?> ' ,lutonium Processing Plant and construction was started on the 
I nsuranium Research Laboratory ; both facilities are destined to  fra 

,ilCtV 

B~LAC Interior. Photo shows the interior of the remodeled heavy ion linear 
a lerator  ( HILaC)  at the Lawrence Radiation Laboratory, Berkeley. The 
$1.; million remodeIing and modernization program mas initiated in 196.3 and 

completed in the spring of 1965. It gives the machine the potential of 
ttyelerating particles continuously, i n  comparison to  its earlier acceleration of 
particles in pulses with acceleration constituting 3 percent of operating time. 
The beam intensity (number of particles accelerated in a given time) has been 
increased by about 800 percent for heavy nuclei such as neon and argon, and 
&ut 2,000 percent for lighter nuclei such as carbon and oxygen. Suppression 
d unwanted radiation, which formerly swamped counters in some experiments, 
wns up new areas of experimentation with sensitive counters. The modifica- 
tion provides the potential of beam splitting and multiple experimentation for 
ae first time, and a reduction by 8- to 20-fold in time required for  a Qpical 
mLhC experiment. Central to  the remodeling was  installation of a new 
;-megawatt power supply t o  replace the previous 1.4-megawatt unit. Associated 
modifications included a new cooling s p t e m ,  hearier shielding, and new elec- 
mnic components. The photo looks in the direction of acceleration in  the main 
mlerating chamber, with alinement of drift  tubes. 
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play vital roles in the Kat ional Traiisplut oiiiuin ProdL1ction 
a114 p search Program. Satisfactory progress was imide in the LI- 

of tlle Stanford Linear Accelerator. A. two volume report j, 

engineering designs. 6- 

design of the proposed 200 Bev National Accelerator LaboratorS & 
completed and now serves as the basis for the prelimiixq a,,Pdib b 

Ames Laboratory Research Reactor (ALRR) 

On February 17, 1965, the Ames Laboratory Research R 
(ALRR) became operational; it achieved its full power level @% 

will be used as a source of radiation in the study of materials f: 

megawatts on July 12. The ALRR is a five thermal megnaat;fz 
%= 

at &E 
r i c h 4  uranium-f ueled, heavy-water-moderated reactor located 
Iowa State University of Science and Technology, Ames, I ~ ~ ~ ,  

other applications of radiation to problems in chemistry, physic; 
metallurgy, and engineering. 

High Flux Beam Reactor ( HFBR) 

On October 31, 1965, the High Flux Beam Reactor ( ~ B R )  ~ 

Brookhaven National Laboratory became operational. The 
designed to operate a t  40 thermal megawatts, is cooled and nio&ratei 
by heavy water and contains a h e a ~ y  water reflector. A feature 
the experimental facilities a t  the HFBR is the multiple neumr. 
spectrometer control system n-hich is composed of eight spectrometep_ 
each available to a different user group inroll-ed in independent RT 
search. All the spectrometers, however, will be under tlie control of 
a single digital computer with a 32,000-word memory. This c o m p u ~ ~  
will sequentially control the motion of all the axes of rotation and 
operate all the neutron detectors and monitors. I n  addition, it a9 
handle all the computations, and accumulate and process the exper:- 
mental data. The data are stored on a megnetic drum so that any m 
may be recalled at, will for re-examination. This system Till be rnos 
usef til for many research experiments in such areas as nuclear phgsia 
nuclear chemistry, solid state physics, and metallurgy. 

Stanford Linear Accelerator Center ( S L A C )  

c.7 

CczI 
3 

cllt 

cn - 
0 

Construction of the St anforit Linear Accelerator, located at Sts:- 
ford Kniversity near Palo Alto, Calif., \vas, at ye:ir's end, a 1 ~ ~ ~ ~  
mately 85 percent coniplete. 
essentially complete except for the cryogenic and esperimel1tal G' 

statio11 buildings. The tTT-o-mile-long accelerator tunnel portio11 iScorJe 
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g F 3 ~ .  Photo shows the experimental floor of Brookhaven National Labora- 
@dS new high flux beam research reactor (HFBR) during a High School 
rdb$~ Day tour in which 4,642 students from 172 schools toured Brookhaven. 
be reactor became operational on October 31. Three of the nine reactor ports 

res in reactor’s faces) to provide external beams of neutrons can be seen. t s p  
In Seven facilities for the irradiation of samples inside the reactor are 

provided, making it possible to conduct a number of different experiments 
auitaneously. The new $l2.5-million research reactor is housed in a three- 
mry, circular, domed, gastight building. It is designed to provide the higher 
sntron fluxes required by the constantly improving experimental ‘techniques in 
gntron research. 

P lete and more than 8,000 of the total 10,000 feet of accelerator tube 
a d  associated equipment have been installed. The first two sectors 
$66 feet) of the machine were successfully operated last spring, pro- 
ducing a 15-milliamp beam at  1.4 Bev. These two sectors are being 
sed to test operating features of the machine. Completion of the 
314 million accelerator is scheduled for the latter half of 1966. 

drgonne Advanced Research Reactor (ACEz)  

Advanced work in the fields of nuclear physics, nuclear chemistry, 
and solid state science has, in the past, been hampered by the lack of 
research facilities providing higher neutron fluxes. To help meet 
ach research needs, the Argonne Advanced Research Reactor (known 
8 the A*R2) d l  be built at Argonne National Laboratory at an 
aba ted  cost of $25 million. This research facility will consist of 
%&h flux research reactor with an ultimate power level of from I00 

5 0 0 9 5 1  I 
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to  240 thermal megawatts, and associated support and service b uild. 
ings. ob. 
tainable a t  power. levels above 100 megaKatts. Although primarilt 
designed for research involving the use of high density neutron b ealQc - 
a number of irradiation facilities will be provided affording adv,&; 
studies in such fields as transuranium element chemistry and 
lurgy. The architect-engineer firm of Burns & Roe, New o r t  

Flux levels in excess of 5 X (fire quadrillion) will be 

Qeta1. 

SLAG, Completion of the $114 million, two-mile-long Stanford Linear .4ccelen- 
tor Center (SLAC) is expected in the latter half of 1966. Photo above &offs 
portion of the accelerator waveguide. The accelerator structure is constrncM 
in 40-foot-long sections (240 in all) each of which sits on adjustable jack 
permit alinement. The round holes in the aluminum girder permit use of I 
laser beam for alinement purposes. Photo below, shows the beam switchyw 
under construction. The beam will enter the beam switchyard just off 
picture a t  the lower left. Bending magnets in the beam switchyard Rill dimb 
the beam to experimental apparatus in either of the two target buildings shorn 
under construction in the foreground. The beam switchyard will be toyed 

with 35 feet of earth. 
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,rted design work in June 1965, and field construction is scheduled 
-tart in mid-1966. (See also Chapter 11-Advanced Reactor Tech- 

010, 0~ and Kuclear Safety Research.) 
) >  

NATIONAL TRANSPLUTONIUM PROGRAM 

The national transplutonium production and research program is 
itEcted toward large-scale production of the very h e a v  elements (i.e., 
,lutonium 242, americium, curium, berkelium, californium) necessary 
or basic research. Currently, only very small quantities of these man- 

elements are available for study. 

ggh Flux lsotope Reactor ( H F I R )  

on August 25, 1965, the High Flux Isotope Reactor (HFIR) at 
)&k Ridge National Laboratory became operational. The reactor, 
%ted at 100 thermal megawatts of power, will produce a thermal 
*utron flux of 5.5 X 1Ol6 n/cm2/sec. (5.5 quadrillion neutrons per 
qunre centimeter per second). This flux, to be reached next spring, 

be available 90 percent of the time for production purposes; 
: ~ expected to be the highest flux of its kind in this country and 
&aps in the world. The HFIR facility will be the prime producer 
,f the very heavy elements which will be used in the nationwide 
msplutonium research program. I n  addition to the prime require- 
Bent for production of heavy elements, the reactor also includes high 
IC, beam tubes and other ancillary irradiation facilities which will 
*used by physicists and chemists in a variety of advanced research 
~rograms. 

rransplutonium Processing Plant ( TRU) 

The forthcoming completion of the Transplutonium Processing 
Plant (TRU) at Oak Ridge National Laboratory early in 1966 will 
wli the beginning of a vigorous program for the production, chemi- 
4 processing, and recovery of large quantities of the very heavy man- 
&e elements. These two facilities, HFIR and TRU, constructed for 
&large-scale production of a wide range of new elements and their 
kotopes needed for research purposes, will provide a major production 
qbility for such purposes. 

Construction started during 1965 on the Transuranium Research 
TRL) at Oak Ridge National Laboratory. This new 
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/ / \ 

National Center. Oak Ridge National Laboratory (ORNL) is being egnipw 
as the national center for production of transuranium elements. This prt 
duction capability combined with other facilities a t  ORKL provides a uni,.,b 
center for research with the transuranium elements. The heavy manmad, 
elements a re  produced by neutron bombardment in the high flux isotope reactr,: 
( H F I R )  and are  isolated by chemical processing in heavily shielded cells in 
Transuranium Processing Plant (TRU) . Basic research with the elements R.i 
be concentrated in a third facility, the Transuranium Research Laboratcl,: 
(TRL) while the many other facilities at ORKL for nuclear and chemical stud& 
with these elements greatly facilitate the research capability in this complez 

$1.8 million laboratory for research in the transuranium elements ail; 
provide special f acilities and equipment necessary for progressire 
research with these elements. Individual laboratories are design& 
for chemical and nuclear studies of highly alpha-active isotopes it 
glove box and shielded glove box types of enclosures. Work area: 
will have up to three feet of concrete shielding for  protection again2 
neutrons emitted in spontaneous fission from quantities of trm+ 
uranium isotopes under investigation. At year’s end, design RE 
complete and construction was about 40 percent complete. 

cn PROPOSED 200 BEV ACCELERATOR 

u Preliminary Study 

- 
J= 

Q 

u The Lawrence Radiation Laboratory‘s Berkeley staff submitt& 
on their design study for tk at AEC request, a two-rolume report 

The report, “200 Bev Accelerator Design Study,” is  available from the Clearingbew ‘‘ for Federal Scientific and Technical Information, Springfield, ‘Fa., 22151, at 
the 2 volumes. A summar1, under the same title, is available for $2. 

Foresee1 

The need fo  
the feasibility 
ener,q accelem 
erident a t  the 1 
a d  Brookhave 
stion. I n  Feb. 
adintion Lab 
Commission re( 
n e r  accelerat oi 
proposals were 
high energy pE 
LEC’s Genera] 
Aduisory Corn, 

Recornmendati 

Among the rl 
the specific reco 
qqwosimately : 
earliest possible 
the congression; 
man Glenn T. ,C 
pOlicJ7 for high - 

‘Report of the Pal 
wN* to the Atomic 
-18836, April 2€ 

Technical Inform: 



:ARCH 

is being equippwf 
.merits. This pro- 
provides a unique 
e h e a w  manmade 
3ux isotope reactor 
hielded cells in t h e  
h the elements ~ i l 1  
.search Laboratory 
nd chemical studies 
:-J in this complex. 

um elements mill 
for progressive 

sics are designed 
ctive isotopes in 
pes. Work areas 
rotection against 
ntities of trans- 
end, design K ~ S  

plete. 

,TOR 

staff submitted? 
:p study for the 

~ 

JkWARY-DECEMBER 1 9 6 5 245 

osed 200 Bev accelerator to the Commission in June 1965. In- 
orated in the report were preliminary design criteria for the ,@rP elerator, the physical plant, the associated experimental areas, sup- 

$CC t facilities, and an estimation of the operating staff and budgets. $is is being used as the basis for the preliminary architect-engineer 
ft,,dies which were started in 1965 (see "Some Significant Develop- 
roents77 section of Chapter 1-The Stomic Energy Program-1965). 

proposed accelerator is a 200 billion electron volt (Bev) strong- 
sing proton synchrotron designed to provide about 30 trillion 

f@U 
(3 %ioi3) protons per second, a beam intensitr which would 'b 10 
~ l e s  - Preater than that obtainable from any present high-energy pro- 
ton accelerator. The higher energy of this machine mill provide the 
DCCB s a y  experimental data for furthering the understanding of the 
nsMre of elementary particle physics and will provide the next step 

prop 

a new range of particle energies. 

#ed Foreseen in Mid-1950's 

The need for higher energy experiments in particle physics and 
&e feasibility of extending the strong-focusing concept to higher 
enera accelerators were anticipated in the middle 1950's and became 
,ident at the beginning of this decade, immediately after the CERN 
a d  Brookhaven strong-focusing proton synchrotrons came into oper- 
stion. In February 1962, and again in December 1962, the Lawrence 
Wation Laboratory submitted proposals to the Atomic Energy 
commission requesting authorization to conduct a design study for a 
5 e r  accelerator in the range of hundreds of Bev. These and other 
proposals were considered in the context of the national program in 
5gh energy physics by a scientific advisory panel appointed by the 
-IEC's General Advisory Committee and by the President's Science 
ldrisory Committee (GAC/PSAC). 

Recon1 ni enclat io ns Made 

Among the April 1963 conclusions of the G14C/PSAC Panel was 
the specific recommendation that a high energy proton accelerator of 
approximately 200 Bev energy be authorized 2nd constructed at the 
arhst  possible date.5 On February 26, 1964, while testifying before 

congressional Joint Committee on ,4tomic Energy, AEC Chair- 
Glenn T. Seaborg was advised by the Committee that a national 

P h y  for high energy physics was considered imperative for  the - 
'ReWrt Of the Panel on High Energy Accelerator Physics of the General Advisory COm- * to the Atomic Energy Commission and the President's Science Advisory Committee, 
m18636, April 26, 1963. Single copies are available upon request from the Division 
"ftchnical Information Extension, P.O. Box 62, Oak Ridge, Tenn., 37831. 



246 F A C I L I T I E S  AND P R O J E C T S  FOR BASIC RESEARCE 

guidance of the Congress and the taspaFers. h t e r  that ye 
Joint Comiiiittee heard testimony, which included the need f 

establishment of a national policy for the support of high 

and Teclmology and Scientific Advisor t o  the President. 
The Commission prepared a “Policy for National Action 

Field of High Energy Physics,” and on January 26, this report 
%> transmitted by the President of the United States to the Joint c 
om. mittee on Atomic Energy, with his approval of the guidelines de.;el+ 

oped. The report became the primary subject matter for the ui@* 
Energy Physics Research hearings before the Subcommittee on p,- 
search, Development, and Radiation of the Joint Committee on Atobit 
Energy.‘ The first item in the national policy under the sectiol. 
entitled Specific Plans calls for “* * * construction of a high ener; 
proton accelerator of approximately 200 Bev, in accordance %G 
technical specifications developed by LRL, to  be operated as a na- 
tional facility. This machine should be authorized for design if, 
fiscal year 1967, and for construction in fiscal yew 1968. * * *’) Actio% 
initiated by the Commission in keeping with the national policr aR 
discussed in Chapter 1 of this report. 

“ 3  tk, 
OF ti& 
Qer, physics, from Dr. Donald F. Hornig, Director cf the Office of s ~ ~ ~ ~ ~ ~ ,  k! 

ln th! 

“ 

Policy for National Action in the Field of High Energy Physics, U.S. Atomic E,,@& 
Commission, Washington, D.C., January 24, 1965. Also reprinted as Part of Repon I 
National Policy and Background Information, JCBE, Congress of the United States. F~ 
ruary 1965. Available from Superintendent of Documents, U.S. Government p ~ i n t i e t  
Office, Washington, D.C.. 20402, at  $0.55. 

7 Hearings before the Subcommittee on Research, Development, and Radiation of the jCk 
Committee on Atomic Energy-Congress of the United States, 89th Cong., 1st 8e& 
High Energy Physics Research, Narch 2, 3, 4, and 5 ,1965  
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Chapter 15 

INTERNATIONAL COOPERATION 

The AEC’S program for international cooperation in the peaceful 
of nuclear energy entered its second decade in 1965. The original 

rt@ 
ective of this program was to enable friendly nations abroad to 

Ob’ :hf@ in the peaceful benefits of nuclear technology, under appro- 
tiate controls. Recent developments in the United States and abroad 

P bre placed increased emphasis on the export of enriched uranium 
for me in foreign power programs and on cooperation in the devel- 

ent of advanced nuclear technology. The two principal activities oPm 
hthe international program, the supply of nuclear materials and the 
@change of technical information, involve resources created in the 
cas, domestic program. With minor exceptions, the AEC’s program 

not include direct financial assistance to the atomic energy pro- 
a m s  of other nations ; assistance to nuclear power projects abroad 
jss been funded by the U.S. Agency for International Development 
r,\m) under established ceilings for aid to designated nations. 

C 

IBTERNATIONAL COOPERATION YEAR 

B~ Presidential Proclamation, the United States joined more than 
~I-JO other nations in the observance of International Cooperation 
rear, commemorating the 20th anniversary of the United Nations. 
.\ number. o f  committees were established to review existing coopera- 
rive programs and consider areas for greater cooperation. The Pri- 
rate Committee on the Peaceful Uses of Atomic Energy submitted 
%report to the White House Conference on International Cooperation, 
k1d in Washington November 29-December I, 1965. Among the 
m a s  in which the committee recommended expanded cooperation 

increased emphasis were : international safeguards, nuclear power, 
nuclear desalting, biological control of insect pests, food preservation, 
a d  health and safety. 

247 . 

5 t 7 0 q 5  11 



- -  - - 
~ 

~ 
~ ~- 248 INTERXATIONAL COOPERATIOX ~ ~ ~ - 

International Cooperat ion Panel. The White House Conference on Internationa: 
Cooperation, in late November, completed a U.S. review of existiag coopratirr 
programs as a part of the observance of International Cooperation Year. a 
members, above, of a Panel on the Peaceful Uses of Atomic Energy disc- 
recommendations for expanded international cooperation in nuclear energ 
matters. Left to r igl~t  are : Dr. Robert Hasterlik, University of Chicago; prot 
I. I. Rabi, chairman of the panel and member of the United Nations S c i a e  
Advisory Committee ; Nr. William Webster, president, New England Ele& 
System ; Mr. W. Kenneth Davis, president, Atomic Industrial Forum ; Idr. & 
Burch, A F L C I O  ; and AEC Commissioner John G. Palfrey. Ambassador Hem 
D. Smyth, IAEA (not shown) was also a panel member. 

AGREEMENTS FOR COOPERATION 
The AEC's international program includes as one important a s p  

the implementation of Agreements for Cooperation with the Inter- 
national Atomic Energy Agency (IAEA) and the European Abmk 
Energy Community (Euratom), and with 34 nations, These a p  
ments are in two general categories : those which provide for trmk 
of limited quantities of material for research reactors and other 
small-scale research purposes, and those which provide much lap 
quantities of material for use in power reactors and related develop 
ment work. Both provide for cooperative exchanges of informatia 
U.S. *4greements for Cooperation include guarantees that n d w  

cn 

-0 

c1 - 
CD 

c3, 

0 

lSee page 111 fo r  summary on Mutual Defense Agreements. 
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@iP lneiit and materials supplied b~ the United States to other na- 
are used only for peaceful purposes, and safeguards to ensure 

j@ liance with this guarantee. These safeguards involve broad @lP h s  of verification, including on-site inspection. Safeguards are 
inistered in some cases by the United States and in others by 

a@ international Atomic Energy Agency or the European At oink 
the Energy Community. 

1965 Agreements Changes 

pUrhg 1965, amendments to bilateral Agreements for Cooperation 
negotiated and signed with Austria: Israel, Korea: and Turkey, 

a superseding agreement was negotiated with Brazil,2 to extend the d iod of the original agreements and to provide for the transfer of I)@ depards responsibilities to  the IAEA. Negotiations were opened 
@extend the bilateral agreement with Indonesia. 

Negotiations were completed with Switzerland and continued with 
s w ~ e n  on superseding power agreements. The proposed agreements 
ao&l provide for transfer of safeguards to the IAE,4, increased 

atities of nuclear reactor fuels, and toll enrichment services begin- 4a 
&January 1, 1969. An amendment to the agreement with Spain, 
@ntaining similar provisions, was negotiated and signed during the 
re8r. 
' The Agreement for Cooperation with Belgium, concluded in 1955 
before the establishment of Euratom, was permitted to expire in July 

mutual consent and special nuclear materials needed for Belgium's 
nbclear program will be made available under the US.-Euratom 
agreement. Direct technical cooperation with Belgium in areas of 
mutual interest will, however, continue. The civil uses agreement 
lFith the United Kingdom, scheduled to expire in July 1965, was ex- 
tended in its present form for one year. (See Table 1, ,Qppeiidix 5, for 

of Llgreements for Cooperation.) 

TECHNICAL EXCHANGES AND COOPERATIVE 
PROGRAMS 

INFORMATION EXCHANGES 
The AEC conducts technical information exchanges with foreign 

@vem..ments, Euratom, IAEA, and the European Nuclear Energy 
-kPncy (EhTEA) . These exchanges, primarily in reactor technology, 
~ E E  intended to pool the benefits of foreign and U.S. techological 
hrelopments. Riajor activities during 1965 are summarized on the 
bno~ng pages. 

be effective upon ratification by these governments. 



INTERNATIONAL COOPERATION 

a new IO-year information exchange program on fast reactor technology, 
arrangement calls for exchange of research and development data on 
of fast reactors for civil, land-based power stations up to and hcl 
construction and operation of prototype reactors. Photo below showg 
April signing of a memorandum by the United States and Israel co 
arrangements for a feasibility study of a proposed dual-purpose nuclea 
desalting plant for Israel. Shown at the signing, left to  right ,  are : Ambaa& 
Abraham Harmon of Israel ; Kenneth Holum, Assistant Secretary for Water 
Power Development, U.S. Department of the Interior ; AEC Commissioner Jz g c 
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teral Exchanges and Programs jilfl 
L-qb;t& Xingdom. An expanded fast reactor information exchange 

nlent vas established in 1965 between the ,4EC and the U.K. dree 
ic Energy Authority to supersede the original 1956 agreement. ltom covers all aspects of fast reactor research and develop- 

t including information on the construction and operation of :he 
Ben totype reactors. The five-year gas-cooled reactor exchange, cover- 
I@ the lJ.K.’s Advanced Gas Reactor (AGR) and the ,4EC?s Esperi- 
n, Gas-Cooled Reactor (EGCR) originally signed in 1959, was B e n  
gten 

cads , The five AEC Commissioners visited Canada, during June 
85, for a meeting with senior officials of the Canadian atomic energy 
,ro, marn to discuss the joint U.S.-Canadian heavy mater reactor effort 

ded to July 1968. 

Yhforic Meeting. Discussions with Canadian atomic energy officials and brief- 
E@ on the Canadian program highlighted the visit of the Commission to Canada 
&Jane. It mas the first time the five-member Commission had made a foreign 
@it as a group. Left to right: Commissioner James T. Ramey ; Commissioner 
*ld E’. Tape ; Xlr. J. Loren Gray, president of Atomic Energy of Canada, LM. 
. a c L )  ; AEC Division of International Affairs Director Myron Hratzer ; AEC 
=man Glenn T. Seaborg; Commissioner Alary I. Bunting, whose term as a 
Yissioner ended in June ; AEC General Manager Robert E. Hollingsworth ; 
-r.’X. B. Lewis, vice president, AECL; Commissioner John G. Palfrey; Dr. 
%I J. t’ander ’Keyden, then AEC Deputy Assistant General Manager for 
kdOrs; Charles Grinyer, AECL Board; R. L. Hearn, AECL Board; D. M. 

AECL Boar5 n 0 4 5 2 
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and other cooperative activities. 
tiyely scheduled for 1966 in the United States. 

Canada in 1965 providing for cooperation in the developlent 
Heavy-Water Organic Cooled Reactor (HT’F’OCR) . 

A second joint meeting was nh 

“d A new arrangement was reached between the United Stat, 
of tl-& 

G e m n y .  Over the past eight years, the United States and 
Federal Republic of Germany (West Germany) have developed a da3, 
collaboration in several specialized areas of mutual interest. a 

nuclear superheat work being performed at Vallecitos, Calif, b ’ S t b  
General Electric Co. Germany is contributing $3.5 million to th 
program and will provide the United States with information on ib 
existing and future programs in the nuclear superheat field. An ad&i. 

Oped,  tional cooperative arrangement provides that fuel elements devel 
fabricated, and purchased in the United States will be tested in tG 

cted pebble-bed, high-temperature, gas-cooled reactor being con&m 
at  Juelich in Germany. The United States and Germany ex. 
change information and visits as a part of this program. GemanT 
is also participating in the Southwest Experimental Fast Oxide & 
actor (SEFOR) project in Arkansas, construction of which start4 
in September 1965. (See Chapter 7’-Civilian Nuclear Power.) 

The U.S. has entered into an arrangement with the GESS, a Don- 
profit company supported by the German federal and state govern- 
ments and Euratom, which is responsible for the development, 
construction and operation of the nuclear ship Otto Eahn. Under th 
arrangement, the AEC will lease fuel for the first core of the O b  
Hahn and provide information on the NS Savannah, and in return 
will receive detailed information on the Otto Hahn project. 

arrangement provides for German participation in ~ C - s p o n s O w  4% 

ZtaZy. The United States and Italy, in November 1965, signed8 
contract under which “spent” thorium-uranium fuel elements fiom 
the U.S. Elk River, Minn., reactor will be reprocessed and refabri- 
cated by an Italian plant and subsequently reirradiated in the United 
States. This cooperative program will demonstrate the technolog 
associated with the complete recycle of thorium-uranium fuel and d 
assist in development of information on the use of low-decontamh- 
tion, remote fabrication fuel cycle technology. 

Xpain. The AEC and the Spanish Junta de Energia Nudm 
have under consideration a prospective cooperative program in tb 
development of heavy-water, organic-cooled power reactors includa 
an exchange of technical information. Under this arrangemat, 
subject to  congressional authorization, the AEC would loan hhe inid 
inventories of heavy water and enriched uranium for the SPm i.& 

Other Assistan, 

Cooperation 
of participation 
muntries, and i . ~  
tion, mining, ant 
m t i n g  Arge~ 
hkistan, Peru, 
wet Germany, 
a d  inspection 
for them. Durb 

?Feden, and the 
huowin, count 

P 



ited States 
dopment of the 

S t a h  and the 
leveloped a ~ 1 %  
nterest. A new- 
A-EC-sponsora 
)s, Calif-, by the 
million to  this 

Eormation on its 
field. addi, 

nents developed 
be tested in tl-,; 

ermany will ex. 
Tam. German, 
Fast Oxide Rl- 

I f  which started 
,r Power.) 
e GKSS, a non- 
nd state govern- 
he development, 
ahn. Under this 
wre of the Otto 
,h, and in return 
lroject. 

?ig construc&d 

v 1965, signed a 
51 elements from 
sed and refabri- 
;ed in the United 
e the technolog 
ium fuel and d l  
.ow-decont amina- 

Energia Nuclesr 
program in the 

meactors including 
Lrrangement, and 
Id loan the initid 

JANUARY-DECEMBER 19 6 5 253 

000-electrical kilowatt (eka) DON prototype power reactor near 
. I n  return, Spain would provide the AEC with design, con- I t  

jfnd rid 
* 

P -tru 

su&n. In mid-1965, the AEC signed a cooperative exchange ar- 
ernent with Sweden on nuclear superheat reactors. Under this ar- 
ment, the United States Kill receive information on the Swedish & 

3@@ clear superheat effort which is centered on the Marviken reactor, a ’‘ water moderated and cooled, direct cycle, integral boiling super- h @ g  and slightly enriched fueled reactor some 130 miles south of 
jtNaolm. I n  return, the AEC will provide information on its ex- 

and future programs in nuclear superheat work and past pro- 
@s relating to heavy water moderated and cooled reactors. 

ction, and operating information on the DON reactor. 

iissg 
e 

Soviet Union. The formal exchange of technical teams with the 
%viet Union continued in 1965. Soviet delegations on reactor tech- 
a o l o ~  and radioactive waste disposal visited US. facilities, in return 
jar similar U.S. visits to the U.S.S.R. in 19M. I n  December, a U.S. 

of specialists in radioneurological research visited medical f acili- 
des in the Soviet Union, and a Soviet delegation of low-energy physics 

ialists visited facilities in the United States. Long-term reciprocal P 
m r c h  assignments by specialists in the field of high energy physics 

completed. The first phase (United States to the U.S.S.R:) of 
long-term controlled thermonuclear reactions research specialists 

schange was carried out in November when a U.S. physicist arrived 
i t  the Lebedev Institute in Moscow for a three-month stay and a U.S. 
gientist was placed at Kharkov in December for six months. The 
cnited States and the Soviet Union exchanged several delegations to 
conferences and scientific symposia during the year and continued 
&e reciprocal exchange of recent scientific and technical reports. 

b 

Oher Assistance to Foreign Programs 

Cooperation with foreign governments has also taken the form 
irf participation in international symposia, advisory visits t o  various 
mtries, and information exchange in the fields of uranium explora- 
don, mining, and milling. Twenty-three geologists and engineers rep- 
mting Argentina, Australia, Canada, Egypt, France, Mexico, 
&tan, Peru, South Africa, Sweden, Turkey, United Kingdom, 
Fa Germany, and Yugoslavia, and Euratom visited AEZ offices, 
Qd inspection tours of operating mines and mills were arranged 
f@fhm.  During the year, AEC geologists and engineers visited the 
Mowing countries : Argentina, Brazil, Chile, France, Peru, Spain, 
heden, and the United Kingdom. 
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Cooperation With International Organizations 

I;zttematimux;Z A tanzic E7~ergy Agemy (IAAEA). The ~lli.~, 
States Iias continued its policy of giI7ing strong SLIpport and 
tion to the IAEA, through the proI-ision of cost-free experts, fellGk 
ships, equipment grants, and technical information. For the Sere 

materials for use in the Agency’s research and medical therapy 
ects. IXaterials under these offers hare been donated in th 
Finland, Pakistan, Norway, the Congo, R k i c o ,  Srgentina, and yllcrf, 
slavia for use in research reactors. I n  December 1965, $39,868 woytcG: 
material was donated to the Agency for a hckheed  research paetQi 

in Uruguay, and $10,732 worth of materials was added to the pritl 

U.S. experts participated in all of the meetings of the Special groul 
established by the I A E A  Board of Governors to sirnpli5 
strengthen the Agency’s safeguards system. I n  February 196j, 
Board gave provisional approval to the revised system and, 
consideration by the Ninth General Conference, final approval 
given a t  a September meeting in Tokyo. The new safeguards SFstez 

mas put into effect on September 2fL3 

CoOrjea 

successive year, the United States donated $50,000 worth of nucl% 4€i 

w 

e Past 

donat ion to  Argentina . J. 

International Trilateral Agreement Signing. Agreements were signed in Toe- 
in September, during the International Atomic Energy Agency’s Ninth Genm 
Conference, under which the United States will transfer to  Uruguay’s Nucl s  
Research Center a t  MonteTideo, a 100-thermal-kilowatt research reactor sd 
the necessary nuclear fuel. The  transfer will take place through the U.S.-IAu 
Agreement for  Cooperation, and the  reactor and materials will be subject: 
the International Agency’s safeguards. Shown signing the agreement, k?# ? 
right, a re  : Professor Alfonso Frangella for  Uruguay ; Director General Sip& 
Eklund for  the IAEA ; and AEC General Nanager Robert E. HollingsWDra fg 

the United States. 

cn 
c3 
c> 
a 
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J= 

* See also p. 283, “Annual Report to Congress fo r  1963.” 

Inter-Amem’ 
IANEC joinec 
soring an Inte 
aspects of nuc 
Bep resen tative 
presented pap( 

In support 
energy in othe 
of unclassified 
exhibits in 25 
participated ir: 
dedicated to  th  
and advisors E - 

‘See p. 238, “AD 

795-95Q-Rc 



.he special g o u p  
:o simplify and 
bruary 1965, the 
rstem and, after 
a1 approval w a  
Lfeguards s p t e m  

.ere signed in ToQe 
mcy’s Ninth Genm! 
D Uruguay’s Kuele&tr 
esearch reactor and 
rough the U.S.-lAEA 
is Fill be subject 
te agreement, le? tr-  

ctor General S i P d  
E. Hollingswortb f@ 

JAVUARY-DECEMBER 19 6 5 255 

EGTopean -4tornik Energy Commni t y  (Euratom). Tlie United 
<:,@ and Euratom have continued close cooperation in important 

elopment areas such as (a) fast reactors: (6) the Joint Eesearch 
del. Development Program which is devoted to improvement of the 
flfi ,+,rmance of U.S. light water power reactor types, including the 
jDserina D of fuel cycle costs associated with reactors built under the 
,oint program, and (c) the Joint Power Reactor Program. 

TJle AEC and Euratom have also agreed to undertake a joint 
gl ‘tical experiment at the Oak Ridge National Laboratory related to  

fast neutron burst, liquid metal cooled, source reactor, SORA, fie ,rllicll would serve as a unique tool for nuclear measurements and 
abich has been designed by Euratom. 

EuTopean Nuclear Energy Agency (EhTEA). The AEC cooperates 
db ENEA through information exchanges and participation in 
F i f i c  projects. The United States continued participation in the 
EflA’s Halden Boiling Water Reactor Project in Norway, and ar- 
raO8 nements were completed for the exchange of nuclear data and 
computer programs with the ENEA Neutron Data Compilation Center 
gt Saclay, France. The AEC’s association with the ENEA Dragon 
bi& temperature, gas-cooled reactor project in the United Kingdom 
and with Eurochemic (European Company for the Chemical Proc- 
&ng of Nuclear Fuels) continued during the year. I n  addition to 
participation in many ENEA study groups, the ,4EC is cooperating 

the recently established food irradiation program at the Austrian 
$clear Rese a rcli Center a t  Sei bersdor f . 

Inter-American Nuclear Energy Commission ( IANEC)  . The 
fifiTEC joined with the SEC’s Puerto Rim Nuclear Center in spon- 
soring an Inter-American Conference on the economic and technical 
q e c t s  of nuclear power generation in Latin America, in February. 
Bepresentatives from the United States and Latin American countries 
pmented papers and participated in technical discussions. 

RESEARCH ASSISTANCE 
In support of research programs in the peaceful uses of nuclear 

energy in other countries, the AEC maintains 82 depository libraries 
of unclassified nuclear material abroad, has conducted atomic energy 
dibi ts  in 25 nations and a t  6 international conferences, and has 
Participated in 3 major international nuclear conferences at  Geneva 
ddicated to  the sharing of nuclear technology. Technical consultants 
ad Ildvisors have been sent abroad to assist the developing nuclear - 

‘&e P. 238, “Annual Report to Congress for 1963.” 
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programs of cooperating nations, both bilaterally and tllrougt, ~~~ 

portunities in peaceful uses of atomic energy are afforded to titi: 
of Free TVorld countries in AEC-operated laboratories anc] 

have been accommodated in AEC facilities. These fa reim natiOba, 
may be sponsored by their on-n government, by the U.S. A 
International Development, or by an international organization 
the IAEA. 
modated in S E C  facilities in 1965. 

International Atomic Energy L4genc)-. Training and researdl i*c 

Puerto Rico Nuclear Center; since 1955, over 3,000 foreign natlc,na.i- at tl& 

I; 
gencj, fq 

Nearly 400 foreign students and guests were Such 8; 
“r€& 

Research Reactors 

More than 50 U.S.-built research reactors are operating or be. 
built abroad under Agreements for Cooperation between the 0% loir 

&vw States and other nations or international organizations, and 
thousand radioisotopes shipments are exported annually for use 
foreign medical, agricultural, and industrial research programs, % 
United States participates in IAEA-sponsored regional study 
to assist in developing sound programs in newly established rea* 
reactor centers in IAEA member states. 

At the end of 1965,22 of 26 grant commitments made between 1~ 
and 1962 had been paid to assist other nations to acquire U.S.-desim 
research reactors. 
completion of the reactors. The deadline for submission of prop& 
under this program was in 1960. 

The remaining commitments will be paid 

“Sister” Laboratory Program 

The first “sister” laboratory arrangement, between Broobhavefi 
National Laboratory and the Celrmece Nuclear Center in Turkey, htI 
been extended to June 30,1966. Similar relationships have been est&= 
lished between the Argonne National Laboratory and the Institute for 
Atomic Energy, National Tsing Hua University in Taiwan duritig 
1965, and with the Institute for Atomic Energy in Korea in 1964, fi; 
October 1965 a sister laboratory arrangement mas established for QX 

year between the Puerto Rico Nuclear Center and the Colombian Zrt. 
stitute of Nuclear Affairs at Bogota, Colombia. A similar a r r q  
ment was being developed in December between Brookhaven and tfn 
Democritus Nuclear Center near Athens, Greece. Assistance is pm 
vided by the U.S. sister laboratory to these research reactor facilitisk 
periodic visits of U.S. scientists, through the exchange of correspond+ 
ence, and through provision of AEC publications and minor itera of 
equipment. 
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INTERNATIONAL SAFEGUARDS 
!r1 le United States has consistently supported the development of an 

Bectiire system of international safeguards under the International 
lic Energy Agency. These safeguards are applied to the nuclear iton 

terials, and to equipment and facilities supplied by one nation 
#18 

to ensure against their diversion from peaceful nuclear 
tfi 

nTaItS. 
Agency's 1965 General Conference adopted a U.S.-originated 

lution to note with approval the revised safeguards system for 
$0 ]ear materials and equipment which are subject to IAEA safe- 
IIUC 
ctllddrds, Following approval by the General Conference, the system 

ut  into effect by the IAEA Board of Governors. The revised EfM P 
-r&m is substantially that which was earlier approyed, though the 

sage is less complex and precedures have been simplified. U.S. 1% resntatives contributed extensively through the working group @P &t3blished by the Agency to carry out this revision. 

1' 

5 

jAEA Znspections 

TO encourage development of an effective and impartially admin- 
gemd international system, the U.S. has voluntarily placed two 
dyilian prototype power and two research reactors under the IAEA 
&em; one of the power reactors is the 175,OO ekm Yankee Nuclear 
ioaer Station at Rowe, Mass. This mas done to provide additional 
eqerience for IAEA inspectors, to demonstrate the effectiveness of 

system, and to support the U.S. position that these safeguards 
40 not interfere with efficient operation of the reactors. During 1965, 
the IAEA conducted 10 inspections of U.S. reactors. The United 
States mas joined in this demonstration program by the United King- 
dom in June 1965, when the United Kingdom offered the 300,000 ekw 
Brad~ell Nuclear Power Station for placement under IAEA 
ssfeguards. 

fmnsjer of Bilateral safeguards 

The United Shtes  began in 1960 to seek the transfer of bilaterally 
administered safeguards to the IAEA. In September 1963, the 

such transfer was accomplished by means of a trilateral agree- 
amt, signed by the United States, Japan, and the IAEA, providing 
for the administration of the agency's system of safeguards over nu- 
hr materials and equipment supplied by the United States. to Japan. 
bagements have been completed For the IAEA to administer the 
gfeguards applied to the nuclear materials, equipment, and facilities 
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- IAEA Inspections. The privately owned Yankee nuclear power station, R~~~ 
Mass., was the first large power reactor to come under IAEA safeguards insyw- 
tion and is one of four domestic reactors voluntarily placed under internatioM: 
safeguards by the United States. I n  aZ)oz;c photo the inspection team is shorn 
in the reactor control room of Tankee, Eeft to r ight :  John Downing, AEC DiybjoL 
of International Affairs ; Tuzuro Motoda, IAEA inspector (Japan) ; QobMa 
Nakicenovic, director IAEA Safeguards and Inspection Division (Pugoslaria,. 
Charles Keenan and Herbert Waite of Yankee Atomic Electric Co. ; and ~~h~ 
Skjoeldebrand, IAEA inspector (Sweden). I n  the background, members of tQ 
inspection team’s staff make photographic records of dial readings. Experiena 
has shown that the IAEA inspections can be conducted without interferene 
efficient operation of the reactor. In  photo below, Mr. Motoda ( l e f t )  inslm 
the fuel element canal at the Brookhaven Graphite Research Reactor Khi& 
along with the Medical Research Reactor at Brookhaven Xational Laboratoc* 
has been under IAEA inspections since 1962. 
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lied by the United States t o  seven other nations. A number of 
gpp trilateral agreeements for transfer of safeguards have been 
,rneds ?$egotiations continue for the transfer of remaining U.S. bi- 

afeguards as other U.S. agreements approach expiration dates. 
the other supplier nations, Canada and the United Kingdom 
ered into negotiations to transfer administration. of specified 

teral safeguards to the IAES. I n  October, the IAEA approved its 
tion of safeguards over materials and technical equipment re- 
fly transferred between Canada and Japan. Similar trilateral @flP 

jp@mts were approved in 1965 covering safeguards on the United ' bdom agreements with Japan and Denmark. tiin, 

- power station, R , , ~ ~ , ,  
.EA safeguards inswc, 
ed under international 
pection team is shornl 
)owning, AEC Dirision 
or (Japan) ; Sloboden 
bivision ( Tugoslaria : 
ectric Co. ; and Robert 
round, members of the 
readings. Esperieucv 
rithout interference to 
Uotoda ( l e f t )  inspects 
search Reactor which. 
National Laboratory. 

. .  
. ,  

Q/,,guards Advisory Panel Formed 

T~ assist in the continued development of effective safeguards, the 
c4mission authorized the formation of a Technical Advisory Panel 

aceful Use Safeguards. The panel will advise the AEC on tech- en pe 
Dl 3 ~ ~ 3  matters relating to the further development and implementation 
of improved safeguards procedures. Representatives with substantial 
eerience in the various phases of nuclear energy from the nuclear 
&dusty and from AEC laboratories mill constitute the panel. 

NUCLEAR POWER 
The year was marked by increased international interest in the 

development and application of nuclear power reactors. Additional 
manufacturing experience, reductions in the capital costs of nuclear 
plants, and the passage of legislation providing for private ownership 
of nuclear fuel have combined to place the United States in a strong 
Dosition Kith regard to foreign sales of reactors and nuclear fuels and 
k r i a l s .  ,4 total of 12 US.-type power reactors are completed or 
andeer construction in other countries and 3 more are in the planning 
afs,oes. 

1965 Developments 

Construction of India's first power reactor, the 380,000 e h  Tarapur 
plant designed by International General Electric, was approximately 
22 percent complete late in 1965. The tvin reactor plant, located 
& a h  of Bombay, is scheduled for completion in 1968. 

h t h e r n  Spain will be the site of a M0,OOO ekn- nuclear powerplant 
f h h n o r ) ,  to be built by General Electric, expected to reach criti- 
a l i t~  in 1970. Spin's first nuclear powerplant, rated a t  153,000 ekw, 

under construction near Madricl by Westinghouse, for Union 
&pica Rfacirilena (I~TEBI). 

.,I 

. I )  * t * L  
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_ I  _ _  - - 

- 
U.8.-Built Reactors. Drawing above shows the general configuration op 
350,000-electrical-kilowatt (elm) pressurized water nuclear powerplant, gR& 
erland’s first power reactor, which will be built by the Westinghouse ~ 1 ~ -  

utility in Switzerland, at Beznau near Baden on the Aare River. The a*s 
sketch below shows the 300,000-ekw boiling-water reactor to be built 
Nuclenor, a Spanish utility, by the General Electric Go. The plant is to 
located at Santa Maria de Garona on the Ebro River, in northeastern Sme 

Corp. for Nordostschweizerische Kraft Werke A. G. (NOH) , the largest elwe -. 
I 
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tze&,nd’s first large-scale nuclear powerplant, a 350,000 &IT 
the KOK), mill be built by Kestinghouse in the Aar region. 
t is scheduled for completion by 1961). 
tember, General Electric Co. was selected as the contractor 

’S 325,000 ekw JAPCO No. 2, to be completed in 1969. 

NUCLEAR DESALTING 

of reactors for dual-purpose power generation and the 
&&ltW 6 of sea or brackish water is of strong international interest. 

i d a t  Johnson on numerous occasions has pledged the United f”” to share U.S. desalting technology with other nations. On @teS 
;ep@rnbe’ 9, 1965, he stated that: 

‘Lour Government is proceeding with an aggressive program of 
nuclear desalting. We invite all countries to join with us in this 

What me learn from this program will be shared with the 
world.” 

The Use 

& 

- 

for Peace” Program 

On October 7, the President announced initiation of a U.S. “Water 
for peace’’ program to find solutions to man’s water problems through 
I Dssive international cooperative effort. The announcement was 
4 6  during the First International Desalination Symposium held in 
ffssbington, D.C., October 3-9. Delegates from 55 nations and 6 
hmational organizations attended. 
me AEC’s foreign activities with other Government organizations 
coordinated through the Interagency Committee for Foreign De- 

dting. This Committee, which is composed of representatives from 
Departments of State and Interior, the Agency for International 

Development, the Bureau of the Budget, and the AEC, was formed 
wly in 1965 to provide guidance on foreign desalting programs. The 
hternational Atomic Energy Agency serves as a focal point for U.S. 
mperation abroad in nuclear applications to desalting. 

Wies Underway 

-h agreement was signed on October 7 at  the White House between 
hUnited States and Mexico providing for a joint preliminary study, 
der IAEA auspices, of the feasibility for a large nuclear power- 
hlting plant in Mexico near the Gulf of California. This agree- - 

a 0  Chapter 7-Civilian Nuclear Power, “Nuclear Desalting Applications” item for 
weal background. 
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merit was the culmination of a series of discussions and negotiati 
among the three interested parties which began in the spring of 1% 

The United States has participated in reviewing the need S and 
tential for nuclear desalting plants in Israel, Tunisia, and the GrGb~ 

N ,4rab Republic in cooperation with these countries. Discussionp ab5 consultations with many other interested nations have beell held. 
preliminary joint survey by the United States and Israel of 1 4 

SQl-g 
a jobk water and power needs mas completed in late 1964, and 

financed feasibility study with respect to a nuclear power desal%$ 
% plant was nearly complete at year's end. 

field of nuclear applications to  desalting was concluded 
~~ Italian National Nuclear Energy Commission ; the IAEA is to rw.e 

reports exchanged under these arrangements. A reciprocal pro& 
is being conducted viith the U.S.S.R. for the exchange of tecbiN 

in ti& An arrangement for the exchange of technical information 

information in the desalting field, including the use of nuclear en e% 

MATERIALS SUPPLIED ABROAD 
The AEC?s policy for supplying enriched uranium and heavy 

abroad has been to permit lease for research purposes, including k- 
search reactors, and to sell these materials when used for power reacb 
purposes. Pending the implementation of toll enriclment in 1 ~ ~ -  
the AEC is developing with several foreign users arrangemenb fR 
the supply of enriched uranium under which natural uranium is %* 

cepted as partial payment. These arrangements are : 

Contracts may also be drawn in appropriate cases with foreign w2 
providing for tlie deferral of payment for the initial inventoq d 
enriched uranium fuel for a specified period, normally ten years, f& 

c.7 lowed by repayment in installments during the following ten p .~  

Chemical Processing of Foreign Reactor Fuels 

0 
c3 
,I> 
c-7 
I;' 

Iv 
During tlie year, the AEC negotiated service contracts vith FmE 

and Germany for the processing of Materials Testing Reactor-W 
spent fuel elements. A total of four countries-earlier contracts h ~ -  
ing been signed with Canada and Sreden-now obtain chemical Pm 
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wessilzg of Foreign Fuels. Spent reactor fuels from Sweden and France were 
ippd to the AEC's Savannah Rirer Plant for chemical processing during the 
u. Photo shows one of two French fuel casks being unloaded from the Nor- 
=$an vessel Georgia at dockside in Charleston, S.C. The Savannah Rirer 
a t  is also a reprocessing center for heary water and has received shipments 

Canada, France, India, and Australia. 

zing services from the United States. At the close of 1965, some 30 
lpments of spent reactor fuel from abroad had been sent to the AEC's 
mnnali Rirer Plant and the Idaho Chemical Processing Plant. 

sports and lmports of Special Nuclear Material 

TO assist in the return of US.-originated fuel for processing and 
mtual return of nev reactor fuel, the AEC has cooperated by brief- 
%officials of a number of US. ports on the shipment of irradiated 
bls preliminam to obtaining local approval for such shipments, a 
Wirement of U.S. Coast Guard regulations. During the year, 14 
2~ ports were cleared bringing the total of U.S. ports cleared for the 



264 IPI'TERh'ATIONAL COOPERATION 

return shipment of highly radioactive niaterials to 33. The so,, 
Interstats Nuclear Board Bas undertaken a study for th e AJ$'Q 
measures designed to improve and encourage the return of f rJ: 

O h i a  
e A& irradiated reactor fuel to the United Skates for  processing. Th 

with the cooperation of domestic and foreign carriers, is cant' - 
l4l.i i r:; its efforts to  bring the shipping costs of radioactive materials ;II 

reduced to about one-fourth of the earlier rate during 1963, 
with other comparable commodities. Sir transportation costs bc 

h p ,  

Value of Materials Distributed Abroad 

As of mid-1965, the SEC had distributed through sale, ]ea&  art^ 
deferred payment sales, special nuclear and other materials abroad 
to tile approximate total value of $141.7 million, resulting in d 
revenues to the United States of $84.6 nlillion to date. 

abroad. ) 

o h :  
(See Table Appendix 5, for breakdown of U.S. nuclear material distribnw c 
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Chapter 16 

NUCLEAR EDUCATION AND 
INFORMATION 

fie AEC’S cooperative education and training work with the 
cstion’~ schools continued to expand during 1965, and the amount 

@a of information about nuclear activities made generally avail- 
&le t]lrough exhibits, scientific and teclinical documents, films, and 
rstents increased. 

EDUCATION AND TRAINING 
~ ~ d g  1965, the ,4EC continued to administer n wide variety of 
mal educational assistance programs primarily aimed at support- 
@ and strengthening nuclear science and engineering education 
boughout the Nation’s educational community. Major emphasis mas 

n graduate studies. The knowledge and experience of teacher- P 
~entists vas broadened and kept up to date by participation in AEC- 
wmred research, postdoctoral fellowships, institutes, short topical 
kferences, and other specialized programs. AEC traineeships and 
aomhips provided universities with the means to attract capable 
nduate students into nuclear science and engineering. Grants for 
nching equipment and loans of nuclear materials to colleges and 
aiaiversities made possible improved and expanded programs to in- 
mse nuclear knowledge. Secondary school curricula projects and 
Sstutes for secondary school faculty also received limited support. 
b e  AEC also supported a large number of research projects at  
alleges and unii-ersities under its various basic research and devel- 
Fment programs. These research programs also provided educa- 
3rd and training opportunities for graduate students who served 

research assistants to outstanding faculty members. 

bganizat ion 

reorganization of the *4EC’s nuclear education and training pro- 
m during July 1965 established two new branches, an AEC Lab- 
w o 9  Relations Branch and the University Relations Branch. The 

265 
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first provides increased emphasis for the direction and coordbr 
of the AEC's expansion of cooperative educational program dtL- bet, 

major research and deTelopment sites. The second adlninisters '**E 
Qt. 

at urliieF 

and sites. - 

educational institutions and S E C  multipurpose l:1boratories and ol' rti. 

. sities and colleges as distinguished from those a t  &4EC labopalot;, -sa 

clear education assistance programs conducted primarily 

Graduate Felloics. Under the graduate fellowship program Conducted for a 
AEC by the Oak Ridge Institute of Nuclear Studies, fellowships are aaaru 
primarily to candidates working for  the doctor's degree (Ph. D) .  The fello+, 
ship permits the students to conduct thesis research at one of the AEC's 
Ridge, Savannah River, or  Puerto Rico laboratory facilities. Photo shorn 
graduate students working in a Chemistry Dirision laboratory at Oak Ride 
National Laboratory. 

UNIVERSITY-AEC LABORATORY COOPERATIVE 
PROGRAM 

During 1965, the university-AEC laboratory cooperative proem 
at  selected AEC laboratories included activities such as faculty R- 

search training, faculty and student use of laboratory facilities, COB- 

ferences, seminars, lectures, conduct of short-term specialized C O U ~  

temporary eniploynient for faculty and students, and offsite edua- 
tional services by ,4EC laboratory scientific and engineering std 
members entailing part-time teaching, traveling lectures, and std 
excliaiiges s i t h  university and college faculty. 
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3, result of increased awareness of the unique contribution -4EC 
ities can make to colleges and universities, these cooperative ac- $5 

F *g 
@‘. ,spanded during the pear. Factors contributing to this ex- 
p i o n  were: ( a )  universities and colleges already in the program 

sed their interests in nuclear energy; ( 6 )  more and more insti- 
tiODs with rapidly expanding enrollments inaugurated graduate ’ 1 in science and engineering and found it advantageous 

ths AEC’s program; ( e )  additional AEC laboratories in 
?de]8 dispersed geographic locations became actively interested in 

‘opportunities ; and ( d )  several university and college associa- 
were formed with the stated purpose of using AEC laboratories &@ 

&er Government installations as an Integral part of their ii@ 
d micdar offerings. 

,rlt@ 

$C* 

y and Student Use of AEC Laboratory Facilities 

s d e  variety of programs are available for cooperative research 
education programs between the Nation’s educational institutions 

@dmany AEC sites. The educational programs which may be acti- 
ded at any given site are dependent upon the nature of the specific 
w r e h  and development mission of the AEC facility and the prox- 

of the site to educational institutions. Arrangements for uni- 
use of AEC facilities may be made through the related coopera- 

university associations or, where such organizations do not exist, 
bdiridual faculty members may make arrangements for themselves 
gd/or their students on an individual basis with the directors of the 
Zrticipating AEC facilities. An estimated 700 faculty members and 
200 students from 500 different institutions had some degree of par- 
Spation in these various cooperative arrangements during 1965. 

Faczclty research participation. Through the use of educational 
hds: research training is being provided to a limited number of 
Lculty members Tho are assigned to various laboratory facilities 
primarily for the research experience they will obtain. Sf ter  several 
&ow of such research training, the faculty participant normally 
kvelops sufficient research capabililty to become eligible for support 
d e r  the &4EC‘s research and development program. m e t h e r  or 
xt such support is developed, the faculty member is appreciably - 

’%e AEC ‘‘Annual Report to Congress for 1961” (pp. 239-311) identifies associations 
In addition, during 1965, 

*@a1 States universities and Associated Colleges of the Chicago area became associated 
Argonne National Laboratory, and the Inter-University Committee expanded its 

*tive endeavors with the Pacific Northwest LaboratorF. 

montinne to work with the respective AEC laboratories. 
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benefited by this experience. During 1963,111 fncdtp me1l1ters f r  
$9 institutions receired research training at S laboratories. % 

Student rese urch part ic ipan t s. S e I e c t e d 1111 dergra du t e st ~~~~~ 

in science ~ h o  have completed at  least their junior year are 
opportunities to participate in research t r a in iq ,  primarily 

“cy& 

the summer months. This experience f reqUelltlJ’ results in the;, u% 
tinuing their studies a t  the graduate level. During 196;5,2;-3 Stud,a % 
from 165 institutions participated in this program at 9 
laboratories. -Q 

Omthe-jo6 tra&r&ig. Training assignments for Health Phu-. 
Fellows are provided by a11 AEC Kational Laboratories, tile xatioM r 5% 

the 3 months at  an ,4EC laboratory or site, extensive training is u% ~~~ 

Reactor Testing Station, and the Puerto Rico Nuclear Center, D 

in the practical aspects of health physics. &4 total of 29 fellQ. 
participated in this activity during 1065. 

CONDUCT OF SPECIAL COURSES 

Radioisotope Techniques Courses 

The Oak Ridge Institute of Nuclear Studies (ORINS) under 
tract with the AEC, has offered over 23 different types of cOIlm 
during the 17 years of its existence to meet the needs of specjw 
groups. During 1965, 230 scientists, engineers, physicians, f a c h  
members, and others have received training in the latest rem4 
techniques and analytical methods avai1,zble in the application d 
radioisotopes. Even though many universities nom give basic tmie 
ing in this area, they, as well as industry, still look to the AEC fK 

leadership in this field. Thus, through the years these coursag 
ORINS have become more advanced and more specialized in ME 
techniques, instrumentation? and course content. These and o t k  
ORINS courses are open to people from abroad also, if space 4 
available. 

Medical Qualifications Courses 

The ORIKS medical qualifications courses offer basic training 
clinical experience in the safe handling of radioisotopes and are 
signed to train physicians in diagnostic procedures, thus prepr& 

a Effective January I, 1966. the corporate name of the Oak Ridge Institute Of 
Studies will be changed to “Oak Ridge Associated Universities.’’ The Oak Rid@ In* 
of h’uclear Studies will remain an operating unit of Oak Ridge Associated udd ifs and will continue to function as a major avenue through which member COBeW 
universities participate in and support the Nation’s nuclear energy programs. 
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4 i c a z  Training. In photo Uboz-e, a senior from Hnox College, Galesburg, Ill,, 
liquid nitrogen during the course of a physics experiment at Argonne 

@ Q&ml Laboratory. She was 1 of 11 students taking part in  the “Argonne 
-ter,” a school-away-from-school program administered by the Associated w of the Midwest (ACM). The program enables carefully selected juniors 
*dors from ACM colleges to spend one academic semester a t  Argonne. 

,to below shows a summer student trainee at the Medical Division of the Oak F 
*e Institute of Nuclear Studies. This program permits college students in 

Who hare completed their junior year to participate in research training 
o the summer months. The student shown is from Prairie View Agricul- B r b  
a d  iliechanical College of Texas. 

c+ 
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them to meet necessary AEC licensing requirements. Sidy-six p. 
sicians completed this course in 1965. 

Mobile Isotopes Laboratory Courses 

*4 third mobile laboratory was placed in operation during the Se 
These laboratories provide instruction and training in basic rad 
isotope techniques for both faculty members and students at sm 
colleges which have limited staff and essentially no appropriate fac 
ties. They also provide additional training suppod to  Some facu 
institutes at universities conducted during the summer. During 
year, a total of 29 colleges were visited for two weeks' special train; 
at each. 

Nuclear Reactor Courses Discontinued 

Formal courses a t  the Oak Ridge School of Reactor Teclmolo, 
(ORSORT) at the Oak Ridge Kational Laboratory, and the bgo0 
Institute of Nuclear Science and Engineering (AINSE) at Argon 
National Laboratory were discontinued in June 1965. Orer 5 pe6 
of 15 years, more than 2,000 scientists and engineers from 50 countri 
received training in these programs. The programs were discontinu, 
because of ( a )  the increased capabilities of domestic and foRjl 
universities to provide advanced specialized programs in nuclear 
ences and engineering; (6) the establishment of ORSORT-type schoc 
by atomic energy agencies in several foreign countries for the trai 
ing of their own students; and ( c )  increasing difficulties experiem 
by foreign students in obtaining financial support for training at t! 
AEC schools. Although the formal programs involving the trainL 
of foreign students were discontinued, a variety of domestid 
oriented educational programs designed to meet the needs of the C; 
colleges and universities will be continued in the two AEC laboratorie 
Qualified foreign nationals will be permitted to participate in tk 
programs providing they make their own financial arrangements f r  
fees, living expenses, and travel. 

I 

c7 

a Laboratory Staff Lecturers 

0 

c r  

3 

CT; 
P c 

Scientific and engineering staff members of AEC laboratorie 
request schedule visits to colleges and universities to deliver lecm 
in their areas of professional interests to students and faculty. @ 

ing the year professional personnel from eight of the ,4EC's 
t ories presented approximately 650 lectures to over 250 c o h P  ss 
universities. 
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fil addition to on-campus visits, there is increased interest in the use 
lecture-semiiiars taped by laboratory scientists v i th  provisions for 

af discussioli sessions by an amplified conference call hook-up with 
.eral schools. During 1965, there r e r e  19 lectures produced on 

?I nit11 accompanying illustrated brochures by nine ,4rgonne scien- 
tiip in the field of radiobiology. Some 1,500 students and faculty 
11s 

54 colleges and universities in 12 States listened to an arerage iw 0 of the lecture-seniinars. o f1  / 

THE PUERTO RICO NUCLEAR CENTER 

The Puerto Rico Nuclear Center (PRNC) , operated by the Uni- 
versity of Puerto Rico under contract with the AEC, is an important 

ent of the AEC‘s nuclear education and training program as well @ 
aj its international program. The PRKC‘s facilities are located a t  

ez and Rio Piedras where graduate research and education W a P  
opprtunties are provided in the nuclear aspects of the biological and 
h&.Xl sciences and engineering, and the application of nuclear P *  tNhniques to agricultural and medical problems. 
The PRNC programs are designed to serve tlie long-term interests 

of Latin America as well as the United States. They provide the type 
of graduate scientific and technical educational opportunities which 

essential to the training and development of educational and indus- 
trial leaders, and also provide a locale where attention can be given 
w tixhnological and scientific needs in a tropical environment. Re- 
*arch programs in marine biology, tropical ecology, food irradiation, 
ad radiation effects, all of 11-1iich are of programinatic interest to the 
,IEC are also supported by the AEC at  the center. 
During the 1964-65 academic year, 47 graduate students were en- 

rolled in advanced degree course work or research a t  PRNC and 341 
mdents attended ~rarious individual courses involving the use of 
PRKC staff or facilities. Of these, 13 were non-U.S. citizens repre- 
unting 9 countries. 

EDUCATIONAL PROGRAMS AT UNIVERSITIES 

Specialized Fellowships 
~ 

TO partially meet the Xation’s need for well trained individuals 
9 special nuclear fields, qualified graduate students who are US. 

are granted specialized fellowships for advanced study at 
9lRhd universities. Under this program, the AEC provides stipends 

the individuals who select, from an approved list, the university a t  

. .  
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wGc1-r tliey wish to study. Arrangements for xchission to 
school are made by the fellon-. During the acncleniic Sear ig6. 
358 specialized f ellovi-ships were provided. 
were 203 in Xuclear Science and Engineering, 59 in Health physiQ- 
10 in Advanced Health Physics, 10 in Industrial Medicine, and 

tive Postdoctoral Fellowship Program, beginning with 5 fello,,bi 
in 1964, grew to 19 fellowships in 1965 involving ’7 ~ L E C  laborahhi 
and 4 universities. Research training beyond the Ph. D. degree i, 
becoming the rule rather than the exception in American higlle r edu. cation and a11 major AEC laboratories offer niany unique op POQ. nities for such advanced study. Fellowships in Industrial R SgiQji, 
were discontinued, since they failed to attract enough well qualifiM 
applicants. 

8WUa;, 
q;t; -* 

er) thQ$. 

fellowships for thesis study at AEC laboratories. A higlllJ, Jt  

Of this iiunlb 

Traineeships in Nuclear Engineering 

At additional centers of excellence not now participating 
sively in tlie specialized fellowship program, AEC support is gircrt 
directlr to a university which, in turn, selects the students for partic;- 
pation in tlie traineeship program. T~LIS, participating univeBitib 
are distributed throughout a broader geographical area. Trainees 
currently selected by participating universities for graduate work odr 
in nuclear engineering. Thirteen universities participating in the 19f;; 
program selected a total of 50 trainees. 

Faculty Training Institutes 

Faculty training institutes include nuclear engineering, radiation 
and nuclear science, and specialized topics in the nuclear fields, 

NucZear engineering institutes. These institutes range from h 
short topical conference to $-week seminars administered by the 
American Society for Engineering Education (aSEE) for the AEC. 
Such institutes are on current advanced nuclear topics of specid 
interest to a growing number of engineering educators and practicin. 
engineers. I n  1965, an engineering institute was held on the topk 
“Basic Xuclear Engineering,” with 19 college faculty members en. 
rolled. Short topical conferences were held on “Direct Energj &E- 

version,” “Peaceful Uses of Nuclear Explosives,” and “Univer$ 
Research Reactor Utilization.’’ Plans for future programs include 
such topics as fast reactor pliysics, reactor kinetics, and water desJti%- 

hs t i tu tes  in radiation and nuclear science. The AEC and tk 
National Science Foundation jointly support institutes covering TSr- 

~ O U S  aspects of atomic energy, such as radiation biology, radiau@ 
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pea&ers’ Visit.  Dr. James Palotay, manager of comparative toxicology for 
;be pacific Northwest Laboratory, (kneezing) watches Maxine I. Miller, Lansing, 
WS., as she feeds an  African pygmy goat during a tour of Pacific Northwest 
Laboratory’s Biology Department, by 31 high school and college science teachers 
attending the University of Washington’s Summer Institute of Radiation Biology. 
mer visiting teachers looking on are : Okon A. Essiet, Orangeburg, S.C. ; Sister 
mle Keily, Bismarck, N. Dak. ; and Margaret D. Raney, Seattle, Wash. Dr. 

Hungate (right), manager of Plant Physiology and Agriculture Section, 
coordinator for the visit. The laboratory is operated by Battelle Memorial 

hstitute for the U.S. Atomic Energy Commission. 

chemistq-, nuclear physics, and reactor theory. These institutes 
ainiulate high school and college faculties to teach the understanding 
of nuclear energy-its application, its effects and potential. In addi- 
tion to learning the fundamental characteristics of radiation, partic- 
ipants also acquire safe handling techniques and laboratory procedures 
for the uses of radiation. The institutes are conducted at selected uni- 
rersities and AEC laboratories throughout the Nation in four types 
of sessions : 
‘1) Summer sessions for high school and college teachers, lasting 2 

to 8 weeks, deal with subject matter at various levels of difficulty. 
In 1965, 40 of these programs mere conducted, 20 enrolling 430 
high school and 20 enrolling 369 college faculty. 

5 0 G 9 5 I!- 3 
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( 2 )  In-service sessions are offered in the erening and/or s 
during the academic year. These sessions are primaril aturda, 

conducted, enrolling 190 high school science teachers, in 10Gf h b  

school science teachers and are normally held a t  ~ 1 n i \ 7 e ~ i ~ ~ ~ ~  9 for lljrr: ;. 

cated in the more populous regions. Kine programs P 

(3) Academic-year sessions for college and high school tesclleps’ 
quire one year’s leave of absence from teaching, to be devoted&* 
full-time residence study at  a major university or ARC 1 
tory. Two such programs were conducted in 1965, enrollirt;:a 
total of 35 students. 

( 4 )  Research Participation Institutes for college teachers Offer ~~ 

perience and training in research techniques to faculty 
who have some previous nuclear science training. Workng i4 
small groups, faculty members serre as junior colleagps of er- 
perienced scientists a t  ,4EC laboratories and selected unipersit. 

1% 

in 1965. 

%q. 

embez, 

Three such programs were conducted, enrolling 15 

Training Equipment Grants and Materials Services 

The AEC makes financial grants to U.S. colleges for the pur&@ 
of nuclear equipment for lecture and student-laboratory use. Gmt, 
must be used for teaching purposes, and may not. be used for  the pnr- 
chase of conventional equipment or building construction. In  1 9 ~ ~  
a total of 139 grants in the amount of $1,722,719 were made to E 
colleges. I n  addition to its equipment grants program, the A& 
makes materials loans, without charge, to U.S. colleges and unived. 
ties. Materials in this program include heavy water, graphite fop 
subcritical facilities, neutron sources, and natural and enriched 
nranium from AEC stocks. 

Financial assistance is also provided for the purchase and/or fabri- 
cation of commercially available materials to be used for educational 
purposes. I n  1965, 44 colleges received loan materials ralued s 
S765,OOO ; related fabrication assistance totaled $125,116. 

University Reactor Assistance 

Since 1950, the ,4EC has assisted in the operation of U.S. universi@- 
owned nuclear reactors by loaning fuel materials without charge ad 
providing funds or services without charge for fuel fabrication arid 
reprocessing and neut roil startup sources. Four university reactoE 
received funds for fuel fabrication and/or shipment of spent fuel iC 
1965. The total d u e  of such services for all schools was $414,000. 

SIncludes a round of grants totalling $653,573 in February 1965 which had b@ 
originally scheduled for grant in November 1W4. 
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professor. From his office at the AEC’s Sarannah Ri rer  LaboratorF, 
s.C., a physicist (above)  teaches a course at Atlanta’s Georgia Tech, 

miles away. This is par t  of the university-AEC Laboratory cooperative 
Equations written on a n  “Electro-Writer” a re  displayed on a t e l e  

vslon screen in the classroom (belou;) .  Two-way voice communication and 
ppam. 

Fisual display signals are carried by long distance telephone lines. 
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Lecture and Consultation Programs 

A radiobiology lecture series, presellted for colleges alld ~~i~~ 
schools, is administered by the American Institute of Biological qy 
encs  under contract with ,4EC. The traveling lecturers * L 

1965, 32 speakers visited 30 colleges and 11ig11 schools. The a\.,,,, Dbi% 
lecturer spent two days on campus, giving lectures and providir 
consultation. % 

- I -  

nuclear science and technology into life science programs. ~ t r Q h l q  

Conferences, Symposia, and Seminars 

TABLE 1.-DOMESTIC EDUCATIONAL CONFERENCES 

Con Ierence title 

Sixth Annual AMU- 
ANL Nuclear 
Education Conference. 

Third Annual Student 
Conference of the 
American Nuclear 
Society. 

Bymposium on Nuclear 
Dynamics and 
Control. 

Graduate Nuclear 
Engineering Design 
Seminar. 

American Mathematical 
Society Seminar. 

Radiation Biology 

Fourth Faculty-Student 
Conference. 

Conference. 

Conducted by 

Associated Midwest 
Universities and 
Argonne National 
Laboratory. 

Air Force Institute of 
Technology 

University of Arizona 

Purdue University and 
Associated Midwest 
Universities. 

American Mathematics 
Society and Cornel1 
university. 

Oak Ridge Institute of 
Nuclear Studies. 

Associated Midwest 
Universities and 
Argonne National 
Laboratory. 

Location 

Argonne National 
Laboratory, Ill. 

Dayton, Ohio ______. 

Tucson, Ariz _ _ _ _ _ _ _ _  

Lafayette, Ind _ _ _ _ _ _  

Ithaca, N.Y _ _ _ _ _ _ _ _  

Oak Ridge, Tenn- - 

Argonne National 
Laboratory, Ill. 

Date 

- 

Jan. 25-26, 1965-.. 

Apr. 4-11,1965-.- 

Apr. &July 7, 
1965. 

June 21-Aug. 13, 
1965. 

July 26-Aug. 20, 
1965. 

Aug. 2-5,1965--- 

Aug. 23-Sept. 3, 
1965. 

TEACHINGAIDS PROJECTS 

During the year, the AEC sponsored a number of projects to P 
vide guidance and instructional aids in various nuclear sciences f@ 

the high school and college levels. 
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4 series of films for career guidance and motivation is currently 
produced in cooperation with the American Kuclear Society 

Completion is expected in 1966. 
ssociation of State Universities and Land Grant Colleges is 

rducing a 16-page brochure on “Nuclear Science and Engineering 
f State Universities and Land Grant Colleges.” This brochure will 
ot @tdog opportunities available for nuclear education among niem- 

w 

the k m y  Pictorial Service. 

institutions of the Association. 

ECP erirnent or Demonstration Materials 

A laboratory manual, “Radioisotope Techniques in Biology,” for 
i N c ~ n g  at the junior college level is being prepared and tested at 
be Montgomery County Junior College, Tahoma Park, Md. This 
fl ual is the second part of a two-phase study started in 1964 and 
aD*m actual use and modihation of experiments performed by 
@dents in the classroom. 

n e  Lawrence Hall of Science at the University of California, 
wkeley, has designed and developed a series of participation and 
imonstration learning devices. These devices are being tested in 
mrby high school and college instruction programs and will be made 
rF&,ble to other institutions before they are placed in the Lawrence 
~ ~ f l  of Science. 

A joint pilot project was conducted with the Bio-Atomic Research 
Foundation and the Los Angela Unified School District, starting in 
1%. This project has developed experiments and materials for high 
&ool instruction in radioactivity. During 1965, these materials and 
qeriments are being field tested and evaluated in selected high 
schools. 

Teaching Materials 
- 

Rensselaer Polytechnic Institute, Troy, N.Y., is developing teach- 
materials for inclusion of radiation science within basic under- 

pduate science courses. To encourage nuclear education a t  the 
pmllege level, Instructional Dynamics, Inc., Chicago, Ill., is de- 
doping a report entitled, “Stimulation of Nuclear Education at 
bCoUege Level.” 

TECHNICAL INFORMATION 
fn 1965, scientific discovery and technical development re1 ated to  

energy continued at an accelerated rate. This is reflected in 
unprecedented volume of items carried in Nuclear Science Ab- 



278 NUCLEAR EDUCATIOX AND ISFORMATION 

strscts and in the record number of unclassified AEC 
leased for public sale. To  keep pace Kit11 the illcreasing 
research and del-elopment, the AEC continued its clewlo 
refinement of means for coniniunicating the resulting s 
technical information, bearing in mind the range of inte 
various audiences in\-olved, their degree of sopllistication 
they are able and willing to devote., and the comnmnic 
niques acdable .  Thus, certain of the means employed w 
to the scientific and technical communities SO that the inf 
could be used effectively in further research and deyelop 
devices were used to inform the young SO as to proride illspiration ~~ 

help toward scientific or technical careers : still others sougllt 
ride the public at  large with an understanding of the aims, nletliwk 
and results of scientific inquiry so that policies and decisions in 
field can be soundly judged. 

0 rjhh 

PUBLICATIONS AND INFORMATION SERVICES 

Reports Distribution 

The volunie of ,4EC-generated technical reports has Continued fb 

mount in step with the ever increasing applications of atomic enem 
for peaceful purposes. 
7,100 ne= unclassified report titles for  sale through the Clearingllou, 
for Federal Scientific and Technical Information, Springfield, T~ 
the largest total for any year to date. 

To cope with the rising costs associated with the increased volumeci! 
reports, the AEC now distributes all of its reports to its depositw: 
libraries4 in the form of microfiche, sheets of film which contair. 
microimages of document pages. This practice is followed also iz 
most of 4EC’s reports distribution to its contractors and those of 
other Federal agencies. Recipients of microfiche copies hare tie 
option, however, of purchasing enlarged copies from the firm rh i+  
produces AEC’s microfiche. 

The AEC took a leading part in the development of Federal Micrcr 
fiche S tandnrds which assure that microfiche copies of research 
development reports produced by all Federal agencies will be 
in size and other important specifications so that recipients may 
file them and also read and reproduce them on uniform equipm?: 
These standards were adopted for the entire Executire Branch 
September. 

% 
During 1965, the AEC made available 

There are  now 97 U.S. depositories located i n  44 States and Puerto Rico and si! 
outside the United States in  55 countries and 5 international organizations. A dorm6 
collection currently approximates 77,000 titles in a domestic depository and 65,00@ “* 
in one abroad. s 0 c 4 5 t i  8 
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lear Science Abstracts 
$@ 

C’S semimonthly publication, Nuclear Science Abstracts (NSA) , 
its 20th year, continues to be recognized internationally as the 

’on ’ medium for announcement of tlie literature of nuclear science 
kindred subjects. Of the approximately 50,000 abstracts carried 

”1965, more than two-thirds were of journal articles and other short 
Ip of published literature, about 30 percent were of scientific and 

ical reports, and about 1 percent were of books. It is noteworthy 
t, %bout 44 percent of the items originated outside the United 

pi”””” 
@ 
@ 
states- 

THE “EXPLOSION” I N  NUCLEAR LITERATURE 
( Items in Nuclear Science Abstracts) 

Books and Monographs 

To help meet the needs of scientists, engineers, and students for 
mclear text and reference books, the AEC continued to foster the 
preparation of manuscripts for commercially published summary 
mlnmes which survey the main bodies of nuclear data. Nine AEC- 
vnsored books and monographs were published during 1965 (see 
Table 1, Bppendix 6). Outstanding among these was the first volume, 
‘hctor Physics and Control,” of the two-volume compendium, “The 
feehnolom of Nuclear Reactor Safety.” Volume I1 is scheduled for  
Idhation early in 1966. I n  these volumes the lessons learned in 20 



Technical Progress Reviews 

The AEC's quarterly Technical Progress Reviews Completed ti,.r 
ninth year as recognized sources of summarization, critical analvsik 
and comment on progress in large se,ments of reactor teclinolie 

2. I n  July, the Reactor Engineering Division of ,4rgonne nTational L~ 
oratory took over responsibility from Combustion Engineering 1 3 n t  
for the preparation of Power Reactor Technology. 

Specialized In f orinntion Centers 

Four new specialized information and data centers for nucleZt 
science and technology were established by the AEC in 1965 : Ab ii+ 
formation center on Man-Made Radiation in the Biosphere at the 
Lawrence Radiation Laboratory, Livermore, Calif. ; a rare Earths in. 
formation Center a t  Ames Laboratory, Ames, Iowa; an Atomic 
Molecular Processes Information Center a t  Oak Ridge National ht. 
oratory, Oak Ridge, Tenn.; and a Radiation Chemistry Data Center 
at the University of Notre Damek Radiation Laboratory, Notre Dame. 
Ind. The latter two are sponsored jointly by the AEC and the sa. 
tional Bureau of Standards and are components of the National 
Standard Reference Data System. Two previously established cen- 
ters, the Keutron Cross-Section Compilation Activity and the Reactor 
Cross-Section Evaluation Program, both a t  Brookhaven Katiod 
Laboratory? were combined to form the Si,o;ma Center. 

Descriptions of works published or being prepared are presented in the booklet, "T& 
nical Books and Monographs," available without charge from the U.S. AEC, Dirlshn e4 
Technical Information Extension, P.O. Box 62, Oak Ridge, Tenn., 37831. 

IS Annual subscriptions to the Technical Progress Reriews are sold by the Superintrnw 
of Documents, U.S. Government Printing Office, Washington, D.C., 20402, at the follO*tn: 

rs Subscript* 

Nuclear Safety . . . . . . . . . . . . . . . . . . . . .  Oak Ridge National Laboratory---- @ a a  

Reactor Materials _-___-_____________ Battelle Memorial Institute------- 2.s 
Power Reactor Technologs__---_----- Argonne National Laboratory------ tP 2.4, 

Isotopes and Radiation Technology---- Oak Ridge National Laboratory---- 

ii 
i_ 

L--. prices : 

price - -, 
Joiirnal Prepared by c': 

cr; 
0 

Reactor Fuel Processing _ _ _ _ _ _ _ _ _ _ - _ _  do -__-_____________--- ------ 
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I‘be function of the centers is to collect, eraluate, and compile 
tific and technical information in specific fields and to make it 
&le in such forms as data tables, handbooks, critical state-of-the- 

. l ~ W I I ~  
eJTiews, summaries of research and deyelopment programs in 

g-ta * answers to technical inquiries, and specialized bibliographies. 
pfoc pble  - 9  9 Appendix G ,  lists the 19 centers curreiitlF supported in whole 

n;)ul+g 1965, several specialized information centers began partici- 
pgtina in a cooperatire international exchange of nuclear data infor- 
g,,tion and iiuclear e n e r a  computer programs mder  an agreement 
9tnem the AEC and the European Nuclear Energy Agency 
@A). Under this agreement, the exchange points are as follows: 
! 
ill The Sigma Center at Brookhaven National Laboratory and the 
’ EP\‘EA4 Neutron Data Compilation Centre at Saclay, France, for 

neutron cross-section data ; 
3 The Argonne Code Center, a t  Argonne Xational Laboratory, and 

the ENEA Computer Programme Library, Ispra, Italy, for nu- 
clear energy computer code information and computer programs ; 

6)  The Radiation Shielding Information Center, Oak Ridge Na- 
tional Laboratory, and the ENEA Computer Programme Li- 
brary, Ispra, Italy, for radiation shielding computer code infor- 
mation and computer programs ; and 

( 4 )  The Computer Index Nuclear Data (CINDA) program at the 
AEC’S Division of Technical Information Extension, Oak Ridge, 
Tenn., and the ENEA Neutron Data Compilation Centre, Saclay, 
France, for bibliographic ref e r enw to nuclear cross-section data. 

-3ieP 

jD part by the 4EC. 

iJ 

Scientific and Technical Conferences 

The AEC continued, in 1965, to play an active role in scientific con- 
ferences in fields related to its programs. These included 15 con- 
ferences convened by the International ,4tomic Energy -4gency 
tLIEA), for  which AEC organized U.S. participation. Among the 
most important of these were the second IAEA4 Conference on Plasma 
Physics and Controlled Nuclear Fusion Research, held at Culham 
Iaboratorj, England, in September, and the IAEA Symposium on 
Exchange Reactions, held a t  Brookhaven National Laboratorp, May 
$1 to June 4. AEC also gave financial support to a number of topipal 
mnferences conrened in the United States by professional and aca- 
dmic organizations. The support not only helped defray costs of 
snducting the conferences, but also insured prompt publicatiolr of the 
Pro=edings by the conference sponsors. 
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Education.al Literature 

During the year, the 14EC and its major contractors answered 
140,000 requests from students and others for educational and 

at  least in part, by sending one or more of the booklets in 

the year were “Isotopes in Industry,’’ ‘‘~-kmstruCture of hfatter? 
“Nondestructive Testing,” “Radioactive Wastes” and “ R ~ ~ ~ ~ ~ A  
Reactors.” 

Total distribution of these booklets since they were Originated 
June 1962 reached 2,500,000. Also published during 1965 was I 

68-page booklet with 115 illustrations entitled “The USSEC, 
It Is, What It Does.” 

formational materials. In most instances the inquiry mas satis..* b. 

“Understanding the Atom” series.? Titles added to the series dUrkip ai? 

n?, 

Mechanization of Information Systems 

pine The sheer volume of scientific and technical information appa 
in written form has overwhelmed traditional handling methods, Q 

introduction of methods using electronic digital computers and 
mated data processing equipment for information handling cons 
quently continued a t  an accelerated pace in ,4EC installations, 

A computer-based system for storing and retriwing nuclear scienR 
information continued to  be developed under cooperative a r r w  
ments with the European Atomic Energy Community (Euratom), 
As part of this system, Kuclear Science Abstracts was indexed in 
depth, using an average of 15 keywords per abstract. This infom. 
tion was placed on magnetic tape. Copiw of the tapes were then pm 
vided to Argonne National Laboratory and Lawrence Radiatifw 
Laboratory for use in experimental systems by which information k 
disseminated automatically to selected scientists based on their ex- 
pressed scientific interests. A further development planned is to h m  
decentralized input of technical abstracts from a number of m- 
tributing nations and international organiz a t’ ions. 

,4EC?s inforniation systems development program resulted in th 
introduction during the year of two significant improvements k 
techniques for library meclinnization. Both systems are now 
in AEC‘s Headquarters Library. They could be adapted for a 1aV 
number of technical libraries and several expressions of interest 
them hare been received. The first system involves 16 computer P* 
grams stored on magnetic tape for recording journals and other s d  

S U  

~n 
0 

&-I matter received at the Library. The tapes can automatically 

0 

&-l 

k 5  ‘The full list of titles currently available is shown in Table 3, Appendix 6. 
copies are available without charge from U.S. AEC, Division of Technical Informaw 
Estension, P.O. Box 62, Oak Ridge, Tenn., 37831. 

qechnologY SI 
Experiment at 

to nonnuc‘ 
m,firials, instr 

One approach 
@ration a t  Argo1 
tion to answer 
mns&,ations an( 
1965. The Argc 
-kbinistration, 
Developments” f 
Sdge Office sp 
meeting on “Zon 
ings on the sanif 

A n  experiment 
of Xon-Nuclear ’ 

in the selected arc 
mechanical devel, 

to the most eff 
BE?’ of technolojg 
*ansference of 
antractors part 
P r  Tire and R 
&hide COT. 

&Vdopment= 

of A E C - i n d u s t ~  

DEM 
b April, the m 

tenters abroad, tl - 
‘Available for $2 frc 

h g f l e i d ,  va., 22151. 



g mation a p p m h  
lig methods. The 
nputers and aut% 
L handling c o n s  
nstallations. 
ng nuclear science 
#perative arran,q 
unity (Euratom), 
s was indexed in 
:t. This informa- 
pes were then pro- 
wrence Radiation 
ich information is 
lased on their es- 
planned is to haTe 
I number of con- 

im resulted in the 
improvements in 

ms are now in u s  
ldapted for a l a rp  
ions of interest, in 
s 16 computer pm 
als and other serial 
automatically and 

3, Appendix 6. Singk 
f Technical Information 

‘500c ‘1553  

~~ -- -- ~ 

283 Jh\TARY--DECEA5ER 19 6 5 

idly produce a variety of library products and services, ranging 
TJP serials holdings lists to routing slips. The second system con- fzof a computer program for storing and retrieving information 

Descriptions of legis- 1% literature are recorded on punched paper tape. This record, 
l’t!ch includes thousands of items (House and Senate Bills, Commit- 
& peports, Executive Orders, Congressioiial Record, etc.) , is fed into ’* uter which, in a matter of minutes, organizes all tlie informa- 
& eornP to produce catalogs of the documents, as well as subject and $n 
w 

,islative matters of interest to the AEC. 513 

*slative history indexes. 

~ ~ ~ h n o l o g y  Spinoff” 

Eprimentation continued on various means to f acilitate the appli- 
on nonnuclear industrial use of the results (processes, techniques, @ti 

Bla&rials, instruments, equipment, etc.) of AEC research and 
development- 
me approach has been the operation of Offices of Industrial Coop- 

erstion at Argonne and Oak Ridge National Laboratories. I n  addi- 
$on to answering industrial inquiries and arranging industrial 
@@dtations and visits, each office sponsored industrial conferences in 
lsj. The Argonne Office, in collaboration with tlie Small Business 
Administration, sponsored a series of conferences on ‘‘Alechanicd 
Bvelopments” for representatives of smaller enterprises. The Oak 
Ridge Office sponsored a further information and demonstration 
meeting on “Zonal Liquid Centrifuges,” following up t-i-i-0 1964 meet- 

An experimental case study, initiated in 1964, on tlie “Transference 
of Xon-Nuclear Technology to  Industry” was completed by a group 
sf AEC-industry teams. They examined AEC-developed technology 

the selected areas of fluorine technology, materials development, and 
mechanical developments for the purpose of making recommendations 
sto the most effective and expedient ways of accelerating the “spin- 
&’of technology. Results of the study were published under the title 
*Transference of Non-Nuclear Technology to Industry,” ORO-629.8 
contractors participating were the General Electric Co., the Good- 
far Tire and Rubber Co., the National Lead Co., and the Union 
brbide Corp. 

on the same development. 

DEMONSTRATIONS AND EXHIBITS 

In April, the mmagement of the “Atoms in Action’’ demonstration 
Qhs  abroad, the domestic exhibits program, the coordination of - 
‘dvailable for $2 from Clearinghouse for Federal Scientific and Technical Information, 

&@eld, Va., 22151. 
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z& x 
,~Ec?S participation in scientific and t e c h i c d  ~011fere1ices, allll +lI:i,. 
technical publications activities were merged into one O Y ~ ~ ] ~ ~ ~ : ~ ,  iir,- _ I  

unit. This T ~ S  done to improve tlie coordination of AEC's IJrc,ellt3 'e 

tions to the scientific and technical conimunities. 
= i 

"ATOMS IN ACTION" DEMONSTIUTION CE~TERS 

T h e e  successful preseiitations abroad of AEC'S ';litonis in 
demonstration centers were held in 1965 Kith the collaboratioQ Of 

scientists and Government officials f roin the host countries. The p& 
entations vere in Sail Salvador, El Salvador ; Guatemala City, Gua 
temala ; and Lisbon, Portugal. Attendance at the public Portions o; 
the 3 showings (San Salmdor, 95,000 ; Guatemala City, 69,000. 
bon, 65,000) brought to over 6 inillion the number of people w1l0 llaar., 
visited these AEC presentations since their inception in 19% 

I n  addition to the public section, where unirersit.y students of tEIP 

host countries conducted lecture-demonstrations, each of the presnta- 
tions included : ( a )  classroom demonstrations for 11igh school Stti- 

dents and their teachers; ( b )  research projects usiiig a ganxna irpadia 
atioii facility and other nuclear equipment to seek solutiolis to ppdaC- 

tical problems of importance to tlie host countries; (c) a teclmic;;, 
information center where AEC films were shown and where --EC 
publications and U.S. textbooks were made available for use; and ( d )  
advanced lectures and seminars conducted by a U.S. staff. ScienR 
fairs for high scliool students were also held locally in conjunctia 
with each of the presentations. These were organized by ScienQ 
Service, Inc., Washington, D.C., under contract to the SEC. 

9 EL 

Latin American Showings 

For  the first time, the two Latin ,4merican showings also presented 
cleiiionstrst ion courses of four-weeks? duration for physicians (diar 
nostic uses of isotopes), research personnel (research uses of isotopest. 
nnci technicians (iiiaintenxnce and repair of nuclear instrunieiitsz. 
These courses were filled to capacity in both San Salvador a d  
Guatemala City. 

Sun SuZvador. The public attendance of 95,000 at  San Salrad@ 
WTT~S particularly remarkable, amounting to some 33 percent of thf 
cit$s population. The high school lecture denionstrations w r e  ~ I I -  

tende.d by 5,433 students, comprising all third- and fourth-year %$ 
school students in the Kation, and their teachers. 
in tlie San Salvador center concerned the use of gamma radi&ti@: 
for S U C I ~  purposes as increasing the gerniination life of stored C O ~ F  

Research 
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Mit&nerican Presentations. A new 10,000-square-foot building (ahove) was 
for the first time to house the San Salvador and Guatemala City presenta- 
of the AEC’s “Atoms in Action” demonstration centers. Octagonal in  

drape, following the configuration of the ancient Nayan calendar, it is covered by 
,dcular roof consisting of twin layers of fabric held rigid by a cushion of air. 
The Latin-American presentations of “Atoms-in-Action” demonstration centers 
etared courses for scientists of the host countries utilizing U.S. equipment. 
me Guatemalan scientists shown belou; were learning about research applica- 
~ 0 0 s  of radioisotopes. 
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seeds, mass sterilization to eradicate damaging insect pests, preserl. 

the demonstration center in El Salvador appears to hare bNn 
surgence. of interest in nuclear research. 
at the center were carried forward. 

~ 

fruit, and mutation breeding of basic food products. One result -42 (-if 

8 rr, Most research project s baq k ar. 

GuatemaZa City. The gamma facility used in Guatemala c* ItS mi-& 
tained, in addition to four irradiation tubes, a large-diameter 
irradiator mhich n-as refrigerated to handle samples at betveen .3- 
and 35” F. So many research projects were undertaken that tile 
ity operated 24 hours per day, 7 days a week, througllout the 4 -_ 
the fimt time such round-the-clock operation has been requkd iEt any of the “AfOms in Action” presentations. The facility treated 9- 
samples with a total dosage of 1Sl.S million pads.  Several leal 
regional groups participated in the irradiation experhents. nlef 
included members of the agronomy faculty from the University if 
San Carlos (use of the sterile male technique for eradicating 
pests) ; the Nutrition Institute of Central hnerica (irradiation of 
stored food to reduce insect damage) ; the h’ational Coffee Asswiatis,, 
of Guatemala (use of radiation to iniprove coffee taste) ; and the 
i s t v  of Agriculture (mutation crop breeding studies). The stimuIE 
provided by the “Atoms in Action” center vas SO great that, followinp 
the center‘s close, the Instituto Centroamericano de Investigation f 
Teclmologia Industrial (ICAITI) , a regional organization vith h a i .  
quarters at Guatemala City, established a long-range nuclear rem& 
and development program for all of Central America. To assist 
this program, the demonstration center’s gamma facility, along ~& 
the fruit irradiator and most of the associated laboratory equipma 
was purchased and donated to ICAITI by the U.S. Agency for Inte- 
national Development. The facility will remain in Guatemala Citr 
and the Guatemalan Atomic Energy Commission xi11 be responsibk 
for the safety aspects uf its operation. 

-4 : 

4;: 

Lisbon Presentation 

The European “Atoms in Action” demonstration center uses fE 

research a 10-kilowatt smimniing pool training reac,tor and n -doJc  
u bod7 counter in addition to a gamma irradiation facility and o t k  
s laboratory equipment. Experiments conducted at Lisbon inchdB 
v. investigation of the applicability of the wood-plastic irradiaig 
0- impregnating technique to Portuguese woocls and cork : 813 

the use of gamma irradiation to preserve basic Portuguese food Praf- 
wts, improve cliaracteristics of food packaging material P@ 

c7 
0 

C? 

See Chapter 13-Isotopw and Radiation Development. 
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,I.ization, accelerab the aging of mines, prevent mold in coffee, and 
’’I ;tar1 *lize pharmaceutical supplies. The whole-body counter was used 

Illensure fallout contaniination in milk and Kine and to measure 
t,jloriuin body burden in 18 patients who had been injected about ffl 

ars earlier with Thorotrast (a chemical solution containing tho- Eh 
no ye 
’ I) for X-ray contrast studies. ri@ 

Tile 1966 schedule for ‘‘Atoms in Action“ demonstration centers calls 
for spring presentations in San Jose, Costa Rica, and Utreclit, The 
ietllerlands, and for autumn showings in Rlanapa, Kicaragua, and 
bblin, Ireland. 

DOMESTIC PRE SEhTATIONS 

The year was a very active one for the domestic exhibits program. 
f i l e  the AEC’s two exhibits were setting attendance records at  the 

York World’s Fair, three new exhibits for professional and in- 
&rial audiences, and four new exhibits for the general public were 
derebped. 

p&ssional and Industrial Presentations 

exhibit on ‘Wuclear Energy for Water Desalting?’ was presented 
for the first time early in October at the First International Sym- 
p i u m  on Water Desalination in Washington, D.C. It was shown 
.p& in mid-October at tlie annual meeting of the American Institute 
oi Planners in St. Louis, and in November and December at the main 
office of tlie Metropolitan Water District of Los Angeles. This ex- 
hibit, presents information on AEC’s program for development of 
economic nuclear power sources for plants which will simuItaneously 
pnerate electricity and produce fresh water from sea or brackish 
rater. 

“Partners in Protection” was exhibited for the first time a t  the 
L.S. Public Health Association’s meeting at Chicago in mid-October. 
l j o h t  undertaking of the AEC and the U.S. Public Health Service, 
the exhibit informs riem-ers about the Federal assistance available to 
kites expecting to establish tlieir own programs for regulation of 
&ation-related activities. 

‘‘The International Nuclear Information System” is an exhibit 
:bch portrays the emerging pattern for worldwide cooperation in 
Qdling unclassified nuclear information. It mas shown first in 
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~ 
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13’ashington, D.C., during October at the joint 
national Federation for Docunientation and the h e r i c a n  D 
tion Institute. 

Presentations for the General Public 

AEC’s two exhibits a t  the New York World’s Fair, “Radiation 
Mm” and the children’s exhibit ‘‘Atomsville, U.S.A.” were seen w 
more than 2,500,000 visitors during 1965. I n  the early part of I& 
they are scheduled to be shomn a t  the California Rluseum of sei< 
and Technology, Los Angeles, and at the Chicago Rfuseum of sei,, 
and Industry, respectively. 

to acquaint viewers Kith the Federal Government’s science and ~ 

b Vineering activities, mas opened at the Smithsonian Institution, wa 
ington, D.C., by President Johnson in late April, moved to the pederrf 
Pavilion of the New York World’s Fair in May, and to the LOS 
Museum of Science and Industry in November. The U.S. civil 
ice Commission coordinated the design effort, while the AEC j o h e  
with nine other Federal agencies in supplying concepts and contee. 

“Power Unlimited,” a ISpanel unmanned package exhibit ex- 
plaining the achievements and promise of U.S. nuclear power pb 
grams, was completed during the summer. It was designed for kb 
AEC by the Oak Ridge Institute of Nuclear Studies (ORIXS) fR 

display at schools, small fairs, and similar exhibit locations, 
the last five months of the year, two “Power Unlimited‘’ unib Fm 

viewed by an estimated two million persons at  12 locations. 
The “Atoms at Work” exhibit combines a three-screen motion pic- 

ture with a live demonstration of nuclear energy principles and ap$. 
cations. It was shown in August in a theater of the Chicago Musea 
of Science and Industry. 

Three units of a new single-panel exhibit which shows titles arm= 
able in the *4EC’s “Understanding the Atom“ series of educatid 
booklets are being made available for showings in schools and l i b m k  
The exhibit is based on one which was well received at the NeF 
World’s Fair. 

At the Chicago Museum of Science and Industry, the “hlicro.cf0 
Theater,” formerly devoted exclusively to biological demonstratim 
was modified to accommodate a companion program of atomic e n e q  
films. *4n associated “Nuclear Science” exhibit is managed for tk 
AEC by Argoiine National Laboratory. 

The American Museum of Atomic Energy at Oak Ridge, T e a  
which serves also as the operational and developmental base for A g  
traveling exhibits, received some 125,000 visitors during the year. 

%&?d “The Vision of Man,” a 5,000-square-f oot museum exhibit d 
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~ipnce Fair Wi?%ners. The 15th National Science Fair-International held in 
, muis, Mo., in &Iay, produced the first non-U.S. winner of a n  AEC special 
rnrd for exhibits on nuclear-related subjects. As part of this award, George 
pal of Aldershot High School, Burlington, Ontario, riglit and his teacher- 
psor ,  W. Bruce Page, won a “Nuclear Research Orientation Week” at Argonne 
;srional Laboratory. They are shown above in one of Argonne’s chemistry 
,Wratories. Ronald Bailey, a senior at Evans County High School, Claxton, 
a, also won a ‘‘Nuclear Research Orientation Week” at Argonne for his exhibit 

was entitled “Effects of Radiation on Zea Mays as Counteracted by 
brobial Products.’’ Bailey is shown belvzu in a n  Argonne laboratory with 
& teacher-sponsor, Ralph E. Roberson. 



Presentations for Students 

The ,4EC‘s ten “This Atomic World” big11 school &xiion . 
“Qtik- units were all modified during the  ear to in1ProJ7e and update tLti* 

content. These very successful assenlbly prograllls were presented ;= 

1.600 secondary schools in 23 States before an estilllated i4( y ’ JQBJ students and teachers. They were also tried out at 10 civic 
“@tir& before an estimated 500 civic leaders. 

f E  

DECLASSIFICATION OF IKFORMATIO~\~ 
AEC conducts a continuous review of Restricted Data and zQr 

classification guides to determine which information useful to scie& 
and industry may be declassified without undue risk to the coma 

during the year, two of which are mentioned below. 
- defense and security. A number of declassification actions lvere t& 

f3 

New Declassified Subjects 

Among the subject areas declassified during the year were the 
flux design and operational details of the Savannah River plau*5 

scientific community of the inf ormatioil acquired from the ream 
which has been operating at an unprecedented high flux to prdm 
transplutonium elements and high specific-activity radioisotopes. 
erational details of the Hanford “K” reactor such as power level, b~ 
steam available, pressures, and temperatures were declassified. & 
action was important to the Washington Public Power Supply $p 
tern because it made possible the unclassified operation of the associa& 
power generating system. 

t‘ 

The declassification action permits niaximum use by tQ bb C 7 9  reactor. 

Docunzent Declassification 

I n  addition to  review of Restricted Data and AEC classifhtk 
guides, the A4EC conducts a continuous review of previously c l a  
documents so that vhen changes in classification rules permit, as me 
as possible may be declassified making the information available ~FZ 

use by science and industry. During the Fear, some 68,000 dmumm 
were declassified. A large percentage of these reported researell ak 
development work on materials and compact reactors. 
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PATENT MATTERS 

AEC, as a part of its program of dissemination of technical 
ation and data to the public, has made inventions and patents 

il&le through the issuance of the patents and the republication of 
i@’+pC~~ and summaries through various media. I n  addition, copies 
ib us. P atents are available from the U.S. Patent Office. i4EC has 

Ared abstracts of the patents, furnished listings of issued patents, 
$‘distributed press releases not oiily of U.S. AEC-owned patents 
9 $iso U C  foreign-owned patents.10 

Th 
form 

d 

t965 Issuances 

wing the period November 24,1964 to November 23,1965, the U.S. 
t Office issued 252 U.S. patents to the AEC. As a result, the PW @tfolio of AEC-owned U.S. patents administered by AEC and avail- 

* for licensing nom number 3,661 domestic patents. The AEC 
&folio of foreign patents increased during this period by 494. This 
&u&d 68 British patents, 59 Belgian patents, 19 Canadian patents, 
i;French patents, 30 German patents, 49 Japanese patents, and 20 
;Redish patents. The balance of AEC-owned foreign patents issued 
irin,a this period mere by 15 other foreign countries. The total port- 
f,tio of AEC-omed foreign patents numbers 2,624. 
During 1965, the &4EC granted 44 nonexclusive licenses on Govern- 

sent-ov-ned patents. At  present, 1,093 nonexclusive licenses have 
issued on 595 of the 3,661 Government-owned patents adminis- 

?red by the &4EC. I n  addition, 595 nonexclusive licenses have been 
mined by contractors. Contractors have retained exclusive licenses 
Zfields other than atomic energy in 368 patents. I n  405 instances, the 
de and rights in the patents are rested in the contractor, subject to 
L nonexclusive license in the Government for governmental purposes. 

L 

lrioate Atomic Energy Applications 

Beferrals by the Commissioner of Patents to the AEC of privately 
med U.S. Patent Applications in the atomic energy field under 
d o n  152 of the ,4tomic Energy Act of 1954, as amended, numbered 

‘LiSHngs published as AEC press releases during 1965 : No. IN-553 (Japanese patents), 
&mt, 11; KO. IN-556 (British patents), February 16 ; No. IN-563 ( k e n c h  patents), 
k& 4 ;  KO. IN-572 (German patents), Narch 31 ; No. IN-578 (U.S. patents), April 2Q ; 
kL%S7 (Australian patents), Nay 1 8 ;  No. IN-594 (U.S. patents), June 24; NO. IN- 

(hlian patents), June S ;  No. IN-606 (U.S. patents), August 13 ;  No. IK-617 
*fsh and Portuguese patents), September 13 ; No. IN-620 (South African patents), 
%*mber 23; No. IX-622 (Swiss patents), September 24 ; No. IX-626 (Canadian patents), 

29; KO. IN-629 (South American patents), October 1 ; KO. IN-631 (U.S. 
htg)g October 7 ;  KO. IN-638 (Denmark, Norway and Sweden patents), October 21. 
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825 in the past )-ear. 

energy field. The AEC filed 22 directives with the COmmiSsionQt 
Patents with respect to the question of rights during the year, brir 0: 

the total number of directives filed under section 158 of tile 

This shows an increase over the previous 
periods and eTidences an erer-growing industrial interest in th “””+ 

Energy ,4ct of 1954, as amended, to 1%. The AEC has acquired Q=& 

in 84 applications, and in 56 cases after completion of inyest f %k 
’ Tht,. 

e atQQ 

* 

p. 

. . .  %ti% the directives were withdrawn without acquisition of rigllts 
teen applications are pending, 2 having been abandoned, 

PUBLIC INFORMATION 

During 1965, the AEC continued to conduct a broad infoQh 
program to give the news media and the general public a better unke 
standing of the many uses of nuclear energy. Working t l l rou 
information officers a t  13 field offices throughout the United sb 

Qb and through its headquarters public information staff, the AEc 
every effort to keep the news media, private industry, and educatiztrp: 
and research organizations apprised of its widespread activities, csa 
siderable effort is made, both in the field and at headquarters, to Q- 

range visits to AEC laboratories and ftkcilities for newsmen and tms 
for science students along with an opportunity to confer with SciQtiG 
personnel. 

YOUTH ACTIVITIES 

Edison Day Tours 

More than 5,000 high school science students and teachers vi,+ 
AEC projects a t  12 installations to help commemorate the 118th 6 
versary of the February 11,184’7, birth of Thomas A h a  Edison. & 
AEC has participated each year since the Thomas Alva Edison Fm 
dation inaugurated the international celebration in 195’7. 

Junior and senior high school science students and their tea 
visited facilities this year a t  Argonne National Laboratory, Are- 
Ill. ; Battelle Memorial Institute, Columbus, Ohio ; Brookhaven 
tional Laboratory, Upton, L.I., N.Y.; Hanford Works, R i w  
Wash.; Los SIarnos Scientific Laboratory, LOS Marnos, N. 
Mound Laboratory, Miamisburg, Ohio ; National Reactor Test 
tion, Idaho : h’evada Operations Office, Las Vegas, Nev. ; 
Rocket Development Station, Nev. ; Oak Ridge Operations Office, 
Ridge, Tenn.; Sandia Laboratory, Sandia Base, AzbW 
K. hles., and Savannah River Plant, Ailren, S.C. 

yhon Dag TOUW. 
-orate the Februa 
d facilities to high 

Beir teachers frc 
kaf touring the Natio 
p u p  learning about 
m r a t o r y ,  166 stude 
gmops and spent a d 
&em below is learni, 
rfiments in a chemic: 



achers visit4 
?e 118th an& 
Edison. 
Edison Foun- 
7. 
their teachers 
;ory, Argome, 
Bookhayen Sa- 
rks, Richlm& 
nos, N. A h - :  
)r T e s t a  sm- 
Nep.; KudW 
011s Office, - 

,4lbuquer4* 

mfl Dny Tours. For the ninth consecutive year, the AEC helped corn- 
@rate the February 11 birthday of Thomas Alva Edison by providing tours 
&&facilities to high school science students and teachers. Some 2,OOO students 
d their teachers from Idaho, Riontana, Wyoming, Utah, and Oregon spent a 
a7,;ouring the National Reactor Testing Station. Photo aboue shows a small 
mp learning about nuclear fuel elements. At the AEC’s Pacific Northwest 
*&mtory, 166 students and teachers from 24 high schools split up  into small 
-and spent a day “on the job” with a scientist or engineer. The group 
ipv~below is learning about a n  X-ray spectrometer which can identify all the 
a n t s  in a chemical solution and measure the quantity of each. 

r 
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FILMS 

essiq,, 
level films during 1965, the AEC’s 10 domestic film librari 
prints for some 174,000 showings n-hich Tere viewed by an estim,[; 
8,300,000 persons in high schools, colleges and unirersities, induet ; .. PI2 
organizations, labor organizations, scientific and en@neering 
service clubs, etc. Telerision audiences, estimated at  about 
lion, also viewed many of these films through educational 
mercial channels. The film libraries and the geographical areaS 
serve are listed in Appendix 6. 

Stocked Kith prints of more than 300 popular and prof 
es lo,,, 

mlp 

and “UQ 

International Aspect 

Loans of approximately 189 motion pictures, 1arwl b O n  a profe 
sional level, were made from the AEC’s liaison offices in b n d R  
Tokyo, Brussels, and Buenos Aires, the latter 2 supplying F~~~ 
and Spanish versions of about 75 of these films. The use of *w 
films by foreign scientific, industrial, and educational Organizntiok 
has greatly increased during the past year with Australia, 
and Mexico leading the list. Production services were provided 
make Dutch- and Japanese-language versions of selected films, Q# 

to TV and film producers from England, Italy, and Germany in pi 
viding atomic energy information, stock film footage, and arrmgR 
for n e r  photography. 

The ciepositov of atomic energy films, both English and Fme 
versions, at the National Science Film Library of Canada (in Ontaric 
is serving increasing needs of Canadian scientists, industry, unireg 
ties, and scientific and educational organizations. The AEC con tin^ 
to  supply films to the American Film Library in The Hague, the fik 
library of the International Atomic Energy Agency in Vienna, s i  
to the U.S. Information Service office in Stockholm for use throughos 
Scandinavia. 

New Films 

The Commission added 27 films to its motion picture libraries dur$ 
the year (see Appendix 7 ) .  

Film Festivals and Awards 

Tm-ent-i- filiiis vere entered in 11 foreign and one domestic film f@ 
4; inc lked  m-ere the ‘‘Atoms in Action” film a t  the 18th EhbUe 
International Film Festiral, and “Transcuriuni Elements,” ‘’Mm @ 

Bdiat ion“ and “Snapshot” in the ZIII International Nuclear 
in Rome. 6 L  Pax  Atonis” ~ o i i  a best-in-class statuette in the Idu* 
ITT~-T~T?~- n n n , n n C : i : , . -  I--- T-. 7.. ~..:-i ni - L  --..--. I---  -r--nT;,qn 
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Chapter 1 

LICENSING AND REGULATING 
THE ATOM 

Jiajor steps were taken in the AEC's regulatory program during 
ast year to improve the regulatory process to accommodate current LP Gd prospective long-range groKth of the nuclear industry. The goal 
e Commission's regulatory program is to assure through a pro- 
of licensing and regulation that the use, transport and disposal @ 2 fidioactive materials, and the operation of reactors and other nu- 
facilities are conducted in a manner consistent with public health w 

/ 

db 

ir;a safety 

HIGHLIGHTS OF 1965 

8 Four utilities submitted applications to construct large nuclear 
9ger reactors during 1965, and there was a marked increase in the 
b b r  of firms conferring with the regulatory staff on sites and plans 
ijr other nuclear powerplants. 

4 The most significant development of the year affecting the regula- 
mprogram was a study and report by a Regulatory Review Panel 
minted by the Commission. Its recommendations, directed 
mrd improving and expediting the overall regulatory process per- 
king to nuclear facilities, covered licensing procedures and policies 
Ed the decision-making process. 
8 Another important event was the passage of legislation extending 
k 10 years the Price-Anderson program for indemnifying nuclear 
Sdities against public liability claims in the event of a nuclear ac- 
dent. At the same time, the insurance industry announced that 

amount of private third-party liability insurance available to the 
dear industry would be increased in 1966. 

&in excellent radiation safety record was compiled during the 
a rb?  the more than 7,000 AEC materials and facility licensees. Of 
a eight radiation incidents of sufEcient significance to justify inves- 
@ion, five involved human overexposures to radiation, and there 
%e no fatalities. I n  general, AEC licensees have corrected promptly 
&safety deficiencies identified in AEC inspections. 
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Progress was made in derelopnieiits of general desigql crit . 

These higliliglits of the ,4EC?s regulatoryr effort in 1965 are 
nuclear poITerplant construction permits. ePla fr,, 

actors and other nuclear facilities are reported in Chapter 2 
Of h i t .  

in Chapter 3. J% 

scribed 111 more detail belom-. Derelopments in the liceiising of dk 
re. 

TITO, and propams of controlling raclioactii-e iiiaterisls are descri, 

REGULATORY REVIEW PANEL STUDY 

The Regulatory Eel-iew Panel, appointed by the Commission . 

and its policies and procedures relating to nuclear facilities. iIQs 
bers of the panel were appointed from outside tlie Governmell% 
From January througli June, the panel met m-ith the -Advisory corn* 
mittee on Reactor Safeguards ( ACRS) and numerous other interestd 
individuals and groups in the Government and in industry, It2 ai 
consulted extensively with members of the regulatory staff, the Diw- 
tor of Regulation, and other key staff members throughout tile 4i~r 

The panel‘s study was conducted under a charter ellconlpassing 
principal areas of inquiry. The first area was concerned with o ~ e p , ~ :  
policies applied and being developed to administer the AEC‘s licensipr 
and regulatory responsibilities. The objectives were an appraisal r?i 
the general approach to the safety evaluation effort which c11ani.* 
terizes the licensing and regulation of reactors, and recommendatior5 
lending to the more expeditious haiidliiig of these matters. 

The second principal area of inquiry was concerned with the dEi. 
sion-making process in the AEC regulatory program, vith empha& 
upon the respective roles played by the regulatory staff, the A d 6 m  
Committee on Reactor Safeguards, the Atomic Safety and Licemi6 
Boards, and the Commission itself. This part of the panel’s chane: 
empliasized review of tlie experience gained since the 1962 amendmenr 
to the Atomic Energy Act, and the panel attempted to identie p 
sible improvements in the decision-making process under the exist% 
1tgislation. rather tliaii suggest a major legislative progralii. 

January 1965, conducted an exhaustive study of the regulatory l,rcpb 1L 

f. 

*. 

REVIEW PANEL RECOMMENDATIONS 

I n  July, the panel submitted its report to the Commission. @ 
reconiniendcztioiis included : 

( I  ) “In the discliarge of the Commission’s regulatory responsibilitiE= 
tlie priiiiaiT ele,iiient in tlie safety rei-ie.r of e r e q  relactor P~F’  

1 See footnote 5, Chapter 1 of Part One (p, 16) for  list of panel members. 
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sllould be the analysis conducted by the staff of the Director of 
p,egulation.” 
“T1ie statutory requirement that the SCRS review and report on 
all applications for a license under sections 103 and 104 of the 
b4t0mic Energy Act should be modified. The ACRS should be 
hformed of each new license application, and should be privileged 
to undertake a review on its own initiative if it feels this to be 
desirable. * * * The talents and time of this uniquely qualified 
oroup should be reserved for the more difficult and novel reactor 
safetyproblems * * *.” 
((The AEC should define more precisely and realistically the scope 
of information to be supplied by the applicant at the construction 
permit stage.” 
“The AEC should continue and intensify its efforts, in coopera- 
tion vith industrial and professional groups, to develop criteria, 
standards and codes for nuclear reactors.” 

) ((Technical specifications should be limited to those aspects of 
the reactor system which bear a direct relation to public safety, 
rather than a detailed description of all components of the reactor 
such as is suggested in Appendix A of Part 50 of the Commission 
regulations.” 
(‘The function of the Atomic Safety and Licensing Board in 
facility licensing cases should be redefined specifically to recognize 
that a board cannot undertake, de m w o ,  an independent technical 
review of the safety of a proposed facility.’’ 

;} “The Atomic Energy Commission should establish a mechanism, 
rhich should include a Reactor Safety Research Committee, to 
coordinate the Commission’s program of research on reactor 
safety, and to ensure that the needs of the Director of Regulation 
for experimental information to be used in developing reactor 
safety criteria and in evaluating the safety of reactor projects 
submitted for licensing will be met.” 

The AEC regulatory staff, with active participation by the Com- 
&ion, concentrated on implementation of the panel’s recomenda- 

1 

D 

) 

1 

* 

2% in the latter half of 1 k 5 .  Some of the recommendations, relat- 
4 to areas in which vork already was underway, were carried out 
%%g the year. F o r  example, the establishment in July of the Steer- 

Committee on Reactor Safety Research to coordinate programs 
ear& and reactor safety, was in line with a panel suggestion. 
actions recommended by the panel were longer-range in char- 
and will require changes in legislation or rules, and other steps. 

of implementation are coi-ered in “The Decision-Making 
section in Chapter 2 of Part Two.) 
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NUCLEAR FACILITY INSURANCE AND 
INDEMNIFICATION 

Important developments also occurred in the field of l l~c leap  ]iabiliI 
insurance and indemnification in 1965, higliligllted by extension 
the Price-Anderson Act. I 

PRICE-ANDERSON INDEMNITY ACT 

The Commission completed a comprehensive study of Operati,,, 
under the Price-Anderson indemnity legislation since its enactnlp, 
in 1957. 

This legislation provided Government indemnity ag,iQ 
public liability up to $500 million for each incident over and abr 

‘ 8  the amount of private financial protection required of licensees 
two principal objectives of the legislation were ( a )  to assure the 
ability of funds to satisfy public liability claims in the event of I 

catastrophic nuclear accident, and (6) to  remove the deterrent 
industrial activity in atomic energy presented by the threat of 
mous liability claims if such an accident rrere to occur. The 
study concluded that the second objective was clearly being achieVd 
but that achievement of the first objective cannot be demonstnk 
with the same assurance since, as expected, no catastrophic mida 
has occurred. The study further indicated that the need to remore& 
deterrent to industrial participation still existed, thus warran& 
extension of the legislative authority beyond its original Au,pt 1 
1967, termination date. The report, recommending extension of 
Price-Anderson Act, was transmitted to the Congressional Joint cm 
mittee on Atomic Energy (JCAE) by the Commission. 

Federal Indemnification Program Extended 

Congress, follovring hearings by the JCAE, extended the Pris 
Anderson Act 10 years beyond its expiration date of August lj lkf 
The amended Act (Public Law 89-210) was signed by the Presi& 
on September 29,1965. I n  extending the law, Congress provided t ! ~  
the amount of Federal indemnity shall be reduced by the amount tis 
the private financial protection required exceeds $60 million& 
maximum amount of private insurance arailable through 1965. 
not reducing the total amount of protection available to the 
this action enlarges the role of private insurance in the n~frrr 
industry. 
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le Liability Insurance Increased r i @  
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it tjle Coiigressioiial hearings on est eiisioii of the Price-Anclerson 
't the Nuclear Energy Liability Insurance Association (KELIA) 

the Rlutual Atomic Energy Liability Underwriters (RISELU) 
ounced that the maximum amount of private nuclear liability in- id 
9 would be increased from $60 million to $74 million as of 

1 1966. These two syndicates had been formed by tlie stock fl 
@ U K Y  ' 
,dlnutual companies in 1957 to enable the insurance industry to assist 

%rticipate in tlie expansion forecast for civilian nuclear activities. Id P bi,icenses of nuclear facilities, except nonprofit educational institu- 
and Federal agencies, are required to have private financial @ns 

vtection, which is usually provided in the form of liability insurance. 
hestatutory requirements in section 170 of the Atomic Energy Act 
!1g54, as amended, for financial protection require licensees of power 
ktom l i a rhg  a rated capacity of 100 electrical megawatts (Xwe) 
pnlom to obtain the maximum amount of available insurance. Thus, 
;of  January 1, 1966, the three licensees currently operating reac- 

with capacit.y of 100 Mwe or more increased their basic financial 
wtion from $60 million to $74 million, and the amount of Govern- 
grit indemnity extended to them was reduced proportionately. 
_bendments to the AEC's regulations to implement the new Price- 
adernon legislation and to reflect the increase in privately available 
-,urance were issued late in 1965. At the same time, the Commission 
ilished in the Federal Register for public comment a notice that 
;is considering whether to effect a proportional increase in financial 
dection requirements for licensees of smaller power and test reac- 
6. (Summary of effective and proposed rules appears in 
kppendix 9.) 

: Y  

INDEMNITY AGREEMENTS 

I s  of December 31, 1965, the AEC had 80 indemnity agreements 
edect with licensees. Coverage included the operation of 11 power 
mors, 4 test reactors, 68 research reactors, and 17 critical experiment 
uti&; storage only of nuclear fuel a t  6 reactor sites; 2 construction 
&ts; storage only of fuel a t  the chemical processing plant of 
TFhr Fuel Services, Inc., at  West Valley, N.Y., and the operation 

Also, 
goKing the Conimission's determination of August 19, that the 

XS Savarrzwh by First Atomic Ship Transport, Inc. 

'I- T?t*mhted Edison Co., Commonwealth Edison Co., and Yankee Atomic Electric Co. 
L a c t o r s  currentlr under construction, four will be required to hare the increased 

2 m  amount of priT-ate insurance protection. !l%e~ will be operated by Southern 
-*rnh Edison Co., Connecticut Yankee Atomic Power Co., Niagara Mohawk Power 

rad Jersey Central Power S- Light Co. 
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Fission Product Conversion and Encapsulation Plant propo 
built a t  Hanford, Wash., is a “utilization facility” Within tile 

“Qis of section I laa  of the Atonic E n e r a  ,kct, steps ’ w e  being taketi-! 
determine financial protection levels f O r  its operation. 

The AEC charges, as required by statute, an annual ill&mnitF fk 
of $30 per thermal megawatt for licensed reactors, subject t O a briri; 

h: mum annual charge of $100. Thus, the Comnlonwealth E(&on 
Dresden-1 plant a t  Morris, Ill., with an operating level of 700 tllerr,c, 
megawatts, is subject to an annual indemnity fee of $21,000, and ;; 
ljropoced 2,300-mega~~att Dresden-3 reactor vwuld require an “!& 
fee of $69,000. During the 12 months ended Kovember 30, lgG- 

3: ti, ,4EC had received a total of $87,180 from indemllity fees. T~ 
t,here have been no claims under licensee irrdenxiity agreements, 

Two amendments to the Commission’s replations in 10 CFP, par 
140, “Financial Protection Requirements and Indemnity Agreemen& 
were issued during the year. A summary of these amendments aphp 
in Appendix 9. 

A listing of indemnified licensees and their kiancial protection leN 
is shown in Table 1. 

sed to t 

RADIATION SAFETY RECORD OF LICENSEES 

An excellent radiation safety record was compiled during the r e  
by the more than 7,000 AEC materials and facility licensees. 

I n  the 12-month period ending November 30, 1965, eight r a d i h  
incidents were reported of which five resulted in radiation espRxR 
in excess of the limits specified in the AEC regulation 10 CFR Pan 4 

J Licensees a re  required t o  report to  the AEC significant radiation incident8 
occur in licensed operations, each of which is investigated. 
immediate notification is required if any incident involving licensed materiel mg 
caused or threatened to cause : 

(1) Exposure of the whole body t o  25 rems or more of radiation ; exposure of the skit# 
the  whole body to  150 rems or more of radiation; or exposure of the feet. &&a 
hands or forearms to 375 rems or more radiation : or 

(2 )  The release of radioactive material in concentrations which, if averaged over a21-kE 
period, would exceed 5,000 times the limits specified for  such materials in Appeadsz 

Under 10 CFR par,% 

table I1 ; or 
(SI A loss of 1 working week or more of the operation of any facilities affected; 
( 4 )  Damage to propertfin excess of $100,000. 

Kotification within 24 hours of any incident involving licensed material is required b 
CFR Part 20, if it may have caused or  threatens to  cause : 

( 1 )  Exposure of the whole body to 5 rems or more of radiation: exposure of tb tik’ 
of the whole body of any individual to  30 rems or more of radiation : or eWmsess 
the feet, ankles, hands, or forearms to  75 rems or more of radiation; Or 

( 2 )  The release of radioactire material in concentrations which. if areraged o ~ r a ~ ’ ~ ‘  
1,eriod. would exceed 500 times the limits specified for such materials in ApPcdtrf 
Table I1 : or 

( 3 )  A loss of 1 day or more of the operation of any facilities affected; Or 
( 4 )  Damage to property in excess of $1,000. 
Licensee reports on all such incidents a re  filed for  public inspection in the AEC” 
Document Room, 1717 H Street XW., Washington, D.C. 

t; 
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TABLE l.--IKDEMKITY AGREEMESTS 
[As of December 31, 19651 

./-- 
Organization 

Thermal 1 Power Level 

I- 

303 

Private Financial 
Protection 
Required 

$74,000,000 
74,000,000 
74,000,000 
43,200,000 
36,000,000 

Xone 
9, 800,000 
7,000,000 
4,300,000 
3,600,000 
3,500,000 
2,500,000 
2,500,000 
2,500,000 
2,500,000 
2, 500,000 
1, 500,000 
3,500,000 
1,500,000 
1,500,000 
1,000,000 
1,000,000 
1,000,000 
1,000,000 
1,000,000 
5,000,000 
1,000,000 

None 

~ r n  than one indemnified licensed activity; power level shown is highest level for that license. 

i$t persons were involved, and there were no fatalities. Seven of 
ZTincideiits involved radioactive materials licensees, and are described 
:Chapter 3, of this Part  Two under “Radiation Incidents.” The 
- 3 t h ,  resulting in the temporary shutdoTT-n of a reactor, is de- 
4;hd in Chapter 9 of P a s  Two under “Compliance Inspections 

Facilities,” 

%/orcement Activities 

&e AEC compliance field staff, decentralized in fire regional of- 
*%in Kew York, i4tla.nta, Chicago, Denver, and San Francisco- 
- 4 ~  inspection prom+ rtain compliance of licensees with 
7- * 

f h  Jgj-958-6 6 -2 1 3 bV&TT 
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nS U"SU, t 

If  the preliminary inf omlation gatliered . 1 t. 

,4EC requirements and to identify any safety problems. A 
occurrence or condition receives prompt attention to determill, 
safety significance. 
cates the possibility of noncompliance r i t h  regulatory requi QI& 

cause of the occurrence or condition, the degree of hazard ~ v o l p ~  
and the timeliness and adequacy of measures which the license is tal- 
ing to  protect its employees and the public. 

During 1965, approximately 80 percent of the cases in which, 
&I. spection disclosed noncompliance were handled by the c 

Regional Offices. The remainder which involved more serious sn,i 
complex questions of Mmm'qhnce were referred to Neadquartph 
for disposition. No case arose in which it was necessary to - 
order for license suspension or revocation. On the whole, the ww 
of AEC licensees in complying with requirements of theiit lice& 
has been excellent. 
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Chapter 2 

REACTORS *4ND OTHER NUCLEAR 
FACILITIES 

During the year, steps were taken to improve the licensing process 
reactors and other nuclear facilities, and safety reviews were ini- 

tiated on construction applications for four large power reactors which 
dodd more than double current installed nuclear electrical capacity. 

Of particular significance to the future conduct of the licensing pro- 
a m  were steps initiated to implement recommendations of the 
M a t o r y  Review Panel, most of which were directed at  facilitating 
d u r e s  and practices a t  the construction permit stage in light of P (See Chapter 1 

of Part Tro.) 

2)  

p j e c k d  growth of the nuclear power industry. 

THE DECISION-MAKING PROCESS 

-4 principal area of inquiry of the Regulatory Review Panel was 
he decision-making process in the regulatory proflam, with empha- 
Jj on the respective roles played by the regulatory staff, the Advisory 
Committee on Reactor Safeguards (ACRS), the Atomic Safety and 
Licensing Boards, and the Commission. 

Function of Safety and Licensing Boards 

The panel concluded that the practice of conducting public hearings 
&fore Atomic Safety and Licensing Boards (ASLB’s), which in- 
dude members with technical backgrounds, is an effective means of 
dtaining public participation in reactor licensing proceedings, as 
ras the intent of Congress in the 1962 amendments to the Atomic 
Energy Act. However, the panel recommended redefinition of the 
bction of boards “specifically to recognize that a board cannot un- 
*ake, de novo, an independent technical review of the safety of a 
?toposed facility.” It proposed focusing of the board’s adjudicatory 
atechnical expertise on appraising the adequacy of the regulatory 
Sfl’s safety review, the general sufficiency of technical and other in- 
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fornlation supplied by the appellant a i d  other parties, and the ad 
judicating of controversy expressed in contested cases. Other Palle 
reconmendations were directed a t  prehearing conferences, conduct 
hearings, jurisdiction of the boards, and board composition. 

Commission Actions 

The Commission in the latter part of 1965 discussed the role of tht 
boards with members of the Atomic Safety and Licensing Board 
Panel, the ACRS, the regulatory staff, and the Atomic Industrial 
Foruni and considered the esperieiice gained in the conduct of public 
llearings by the boards since 1962. The Commission enlarged the 
membership of the ASLB Panel near the end of the year to assure an 
adequate number of members to  accommodate an increasing volume oi 
cases, and began the practice of designating a third technical member 
of boards as an alternate to facilitate future proceedings as remmt 
mended by the Regulatory Re\-iew Panel. 

Another recommendation of the Review Panel, designed to expedite 
Commission review of regulatory decisions, was implemented Kith 

publication in the Pedernb Register on November 5,1965, of a proposed 
amendment to its regulations which would simpli@ procedures for 
filing appeals from initial decisions of hearing examiners or Atom;, 
Safety and Licensing Boards. The amendment would eliminate the 
necessity of filing petitions for Commission review. 

CRITERIA, STANDARDS, AND CODES 

An important action during the year was the development of p 
posed general design criteria for the safety evaluation of applicatioE 
for nuclear po-irerplant construction permits, which mere issued Kith 
a public announcement on November 22,l seeking comment from the 
industry and other interested persons. This was a key recommenda- 
tion of the Regulatory Review Panel, which urged intensified efforts 
to del-elop criteria, standards, and codes. 

General Design Criteria for Construction Permits 

The proposed criteria represent an effort to set forth design and pp 
formance requirements for reactor systems, components and strop 
tures 11-hich hare ex-olved over the Fears in the licensing of nucl@r 
pon-erplants by the ,4EC. The 27 criteria, covering the facility, 
reactor, engineered safeguards, and radioactivity control, reflect tb 

AEC press announcement H-253, Division of Public Information, U.S. Atomic Ene 
Commission, Washington, D.C., 20545. 
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redominating experience to date with water reactors, but most are 

g7hile it was recognized that further efforts would be necessary by 
aEC regulatory staE and the ACES to fully develop tlie criteria, 

tlle9 %-ere considered sufficiently advanced to issue for public comment 
d to give interim guidance to applicants and reactor equipment 

The ,4EC plans to confer Kith nuclear industry 
,,znizations, and to issue from time to time explanatory inforniation 

on each criterion, and subsequently to develop and publish criteria 
d as a basis for evaluation of applications for nuclear powerplant 

rollstruction permits. Meanwhile, it is recognized that there may be 
instances where one or more of the proposed criteria may not be appli- 
cable, and also that additional criteria may be needed in other cases. 

ication of the criteria to  specific designs continues to involve (z 

derable amount of engineering jud-gment. 
E&ablishment of criteria for the construction permit stage was a 

key recommendation of the Regulatory Review Panel, which viewed 
[hem as a vehicle by which the licensing process “could be simplified, 

ened, and made more exact and predictable, with attendant im- 
rovement in the time-efficiency of the regulatory staff .” 

,eIlerally applicable to other re.actors as well. 
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Idustry Code Goal 

The proposed criteria are part of a longer-range Commission pro- 
p r n  to develop criteria, standards and codes for nuclear reactors. 
The ultimate goal is the evolution of industry codes based on accumu- 
bted knowledge and experience, as has occurred in various fields of 
engineering and construction. 
Progress also was made by the *4EC during tlie year in developing 

,o) technical specifications guidelines defining more precisely the vital 
areas of reactor safety that must be covered by the technical specifica- 
tions accompanying a reactor license, and (6)  a safety analysis report 
fuide vhich \rill more clearly specify the information needed by the 
AEC to conduct’ required safety reviews. 

NUCLEAR SAFETY RESEARCH PROGRAMS 

Coordinat,ion of the ,4:EC’s nuclear safety research programs was 
strengthened in July by the formation of the Steering Committee on 
Reactor Safety Research, with high-leT-el staff representation from 
@,th the General Manager and the Director of Regulation. The com- 
gtke will’ work to  assure that the experimental information de- 
?loped in the AEC’s extensive program of reactor safety research is 
%d to the needs of the continuing development of the nuclear in- 
q 3 - N  
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ernkit, dustry and to the requirements of the Commission?s r 

with industry representatives to obtain their views on safet 
that should form an important part of the research program. 

Liaison during the year with groups carrying out the nuclear Safeti 
research programs emphasized the regulatory staff’s interests in 

operative interest were Loss-of -Fluid-Tet (LOFT) , Containmen! 
Systems Experiment (CSE) , Special Power &axmion R a c b r  T, 
(SPERT) , Nuclear Safety Pilot Plant (NsPa), and the R~,~~~~ 

OD* Containment Handbook and the course of proposed future pr 
such as the Core Spray System Experimental Program and the pire; 
Year Fast Reactor Safety Program. 

program. During the latter half of 1965, the colnmittee held “leetiOD ’3 

sults of planned major accident tests. Programs of particular, ~ &.E. 

s Qtt,, 

MAJOR REACTOR LICENSING ACTIONS 

Applications mere received during the year for four large poRe 
reactors representing an aggregate electrical capacity of neafiJ 
2,600,000 kilowatts-more than double the current installed capacitr 
of all licensed power reactors. Two of the proposed projects are & 
largest powerplants yet submitted for licensing : A pressurized 
reactor proposed late in the year by the Consolidated Edison c0. fof 

its second nuclear unit at its Indian Point, N.Y., site with a deim 
capacity of 873,000 electrical kilowatts (ekw) ; and tlie Drp&& 
unit proposed by Commonwealth Edison Co. at its Morris, I&, sitF 
which is designed for initial production of 715,000 net ekw. 

More than a dozen other utilities either conferred informally xiti: 
the AEC’s regulatory staff during the year or requested preliminan 
site reviews for powerplants tentatively planned for operation in 6 
early 1970’s. Major actions completed during tlie year included th 
issuance of full-terni operating licenses for two power reactors d 
one test reactor; construction permits for two power reactors; a thm 
year operating license for the KS Xawannah; and a safety revim Eii 
Comnionwealtli Edison‘s application for construction of its Dresden-: 

Licensed facilities a t  the end of 1965 totaled 105, as folloas: 
power reactors, mostly operated by privately owned public utilitis: 
four test reactors, three owned by industrial firms and one ki’ R Fed- 
eral agency ; 17 critical experiment facilities, primarily indudrid: 
and 68 research reactors, mostly owned and opemted by uniwBicm 
and other educational research groups. 

In  addition, a t  the end of 1965,16 construction permits and author- 
izations \yere in effect for tlm construction of seven power reactor;, 
test reactor, 11 research reactors, and one chemical separation fai@ 

plant. 

5 0 0 c.: 5 - 1  -1 
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he o crrodh in licensed nuclear power facilities in the past decade, 
rejected into 1970, is sBo.crn in the chxrt-Trends in Xuclear 

Id  P 
$f16r plant Licensing, 1955-1970. 

9-  
1955 56 57  58  59 60 61 62 63 h A  65  66 67 68 69 70 

'At the end of 1965, there were 14 operating licenses and seyen construction 
@ts in effect for  nuclear power reactors, and construction applications were 
&r review for five others. Projections beyond 1963 indicate potential new 
*tications for  power reactor construction permits in 1966 and estimated total 
mber of operating power reactors by 1970 if all applications currently under 
d m  and those projected for 1966 are approTed. Licensed reactors continue 
-,der AEC surveillance throughout their lifetimes. 

POWER REACTORS 

Significant licensing actions and private reactor operation experi- 
me, as well as the status of new applications received in 1965, are 
-mmsrized below. (Significant operating experience of AEC-owned 
actors operated by utilities under the Power Reactor Demonstration 
%gram is reported in Chapter 7 of Part One even though the reac- 
t% are licensed.) 

btruction Permit Applications in Process 

Dreeden iVuc7enr Fopoe7* Statim. Xo. 2. The Commonwealth Edison 
4 of Chicago on April 15 submitted an application to construct a 
r 

t a  
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large single-cycle, forced circulation, boiling water reactor at the 9r.1 

acre site of the original Dresden unit a t  AImris, Ill., about 
b,;; southwest of Chicago. The company aimouiic,ed that tile ( l  - 

Electric Co. will build the Dresden-2 reactor, designed for ”et1C.Q‘ ir,iti.. 
operation at 2,300 thernial inegamtts and prodLlction of Y1qM,[, I,ti: c. 

electrical kilowatts (ekw ) , but wit11 811 expected Llltimate CaIlapit, c 1  - r9a,000 . I  ekw. 
Following regulatory revieK of the qqdicatioil, :m Aton~j, safe 

and Licensing Board conducted a preliearing colifereiice on y ! 
ber 9 in Morris, and held a public hearing Iken lbe r  7-8 at  tile O b & .  s~arrt, 

location. The board% initial decision, announced December g9 

authorized the issuance of a provisional construction permit, 

c J i  

- e  9 I%& 

Byookzvood Power Plant. The Rochester Gas & Electric carp. ~ 

November 1 submitted an application to build ‘3 pmssurized \vater ~- 
actor a t  its Brookwood site on the shores of Lake Ontario, \y 

m tric Corp. was named designer and prime contractor for the pro 
facility, designed for a capacity of 1,300 thernial megawatts 
420,000 ekw, and scheduled for full commercial operation by mid-lw. 

County, N.Y., about 16 miles east of Rochester. \Yestinghouse p1 3.m 
4 ec. 

LuiZ~stone Point Nudear Power Plant. -2pplication for conamp, 
tion of a 1,730 thermal megawatt boiling water reactor with a net 
put of 549,200 ekw was filed soveniber 15 b~ the Connecticut Light& 
Power Co., the Hartford Electric Light Co., the Western 31asacIlu- 
setts Electric Co., and RIillstone Point Co. (an affiliate of the other 
t h e e  companies). The 500-acre site is located a t  Millstone Point, 
JT’aterforci, Conn., on the north shore of Long Island Sound, 3.9 mib 
from Kew London. The utilities announced award of a contract fg 

clesigning, furnishing and erecting the plant to the General Elect& 
Co., and scheduled operation to begin by mid-1969. 

Indian Point Cnit :To. 2. On December 6, the Consolidated Ed& 
Co. of Kew Tork proposed the largest nuclear powerplant vet sub 
mitted for licensing+ pressurized water reactor with a design capw 
ity of 2,758 thernial megawatts and net electrical capacity of SZPg  
~ B K .  The facility would be located at the site of the original Condi- 
dated Edison nuclear powerplant, now designated Indian Point S ~ S .  
tion, Unit KO. 1, on the Hudson River. The utility announced s v d  
of a ‘‘turn-key‘? contract to the Westinghouse Electric Corp. and 
for power operation by mid-1969. 

c1 
0 
u 

0, 
4 
A 

;Q 

The Atomic Energy Act of 1954 was  amended in  1962 t o  authorize the C o n m ~ ~ s ~ o B  
establish such boards t o  conduct public hearings for proceedings inrolring the Panw 
suspmding, revoking, or nmending of licenses or authorizations. The tbree-me* 
boards are drawn from a panel of AEC Hearing Examiners, AEC-contractor 
and pririlte citizens (sec. 111). 426-427, “Annual Keport to Congress for 1962”). 
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g n i i b ~  Kuclear Power Plant. An Atomic Safety and Licensing 
,'Jl,cl b e p n  a public. hearing in Saiita Monica, Calif., on AIarch 23, 
Pr mrding tlie application by the Los Angeles Depart>ment of 

Power to construct a large power reactor in Corral Canyon, 
jlalibu. Five intervenors participated in tlie proceeding in addi- $.Par to the applicant a i d  the repl.at.oq- staff. The hearing, protracted ion ,,temive testimony and cross-esaillinatioii on matters of geology is%' 

r=d seismicit)T, concluded Pl'oreinber 5 ,  after fire different sessions in- 
tot a1 of 41 days. Prehearbig and interim conf erencH also $11 

colrinB 
held. The board established a sclieclule for subniittal of proposed 

$dinB cs and coiiclusions, and briefs which expires April 20, 1966, after 
ghicb tbe case will be decided upon by the board. The proposed 
gslibu plant is a pressurized water facility, designed to operate at 
7$;3 t1lermal megawatts and to produce 462,000 net ekx-. 

$65, re= 

6. 

iors Under Construction l@ 
pa& Bottom. On February 2,1965, a notice of proposed issuance 

.fa facility license was published in the Federu2 Register which would 
t. &orize operation a t  one thernisl niegsv-att of the Philadelphia 
ggtric C0.k prototype high-temperature, gas-cooled reactor at Peach 
Fsjl,,rtom, Pa. On February 3, 1965, EL fire, belie\-ecl to have been started 

a spark from a welder's torch, caused considerable damage to  elec- 
&cables and deposited a coat of soot on surfaces inside the reactor's 
auinrnent shell. There were no personnel injuries and no radio- 
~ ;uce  materials were involved in the fire. A4fter repair of damage 
% the fire, construction of the plant was essentially completed and 

preoperational testing was completed except for fuel handling 
dpment . 
In December, cracks were discovered in tubes of the reactor's steam 

FPfierators, and repair will be necessary before operation at significaiit 
zirer levels. However, it appeared that tlie plant would be ready for 
xlloading in Ja1~1iary 1966, with low-power testing to follow. The 
,'mmission, a t  the company?s request, issued a n  order extending to 

31, 1966, the latest completion date specified in the construe- 
XKI permit. The reactor is designed to produce 40,000 net ekw at 
!dl power. 

lz 

!Cw AUiZe Poilzt. Following a public hearing in Janwry before an 
k i c  Safety and Licensing Board, a provisional permit was issued 
-the Xiagara AIohawk Power Corp. on April 12, for construction of 
'kiiing-water nuclear power reactor. The plant, under construction 

the assistance of the General Electric Go. at Kine Mile Point 
%Lake Ontario nenr Scriba, X.Y.? about seven miles northeast of 
- 
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SEFOR. A prorisional construct ion permit. was issuecl sel)tprliib 
& 

21 for the .3O-thennal-rnegr;l~~att Soutliu-estr Experimental past ~~~ -I 

SIDE REFLECTOR 

Peach Bottom Reactor. The Philadelphia Electric Co.’s prototype high-temPett. 
ture gas-cooled reactor at Peach Bottom, Pa., is now scheduled to go into 
eration about mid-1966. A February 19G5 fire damaged electrical cabla ad 
left 8 layer of soot vrithin the reactor containment shell which, while Dot  * 
aging the reactor, required tha t  a thorough cleanup job be conducted before* 
reactor fuel could be loaded. Diagram shows the main components Of isr 
reactor, which n-ill use graphite fuel elements containing carbon-coated uranim 
thorium fuel particles. 
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r (SEFOR) project, now under construction at a site near 
~ ‘ @ t r ~ ~ ~ d l e ,  vet Ark. An Atomic Safety snd Licensing Board, folloxing 
’i171ic hearing at Faretteville, June 39-July 9,  specified in its initial 
P tisjon that certain supplemental inforniation be supplied by the 
e licants during the construction stage. The reactor, vhich is not 
QP cl for electricity generation, is a joint- project involving dle “]we ,blic of Vest Gerninny, Euratom, Southwest Stomic Energy 

ciates, the General Electric Co., and the AEC. P P  
* L e  
Oyster Creek. On January 5, construction began on the Jersey Cen- 

power & Light Co.% boiling water reactor powerplant near Toms 
@ $Sirer, on Oyster Creek, about 40 miles north of ,4tlantic City, N.J. 

the end of 1965, construction of the plant, which is being built for 
@ tility by the General Electric Co. on a “turn-key” basis, mas about 

rcent complete and on schedule. It is designed to produce 515,000 @U 

@:p”ek~ initially (and ultimately more than 600,000 ekw), and is 
I& aned for operation late in 1967. 

hcrosse. 
al 

In  August, the Allis-Chalmers Manufacturing Go., 
&ch is constructing the 50,000 net ekw Lacrosse Boiling Water 
fiactor near Genoa, Wis., for the Dairyland Power Cooperative, re- 
ueded a provisional operating authorization. However, completion P 
the plant was delayed by late delivery of several components. 

$an Onofre. The Southern California Edison Co., San Diego Gas 
6 Electric Co., Bechtel Corp., and Westinghouse Electric Corp. in 
mmber filed the final safety analysis report and applied for a pro- 
+ional operating license for the San Onofre Nuclear Generating 
station Unit No. I at Camp Pendleton, in soutlmrn California. m e  
13-47 thermal megawatt, pressurized water reactor, now about 50 
percent completed, is designed to produce 450,000 net ekm, with 
Bechtel as the construction contractor and Westingllouse as nuclear 
mntractor. The application is under review. 

- 

Connecticut Yankee. Const.ruction of the Connecticut Yankee 
.Itomic Power Co.’s 462,000 net ekw nuclear powerplant a t  Haddam 
Seck, Conn., is proceeding on schedule. By the end of the year, ship- 
ment of the steam generators fabricated by Westinghouse in South 
Phladelphia, Pa., had started, n-itli the last of the four units sched- 
uled for delivery in Spri l  1966. The reactor vessel was expected to be 
&pped from Combustion Engineering’s Chattanooga, Tenn., shops in 
February 1966, and delivery of all other major components was on 
dedule. The pressurized water reactor facility is planned for mm- 
!letion early in 1967 and for regular power operation by October 1967. 
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Ran 09~ofre. Located on the Pacific Ocean shoreline 60 miles south of L., 
b g e l e s ,  the 450,000 ekw San Onofre Nuclear Generating Station is wll%laiH 
to be in operation I>s early 1967. 
reactor will be supported in concrete within the niassire steel contabrne1 
sphere ; the turbine-generator will be mounted on the concrete Wdestal StrUctg,, 
to  the right of the dome. I n  the background are the main north-south highRrF 
and railroad between Los Angeles and San Diego, and the Santa Ujlrm&s 
Rlountains. The plant is being built for the Southern California Edisoon aM 
San Diego Gas and Electric Companies by the Bechtel Corp. of Los Angeles a 
San Francisco. 

The Westinghouse-built pressurized 

Operating Reactors 

Enrico Fernzi. Operation of the PoTer Reactor Development c a , ~  
Enrico Fermi Atomic Power Plant at levels up to 200 thermal mep- 
watts was authorized December 17 by a.mendment to the provisions: 
operating license follon-ing the initial decision bF an Atomic S a f q  
and Licensing Board on December '7. A public liearing vas  conducrd 
by the board at, Detroit, Xich., August 30-September 2, 1965. 

The sodiuii~-c.ooled, fast, breeder-type reactor is located at I ~ g m  
Beach, Micli. Throughout the year, a nuclear test program vas PUB- 

ducted to  cteterniine the reactor's "characteristics," and it, W'NS opemtd 
L- periodically for operator training and nonnuclear testing purl- 

Operation at full power level of 200 thermal megawatts vould prdle  
3 60,900 ekw. 

os Carolirznls-T';?.yil2 ia Tube Reactor. A full-term operating l i e  
replacing the, provisional license was issued in April to the C ~ ~ l h w  
Yirginia Xuclear Power Associates (CTKPA) for its b e a v  mm 
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l,rated aiicl cooled pressure-tube reactor a t  Parr, S.C. For  tlie 
:$( .of portion of the year, CT'XPA operated tlie plaiit a t  an author- 
.,$] level of 44.3 tlieriiial inegawatts n-itliout iii;~ jor problems, a id  
- of henry water were below design expectations. I n  Septeniber, 

license i ~ a s  anieiicied to permit a n  iiicrease in operating power to  
20 desigll capacit? of 65 thermal mepwatts,  and a stepwise iiicrease 

Fer was begun. By the eiicl of the year, the reactor had achiered i@ 
.a P 
* fllll power level of 17,000 ekw (with oil-fired superheater) . 

sed 

?: 

~ e h  Riwer. ,4 full-term operating authorization replacing the pro- 
* rial authorization held by L411is-Clialniers was issued to the Rural dl0 

erntive Power Association in June for operatioil of the Elk River, 
The inaximum pov-er level authorized for tlris boiling WP react80r. 

reactor is 58.2 tliernial megawatts (prociucing 22,000 ekw). 
km.7 

gumbo7dt Eay. Following the successful completion of a series of 
:ep &e poITer-increase experiments in the fall of 1964, tlie Pacific Gas 
eElectric Co. was authorized in May 1965 to increase, from 165 to 240 
bpernlal niegam-atts, the power level of its Huniboldt Bay boiling water 

However. the reactor was not oper- 
!.d at this higher leyel because its old core did not have sufficient re- 
i,.tintp to attain it. 
In September, tlie company was authorized to replace the stainless 

;&]-clad fuel, which had been used in the past two years of operation, 
& Zircaloy-2 clad fuel assemblies. During the shutdown begun 
iptember 90, the facility was modified and about 95 percent of the 
- 3 ~  core was loaded. The remainder will be loaded in %-percent 
rreinents at approximately eight to 12-month intervals until a coi-n- 
&e fuel change has been accomplished. The utilitv subsequently 
zsmthorizeci t o  operate at a steady-state power lerel of 240 thermal 
r p m t t s  wit11 tlie nem- fuel assemblies, and startup operatioils began 
r. Soyember. 

plant near Eureka, Calif. 

Pnfhfiider. The Kortliern States Power Go. was authorized 011 De- 
zdw 2 ,  1962, to increase the power lerel of its Pathfinder Atomic 
?mer Plant at Sioux Falls, S. Dak., from one tlierinal megawatt to 
f full rated power of 190 thermal megawatts, which would produce 
m t  58,500 elm. 

E O A W S .  An application for transfer to the Puerto Rico Water Re- 
= :rces Authori tv ( PBKR-1) of the provisional operating authoriza- 

for the Boiiing Suclenr Superheat Reactor (BOKT-7s) at Punta 
::wera, Puerto Itico, now jointly held by PRTTRL4 and Combustion 
c@-wering, Inc., is pending. Review of the application, vi-hich was 
- T i ~ d  in December 1964, was deferred by the regulatory staff pend- 

%* 
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ing a report on operation of the reactor a t  full l)o\\-er 
megawatts (producing 16?5OO e h )  . 

REACTORS AKD OTEIER I W C L E A R  FACILITIES 

~ d i a n  Point KO. I .  I n  October, the Commission issuecl 
arnr~i -  merit to Consolidated Edison% provisional operating licellre 

Indian Point-1 plant t o  permit replacelnent of the original UPanhQ- 
oxide and thorium-oxide core with a low-enrichment uralliuru-olih 
core of modified design, and an increase in steady s tah Opeparib 
power level from 583 thermal megawatts t o  615 thermal 
Full power with the new core would produce about 270,ooo net eki9 
including conventional superlieatkg of the steam, COn1pared 
255,000 net ekm with the first core. The pressurized water reacto, Ffq 

shut down in October for refueling. It is SCliedUkd to be back 
it operation in early spring of 1966. 

On ,4upst 9, the Yankee &it- 
Electric C0.k pressurized water reactor at  Rowe, Ifass., v a s  shut dOm 
for annual refueling and maintenance. This ended a total of 3a5. 
consecutive hours of power generation. At the time of shutdom, 
fourth core, which had been in operation since September 6, l g ~ ,  id 
a total electric generation of 1,309,058,800 kilowatt-hours. 

The fuel assembly which had been discharged from the first y ~ e  
core and reinserted into the reactor with Core I1 and again wit11 care 
IV for additional irradiation, was examined and found to be 
excellent condition. 
burnup of 46,000 megawatt-days per metric ton of uranium, is cut- 
rently undergoing destructive examination at the Westinghouse pm- 
Irradiation Facility a t  Waltz Rfill, Pa. 

During the shutdown, the full core and the core barrel were removed 
to permit inspection of the core support structure and the interior rd 
the reactor vessel. KO problems were found in the core support stmrr. 
ture, but modifications were made to assure proper core support k 
case structural failure did occur. TITO penetrations of the reads 
vessel cladding in the region of the lower vessel Bead were discovered. 
Several failed bolts in a vertical seam of the thermal shield also FEE 
discorered. Modifications were made to provide for the use of clmp 
on the vertical seams of the thermal shield, thereby eliminatM tk 
need for bolts. Eraluation of the cladding defects indicated that m s  
sel integrity was not affected and that reactor operation could b~ 
resumed. 

During reassembly of the core, one-half of the 76 fuel ~ s e m b l k  
were replaced. After the containment vessel was leak-tested and 
eral plant maintenance work was performed, the reactor vas ret- 
to power operation on its fifth core in mid-Kovember. 

’> CJrIt 

L 

Yankee Nuclear Pmer Station. 
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T8sden-I. On May 29, the 200,000 net ekw boiling water Dresden-1 
of the Commonwealth Edison Co. at  Jiorris, Ill., returned to 
load-foll~wing (k, adjusting the e n e r E  output of the reactor 

#@ t the load requirements of the utility system at any taiine) power 
gmee* after a nine-week shutdown which started on March 28. 

utllalf of the shutdown period was for refueling, and the rest was 
During this third reloading, 900 g r o u  

PiTornadoes near the Dresden-1 plant on Korember 12 disabled all five 
e power lines to the facility. Reactor scram and main dtJl bine trip from full load conditions followed the complete loss of ’‘ ‘de power, and continuous local power then Tas supplied by the pw 

.,dijbg7s emergency diesel generator set. Outside power was re- 
in 11/2 hours and the reactor was returned to service on the fol- 

,411 saf et.;v systems responded as designed. $ 0 4  
&ai~g day. 

The Big Rock Point, Micli., 
goljhg water reactor plant of Consumers Power Co. returned to opcr- 

on September 4 after having been shut down since September 18, 
Soon after the reactor was shut down, several bolts that attach 

+ tllermal shield to  the reactor vessel were found to  be sheared off. 
;;be bolt failure apparently resulted from a thermal shield vibration 
:,&lern which was finally resolved in July. As a result of cold f l o ~  
&, it was determined that tlie vibration was caused by excessive 
+ary coolant flow between the shield and the reactor vessel wall. 
ifodifications were made to the thermal shield mounting and a seal was 
aalled a t  tlie top of the shield to control the coolant flovi-. Follow- 
s - replacement of core internals and fuel assemblies, the plant re- 
.wed operation and reached full power of 70,400 net ekw on 
!@ember 10. Since then it has been operating on a normal load- 
gloning schedule. 

&CtD 

$&on 

tine testing and maintenance. 
re&or’s 464 fuel assemblies were replaced. 

- 

s;s Rock Point A7u.c7ear Power Plant. 

KS Sa,vanna,7~. First Atomic Ship Transport Inc. (FAST) re- 
+red a three-year license on August 5 to operate the pressurized water 
:dear reactor aboard the KS.Suvanwh, pursuant to  an initial de- 
Gon by an ,4tomic Snfet.y and Licensing Board following a public 
sari a t  Gerniantomi, Rld., on June 7 .  The reactor is licensed to 
q n t e  at 80 therind niegswatts. Built as a joint project of the Mari- 
‘%e Administration and tlie ,4EC, the Savannah had been operated 
’3 the Goyernment since June 1964 by ,4merican Export Isbrandtsen 
$@S, Inc. (AEIL) , as general agent. In December 1964, the hlari- 
badministration had applied for a license to operate the Savannah, 
aaitlidrew tlie application in January 1965. 

5 0 f i q g B b  
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Subsequently, FAST, a wholly-owned subsidi 

created for the sole purpose of operating the Saucm~uh under 
from the Marit inie Adniinistration in tlie regular freighter. 

cel,\.i, AEIL. FAST has reported perf ormuice of tlie ressel‘s ‘rt 

highly satisfactory since taking de1iver;v of the sllip 011 Ilk&* 

e- Ta: 
as to && 

plans about eight voyages annually-six betmTeen the U.S. ‘I; 4q 
0% -1: 

abliiig the licensee to meet scliec~ule obligations mid to conlp] 
voyages under full cargo conditions xith sntisfnctor!- reveliu 
of the voyages were to Northern Europe, and the third IT 

terranean ports. The AEC approved 22 p0l-t reviews for tlln 
92ah’s risits in 1965 since issuance of the license in August. 

lantic Coast and European ports, and two to the Mediterranean ~~ 

~ 

k 
” A- 

‘d 

First  Coni)tierciaI Curgo. The S S  LSavanizah, the world‘s first nuclear-powre 
cargo-passenger ship, loads her first cargo as a commercial vessel following9 
years of demonstration visits to leading ports in this country and abroad. Herr 
the Savannah is shown at  pierside in  Baltimore, Md., where she topped off a c a r  
of tractors, agricultural implements, food, automobiles, household goods mi 
scrap metal by swinging 200 “Jeeps” (extreme right of p h o t o )  on board for 
livery in Europe. After a stop in Philadelphia, the Sava?z.rzah left Xew I o &  @ 
tmiber 3 for Spain. France, Belgium, The Xetherlands, and Ger1nan.r. ea* 
structed as  a joint project of the AEC and the Maritime Administration O f *  

U.S. Department of Commerce, the ship is now operated under charter b: Fi& 
Atomic Ship Transport, Inc.. a subsidiary of American E ~ p o r t  Isbrandtsen 
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~ 

Export Licenses 
gF5fi* 

ppo*s of four reactors to foreign countries were licensed in the 
olltll period ending December 31, 1965. Three of these were re- 

,2.01 
i* rCll reactom and the fourth m-as a reactor for production of elec- 

being installed near Madrid, Spain. Exported by Westing- p 
+iitY, 

Electric International Co ., the 5 15 therm a 1 megax-a t t pressurized 
@e *,bt water reactor has a design power rating of 160,000 gross ekm-. 
e -truetion was started in July, and shipnients from the United ;*w 
-t t e j k  uan in Noveinber. 
9 

ER PRODUCTION AND UTILIZATION FACILITIES Pf i  
pecallSe of the nature of the processes, the quantities of material 

the safety considerations involved, some nuclear material plants 
to licensing procedures similar to those established for nu- 

P? &r mctors. This includes the processing of construction permits 
tad operating licenses, and establishment of financial protection leJ-els, 
deDnit,y fees, and special operator licensing programs for each new 

d 

of facility. 

Firsion Product Conversion and Encapsulation Plant 

During the fall, the Commission determined that the proposed Fis- 
Product Conversion and Encapsulation Plant to be built at  Han- 

bd, rash . ,  by Isochem, Inc., is a utilization facility and therefore, 
abject to licensing under its facility replations set out in 10 CFR 
b t  50. An early-1966 application is anticipated from Isochem re- 
e t iag appropriate AEC licensing. 
* The proposed facility, which Isochem has projected for operation 
3 the fall of 1968, is designed for large-scale production and distribu- 
h of four radioisotopes : strontium 90, promethium 147, cerium 144, 
ad cesium 137. These isotopes would be recovered from the waste 
a m  generated a t  the AEC Hanford plants in the course of produc- 
T and recovering plutonium. Isochem is jointly omned by Martin- 
hrietta Corp. and the U.S. R.ubber Co. 

hdiated Fuel Chemical Processing Plant 

An application from Nuclear Fuel Services, Inc. (NFS),  and the 
To& State Aktoniic and Space Development *4uthority to operate 

+* first privately-owned irradiated reactor fuel reprocessing facility 
athued under review. The State has leased the site to NFS and 
*assumed responsibility for perpetual care of the radioactive wastes 
zwated by the plant. The facility is a t  the Western New York 

795-958-66-22 5 0 0 9 5 8 8 
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OPERATOR LICENSING 

Licensing of individuals to operate reactor and plant controls ~- 
quired under regulation 10 CFR Part  55, and comprehensive RritlZ 
and on-the-job examinations are administered by the AEC. 

I n  the 12-month period ending November 30, 1865, the AEc mg 
issued 333 operator licenses and 249 senior operator licenses. 
included 267 new licenses, 12 amended licenses, and 303 renexed 1iCp;E 

ses. 
cluciing previously-issued licenses, 909 operator licenses anct 553 
operator licenses were in effect on November 30. 

facility where operators are required to hold Pait  55 licenses. 

During the same period 43 license applications were denied, 

The NFS spent-fuel reprocessing plant will be the first nonrtxclg 

OTHER SAFETY REVIEWS 

The AEC's regulatory staff also conducts safety reviews of G o ~ m  
melit -owned react or facilities, including AEC-owned reactors at h 
Hailford, Oak Ridge, Idaho, and Savannah River operations, mi 
tlirouglz arrangements with the Department of Defense, at re3cta 
facilities owned and operated by tlie ,4rmed Forces. This include: 
advice on siting, design, and operation of reactors, and port opmtim 
for nuclear vessels. 

During the year, safety reviews were performed on the folloffh 
facilities: The Molten Salt Reactor Experiment (MSRE), a 
thermal megawatt, graphite nioderated, circulating fuel rwcbr 
the Oak Ridge Kational Laboratory ; a new core for the S3G probw 
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lmated at West Milton, K.Y.; a new core and an increase in 
level of the Skippingport, Pa., pressurized water reactor ; the tor 

-der phase I1 (production and electric pom-er generation) opera- 
>$he Sanford “h”’ reactor with a planned power level of 800,000 
@ . ki1oIT;ratts; tlie S ~ G  prototype reactor plant at the xational 
&&IC Tatkg Station (KJXTS), Idaho; the High Flux Isotope p$tor (HFIB) located at Oak Ridge Kational Laboratory which pct5r design paver level of 100 thermal megawatts; Power Burst 
p3-hy (PBF) located at NRTS, an experimental reactor with a 
fg 1 1 power level of 20 megawatts; Experimental Gas Cooled Re- #@ E N R ) ,  a gas cooled, graphite moderated reactor located at 
$rl/&e, Tenn., with a thermal power level of 84.3 megawatts; and 
- Experirnenhl Beryllium Oxide Reactor (EBOR) , a gas cooled 

,derated reactor located at NRTS, with a thermal power level 

- 8  

@ 10 megawatts. 

COMPLIANCE INSPECTIONS OF FACILITIES 

poutine inspection of a licensed facility #begins shortly after the 
Sd 0 f initial construction, and continues throughout the life of the 
$jfitY. By inspection of the premises, records, and operations of 
*S@?S? the status of compliance is determined and any safety prob- 
@that need correction can be identified. 
b the  12 months ending November 30, 1965,350 facility inspections 

rerp. made by AEC compliance personnel. These were distributed 
rn% u 121 facilities as follows : power reactors, 127 ; test reactors, 28 ; 
*arch reactors, 130 ; critical assemblies, 28 ; KS Sazannah, 12 : and 
2 JTS irradiated fuel reprocessing plant, 25. 
,bong the factors influencing the frequency of inspection is the 

YUS of a facility-whether it is under construction, undergoing hi- 
dhting, in startup status, or in routine operation. For those re- 
20s in routine operation in 1965, an average of 6.5 inspections were 
d e  of each power reactor and an average of 1.8 inspections at 
& research reactor. 
AEC regulation 10 CFE 20 requires licensees to report to  the AEC 
:! significant radiation incident.3 Only one radiation incident was 
yrted involving reactors in the 12-month period ending November 
~ 1 9 6 5 .  This x-as a loss of more than 21 hours operating time when 
apsule failed while undergoing irradiation in a nuclear reactor. 
zero was no exposure to personnel and no release of airborne con- 
zmtions of radioactive niaterials in excess of liinits specified in 
ZC regulations. 

8 -  * “Radiation Safety Record of Licensees” item in Chapter 1 of Part Two. 
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UA€& 

established by statute to  review safety studies and rarious reactor ~ * 

. . .  the I, 

as the Commission may request. For  license applications refebd - 

ADVISORY COMMITTEE ON REACTOR SAFEG 

The Commission's Advisory Committee on Reactor safe* b h r &  =~ 

cerise applications, to advise the Corrdssiol1 ~ i t h  regard t I -  

ards of proposed or existing reactor f a d l m s  and the aderlu, 
proposed reactor safety standards, and to perform suck other 2: 
it, the Committee conducts an hidependent review, concurrently 
the Commission's regulatory staff, and presents its recornme,~,,il 

of the public record, except for security material. 
During 1965, the full con~nitkee met 11 times and jj 

of ACRS Subcommittees were held. It furnished to the c 
13 reports on privately- or municipally-owned facilities, 12 reports fl; 

J %  
Commission facilities, and three reports on reactors owned b 
Government agencies. I n  addition the AGRS submitted seyeml 
ports on general topics, including : Seismic Considerations in a 
sign of Nuclear Power Plants, and Reactor Pressure Vessejels. Tb 
committee also worked with the regulatory staff during the Tear ti 
the review of proposed criteria and guides. 

to the Commission in written reports. These reports are nlade * 

e u ,  

v i .  

ACRP Comwiittce. The AEC's Adrisory Committee on Reactor Safegum 
(ACRS) not only eraluates the safety aspects of proposed new reactors, but ST! 
any significant changes to existing reactors or to their mode of opertIG@ 
Photo, taken in Korember, shows, seated left to  right: Kunaio J. Palladino. P a  
sylrania State Unirersity ; William D. Rlanly, Chairnitan, Union Carbide C W  
Dr. Henry TI-. Newson, Duke University ; and Dr. David Okrent, Ficc C h a h e  
Argonne Kational Lahoratory ; standing:  Dr. Jack E. IUcBee, California 
tute of Technology ; Dr. Theos J. Thompson, Massachusetts Institute of Ts- 
nology ; Harold Etherington, Consultant (Florida) ; Dr. Franklin A. Gifford r- 
Weather Bureau (Tenn.) : and Dr. Carroll K. Zabel. University of 
I?Iissing from the photo are Dr. Stephen H. Hanauer, Unirersity of Tenam 
Dr. Herbert J. C. Kouts, Brookhaven Sational Laboratory; and Dr. Leslie E 
rerman, Harrard Vnirersity. 

C I S  
€3 
c 
.h' 

& 
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- c %Public Law 86-37 
% A C ~  of 1954, a 
m3%-376. "Annual 



Chapter 3 

OL OF RADIOACTI 
MATERIALS 

Federal and State activities in the licensing and regulation of 
0 materials expanded in 1965, and the State share of the 

ry activities cont inued to increase. Total licenses adrninis- 
in &e Federal-State programs increased about 10 percent during 

resulting principally from steadily rising uses of radioiso- 
t year’s end, the AEC had agreements with 11 States for the 

r if certain of the AEC’s regulatory authority over atomic 
Several other States were actively considering materials. 

ments. 

Increase in Licenses 

hNarch 1962, immediately prior to the effective date of the first 
Dent r i t h  a State for the transfer of specified AEC regulatory 

over materials, as authorized under a 1959 amendment to  the 
~c Energy Act: 10,338 AEC material licenses were in effect. 

then, the ,4EC has transferred some 3,700 licenses to 11 agree- 
States. The aggregate of AEC and agreement State material 

in effect as of Kovember 30, 1965, totaled approximately 
of which 9,460 mere administered by the AEC, and more than 
ere encompassed in the regulatory programs of the agreement 

ctor Safeguardm 
reactors. but aim 
de of operntioa 
Palladino, I’enn- 

n Carbide Corp.: 
, r i c e  Chaimau,  
California Ine i -  
ustitute of TMk 
n ,4. Gifford, C . s  
sity of Houstaa 
ty of TenneSS*z 
id Dr. Leslie Si]- 

categories of materials are subject to  licensing control under 
aEC regulatioiis : ( a )  byproduct material, generally characterized 
reactor-produced radioisotopes ; ( 6 )  source material, consisting of 

or thorium in any physical or chemical form, and ( e )  special 
r material, which nieans plutonium, uranium 233, or uranium 

es U233 or U’”. Almost 90 percent of all atomic 
g~ material licenses are for byproduct material. - 

Law 86-373, effective September 23, 1959, added section 274 to the Atomic 
See pp. 266-267, “Annual Report to Congress for 1959 ;” et of 1954, as amended. 

76, “Annual Report to Congress for 1961.” 

323 
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The overall increase in material licensing activities 

Agreement States‘ Material Licenses in Effect, 1962-19~~  

by 
~ - J”& 

1% m c  and tl1e agreement States is reflected in the 
lie = ~ 

r t t< lpc  

*The above chart and other statistics in this report understate to Some 
the growth in the licensed use of radioactive materials. Several hm-; 
cific licenses, reflected in the totals for earlier years, have been elimhtedb 
consolidation under single, broad AEC licenses at Several institutions & 
conduct extensive radioisotope programs. 
broad licensing systems. 

Some States also have ins 

STATE RELATIONS AND AGREEMENTS 

The AEC’s Federal-State agreements program offers a d 
tion of the transfer to State governments of authority and resp 
ities formerly vested solely in the Federal Government. 

Under section 274 of the Atomic Energy Act, the Governors 
various States may seek agreements with the AElC to assume mp 
sibilities for the control of byproduct material, source m a t e d ,  aa 
special nuclear material in quantities not sufficient to form a crith 
mass (ie., too small to  sustain a fissioning reaction). Upon hb 
that a proposed State program is adequate to  protect the public heah 
and safety, and is compatible with the AEC regulatory program.& 
Commission may transfer certain of its regulatory authority to* 
State. 

Since 1962, when the first agreements became effective, cooperati’ 
Federal-State activities in this program have increased mar@ 

neasee Beconu 

on. The c m  
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dition to assisting the States in developing competent regulatoT 
the AEC in 1965 stepped up its exchange-of-information 

with agreement States in the interest of compatibilit?, ini- 
mprovements to strengthen health physics training co~wses 

State and local personnel, and cooperated in numerous other 
local activities in atomic energy matters. 
&ant byproduct of the AEC-State agreements program 

n a general strengthening of State control of the uses of other 
of radiation (Le., X-rays, radium and accelerator-produced 

4 o l S O  topes, wliich are not regulated by the AEC) . 

STATE AGREEMENT ACTIVITIES 

ents were made during 1965 for t<he transfer of regulatory 
rity to Oregon and Tennessee, and the Kansas agreement be- 
effective January l, 1965, bringing to  ll (see Table 1) the num- 

of States formally participating in the program. 

ieneasee Beconies Sgrecnzent State. Gorernor Frank Clement (r ight)  of 
hnessee signs an agreement with the AEC for assumption of certain r ey la to ry  
aority over radioactire materials as AEC Commissioner James T. Ramey ( l e f t )  
4 s  on. The ceremony on .~4ugust l2 at the State capitol in Xashrille, consum- 

the 11th State agreement under section 274 of the Aton~ic Energy Act 
'132. The agreement became effective on September 1, when 181 material 
*a were transferred from the AEC to Tennessee. The State's Department 
'hbk Health administers i ts  radiation control program. 
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TABLE 1.-AGREEhiEKTS IN EFFECT 

Effective date of 
State agreement 

Kentucky _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _  Mar. 26, 1962___ 
Mississippi _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  July 1, 1962 _ _ _ _  
California _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _  Sept. 1, 1962 _ _ _ _  
New York _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _  Oct. 15, 1962 _ _ _ _  
Texas . . . . . . . . . . . . . . . . . . . . .  Mar. 1, 1963 __-_  
Arkansas _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _  July 1, 1963 _ _ _ _  
Florida _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  July 1, 1964 _ _ _ _  
North Carolina _ _ _ _ _ _ _ _ _ _ _ _  Aug. 1, 1964 _ _ _ _  
Kansas _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Jan. 1, 1965 _ _ _ _  
Oregon _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  July 1, 1965 _ _ _ _  
Tennessee _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sept. 1, 1965 _ _ _ _  

1 Agreement materials only. 
2 Number in parentheses denotes radium licenses. 

Agreement ma- 
terial licenses trans 

ferred from AEC 

104 
52 

912 
1,095 

5.73 
53 

265 
183 
150 
126 
181 

During 1965, legislation adopted by Colorado, l\lichigan, and xoni: 
Dakota, brought to 23 the number of additional States noK authorized 
to enter into agreements with the Commission. Similar legi&tjm 
mas enacted by Puerto Rico. In two other StateeAlaska and sew 
Mexico-their Attorneys General hare concluded that legislation 
not required for an agreement. Several of these States are activ& 
developing programs for the assumption of regulatory authority, 

STATUS OF STATE INTEREST in 
R E G U L A T I O N  OF A T O M I C  E N E R G Y  MATERIALS 
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Licensing jurisdiction Increased 

Stfit@ liensing jurisdiction over special nuclear material was 
b) an amendment to the AEC‘s regulation 10 CFR Par t  150, 

tftilb 
,pe111P tions and Continued R e p l a t o q  Authority in Acreement L 

under Section 914,” which became effective October 91, 1965. 
- the amendment, the determination of the quantity of special @der 

material that a State may authorize for a single licensee is .&ar 
on t.he quantity possessed at any particular plant. or other author- 

location of use rather than on the total amount that the licensee 
CQSS within the State. This has the effect of increasing the 

POSvv 
floullt of special nuclear material subject to State licensing 
iprjgliction. 

2 

COOPERATION WITH AGREEMENT STATES 

r0 S u r e  the continued adequacy of the States’ programs to protect 
~ppublic health and safety, and compatibility with the AEC% r e p -  
goq~ propa~n, postagreement reviews are conducted and a procedure 
+r continuous exchange of information is maintained with agreement 
G3tes. During 1965, the exchange of data through correspondence 
&timed to increase and 18 review meetings were held with individ- 
SJ States, plus 1 general meeting with representat,ives of all agreement 
wes. 

&change-of-lnformation Program 

The stepped-up exchange-of -information program is designed to 
hp both the States and the AEC currently informed of each other‘s 
s!rities, as well as to keep each State advised of developments in 
der agreement States. Subjects include licensing and inspection 
medures and criteria, new or unusual licensed uses or conditions on 
%w, enforcenient actions and procedures, and changes or proposed 
i q e s  in regulations. In addition, the AEC provides, upon request, 
&ea1 or other advice in the administration of specific State 
m m s .  

r b i n g  Programs and Assistance 

Since an adequately trained staff is essential to the conduct of a 
regulatory program, the AEC assists in the development of such 

mnpetence by sponsoring training courses. These courses are open 
4 ~ 1  as well as State officials, since some State replatory programs 

relocal governments.; Q 0 9 ‘ 0 1  s 1 0 
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Coopcrutiz;c ~otcrsc.  AS a p r t  of i ts  coo1)eratire arrangemeuts with 
assuming nuclear regulatory authority. the XEC arranges special Cot1* ' 
instruction for the State einployees who will be responsible for the P# 
Photo shows a group of State employees who were enrolled in an -G(%''Pe 
health physics course conducted by the University of Tennessee 
Senice. 
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al university courses in health physics hare been established 
a need in States There it has not been practical to send indi- 

ak Ridge for 10 weeks. These courses, conducted by local 
for an academic year or longer, usually one afternoon or 
ek, are similar to the O E I M  IO-week course but are gen- 

""~i~ited to lecture and laboratory sessions. The one course in 
the Medical College of Yirginia enrolled 14 students. Three 

re being conducted in 1965-66, a t  Rutgers University, the 
ty of Tennessee, and the University of Nebraska, with an 

rollment of 15 students. 
three-meek orientation courses in the regulatory policies and 

of the Commission mere conducted in 1965 at AEC Head- 
A total of 39 Stab and local personnel from 25 States par- 

, The courses were specifically designed for those personnel 
be engaged in a radiation control program when their S h h s  

e m=datory responsibilities from the Commission. Two similar 
are planned for 1966. 

AEC MATERIALS LICENSING PROGRAM 

~ ) o &  the 12-month period ending Kovember 30, 1965, more than 
Lm applications for material licenses were filed with the Commis- 
h!5 Egulatory staff. As of that date, 9,460 licenses were in effect, 
&&ng of 8,435 byproduct material licenses, 441 source material 
a s ,  and 584 special nuclear material licenses. 

notable increase occurred in the number of specific licenses issued 
k the nianufacture and distribution of general1 y-licensed devices 

hing byproduct rna.teria1. I n  effect on November 30,1965, were 
ggch licenses, compared with 47 in effect 12 months earlier. 
lfuch of the ,4EC's regulatory effort in the materials field during 
% Ras centered on simplifying licensing procedures for appropriate 
E of radioactive materials. For example, an amendment in June to 
plation 10 CFR Part  30, "Licensing of Byproduct Material," 
ditates the use of a number of radioisotopes with well-established 
ydications in medical diagnosis. Under this amendment, a general 
kue was issued for specified diagnostic uses of certain byproduct 
mrials in capsules, disposable syringes, or other forms of prepttck- 

individual doses. The result is that a physician now is required 
to file a simple registration form instead of applying for a specific 

authorizing the specified use. 

Licenses 

@owing number of institutions, particularly universities and 
qiQl, are availing themselves of the opportunity prorided by AEC 
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rules to consolidate under a single, broad AEC license their nurnek, 

Such broad licenses are advantageous in that the iWitutioll ma)- 
effectively exercise centralized control over its radiation rrOtFt,tLe 
program and the procurement and use of radioisotopes. A brC4- license requires that the institution establish an isotopes colhlrdtt,i. = 

review and act on all requests for nen- radioisotope uses, T1 t i  
le ffQ bility afforded by broad licenses reduces significantly the need for 

mitting requests to the AEC for license aniendments. 
During the l2-montli period ending Korember 30, 1965,17 

O%Q, zations obtained broad licenses. Their various radioisotope ~r%rari_ \\-ere previously conducted under r?. total of 151 separate lice- 

3- =e radioisotope programs conducted previonslv under 

Irradiator Applications 

,4pplications were filed in 1965 requesting licenses for the 

Q& 
of two large facilities to irradiate products by intense gamma 
itioii (see ('liapter 13-1sotqxs and Radiation I)e\-elopme~lt) 

requested a licena fQ 

a pool-type irradiator containing 400,000 curies of cobalt 60. T~ 
€acility is intended to serve as a pilot plant operation for irradiat& 
wood, r o o d  products, and related materials. The radiation 
as part of a hardening process. 

The U.S. Department of the Interior, Bureau of Commercial F& 
eries (Gloucester, Mass.) applied for a license to use a 30,000-ct~-i~ a 
balt 60 irradiator aboard a fishing trawler to be operated out of 
cester. The irradiator will be used in experiments on preservation ti: 
freshly caught fish as an extension of the Bureau% marine food pm 
ervation program being carried out in its 275,000-curie cobalt 
radiator a t  the Marine Products Development Irradiator Facilitj. 

American Novuwood Gorp., Lynclibui-g, 

Private Commercial Activities in  the Hanford Area 

Sexera1 firms applied for licenses during 1865 as n result of i~ 
creased conmiercial interests in nuclear-related industrial develops@ 
of the Ricl~land-Pasco-I~enewiclr area of Washington. Lieem 
were California ~ ~ i c ~ e a r ,  Inc., for the receipt, packaging and 
of radioactive waste ; and United States Testing Laboratories, Inc=*fr 
tlie perforiiiunce of liealtli p1ivics services in coiinection d h  the @ 

of radioact ive niaterinls. Under review at year's end was an appis 
tion from Battelle Memorial Institute for the conduct of varied' 
sea rcli and devel opiiient progranis. 

TY: 
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‘et ;ais Export Licenses 
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inn the rear, the AEC issued more than 100 each of source 
and byproduct. material export licenses. Kearly one-third 

byproduct material e.sport, licensing act ions were, in the form he licenses, each providing for multiple shipments of mdio- 
aPe products. As foreign markets become more clearlj- defined, 
increase is anticipated in applications for broad licenses to COT-er 
tipie export shipments in single licensing actions. 

lllr 

;ine licensing guides are currently available as aids in the prepa- 
of qplications for materials licenses : 

pltltoniuni-Ber~llium Keutron Sources for JTell Logging ; 
plutonium-Beryllium Neutron Sources for Uses Other than 
re11 hg,oing ; 
Fabricated Plutonium Alpha Sources ; 
IDdustrial Radiography ; 
Teletherapy Programs ; 
Fabrication of Thorium-i”Iagnesium A~l loys  Containing Sot  3lore 
tllan 4 Percent Thorium ; 
Embankment Retention Systems ; 
Jiedical Uses of Byproduct Materials ; and 

I Processing 200 Grams or Less of Plutonium or Uranium 233. 
bclucled among those in preparation are guides intended to assist 

Kith extensive programs in applying for broad licenses which 
+orize a large degree of flexibility in adjusting operat*ions to meet 
qjmg or new research and development or production objectives. 

TYPES OF MATERIAL LICENSEES 

Tie 9,460 ,4EC material licenses in effect as of November 30, 1965, 
nheld by about 7,000 licensees located in every State, the District of 
:?mbis, and Puerto Rico. 
A h i t  37 percent of all AEC material licenses are held by conimer- 

and industrial firms, and approximately one-third have been 
d to medical institutions and physicians. About 20 percent have 
s i ~ u e d  to local, State, and Federal agencies and civil defense or- 
Eations and vi-orkers, and 10 percent to educational institutions. 
\ 

%lp copies arailable without charge on request t o  Director, Dirision of Xaterinls 
Bfrag, U J . ~ .  Atomic Energy Commission, Washington, D.C., 20545. 
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Byproduct Material Licensees 

The largest number of AEC material licenses are f 

material (generally reactor-produced isotopes) Kith 6,1 
Kovember 30,1965. The term of these licenses lnay run fro 
years, depending on the nature of the licensed activity, T 
actirities covered ranges from microcurie quantities, suCfi a 
in medical diagnosis or research, to megacurie quantities 
commercially for use in isotopic-poxered SKAP generatops. 

Licensees include more than 2,000 hospitals and physician 

commercial and industrial firms, of which 400 are engaged 

for radiological defense training; about 350 lOCa1, State, and 
agencies, who employ radioisotopes in various research Projects 
programs, and law enforcement investigative procedur- ; aQi 
350 educational institutions who use the materials for h t  
purposes. 

radioisotopes in medical research, diagnosis and therapy. b Rho 

ography; about 1,000 civil defense workers who use small b& 
' a out$& 

m@@k 

Source Material Licensees 

Licenses for source material-uranium (natural or depletdj 
thorium-are usually issued for three-year periods. About tvo- 
of the 441 licensees are commercial and industrial firms, most of 
use the materials for purposes unrelated to their radioactive or n 
energy characteristics. For  instance, a number of licensees fa 
thorium-magnesium alloys for use in aircraft engine mmponenk 
craft fuselages, and missile skins. (Thorium improves the h i t  
sistance of the alloy.) 
incandescent gas mantles, lenses for optical systems, and wd& 
rods. Uranium is used by licensees in reactor fuel resea.rch; in 
critical assemblies ; in photographic negatives and prints ; as mtwzq 
weights in aircraft, rockets, and projectiles; as a coloring 
ceramics and glassware; and as radiation shielding in various 

source niaterial licensees. 

Thorium also is used in the manufact 

Educational institutions comprise the largest part of the rem 

Special Nuclear Material Licensees 

There are 584 special nuclear material licenses, not inch  
100 reactor licenses incorporating special nuclear material (P 
uranium 233, or  uranium enriched in tl10 isotopes 233 or 235) 
izations for fuel possession and use. More than half the special 
material licenses are issued to educational institutions for instm 
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rch programs. About 175 are issued to conimercial and in- + Trial ‘@;ganizations, principally for nuclear energy applications 
p ctor fuel research, development, and fabrication. A num- & as rea 
5‘ fims use plutonium-beryllium neutron sources for oil well of *‘ The remainder of special nuclear material licenses, rhich g1M. terms of three years, are issued to Federal agencies, mostly 
$0 

&@” and NASA installations. 

TRANSPORTATION OF AEC-LICENSED MATERIALS 

e AEC published for public comment 011 December 21, 1965, a Th osed revision of 10 C%R 71 containing packaging standards and 
PP requirements for special nuclear (fissile) material, 
a@ disted nuclear fuels, and “large quantities” of licensed material. ’’ am compatible with the International Atomic Energy Agencyk 

pqplations published in 1965 which are being applied in most d itbe countries using nuclear energy. Also, with AEC cooperation, 
fnterstate Commerce Commission (ICC) published for public 

merit on December 1, 1965, a proposed revision of the ICC regu- 
ions for controlling fissile radioactive material, making them con- 
.;tent Tit11 the AEC’s revised 10 CFR ’71. 
gsting and neF types of shipping containers have been tested 

b t  the proposed standards. Studies continue of the transporta- 
& environment, methods of testing containers, and the response of 
&hers to the tests. 

COMPLIANCE ACTIVITIES 

Compliance personnel performed 2,119 inspections of operations 
&g conducted under specific material licenses during the 12-month 
i d  ending November 30,1965. Selection of operations for inspec- 

is based on consideraton of the degree of potential hazard asso- 
sed aith the amount and kind of licensed material, the type of 
msed operation, and the licensee’s record of compliance with regula- 
q requirements. 

&ion Incidents 

bresponse to the AEC requirenients in 10 CFR Part 20 for the 
9dng of all significant radiation incidents, 7 such incidents were 
%ned to the AEC from among the approximately 7,000 materials 

during the 12-month period that ended November 30, 1965. 
~ ufthese incidents were investigated. Fig - 

j 
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Five of these incidents involved radiation exposures ill e ~ c e f -  
linlits prescribed in the Commission's regulatioiis to a total of x-y . ';! 
persons. Four of the incidents occurred during radiogr,pllv 
tions, and the fifth was in a plant engaged in the nlaliufacture of 

incidents was a whole body dose of 12 r e m .  111 the other lllcident 

of two persons while removing curie quantities of iridium lDa 
an irradiation capsule. 

- 0  

sources. The highest exposure resulting from the ~adjopPdrj LWk2 

posures on the order of 2,000 reii2~ were experieiiced to the * ' h 
-n 

n& I&&& 

One, required by re,rrlatio le 

strontium 90 gages. The other incident, a t  an industrial plant, ~~ z e e  

- 
The two other incidents reported by nlaterial licensees did not .  

valve excessive radiation exposures. 
be reported because it involved property daniage of more that 

ii'r was a fire in an industrial plant which damaged two 100-milIira~ 

the accidental release of about 150 curies of krypton 85 gas thou&, 
12O-foot exhaust stack. 
of ,4EC prescribed limits. 

- * -~ 

There was 110 exposure to  personnel in 

Lost Radioactive Materials 

E5 
Losses of radioactive materials also are required to be repofla 

the AEC. 
temporary, during the 12-month period ending November 30, 1 

There were five instances in which a radioactive source became 
tached from logging gear during oil well logging operations. 
sources, none of which could be recovered, were cemented in places 
that they would not constitute a radiation hazard during s u b q w -  
drilling operations. 

I n  '7 of the other 33 cases of reported loss, the missing material 
subsequently recovered. In  four instances where the material FTS 

recovered, it appeared that the material had been disposed of id 
rertently through normal refuse channels, and in a manner that wmii 
not result in m y  significant hazard. I n  the 22 remaining cases KIES 
ultimate disposition could not be ascertained, no significant mrlism 
hazard was apparent, because of the circumstances of the 10% h 
amount of material involred. 

Licensees reported 38 such losses, some of lTlliCil 

Adjut 
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AD JUDICATORY ACTIVITIES 

within the Atomic Energy Commission, there are various adjudi- 
tribunals : the Ccnnmission itself, Atomic Safety and Licensing 

&fl & which are drawn from a panel (see Appendix 2) ; the hearing 
inen, the Board of Contract Appeals, and the Paten6 Compen- Bos 

* n Board. T h e  decisions of Atomic Safety and Licensing Boards, 
&O **i? examiners, and the Patent Compensation Board are subject 

by the five-man Commission, while the decisions of the 

Boar 
@ d of Contract Appeals are final without such review. 

L 

COMMISSION ADJUDICATION 
fie Commission reviews adjudicatory action within the agency in 
tw astinct categories of cases : (a) decisions involving the licensing 
atnuclear power and test reactors and other licensed facilities, as well 
emnt,&.ed matarial licensing cases and other regulatory matters; 
g3) decisions of hearing examiners in contract appeals, and ( c )  deci- 

of the Patent Compensation Board. 
proceedings for the licensing of nuclear power and test reactors 

other licensed facilities are ordinarily heard by atomic safety 
Bdlicensing boards whose decisions are subject to formal review by 
 commission either on a petition for review filed by a party or on 

Commission’s own motion. 

1965 MATTERS CONSIDERED 

During the year, the Commission considered 17 adjudicatory mat- 
rs 10 regarding facility licensing, 1 concerning materials licensing, 
laontract appeals, and 1 patent compensation case. The Commission 
%not review any decisions of hearing examiners in cases involving 
-ation in Federally assisted programs, there being no 
*om in that category. 

Licensing 

5 ij q $ 0  atter of Jersey Central Power and Light Co., Oyster Creek 
power Plant No.  I ,  the Commission granted the petition of 

337 
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the regulatory staff to review a decision of an atomic safety and 1- 1@Q 
ing board. The board had issued a provisional construction pepq 
authorizing the construction of a power reaotor in Lace. Town.. %I 
X.J., but had refused to make a definitive finding as to the po\yer I evt 
of the proposed reactor and had r e q ~ r e d  that the applicant subQl 
certain additional technical evidence and other e ~ d e n c e  a to ti1 
respective responsibilities of the reactor designer and the appl* 

1 Q h  for safety of the design. The regulatoq7 staff‘s petition for reriEf 
asserted that the limitations and additional requirements imposd 
the board were beyond its authority, or, alternatively, that they shoul; 
not have been imposed on the basis of the Commission’s regulatiq 
and precedents in facility kxmsing cases. 
granting review was limited to  the question whether the board. 
imposition of those limitations and additional requirements cowi 
tuted an abuse of discretion. The Commission denied a motion of % 
applicant to suspend, pending the determination of the staff’s &titioa 
the requirements that additional information be filed. On full % 
sideration of the petition, the Commission held that the requirem,, 
imposed by *he board did not constitute an abuse of its diScmtim 
and affirmed the board‘s decision. 
be enough experience to  provide more detailed guidance than esish 
regulations afford in specifying the information required of & 
applicant at, the construction permit stage. 

The 

It observed that there might 

Matter of Department of Wuter and Power o f  the City of ,Cos 
geles was a proceeding for the issuance of a construction permit, forr 
power reactor at Corral Canyon, Malibu, Calif. Lester T. (B& 
Hope applied for leave to intervene as a party. The Commission 
ferred the application to an Atomic Safety and Licensing Board@ 
be appointed for the proceeding, as it had done in the case of ar]k 
similar applications of Marblehead Land Co. and Malibu Citizens fg 

Conservation, Inc. The board allowed his intervention. 

Matter of National Bureau of S tudards  was a proceeding in xhki 
a construction permit for a test reactor to be built near GaithersbwE 
Rid., had previously been granted. The National Bureau of Stand& 
the applicant, filed a petition for review of an initial decision b;F &e 
Chief Hearing Examiner modifying the construction permit to ~ q &  
the construction of a stack gas continuous monitor in order to a s &  
promptly the rate of discharge of radioactive iodine isotope r M  
might be released in the event of a major accident. The 
granted the Bureau’s petition to review this modification 
struction permit so ordered. It suspended the require 
addition of a stack gas monitor, pending the determination of 
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for an operating license, and ordered that the application for 

,ti011 
,crating license be referred to an Atomic Safety and Licensing 

4 4 un 1’ j consisting of the Chief Hearing Esaiiiiner and two tecliiiically 
~ llified members to  be designated by further order of the Cornmission. p: 
vdtter of First Atomic S h i p  Transport, Im., was a proceeding to 
’ % license to a private corporation for the operation of the nuclear 

9-6 Savannah. The applicant’s motion requesting that the board be 
orized to provide, in its discretion, that any initial decision and biP 

dth der become effective immediately upon issuance, subject to rebiew by 
ommission, was certified to the Commission by the board. Find- be that the N.S. Savannah had had considerable operating experience 

that the public interest would be served by granting the motion, s, 

Commission issued an order to that effect. The initial decision be 
board, issued on June 16, 1965, granted the operating license 

J% &t by the applicant and directed that the decision be effective 
pedis tely . 
1% the Matter of ConsoZiduted Edison Co. of New York, Inc. (Indim 

lnint Proposed License Amendment No. 2 ) ,  the licensee had filed 

@d 

r .  

spplication for authority to install a second core in the Indian 
30iIlt pover reactor at Buchanan, N.Y., and to increase the steady 

operating power level. The Commission published a notice of 
gproposed issuance of an amendment which would authorize the 
fion. After the expiration of the time prescribed by the regulations, 
%Hempstead Town Lands Resources Council filed a petition for 

The applicant and the staff took the position that 
%petition related only to nonradiological aspects of the plant‘s oper- 
E:,Jn, and that the petition should be denied. The Commission denied 
Tpetition by an order dated October 27,1965. The council later filed 
:*expanded petition to intervene,?’ which was dismissed at the Com- 
&ion’s own motion by an order of November 24,1965. 

i~fomaZ reviews. I n  accordance with its usual practice of conduct- 
ginformal reviews of decisions in reactor licensing proceedings even 
rm a petition for review has not been filed, the Commission con- 
s&d such reviews without making any order during the year in 

fer of Southern California Ed&m Co., in which a construction 
mit was issued for a power reactor at Camp Pendleton in Cali- 
h a ;  Matter of Niagara Mohawk Corp., in which a provisional con- 
W o n  permit was granted for a reactor at Nine Mile Point, near 

0, N.Y.; Matter of First Atomic Ship Transpmt,  Inc., granting 
rity to a private operator to operate the reactor aboard the NS 

h; Natter of General Electric 00. and Southwest Atomic 
b33’ dssociates, in which a construction permit was issued for a test 

to intervene. 

b 0 -1 
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reactor near Fayetteville, Ark. and Matter of Power Reactor D 
w n t  eo., granting a full-power operating license for the Fern. 
at Monroe, hlich. - reactol 

Materials Licensing 

B a d i n  Testing Laboratories, Im., V. United states Atomic ener 
C o m i s s i o n  was a proceeding brought in the United States coU& $4 
Appeals for the Sixth Circuit to review a decision of the Commission of 

of 8 
reversing a hearing examiner’s decision and denying reniwal 
byproduct material license which authorized the use of sealed sour% 
for industrial radiography. The Commission had held that a con- 
siderable number of violations of the regulations and the license wbch 
had been committed by the licensee warranted denial of renewal of the 
license, and that there had been no violation of due process of la% op 
the part of the staff in the proceedings leading to the denial of reneFd 
It  also held that denial of renewal is not withdrawal of the lice% 
and that prior written notice of the violations was not required by & 
Administrative Procedure Act or the Commission’s regulations. ~ b .  
ally, the Commission held that even if such written notice were or&- 
narily required, it mas not in this case because the violations 
willful. The case had been argued before the Court of Appeab 
the year ended, and the Court’s decision was pending. 

I n  Matter of CaZifornia Nuclear, Inc., the Commission had imd 
a notice that it was considering the issuance of an amendment of 
existing byproduct, source and special nuclear material license x&ci; 
authorized California Nuclear, Inc., Pleasanton, Calif ., to pw 
process, repackage and store such material at a facility in Benm 
County, Wash. The amendment sought would authorize the burid 
of solid radioactive waste material at the site. Nuclear Enginwriqs 
Co., Inc., of Walnut Creek, Calif., requested leave to intervene. ‘Re 
Commission denied the application on the grounds that it specified= 
interest in the proceeding such as is required by the Commkb’~ 
regulations as a basis for intervention, and that it had not been d 
on the applicant or the Commission’s regulatory staff. 

Contract Appeals 
u - 1  
c3 
c 

c- 
0 
ct 

I n  August of 1964, the Commission created a Board of conm 
Appeals to determine appeals from decisions of contracting offia? 

few contract appeals in which proceedings had been COD& 
before hearing examiners prior to that date are still pending a d g  
casionally come before the Commission for review. Decisions of* 
Board of Contract Appeals (in cases initiated after the board’s f o e  
tion) are final and are not subject to review by the C o ~ i ~ O n .  ~ 
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During the course of the year, the Commission issued final decisions 
tile merits in two cases and denied a contracting officer’s petition n in a third case. I t  also denied a petition for reconsideration ?r earlier order denying a contracting officer‘s petition for review f an 

1 8  
fourth case. 

fi xat ter  of Appeal of Pemo-Polytron by and through W&h Con- 
,@tWn 00.’ a decision of a hearing examiner had granted a sub- 
@tial recovery against the Government as an equitable adjustment 

vor of a subcontractor and a sub-subcontractor under a fixed price 
ontract. The Commission reversed the decision and dismissed the 

on the grounds that the appellants had no standing to prosecute 
that the merits of the claim did not warrant an equitable adjust- 

t. In  order to designate accurately the identity of the claimants, na 
he Commission ordered that the title of the proceeding be amended 

Rad Matter of AppeaZ of Owens-Corning P’iberglas Corp., and 
yalytron Gorp-, by and through Walsh  Construction Co. 

a later case, Matter of Appeal of Rutherford Construction Co., 
be Commission granted the prime contractor’s petition for review of 
4&tial decision of a hearing examiner which, on the authority of 
be Fenco-Polflron case, dismissed the claim. Exceptions having been 
;led by the prime contractor, the Commission had the case under ad- 
w e n t  as the year ended. 

J fa 

gaiter of Appeal of The BeryZZium Corp. was a proceeding in which 
Beryllium Corp. appealed from a decision of a contracting officer 

&& rejected a tender of beryllium metal on the ground that deliver- 
&under the contract had already been completed. A hearing examiner 
Md that the tender was properly made to the extent of a specified 
pmtity. The Commission granted the contracting officer’s petition 
kreviem as to certain specific questions, and reversed the hearing ex- 
miner’s decision with respect to those issues. 3 dismissed the claim 
athe ground that deliveries had been completed under the contract 
pithout including the tendered material. 

In Natter of Wm. E. Goetz & Sons, the Commission denied a con- 
M h g  officer’s petition for review of a hearing examiner’s decision 
%ding payment to a contractor of an amount which had been with- 

as expenses of the Government incurred by reason of the alleged 
completion of work by the contractor. The Commission had previ- 

g d y  denied a petition of the contracting officer to review the decision, 
Out prejudice to a motion for reconsideration to be submitted to 

ef Hearing Examiner, and the new petition had been filed 
em his decision denying reconsideration. 
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Patent Compensation 

I n  AppZication of Richard M .  Stepken*so?z, the Commission der= 
review of a decision of the Patent Colnpellsation Board dismiGr 4 

claim for an award under the Atomic Energy Act of 1954 ‘ i t 3  ’ as amc:*fj,,, 
for the alleged invention of a trpe of flus trap reactor. 

OFFICE OF HEARING EXAMINERS 
The Office of Hearing Examiners is responsible to the corn. 

for the conduct of hearings and the issuance of orders and dec 
in licensing cases and in certain patent licensing matters, 
assigned area for hearing examiner adjudication involres 
controversies concerning availabilitF of Federal f uncls under 
VI  (see ‘ C i d  Rights Act” item, Chapter 1, Part One) of tilt. 
Rights Act of 1964. Two AEC hearing examiners attended ii r 
Service Commission seminar to prepare a pool of 25 henring exam 
for Governmentwide duties in such civil rights matters. xo pstF 
licensing or civil rights proceedings arose during 1965. 

A principal function of the hearing examiners during 196; 
serve as the chairman of the ,4tomic Safety and Licensing B~ 
(SSLB) in reactor licensing hearings. 
contract disputes appeals which were filed before the establish 
of the Board of Contract Appeals (BCL4). One of the three I K S S E ~ ~  
examiners serves as a member of the BCA panel. 

During the year, ASLB proceedings involved construction p 
for four large porer reactors, in New Jersey, Xew Pork, sourkz 
California, and Illinois. &so considerecl in ASLB hearin(.; 
an operating license for XS iYawaimah and a pronaion:ll 
struction permit for n plutonium-fueled sodium-cooled f3.t- 

experimental reactor in Arkansas. .A reactor power increase P 
was considered b r  an 4SLB for the Fermi breeder 
facility in Michigin ; the R’ational Bureau of Standards ~31cta 
possl has been assigned by the Conmission to an ASLR for 
tion of its application for an operatillg license. Construction 
have been provisiondlp granted for each of the above fad i t  
for the California ( ~ a l i ~ ~ u )  reactor concerning ~ I i i c h  lice*l 
ceedings were pending at year‘s end. 

~ 
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BOARD OF CQRTRACT APPEALS 
rules of procedure in contract appeals of the Board of Con- 

bppeals (BCA) became operative during Koreniber 1964. Since 
$C the board has received 21 appeals. This number exceeds 
$1 raue number of appeals (11) received annually over the past ' rs and also esceeds the highest number that was received in any 

- e board, under this new system for resolving, with finality for  the 
D iscjon, appeals f rorn decisions by contracting officers under "dis- 

@ in bringing the parties together informally for the 
@ of considering the disposition of appeals by agreement. A 

of this success can be attributed to the proper utiliza- 
by the BCA of the conference (10 CFR 3.12) which was devised, 
d, for just such a purpose. Of the 15 appeals which have been 

, ,,bsequent to the conference. 
Be of the innovations of this new appeals system was the 
;;tion of technical members to the board. This innovation has 

successful. Technical members have been used hi five appeals. 
%tcare has been taken by the board to insure that the judgment 
$e technical members is not substituted for that of the expert 
m, Rather, the teclinical members are able to provide astute 
;precise FL questioning which aids the BCA in the establishment of 
-:aplete and intelligent appeal record. 
me accelerated procedure (10 CFR 3.13) provides for the treatment 
;qpeals without regard to their normal position on the docket and 
Gts the expeditious handling of appeals not exceeding a certain 
Gr limit ($10,000) or for other good causes. This procedure has 
d invaluable to the board and to appellants as a tool in avoiding 
E pendency of appeals before the board. This procedure has been 
6oFed in seren appeals. Of the 10 small business appellants, 6 have 
Med and been granted the application of the accelerated proce- 
D. The average pendency of appeals subject to this procedure was 
q s .  
relw appeals received by the Board of Contract Appeals have 

HFed subcontractors. T&s number is due In part to the AEC's 
e for permitting direct appeals of subcontractors if the sub- 
contains a "dispute" provision requiring the AEC contracting 
decision and providing for an appeal therefrom to the Com- 

F, and the AEC has approved the insertion of the disputes pro- 
' 3  in the subcontract. Of the subcontractor appeals, 10 have been 

appeals and 2 have been appeals by prime contractors on 
! 

fbe 

%ve b 
$8 (19) during the same period. 

@ 3~ clauses in AEC contracts and certain AEC subcontracts, has 

!P +lallS disposed of by the board, 8 were settled or withdrawn during 

:?pose 
!d 
8 

P' 

$ o q b i  I 
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behalf of subcontractors. The status of the board in such appeais 
in the nature of arbitration. Although the contracting officer is 

become a claim against the AEc. 

mation. 
security regulations of the Commission. No difficult Problems ~~~ 

encountered. 
The board has been conscious of the costs associated with aB apw 

pr-ding and has made an effort to reduce these costs for bot. % 
Government and the parties wherever possible- For example, tk 
number of copies of documents required by the BcA has been reduw 

has the number of transcripts ordered by the board. 
The average pendency of an appeal before the Board of contracr 

Appeals from the time of docketing to its final disposition amounM, 
74 days. The shortest period amounted to nine days. 

At the year’s end, there were six appeals pending before the 
All of these have been docketed since July 15,1965, and have been mF 
scheduled for conference or hearings with anticipated disposition ; 

to these proceedings, the claim of the subcontrack does not nRessar;l; a Pa% 

O d y  one appeal docketed with the board involved classified ti Ml proceedings were conducted in compliance 

f 
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ENERGY COMMISSION 
o ~ ~ ~ N I Z A T I O N  AND PRINCIPAL STAFF OF U.S. ATOMIC 

Contract 
xmted to 

le board, 
e m  fully 
&ion in 

COMMISSIONERS 

Energy Commission ________-____ GLENN T. SEABOBG, Chairman 
SENOLD R. ~?~ITSCH, Special 

Assist ant 
JAM= T. RAMEY 

JOHN G. P~LFBEY 

Assistant 

JAMES R. YOBE, Special Assistant 

HABBIET S. S H A P ~ ,  Special 

GERALD E'. TAPE 
WILLIAM C. B ~ T E L S ,  Technicat 

(One Commissioner position vacant) 

JOHN P. ABBDE~SA 

Assistant 

wreary t o  the Commission ___________  W. B. McCoo~ 
~ o ~ o l l e r  - - - _ _ - - _ _ - - _ - - _ - _ - - - - __  _ _- - - 
annerd Counsel -___-__________________ JOSEPH F. HE~NESSEY 
m a n ,  BEG Board of Contract 
@peals __L___-_____________________ PAUI, H. GANTT 

Hearing Examiner ___-____-______ SAMUEL W. JENsCH 

OPERATING AND PROMOTIONAL FUNCTIONS 

Manager _________--_____--- ------_-- ROBEBT E. HOLLINGSWORTK 
Executive Assistant to General Manager--- JOHN V. VINCIGUERBA 
ksistant to the General Manager _____-___ ELBEY S. TEAYNOB 
ty General Manager _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _  EDWAED J. BLOCH 

t General Manager -__________---__-- DWIGHT A INK 
r, Office of Congressional Relations,--- JOHN J. BURKE 

General Manager for Operations-,--- JOHN A. EXLEVTINE 
tor, Office of Economic Impact and 

Conversion - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  CL~BENCE C. OHLKE 
Director, Division of Construction _ _ _ _ _ _ _ _  JOHN A. DEBEY 
kector ,  Division of Contracts _ _ _ _ _ _ _ _ _ _ _  JOSEPH L. SMITH 
Director, Division of Labor Relations----- EL T. HERRICK * 
Director, Division of Operational Safety-- PETEB A. MOBBIB c 1 

CY- 
c2 General Manager for Research and 
3 ment _____________________^_______ SPOFFOBD G. ENGLISH 
F Director, Division of Biology and 

Division of Isotopes Develop- 

L Urncine ---_---______________________ CHaBLEs L. DUNHAM, M.D. 
L' 

----__-_____________________I__ E. E. FOWLEB 
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Assistant General Manager for Research and 
Derelopmen t-Con tinu ed 

Director, Division of Suclear Education 

Director, Division of Peaceful Nuclear 

Director, Division of Research _ _ _ _ _ _ _ _ - _ _  PAUL TI7. NCDANIEL 

and Training _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -- RUSSELL s. POOR 

Explosives ___________________________  JOHN S. KELLY 

Assistant General Manager f o r  Plans and 

Director, Division of Operations Analysis 

Director, Division of Plans and Reports--- WILLIAM H. SLATON 
Director, Division of Production _-________ F. P. BARANOW:~KI 
Director, Division of Raw Materials-_---_ RAFFORD L. FA-N~, 

Assistant General Manager for Reactors---_---. GEORGE 31. K A V A N ~ ~ G ~ *  
Director, Dirision of Naval Reactors------. YhDM H. G. RICKO~TR 
Director, Division of Reactor Development 

Director, Division of Space Nuclear 

Assistant General Manager for International 

Director, Division of International 

Assistant General Manager for Administra- 

Production ____________________--__------ - GEORGE F. QUIXN 

and Forecasting _____________-___----- PAUL C. FINE 

and Technology _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  MILTON SHAW 

Systems ___________________--_----__-- HAROLD B. FINGER 

. .  Activities ________________________________ J O H N  A. HALL 

Affairs _____________________-------_-_ MYRON B. ~ T Z E R  

tion ____________________--_-___--_-___--_ HOWARD c. BROWN, JE. 
Director, Division of Classification _ _ _ _ _ _ _ _  C. L. hh.EsHALL 
Director, Division of Headquarters 

Director, Division of Intelligence _________  C. H. REICHARDT 
Director, Division of Nuclear Materials 

Management _________________________  DOUGLAS E. GEORGE 
Director, Division of Personnel __________, ARTHUR L. TACKMAN 
Director, Division of Public Information-, DUNCAN C. CLAXK 
Director, Division of Security ___________, JOHN A. WATERS, JR. 
Director, Division of Technical Informa- 

Services ____________________,-____--- EDWARD H. GLADE 

tion _________________________________ EDWABD J. BRUNENKANT, JF. 
Director, Division of Blilitary Application---, BRIG. GEN. DELMAR L. Cmwm. 

Controller, Office of the Controller _ _ _ _ _ _ _ _ _ _ _  JOHN P. ABBADESSA 
General Counsel, Office of the General Counsel- JOSEPH F. HENNESSEY 
Director, Division of Industrial Participation-- ERNEST B. TREMMEL 
Director, Division of Inspection _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  CURTIS A. NELSON 

USAF 

cn 
L-, 
c Managers of Field Offices 
L.3 

G- 
c Amarillo (Tex.) Area _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  H. J-~cK BLACKWELL 
cr 

Albuquerque (3 .  Mex. ) Operations Office----- LAWRENCE P. GISE 

Burlington (Iowa) Area _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _  E. W. GILES 
Dayton (Miamisburg, Ohio) Area-----__- Wnms  3. CItEanrER 

Kansas City (310.) Area _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  HENRY A. NOWAK 
Los Alamos (S. &lex.) Area _ _ _ _ _ _ _ _ _ _ _ _ _  CHARLES C. CAMPBELL 

Pinellas (ma. )  Area _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  WALTER C. YOUNGB, Ja 
Rocky Flats (Colo.) Area _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  SETH R. W O O D R ~ ,  J& 
Sandia (5. >lex.) Area _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  LADDIE W. OTOSKI 

In- nr-- \ &-..,. T a r m ' v n  cTAi?C - - . .. 

AI 
Bmels,  Belgium--,,- 

~nenos Aires, Argentin 
mik River, Ontario, ( 
bndon, England _ _ _ _ _ _  
%ris, France ---______ 
rakyo, Japan - _ _ _ _ _ _ _ _  

LICENS 
nrwtor of Regulation. 
~ e p a t y  Director _ _ _ _ _ _ _ _  
&stan t Director---_-- 
mistant Director for  h' 
dstant Director for  f 

Director, Division o 
Director, Division 0; 
Director, Division of 
Director, Division of 
Director, Division 01 

Relations _ _ _ _ _ _ _ _  
Directo. 
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prool;haren (Upton, N.Y.) Office ----_-_______ E. L. VAX HORN 

pago (111. ) Operations Office _ _ _ _ _ _ _ _ _ _ _ _ _ _  KER'XETH A. D U X B , ~  
Canom Park (Calif.) Area _ _ _ _ _ _ _ _ _ _ _ _ _ _  JOEL T'. LEVY 

Grand Junction (Golo.) Offiee _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  A m l v  E. J o s ~ s  
bo (Idaho Falls) Operations Office-------- WILLIAX L. GIXKEL 

pvada (LaS Vegas) Operations Office,------- J a h r E s  E. REEVES 
Bonolulu (Hawaii) Area _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  WILUAN A. BOXXET 

gs Fork (N.Y.) Operations Office _ _ _ _ _ _ _ _ _ _ _  T17~s~r  &I. Jo~rssom 
Bealth and Safety Laboratory (New Tork JOHN HARLEY, M.D. 

td Ridge (Term.) Operations Office _ _ _ _ _ _ _ _ _  S. R. SAPIRIE 
Cincinnati (Ohio) Area _________________  CLARENCE L. KARL 
sew Brunswick (N.J.) Area _ _ _ _ _ _ _ _ _ _ _ _ _  C. J. RODDEN 
paducah (Ky.) Area -____-____-_________ BERSAED K, STILLER 
Portsmouth (Ohio) Area ______-_________ ROY V. ARDEBSON 
puerto Rico (San Juan)  Area -___________ FLOYD P. TRENT 
St. Louis (Mo.) Area ---__--_____________ FRED H. BELCHER 

Bmbargh (Pa.) Naval Reactors Office------, LSWTOX D. GEIGER 
@&and (Wash.) Operations Office ---_______ DOXALD G. WILLIAMS 

co (Calif.) Operations Office,,,--- ELLISON C. SHUTE 
palo Alto (Calif.) Area -______I_________ LAWRENCE G. MOHR 

i;aran~ah River (Aiken, S.C.) Operations 
Office ....................... --_---_-__,__ NATHANIEL STETSON 

pJmectady (N.Y.) Naval Reactors Office,--- STANLEY W. NITZMAX 

B. 

Y 

.. 

EY 
L 

,L 

ELL 

, JB. 
, JR. 

AEC Representatives in Foreign Offices 

Brmels, Belgium---- ------___-_____________ CHARLES F. SCHARK, Benior 
Representative 

B ~ O S  Aires, Argentina ---__-_______________ LESTEB R. ROGERS 
River, Ontario, Canada _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _  MmEB N. HUDSON, JR. 

tondon. England------ ----_-__-_____________ SAMUEL G. SOBDLIRGER 
~ r i s ,  France------------_-__,_,____________ MARTIN B. BILES 
?&yo, Japan--------- -----___-___,__,___,__ (Vacant) 

LICENSING AND REGULATORY FUNCTIONS 

k t o r  of Regulation _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  HAROLD L. Pmx 
b t y  Director -____________________________  CLIFFORD K. BECK 
Mstant Director ___--___--_________________ (Vacant) 
histant Director for Nuclear Safety _ _ _ _ _ _ _ _ _  M. bl. MANN 
&&ant Director for Administration _ _ _ _ _ _ _ _  C. L. HENDERSON 

Director, Dirision of Compliance _ _ _ _ _ _ _ _ _  LAWRENCE D. Low 
Director, Division of Reactor Licensing--, RICHABD L. DOAN 
Director, Dirision of Safety Standards---- FOBP~ST WESTERN 
Director, Dirision of Materials Licensing-, JOHN A. MCBRIDE 
Director, Division of State and Licensee 

Relations ____________________________  EBER R. PRICE 

Directors of Compliance Field Organizations 
s 1 (New Pork)  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ROBERT W. KIRKMAN 

n (Atlanta) _____________________^__ JOHN G. DAVIS 
111 (Chicago) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ROY C. HAGEMAN 

(Denver) ________________-____I__ DOXALD I. WSLL- 
v (San Francisco) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  RICHLL~D W. SMITH 

c-r 

CI? 
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MEMBERSHIP OF CORlMITTEES DURING 1965 

STATUTORY COMMI’ITEES AND BOARDS 

joint Committee on Atomic Energy-89th Congress (First Session) 

e Committee was established by the Atomic Energy Act of 1946, and continued !D @der the Atomic Energy Act of 1954, to make “continuing studies of the activ- 
ities of the Atomic Energy Commission and of problems relating to the develop- 

use, and control of atomic energy.” The Committee is kept fully and 
flently informed with respect to the Commission’s activities. Legislation re- 
@ting primarily to  the Commission or to atomic energy matters is referred to  
rbe Committee. The Committee’s membership is composed of nine Members of 

Senate and nine Members of the House of Representatives. During 1965, 
Committee was composed of:  

Representative CHET HOLIFIELD (California) , Chairman. 
Senator JOHN 0. PASTORE (Rhode Island),  Vice Chairman. 
Senator RICHARD B. RUSSELL (Georgia). 
Senator CLINTON P. ANDERSON (New Mexico). 
Senator ALBE~T GORE (Tennessee). 
Senator HENRY M. JACKSON (Washington). 
Senator BOWKE B. HICKENLOOPEXC (Iowa).  
Senator GEORGE D. AIKEN (Vermont). 
Senator WALLACE F. BENNETT (Utah). 
Senator CARL T. CWTIS (Nebraska). 
Representative MELVIN  ICE (Illinois). 
Representative WAYNE N. ASPINALL (Colorado). 
Representative ALBEBT THOMAS (Texas). 
Representative THOMAS G. MOEBIS (New Mexico). 
Representative C u m  Hosarm (California). 
Representative WILLIAM H. BATES (Massachusetts). 
Representative JOHN B- ANDEESON (Illinois). 
Representative W I L L U ~ ~  M. MCCULLOCH (Ohio). 

JOHN T. CONWAY, Executive Director. 

I Military Liaison Committee 
.- section 27 of the Atomic Energy Act of 1954, “there is hereby established 

fitary Liaison Committee consisting of (a) a Chairman, who shall be the 
ereof and who shall be appointed by the President, by and with the 

a d  consent of the Senate, who shall serve at the pleasure of the President, 
0 shall receive compensation at the rate prescribed for an Assistant 

of Defense; and ( h )  a representative or representatives from each 
artments of the Army, Navy, and Air Force, in  equal numbers as 
by the Secretary of Defense, to be assigned from each Department 

c- - 
G- 
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by the Secretam thereof, and who will serve without additional OmDenNtir 
The Chairman of the Committee may desi-ate One Of the members ot JL 

The C o ~ ~ i p c ; ,  
Committee as Acting Chairman to act  during his abwnce. 

shall advise and consult with the Department of Defense, through th e ~ ( J l I l Q : ~  
tee, on all atomic energy matters which t h e  Department of Defense 
late to military applications of atomic weapons or atomic energy includ. ‘ob. 

1% t l  development, manufacture, use and Storage of atomic n-eaPons ; the allocati 
special nuclear material for military research, and the control of informatiro& 

‘Q h lating to the manufacture or Utilization Of atomic weapons ; and shall 
~ Department of Defense, through the Committee, fully and currently inf 

all such matters before the Commission. 
the Committee, shall keep the Commission fully and currently informed oz 
matters within the Department Of Defense which the &mmission d 
relate to the development or application of atomic energy. The Department ~ 

Defense, through the Committee, shall have the authority to mak 
recommendations to the Commission from time to  time on matters rehGq 
to military applications of atomic enerm as the Department of Defense * deem appropriate. If the  Department of Defense at any time COncludesh 
any request, action, proposed action, or failure to  act  On the part of the cf, 
mission is adverse to  the responsibilities of the Department of Defenq t$ 
Secretary of Defense shall refer the matter t o  the President whose d 
shall be final.” 

0 

OQM 

e58 k 

The Department of Defense, thr 

* 
Hon. W. J. HOWARD, Chairman. 
Maj. Gen. ARTHUR C. AGAN, Jr., United States Air Force. 
Naj. Gen. AUSTIN W. BETTS, United States Army. 
Maj. Gen. OTTO J. GLASSER, United States Air Force. 
Brig. Gen. DONALD G. GROTHAUS, United States Army. 
RAdm. FRANCIS D. FOLEY, United States Navy. 
Capt. HARRY B. HAHN, United States Navy. 

General Advisory Committee 

This Committee was established by the Atomic Energy Act of 1946, and is 
tinued by the Atomic Energy Act of 1954. The nine civilian members a E e  
pointed by the President t o  advise the Commission on scientific and t e c h  
matters relating to materials, production, and  research and development. 
the Atomic Energy Act, the Committee shall meet at least four  times in em 
calendar year. 

Dr. L. R. HAFSTAD, Chairman; Vice President, Research Laboratories. Gee 
era1 Motors Corp., Warren, Mich. 

Dr. MANSON BENEDICT, Professor of Nuclear Engineering, MassaebEz 
Institute of Technology, Cambridge, Mass. 

Dr. JOHK C. BUGHER, Director, Puerto Rico Nuclear Center, San Juan.PE 
Dr. DAROL FRohfAN, Retired, Espanola, N. Nex. 
Dr. STEPHEN LAWROSKI, Associate Director, Argonne National L & b m f S  

Argonne, 211. 
Dr. KOBMAN F. RAMSEY, Professor of Physics, Harvard UnioersiQ, 

bridge, Mass. 
HOWARD G. VESPER, Vice President, Standard Oil Co. of Californfa, 5S 

C,,,mittee held fc 
and November 1. f i e  

%- 

-@d- ~ ~ ~ a r d  was estab; 
p€d Act Of 1946, : 

E n e r a  Act o! 
or : 

fpe, @.tain proceeding 

ROBEBT C. WATSO 
Washington, D.( 

DOUGLAS MCLEOD 

WOLM W. FF~ASE 
-MAN I. HE~SH. 

St. Louis, Mo. 

Board met Once d 

Advisory 

$€@iC 

3.Y. 

u W & E N C E  c. KING 

pBp Committee review; 
R, it and makes repor 
wrds of proposed O r  

mcwr safety standar 
request. The COI 

m e  a part  of the reel 

security material. 
&= sears each, a n d  o 
w This- statutory 
k c t o r  Safeguards in 1 

WILLIAM D. MANL 
Union Carbide Cc 

Dr. DAVID OKEENT, 
Argonne, Ill. 

-OLD ETHEBINGT~ 
*. FBANKLIN A. G 

Laboratory, U.S. 
Dr. STEPHEN E. H. 

Tennessee, Knon 
HERBERT J. C. 

Laboratory, up to  
JACK E. MCKEI 

fmia  Insti tute o 
R- ~ E N R Y  W. NEW 

7B5-958-66-2q 
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WILLIAMS, Professor of Physics, Unirersity of Minnesota, 
Minn. 
SEWELL, Scientific Oficer; Lawrence Radiation Laboratory, 

ANTHONY A. TOMEI, Secretary; U.S. Atomic Energy Commission, Wash- 
University of California, Livermore, Calif. 

ington, D.C. - -  
mittee held f o u r  meetings in 1965, on January 11-13, March 29-31, July mm P November 1-3. 

PI49 

Patent Compensation Board 

oard was established in April 1949 pursuant to section 11 of the Atomic 
Act of 1946, and is the Board designated under section 157n of the 
mer,gy Act of 1954. Section 157 provides that upon application for 

ensation or awards or for the determination of a reasonable royalty 
n proceedings shall be held before such a Board. 

 om^ C. WATSON, Chairman; firm of Watson, Cole, Grindle h Watson, 

D o o G ~ ~  MCLEOD COOMBS, Simmonds Precision Products, Inc., Tarrytown, 

~ O L M  W. FUSEE, law firm of maser  and maser, Toledo, Ohio. 
I. HERSH, firm of MeDougall, Hereh &- Scott, Chicago, Ill. 

~ w ~ E N C E  C. KINGSLAND, firm of Xingsland, Rogers, Ezell, Eilers & Robbins, 

Washington, D.C. 

R.Y. 

st. Louis, Mo. 

*Board met once during 1965, on April 30. 

Advisory Committee on Reactor Safeguards 

Committee reviews safety studiw and facility license applications referred 
r~ End makes reports thereon, advises the Commission with regrad to the 
ws of proposed or existing reactor facilities and the adequacy of proposed 
M r  safety standards, and performs such other duties as the Commission 

request. The Committee’s reports on applications for facility licenses be- - B part of the record of the application and available ‘to the public, except 
gseolrity material. Members are appointed by the Commission for a term of 
ggpars each, and one member is designated by the Committee as its Chair- 
rra This- statutory Committee replaced the former Advisory Committee on 
!actor Safeguards in 1957. 

ITILKAM D. RIANLY, Chairman; Director of Technology, Stellite Division, 

Dr. DAVID OKREKT, Pice Chairman; Physicist, Argonne National Laboratory, 

&OLD ETHEEINGTON ; Consultant, Jupiter, ma.  
h. FEARKLIN A. GIFFORD, Jr., Director, Atmospheric Turbulence & Diffusion 

Dr. STEPHEN H. HANAUER, Professor of Nuclear Engineering, University of 

h. BEI~BERT J. C. K o a s ,  Reactor Physics Division, Brookhaven National 

JACK E. McECEE, Professor of Environmental Health Engineering, Cali- 

BENBY W. NEWSON, Professor of Physics, Duke University, Durham, N.C. 

Enion Carbide Corp., Kokomo, Ind. 

Brgonne, Ill. 

Laboratory, U.S. Fea ther  Bureau, Oak Ridge, Tenn. 

Tennessee, Knoxville, Tenn. 

Laboratory, Upton, Long Island, N.Y. 

fornia Institute of Technology, Pasadena, Calif. 
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NUNZIO J. PALLADINO, Professor and Head, Department of Nuclear 
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Dr. LESLIE SEVEBMAX, Professor of Engineering in Environmental 
and Head of Department of Industrial Hygiene, Harvard 
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Dr. T H E ~ S  J. THOMPGON, Professor of Nuclear Engineering and D. 
MIT Nuclear Reactor, Massachusetts Institute of Technology, Camtrid, "%r7 

Mass. 
R 

Dr. C m o m  W. ZABEL, Associate Dean of Arts and Sciences, Universilr 
Houston, Houston, Tex. * %  

R. F. FBALEY, Executive Secretary; U.S. Atomic Energy c ~ ~ ~ ~ % ~  

Dr. DICK DUFFEY, Technical SeCretaV; University Of afaryland, co 
Washington, D.C. 

Park, Md. u, 
During 1965, the Committee met 11 times, on January 14-16, Febmary 6, 

Wi 11-13 and 26-27, May 13-15, June 18, July 8-11, August 5-7, September kLz 
October 7-9, November 10-12 and 22. 

Atomic Safety and Licensing Boards 

Public Law 87-615 of the 87th Congress, which became law on August 29 
adopted certain amendments to the Atomic Energy Act of 1954 authorizing, 
addition to other matters, the Commission to establish one or mom awe 
safety and licensing boards. Each board would be composed of three membre 
two of whom are to be technically qua lsed  and one of whom is to be qnmed 
in the conduct of administrative proceedings. The boards conduct such h- 
as the Commission may direct and make such intermediate or final deciamLI 
it may authorize in proceedings with respect to granting, suspending, revo% 
or amending licenses or authorizations. The Commission has appointed the @ 

lowing panel to serve on atomic safety aold licensing boards as assigned. 

J. D. BOND, Hearing Examiner, U.S. Atomic Energy Commission, Was&. 

Dr. A, DIXON CALLIHAN, Oak Ridge National Laboratory, Oak Ridge, !I'm= 
Dr. EUQENE GBEULINQ, Professor of Physics, Duke University, Durham, S.t 
PATRICK W. HOWE, Head, Health Chmical Department, University of CaE- 

SAMUEL W. JERGCH, Chief Hearing Examiner, U.S. Atomic ESnergY GOm 

Dr. ALBERT J. KIBBCHBAUM, Lawrence Radiation Laboratory, Liverma 

ABTHW W. MwBPHY, Columbia University of Law, New Torli, N.Y. 
WABBEN E. NYEE, Manager, Reactor Projects, Atomic Energy D i r u  

Dr. HUGH PAXTON, Los Alamos Scientific Laboratory, Los Alamos, N. 
Dr. THOMAS H. PIGFORD, Professor of Nuclear Ehgineering, UnivedO 

Dr. LAWBENCE R. QUARLEB, Dean, School of Engineering and Applied &kJ@ 

REUEL C. STRATTON, Consulting Engineer, Hartford, Conn. 
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fornia, Lawrence Radiation Laboratory, Berkeley, Calif. 

mission, Washington, D.C. 

Calif. 
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CHARLES E. WINTERS, Union Carbide, Parma Research Center, Cleveland, 

Q B E ~  WOLMAK, The Johns Hopkins University, Baltimore, Md. 

oar& drawn from the panel were active in regulatory proceedings during 

Dr* 

Dr* ~ o R T H I N G T O K ,  retired, Wilmington, Del. 

Ohio. 

goo* 

;,fen b 
$&* APPEALS BOARDS 

Board of Contract Appeals 
Bugast 25, 1064, the Commission established the AEC Board of Con- 

eals under the supervision of a chairman, who reports directly to the 
lwigsion. The Board of Contract Appeals considers and finally decides 
tppeo from findings of fact or decisions of contracting officers in disputes 

mder Al3C prime contracts containing a disputes provision and certain @..uacts containing such a provision. The rules of practice of the Board 
ubfished in the FedWctl Register on September 11, 1864, and codified a8 

Title 10, Code of Federal Regulations. The new rules became effec- 
60 days after publication in the PederaZ Register. Appeals ftled prior to 
date are being handled under the procedures and delegations of authority 

@t BtegHt on the date the appeal is filed, unless the appellant requests the appli- 
ation of Part 3. 

p A a  H. GANTT, C h a h a n ,  Board of Contract Appeals, U.S. Atomic Energy 

J ~ M E S  P. MURRAY, Jr., Vice Chairman; U.S. Atomic Energy Commission, 

K ~ I A M  T. BABNES, Lybrand, Ross Bros. & Montgomery, Washington, D.C. 
 MINE S. BELLINO, Wright, Long & eo., Washington, D.C. 
~ W B E N C E  R. Cmuso, Legal OoUnSel, Office of Research Administration, 

  ALEX TINE B. DEALE, Attorney at Law, Washington, D.C. 
Dr. C. KEKNETH GBEEN, Chairman, Accelerator Department, Brookhaven 

National Laboratory, Associated Universities, Inc., Upton, Long Island, 
N.Y. 

BETBY B. KEISER, Attorney at Law and President, Federal Publications, Inc., 
Washington, D.C. 

LEONABD J. KOCH, Director, Reactor Engineering Division, Argonne National 
Laboratory, Argonne, Ill. 

JOHN T. KOEHLEE, Attorney at Law, Butler, Koehler & Tausig, Washington, 
D.C. 

E. RIGGS MCCONNELL, retired Hearing Examiner, U.S. Atomic Energy Com- 
mission, Washington, D.C. 

JOHK A. RICINTIBE, Consulting Attorney, Office of Judge Advocate General, 
U.S. Navy, Washington, D.C. 

C I ~ B I . ~ ~  G. SONNEN, Assistant to the Director, Division of Construction, 
US. Atomic Energy Commission, Washington, D.C. 

JOHN A I .  STOY. Stoy, Malone C CO., Washington, D.C. 
k m ~ T  M. UNDERHILL, Vice President and Treasurer Emeritus, University 

CaPt. DAKIEL B. VENTREG, Consultant and Director, Vogt, Ivers & Associates, 

w. NHELAN, Professor of Law, Georgetown University Law Center, 

'ring 196% the full Board met once, on June 15; numerous panel meetings 
!%e also held. 
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ADVISORY BODIES TO THE ATOMIC ENERGY cOL\IFup~ss~~~ 
Atomic Energy Labor-Management Advisoq Committee 

This Committee mas established in  March 1963 for  the Purpose 
bringi B 

and the AEC to discuss general problems, procedures, and requirements in - 
Qib nection with the radiological aspects of industrial safety. Its charter 8& 

expanded in 19f.33 to permit consideration of questions other than those COnce 
with the radiological aspects of industrial safety. % 

together representatives of organized labor with representatives of m anaaemre: 

Th 

H. T. HERRICK, Chuirmma; Director, Division of Labor Relations, u . ~ ,  AtoG 
Energy Commission, Washington, D.C. 

C. L. HENDERSON, Pice Chairman; Assistant Director of Regulation for ~. 
ministration, U.S. Atomic Energy Commission, Washington, D.C. 

ANDREW J. BIEMILLGB, Director, Department of Legislation, AFL-cIo, 
ington, D.C. 

HENRY R. CHOPE, Executive Vice President for  Development and E~~~~~ 
ing, Industrial Nucleonics Corp., Columbus, Ohio 

ROOEB J. CUE, Vice President, Yankee Atomic Electric Co., Boston, uass 
H m m  A. F ID~B,  Associate Director, Lawrence Radiation Laboratorf, 

GOBDON M. FREEMAN, President, International Brotherhood of ~ 1 % ~ ~  

CHARLES D. HARRINOTON, General Manager, Douglas United Nuclear corn 

ALBERT J. HAYES, Retired as President, International Association of N a c b  

HOWARD K. KASON, President, Monsanto Research COW, St. Louis, &, 
PETEB T. SCHOEMANN, President, United Association of Journeymen 

Apprentices of the Plumbing and Pipe Fitting Industry, Washington, D.C 
ELWOOD D. SWISHER, Vice President., Oil, Chemical and Atomic workem 

International Union, Denver, Colo. 

Committee met three times in  1 9 G J a n u a r y  28, May 4, and September 7. 

Fa&. 

University of California, Berkeley, Calif. 

Workers, Washington, D.C. 

Richland, Wash. 

ists, Washington, D.C. 

Advisory Committee for Biology and Medicine 
The Advisory Committee for Biology and Medicine was created in September 
1947 on the recommendation of the Commission's Medical Board of Review. !I% 
committee reviews the programs in medical and biological research and health 
and recommends to the Cornmission general policies in these fields. 

Dr. F ' R ~  J. HODGES, Clmimzun; Retired Professor and  Chairman of Radiol- 
ogy, University of Nichigan Medical Center, Ann Arbor, Mich. 

Dr. JAMES H. STERNER, Vice Chairma?&; Medical Director, Eastman Kodat 
Co., Rochester, N.T. 

Dr. WILLIAM F. BALE, Professor, Radiation Biology, Department of Raw 
tion Biology and  Atomic Energy Project, University of Rochester Schd 
of Medicine and Dentistry, Rochester, N.Y. 

Dr. MARY I. BUNTING, President, Radcliffe College, Cambridge, Mass. 
Dr. PHILIP P. CQHEN, Professor and Chairman, Department of Physiol@ 

cal Chemistry, University of Wisconsin School of Nedicine, Madison, %Is 
Dr. EARL L. GREEN, Director, The Jackson Laboratory, Bar Harbor, Idainr 
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Dr. CARL V. MOOBE, Professor of Medicine, Department of Internal Nedicine 

washington University, School of Medicine, Barnes and Wohl Hospital, 
St. Louis, Mo. 

NORELL B. RUGBELL, Director, Agricultural Experiment Station, Uni- 
prsi ty  of Illinois, Urbana, Ill. 

Dr. HABVEY M. PATT, Scientific Secretarg; Director, Laboratory of Radio- 
biology, San Francisco Medical Center, Unirersity of California, San 
FrancisCo, Calif. 

ROSEMARY ELMO, Executive Secretarg; U.S. Atomic Energy Commission, 
Washington, D.C. 

Committee held four meetings during 1965, on January 8-9, March 26-27, 

Dr* 

@ 14-16, and October 25-26. w 
Historical Advisory Committee 

Historical Advisory Committee was established by the Commission in Febru- 
1988 to advise the Commission and its historical staff on matters relating to  

Dr. JAMES P. BAXTEB, 111, Chairman; Senior Fellow, Council on Foreign 

Dr. JAMES L. Cam, Professor of History, University of Chicago, Chicago, Ill. 
m. CONSTANCE McL. GREEN, Washington, D.C. 
Dr. RALPH W. HIDY, Professor of Business History, Graduate School of 

Dr. GEOBQE E. MOWBY, Professor of History and Dean, Department of So- 

m, ISDOBE PEBLMAN, Associate Director, Lawrence Radiation Laboratory, 

Dr. DON K. PRICE, Jr., Dean, Graduate School of Public Administration, 

Dr. ROBEBT R. WILSON, Director, Laboratory of Nuclear Studies, Cornell 

Dr. RICHABD G. HEWLETT, AEC representative, Chief Historian, U S .  Atomic 

Pe 
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of the history of the Atomic Energy Commission. 

Relations, Inc., New Pork, N.Y. 

Business Administration, Harvard University, Cambridge, Mass. 

cial Sciences, University of California, Los Angeles, Calif. 

University of California, Berkeley, Calif. 

Harvard University, Cambridge, Mass. 

University, Ithaca, N.Y. 

Energy Commission, Washington, D.C. 

Ihe Committee met twice during 1965, on April 26-27 and October 25-26. 

Advisory Committee on Isotopes and Radiation Development 

&committee was established by the Commission in  July 1958 to  advise on 
of encouraging wide-scale industrial use of radioisotopes and  nuclear 

&ation. 

JOHN L. KUBANZ, Chairman; Vice President, Nuclear-Chicago Corp., Des 

JOHN W. LANDIS, Vice Chairman; General Manager, Washington Operations, 

h. JOHN C. B R A X T ~ Y ,  Union Carbide Nuclear Corporation, New Pork, N.Y. 
E. ALFRED BTJBRILL, Vice President, High Voltage Engineering Corp., Burling- 

Dr. WILLAJD P. CONNEB, Technical Assistant to the Director, Hercules Re- 

J W P H  J. FITZGEBALD, President and Director, Iso/Serve, Inc., Cambridge, 

Plaines. Ill. 

The Babcock 6i Wilcox Co., Washington, D.C. 

ton, Nass. 

search Center, Hercules Powder Co., Wilmington, Del. . 

Mass. 
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BEARDSLEY GRAHAM, President, Spindletop Research Center, L~~~~~~~~ 

@actors, I.r Dr. GEOB~E M. KAVANAGH, Assistant General Nanager for R 

E. ROBERT KINNEY, President, Gorton Corp., Gloucester, Mass. 
Dr. WILLIAM KOCH, Chief, Radiation Physics Division, National Bureau 

Dr. EUNICE M. MOOBE, Director for Research & Development, Electric ~ 

HOWABD K. NASON, President, Monsanto Research Corp., St. Louis, ?Mo. 
Dr. LEONABD REIFFEL, Apollo Program, KatiOnal Aeronautics and s 

ministration, Washington, D.C. 
Dr. MABVIN G. SCHOBB, President, Technical Operations, Inc., BurlittgtB 

Mass. 
JOSEPH W. SELDEN, Division Vice President, New Products Cornuerciai Iji 

velopment, Minnesota Mining and Manufacturing co., St. Paul, bIzian. 
Dr. RODMAN A. SHARP, President, Sharp Laboratories Division, B 

Instruments, Inc., La Jolla, Calif. 
Prof. JOSEPH SILVERMAN, College of Engineering, Glenn L. Martin rmtib 

of Technology, University of Maryland, College Park, Md. 
Dr. CHAUNCEY ST-, President, Atomics International, A Division of 

American Aviation, Inc., Canoga Park, Calif. 
Dr. EBNST SmHLrNGm, Army Ballistic Missile Agency, MarshaU sm 

Flight Center, Huntsville, Ala. 
DAVID E. "BUMBULL, Manager-Planning Projects, Atomic Products Di.&irg 

General Electric Co., San Jose, Calif. 
Dr. WALTEB M. UEBAIN, Food Science Department, Michigan State TjnireMrt 

East Lansing, Mich. 

' 85 
Atomic Energy Commission, Washington, D.C. 

Standards, Washington, D.C. 4 

ties Co., La Salle, Ill. k L  

J% 

Dr. JAMES R. MAXFIELD, Jr., Maxfield Clinic-Hospital, Dallas, Tex 

pa@ dp-, 
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The Committee met October 14 and 15,1965. 

Advisory Committee on Medical Uses of Isotopes 
The Committee was established in 1958 and replaced the Subcommittee on H- 
Applications of the Advisory Committee on Isotope Distribution. The 
will advise the Commission on policies and standards for the regulation 
licensing of medical uses of radioisotopes in humans. 

Dr. JOHN A. MCBBIDE, Chairman; Director, Division of Materials Lice- 

Dr. WALLACE D. ABMSTBONG, Professor, Department of Biochemistry, Enim 

Dr. REYNOLD F. BROWN, Department of Radiology, University of Califor& 

Dr. DONALD S. CHILDS, Jr., Section of Therapeutic Radiology, Iftiyo C h k  

Dr. JOHN A. D. COOPER, Dean of Sciences, No&hwestern University lla 

Dr. ROBERT H. GREENLAW, Associate Professor of Radiology, U n i v d G  

Dr. E. RICHAFLD KING, Professor of Radiology, Medical College of v* 

Dr. GEORGE V. LEROY; Medical Director, Netropolitan Hospital, Detroit, 
Dr. EDITH H. QUIMBY, Professor Emeritus, Department of RadiOlogS.* 

lege of Physicians and Surgeons, Columbia University, New Pork, s-T* 
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RULON W. RAWSON, Attending Physician and Chairman, Memorial Hos- 

HAW ROSSI, Professor of Radiology, College of Physicians and Sur- 

mittee met February 13,1965, in Washington, D.C. 

New Pork, N.T. Dr. 
P 

pr. gmns, Columbia University, New Tork, N.Y. 

pe COD 

Technicd Advisory Panel on Peaceful Use Safeguards 
panel was established by the Commission during 1965 to advise the AEC on 

@D'C a1 matters relating to safeguards for providing assurance of the peaceful 
of nuclear materials and equipment including : development of safeguard 

@ dures, implementation of safeguard procedures, and research and develop- 
gpat @. safeguards. 

bfp~ON B. KEATzEa, Chairman; Director, Division of International M a i m ,  

DOYD L. C u m ,  Jr., Assistant Director, Oak Ridge National Laboratory, 

J ~ N E  H. HALT,, Assistant Director, Los Alamos Scientific Laboratory, Los 

WENDALL P. JOHNBON, Plant Superintendent, Yankee Atomic Electric Co., 

JOEN W. LANDIB, General Manager, Washington Operations, The Babcock 

BOBACE W. NOBTON, 111, Professor of Statistical Design and Analysis, Uni- 

BERNABD I. SPINBAD, Director, Reactor Engineering Division, Argonne Na- 

EVEBETT B. SHELDON, Superintendent, Separations Tachnology Section, 

u.S. Atomic Energy Commission, Washington, D.C. 

Oak Ridge, Tenn. 

A I ~ ~ O S ,  N. Mex. 

Wwe, Mass. 

8: Wilcox Co., Washington, D.C. 

versity of Illinois, Urbana, Ill. 

tional Laboratory, Argonne, Ill. 

Savannah River Plant, E. I. du Pont de Nemours and Co., Aiken, S.C. 

. 

@panel did not meet during 1965. 

-~ * -  
Plowshare Advisory Committee 

~. 
@plowshare Advisory Committee was established in September 1959. The 
a t t e e ' s  function is to advise the Commission and the General Manager on 
&ding and carrying out particular Plowshare projects ; developing and making 
a b l e  various applications of Plowshare, and determining the general orienta- 
Land policies of the Plowshare program. 

Dr. SPOFFOBD G. ENQLISH, Chainman; Assistant General Mmager for Re- 
mrch and Development, U.S. Atomic Energy Commission, Washington, 
D.C. 

WILL~BD BASCOM, President, Ocean Science & Engineering, Inc., Washing- 
ton, D.C. 

Caltf. 

Memorial Hospital, University of Rochester, Rochester, N.Y. 

Calfi. 

Physics, University of California, Los Angeles, Calif. 

Lt. (3%. JAMES H. DooUI"PLE, Consultant, TRW Systems, Redondo Beach, 

Dr. Loms H. HEMPELMAMN, Professor, Experimental Radiology, Strong 

Dr. RICHAED LATTER, Research Council, The RAND Corp., Santa Monica, 

Dr. WILL~BD F. LIBBY, Director, Institute of Geophysics and Planetary 

Dr. DONALD H. MCLAIJQHIJN, Chairman of the Board, Homestake Mining 

5 !j q 6 2 4 GO., San E'rancisco, Calif. 
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Dr. PHILIP C. RUTLEDQE, Partner, Mueser, Rutledge, Ventworth 

Dr. PAUL B. SJURS, Professor Emeritus and former Chairman, c 
New Tork, N.Y. Johss.,, 

onser,atii- Program, Tale University, New Haven, Conn. 5 

The Committee met twice in 1965, on April 12-13, and XOVenlber 

Advisory Committee on Reactor Physics 

This Committee was established in  1951 to consider the status of the develop 
of reactor physics information required for  the development of react-, % 

and r e -  and the design and construction of reactors. Suclear physics data 
physics studies required for the design and development Of reactors are rerim% 
and evaluated. The Committee’s recommendations and advice are used. 

Dr. I u  F. ZABTMAN, Chuirman; Division of Reactor Development and ~~ 

Dr. ROBERT AVERY, Director, Reactor Physics Division, Argonne pt’ 

rmBhata JACK CHERNICK, Associate Head, Reactor Physics Division, B 

Dr. E. RICHARD COHEN, Associate Director, North American Aviation se. 
@& 

Dr. FRANK G. DAWSON, Jr., Manager, Reactor Physics, PaciEc Northwe 

Dr. GERHARD DESSAUER, Director, Physics Section, Savannah River th 

Dr. MILTON EDLVND, Manager, Physics and Mathematics Department, 

Dr. RICHAED EHRLICH, Manager, Advanced Development Activity, 

Dr. REX FLUHARTP, Manager, Nuclear Physics Branch, Phillips Pehoi- 

Dr. E. R. GAERTTNER, Rensselaer Polytechnic Institute, Troy, E.Y. 
Dr. GORDON HANBEN, Los Alamos Scientific Laboratory, Los Alamos, K. 31frz 
PHILIP B. HEMMIG, Division of Reactor Development and Technology, c.g 

Atomic Energy Commission, Washington, D.C. 
Dr. IRVING KAPLAN, Professor, Department of Nuclear Engineering, 36- 

chusetts Institute of Technology, Cambridge, Mass. 
Dr. F. C. MAIENSCHEIN, Associate Director, Neutron Physics Division, 0% 

Ridge National Laboratory, Oak Ridge, Tenn. 
Dr. NARK NELKIN, Professor, Nuclear Reactor Laboratory, Cornell C&- 

versity, Ithaca, N.Y. 
Dr. LORTHAR W. NORDHEIM, Chairman, Theoretical Physics D e p a m  

General Atomic, San Diego, Calif. 
Dr. THOMA &I. SNTDER, Consultant, Research and  Engineering P r w  

General Electric Atomic Power Equipment Dept., San Jose, Calif. 
JOHN J. TAYLOR, Manager, Reactor Development and  Analysis D e w s  

Bettis Atomic Power Division, Westinghouse Electric COW., P i t b b m  

Dr. ALVIN RADHOWSKY, Becretarg; Division of Naval Reactom c‘ 

con,, 

ning research and development work in the field of reactor physics. 
In 

nology, U.S. Atomic Energy Commission, Washington, D.c. 

Laboratory, Argonne, Ill. ab- 

National Laboratory, Upton, Long Island, N.Y. 

Center, Canoga Park,  Calif. 

Laboratory, Battelle Memorial Institute, Richland, Wash. 

tory, E. I. du  Pont de Nemours 6: Co., Inc., Aiken, S.C. 

cock 8: Wilcox Co., Lynchburg, Va. 

Atomic Power Laboratory, General Electric Co., Schenectady, N.y, 

Co., Idaho Falls, Idaho. 

Pa. 

Atomic Energy Commission, Washington, D.C. 

The Committee met once during 1965, on March 29-30. 
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Committee for Standard Reference Materials and bd&*q 
Methods of Measurement 

Golamittee was originally e.stabli: .bed by the Commission in Narch 1956, as 
v mitt= for Uranium Isotopic Standards. The Comniission approved its 

COD titution in January 1958, under i ts  present title, to reflect the broadened 
of its activities. The Committee reviews, maluates, and recommends 
for providing standard reference materials (i.c., certified chemical and 

standards for uranium, plutonium, etc.) and approved methods of 

Dr. SAMUEL C. T. MCDOWELL, Chaimnan; Assistant Director for  Control, 
Division of Xuclear Materials Management, U.S. Atomic Energy Commis- 
sion, Washington, D.C. 

JoRa L. HAGUE, Chief, Inorganic Standards, Office of Standard Reference 
Ngateriels, h'ational Bureau of Standards, Department of Commerce, 
Washington, D.C. 

R ~ ~ J ~ I  J. JONES, Chief, Survey and Appraisal Branch, Division of Nuclear 
Ajaterials Management, U.S. Atomic Energy Commission, Washington, D.C. 

Dr. CHARIXS E'. METZ, Group Leader, Chemical and Instrumental Analysis, 
ms Alamos Scientific Laboratory, Los Alamos, N. Mex. 

Dr. HoBACE w. NORTON, 111, Professor of Statistical Design and -4nalysis, 
university of Illinois, Urbana, Ill. 

Dr. LEONARD P. PEPKOn'ITZ, Vice President, Kuclear Materials & Equipment 
Corp., Apollo, Pa. 

c. J. ROD~EE, Area Rlanager, New Brunsmicli Area Office, U S .  ,4tomic Energy 
Commission, Kern Brunswick, N. J. 

CFIABLE~ M. STEVENS, Associate Physicist, Chemistry Division, Srgonne - Na- 
tional Laboratory, Argonne, Ill. 

c. D. W. THORNTON, Technical Director-North America, International Tele- 
phone 6: Telegraph Cow., New Pork, N.T. 

Dr. EDWARD WICHERS, Consultant to the National Academy of Sciences, 
Washington, D.C. 

Dr. J. ERNEST WILKIKS, Assistant Chairman, Theoretical Physics Depart- 
ment, General Atomic, San Diego, Calif. 

&DS 

#@ 

$43 

.€@Pic fo r  materials of special importance to  atomic energy activitic;. 

%!Committee did not meet during 196.5. 

Advisory Committee of State Officials 

committee was established by the Oommission in September 1955 as a 
m s  of obtaining the  views and advice of State regulatory agencies in con- 
&ion with the Atomic Energy Commission's regulatory activities in the field 
fpublic health and safety. In 1960, its function was  enlarged to furnish 
5dance in the implementation of the  Commission's program of cooperation 
~ 2 b  States. At the same time, its membership was broadened t o  provide a 
nger cross section of views consistent with its additional functions. 

B. L. PRICE, Chairntcln, Director of Regulation, U.S. Atomic Energy Com- 

Dr. BERTU'ARD BITCOVE, Director of Health, State Department of Public Health, 

Dr. R. L. CLEERE, Director of Public Health, State Department of Public 

FRASWRE, Committee of State Officials on- Suggested State Legislation, 

mission, Washington, D.C. 

Olympia, Wash. 

Health, Denver, Golo. 

West Virginia University, Morgantown, W. Va. 
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~ B = T  E. GZFFOBD, Executive Director, Southern Interstate N ~ ~ ~ ~ ,  

Dr. ~ E B T  E. HEUSTTS, State Health Com~ssioner,  Michigan 

c. w. KLASBEN, Chief [Sanitary Engineer, Department of pub& rre, 
Dr. MOBRIB KLEINFEW), Director, Division of Industrial 

W. T. LINTON, Executive Director, Water Pollution Contr 

\ Atlanta, Ga. 

of Health, Lansing, Mich. 

Springfield, Ill. 4 
D ~ * ~  ment of Labor, New York, N.Y. 

South Carolina State Board of Health, Columbia, S.C. O1 $Whorq, 
*_ 

KARL M. Ikhsow, Director, Bureau of Environmental Health, p 

Dr. JAMEB E. PEAVY, Commissioner of Health, State Department oi 

WILLIAM J. PIERCE, National Conference of Commissioners on unih 

B. A. POOLE, Director, Bureau of Environmental Sanitation, Indiana 

D. P. ROBERTS, Clhief, Industrial Hygiene Section, Tennessee Deparb 

0- H. TOWNSEND, Director, Office of Atomic and Space &velo 

Department of Health, Harrisburg, Pa. en%Y’r* 

Austin, Tex. * 
rQ tt, 

h B  

University of Michigan Law School, Ann Arbor, Mich. 

Board of Health, Indianapolis, Ind. 

Health, Nashville, Tenn. ea e - New York, N.P. 
The Committee did not meet in 1965. 

Advisory 1 Committee on Technical Information 
This committee was established during 1961, replacing the Advisory commith 
on Industrial Information, formed in 1949. The committee advises and 
in the planning and execution of the AEC’s technical information pr- 

EDWARD J. BRUNENKANT, Jr., Chairman; Diredor, Division of 

JOHN E. DOBBIN, Project Director, Educational Testing Service, Prfncetpa 

Dr. HOYLANDE POUNQ FAILEY, Chicago, Ill. 
JAMES L. GAYLORD, Senior Partner of James L. Gaylord Associates, 

Dr. ALLEN G. GRAY. Editor, “Metal Progress,” American Society for M&zk 

NOBMAN H. JACOBBON, Technical Publishing Co., Barrington, Ill. 
JOHN W. LAXDIS, General Manager, Washington Operations, the Babe& 

& Wilcox Co., Washington, D.C., representing American Nuclear 8odd 
Chicago, Ill. 

Dr. FRED P. PETERS, Vice President, Reinhold Publishing Co., New YO&+ 3-1 
KARL T. SCHWAETZWALDER, Director of Research, A-C Spark Plug D i m  

General Motors Corp., Flint, Mich., representing the American G e d  
Society, Inc., Columbus, Ohio. 

OLTVEB H. TOWNBEND, Director, Office of Atomic and Space D e v e l M  
New Pork, N.Y. 

JOHN W. WIGHT, Vice President, McGraw-Hill Book Co., InC., New Fa 
N.Y. 

Information, U.S. Atomic Energg Commission, Washington, D.C. 

N. J. 

Monica, Calif. 

Metals Park, Ohio. 

The Committee met once, on November 19, during 1965. 

-- ma JEBBE w- B J U M  
lottesville, Va. 

mmmittee met twit 

jfath-atics and CO: 
rite Mathematics and ( 

&b&h& in 1960 as ar 
make recommendatim 

@de advice and @id 

Dr. JOHN R. PASTA, 
Illinois, Urbana, 

SAMUEL N. ALXXANI 
of Standards, Wa: 

Prof. lFBEDEBICK P. 1 
North Carolina, C1 

Dr. SIDNEY E\EBNBA( 
tory, University G 

Dr. AL~TON S. How 
Tenn. 

Dr. M A ~ O  L. JUNCO 

Dr. YOBHIO SHIMA 
Island, N.Y. 
h. JAMEE J. STOKEI 

university, New 

Mathematics Prc 
Commission, Was 

Dr. WILLIAM F. 
Stanford UniT 

Dr* CH-S V. L. 

me Committee met twic 



ation 
:isory C o m m i b  
vises and assfstr 
ation program. 
ion of Technical 
gton, DE. 
n i c e ,  Princeeton, 

issociates, Santr 

ciety for 'bletttk 

1, Ill. 
ms, the B a M  
Nuclear Sociee. 

, New Pork. X.X 
*k Plug  Dirisicza 
nerican Ceramic 

ce Development. 

Inc., New Folk 

MEMBERSHIP OF COMMITTEES DTJRING 1 9 6 5  361 

Committee of Senior Reviewers 

i t t e  of Senior Reviewers studies the major technical activities of the 
Dern Commission program and advises the Commission on classifica- 
declassification matters, making recommendations with resped to the 

The 
ttee consists of eight members each of whom is appointed for a 1-year 

~TABREN C. JOHNSON, Chuirmm; Vice President, Special Scientific Pro- Pr. 
EUOENJC EYSTEB, Alternate GMX Division Leader, Los Alamos Scientific Dt* 
A. C. HAUSSMANN, A Division Leader, Lawrence Radiation Laboratory, Dr* 
JOHN P. HOWE, Professor of Engineering, Cornell University, Ithaca, Dr. 
J~YZANK C. HOYT, Missiles Systems Division, Lockheed Aircraft, Corp., Dr. 

Dr. J. REQIND RIOH-SON, Professor of Physics, University of Calif'ornia 

Dr. JESSE w. BEbM6,  Professor of Physics, Univemitg of Virginia, Char- 

d guides for the control of scientific and technical information. 

ms, University of Chicago, Chicago, Ill. t g r s  
p b o r a t w ,  Los Alamos, N. Mex. 

uaipersits of California, Livermore, Calif. 

N.T. 

palo Alto, Calif. 

&t  os Angeles, Calif. 

logesville, Va. 
ymmittee met twice in l S ,  on June 7-9 and December 8-10. 

b&aatics and Computer Sciences Research Advisory Committee 

Mathematics and Computer Sciences Research Advisory Committee was 
@ed in 1960 as an advisory board to the Division of Research of the AEC 
#,&e recommendations 011 computer research and development programs and 
p j d e  advice and guidance on problems in this field. 
Dr. JOHN R. PA~TA, Chairman; Digital Computer Laboratory, University of 

SAMUEL N. ALEXANDEB, Information Technology Division, National Bureau 

Prof. FBEDERICK P. BBOOKS, Department of Computer Science, UniversitS of 

Dr. S m m  FEENBACH, Computation Division, Lawrence Radiation Labora- 

Dr. h S T O N  S. HOUSEHOLDEB, Oak Ridge National Laboratory, Oak-Ridge, 

Illinois, Urbana, Ill. 

of Standards, Washington, D.C. 

Xorth Carolina, Chapel Hill, N.C. 

tory, University of California, Livermore, Calif. 

Tenn. 
Dr. MASIO L. JUNCOSA, The RAND Cop., Santa Monica, Calif. 
Dr. YOSHIO SHIMAMOTO, Brookhaven National Laboratory, Upton, Long 

Island, N.Y. 
Dr. JAMES J. STOKEB, Courant Institute of Mathematical Sciences, New Pork 

University, New Pork, N.Y. 
Dr. C-s V. L. SMITH, Mathematics 8: Computers Branch, Physics & 

Mathematics Programs, Division of Research, US. Atomic Energy 
Commission, Washington, D.C. 

Dr. W-M E'. M I L I ~ ,  secretary; Stanford Linear Accelerator Center, 
Stanford University, Stanford, Calif. 

(hm'&tee met twice in 1965, on April 6 and November 18. 
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Nuclear Cross Sections Advisory Group 

This Group, appointed on a pearly basis, provides Consultation alld 
for the Commission's program of nuclear cross-sectior measureme -%€ 

the Commission. % 

mation from this program is of fundamental importance to many actipiti, nts* Inlet 

Dr. ALAN B. SMITH, Chairman; Argonne Kational Laboratory, A rgonhe p Dr. HERbXAN J. DOKITERT, U.S. A m y  XUClear Defense LaboratorS, &;- 
wood Arsenal, Md. 

Prof. H E ~ E E T  GOLDSTEIN, Columbia University, New Tork, N.y. 
DON R. J-IS, Westinghouse Corp., Bettis Laboratories, Pithburgh, 
Dr. WILTJAM H. KOCH, U.S. National BuI'@~.U Of Standards, Washingto 
Dr. MICHAEL S. MOOBE, Phillips Petroleum a., Idaho Falls, Idaho 
Prof. HENRY W. NEWBON, Department of Physics, Duke University, D 

m y  PALEVSKY, Brookhaven National Laboratory, Upton, Long 18b 

12 
Q, l3.c 

Qk N.C. 

N.Y. f 

Oentps 
Prof. GEBALD C. PHILLIPS, Department of Physics, Rice University, 

Tex. 

O m m $  
Dr. GEQRGE L. ROGOBA, Division of Research, U.S. Atomic Energg c 
Prof. EDWIN E'. S H B A D ~ ,  Case Institute of Technology, Cleveland, Ohio 
Dr. PAUL H. STELSON, Oak Ridge National Laboratory, Oak Ridge, Tens, 
Dr. IRA F. ZARTMAN, Division of Reactor Development and Technolo=, E- 

Dr. HENRY MOTZ, Secretary; Los Alamos Scientific Laboratow, 

aion, Washington, D.C. 

Atomic Energy Commission, Washington, D.C. 

Alamos, N. Mex. 
Ex-Oficio Members 

N. Mex. 

sion, Washington, D.C. 

sity, New Pork, N.P. 

Dr. RICHARD F. TASCHEK, Los Alamos Scientific Laboratory, LOS 

Dr. GEORQE A. KOLSTAD, Division of Research, U.S. Atomic Energy cornmi, 

Prof. W-M W. HAVENS, Jr., Department of Physics, Columbia Ed-. 

Oficial Observers 
CHABLES M. GOTTSCHALK, Division of Technical Information, U.S. At* 

MURREY D. GOLDBERG, Brookhaven National Laboratory, Upton, Long IsW 
Energr Commission, Washington, D.C. 

S.Y. 
The Group met twice in 1965 ; on Narch S-9, and October 13-14. 

Personnel Security Review Board 

This board was appointed in Narch 1%9 primarily to review specific p e d  
security cases which arise under the Commission's administrative revies F@ 
cedure and  to make recommendations concerning them to the General M m  
The Board also advises the Commission on the broader considerations re@- 
Personnel security, such as criteria for determining eligibility for  secdtS cia' 
ance and personnel security procedures. 

GANSON PWCELL, Chairwzan; Purcell & Nelson, Washington, D.C. 
JOHN J. WILSON, firm of Whiteford, Hart, Carmody & Wilson, T V a s h w  

h m s  A+ Tumm, Princeton University, Princeton, N.J. 
D.C. 
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Medicine, Los Angc 
STEWARD W. O'REAR. 

River Laboratory, 
DENNIS PULESTON, E 

oratory, Upton, Lc 
-N REDMAN, Lib 

N. Mex. 
Dr. ARCHIE E. RUE] 

Mamnckrodt Chen 
B U N K  D. SHEABIN, 

hbora tory ,  Miami 
c* G- STEVENSON, Max 

tom, Battelle-Nort: 
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Technical Information Panel 
ne1 was established in 1948 to advise and assist the AEC in the planning, 

development, and execution of the Commission's technical information 
primarily on matters of interest to the National Laboratories and 

E D l l - ~ ~ ~  J. BRUNENKAKT, Jr., Chairman; Director, Division cf Technical 

8, s. &EX, Chid, Information Serdces, Atomic Energy Division, Babcock 

BGWEE F. BOARDMAN, Director, Technical Information, Phillips Petroleum 

Dr, THOMAS s. CHAPMAN, Manager Technical Information Operations, Dow 

C. L. CHASE, Manager, Technical Information, General Electric Co., Nuclear 

q-. E. DREESZEX, Administrative Aide to Director, Ames Laboratory, Am=, 

DOUGIAS DUPEN, Technical Information Department, Stanford Linear Ac- 

w. L. Haw=, Head, Legal and Information Control Department, Union 

e 
t ih  

jor opf3rating contractors. 

Information, U.X. Atomic Energy Commission, Washington, D.C. 

Wileox Co., Lynchburg, Va. 

CO., Idaho Falls, Idraho 

~ o c l i ~  mats, Golden, Colo. 

Materials and Propulsion Operation, Cincinnati, Ohio 

Iowa 

elerator Center, Stanford University, Stanford, Calif. 

carbide Corp., Oak Ridge, Tenn. 

tional Laboratory, Oak Ridge, Tenn. 

corn., Sandia Base, Albuquerque, N. Mex. 

national, Canoga Park, Calif. 

hhtional Laboratory, Argonne, Ill. 

Electric Corp., Pittsburgh, Pa. 

Xedicine, Los Angeles, Calif. 

River Laboratory, Aiken, S.C. 

oratory, Upton, Long Island, N.Y. 

N. Mex. 

Mallinckrodt Chemical Works, St. Charles, Mo. 

Laboratom, Miamisburg, Ohio 

tory, Battelle-Northwest, Richland, Wash. 

D~. C. P. KEXM, Director, Technical Information Division, Oak Ridge Ea- 

g a  E. LINN, Director, Technical Information and Publications, Sandia 

F ~ K E  R. LONG, General Supervisor, Information Services, Atomics Inter- 

JOHX H. MARTENS, Director, Technical Publications Department, Argonne 

W. A. MINPLEB, Supervisor, Bettis Technical Information, Westinghouse 

Dr. JUDD C. NEVENZEL, University of California, Laboratory of Nuclear 

STEWARD W. O'REAR, Supervisor, Technical Information Service, Savannah 

DENBIS PULESTON, Head, Information Division, Brookhaven National Lab- 

HELEN REDMAN, Librarian, Los Alamos Scientific Laboratory, Los Alamos, 

Dr. ABCHIE E. RUEHLE, Assistant Technical Director, Uranium Division, 

FRANK D. SHEARIN, Technical Editor, Monsanto Research Corp., Mound 

c. G. STEVENsoN, Manager, Technical Information, Pacific Northwest Labora- 

Dr. STUART STURGES, Knolls Atomic Power Laboratory, Schenectady, N.Y. 
C-S D. TABOE, Superintendent, Works Laboratory, Goodyear Atomic 

JO@PH W. VOTAW, Assistant to Technical Director, National Lead Co. of 
con)., Piketon, Ohio 

Ohio, Cincinnati, Ohio 

q b 3 0  
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Dr. RAYMOND K. WAKEBUNG, Head, Technical Information Division 

ROB= L. SHANNON, Becretarv; Ext. Manager, Division of 
rence Radiation Laboratory, Berkeley, Calif. ' hB 

"%liq 
T e r n  %5 
Information Extension, U.S. Atomic Enerm Commission, 0 

me Panel met once in 1965 on January 12-13. 

Accelerator Safety Panel 

The Advisory Panel on Accelerator Safety was established in J U ~  lM 
review unique safety problem which may arise in AEC operations, 
characteristics as the high energy, the pulse n a k e ,  rind the complex 
of the stray radiations around the accelerators have made the measur 
radiation and the estimation of radiation dose to personnel mCult. ~ 

specialized skills of the Advisory Panel will be available to each a 
office to assist in carrying out surveillance and provide advice on these se'eq 
tools. 

i; the radiation protection aspects of accelerator operations. 

s- 
-mt q 

Q 
The panel consists of the following cOnSUltank3 specifically orientM 

Qk 

g b  

Dr. MIGUEL AWSCHALOM, C h a i m n ;  Princeton-Pennsylvania Accele 

Dr. FBED OWAN, Brookhaven National Laboratory, Upton, Long I 

KEUN O'BRIEN, AEO Health and Safety LabratOW, New Pork, ~ . y .  
Dr. R o ~ m  WALLACE, Lawrence Radiation Laboratory, Berkeley, Calif 
ROBEBT WHEELER, Argonne National Laboratory, Argonne, Ill. 

Princeton, N.J. 

N.Y. 

The Panel met once in 1965, on November 4. 

W O R  A: 
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G- 
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M O R  AEC-OWNED, CONTRACTOR-OPERATED 
INSTALLATIONS* 

bboratory (Iowa State University of Science and Technology, contractor) 
P@ Ames, Iowa 

Atomic Power Laboratory (Westinghouse Electric Corp., contractor), 
krtis Pittsburgh, Pa. 
~~lManager_-,__-_---_--___-_-_--__--__ N . A . B E L D E ~  
wtive Assistant to the General Manager,,,, W. A. BEECHT 
wager, Operations ____-____________________ A. P. ZECHELUL 
antiger, Kava1 Reactor Facility (hTRTS) , 

b f i a v e n  National Laboratory (Associated Universities, Inc., contractor), 

w a n ,  Board of Trustees -________________. Dr. EBNEST F. JOHNSON 
,-dent, AUI _-____________________________ Dr. T. KEITH GLENNON 
mratory Director _----___ - ___________-____ Dr. MAUBXCE GOLDHAREB 
wty Director--- -_________________________ Dr. CUKE WILLIAMS 
e t e  Director- __-_-___-_________________ Dr. CHAELES F- 

Columbia University Princeton University 
Cornell University University of Pennsylvania 
Harvard University University of Rochester 

Iddo ______-_ -- ______-__-___-____________. R. c. -SON 

Upton, Long Island, N.Y. 

”he participating institutions are : 

f The Johns Hopkins University Yale University 
3 Massachusetts Institute of Tech- 

nology 

AEC Plant (Mason & Hanger-Silas Mason Co., Inc., contractor) - 
Burlington, Iowa 

h h c t  Manager (Vice President) _ _ _ _ _ _ _ _ _  -- R. B. JEWELL 
fat Manager ______________________________ D. E. HEFFELBOWEB 

- b Planning Manager _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  A. S. PETE&, Jr. 
1 +trative Assistant . . . . . . . . . . . . . . . . . . . . .  B. W. CALVIT ia - 

‘OdP installations where the AEC’s investment in plant and equipment e X C e e d s  $25 
are listed. Other research and development installations are listed in the Appendh ‘ &e supplementary report, “Fundamental Nuclear Energy Research-1965.” 

3 65 
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Feed Materials Production Center (Xational Lead CO. of Ohio, 
Fernald, Ohio %r * 

Vice President ______________________--_-_--_- GEORGE W U N D ~  
Manager __________________-__-_-____-------- JANES H. KOYES 
Assistant Manager ___________________________  11. S. SELSON 

Hanford Facilities (five contractors), Richland: Wash. 
Doug lm- Uni t ed h-uclear, I?zc., Richland, Wash. 

General Manager ____________________________  C. D. WRINGTON 
Deputy General Manager . . . . . . . . . . . . . . . . . . . . .  S. P. SMITH 
Assistant General Manager for Operations-__-_. 0. C. SCHEIOEDEB 
Assistant General Manager f o r  Finance and 

Administration __________-_________________ s. KOEPCKE 

General Electric Co., Hanford Atomic Products Operation, Richland, ~~ 

General Manager _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -- TV. E. J O H N ~ O N  
General Manager, Irradiation Processing Dept- A. B. G B E N I N G ~  
Acting Manager, Hanford Utilities and Pur- 

chasing Operation ______________-__________ A. B. G ~ N I N G E R  
General Manager, Chemical Processing Dept_- J. H. WARREN 
General Manager, N-Reactor Dept _ _ _ _ _ _ _ _ _ _ _ _  R. L. DICKEMAN 

Isocltem, Inc., Richland, Wash. 

President __________________________________ J. N. JUDY 
Vice President, Chemical Processing _ _ _ _ _ _ _ _ _ _  P. E. REED 
Vice President, FPCE Facility _ _ _ _ _ _ _ _ - _ _ _ _ _ _  T. S. WEISSMAIVN 
Vice President, Business Management _ _ _ _ _ _ _ _  H. D. GILBEET 
Vice President, Marketing _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  E. T. O'SULLJVAN 

Pacific Northwest Laboratory (Battelle Memorial Institute, Columbus, o b  

Director ___________________________________ S. L. FAWCETT 
Manager, Physics and Instruments Dept___--- R. S. PAUL 
Manager, Chemistry Dept . . . . . . . . . . . . . . . . . . . .  M. T. WALLINQ 
Manager, Reactor & Materials Technology 

Dept ____________________-_--__-_-__-____- F. W. ALBAUGH 
Manager, Biology Dept _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  H. A. KORNBEJZQ 

United States I 'esting Co., Inc., Richland, Wash. 

Contractor), Richland, Wash. 

General Manager (Pacific Korthwest Labora- 
 tor^)-----_-_______---_-_-__----______--__ D. B. WILCOX 

Manager, Dosimetry Services _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  R. L. PIERCE 
Manager, Radiochemiskry __________: _ _ _ _ _ _ _ _  D. P. A R G ~ ? .  
Manager, Engineering Services _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  N. W. HAAGENson 

Kansas City Plant, (The Bendix Corp., Kansas City Division, Contra@@' 

General Manager _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  E. E. EVAN6 . 
Assistant General Manager _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  R. J. QUIRK 

Director, Manufacturing . . . . . . . . . . . . . . . . . . . . .  P. L. Rrrr~a 
Director, Engineering _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  R. M. SOMERS 

* . l  . 

Kansas City, Mo. 

- 
7 9 5 - 9 5 8 - 6 6 2 5  



N 

N 

Columbus, Ohia, 

f 

1. 

;ON 

;ion, contractor]. 

G- 

COXTRACTOR- OPE RATED INSTALLATIONS 367 
Atomic Power Laboratory (General Electric Co., contractor), Sche- 

nectady, N.Y. polls 

:Derai Manager------ _--____-__-__________- K. A. KESSELRINQ 
.er, West Milton Site ___________________  W. H. BBUQQEMAN 
der, S5G Project _____________________-- H. E. STONE 

:1nRa 
figel-, SAR Project _____-________________ C. S. HOFMANN 
Bger, D1G Project . . . . . . . . . . . . . . . . . . . . . . .  E. C. REMBAUQH YD 

$0 
Mamm Scientific Laboratory (University of California, contractor) , Lo8 

ns 

itector _____-_- - --____________________-_-_ Dr. NOR~IS E. BRADBURY 
dnical Associate Director _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Dr. RAEMEE E. SCHREIBEB 
dismt  Director _____-_______-___________-  Dr. JANE H. EL~LL 
&tant Director, Production _______-______- Dr. MAX F. ROY 

reject Director (president, Mansanto Re- 
&rch Gorp.)--- _-________________________ H. K. NASON 

Manager (vice president, Monsanto Re- lsnt 
search Gorp.) ----- ___-___________________- DAVID L. SCOTT 

*hnical Coordinator------------- __-___-__ - Dr. JOHN F. EICHELBERQ~ 
wtor, Production ________________________  J. E. BBADLEY 

Alamos, K. Mex. 

Laboratory ( Monsanto Research Corp., contractor), Miamisburg, Ohio 

&*Onal Reactor Testing Station (NRTS) , (seven contractors), Idaho Falls, 
Idaho 

Phillips Petroleum Go., Atomic Energy Division, Idaho Falls 

mjgt Manager _____-______________________ J. P. LYON 
%btant Manager, Operations _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  M. H. BARTZ 
d t a n t  Manager, Nuclear and Chemical 
Technology _______________________________ D. R. DEBOISELANC 

mistant Manager, Nuclear Safety Technology- W. E. NYEE 
d t a n t  Manager, Engineering _ _ _ _ _ _ _ _ _ _ _ _ _ _  L. J. W ~ E B  
L&nt Manager, Administration _ _ _ _ _ _ _ _ _ _ _  L. L. LEEDY 

Aerojet-General Corp., San Ramon, Calif. 

'mgram Manager, Army Gas Cooled Reactor 

hsger, NRTS Operations _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  W. D. WAYNE 
h s n t  Manager, NRTS Operations _ _ _ _ _ _ _ _ _  N. K. SOWARDS 
khinistrative Supervisor, NRTS Operations- N. D. ZIPKIN 

Systems ________________________________ -_ R. H. CHESWORTH 

Argmne National Laboratory, the Idaho Division, Idaho Falls 

hector ---______--_________________________ M. XOVICK 

m a t e  Director _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  F. W. THALGOTT 
mli Project Manager _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  R. N. CUBB~N 
m-11 Project Manager . . . . . . . . . . . . . . . . . . . .  G. K. WHITHAM 
ZR-11 Fuel Cycle Facility Project Manager-- C. E. STEVENSON 
a T  Project Manager . . . . . . . . . . . . . . . . . . . .  J. F. BOLAND 
m-II Project Manager _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  J. K. LONQ 

General Atontic (Division of General Dynamics), Idaho Falls 

all Site Manager _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  A. C. JONES, Jr. 
785-958-6625 
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General Electric Co., Knolls Atomic Power Laboratory, S5G E”. 

Manager _______________________-___-___-_--- R. S. ZENO 
Manager, Administrative Services ____------ - D. R. SEPMOUB 

QeneraZ EZectric Go. (Idaho Test Station, Nuclear Materials and 

Manager ____________________--_--_------ ---- Dr. J. W. M o m n  
Manager, Administrative ___________-______ -- E. G. BLAKE 
Manager, Engineering Projects __________- ---- Dr. R. E. WOOD 
Nanager, Materials Projects ____________----- F. 0. URBAN 

Westinghouse EEectric Corp., Idaho Falls 

leld 0 
@k Idaho Falls 

Operation, Atomic Products Division 1, Idaho Faus ror,u+ 

Nanager, Naval Reactors Facility _ _ _ _ _ _ _ _ _ _ _ _  R. C. NAIRSON 

Manager, S1W Operations _________-________- H. D. RUPPEL 
Manager, Expended Core Facility ______----_- A. A. SIMMONS 
Manager, AlW Operations ___________________  B. G. HOOTEN 

Nevada Test Site (Reynolds Electrical & Engineering CO., Inc., contracto,) 
Mercury, Nev. f 

General Manager ____________________________ J. R. CROCXETT 
Deputy General Manager . . . . . . . . . . . . . . . . . . . .  R. W. KIEHR 
Assistant Project Manager, Construction,_,_-- W. A. STEVENS 
Assistant Project Nanager, Engineering--,,__ R. D. CUNNINGHAM 
Assistant Project Nanager, Logistics _____-__-- R. R. SAUNDERS 

Nuclear Rocket Development Station (Pan American World Airnays, caiW 
Missile Range Division, contractor), Jackass Flats, Nev. 

Project Manager ____________________________ R. L. YORDY 
Manager, Operations ________________________ D. I. WALUCE 

Oak Ridge Research and Development and Production Facilities (Union 

General Manager (President, Union Carbide 
bide Corp., contractor), Oak Ridge, Tenn., and Paducah, Ky, 

Nuclear Division) _________________________ Dr. C. E. LARSON 

Oak Ridge Production Facilities 

Manager of Production (Vice President, Union 

Superintendent, T-12 Plant __________________ R. E’. HIBBS 
Superintendent, Oak Ridge Gaseous Diffusion 

Superintendent, Paducah Gaseous Diffusion 

Carbide Nuclear Division) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  CLARKE E. CENTER 

Plant ____________________________________ ROBEBT G. JORDAN 

Plant____________-____-__-__________-___- ROBEBT A. WINKEL 

Oak Ridge National Laboratory 

Director (Vice President, Union Carbide Nu- 
clear Division) ___________________________ Dr. ALVIN N. WEINJBEBQ 

Deputy Director ____________________________  Dr. H. G. MAcPHERSON 

Pantex Plant (Mason & Hanger-Silas Mason Co., Inc., contractor), Amarillo, 
Contract Manager (Vice President) _ _ _ _ _ _ _ _ _ _  R. B. JEWELL 
Plant Manager _____________________________ JOHN C. DRWMMOND 
Chief Engineer _____________________________ MABION L. O m  
Production Manager _______________________ ROBEBT B. C a ~ a O m  

Laboratory ( S; ic,,d;a 

f k e h  River Labora 

-tor _ _  _ _ _ _  - _ _ _ _ _ _  - 
&stant Director-_-,- 
WGon Director-Physii 
Spction Direc tor-Nucl 

Materials Section-,,, 
w o n  Director-Separ 

Engineering Section-_ 

Slvannah River Plant ( I  

Plant Manager _________ 
dsaistant Plant Manage 
General Superintenden 

Department _________ 
General Superintendent, 

5~1th Albuqnerpue W a  

Rce President and Gene: 
bashstant General Manag 
-or, Engineering-, 
-or, Applied Resear 
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Gaseous Diffusion Plant (Goodyear Atomic Corp., contractor), 

Piketon, Ohio 

neral Manager -_________________-_ C. R. MILONE 
Manager ____________________________  C. E REYROLDB 

pats Plant (Dom Chemical Co., contractor), Rocky Flats, Colo. 

1 Services Manager---- --______-_______ ROBEBT R. HABBISON 
or of Research and Development-------- LOBNE A. MATHESON 
r of Technical Services __________--____ EDWARD J. WALKO 

dill Laboratory (Sandia Cow.,  contractor), Sandia Base, Albuquerque, 
N. Mex. 

dent ___---------- ---_ --_-- _-___- -___-_ S. P. SCHWABTZ 
president,-------- . . . . . . . . . . . . . . . . . . . . .  R. w. HENDEssoN 

dent---------------_-------------- E. H . D s u m  
president---- -----------_-_____--______ R. B. POWELL 
president __-_________-_________________ C. W. CAMPBEI;L 
president---- -----_____________________ R. C. F L E ~ H E B  
president------------------------------ F . C . C m s m a , J r .  
president------------- -------_---_____- R. A. BICE 
president----------------- --___--_-___ B. S .  BIQQs 

jilnnnsh River Laboratory (E. I. dn Pont de Nemonrs & CQ., contractor), 

=tor __--- ----------- ---_---____________ W. P. OVEBBECK 
M-t Director----------------- ---_ - ---- L A. JOHNSON 
jcction Director-Physics Section ----_--_____ G. D ~ s s a m  
a o n  Director-Nuclear Engineering and 
ufaterials Section------------- ----__---__- J. W. M o w s  

s o n  Director-Separations Chemistry and 
Engineering S~ion------------------- ____ C. H. ICE 

Aiken, S.C. 

~* 

jnrnnah River Plant (E. I. dn Pont de Nemonrs t Co., contractor) , m e n ,  S.C. 

W Manager _______________-______________ Jm;ra~ D. ELLETT 
Wtant Plant Manager _-___-----_-___-_--- J. A. MONIEB, Jr. 
hem1 Superintendent, Works Technical 
Department ____--___-____________________ W. P. BEBBIKOTOIP 

anera1 Superintendent, Production _ _ _ _ _ _ _ _ _ _  FBEDEBICK H. ENDOBF 

$a& Albuquerque Works (ACF Industries, Inc., contractor), Albuquerque, 
N. Mex. 

ke President and General Manager __________  W. J. JACKEL 
U n t  General Manager ___________________  J. C. O’HARA 

<-or, Engineering . . . . . . . . . . . . . . . . . . . . .  -- W. T. GEYEB 
-%or, Applied Research and Development-, C. R. GABB 

‘BEBG 
:SON 

nariU0, T- a 
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E. 0. Lawrence Radiation Laboratory (University Of California, contracto 
Berkeley and Livermore, Calif. 

Director _c____________________ ------ Dr. EDWIN &I* M c M U h r  
assmiate Director and Director, LiVermXe 

Associate Director and Director, Donner 

Business Manager ____________________------ - RICHABD P. c0h-h’~~~ 

Weldon Spring Feed Materials Plant (Mallinckrodt Chemical Works, contrac- 

Vice President and General Manager of Opera- 

Manager, Uranium Dirision _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _  WILLIAM J. SHELLEY 

Laboratory _________________-------------- Dr. MICHAEL M. blAy 

Laboratory _______________---------------- Dr. JOHN H. LAWRENCE 

tor), Weldon Spring, Mo. Y 

Economic segmer tions Division _______________________-_---- S. H. ANONSEN 

&p and engineeri 
nuclear facilities- - 

Ower reactor operat 

duction of special 
actor materials- - - 

element fabricat 

dioactive waste di: 

uclear instrument n 

vate research labor 
- - - -  - - _ _ _ _ _  

Total _-__ - - - - - 

SilIqbjf 



APPENDIX 4 
MANPOWER IN THE ATOMIC ENERGY FIELD 

Fgs I.-EMPLOYEES I N  INDUSTRIAL ESTABLISHMENTS I N  THE 
ATOMIC ENERGY FIELD BY ECONOhIIC SEGMEKT AND TYPE 
OF ESTABLISHMENT OWNERSHIP, JANUARY 1964 AND 1965 1 

[Preliminary Data 

Economic segment 

/-- 

Number of 
establishments 

Govern 
ment 

Privatc 

7 

6 

61 

36 

12 

31 
24 

13 

9 

106 

62 

22 

4s 

8 
67 

512 

for both years from 1965 survey. 
BQPublished with consent of employers. 
%des nonprofit establishments. 

Total employment in atomic energy field 

1964 

Govern- 
ment 

08, 741 

Private 

- - - - - - - .  

902 

524 

14,769 

1,542 

596 

1,895 
2) 220 

1, 773 

91 

5) 35s 

805 

407 

1, 198 

1, 099 
3,114 

36,293 

1965 

Govern- 
ment 

06,417 

Private 

-------- 

464 

352 

14,094 

1,593 

617 

1,228 
2,079 

1,658 

67 

4) 979 

640 

407 

1,129 

933 
2) 547 

32,787 

371 



372 

m Y 

* Y 
m 

8 
0 
rn 

APPENDIX 4 

I A 

I . . .  

I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 

42 

- 
cj 

R 



1 1 1 1  , 
I l l 1  1 
1 1 1 1  I 
1 1 1 1  
I I I I  I 
1 1 1 1  
1 1 1 1  I 
I 1 1 1  , 

I 

MANPOWER IN THE ATOMIC ENERGY FIELD 373 



APPENDIX 5 
INTERNATIONAL COOPERATION 

TABLE 1.-AGREEMENTS FOR COOPERATIOK 

Bilateral Agreements for Cooperation in the Civil Uses of Atomic Energy 

See footnotes at end of tables. 

374 

luly lS, 1955 
Ylar. 29, 1963 
Feb. 8,1961 
July 25, 1955 
Nov. 20,1956 

hug. 7,1957 
hug. 1,1957 
Aug. 4,1955 
Oct. 25,1963 
Sept. 21,1960 
Apr. 27,1959 
July 9,1958 
July 12,1955 
Apr. 15,1958 
Dec. 5,1958 
Feb. 3,1956 
Aug. S, 1957 
June 10,1957 
June 27,1963 
July 27, 1955 
July 21,1955 
Aug. 22,1957 
Feb. 12,1958 
Jan. 18,1956 
Jan. 29,1957 
Mar. 13,1956 
June 10,1955 
July 21, 1955 
Feb. 9,1960 
July 1,1959 

7 

Efective 



Energy 

------- 
rmination dab 

__.4_ 

I ~ Y  27, 106!~ 
lay 2 i ,  196; 
m. 24,1970 
-ug. 2, 1965 
U ~ Y  13,1980 
uly 17,1974 
Tar. 28,1967 
'eb. 7,1966 
ept. 7,1965 
Jov 19,1966 

Lug. 6,1067 
UlY 31,1967 

)ct. 24,1993 
lug. 3,1974 

;ept. 20, 1965 
ipr. 26,1964 
ruly 8, 1963 
Qpr. 11,1975 
4pr. 14,19?6 
Dec. 4,1963 
Feb. 2,1966 
hug. 7,1967 
June 9.1967 
June 26,196F 

July 20, 19GE 
Aug. 21, 196; 
Feb. ll,ls@ 
June 1,1E)e-' 
Jan. 28,1%: 
&far. IS. 197; 
June 9,1g6 
July 20, 
Feb. I, 19;' 
June 20.197 

__c_ 

July 26,lW 

INTERNATIONAL COOPERATION 

Special Agreements 

375 

~~~ ~ 

Effective date 

2- 18-59 

7-25-60 

8- 7-59 

12- 13-65 

10-29-65 
11- 1-63 
9-24-65 

12-1 5-65 
10- 8-65 
9-16-65 

10-21-65 
(9 
(9 
(9 
(9 
(9 

5-21-63 

11-1 8-64 
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APPENDIX 6 
TECHNICAL INFORMATION 

- 
Title 

/-- 

BOOKS 

berm~l Stress Techniques in 
&e Nuclear Industry. 

g&d Vacuum Techniques, _ _ 

be Technology of Nuclear 
Reactor Safety, vol. 1, Reactor 
pbysics and Control. 
emote Handling of Mobile Nu- 
ciesr System. 

HONOGRAPHS (Cooperating 
80 ciet y) 

ght: Physical and Biological 
Action (American Institute of 
Biological Sciences). 
nizing Radiation-Neural 
Function and Behavior (Amer- 
ican Institute of Biological 
kiences) . 
mmalian Radiation Lethality: 
A Disturbance in Cellular 
Kinetics (American Institute 
of Biological Sciences). 
idiation Effects in Cladding 
and Structural Materials 
knerican Society for LMetals). 

AEC SYMPOSIUM SERIES 

aoactive Fallout from Nuclear 
Fapons Tests (Proceedings). 

Authors or editors 

2. Zudans _ _ _ _ _ _ _ _ _  
T. C. Yen. 
W. H. Steigelmann. 
W. F. Brunner _ _ _ _ _ .  
T. H. Batzer. 
T. J. Thompson _ _ _ _ .  
J. G. Beckerley. 

D. C. Layman _ _ _ _ _ .  
G. Thornton. 

1.-AEC-SPOh'SORED BOOKS, MONOGRAPHS, AND PROCEED- 

Publisher and price - 

American Elsevier, 
New York City, 
$20. 

Reinhold, New .York 
City, $8.25. 

M.I.T. Press, Cam- 
bridge, Mass., $25. 

U.S. Atomic Energy 
Commission 1 $4.50. 

H. H. Seliver _ _ _ _ _ _ _  
W. D. McElroy. 

D. J. Eimeldorf _ _ _ _ _  
E. L. Hunt. 

V. P. Bond _ _ _ _ _ _ _ _ _  
T. M. Fliedner. 
J. 0. Archambeau. 

S. H. Bush ________. 

A. W. Klement, Jr-,, 

Academic Press, New 
York City, $12. 

Academic Press, N 
York City, $10. 

Academic Press, New 
York City, $9.50. 

Rowman & Littlefield, 
New York City, 
$4.45 (paperback), 
$6.95 (hardback). 

US. Atomic Energy 
Commission 1 

$6.50. 

a d ,  Ve., 22161. 
~ 379 
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TABLE 2.-SPECIALIZED IKFORMATION AXD DATA C E ~  
SUPPORTED B Y  AEC T E Q  

[Thee centers provide the nuclear science and engineerins FmmUlliry with .Witicallg 
tiom of the v s t  mount  of technical literature eat ing  the SpeClfic fields of interestlcnndbF+ 

Title 

Atomic and Molecular 
Processes Information 
Center. 

Argonne Code Center- - - - - - 

Charged Particle Cross 
Section Information 
Center. 

Information Center for 
Internal Exposure. 

Isotopes Information Center 
Man-Made Radiation in the 

Biosphere. 

National Oceanographic 

Neutron Cross Sections 
Data Center. 

Center. 

Nuclear Data Project------ 

Nuclear Safety Information 

Radiation Chemistry Data 

Radiation Effects Informa- 

Radiation Shielding Infor- 

Rare-Earth Information 

Center. 

Center. 

tion Center. 

mation Center. 

Center. 

Reactor Physics Constants 

Research Materials Infor- 

Selected Values of Chemical 

Center. 

mation Center. 

Thermodynamic 
Properties. 

Sigma Center _ _ _ _ _ _ _ _ _ _ _ _ _  

Thermodynamic Properties 
of Metals and Alloys. 

Location 

Oak Ridge National 
Laboratory. 

Argonne National 
Laboratory. 

Oak Ridge National 
Laboratory. 

._--_do-,-,---__,---___. 
Lawrence Radiation 

Laboratory- 
Livermore. 

U.S. Naval Oceano- 
graphic Office. 

Lawrence Radiation 
Laboratory- 
Livermore. 

Laboratory. 
Oak Ridge National 

.----do----,,------____. 

University of Notre 

Battelle Memorial 

Oak Ridge National 

Ames Laboratory _ _ _ _  - - - 

Dame. 

Institute. 

Laboratory. 

Argonne National 
Laboratory. 

Oak Ridge National 
Laboratory. 

Katianal Bureau of 
Standards. 

Brookhaven National 
Labors tory. 

Lawrence Radiation 
Laboratory- 
Berkeley. 

Do. 

Do. 
Livermore, Calif,, 

94551. 

Washington, D.c 
20309. 

Livermore, Calif,, 
94551. 

Oak Ridge, Tenn., 
37831. 

Do. 

Notre Dame, In& 

Columbus, Ohio, 
46556. 

43201. 
Oak Ridge, Tenn, 

37831. 
Iowa State Unjvgt- 

sity, Ames, Io- 
50012. 

Argonne, Ill., 60442 

Oak Ridge, Tenn, 

Washington, D.C., 
37831. 

20234. 

Upt.on, Long 
Island, N.Y., 
11973. 

Berkeley, Cdif., 
94720. 
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tcd con dpna. nst] 

------- 
r e s  

-----.. 
!J Tenn., 

[ u s ,  60440. 

3, Tern., 

:, Calif,, 

on, D.C., 

3,  Calif., 

;e, Tenn,, 

tme, h d .  

s, Ohio, 

:eJ Tenn., 

te Univer- 
mes, Iowa, 

Ill., 60.1-10. 

ge, Tenn., 

ton, D.C., 

Long 
, N.Y., 

., Calif., 

TECHNICAL INFORMATION 381 
3.-TITLES O F  BOOKLETS I K  THE AEC'S "UXDERSTAhDING THE 

ATON SERIES" p@ 

lerators Kuclear Power and Merchant Ship- 

Nuclear Reactors * power Safety 
'toms at  the Science Fa i r  Nuclear Terms, A Brief Glossary 
At in Agriculture ' Our Atomic World 
'toDs Nature and Man Plutonium 

in Atomic Energy 
q,ntrolled Nuclear Fusion 
i* Direct Conversion of Energy a 

,out from Nuclear Tests 
fad preservation by Irradiation 
sierostructure of Alatter Rare Earths 

&destructive Testing Syiitlietic Transuranium Elements 

7 
l ~ j n g ~ e  copies available free from USAEC, Post Oflice Box 62, Onli Ridge, Tenn.. 37831. , Spnnfsh trnnslntions nlso available. 
r p c h  and Spanish translations nlso nvnilable. 

.sCce ic Fuel 3 Ping p a  

$oms' 
Popular Books on Nuclear Science 
Power From Radioisotopes 
Power Reactors in Small Packages 
Radioactive Wastes 
Radioisotopes in Industry 

pl 

Activation Analysis Research Reactors 

Whole Body Counters 



APPENDIX 7’ 
FILM LIBRARIES 

part of i ts  information and education propam,  the Commission maintains 
otion picture libraries from which qualified borrowers throughout the United 
ates and Canada may obtain 16 mm. sound films which explain various aspects 
! atomic energy. All films are loaned free, and only for educational, nonprofit, 

screenings. Also, many are available for use in unsponsored 
,ubliC service” telecasts. The Commission’s domestic film libraries are located 
the following AEC offices and service requests from the following States: 

rashington, D.C -------_--- Delaware, District of Columbia, Maryland, Vir- 
ginia, West Virginia, and Canada. 

ew Pork, N.F -_-__-------- Connecticut, Maine, Massachusetts, New H a m p  
shire, New Jersey, New Pork, Pennsylvania, 
Rhode Island, and Vermont. 

iken, S.C----------------- Alabama, Florida, Georgia, North Carolina, and 
South Carolina. 

laho Falls, Idaho ---------. Idaho, Montana, and Utah. 
erkeley, Calif---- --------_ California, Hawaii, and Nevada. 
rand Junction, Cola------- Colorado, Kansas, Nebraska, and Wyoming. 
rgonne, Ill---------------- Illinois. Indiana, Iowa, Michigan, Minnesota, Mis- 

souri, North Dakota, Ohio, South Dakota, and 
Wisconsin. 

)ak Ridge, Term----------- Arkansas, Kentucky, Louisiana, Mississippi, and 
Tennessee. 

uuquerque, N. Mex-- ----- .4rizona, New Mexico, Oklahoma, and Texas. 
iichlnnd, Wash----- ---- --- Alaska, Oregon, and Washington. 

NEW AEC FILMS MADE AVAILABLE TO PUBLIC DURING 1965 

Professional Level 

Qccm: AUTOMATED CIRCUIT CARD ETCHING LAYOUT : 20 minutes, color, pro- 
fnced for the AEC by the Sandia Corp. Describes the computer program which 
b&ns printed circuit boards and produces the drawings for their construction 
lfith the unusual algorithms used to accomplish the design feat. 

ACROMEGALY : DIAGNOSIS-ETIOLOGY-TJCJUPY : 23 minutes, color, produced by 
fronner Laboratory and Lawrence Radiation Laboratory. Describes the success- 
fd application of heavy particle radiation, obtained from high energy cyclotrons, 
fm treatment of the rare disease, acromegaly. 

CCBRENT NETHODS IN PLUTONIUM FUEL FABRICATION: 30 minutes, color, pro- 
duced by the Hanford Atomic Products Operation, General Electric Co. Depicts 
ae Steps employed in the fabrication of plutonium-uranium ceramic fuel ele- 
mts for the PRTR and EBWR at Hanford’s Plutonium Fabrication Pilot 
hank 

FABBICATION OF THE ACCELERATOR STRUCTURE : 40 minutes, color, produced by 
Describes the methods used in the %e Stanford Linear Accelerator Center. 

795-958--86-26 3 83 
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fabrication of the accelerating s t rUCtUre  and associated components for th  
a-mile linear electron accelerator being built a t  Stanford University, 

NEUTRON IMAGE DETECTOR : 5?/h minutes, color, produced by .!!rgonn 
Laboratory. Describes a new vacuum tube which contains a neutron- 
screen 1 foot in diameter. 

RFD-2: 14 minutes, color, produced by Sandia COW. Investigates 

e QQ 

e Katio%: 
‘Qnsitipi 

mentally the disassembly design of an  inert SNAP isotopic generator to @xRtj. 
mine the history of fuel capsule exposure to reentry heating ; measures heat d e b .  tat, 

Phillips Petroleum Co. as contractor for the AEC at the National Reactor Te8tiq b 

and correlates analytical predictions with flight test data. 
~ N A P T R A W  2/10A WATER IarMEasIoN TEST: 20 minutes, color, produced 

Station, Idaho. Portrays a test which investigated the effects of water immet, 
sion on a SSAP-IOA aerospace reactor. 

b Core: 15 minutes, color, produced by Phillips Petroleum Co. as contractor t~ 
the AEC a t  the National Reactor Testing Station, Idaho. Documents the&+ 

b e  
structive test program of a highly-enriched, aluminum platetype core 
SPERT-I reactor. 

b STAGE: 16% minutes, color, produced for  the AEC by Atomics Internntiq 
Depicts the design and operation of a new hot Stage used with a pols- 
microscope and transmitted light. 

TERNARY P H A S E  DIAGRAM : 7 minutes, Color, produced by LaWrence &gubQ 
Laboratory. Depicts the development of a new and rapid technique for prepan. 
tion of ternary phase diagrams required in the search for useful alloys. 

utes, color, produced by the AEC’s Lawrence Radiation Laboratory. Dembg 
three basic transcurium research experiments to further the knowledge of tbt 
chemical nature and nuclear structure of the recently discorered h e a q  
ments, berkelium, californium, einsteinium, and fermium. 

Utes. black and white, produced under the technical direction of the AECJ 
Division of Operational Safety. A Commission safety engineer diseiisses 
control of transportation accidents involving radioactive materials. 

TRANSPORTATION OF RADIOACTIVE ~IATEBIALS, PART 111, PRINCIPLES OF REP 
LATION: 15% minutes, black and white. Lecture film by two AEC safety 
neers who discuss the basic principles underlying two sets of regulations tor tbr 
transportation of radioactive materials-those of the US. Interstate Commm 
Commission and those of the International Atomic Energy Azency. 

THE WOODEX OVERCOAT : 14 minutes, color, produced for  the AEC by the Sa* 
Corp. Shows the development and testing of the wooden jackets for the &k 
transportation of radioactive materials. 

SPERT DESTRUCTIVE TEST. Part I, On Aluminim Highly Enriched plate 

A STUDY OF GRAIN GROWTH I N  BEO USING A NEW TRANSXITTED LionT 

TRANSCURIUM ELEMENTS : SYNTHESIS, SEPARATION, AND RESEARCH : 31 mb 

TRANSPORTATION O F  RADIOACTIVE MATERIALS, PART 11, ACCIDENTS : 34% mk 

Professional and Popular Level 

CLEAN AIR 16 A BREEZE (Airborne Contamination Control Through Ta5is 
Air Flow) : 16 minutes, color, produced by the Sandia Corp. for the BE!: lk 
theory and basic operating principles of laminar airflow systems (rarinw &S 

rooms and clean benches), application of sucb devices to industrial P r e  
research and development problems, and to the field of medical care and 
research are illustrated. 

Utes, color, produced b s  AEC’s Argonne National Laboratory. Desrfm 
series of tests to explore the use of detergent foam as a fire 

ESPERIbfENTS IN CONTROLTJN~~ BRUSH Fm.8 W ~ H  DETERGENT FOAM : 6% * 
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FILM LIBRARIES 385 
~ 8 ”  n’UCI..EAB WITNESS-ACXIVATION ANALYSIS I N  CRIME INVESTIGATION 28 
Dutes, color, produced by General Atomic Division of General Dynamics Corp. 
~ the AEC. With three examples of police investigation, illustrates the power- 
] Bnalytical technique of making samples of various elements radioactive, then 
eotifying and measuring the induced radioactivities to complete the quantita- 

ys ATOMIS : SR’AP-7 TEERESTBIAL ISOTOPIC Pow= SYSTEMS : 25 minutes, 
,lor, produced for the AEC by the Martin Co. Summarizes the parallel devel- 
,Dent of a family of fully shielded thermoelectric power converters and chemical 
wssing of the radioisotope strontium 90 fuel. 
~ W B H A B E :  28 minutes, color, produced by AEC’s San Francisco Operations 
mce, Describes the Commission’s program for  the safe use of nuclear explosives 

ivilian applications for mining and petroleum applications, for  performing IT c 
B&ve earthmoving and excavation projects for all nations. 
~ N J E C T  DUGOUT : 8% minutes, color, produced by AEC’s Lawrence Radiation 
Bboratory. Reports on a chemical high explosive experiment conducted June  24, 
@, nt the Nevada Test Site in the Commission’s Plowshare program. 
SNAPSHOT : 29 minutes, color, produced for  the AEC by Atomics International. 
#ribes the scheduled flight test in space of the 500-watt SNAP-10A nuclear 

which was placed in orbit by an Atlas-Agena booster system launched 
.om vandenberg Air Force Base. 
~ B T  REACTOB IN SPACE: SNAP-108; 15 minutes. Produced for  the AEC 
rdtomics International. Story of the preparation for  and launching of the 
m nuclear reactor into space-the Snapshot test flight to  obtain technical 
L~ for the application of nuclear reactor direct-conversion electrical power 
;stems in satellites and spacecraft. 

;e analysis- 

Popular Level 

ATOMB ON THE MOVE: THE TRANSPORTATIO~~ OF RADIOACTIVE MATEXI-: 28 
&Utes. Produced by AEC’s New Pork Operations Office. Tells how radioactive 
laterials are packed and shipped safely by plane, train, automobile, and ship. 
kbils given on packaging and labeling, safety testing of containers, and the 
mdling of accidents. 

d o n ,  1965) 45 minutes, color, produced by the AEC’s Idaho Operations Office. 
ldls how some 25 reactors being operated and built at the NRTS in Idaho are 
xrthering development of economic nuclear power, naval propulsion reactors, 
&breeder reactors, and reactor snfety. 
POWER FOR PROPULSION : 15 minutes, color, produced by the Aerojet-General 
kp. Traces the history of power sources for propulsion, illustrates principles 
4 roelietry, operation of nuclear rocket engines, development of A%RVA, includ- 
I its first test firing a t  the AEC-NASA Nuclear Rocket Development Station. 

~ I O I B O T O P E  SCANNING IN MEDICINE: 16 minutes, produced by Handel Film 
h Radioactive drugs give off signals tha t  can be converted into black and 
@Ate or color pictures, to reveal valuable medical diagnosis information about 
%fike. shnpe, position, and functioning of organs. 

TRE RIDDLE OF PI-IOTOSYNTEEBIS : 141h minutes, color and/or black and white, 
by Handel Film Corp. Shows the role of photosynthesis in growth of 

M, and use of radiocarbon to explore the process ; describes. with animation, 
q*eD8 in one of the experiments designed to help solve the riddle. 

TDuOBBOW’S SCIEKTISTB AT ARGONNE : 131h minutes, black and white, produced ’ ABmne h’ational Laboratory. Shows the AFCC special award winners, * at the 16th National Science Fair-International, experiencing “Nuclear 

NEW POWER-STORY OF THE NATXOXAL REACTOR TE6TING $TATION : (Revised 

I > ’  * Orientation Week.” ‘ , i i ’ J U  
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Facilities 
Bept. 1, 1954, 

to 
Xov. 30, 1965 

Production facilities: 
Construction permits, - - - - - - - - - - - - - - - - 
Construction permit amendments and 

orders, - - - - - - - - - _ _ - - - - - - - - - - - - - - - 
Licenses to  operate,- _ _  - _ _ _  _ -  _ _ _ _ _  _ _ _  

Operator licenses (including senior) -____ _ _  - - - 
Operator license amendments and re- 

newals, - - - - - - - - - - - - - - - - - - - - - - _ - - - - 
Operator license denials ____- - - - -  - ___ - -  

Special nuclear material licenses __-_ - - - __-  - - 
SNM license amendments and renewals-- 
SNM license denials __-__ - -__ -____- -_ -  

Source material licenses issued or renewed- - - - 
Source material export licenses __-____ _ _  
Source material license denials, _ _ _ _ _ _ -  

Byproduct material licenses (domestic use) _ _ _  
Byproduct material license amendments,---, 

2 

5 
0 

2,507 

1,420 
2 89 
918 

2, 513 
7 

9,412 
5,136 

12 
6 20,319 
7 44,407 

Vov. 30, 1w 
TOP. to 30, 1965 

0 

0 
0 

272 

319 
44 
88 
619 
0 

168 
116 
0 

1,635 
6, 143 

1 Applications to construct and operate are filed simultaneously; conversions from construction ~~ 

2 Permits authorize construction of 1 reactors. 
J Export licenses terminate upon completion of shipment. 
4 Two power reactors exported under a single license, July 17,1964. 
8 A power reactor and a critical facility exported under a single license Mar. 16, 1962. 
a Prior to Feb. 10, 1956, procurement authorizations were issued. 
7 From July 1956 through NOV. 30, lW. 

to licenses to operate are made upon satisfactory completion of construction. 

$be Commission's 
Federal Regulati 

ac.vities, and publi: 

REGULAT] 



1 

0 
0 

1,662 

iction p e m h  

APPENDIX 9 
RULES AND REGULATIONS 

,JTbe Cornmission's regulations are contained in Title 10, Chapter I of the Code 
oi Federal Regulations. Effective and proposed regulations concerning licensed 

ivities, and published in the PederaE Register during 1965, are set forth below. 
ad 

R E G U T I O N S  AND AMENDMENTS PUT INTO EFFECT 

pcsf a+-"Xtandards for Protection Against Radiation" 
On November 23,1965, Part 20 was amended to extend the retention period for  

records of individual radiation exposure to December 31, 1970, or until a date 
years after the individual's employment, whichever is later. The rule became 

dective December 23,1965. 
on December 22, 1965, an amendment to Part 20 was published to  revise 

nax B, Concentrations in Air and Water Above Natural Background, as 
: concentration values are added for certain individual radionuclides not 

listed, and generally applicable values are provided for any radio- 
toclide not individually listed. Existing values for occupational exposure to 
ml&le strontium 90 also are revised. The effective date of the amendment is 

pllrts 30-S6--"Licensing of Byproduct Material" 

&I January 7, 1965, an amendment to Part 30 was issued which permits, 
spder certain conditions, intervals longer than six months for leak testing and 

of the on-off mechanism of certain devices possessed under general license. 
ne amendment also includes requirements for  reporting of transfers of devices 
md results of leak tests showing 0.005 microcurie or more of removable radio- 
&re material. The amendment became effective February 6, 1965. 
On March 13, 19G5, Part 30 was amended to extend the exemption for tritium 

e?hnted automobile lock illuminators and the general license for tritium acti- 
nred luminous aircraft safety devices to include units activated by promethium 
X. The amendment also sets out specific licensing criteria for the manufacture 
-import of such items. The rule became effective April 12, 1965. 
OnMarch 16,1965, the Commission published a policy statement in the Federal 

&htw setting forth criteria which the Commission will use for approval o f .  
Wncts containing byproduct or source material and intended for use by the 

On April 3,1963, Parts 30 and 150 were amended to make it clear that persons 
wng an agreement State specific license are authorized under the conditions 

general license provided in $j 150.20 of Part 150 to introduce byproduct 
pt concentrations into products or materials for persons in 

'Qltgreement States who are not licensed by the Commission. The rule became 

MaY 13,1965, a general license was issued authorizing the use by physicians 
* the foUoVhg well-established and useful medical diagnostic applications of 

389 



sit- radioisotopes: Iodine l25 (or iodine 131) as iodinated human 
for determinations of blood and  blood plasma volume; iodine 131 B s  s o ~ ~ a ,  
iodide for  measurement of thyroid uptake; cobalt 5s (or cobalt 60) for 

u& 
51 & 

and StUdie sodium radiochromate for determination of red blood cell volumes 
red blood cell survival time. The general license became effective june u, 

tions. Common requirements applic&ble to  all byproduct material 1- lcenshg 
retained in Part 30 and the remainder of the sections were relocated in 
31, 32, 33, 34, 35, and 36. The recodification became effective August 

measurement of intestinal absorption of cyanocobalamin ; and chromiu 

On June 26, 1963, Parts 30 and 31 were recodified to Provide an esBan 1% 
format and more suitable organization of the byproduct material licensing ~~ % 

On August 10, 1965, Part 31 was amended to Provide a general lieene %i 
50 microcuries of strontium 90 when contained in an ice detection device. Part f@ 1++ 

was amended to set out criteria for Commission issuance of specific licenses ~ rc * manufacture or import of the ice detection devices. 
effective September 9,1965. 

On August 24, 1965, Part 31 was amended to modify the labeling r q e  
for certain generally licensed gaging devices so that the specified label ~~~~ 

used on devices within either agreement States or  nonagreement state 
amendments also make it clear tha t  devices which do not require ''instab 
in the usual sense may be possessed under the general license. The rule 
effective September 23, 1965. 

sion's licensing requirements with respect to export of byproduct materhl 
import of byproduct and source material by licensees of agreement 
rule became effective January 9,1966. 

Part 40--"Licensing of Source Naterial" 

On December 22, 1965, an amendment was published to exempt from tBr 
licensing requirements of Part 40 small quantities of thorium contained in ppm 

electric lamps used for illuminating purposes. The effective date of the mw. 
ment is January 21,1966. 

Part 140--"Financial Protection Requirements and Indemnity Agreenwntp 

On November 30, 1965, Part 140 was amended with respect to levels of f b s ~  
cia1 protection required of licensees of facilities having a rated capacitf ~4 
100 Mw (e) or more t o  reflect changes in the Act made in P.L. 89-210 and &e 
increase in  the maximum amount of privately-available insurance. The m m  
of financial protection for such facilities set out in Part 140 is increased i a  F;: 
million. The corresponding reduction in the amount of indemnity the (~IIUEP 

sion is authorized to  extend to licensees also is incorporated in the arnendntfs 
The effective date of the amendments is January 1,1966. 

The amendments 

h= 

On December 10, 1965, Parts 36 and 40 were amended to clarify the co- 
w 
% - 

Part 150--"Exemptions and Continued Regulatory Authority in Agreenient sf&@ 

On September 22, 1W5, § 150.11 (b) of Part 160 was amended to proride tfir: 
in determining whether the exemption of special nuclear material in q d  
insufficient to form 8 critical mass, contained in 0 150.10, applies at any pS@ 
authorized location of use, only the special nuclear material which the Pe-' 

Under Section 274" 

S a s s b S p  
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RULES AND REGULATIONS 391 
orized to receive, possess or use at that  location a t  any one time need be 

uded in the computation. The amendment became eEectiye October 22,1965. 
@@ 
OCl 
ifilisation Facility Ruling 
on August 5, 1965, the Commission determined by rule tha t  the Fission Prod- 

Conversion and Encapsulation Facility to be built by Isochem, Inc., at 
Or& Washington, is a utilization facility as defined in the Atomic Ener,gy st 

I d  
ret, 

,Grt 2--"Ruk8 of Practice" 

art 5gcL6Licensing of Production and Utilization Facilities" 

PROPOSED REGULATIONS AND AMENDMENTS 

,fiart ~f5--"Procedures f o r  Review of Certain Nuclear Reactors Exempted From 

On November 5,  1W5, proposed amendments to  Parts 2, 50 and 116 were pub- 
&,& which would eliminate review of initial decisions by the petition for 

piew procedure and substitute therefor appeals as of right by the filing of 
,,wptions. 

@rf  jo--"Licensing of €?@product MateriaF' 
on September 17,1965, proposed amendments of Parts 30 and 32 were published 

rbich would exempt from licensing certain quantities of tritium contained in 
minous thermostat dials and pointers, radio dials and pointers, automobile 
bift quadrants, and marine compasses, provide criteria for  issuance of specific 
bwnss for manufacture of those items and consolidate certain sections of Parts 
@and 32. 

Meensing Requirements" 

brf $&-"Licensing of  Production and Utilization Facilities" 

brf r&'6i9pecial Nuclear Material" 

$rt 115--"Proccdurcs for Review of Certain Nuclear Reactors Exempted From 

kri l.jO--"Financial Protection Requirements and Indemnity Agreements" 
On September 21, 1965, proposed amendments to Parts 50, 70, 115 and 140 were 

Whed, which would reflect the authority granted the Commission by Public 
kw 88-489 (Private Ownership of Special Nuclear Materials Act of 1964) to 
rjsnelicenses to receive title to, own, acquire, delirer, import or  export special 
wlear material (Le., the private ownership amendments). 

Mensing Requirements" 

%rt ljO--"Financial Protection Requirements and Indemnity Agreements" 
h September 16, 1965, a proposed amendment to a n  endorsement to the form 

innclear energy liability policy set forth in Appendix A of Part 140 was pub- 
,w for public comment. The amendment proposes a n  alternative paragraph 
:* would provide, in cases where reduction of limit of liability results from a 
~wb identifiable nuclear event, for restoration of the limit of liability cover- 
="troactive to the effective date of the policy for  claims other than those 
iwtb from the identified event. 

I 
i 

-_ 



392 APPEXDIX 9 

On November 30, 1965, public comments were solicited on th  
whether the Commission should effect a proportional increase in th 

authorized thermal power level in  excess of One megawatt but having 

e QutstlOn tl 

protection requirements for  licensees of power or testing reactors e haPirrg finatcq 
81 

electrical capacity less than 100,000 kilowatts. Qt, 

Part SO--"Licensing of Byproduct Haterial" 
Part 7O--"Speciat Nuclear Material" 
Part 71--"Transport of Licensed Radioactive Material" 

On December 21, 1965, a proposed amendment of 10 CFR 71 mas pub% 
for 60 day comment. The proposed amendment would extend the scope of ~ 

regulation to include the radiation aspects of shipments of "large q%titiw 
of licensed radioactive materials as well as both the radiation and 
aspects of shipments of special nuclear ( fissile) material. 

for a 60 day comment period which would Proride that general authorit? 

dition tha t  material is transported in accordance with 10 CFR 71. 

critic% 
On December 21, 1968, proposed amendments to Par t s  30 and 70 mere Dubli% 

transfer byproduct and special nuclear material may be exercised only oo orie ?e 

5 0 6 4 6 5 6  
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APPENDIX 10 

AEC FINANCIAL SUMMARY FOR FISCAL YEAR 1965* 

Atomic EnerAy Commission is a n  independent agency responsible to  the President 
td Congress. Established by the Atomic Energy Act of 1946, its functions and respon- 

ities w e e  expnnded by the Atomic Energy Act of! 1954 to  put greater emphasis on the 
@ “1 uses of atomic energy. 
$$,aS are provided to the AEC in  two  congressional appropriations-one for  con- 

tjon and one for  operations. The AEC accounting system, therefore, must comply 
In  addition, since the c;tb is engaged in large industrial and research activities, those responsible for its man- 

#pent require knowledge of the cost of each step in its operations. The AEC account- 
* system, approved bY the U.S. General Accounting Oftice. provides the essential cost 

fio,mation throu6h the application of commercial accrual and cost nccoun ting principles, 

Consequently, the principles of 
sunderl ie  the preparation of this report. 
lost of the work involved in actually achieving the AEC goals is performed by com- 

firms and educational or other non-pro5t organizations under contract t o  the  
fl mvernment-owned facilities are  operated by these contractors who maintain com- 

pictc records on their AEC contract activities thnt  are  an integral par t  of the 
wm~Pslon’s accounting system. The summary contained in the following pages is a 
*@lidntlon of Unclassified information obtained from financial reports made to the 

ec by its contractors as well as information obtained Prom the AEC records. - 
#~fiterinl  in this appendix is extracted from the “U.S. Atomic Energy Cornmission 1965 

WncfaI Report,” available from the Superintendent of Documents, U.S. Government 
yating Office, Washington, D.C.. 20402, price 35 cents. 

requirements of Federal Government fund accounting. 

+ding # the recording of depreciation. For the AEC, both governmental and commercial 
nnting have been combined into a single system. 

)r 
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m 
am 

+-’ 

PROCUREMENT OF RAW MATERIALS . . . . . $ 261 ...lR 

. $ 571 . ...a PRODUCTION OF NUCLEAR MATERIALS . . 

WEAPONS DEVELOPMENT AND FABRICATION . . . . $ 763 ...a 

. . S 536 . *.a% REACTOR DEVELOPMENT . . . . . 

PHYSICAL RESEARCH 

OTHER PROGRAMS , . . . . . . . $ 202 ..., a 
~~ ~ 

and developme: 
of nuch 

phFi,d research---- 
Blolm and medicine 
peful application t 
wtopes development 

 et a t  of operations*. 

p&d items: 
Adjustments to costs of 
Transfers to  inventories 

Set cost of operations- 

W d e s  depreciation of:  



1965 
ns) 

763. .... We 

536.. . ~ ~ .21% 

237. . .. . f .9", 

202.. .*...a 
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COSTS INCURRED BY RESEARm LABORATORIES 

Laboratories 

1 I 
$13,282 
272,311 
1% 575 
188,252 
137.191 
253,143 
211,584 
237,541 
82,458 
61,240 

$7.364 
77,942 
62,599 
52,703 
51,781 
151,684 
97,533 
7s, 66s 
28,038 

t; : 
Z? 
Q i 
r:, 
sr 

1% 
r% 
7% 
k 

- 

15,246 & 

I Includes facilities at NRTS, Idaho. 
2 Includes facilities a t  Mercury, Nev. 
3 Prior to Jan. 1, 1965 this facility was known as Hanford Laboratories. 

COSTS 
The fnllos-ing table slit 
gtord~nce with the I *’ ~ in those loca flld 
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COSTS INCURRED BY GEOGRAPHICAL LOCATIONS 
fouolring table shows the costs incurred by the AEC in fiscal year 1965. Allocations of costs me made 

“be rdan@? nith the physical location of contractors and AEC offices but do not necessarily represent 
0 in those locations. 
00 pn thousands] 

r 

Location Operations 1 

$12 
4 

8,66 
1,29 

275,55 
62,831 
26,52( 

G 
11,26: 
16,90: 

96: 
21,67! 
61,821 
75, oQ( 
6,78! 

15,811 
46t 

66,06! 
36( 
271 

39,24: 
25,lOE 
3,993 
3,772 

149 
103,137 

28 
1,456 

146,096 
108 

15,351 
379,043 
102,492 

1,302 
19 

121,890 
185 
681 

89,227 
2,673 

670 
81,448 
4,817 

214,715 
12,921 
26,537 

27 
2,639 

135,278 
175 

3,809 
34,957 
88,396 

Total 

8129 
45 

8,666 

350,274 
71,528 
30,263 

66 
12,437 
18,690 

962 
21,679 
89,442 
94,602 
6,860 

19,593 
468 

67,328 
360 
271 

39,459 
31,121 
4, 
3,802 

149 
110,114 

28 
1,867 

174,551 
108 

18,947 
430,022 
125,385 

1,457 
19 

130,724 
185 
681 

97,941 
4,433 

670 
92,294 
4,817 

255,212 
17,242 
26,607 

45 
2,639 

156,298 
175 

8,415 
34,957 
88,735 

1,290 

$363,915 82,658,852 
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COSTS INCURRED BY COLLEGES AND UNIVERSITES 

In addition to the activities of the AEC laboratories,some of which 8fe operated for ARC by ~‘n‘fehi 
sssociations of universities, the AEC had other contracts with 304 CoUeRes or Universities for atomice&. 
work. The table below shows that the cost of this work totaled about 8108 million i 

% 
ha year 

identifles each university where costs in excess of W , o o O  were incurred. 

Colleges and universities 
- 

lank by dollar 
volume of 

burred - 
39 
11 
4 
10 
17 
25 
18 
31 

5 
22 
30 
27 
3 

36 
7 

28 
26 
2 

33 
12 
19 
15 
23 
41 
34 
13 
1 

14 
21 
24 
35 
6 
40 
37 
#I 
32 
29 
38 
16 
9 
8 

.______- -e----*- 

,_____--_------- 

+These costs exclude depreciation and include construction and capita lequlpment. 

@STS INCURRED B’ 

hdustri. 
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CURRED BY PRINCLPAL PRIME INDUSTRIAL CONTRACTORS S 
izations working under contract with the AEC perform most of the producticn 
nd development workaccomplished bptheAEC. In fiscal year 1965, the AEC's 
contractors accomplished work amounting to some $1,766 million. The followfng 
Supply, production, and research and development contractors who fncurred 

Fiscal year 1965 
Industrial organizations 

Rank by dolh 
volume of 

costs incurre1 
Total costs. 
(in t housan ds) 

$227,047 
44.398 
6,665 
12, a34 
29,677 
61,775 
104 (183 
8,321 
6,457 
38,073 
26,280 
89,141 
5,650 
9,850 

10, 009 
196,453 
63,393 
8,056 
24,150 
18,136 
25, 068 
8,988 
19,582 
7,639 

22,196 
23,287 
13,367 
6,739 
40,267 
16,028 
96,829 
217,919 
218, loo 
16,962 
9,421 
9,749 

61,089 
166,602 

$1,706,267 
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AEC PLANT AND EQUIPMENT BY LOCATION 

402 

(At cost) June 30,1965 

LOCATION AND CONTRACTOR 

Stanford University, Palo Alto: 
Linear electron accelerator-, _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Other research facilities _____________________-___-_-  

Research facilities, Sandia Corp., Livermore __________. 
Medical research facilities, University of CalfloOrnie, Los 

hgeles, _ _ _ _  _ _ _ _  _ - _ _ _  _ _ _  _ _ _ _  - _ -____-_ _ _  - _- ___-_ _ _ _ _  - . 
Research facilities, California Institute of Technology, 

Pasadena- _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  - _ _ _ _ _ _ _ _ _ _ _ _ _  ___.  
Reactor and research facilities, Atomic International 

Division, North American Aviation, Inc., Canoga 
Park-Sanh Susanne ________________________________. 

Bio-Med research facilities, University of California- 
Davis _ _ _ _ _ _ _ _ _ _ _ _ _ _  _______________________-_--___-__ 

Reactor Facilities, AerojeGGeneral, Sen Ramon--__-_ 
Reactor Facilities, Aerojet General, Sa crammto---_--- 

Total, - _ ____________________-_____-___-___--_--_- 
Total California _______--______--___-----_--_---- 

COLORADO 

Uranium handling, sampling and general facilities, 
Lucius Pitkin, Inc., Grand Junction _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .  

Rocky Flats Plant, Dow Chemical Co., Boulder - _ _ _ _ _ .  
University of Colorado, Boulder, _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ .  

CONNECTICUT 

Pratt and Whitney, Middletown- - _ _  -- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Linear accelerator, Yale University, New Haven---,_- 
Submarine reactor facilities, Combustion Engineering, 

Inc., Windsor- ____-____________-__--_-----_---_---- 

See footnotes at end of table. 

Estimated 
:ompleted tion work Complete 

I 
Construc- Cost to 

In Progress Con. 
struction 

Projects i a 

1 
- struction 
Projects i a 

1 
- 

49.3 
$93.4 $3.0 
151.7 8.1 

245.1 11.1 60.9 
- - 

AEC FIhTA 

AEC P U N T  

------- 

Y 
FLORI 

plant, General Elecb 

IDAH( 

@$$% 1eUm cq-: Reactor Testing 

ChernICd processing p 
waste storage facility- 
Advanced test reactor- 
jaterials test wactor-- 
Engineering test reacto 
MTR-ETR famtiW-- 
Nuclear safety engineer 
Reador facilities _ _ _ _ _ _ _  
General facillties _ _ _ _ _ _ _  

wstinghouse Electric Corp 
Large ship reactor_-,, - 
submarine thermal reat 
Other research facilities- 

ILLINOIS 

Total Illinois _ _ - _ _ _ _ _ _ _ _ _ _ _ _  
INDIANA 

Won Laboratory, Univenil 
tlpe Dame- -___---________,___ 

IOWA 
r+ch facilities, Ames Research 
Wmnce Plant, Mason and I 

EENTUCXY rrh: 

Qtnob at end of table. 



2.9 
3.3 

6.2 

1.2 

1.2 

- -_-_______ 

.4 

Estimated 
cost to 

Complete 
Con- 

struction 
Projects 1 2  

Total 

$16. I to. 1 

67.7 
23.6 
19.8 

2.0 

45.4 

321.4 

3.4 
17.8 _ _ _ _ _ _ _ _ _ _ _  
8.8 

26.6 

76.7 

-- 

256.3 

2.4 

13.3 
37.3 

50.6 

756.0 
31.2 

787.2 

21.3 

19.7 

- _ _ _ _ _ _ _ _ _ _ _  

5.8 
.3 

6.1 

.5 
_ _ _ _ _ _ _ _ _ _ _ _  

.5 

___-________  

- 
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AEC PLANT AND EQUIPMENT BY LOCATION-Continued 

/-- 

LOCATION AND CONTRACTOR 

FLOEIDA 

plant, General Electric Co., Cleanvater _ _ _ _ _  P 
IDAHO 

AUTHORIZED PLANT AND EQUIP- 
MENT (in millions) 

\ 
EQUIP. 

1 

Construr 
tion Worl 
InProgra 

Completed 

Reactor Testing Station, Phillips Petrc 
I 
I 

56.6 
9.4 
52.0 
15.4 
15. a 

. I  

41. Z 
. 1  

.I 

. I  
9. I 

. A  

. I  
24 
1. I 
. 2  

. f  
17. ( 
10. t 
3. I 

43. z 

2L 1 
24.4 
49.1 
65.0 

208.3 I 46.7 Total- - - _ _ _  - -________-_-_____ _ _ _ _ _ _ _ _ _ _ _  _ _ _  
m e  ship reactor ____________________________. 
Submarine thermal reactor 
other research facilities _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Fdhghonse Electric Corp: 
298.8 

35.7 
16. 1 
15.9 

36.0 
17.5 
21.9 

.3 

1.7 
1.4 

75.4 
64.0 

11.3 

m. 3 

23.6 95.6 

71.7 

76. 1 

1.0 
1.2 

469.8 

248.7 

5.3 
2.3 

19.6 

.I 

.1 

34.3 

6.4 
3.6 

a 3  
~~ 

78.3 

.4 2. a 

22.0 
40.9 

62.9 

757.7 
31.2 

788.9 

21.7 
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61.8 4.2 Kansas City Plant, The Bendix Corp., Kansss City_-. 
Feed materials plant, Mallinckrodt Chemical Works, 62.3 .2 

Weldon Spring ____________,___- ______-__,__ - -,--- ---- 
4.4 15.6 Total Missouri ___,_________________--__-,_-_----- 124.1 

NEBRASKA 
Hallam Nuclear Power Facilltp, Consumers Public i .6 Power District, Hallam _,___,___-_______----,-- ------ 33.4 ___--_______ 

NEVADA i- 
Mercury: 

Nevada Test Site, Reynolds Electrical and E M -  

Jackass Flats: i 
Nuclear Rocket Development Btation, Project 

Rover: 
4.3 " I  =E 11.9 .8 

30.6 19.6 
1.6 1.4 

44.1 21.7 13.8 1 

Los Alamos Scientific Lab- - - ___,_-__-__--_--- - 
Pan American World Airways, Inc ______----_-- 
Other research facilities-_ _______________--_,-- - 

Total- - - ____,____________,-,___--____,--_-_- 

1 . 1  

p- 

-*- 
e 1 d 

Las Vegas: Improvement of U.S. Eighway 95 ___--___-- 4.0 _____-__ ---- 
Tonopah: Research facilities, Swdia Corp _ _ _ _ _ _ _ _ _ _ _ _ _  1 9.0 1 . , I  

See footnotes at end of  table. 

NEW M 

&IAmos: u Alamos Scientific La 
California _____-_ _ _ _ _ _ _ _  

Community and general 
The Zia Co _ _ _ _ _ _ _ _ _ _ _ _ _  

Total New Mexico,,,, 



AEC FINANCIAL SUMMARY FOR FISCAL YEAR 1965  405 
AEC PLANT AND EQUIPMENT BY LOCATION-Continued 

\ A U T H O R I Z E D  PLANT AND EQUIP- 
MENT (in millions) 

LOCATION AND C O N T R A C T O R  

Complete 

Estimate 
Cost to 

l Compleb Con- 
struction 

Projects 1 

ed 

n 

C O n S t r u !  
tion Wor. 
InProgre 

$5. : 
1. : 

$35.0 
25.9 

7. ( Bo. 9 

3. t 

65. ( - 
I 3. E 

144.f 
33. t 

. 9  

' 

3.0 

63.9 1.1 

NEW MEXICO 

oundation Laboratory _-__-__-_________ 4.4 
183.8 
37.6 

.9 

226.7 

254.5 

38.1 182. a 

199.7 

143.8 

5. E 

16. i 

2.4 

18.1 

23. Q 

-- 

39.1 

10.4 

49.5 

156.6 

411.1 343.5 

626.3 87.6 

.1 

.2 

.3 

637.8 

1.1 

4.1 

2.1 

7.8 

252.1 
7.2 

1.0 

3.9 

1.8 

6.7 

188.2 
7.1 

6.3 

117.4 

2.8 

~ _ _ ~ ~ _  
?*t, page Airways, Inc., Niagara Falls __-_-___ 

hboratory, University of Rochester, Roch- 
6.6 

128.9 

2.8 

dc power Laboratory, Qeneral Electric 
and West Milton _____--_-- -------- * Eaaning preparation areas, Eylvania Electric 

h+ h., Hfcksville _ _ _ _ _ _ _ _  ____--_-__-__ ------- 
b t e 8  at end of table. 
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1 AUTHORIZED PLANT AND ~2 
MENT (in millions) 

LOCATION AND CONTRACTOR 

NEW YORK-continued 

Accelerator facility, Rensselaer Polykchnic Institute, 
Troy _ _ _ _ _ _ _ _  _______________________---------___------ 

Total- - - _ _ _  - ____________________--_-__--_--_---- 

OHIO 

Research facilities, General Electric Co., Cincinnati---. 
Gaseous diffusion plant, Goodyear Atomic Corp., 

Portsmouth..- ______-_____________--_---___------ -- -. 
Feed materials plant, National Lead Co., Femdd ----. 
Mound Laboratory, Monsanto Chemical Co., Miamis- 

burg_---------------__-----_--_----_---------------- 
Piqua nuclear power facility, city of Piqua ___________-_ 
Feed materials facility, Reactive Metals, Inc., Ashta- 

bula ______________-___-_--------_------_----------- -- 

PENNSYLVANU 

Bettis Atomic Power Laboratory, Westinghouse Elec- 
tric Corp., Pittsburgh ____________--_-____---  -------- 

Accelerator and research facilities, Carnegie Institute 
of Technology, Pittsburgh. - - - __--_-____-_-- -------- 

Shippingport Atomic Power Station, Duquesne Light 
Co . , Ship pingport - - - - - - - - - - - - - - - - _ - _ - - _ _ - _ - _- - - - - - - 

Astro hTuclear Laboratory, Westinghouse Electric 
Corp., Large ____________________-----__---_----  ----- 

Total Pennsylvania ______________________------- 
SOUTH CAROLINA 

Savannah River Plant, E. I. duPont de Nemours a n d  

Production reactor and separat ion facilities- - - - - -. 
Feed materials production facilities ___________----. 
Heavy water production facilities ____________-_-_. 
Works laboratory- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - .  
General facilities-- ____________________--_--_- - -  

Co., Inc., Aiken 

Total South Carolina ____________________- - - -  -- 

See footnotes at end of table. 

:ornpleted 

$2.4 

324.2 

’ 330.9 

8.8 

763.3 
118.4 

45.8 
8.9 

1.6 

946.8 

60.8 

1.5 

47.3 

3.0 

112.6 

899. E 
29.; 

163.4 
61.: 

166.: 

1,320. ! 

Construe- 
tion Work 
n Progress 

$18.4 

18.4 

.1 

.9 

.8  

4.1 

.1 

6.0 

9.3 

_ _ _ _ _ _ _ _  -_-  

6.1 

. 6  

16. C 

b 

Estimated 
cost to 

Complete 
Con- 

struction 
Projects I 2 - 

$0.3 

57.7 

58.3 

- - - 
.D 

2.4 
1.8 

13.2 
1.2 

.1 

19.6 

10.3 

----------- 

1.8 

3.1 I 
1 15.2 

5 .0  
.6 

16.6 
.3 

.3  _______-  --- 
1.3 1.1 
2.5 7. B 

25. I 9.7 

- 
i - 

LOCATION AND 

l’EXA 

mter Plant, Mason and Hat 
gdim facility, Mason and a 
march facility, Rice Unfve  

Total Texas- - _ _ _ _ _ _ _ _ _ _ _  

UTAH 
b&iC8llO 

Cranium ore Processing pla 

WdEHING? 
a h d :  
&ford Works, General El 

Production reactor facili 
Separation facilities--_ _ _  
Feed materials productic 
General facilities _ _ _ _ _ _ _ _  

Total- ----_ _ _ _ _ _ _ _  _ _ _ _ _  _ _  

‘&taOtes at end of table. 
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10.3 

3.1 ti; -- 
15.2 I 14% I 
e- l 

I 

I 

16.8 \ QZl 

LOCATION AND CONTRACTOR 
Completed 

TENNESSEE 
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AEC PLANT AND EQUIPMENT BY LOCATIOIV-Continued 

AUTHORIZED PLANT AND EQUIP- ___ 
MENT (in millions) 

&Ue facility, Mason and 

Total Tennessee- -______-___-___________________ 1,478.6 

TEXAE 

49.2 
16.0 
1.5 

66.7 

Mw plant, Mason and Hanger, Amarillo _ _ _ _ _ _ _ _ _ _ _ _  
facility, Mason and Hanger, Sm Antonio _ _ _ _ _ _  

$aab facility, Rice University, Houston _ _ _ _ _ _ _ _ _ _ _ _  
Total Texas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

UTAH 

Mtwo 
raium ore processing plant, Lucius Yitkin, Inc.-l .5 

WASHINGTON 
ifbd”d: 
E Hanford Works, General Electric Co. 

hoduction reactor facilities _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - -  715.7 
200.2 

Feed materials production facilities _ _ _ _ _ _ _ _ _ _ - - -  21.5 
General facilities- - .___________________ _ _ _ _ _ _ _ _ _  118.4 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,055.8 

k l E c  Northwest Laboratory, Battelle Memorial 
lustitute _ _ _ _  _ _ _ _  _ _ _  _ _ _  _ _ _ _ _  - - _ _ _  _ _ _ _  - - - - - - _ _ _  - _ _  - 

Eeparation facilities- - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - _ - -  

82.5 

Total Washington _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1,138.3 

i 

Nickel Co., 
________-_ -_ - -  4.0 

I 

Estimated 
comtruc- cost to 
tion Work Complete 
.n Progress Con- 

struction 
Projects 1 2 

I 

1.3 

12.1 

9. s 

22. ( 

$0.4 

.6 
2.8 

4.8 
12.2 

39.1 
.6 

60.5 

11.8 
12.6 
.6 
3.1 

Total 

$5.3 

3.0 
59.9 

~ 

837.1 
407.2 

293.9 
11.1 

1,617.5 

2.3 

1,619.8 

54.1 
16.0 
1.5 

71 6 

. 6  

732.6 
216.8 
23.3 
123.3 

1,096.0 

101.0 

1,197.0 

4.9 



408 

LOCATION AND CONTRACTOR 
Completed 

1.2 

5.3 
10.1 

16.4 

2.6 

26.2 
23.7 
35.6 

85.4 

8,470.4 

Estimated 
Construe- Cost to 
tion W ~ t k  Complete 
LnProgress Con- 

struction 
Projects 1 I 

1 Includes capital equipment. 
* Includes “phot and capital equipment” authorized in Public Law 8%32, approved June 2, IWJ. 

AEC FI 
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INDEX 
see Argonne Advanced E$, 

Research Reactor 
elerator 
cavy ion linear, 239 
%ti,-,nal laboratory, 13 
reliainary study, 200 Bev, 244 
eRyy ion linear, 239 
stional laboratory, 13 
ba ina ry  study, 200 Bev, 244 

dety panel, 67, 364 
tanford Linear, 240 
e ,  Permit Holders, 42 
e permit Program, 41 
;dental property damage, 57 
idents 
)SS!S by, 57 
@ctor associated, 57 
F Industries, Inc., 369 
g, see Associated Colleges of the 
)lidwest 
RS, see -4dvisory Committee on 
Reactor Safeguards 

j1*stio11 analysis, helium, 3, 219 
d of nature, 57 
:adicatory activities, 33'7 
\.snced Gas Reactor, United 

canced High Temperature Reactor 

vanced Maritime Reactors, 134 
vznced reactor technology, 8, 179 
rsnced Research Projects Agency, 

mced Space Reactor Technology 

w e d  Test Reactor, 179-180 
:wv  Boards, Panels and 

~ ~ i ~ r y  Boards to the AEC, 354 
~ d ~ ~ ~ r ~  Committee for Standard 

Reference hiaterials and hleth- 
ods of Measurement, 359 

i'LiW' Committee of Biology and 

13 

Kingdom, 251 

Program, 153 

104, 106, 108, 208 

Development, 153 

Committees, AEC 

lkdicine, 354 

Advisory Boards-Continued 
Advisory Committee of State Offi- 

cials, 359 
Advisory Committee on Medical 

Uses of Isotopes, 356 
Advisory Committee on Isotopes 

and Radiation Development, 
33, 226, 355 

Advisory Committee on Reactor 
Physics, 35s 

Advisory Committee on Reactor 
Safeguards, 298, 322, 351 

Advisory Committee on Technicai 
Information, 360 

Advisory Panel on Accelerator 
Safety, 67 

AECL, see Atomic Energy of Canada 

AEIL, see American Export- 

Aerojet General Corporation, 367 
new hardware development, 148 

Aerojet-General Nucleonics, 223 
Aerojet Generallwestinghouse con- 

tractor team, NERVA project, 
142 

Aerospace Industries Association, 35 
Agena spacecraft, 151 
Agency for International Develop- 

Agreement, state regulations, 324 
Agreements, international 

changes, 249 
general discussion, 248 
signing of, United Kingdom, 250 
special, table of, 375 
table of cooperation, 374 

Limited 

Isbrandtsen Lines 

ment, U.S., 247, 261 

Agricultural Research Laboratory, 235 
AI-CE, see Atomic International- 

Combustion Engineering 
AID, see US.  Agency for International 

Development 
AINSE, see Argonne Institute of 

Nuclear Science and Engineering 
Air cleaning, 189 

41 1 
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AiResearch Manufacturing Division, 

Air filters, uranium content, assay 

Air, gross beta radiation in, 65 
Air sampling stations, 65 
Airfield landing aids, SSAP applica- 

Airvac thermoelectric module develop- 

Aleutians, “Long Shot,” 62, 105, 107 
Allied Chemical Corp. 

nuclear development program, 84 
uranium hexafluoride production, 36 

Allis Chalmers Manufacturing Co., 121 
Elk River Reactor, 118 

Alpha-excited X-rays, 219 
ALRR, see Ames Laboratory Re- 

search Reactor 
ALSEP, see Apollo Lunar Surface Ex- 

periments Package 
Aluminum, sintered powder cladding, 

120 I 

Amchitka Island 

153,224 

technique, 90 

tion, 162 

ment, 159 

Long Shot, 105, 107 
radiation monitoring, 62 

288 

133 

Sciences, 276 

American Documentation Institute, 

American Export-Isbrandtsen Lines, 

American Institute of Biological 

American Institute of Planners, 287 
American Nuclear Society, 277 
American Public Power Association, 35 
American Society for Engineering 

Americium, 241, 230 
recovery of, 82 

Ames Laboratory 
costs incurred by, 401 
major AEC installation, 365 
Rare Earth Information Center, 280 
Research Reactor, 240 

Antiballistic missile countermeasures, 93 

Education, 272 

CT? Appalachia, contract studies, 41 
a Appeals Boards, 353 

Apollo Lunar Surface Experiments 

-1 Argonne Advanced Research Reactor, 
is 179, 241 

Argonne Cancer Research Hospital, 

a 
-.a 
G- 

Package, 155 

228 

Argonne Institute of h‘ uclear stick and Engineering, 270 
Argonne Kational Laborator,, 

contractor-operated ip.tabt, --.I 

367 10% 

costs incurred by, 401 
EBWR, 135 
Fast Flux Test Facility, 129 
fast reactor concept jnvestigsti& 

z 146 
National Reactor Testing sbb - 30 
major AEC installatiom, 365 

Army Gas Cooled Reactor proWa,r, 
Army Pictorial Service, 277 
Army ponTer plants, perfomaw oL 

prgi. 

176 
Army Reactors Program, 173, li6 
ARPA, see Advanced Research 

ects Agency, DOD 
Arthur D. Little, Inc., 226 
ASEE, see American Society fe 

Assistance to foreign program, 
Associated Colleges of the xdsrw 

Associated Universities, Inc., 365 
Association of State Univenitie ry 

Land Grant Colleges, 277 
Astronuclear Laboratory, a* 

house Electric Corp., 15s 
Atlantic Ocean, underwater 

transducer, 167 
Atlantic-Pacific Interoceanic a 

Study Commission, 196 
Atlas Corp. 

Engineering Education 

269 

mill operating, 36 
mill discontinued operation, 71 

Atlas-Agena Launch AEC-iutw 
mented satellites, 109 

Atmospheric Tests 
AEC Honolulu Area office, 
aircraft instrumentation, 1tE 
full scale exercises, 103 
high altitude program, 102 
instrumentation rockets, 
Johnston Atoll AEC/UoD 

re,zdiIiess capabili t!-, loi! *e 
special ballistic Weapons 

civilian nuclear p o ~ e r  ~ ~ c t Q s  

ments, 103 

Atoniic Energy Act 

16-18 

19 
wks, monographs, a 

ceedlngs, 379 
en&tures, develop1 fsciljties, e@ major produ 

6m””1al summa1y for 
3Y3 

bjgh]ightS of Programs 
gdtime Administrati 

Committee, establ 
rsant and equipment k 

402-408 
enterprise, enc 

of, 32-33 
&tutory committes ar 

349 
,rmposium series, 379 
&-ear summary of fin 

~ g c  Energy of Canada 
w r n e n t  signed, 123 
L L ~ J ~ I C  Energy Labor-Ma 
&hitions Committee, 4, 

wnic Energy Products 
of, 38 

m i e  equipment comp: 
meetings with, 35 

a n i c  Industrial Forum 
AEC meetings with, 33 
h a i o n s  with, 35 

discussion, 306 
mic Power Developmc 

h i c  Safety and Licensi 

 ai^ International Divi, 
&bustion Engineering 

Fm Flux Test Facility, 1 
b~ water power react0 
hTF core design, 120 

409 

g h ,  129, 153 

m, 305, 352 

tu% 123 

*‘tion of sodium grap 
43 



ms, 365 
or Program, 45 
277 
:rformance of, 

1, 173, 176 
Research Pmj_ 

!26 

tion 
ograms, 233 
the hfidwet, 

Society for 

Inc., 365 
niversities aai 
es, 277 
xy, Westing 
?., 158 
brwater soum 

xeanic Cans 
, 196 

ration, 71 
EC-ins tru- 
3 

Office, 103 
;ion, 102 
03 
n, 102 
:I?ts, 102 

ic Energy Act-Continued 
omihiLity of private enter- 
prise, 32 

ic Energy Commission, U.S. 

0 
psP 

Pro Sdjudicatory activities, 337 
,dvisory bodies, 354 

ements in effect, 326 sgre 
SPP 
,gar& 

boards, 353 

Enrico Fermi award, 19 
E. 0. Lawrence Memorial award, 

19 

ceedings, 379 
monographs, and pro- 

enditures, development work, 40 esP 18cilities, major production, 402 
msncjol summary for fiscal 1965, 

bigbligbtS of programs, 3 
guitime Administration Liaison 

Committee, established, 134 
Ft and equipment by location, 

P‘ 
atutory committes and boards, 

mposium series, 379 
{&ear summary of financial data, 

im’c Energy of Canada Limited, 
wrnent signed, 123 

a n i c  Energy Labor-Management 
lidations Committee, 48, 354 
mic Energy Products, shipments 

de equipment companies, AEC 
meetings with, 35 

=tic Industrial Forum 
dcmeetings with, 33 
kussions with, 35 
-& discusFion, 306 

393 

402-408 

of, 32-33 

349 

ivate enterprise, encouragement 

409 

of, 38 

Power Development Associ- 

Safety and Licensing Boar&, 
ab, 129, 153 

39,305, 352 

INDEX 413 

International Divlslon 
ustion Engineering joint ven- 

Flux Test Facility, 129 

ion Of sodium graphite work, 

“Atoms m Action” demonstration cen- 

ATR, see Advanced Test Reactor 
Australia 

ters, 2SY-284 

cosmic ray data gathered in, 104 
mutual defense agreement, 111 

Austria, agreement change, 249 
Austrian Nuclear Research Center, 255 
Automatic data processing, Computer 

Sciences Corp., Hanford works, 29 
Auxiliary electrical power for land and 

sea, 8, 161 
Availability of special nuclear mate- 

rials, 88 
Axel IIeiberg Island, SXAP unit per- 

formance, 166 

B-52 aircraft, 103 
B-57 aircraft, 103 
Babcock and Wilcox Corp. 

radioisotope production, 38 
thorium fuel cycle development, 124 

“Bainbridge” guided missile destroyer, 

Balance sheet, AEC, 396-397 
Ballistic cases, specid nuclear devices, 

Baltimore Lighthouse, performance, 

Basic Research, facilities and projects 

Batelle Memorial Institute 

173 

1 03 

166 

for, 233 

canal study assistance, 196 
Fast Flux Test Facility, 129 
Pacific Northwest Laboratory, 366 

Bearings, gas-lubricated, 134 
Bechtel Corp., 129 
Belgium 

agreement, 249 
mutual defense agreement, 11 1 

Bendix Corp., 97, 366 
Beryllium, fluoride salt circulation, 130 
Beta radiation, gross, in air, 65 
Bettis Atomic Power Laboratory 

costs incurred by, 401 
major AEC installation, 365 

Bibliography on nuclcar materials 
management, 90 

Bilateral agreements 
civil uses of atomic energy, 12 
table of, 374 

Bilateral Exchanges and Programs, 

Bilateral Safeguards, transfer of, 257 
251 
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Bio-Atomic Research Foundation, 277 
Biological experiments, 160 
Biology 

medical research, 233 
molecular, laboratory, 235 
research costs, 40 

Biomedical Research Facilities, 235 
Biomedical research program, work- 

men’s compensation laws study, 
51 

Biomedical division, Livermore, 199 
Blount Bros. Corp., 137 
BLS, see Bureau of Labor Statistics 
Board of Contract Appeals 

cases heard, 343 
membership list, 353 
rules of procedure operative, 343 

Boiling Nuclear Superheat Reactor, 

Boiling Water Nuclear Reactor 
120 

Boston Edison Plant, 123 
Genoa, Wis., 121 

BONUS, see Boiling Nuclear Super- 
heat Reactor 

Booklets, available, 381 
Books, AEC-sponsored, 379 
Books and Monographs, available, 279 
Boron 10, isotopes, production of, 76 
Boston Edison Nuclear Power Plant, 
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contract awarded, 123 

Brayton Cycle Space Power System, 

Brazil, agreement change, 249 
Brookhaven National Laboratory 
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Associated Universities, Inc., 213, 

costs incurred by, 401 
facility for plant research, 236-237 
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Bureau of the Budget, 261 
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Cavity formation, illustrations of, 
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~ E C  use of, 123 
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,eaical separations, Isochem, Inc., 

,icago Operations Office, AEC, 132 
jef of Engineers, US. Army, engi- 

&Be Atmospheric Test, 64 
Defense Research Program, 235 

,-ij Rights Act, implementation of, 

&n Nuclear Maritime Program, 

,&n nuclear power, 6, 113 
&in nuclear power reactors, 16 
&n Power Program activities, 123 
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!&on event, investigation of, 107 

kbville, Tenn., Weapons Modifi- 
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kt Guard, U.S., 166 
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Colleges, costs incurred by, 400 
Colombia 

Institute of Nuclear Affairs, sister 
laboratory arrangement, 256 

Colorado High Temperature Gas- 
Cooled Reactor Nuclear Power 
Plant, 113, 132 

Columbia Gas System Service Corp., 
195 

Combustion Engineering, Inc. 
heavy water reactor research, 123 
study on fuel consumption and de- 

pletion, 90 
Commercial application, SNAP-7F 

evaluation, 167 
Commercial potential, isotopes, 211 
Commission Actions, 306 
Commissioner of Patents, 291 
Commissioners, USAEC, 345 
Committees, members of, 349 
Commonwealth Edison Co., 302 
Community disposal, Los Alamos, 19 
Compact Thermoelectric Converter, 

Compensation claims study, George- 

Compliance activities licensed mate- 

Compliance Field Organizations, direc- 

Compliance inspection of facilities, 321 
Compliance Review Program, Equal 

Employment Opportunities Pro- 
gram, 49 

Component development, power con- 
version, 153 

Component suppliers, 33 
Computer codes, 204 
Computer Sciences Corp., Hanford 

automatic data processing, 29 
Conferences, scientific and technical, 

281 
Conferences, Symposia and Seminars, 

276 
Connecticut Advanced Nuclear Engi- 

neering Laboratory, 153 
Connecticut Yankee Nuclear Power 

Plant, 113 
Construction 

engineering study, 158 

town University, 49 

rials, 333 

tors of, 347 
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predisposal, Los Alamos, 22 

Consumers Power Co., nuclear power- 
plant, 115 
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Consumers Public Power District, Cotter Corp., ceased proc 
contract terminated, 118 Council of Economic Ad 

Consumption, fuel, study on, 90 Countermeasures, antibaUistic mi 

Contract appeals COT-e Creek, Ark., 127 
CPPD, see Consumers p 

Cratering behavior, atypical, 2oo 
Cratering experiment, 200 
Criteria, Standards and codes, 3% 
Curium 242, 80, 154, 160, 230 
Curium 244, 80, 157, 230 
Curtis Bay, navigational buoy, ,~ 
Customs Bureau, US., 220 
Czechoslovakia, representation at ir& 

of, 44 ternational meeting, 89 

reduction of, 97 DzO, see heavy mater 
Damage, Property, accidental, 5; 

works, 25 Daniel, Mann, Johnson, and hienk 
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Contained explosions, 194, 207 93 

adjudications of, 340 
Board of, 343 District 

irradiated wood materials, 41 
reactor fuel elements, shipments 
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Contractor employees 

Epidemiological Studies, 66 
working conditions, 46 

Contractor employment, decline 
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Contractors hall, 15 

Equal Employment Opportunities Danny Boy experiment, 200 fist In tcrnational 

principal prime, costs incurred 71 f&gn cooperative 

documents, 289 
policy on, 289 
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boiling potassium, 153 effective agreements, 375 f)afr Ridge National L: 
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sodium, 127 requirements, 94 

Radiobotany, 236 Deep pool-reactor study 
desalting application, 131 

Coolants Atomic support Agency, 234 

nuclear, 93-94, 197 

Coolant research, Piqua Nuclear 

Cooperation, agreements for, 248 
Cooperation with international 

Cooperative prqrams, 249 
Corps of Engineers, U.S. Army 

interoceanic canal study, 196 
Panama Canal evaluation, 200 234 

net operating, 394 
uranium supplies, 69 

colleges and universities, 400 
geographical locations, 399 
principal prime contractors, 401 weapon development, 93 . 

research laboratories, 398 
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Demonstration materials, 277 
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Department of the Air Force, 225 

Advanced Research Projects 

Defense Atomic Support &FW 
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organizations, 254 Department of Defense 

cy, 104 

costs development work for, 31 
polonium fuel use, 231 
safety reviews, 320 
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weapons production, 95 
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Ridge National Laboratory pro- 
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xrtential, 125 
kat0 Rico proposal, 133 
&dies, 261 
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tion, 93, 104 
@tors, ground level, Vela project, 
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Wion detection techniques, 93 
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b Ahmos Scientific Laboratory, 
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Diagnostic aircraft, solar eclipse ex- 
pedition, 104 

Directors of Compliance Field Orga- 
nizations, 347 

Diluted waters experiment, detectable 

Director of Regulation 
safety research programs, 307 
safety reviews, 299 

levels of radiation, 63 

Disposal, fracturing, pilot plant, 1S7 
Distribution abroad of AEC-produced 

Diversification activities, 31 

Division of Isotopes Development, 

nuclear material, 376 ~ 

Hanford works, 25 

AEC, 141 
Division of Space Nuclear Systems, 

DOD, see Department of Defense 
Dominic Test Series (1962), 110 
DON power reactor, 253 
Doppler effect, 127 

AEC, 141 

Douglas-United Nuclear, Inc., 366 

Dow Chemical Co., 369 
Hanford reactor operation by, 26 

- 
Uresden No. 1 Plant, 302 
Dresden No. 2 Plant, 113-115 

indemnity agreement, 302 
Dribble Project, 105 
Dual purpose reactor, at Hanford, 76 
Dugout experiment, post-shot investi- 

gations, 202 
Duke Power Co., 116 
Duke University, program costs, AEC, 

D USAF, National Accelerator Labora- 
400 

tory Construction Proposals, 15 

Earnings, average, contractors’ em- 

Eastern Airlines, use of radioisotopes, 

EBOR, see Experimental Beryllium 

ployees, 46 

225 

Oxide Reactor _ _  
EBR 2, see Experimental Breeder 
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Reactor No. 2 

Water Reactor - 
Economic impact, Hanford partial 

shutdown, 26 
Economics, industrial isotope uage, 

226 
Economy, terrestrial SNAP genera- 
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Edgerton, Germeshausen and Grier, 
Inc., reactor experiments, 187 

Edison Electric Institute 
AEC meetings with, 33 
discussions with, 35 

Edison Day Tours, 292-293 
Education and training 

America1 Institute of Biological 
Sciences, 2’76 

Argonne Institute of Nuclear Science 
and Engineering, 270 

assistance programs, 265 
conferences, domestic, 276 
courses, special, 268 
Inter-University Committee, 267 
laboratory use by students and 

literature, 282 
Oak Ridge School of Reactor Tech- 

on-the-job training, 268 
programs at universities, 271 
programs, expansion, 267 
special courses, 268 
summer trainees, 268 
teaching aids projects, 276 
traineeships in nuclear engineering, 

see also exhibits and demonstrations 
Effective agreements for mutual de- 
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faculty, 267 

nology, 270 
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fense purposes, 375 

ment 
air filter analysis, 90, 189 
high level waste storage, 189 
nuclear reactor operations, 187 
nuclear safety research, 183 

EGCR, see Experimental Gas-Cooled 

E. I. DuPont de Nemours & Go. 
Reactor 

contractor, Savannah River Lab- 

Savannah River Plant, demonstra- 
oratory, 369 

tion program, 79 
Electric power, generation of, 113 
Electric power needs, industrial ca- 
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Electric utilities 

civilian nuclear power, 113 
future growth and plans, 35 
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lium, californium, curium, and 
plutonium 
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England, see United Kingdom 
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cooperation, 255 
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s ~ ~ A  Project, 255 
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Euochemic 
@ P n  Nuclear Energy Agency 
man reactor project, 255 
a d e n  reactor project, 255 
,i0mhion exchange, 249, 281 
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;;wre experiments, 203 
&ology, nuclear, 197 
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exchange with United 

Explosives, nuclear 
development of, 202 
excavation by, 195 
peaceful applications of, 195 
safety, 55 

Export licenses, reactors, 319 
Exports, special nuclear materials, 263 
Exposures, radiation, 58 

Facilities 
compliance, inspection of, 321 
consolidation of, 96 
licensing, adjudications of, 337 

research participation, 267 
temporary and part-time employ- 

training institutes, 272 

Faculty 

ment, 52 

Fair Labor Standards Act, 46 
Fallon, Nevada, Shoal Project, 105 
Fallout patterns, 198 
FARET, see Fast Reactor Test 

FAST, see First Atomic Ship Trans- 

Fast Flux Test Facility, 128 
Fast Reactor Core Test Facility, 182 
Fast Reactor Test Facility, 128 
Fatalities, cumulative, 57 
FDA, see Food and Drug Adminis- 

Federal Microfiche Standards, develop- 

Federal Power Commission, 130 
Federal Republic of Germany 

Facility 

port, Inc. 

tration 

ment of, 278 

collaboration with, 252 
Geselschaft fur Kernforschung, 127 
mutual defense agreement, 11 1 

Federal Support Systems, Inc., operate 
Hanford support facilities, 28 

Feed materials, production of, 75 
Feed Materials Production Center, 366 
Feed systems, development of, 148 
Fellowships, specialized, 271 
Fenix 8: Scisson, Inc., 98 
Fermium 258, half-life determination, 

Fernald, Ohio, feed materials plant, 75 
FFTF, see Fast Flux Test Facility 
Field Offices, Managers of, 346 
Film badges 

80 

Atomic Film Badge Gorp., ceased 
activities, 38 



42:) ISDEX 

F :m ha gc.>-Cc n t  at:e ’ 

vada Test Site, 64 
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US. Testing Co., laboratory estab- 

Film libraries, locations of, 383 
Films, 294 

new AEC, 383-38.5 
Filter testing devicr, 189 
Financial data, 10-yea- summary of, 

Financial Protection Reouirements 
409 

and Iiidcmnitv Agreements, 302, 
390-39 1 

Financial summary, AEC, 393 
Fire, accidental losscs br., 57-5s  
Fire protcction, 55 
First Atomic Ship Transport, Tnc., 

133, 301 
Fish, preservation of, 218 
Fission heat, power conversion, 150 
Fission Product Conversron and 

Encapsulation Plant, 319 

Fission Product Inhalation Labora- 

Fission products isotopes, recovery 

Fission prorlucts recovery, large 

Fission products 

contract negotiated, S 1 

tories, 235 

of, 81 
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deliveries, table on, S l  
production of, 81 

Fissionable materials, 78, 82 
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evaluation, 151, 153 
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contract award, Westinghouse, 123 
nuclear pon-erplnnt, 113 

Florida Power & Light Kuclear 

Fluidized beds, behavior of, 149 
Fluor Corp., G.E. proposed fuel pro- 

Fluoride volatility technology, Allied 

Food, radiation-processed, 214 
Food and Drug Administration, 216 
Foreign Offices, AEC representatives, 

Foreign programs, other assistance to, 
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cessing plant, 14 
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gas-cooled fuel elements, 153 
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Germany, 252 
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Hanford products oprration, 366 
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continued, 27 
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: bnese nuclear powerplant, 261 
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General Electric Co.--Co::t’nue 1 
research and development reim- 

research facilitv, Cincinnati, Ohio, 

Southwest Experimellt Fast Oxide 

“technology spinoff” cooperating 

tests of SKAP-19, 155 

bursement, 127 

406 

Reactor, 127 

contractor, 263 

General Services Administration, 96 
Generators 

development, 154 
lightweight thermoelectric, 158 
strontium 90, 162 
studies, 157 
terrestrial, 170 

Geological Survey, US., 209 
Geologists, AEC, visits in foreign 

Geologists visit AEC, 253 
George A. Fuller Co., 15 
Georgetown University Lam Center, 

compensation claims study, 50 
Germany (West) see Federal Republic 

of Germany 
Gesellschaft fur Kernforschung, 127 
Goddard Space Flight Center, NASA, 

Gold detector, 220 
Gold recovery, 23 
Gold 198, 223 
Goodyear Atomic Corp., 369 
GPI, see Grain Products Irradiator 
Graduate fellowships, 265 
Graduate Study Center at Richland, 

University of Washington, 27 
Grain Products Irradiator, 217 
Grants, training equipment and mate- 

Graphite-reactor system, solid core, 

Greece 

countries, 253 

155 

rial services, 274 

141 

Democritus Nuclear Center, 256 
mutual defense agreement, 11 1 

Ground shock accelerations, measure 

Growth and plans, future electric 

GSA, see General Services Administra- 
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utilities, 35 

tion 

Weather Station, 166 
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Halden Roiling Water Reactor, 255 
Hallam Xuclear Power Facility 

illustration, 119 
shutdom, 11’7-118 

Handcar Project, post-shot investiga- 

Hanford Works, 366 
tions, 208 

Computer Sciences Corp., 29 
diversification activities, 25 
“DR” reactor shutdown, 74 
“F” reactor, shutdown, 74 
Federal Support Systems, Inc., 28 
fuel preparation, 26 
“H” reactor, shutdown, 74 
land release, 29 
L i  1 9 1  r\( dual purpose reactor activated, 

76 
new contracts, 26 
plutonium scrap, disposition and 

radiation protection services, U.S. 

reactor operations, 26 

treatment of, 82 

Testing Co. Inc., 29 

Harvard Air Cleaning Laboratory, 

Hawaii, 102 
filter testing device, 189 

development irradiator, 218 
tracking station, 151 

Hazleton-Kuclear Science Corp., pre- 

HDI, see Hawaii, development ir- 

Health and safety, 55 
Health and Safety Laboratory, AEC, 

Health physics, 55 
Health Physics Fellows, 268 
Hearing Examiners, Office of, 342 
Heat conversion methods, 162 
Heat producing isotopes, 80 
Heat source 

curium 242, 230 
large, 223 
studies, 157 

test studies, Nevada, 61 

radiator 
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Heavy element program, 209 
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Heavy isotopes, production of, 209 
Heavy water 
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requirements to increase, 76 
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